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SCIENTIFIC CHOICE AND THE INDIVIDU 


OME themes in Dr. O. P. Haskins’s president’s report 
to the Carnegie Institution of Washington for 1963- 
64* have appeared in earlier stimulating reports of his own 
or his predecessor. There is, for example, the same emphasis 
on the critical importance of the gifted individual, on the 
necessity for critical and sensitive judgment in the choice 
of projects, and for ensuring the conditions in which 
creative minds have the essential freedom to work. There 
is, however, nothing stale about the way in which these 
issues are again raised. They are presented in the context 
of the planning of scientific policy with a freshness and 
a percipience that make the report as stimulating and 
suggestive as any of those that have preceded it. 

Dr. Haskins begins by noting that by establishing 
during 1963 a science advisory council, with her Prime 
Minister as chairman, Sweden jomed the United States, 
the United Kingdom, France, Canada, Australia, India 
and some other nations in recognizing that, from being 


. an instrument of public policy, science had become an 


¥ 


object of public policy. Alongside this shift, which he 
regards as diagnostic of changes m the relation of science 
to society which run deep, Dr. Haskins places three other 
developments in divergent arenas of thought and action. 
First, in 1963, almost 2-5 million specialists, half of whom 
were scientists, technicians or engineers, were at work in 
the United States, or about 4 per cent of the employed 
population; nearly three out of five were engaged in 
projects supported or sponsored by the Federal Govern- 
ment. Next, the discovery, made with the twin 90-ft. 
disks of the radioastronomy observatory of the California 
Institute of Technology, of a new and immensely powerful 
source of radio energy was the climax of a long train of 
triumph in astronomy which, within little more than 
twenty years, had increased ten-fold our view into space. 
Such developments had changed distances, thought of 
less than three decades ago in terms of hundreds of 
millions of light years, inta terms of billions of light years. 
Thirdly, a new and striking method perfected in analytical 
genetics at the molecular level had added a powerful and 
experimental tool to aid in deciphering the processes by 
which the hereditary information stored in the chromo- 
some can determine the biochemical, physical or nervous 
constitution of the developing body the shape and nature 
of which it directs. It promises to shed light on the struc- 
ture and function of micro-organisms vital to man’s 
welfare, including some viruses that appear to be con- 
cerned with cancer. The new concepts which this advance 
suggests, and even those on which it is based, would have 
been well-nigh unimaginable two decades ago. 

Dr. Haskins brings these four divergent arenas together 
to examine critically and imaginatively three dissimilar 
elements that link them. First is the process of planning 
both in and for science. The second is the complex of 
contingent choices by which planning is effected in prac- 
tice and through which the shape and functions of science 
are constantly mediated and determined. The third is the 
role of the qualified individual, who in all the aspects of 
science and of activities affected by science must make 
such choices. Especially he points out that the social 


* Carnegie Institution of Washington. Year Book No. 63, 1963-64. Pp. 
xi+73+6614-88 plates. (Washington, D.C.: Carnegie Institution of 
Washington, 1964.) 1.50 dollars. [See also p. 17 of this issue of Nature.) 
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environs of science have also changed, quoting Geoffrey 
Vickers’s observation. that rapid industrialization involves 
the irrevocable commitment of physical and human 
resources in ways which may determine the pattern of 
life for many generations to come, with the concomitant 
risk that insights won over the past 2,000 years—virtually 
the whole of our accumulated knowledge of value—may 
be either confirmed in a form profoundly changed or lost 
for some later age painfully to discover. 

In that context Dr. Haskins proceeds to examine the 
relations between. science and society, not simply the 
impact of science on society, but that of society on 
science. He illuminates his examination by discussing in 
this context a question posed by Sir Julian Huxley in a 
recent essay on the emergence of Darwinism, commemor- 
ating the centenary of the concept of evolution: what 
would have happened to Darwin as an individual scientist 
if he had been born a century earher or a century later ? 
Out of that question subsidiary questions arise which are 
unanswerable in the present state of our knowledge, but 
they enforce the profound issue of the nature of the 
influence that existing scientific environments have 
exercised in each generation on the whole scientific careers 
of those who have entered such environments most 
sensitively and powerfully. They underline the unpre- 
cedented quahty of that environmental challenge in our 
own day and in the future, posed equally by the com- 
plexity of the vast, interconnected, organism-like webs of 
theory and fact, of concept and projection, that collectively 


make up the vast texture of an age of advanced scientific © 


scholarship, on one hand, and of the very different but 
equally complex organizational environment, embracing 
the formal structuring and implementing of science, in its 
relation to the greater society that 1t serves, on the other. 
It might be added that they may well be suggestive in 
regard to a practical problem of present concern in 
Britain-—the vacant places for students of technology, and 
even of science, in her universities and colleges of tech- 
nology. 

Dr. Haskins remarks that the sheer magnitude, the 
intricacy, the power and persuasiveness of these two 
environments to-day must profoundly condition the 
philosophy and the orientation of every individual 
entering on the scientific way. In the future they must, in 
the nature of things, make new and ever more importunate 
demands on such individuals. However, he does not 
attempt to discuss the effect either of environment or of 
these new and even unforeseeable demands on possible 
entrants to the scientific and technological professions. He 
is concerned rather with those who have already entered, 
and with the quahty of the relation between native 
intellectual orientation and the capacity for sensitive and 
discerning reaction. to the contemporary scientific environ- 
ment in moulding the effectiveness of the young research 
worker. How can the young individual of potentially 
great stature, he asks, entering the complex scientific 
environment of to-day, best be prepared to seek and to 
uncover and to pursue the issues that to-morrow may 
have major significance? How can he,or she learn to 
recognize them in the turbulence of the vast and varied 
contemporary scientific scene ? 


<> 
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Clearly this question of sound choice depends on the 
quality of individual judgment, and here Dr. Haskins 
touches on a point that is too often overlooked in dis- 
cussions either on scientific or technological choice or on 
the expansion of higher education. However, the point 
was well made by Viscount Eccles in the debaté on 
secondary education in the House of Lords on February 
10, when he referred to the danger of weakening the sixth 
forms of the schools, and Lord James of Rusholme once 
again urged the importance of more attention to the 
really gifted, in stressing the value of ability and aptitude 
as criteria for selection. Dr. Haskins himself insists on 
the cardinal necessity for breadth and flexibility and a 
fundamental quality in preparation—breadth and depth 
and generality in substance—to minimize the perils for the 
entrant too specially trained that can inhere in the rapid 
exhaustion of specific fields so characteristic of modern 
research; flexibility of outlook so that the multifarious 
relations of science on the larger society will not be 
foreign. in, principle. 

This plea for a broad-based education, and for qualities 
of mind that should facilitate transfer from the field of 
research to those admimistrative posts calling for sound 
scientific and technical judgment, is accompanied by an 
insistence on the importance also of what Dr. Haskins 
describes as the power of penotration—-the capacity to 
discern key issues and to generalize from them broadly 
and effectively. This power has always been an out- 
standing attribute of individual genius in securing 
scientific advance. It is becoming equally indispensable 
in the wise determination of priorities in any policy for 
science, and, as Dr. Haskins observes, may be taxed in 
the future even more severely. Have we, he asks, any 
effective working tools to increase our powers of pene- 
tration. while retaining the freedom and flexibility of the 
individual? Or, now that science is so highly organized 
in its own complex structure and in its even more complex 
relations to society, has the challenge become too complex 
to be met effectively except by massive human con- 
stellations ? 

These are issues implicit in what was said by Lord Florey 
in his recent address to the Royal Society. The Society 
should be especially concerned, in reassessing its relation 
with the Government, with the very real danger, noted 
by Dr. Haskins, that the special power inhering in the 
role of the individual, its unique relation to creative 
effort in any setting, could be lost in some all-compelling 
perspective which confused the nature and purposes of 
organization with actual processes of advance. The first 
concern must be for these environments provided by the 
structure and discipline of science, as well as the related 
but different environment of science in its role of public 
servant——the debates on the Science and Technology Bill 
have provided some evidence that this is realized and will 
be noted by the present Government. 

Next, Dr. Haskins directs attention to the additive 
nature of scientific scholarship, compared with scholar- 
ship in other fields. Ib is in this connexion that he 
emphasizes the effect of advances in techniques, as well 
as the rapid increase in publications and m the number 
of those trained in science, in contrast to the absence of 
any such dynamic change in the concepts of our universe 
over the past two decades. The pressure to expand 
further the number of scientists in society may well 
diminish in future, but the body of scientific scholarship 
is a highly orgbnized entity, in which the essence of a 
highly integrated relation is maintained so long as the 
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parts develop dynamically. From this view of scientific 
scholarship as a living and evolving organism, which like 
organic evolution is irreversible as well as highly uneven 
in tempo, although its overall tempo tends to increase as 
the magnitude of scientific effort increases, Dr. Haskins 
points to three important implications. 

First, despite, or because of, the large numbers of those 
already working in scientific fields, we will always consider 
that we need more, both ın terms of national needs and in 
terms of the growth and vigour of science itself. Accord- 
ingly, tre must constantly beware of attributing to organ- 
izations properties that belong to creative individuals. 
Equally we must constantly resist the temptation to 
imagine that mere numbers of individuals engaged in 
scientific pursuits can replace or compensate for deficiencies 
in individual endowment and quality of training in that 
smaller corps on whom real progress mainly depends. 
Enthusiasm for numbers must also be tempered on the 
broader front by the continuing recognition that a 
primary requisite for a healthy society is the maintenance 
of some balance in the proportions of those committed 
to the various fractions that serve it. 

This reminder of the primary importance of both the 

excellence and the extent of the training of the embryo 
scientists ıs pertinent when, at a time of expansion in 
higher education, the primary concern 1s liable to be with 
numbers and the needs of the most gifted may be over- 
looked. Next, Dr. Haskins reminds us that, since it has 
never been possible to explore adequately more than a 
small fraction of the promising leads uncovered by science 
at any one time, careful and rigorous choice among many 
possibilities has always been a characteristic and critical 
duty of the investigator. It is in this way that Dr. Haskins 
links two of the three themes uniting the disparate 
developments with which he began his review—choice 
and the individual. The third implication involves an 
obverse to this picture of dynamic growth. If there are 
always sectors of science that are rapidly growing and 
evolving, inevitably there are also points of stagnation 
and always branches of investigation that are dying— 
even the speed with which opportunities are exhausted 
increases. 
_ The implications for breadth and flexibility in scientific 
training, for maintenance of the fundamentals, for the 
perils of excessive and early concentration on too nar- 
rowly specialized arenas in the traimng of the scientist, 
are clear but are not always heeded, and Dr. Haskins’s 
warning is timely and highly pertinent in considering 
some of Britain’s problems to-day. Perhaps the most 
significant part of his review, however, is that in which 
he discusses the connexion of these two unitary themes 
with the third—planning. The primary motif of a dynamic 
science, he argues, 1s that of constant and critical judg- 
ment among avenues of investigation which should be 
pursued and of the direction of effort. Certainly this is 
essential in formulating new hypotheses and judging the 
relations among older ones and their soundness and 
relevance and applicability outside the fields for which 
they were designed. These will, in general, be individual 
choices, often highly specific, and should be exposed to a 
constant scrutiny, to constant validation or rejection, to 
a constant judgment by the facts themselves and by a 
trained and sophisticated audience of those working m 
the field. 

If there is one lesson to be learned from Britain’s 
experience in recent years with regard to aircraft develop- 
ment, weapons research, nuclear propulsion and the like, 
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it is that in the long run the effectiveness of the new 
arrangements for the organization of science and tech- 
nology will be judged by the extent to which they promote 
or hinder this process of choice which Dr. Haskins 
desiderates. Moreover, this process, he notes, constitutes 
& very real processing of planning—a process which les 
at the heart of scientific scholarship. It is planning at the 
level of the work, and its whole effectiveness in the past 
has rested on the excellence of judgment and the freedom 
of judgment of individuals whose abilities, training and 
experience fittel them to make the specific choices 
demanded and to judge similar choices made by colleagues. 
No structure or organization, however ideal in principle, 
will succeed unless in practice it secures the services and 
co-operation of minds capable of acting with individual 
freedom and flexibility, of going direct to the decisive 
fact, the determing symptom, disregarding the irrelevant 
detail. Neither organization per se nor planning as 
ordinarily understood, but the gifted individual, is the 
condition of success. 

It is from this point of view that Dr. Haskins addresses 
himself to the urgent and insistent question of whether 
there are possibilities of organizing the scientific effort 
to provide the pioneering individual with more powerful 
tools of investigation without simultaneously submerging 
his identity or limiting his initiative. To this question he 
gives a confident and affirmative answer. He believes that 
in the relatively small, but close-knit and concentrated 
research teams to be found in our research institutions, 
in industry, in Government and in universities, is to be 
found a solutian to the inherent limitations Imposed on 
even the greatest minds by the vastness of the subject 
material with which they must deal. Such groups have 
often become thinking organizations, as it were, in their 
own right, transcending the sum of their parts, and fully 
compatible with the play of individual genius. While the 
unfettered freedom and individuality of each of its key 
members are carefully guarded as vital to success, an 
environment is provided where such an individual is 
enhanced and stimulated, fired by common concern and 
sympathy. given access to a stream of ideas and a col- 
lection of facts broader and deeper than any individual 
alone could reach, and exposed to resources of criticism 
far more apposite and stringent than the individual 
working alone could experience. 

It is for such reasons that Dr. Haskins holds the role of 
the gifted and creative individual, ın the processes of sub- 
stantive planning through which science advances, to be 
as indispensable as ever, and it is with this emphasis on 
the critical importance of the individual, as opposed to 
organization assuch, that he considers the further question 
of planning for science, in its effects on and its relations 
to society as a whole. The very magnitude of public 
expenditure on science, the rate of growth of such ex- 
penditure (in the United States, from about 3,000 million 
dollars in. 1950 to 13,000 million dollars in 1960, and to 15,000 
million dollars in the present year), apart from the very 
dependence of science itself on funds drawn from outside 
its own resources, has made science @ public activity of 
major importance, and so, in this context, inevitably 
political, with all the concomitant dangers. Science must 
be as directly accountable to its supporting public as any 
other activity of like social impact, and it may not be 
generally visualized as the exercise of individual intellects 
in exploring the universe. 

Planning for science has thus become as inescapable a 
necessity as planning in science has always been, and much 
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of the freedom and vitality of substantive science itself 
will depend on how well and wisely we learn to do it. 
Skiful and effective planning for science can enhance the 
freedom with which active scientists can choose and shape 
the direction of their research. Unskilfully attempted, it 
can dangerously restrict that freedom, and it is important 
to remember this, for planning for science is, like planning 
in science, the sum of a multitude of individual choices 
which are often even more difficult, and have to be taken 
by those responsible to a public which may not really 
understand or wish to understand the content or con- 
sequences of the choices involved. Moreover, the 
decisions thus made regarding science and technology 
may not only critically shape the world for a generation 
to come but may also be determined or even distorted by 
unrealistic public expectations of science and technology. 

Dr. Haskins makes a further important point. Whereas 
in planning in science the research worker strives to ensure 
that ultimately the values to be weighed in a choice are, 
in a real sense, commensurable and in the most detailed 
ranges of planning for science in a public context it may 
be possible to preserve this commensurability to some 
extent, judgments to be made at the highest level must 
continue to be made among elements which, in any basic 
scientific sense, will always be intrinsically incommensur- 
able. This is not easy for the scientist to recognize and 
accept, but there is no escape from the conclusion that 
the weightier scientific decisions become, economically 
and in public affairs, the more they demand judgments 
that are plural, as sensitive to social as to scientific 
content. The greater the decisions, the more it is incum- 
bent on those who take them to combine with keen 
scientific judgment the broad, intuitive, socially based 
wisdom that is universally needed in great matters. 

It follows from all this that the future task of planning 
for science depends on the collective choices and judg- 
ments of individuals who should be as highly qualified for 
the purpose as those concerned with planning in science. 
Dr. Haskins is concerned with where such individuals are 
to be found, the education they should receive, and how 
they can be recognized. He points out that they may 
well be of various types according to the functions to be 
served. In the realm of policy, for example, he dis- 
tinguishes at least four general kinds of function: the 
execution of policy involving matters of science and tech- 
nology in home affairs; the corresponding function in 
relation to foreign or overseas policy; and again, in both 
these fields, the making of the great and often inchoate 
judgments by which policy in both arenas must be 
formulated. Each of these four classes of function is 
complex enough and has its counterpart in the kinds of 
background, training and talent required to discharge 
them. 

Dr. Haskins’s argument that we should look carefully 
to our existing resources of talent and experience and to 
our educational system to ensure a supply of those capable 
of taking such policy judgments—judgments on which 
much of the freedom and_flexibihty of creative scientific 
activity ın the future may well depend—is as valid for 
Britain as for the United States. It reinforces all the 
argument for training for administration and manage- 
ment even if we must go even deeper to ensure a 
continuing and adequate supply of those who possess 
administrative judgment and acumen as well as extensive 
and intensive scientific training if not priginality. They 
are required alike in industry and in Government, and 
perhaps most of all in that difficult field of planning 
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which involves the choice of general political course in a 
scientific climate. 

Here Dr. Haskins desiderates possession of the broadest 
kind of scientific competence with, if possible, some sig- 
nificant personal scientific achievements such as will 
contribute not only to their understanding of the sub- 
stantive aspect of the questions with which they deal but 
also to commanding the respect and service of their 
scientific advisers. They should also possess a funda- 
mental understanding of public policy and of the modes 
and patterns of public representation and negotiation. 
Such men and women are rare and may even remain 
rare. However, we can seek to encourage an increase in 
their numbers by paying careful attention to the appro- 
priate parts of our educational system, by the care we 
take of the really gifted individuals, ensuring that neither 
their education nor their professional training is narrowly 
based, by facilitating the acquisition of experience through 
greater freedom in interchange of staff, and by providing 


April 3, 1965 VOL. 206 


conditions of service favourable to initiative and creative 
work. 

As Dr. Haskins justly remarks, there is no greater 
challenge in this field of science and national policy than 
that of finding the gifted individuals equipped for such 
exacting work and preparing them for their tasks. To 
ensure @ corps of men whose education has not been 
narrowly technical or vocational but includes an apprecia- 
tion of the role of science and technology in society and 
of science as one of the highest intellectual endeavour of 
a free and responsible citizen is a primary need. To it 
our educational system must be shaped. Without it no 
excellence of organization will avail. Rather the organ- 


ization will be judged by its ability to attract men and - 


women of the calibre which Dr. Haskins desiderates-and 
to provide the conditions in which the gifted individual 
can develop and exercise most fruitfully his or her full 
powers whether in the advance of science itself or the 
service of society. 


UNIQUE OPPORTUNITIES FOR RESEARCH IN THE GREAT LAKES 
OF CENTRAL AFRICA 


By G. W. COULTER 


Department of Game and Fisheries (Research Division), 
Abercorn, Zambia 


D. HARDING 
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OST of the tropical fresh water in the world occurs in 
; Africa. In Central Africa there are the ancient and 
deep Lakes Tanganyika and Nyasa, the more recent 
natural Lakes Bangweulu and Mweru, the modern hydro- 
electric dam Lake Kariba, and other smaller yet important 
bodies of water such as Mweru-wa-Ntipa. All provide 
numerous problems for hydrobiological research. We 
have been concerned primarily with fish, since research on 
these lakes has generally been related to Government 
fisheries research programmes. The purpose of this article 
is to direct attention to some research opportunities which, 
we believe to be unique, and also to indicate major problems 
which require investigation. They are grouped under 
four major headings; basic productivity, evolution, 
systematics and population dynamics. 


Basic Productivity 


Little is known of many aspects of productivity in the 
tropics; but it seems from work in tropical seas! that a 
relatively high level of production can persist throughout 
the year on a small nutrient budget due to rapid successions 
in the cycle of assimilation, consumption, death or 
excretion and remineralization. In Lakes Tanganyika 
and Nyasa where the euphotic zone is generally deep, 
some areas are highly productive and provide an ideal 
situation for the investigation of the rate of biochemical 
processes where light and temperature are not major 
limiting factors. Little or nothing is known of the 
influence of bottom muds on the nutrient balance of 
shallow and deep tropical lakes, while the chemistry of 
inflows and outflows has never been examined in detail. 

The annual cycle of water-levels, and of temperature and 
oxygen stratification patterns in relation to meteorological 
conditions, is knewn for some Central African lakes, and 
wind-generated seiches have been recorded at the surface 
and on the thermoclines (internal or temperature seiche) 
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of the deeper lakes. Recent work?® indicates that, in 
Lakes Tanganyika and Nyasa, water movements associ- 
ated with internal seiches such as upwelling and turbulence 
near the thermocline interfaces may be primarily respon- 
sible for the supply of nutrients to the euphotic zone. 
Because of their morphometry and characteristic winds, 
these two lakes provide ideal subjects for the investiga- 
tion of internal seiches in large freshwater bodies. Investi- 
gation of the form, magnitudes and seasonal variations of 
the seiches will, however, require very considerable 
expansion of present hydrographic sampling programmes, 

Investigations of the production of the biota of many 
lakes in this area have only just begun. Investiga- 
tions of phytoplankton production and the abundance 
of certain elements of the invertebrate fauna of bottom 
deposits are being carried out on Lake Kariba sponsored. 
by the Nuffield Foundation, but only limited work in this 
field has been done on the other great lakes. There is 
consequently opportunity for extensive investigations of 
the ecology and production of planktonic and sessile algae, 
bacteria, invertebrates of the littoral, limnetic and benthic 
zones and of lake muds; and into the interrelationships 
of these microscopic elements with the chemical consti- 
tuents of the water masses and with the vertebrates at 
the summit of the food chain. 

Some phenomena of particular interest to marine 
biologists occur also in certain of these lakes, where they 
are reproduced in miniature and readily accessible for 
examination. Examples are: the patterns of wave and 
water movements, the drurnal vertical migrations of zoo- 
plankton and fish (in Lake Tanganyika, the range of 
migration often exceeds 100 m), exclusion effects of dense 
phytoplankton patches on fish and cycles of successive 
dominance of species in some phytoplankton populations. 

Fish production in the great lakes has been examined 
extensively because of its economic importance. However, 
relatively very little is known of the biology and physiology 
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—~-the characteristics of breeding, feeding and growth— 
of even the commonest and most important fish species. 
Ecological relationships between economically important 
fish, predator-prey relationships, fish distribution and 
migration provide unlimited fields for investigation. In 
some areas, the fish ecosystems are unexploited and virgin, 
and unique opportunities still exist to study the ecology, 
population dynamics and evolution of these ancient and 
complex faunal communities, a chance which has largely 
been lost in the widely lamented case of the African 
terrestrial mammals. 


Evolution 


` Lakes in the African rift valleys are unusually old. 
Lake Tanganyika may have existed, in various forms, 
since the Pliocene, and Lake Nyasa since the lower 
Pleistocene. With long isolation, this has resulted in 
large, endemic species flocks of fishes, mostly belonging to 
the family Cichlidae, and indeed the great majority of 
fish in these lakes have evolved there. These faunas, and 
those of some tropical rivers which have even larger 
numbers of fish.species, may be remarkably diverse only 
in comparison with the relatively impoverished waters 
of Europe and North America‘. The great lakes, however, 
are unique in ths predominance of a single family showing 
in each lake a wide range of adaptive radiation. 

There are interesting examples of parallel development 
in the different lakes, for example, the bizarre scale-eating 
habit of Tanganyika Plecodus, and Nyasa Coremotodus 
and Genyochromis. It has been suggested that both 
allopatric and sympatric speciation have been responsible 
for the adaptive radiation®.®, but most recent opinion 
favours the effectiveness of intra-lacustrine geographical 
barriers in isolating fish populations. The majority of 
species are shore or bottom dwellers, and in general are 
confined to particular types of habitat. In these deep 
lakes the anaerobic hypolimnion commences at depths 
between 150 and 250 m, and is often found within several 
hundred metres from shore, especially in Lake Nyasa. 
This effectively bars migration of shore and bottom dwell- 
ing species. Any long movements must be linear, and 
discontinuous arrangements of habitat types along the 
shoreline may result in series of completely isolated fish 
communities. The ecology of littoral fish species has been 
studied at Nkata Bay on Lake Nyasa, but no comparable 
work has been published in respect of Lake Tanganyika 
where the situation is essentially similar. In off-shore and 
pelagic areas, species flocks in which the closely related 
members are not spatially isolated present a special 
problem; most striking of these are the predatory cichlids 
Bathybates in Lake Tanganyika (7 species), and Rhampho- 
cromis (8 spp.) and Diplotaxodon (12 spp.) in Lake Nyasa. 
Investigation is required of the biological, ecological and 
geographical isolating mechanisms which maintain dis- 
tinctions between closely allied species, and these lakes 
provide perhaps the finest natural laboratory in this field. 

Degree of speciation has also been correlated with the 
presence or absence of the extremely voracious predators 
Hydrocyon and Lates, and evidence has been gathered 
from several lakes and rivers”. The problem of the restric- 
tive effect of predation on speciation has wide ecological 
implications, amd its investigation would be rewarding. 

Ecological investigations of these species flocks cannot 
be divorced from comparative ethological studies, which 
are algo necessary in the field of epigamic behaviour 
in relation to speciation and genetic isolation. No work 
of this type has-been carried out in these lakes, though the 
foundation has been established for such a study on a 
family basis*. The Cichlidae are ideal for such investiga- 
tions in that they show well-marked ritualistic behaviour 
centred on @ mating site; while the small size, circum- 
seribed territories and preference for clear water of many 
of the rock-dwelling species render them particularly 
suitable for aquarium investigations. 
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The remarkable variety of fish in Lakes Nyasa and 
Tanganyika exemplifies the morphological variation 
characteristic of the tropics in other phyla, and may 
provide many clues to the mechanisms controlling 
differentiation and the rate at which it can proceed. 


Systematics 


Our knowledge of fish systematics in the African great 
lakes is still very incomplete, though a good background 
has been given by the works of several taxonomists*“1._ In 
Lake Tanganyika there are 242 described species and in 
Lake Nyasa 225, of which 136 and 190 respectively are 
Cichlidae. The taxonomy of the Lake Tanganyika 
Cichlidae has recently been revised but the cichlid fauna 
of Lake Nyasa requires revision, and the very hetero- 
geneous genus Haplochromis, to which 112 Nyasan 
species are assigned, requires redefinition, in which 
case a number of new genera will have to be erected. 
The relationships between the faunas of Lake Nyasa and 
the Zarnbezi, and of Lake Tanganyika, and the Congo 
and Nile require investigation. Lake Victoria, grouped 
rather with the East than the Central African lakes, does 
not enter this discussion, though from the points of view 
of cichlid speciation and evolution” it is of considerable 
interest. 

In the opinion of certain zoogeographers"’, the African 
fish fauna evolved in tropical Africa and spread outwards 
as geomorphological and tectonic events permitted the 
passage of fish between lake and river systems. In some 
areas, the same events isolated this fauna, of common 
phylogenetic origin, in widely differing environments. It 
is therefore not surprising that considerable morphological 
variation is found among allopatric populations. 

Interesting problems are posed by the polymorphism 
of some fish species. In Lake Nyasa, three of the com- 
monest species of the rocky shores are polymorphic", and 
striking cases of colour polymorphism have been found in 
collections from northern shores of Lake Tanganyika. 
Other cases, perhaps many, are likely to be found on 
more exhaustive collecting. 

Although much progress in fish taxonomy has been 
made in Central Africa in the past two decades, the adverse 
consequences of classification by comparison of morpho- 
logical features, often referring to extremely few specimens, 
are still felt. These ‘morphological species’ were described 
by early systematists who were unable to collect their own 
material. Some later systematists, although conducting 
their own collecting expeditions, had limited experience 
of African ecological conditions and lacked appreciation 
of the scope of variability within the species unit. Hence 
the ‘discovery’ vand description of so many ‘museum 
species’. Past experience therefore indicates that system- 
atists should be resident, have facilities to collect and house 
long series of specimens, and be able also to examine the 
ecology of each fish in ıts region and the geomorphological 
factors affecting its distribution. Correct taxonomic 
interpretation of all essential specific features, including 
the range of morphological variation, can then be made. 

In invertebrate investigations, very little has been done 
in any of the lakes except Lake Tanganyika. At present 
some workers are revising the taxonomy of the Mollusca 
of Lake Nyasa, the first major study of this group in that 
Lake since 1896. Much entomological work remains to 
be done, particularly with regard to Diptera and Cole- 
opteral, 


Population Dynamics 


There is a real need for analyses of freshwater fish 
populations in the major fisheries of tropical Africa to 
determine rational levels of exploitation. In recent years, 
several fisheries have suffered economic over-fishing and 
possibly biological over-fishing due to lagk in basic know- 
ledge which could guide management, as well as to 
increased fishing effort by the indigenous populations who 
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desire to replace the old bartering economy with a cash 
economy. The introduction of efficient synthetic nets 
has made this effort more effective. From statistical 
analyses, theoretical models can be developed which 
predict changes in the fish stocks at different levels of 
exploitation. Examination of Tilapia esculenta popula- 
tions in Lake Victoria!® indicates that the population 
dynamics of a tropical fish species are amenable to con- 
ventional techniques of analysis, but some parameters 
used in estimates of the dynamics of population structure 
‘such as growth, recruitment rate, and natural mortality 
are influenced here by factors which do not obtain in 
higher latitudes. For example, there are typically no 
large seasonal environment changes in the tropics, and 
fish growth in lakes often continues without marked 
seasonal growth checks. Similarly, breeding may con- 
tinue throughout the year. Estimations of ‘year classes’ 
or of recruitment frequency will therefore require special 
treatment. Natural fluctuations in tropical fish popula- 
tions appear to be more marked than in temperate zones. 
The ability to recover rapidly after severe loss, and also 
to take advantage of improved ecological conditions by 
rapid numerical increase, appears characteristic of some 
fisheries. 

Interactions between fish species themselves probably 
play a large part in the natural balance of the populations, 
particularly in predator-prey relationships and density- 
dependent phenomena. In the benign physical environ- 
ment of the tropics, the relative importance of predation 
in natural mortality may be greater than in temperate 
latitudes. This balance can very easily be upset by 
selective fishing gear. For example, selective fishing for 
the important Kariba Tilapia mossambica has resulted 
in great decrease in Tilapia stocks, due probably to the 
relative increase of the predator Hydrocyon which feeds 
on young or small fish and was not selected against by the 
gear used. Again, ring-netting in north Lake Tanganyika 
for Nile perch (Lates) and sardine caused the virtual 
disappearance of the slow-growing predator perch there 
and @ great increase in sardine. These results in both 
fisheries occurred after about three years’ fishing effort. 

Not only are there many opportunities for investigations 
in each lake, but there is also need for comparisons be- 
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tween the lakes. This ıs particularly pressing in view of 
the several current proposals for transfer of some fish 
species to other lakes, such as the plankton feeding Chepei- 
dae of Lake Tanganyika to Lake Kariba. The place of 
the Clupeidae in other lakes is taken by various species 
of plankton feeding Engraulicypris, and detailed studies 
of the ecology of all lacustrine plankton feeders should be 
undertaken before transfer. Nile perch (Lates) have 
recently been accidentally introduced into Lake Victoria. 
Transfers of alien fish can have disastrous effects if 
undertaken in a random way without preparatory study. 


Research Facilities in Central Africa 


Some facilities are provided by research branches of 
Government Departments in Tanzania, Zambia, Rhodesia 
and Malawi. In Rhodesia there is also the University 
College in Salisbury, and the Lake Kariba Fisheries 
Research Institute. The East African Freshwater Fisher- 
ies Research Organization, Jinja, Uganda, has also done 
work on Lake Tanganyika. Research facilities are in 
general meagre in relation to the vast area and research 
opportunities. The realization of these opportunities, 
unique in many respects, will contribute not only to 
original knowledge but also to the economic development 
of Central Africa. 
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IN BIOLOGICAL SYSTEMS 
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N two previous communications the distribution of 
sodium and potassium ions in various cells and tissues 
was shown to depend on the colloidal charge and the 
standard free energies of ion distribution? The treat- 
ment of Donnan’ was generalized by including the standard 
chemical potentials of the ions in different phases of any 
heterogeneous system. The electrical potentials at 
equilibrium were shown to be based, not on constant 
distribution ratios, but on constant differences of chemical 
potential for all ions of the same valence”. The electrolyte 
distributions and electrical differences of potential between 
any two phases depend on the standard chemical potentials 
of each kind of ion in each of the phases. 

In many types of biological structure the standard 
chemical potential of sodium (uNa) is high. Typical 
values of the change of standard chemical potential 
(Auna) between blood serum and cellular phases are of 
the order of 2:3 keal (—100 mV). The values of Auge 
are considerably smaller, of the order of 0 to — 0-8 kcal. 
(0 to +35 mV}. Thus the distribution of the ions between 
any two phases depends to a great extent on the value of 


Auna. Perfect mixing of the ions is prevented by the 
differences of standard chemical potentials between two 
different phases. When these differences approach zero, 
the distribution of ions approaches that of the ideal 
Donnan equilibrium, and the electromotive force is given 
by the ideal form of the Nernst equation? ?. 

The standard chemical potential of an ion in any cellular 
or tissue phase is a resultant of all physicochemical forces 
affecting that ion. For the simplest kinds of univalent 
ions (potassium, sodium, chloride), the forces include the 
electrostatic attractions of the ionic atmospheres and 
those involving hydration and solvation of the ions, which 
in turn depend on certain properties of the dielectric or 
dispersion medium. Neither type of force would be 
quantitatively uniform throughout a non-ideal hetero- 
geneous system. 

For the bivalent physiological ions, calcium and 
magnesium, the magnitudes of the electrostatic energies 
are increased proportionally to the square of the ionic 
charge’, and the intensities may vary greatly between 
any two phases that differ in ionic strength and dielectric 
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constanti. In addition, the tendency of calcium and 
magnesium to bind to proteins, dicarboxylic and tri- 
carboxylic acids, and to other types of intra- and extra- 
cellular components, is a factor m the distribution®-. 

In this article. conditions for the distribution of calcium 
and magnesium will be developed and simultaneously 
generalized for all species of ions. It will be shown that 
the distribution depends on four factors: the equivalent 
change of chemical potential, the equivalent change of 
standard chemical potential, the extent of binding, and 
the colloidal charge. The expression ‘equivalent change’ 
indicates that the valence of the ion enters into the rela- 
tions, as describad here. 

Conditions of maximal stability. In a heterogeneous 
system consisting of n components distributed among p 
co-existent phases, the conditions for maximal stability 
may be expressed by the equations: 


BI = ee = MIr 
Un = Up nenesa nv enna neneveeanene = Unp (1) 
where Mrs... tn denote the chemical potentials. The 


phase rule is based on these relations’. 

For any electrolyte the chemical potential in any phase 
is expressed as the sum of the potentials of the cation 
and anion, taking into account the valence of each kind 
of ion. Thus for sodium chloride: 


UNacl = “Na + LCI (2a) 
and for calcium chloride: 
UCacl = UCa + 2go (2b) 


The conditions for the most stable distribution of 
sodium, potassium, calcium, magnesium and chloride ions 
in @ two-phase system require that: 


Aune = Oux = Auca = $Aumg = — Apa (3) 
These conditions satisfy equations (1), (2a) and (20). 
In general, for z kinds of diffusible ions distributed between 

any two of the p phases: 
Ay, Au⸗ Ap 


bane a ee ee HF E Fe FH He 4— 


Zi 2 ao” (4) 


where the charge of any kind of ion is expressed as 
—— zı (ref. 2). Itis taken as positive for cations and 
as negative for anions. Equation (4) states that the 
equivalent change of chemical potential, Au/z, of any 
kind of ion is constant for all the ions distributed between 
any two phases. The quantity, 5, is an invariant which 
depends on the nature of the two phases rather than on 
the nature of the ions. 

In any system containing sodium, potassium, calcium, 
magnesium and chloride i ions, equation (4) is applicable. 
In such a system there is an electromotive force, Æ, 
between any two phases. If blood serum or the extra- 


cellular milieu is taken as the reference phase: 
ô = — 96,500 # (joules) (5a) 
or ò = — 23,060 Æ (calories) (5b) 


where # is expressed in volts (ref. 2). The electromotive 
force is therefore an invariant quantity for the normal 
physiological resting state of any phase, and is directly 
proportional to the equivalent change of chemical potential 
of any ion. 

In the general theory of electrolyte solutions, the 
chemical potential, u, of any kind of ion is related to its 
concentration, c, and its activity coefficient, f, by an 
equation of the form: 


up = we + RT In tifi 
where p is the standard chemical potential. 
The standard chemical potential of an ion depends on 
the nature of the solvent or dispersion medium and the 
nature of the ion, but is independent of the concentration, 


ci. On the other hand, the activity coefficient, fı depends 
on the nature of the ion, the nature of the medium, and 


(6) 
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on the concentrations and valence types of all species of 
ion in the system. If the composition of a phase is fixed 
in some well-defined: standard state at constant tempera- 
ture, then the system is invariant, and the values of 
Us, W fe and c; are fixed for each kind of ion in the 
mixture. For homogeneous binary solutions, it 1s custom- 
ary to assign the value 1-0 to f in the reference state of 
infinite dilution. For cells and tissues, the standard state 
has been defined as the normal physiological resting state?>*. 
Then the activity coefficient of each kind of ion may be 
assigned the value 1-0 m each of the phases. In the standard 
state all the deviations from ideal behaviour may be 
measured as changes of standard chemical potential?.*. 
For any kind of ion in two different phases: 


An, = Aup + RT In — (7) 


Cy 
Accordingly: 
RT 
Àg = 6,0 + Pace (8) 
where òp» is defined as the equivalent change of standard 
chemical potential. Since ò is an invariant for all the ions, 
the distribution ratio for any kind of ion depends on 


dao. In a system containing sodium, potassium, calcium 


and magnesium ions, the most stable distribution depends 
on the equivalent change of chemical potential for each 
kind of ion. In a two-phase system which conforms to the 
ideal Donnan. distribution: 


ON 9? = oxo a dca" panse Mg’ == Öç = 0 


In such a system, when there is no chemical binding, 
the distribution of ions is perfectly non-selective. This 
may occur in systems in vitro when a semi-permeable 
membrane separates two liquid phases which would 
otherwise be perfectly miscible. Biological systems are 
not generally of this nature. 

Excess chemical potentials. Deviations from the ideal 
Donnan distribution of ions are caused by changes of the 
standard chemical potentials between any two coexistent 
phases, and by the binding of ions to the intracellular 
and extracellular components. In an ideal system in 
which none of the ions is chemically bound: 


at Cy’ 
RT 
or: Ò = — mr 


where 7; refers to the ion distribution ratio, and ò is an 
invariant for all the diffusible ions. In any non-ideal 
system in which the electrolytes are completely ionized: 


RT 
ò = dj + 7 In ři 
(9) 


The invariant, ò, is non-specific for the ions, 8, is 
specific for each kind of ion, and the concentration ratio 
is determined by 8. 

A more general treatment must include the binding of 
ions to extracellular and intracellular substances. In the 
case of calctum and magnesium, one of the factors in the 
equilibrium is the tendency of the ions to chelate with 
proteins and metabolites of low molecular weight such 
as citrate and succinate. The total calcium and magnesium 
may be expressed as summations of the ionic and bound 
forms: 


Catotal = Cajonio + Capound ; Megtotal = Mgionic + Mgpouna 


The ratio of ionic to total calcium in any phase may be 
denoted as æ. Then between any two phases: 


or: ò = do + Ô; ideal 


RT «” Ca” 
8 = dow + y n Ga Coa (10) 
RT RT 
or: Ò = Sgeo + Fae yne S 5 aE (ca) (11) 
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where (roa) denotes the ratio of the total concentrations 
in the two phases, as expressed in equation (10). In 
— for any kind of ion distributed between any two 
phases: 


n RT ET 
Ò = do + ZnB + = In (re) (12) 


where (r,) refers to the ratio of total concentrations, and 
where B: denotes the ratio of a to a. In general: 


RT 
ò = (d) + > In (ri) (13) 


where (è+); is defined as the sum of 8 and = In Be. 


This sum may be denoted as the apparent equivalent 
change of standard chemical potential of the ith kind of 
ion. It depends on the actual change of standard chemical 
potential, on the degree of combination with extra- 
cellular and intracellular components, and on the valence 
of the ions. It represents the net excess chemical potential 
of the ions in phase 2 referred to phase 1. In the limiting 
case in which there is no binding to extracellular or intra- 
cellular substances, the value approaches that of the actual 
equivalent change of standard chemical potential. 

Oorrelation of electrolyte distributions and electromotive 
force. By the application of equations (5b) and (13), it 
is found for any kind of ion that: 


3 


: (èi) — 23,060 # — ae In (7) (calories) (14) 


Values of (8,°)’ between blood serum and the lens of the 
rabbit eye are calculated from the normal resting potential 
and the distribution ratios of total sodium, potassium, 
calcium, magnesium and chloride (Table 1). The value 
of the resting potential, Æ, has been observed to be — 70 
mV:°, Therefore: 


è= — 23,060 x (—0-070) = 1-61 kcal (15) 


From the distribution ratios (total concentrations), the 
values of (ri) and of (èi) may be estimated (equation 14). 
The value of the apparent equivalent change of standard 
chemical potential of any ion is related to the excess 
electrical potential of the ion by the equation: 


(8) = ~23,060 Ey excess (calories) (16) 
Fi oxcess = E — Ei ideal (17) 
The ideal electromotive force is given by the relation: 


2:303 RT 
— 96500 z; logio (74) (18) 


The excess electromotive force is defined by equation 
(17). As determined from equations (17) and (18), it is 
& measure of the deviation from the ideal Nernst equation. 
The electrical deviations for the ions thus depend on the 
apparent changes of standard chemical potential of the 
ions; these quantities also determine the distribution 
ratios (equation 13; ref. 2). 

In Table: 1, values of the excess and ideal olectrical 
potentials are estimated for the various ions distributed 
between blood serum and lens. The results are also shown 


— 
— 


where : 


Ei idea) = 


Table 1. Exouss ELECTRICAL AND CHEMICAL POTENTIALS (RABBIT Luns) 
: (Resting potential, —70 mV; 100 mV =2:3 keal) 


Ion ' Na K Ca Mg Cl 
Total concentration * 39-8 188-5 1-4 0°75 15:3 
Ratio (rp* 028 55 0-26 0-30 0-15 
RP tn (r) (kcal) -0'8 24 042 -036 11 
ô= —23 E (kcal) 1:61 1:61 161 ‘ 1:61 1-61 
Ej deal (MV) 36  —104 19 15 — 50 
Fi excesst (mV) ~ 106 34 -89 ~ 85 —20 
(3Y (keal)t 24 08 20 20 0:5 


* Concentrations in m.equiv. per kg water. Analytical data from refs. 11, 
12. Ratios referred to total concentrations in bicod serum (ref 13). 

t 4; ideal calculated from (r;) by means of equation (19). E; excess tal- 
culated from equations (17) and (18), using value of —70 mV for observed 
resting potential (10). : 

ł Calculated from equation (16). 
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Hig. i. Distribution of sodium, potassium, calclum, magnesium and 

chiorine ions in relation to resting electrical potentials of rabbit lens and 

frog skeletal muscle. Ordinates, excess electrical potentials: apparent 

equivalent changes of chemical potential. Abscissae, ideal electrical 

potentials and distribution ratios on logarithmic scale. (1) Frog muscle 
(—100 mY); (2) rabbit lens ( —70 mV) 


~ 50 — 100 — 150 


graphically in Fig. 1. Excess electrical potentials and 


. the apparent equivalent changes of standard chemical 


potential are plotted as ordinates on parallel scales; the 
parallel horizontal scales represent the ideal electrical 
potentials and the distribution ratios, expressed as the 
logarithms. The parallel diagonal lines represent two 
different tissues: rabbit lens, with a resting potential of 
— 70 mV, and frog skeletal muscle, with a resting potential 
of —100 mV (ref. 2). In each tissue sodium ions show 
the largest deviations from the ideal Nernst equation and 
the highest values of (èp). The smallest deviations are 
found for potassium and chloride. The deviations for 
calcium and magnesium are somewhat smaller than those 
for sodium (Fig. 1). The diagram indicates the relation 
between the resting potential for a tissue and the distribu- 
tion ratios of the ions, as they depend on the excess 
chemical potentials in different phases. 

Apparent standard free energies of cation distribution. 
From the values of (ri), the total distribution ratios of 
the various cations, the apparent standard free energies 





of distribution are calculated (Tables 2 and 3). The 
relations are expressed as follows: 
(rg) 
s — T AE Dd 
(AGM Na) RT ln ra) 
(roa)? 
9 — 
(AG@*sca,Na) BY in fe) 
(rMg)? 
0 — Vege 
(AG in5g,Na) RT in (19) 


The apparent standard free energy of calcium—sodium 
distribution is a measure of the net deviation from the 
ideal Donnan distribution. Deviations are produced by 
equivalent changes of the standard chemical potentials, 
Na and dogo, and by binding of the calcium ions to 
intracellular and extracellular substances. If it is assumed 
that the deviation of sodium from the ideal Nernst 
equation is measured by yas, then it follows from the 
definitions of (ca) and of ( AG°ioa, wa)’ that : 


RT- 
— (AGa, Na) = — (AG°}Ca, Na) + In Boa (20) 


The measurable quantity is the apparent standard free 
energy of calcium-sodium distribution, which can be 


~ 
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Table 2. STANDARD FREE ENERGIES OF CALCIUM-—SODIUM DISTRIBUTION 






Total 
Ref. concentrations * 
Connective tissues 
Cartilage, rabbit +3 280 
Cornea, rabbit eye (14 147 
Cellular 
Liver, man 15 59-2 
Skeletal muscle yman 15 457 
throcyte, man 13 20 
Cell derivatives 
Lens, rabbit eye (11, 12) 398 
Epidermis, man (16) 80:0 


* Total concentrations m.equiv./kg tissue water, 
Calculated by equation (19). 
Calculated by eqnation (20), ust 


(Cellular and extracellular referred to blood serum) 


five hypothetical values of $ of 2-0-01. 


~ 40° 40a, Na (keal) 


~(4@408,Nay’ 
(keal)T 


SF POO OO 
Af Ph pp 

22 299 O° _| 

Cm Awo weet Theol 


4 





Two (2 0) corresponds to complete ionization of calclum, and 0:01 corresponds to 0-5 per cent ionization, if blood serum calcium is assumed to be 50 per cent 


ionized.) 


calculated from the total ratios (rca) and (rya) according 
to equation (19). In the evaluation of AG®, the standard 
free energy of distribution of calcium or magnesium, 
information as to the binding of these ions is required to 
yield the value of 8 in equation (20). For almost all cells 
and tissues the magnitude of binding of these ions is 
unknown. In Table 2, calculations are presented which 
assume & range of values of B between 0-01 and 2-0. 
For cartilage, the total calcium content is approximately 
34 m.equiv./kg of tissue water (Table 2). 
values of (rca) -and (rng) are respectively 6:3 and 2:0. 
If it is assumed. that the distribution of the ionized frac- 
tion of calcium shows no deviation from the ideal Donnan 
condition, the distribution ratio of the ions between 
cartilage and blood serum would be 4:0, and the ionic 
calcium of cartilage would be approximately 10 m.equiv./ 
kg water. The ratio 4:0 is the square of the sodium distribu- 
tion ratio (2-0), and this distribution corresponds to the 
value of zero for A@%cqna. For 34 m.equiv. of total 
calcium and 10 m.equiv. of ionic calcium, the value of 
a” is about 0-3, as compared with an assumed value of 0-5 
for «’ in blood serum (one-half ionization). The value of 
Bca is therefore approximately 0-6. This is consonant with 
the values shown in Table 2, corresponding to a value of 
AG? between 0-1 and —0-1 kcal for that value. of B. 
Previous calculations from electromotive force determ- 
inations have indicated that about one-fourth of the total 
calcium of cartilage is ionized?)*, This is consistent with 
the assumption that Bca is 0-5 and that AG is of the 
order of +0-1 keal (Table 2). 

According to the results of Tables 2 and 3, the apparent 
standard free energies of calcium—sodium distribution are 
of the order of about —0-4 to —1-0 kcal for cellular 
material and far cell derivatives such as epidermis and 
lens. The standard free energies of potassium-sodium 
distribution for cellular structures are usually of the order 
of — 2:0 to — 3-2 keal (Table 3, refs. 1, 2). The apparent 
standard free energies of magnesium-—sodium distribution 
range from about — 0-4 to — 1-8 keal. Connective tissues 
differ from cells and cellular derivatives in several respects. 
Cartilage, which is rich in chondroitin sulphuric acid, 


Table 3. APPARENT STANDARD FREE ENERGIES OF CATION DISTRIBUTION 
(Values in keal per equivalent) 


Cell or tissue = Ref. —(40"% way —(4G%409 wa)’ —(4@ awe way’ 
Cartilage, rabbit (6-8 1°4 O12 0-2 
Cornea, rabbit eye (14 1-0 0-1 — 

dney, man 15 2-0 0-4 0-9 
Whole brain, man 5 2-4 0-4 0-9 
Liver, man (15 2-4 0-6 Li 
Epidermis, man ae 2:4 0-6 1-2 
Epidermis, mouse (17) 24 10 1-2 
Spleen, rat (15 2°9 09 Lei 
Skeletal muscle, man (15 2°83 06 1-4 
Skeletal muscle, rat (18 3-0 0-8 1-6 
Skeletal muscle, frog 9 2-9 0-9 1-4 

cyte, man (3 s'i 0-4 1°5 

Erythrocyte, rabbit 13 3 2 09 1-5 

Lens, rabbit (L1, 12) 3°2 : 0-4 0:4 
Calculations based on equations (19), using analytical data from references 


Blood serum valuesfrom ref. (18). 


The calculated — 


shows high concentrations of all the cations: the values 
of (twa), (rca), (Mg) and (rg) range from 2 to about 20. 
The value of AG°g Na is about — l-4 kcal. for cartilage, 
as compared with values of the order of — 0-1 to —0-2 
keal, for the apparent free energies of calcium—sodium 
and magnesium~sodium distribution. In cartilage, the 
density of negative colloidal charge is of the order of 0-17 
equivalents/kg water, corresponding to a mean colloidal 
equivalent weight of about 3,000 (refs. 7, 8). This leads 
to a high accumulation of all the cations, and to high 
distribution ratios. 

Cellular structures and cell derivatives such as lens 
and epidermis may show high concentrations of potassium, 
with values of (rg) of the order of 50 or higher, but the 
values are usually correlated with low values of (rya), 
(Ca) and (ryg). Depending on the density of negative 
colloidal charge of the cellular substances, the total cation 
concentrations may be low, as in erythrocytes, or high, 
as in skeletal muscle and lens. The concentration of each 
kind of cation depends on die, on Bi, and on the colloidal 
charge density. All these quantities have characteristic- 
values for the standard physiological state of each tissue. 

In the various kinds of structure, the total ratios (rN) 
and (rça) are much more variable than the apparent 
standard free energies of distribution (Table 3). In 
cartilage, (Na) is 2-0 and (rca) is 6-3; the value of 
(AG®ica,Na)’ 18 ~—0-1 keal. In cellular structures both 
ratios may be considerably less than 1:0. For human 
erythrocytes, (Na) is 0-14, and (rca) is 0:08; the value 
of (AGica,na)’ is —0-4 kecal. In human epidermis, 
(rca) 18 2-3 and (rya) is 0-57. The apparent standard free 
energy of distribution is —0-6 keal. Constancy of the 
apparent standard free energy of distribution implies that 
the ratio of (70a)? to (Na) tends to be constant (equation 
(19) ). 

The apparent standard free energies of cation distribu- 
tion often tend to be independent of the biological species 
and of the function and metabolism of the structures?:?, 
Thus, erythrocytes, liver, whole brain, skeletal muscle, 
and epidermis of the human show quite similar values 
(Table 3). Comparable values are also found for the 
corresponding structures in the mouse, rabbit, rat and 
frog. The electrolyte composition of mammalian blood 
serum also tends to be a biological invariant, corresponding 
to the composition of mammalian Ringer’s solution or one 
of its modifications®®. For any particular structure, the 
equivalent change of chemical potential, 8, referred to the 
external milieu, is the same for all ions and may be esti- 
mated from the normal resting electrical potential*. The 
actual distribution ratios then depend on the characteristic 
values of (8,0)’ for each of the physiological cations and 
anions. These values tend to be of similar magnitudes for 
different cells and tissues (Fig. 1, also ref. 2). 

Biological structures are composed ¿Of mixtures of 
macromolecular polyelectrolytes, inorganic electrolytes 
and water, organized as systems consi ting of discrete 
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heterogeneous entities. In general, such heterogeneous 
systems are non-ideal, and show strong deviations from 
the ideal solution laws rather than constant distribution 
ratios of the ions. In the foregoing treatment these 
deviations have been expressed as apparent standard free 
energies of distribution among the various phases of 
biological systems, principally between blood serum and 
a cellular or extracellular (tissue) phase. 

The total concentration of diffusible anions and cations 
within a phase depends on the density of colloidal charge, 
while the most stable distribution depends on two charac- 
teristic properties of each kind of ion in any phase: its 
standard chemical potential, and the extent of binding 
to other components. In general, for any pair of cations, 
the standard free energies of distribution tend to be quite 
similar for many kinds of cells and cell derivatives (lens, 
epidermis) on one hand, and of somewhat different 
magnitudes for extracellular structures. The -values 
depend on the equivalent changes of standard chemical 
potential of each kind of ion, which may be estimated 
from experimental results. 

This work was supported in part by grants from the U.S. 
Public Health Service AM 00968-10 and DE 01849. 
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A PIONEER ENGLISH GEOLOGIST IN THE U.S.S.R. 
By Dr. D. V. AGER and Miss M. E. PUGH 


Department of Geology, imperial College of Science and Technology, 
London, S.W.7 


ANUARY 10, 1965, was the centenary of the death of 
J William Thomas Henry Fox Strangways, fourth Earl 
of Ilchester, who wrote what was virtually the first 
account of the geology of what is now the U.S.S.R. He 
was an excellent example of a ‘complete’ man of the 
nineteenth century, for besides leading a distinguished 
career in the diplomatic service and being (for his day) 
a liberal-minded landlord and country gentleman, he 
was actively interested not only in geology, but also in 
botany, archaeology, history, architecture, literature, 
painting and the Slavonic languages. 

He was born on May 7, 1795, son of Henry Thomas, 
the second Earl of Ilehester, by his second marriage, 
and went up to Christ Church College, Oxford, in 1813. 
He pursued the usual classical studies of the time, but 
very soon came under the influence of the Reverend 
William Buckland of the same College, who began the 
first geology lectures at Oxford in 1814. Strangways was 
one of the 54 students who took Buckland ’s first course. 
The next year he became a Fellow of the Geological 
Society of London and continued his geological studies 
under Buckland. His distinguished teacher (who later 
became Dean of Westminster) is especially remembered 
by geologists for being chiefly responsible for promoting 
the idea of a Quaternary glaciation affecting the British 
Isles, in the face of considerable opposition. 

Strangways received his first diplomatic appointment, 
as attaché at the British Embassy in St. Petersburg 
(now Leningrad), in 1816, while still officially a student. 
He immediately set to work to apply his newly acquired 
knowledge in what was virtually a geologically unknown 
country. His first four papers' were all concerned with 
local geological phenomena around St. Petersburg. They 
inevitably appear naive to modern eyes, but at the time 
display great care in observation and a surprisingly wide 
knowledge of European geology. Most of the observations 
concern geomorphological and mineralogical subjects, but 
he also noted such matters as the resemblances between the 
Palaeozoic faungs of the Baltic States and those of the 
Welsh Borderland. Perhaps his most ihteresting observa- 
tions concern the local thick deposits of what would now 


be called glacial till. In his penultimate paper (ref. 4, 
p. 433 et seg.) he recognized the presence of large granite 
boulders from Finland in the vicinity of St. Petersburg 
and discussed the means by which so many huge blocks 
could have been’ carried so far. His conclusion was that 
they were brought from the north by a great ‘diluvial’ 
flood, which he equated with “...the greatest aqueous 
revolution to which this globe has ever been exposed, 
the Mosaic deluge, of which they furnish the most striking 
of the material evidences’’. Noah’s flood was the standard 
explanation of many geological phenomena at that time, 
but undoubtedly Strangways’s reports on this strongly 
glaciated area must have encouraged Buckland in his 
later proselytizing for the widespread nature of the 
Quaternary glaciation. 

Strangways’s last geological paper’ was his most 
ambitious and the one for which he is chiefly remembered 
in the U.S.S.R. to-day. In this paper he attempted to 
summarize the geology of the whole of the vast area of 
European Russia, and produced a remarkable geological 
map extending, in a discontinuous fashion, from Denmark 
in the west to the Urals in the east, and from Lapland 
in the north to Georgia in the south. It must be remem- 
bered that this work was published more than twenty 
years before Sir Roderick Murchison’s famous visit to 
Russia (in the company of de Verneuil and von Keyserling) 
at the invitation of the Tsar. Obviously Strangways’s 
broad survey was quite inadequate (as he recognized 
himself) and soon became out of date. He did not attempt 
to work out the succession or structure of the rocks, but 
showed the understandable and commendable desire of 
the pioneer to place on record his observations on the 
lithology and faunal content of large formations seen on 
a very broad scale. 

All this was the result of only four years in Russia, 
for in 1820 he moved on to Constantinople and so con- 
tinued a typical series of diplomatic wanderings, to 
Naples, the Hague, Florence, Vienna and Frankfurt. As 
he moved about he developed his remarkable diversity 
of interests. In Naples and Florence, for example, he 
began what was one of the first and finest collections of 
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early Italian paintings, and he is often remembered in 
the art world for his gifts of these paintings to his old 
college and especially to the Ashmolean Museum at 
Oxford. With Sir Thomas Lawrence he has been held 
chiefly responsible for the evolution of the Ashmolean 
from Tradescant’s ‘closet’ of antiquarian and biological 
‘rarities’ to the unique museum of art that it is to-day. 

Similarly, in the course of his service at the Embassy 
in Vienna, Strangways introduced to England the Austrian 
pine, Pinus austriaca, and in his later years he devoted 
much of his time to hortacultural matters in the gardens 
of his family home at Abbotsbury in Dorset. 

The height of his diplomatic career came on August 
15, 1835, when he was appointed Under-Secretary of State 
for Foreign Affairs, which post he held for five years under 
the dominating leadership of Palmerston as Foreign 
Secretary. 

Nevertheless, ın spite of his diplomatic duties and other 
interests, he retamed his geological inclinations throughout. 
In 1820 he became vice-president of the Geological Society 
of London (four years before his old teacher Buckland 
became president for the first time) and he regularly 
attended its mostings. 

It 1s interesting to note from the files at the Society 
that it was then the custom of the diplomatic service to 
pass on geological as well as political information to 
London. A letser from Strangways to the Society in 
1837, for example, enclosed a report from the British 
Consul at Beirut about a recent earthquake in that area. 

After his retirement from the diplomatic service in 
1849, he concentrated on his many scientific and charitable 
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interests. He helped to found the Dorset County Museum 
in Dorchester, and presented it with some of his geological 
specimens. He also gave many books and specimens to 
the Geological Society. He did not marry until he was 
sixty-two (in 1857) and succeeded to the earldom the 
following year, on the death of his half-brother. He was 
succeeded in his turn by his nephew. It is reasonable to 
suppose that he may have been responsible for arousing 
an interest in geology in his young kinsman Charles 
Edward Fox Strangways (1844-1910). The latter was a 
leading officer of the Geological Survey for many years 
and is especially remembered for his series of large memoirs 
on the Jurassic rocks of Britain. 

W. T. H. Fox Strangways is well known to Russian 
geologists as one of the founders of the science in their 
country. On this, the centenary of his death, it is appro- 
priate that he should also be remembered in Britain. 

We thank Dr. R. F. Gekker of the Palaeontological 
Institute in Moscow, whose original enquiry led to this 
article, and Mr. J. M. Edmonds of Oxford for information 
about Strangways’s studies there. 


1 Strata des environs de St. Pétersbourg en ordre de position géolegique. St. 
Petersburg (one page, un-numbered) (1819). 

* “Description of the Rapids of Imatra, on the Yoxa River, in Carelia; with 
an Outline of the Probable History of their Formation; and a Notice 
of the Bursting of the Lake Souvando into the Ladoga in the Year 1818”. 
Trans. Geol. Soc. Lond., 5, 340 (1821). 

3 “Description of Strata in the Brook Pulcovea Near the Village of Great 
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OBITUARIES 


Prof. E. W. H. Cruickshank 


ERNEST WILLIAM HENDERSON CRUICKSHANK, emeritus 
professor of physiology in the University of Aberdeen, 
died in Aberdeen on December 29, 1964. 

He was born in Edinburgh in 1888, received his early 
education at Robert Gordon’s College, Aberdeen, and 
studied medicin» in the University of Aberdeen, where 
he graduated M.B., Ch.B. in 1910. Very early in his 
career, his enquiring mind made him turn to research, 
and in 1912, having been awarded a Carnegie Research 
fellowship, he want to work under E. H. Starling at the 
Physiology Department of University College, London. 
At that time Starling was engaged in his classical studies 
on the heart-lung preparation. In his first paper, published 
from University College, Cruickshank made the quite 
unexpected observation that the glycogen content of the 
heart of the diabetic dog was higher than that found in 
the non-diabetic animal. He also compared the glucose 
consumption of the normal and the diabetic heart. His 
experience at University College influenced his future 
interests decisively; throughout his career he remained 
interested in problems of cardiac metabolism. 

His work at University College was cut short by the 
First World War, during which he succeeded in joining 
the Royal Army Medical Corps after having been rejected 
at first because of the loss of an eye when he was a medical 
student. 

After the War came a long and welcome period of pere- 
grinations. In 1919 he went to work with J. Erlanger in 
the Physiology Department of Washington University 
Medical School in St. Louis, where he became acquainted 
with biophysical methods. From there he went as pro- 
fessor of physiology to Peking Union Medical College, 
which at that time was supported by the Rockefeller 
Foundation. The four years he spent there he found very 


` 


interesting, and in spite of the great demands made on 
his time by teaching and administrative duties, he pub- 
lished a number of papers on experimental tetany. 

The next two years were spent at the Physiological 
Laboratory in Cambridge and University College, London, 
as a Travelling Research- Fellow of the Rockefeller Founda- 
tion. In Cambridge he came under the influence of Joseph 
Barcroft and published papers on problems of renal 
haemodynamics and the spleen as a reserve organ for 
haemoglobin. Prof. Cruickshank often talked with great 
pleasure of this time and was very proud when, years 
later, Sir Joseph Barcroft came to Aberdeen to acquire 
from his former pupil the technique of the heart-lung 
preparation in the rat. An interesting paper on the coron- 
ary circulation was the result of work done with G. V. 
Anrep at University College. 

In 1926 Cruickshank went to the Prince of Wales 
Medical College in Patna as professor of physiology and 
biochemistry. Three years later he was appointed profes- 
sor of physiology at Dalhousie University in Halifax. 
During the next six years he resumed work on the prob- 
Jems in which he had first become interested in Starling’s 
laboratory and developed a reliable technique for investi- 
gating the metabolism of cardiac muscle in the heart-lung 
preparation of the dog. He always considered this work, 
which was later continued in Aberdeen, as his most impor- 
tant contribution to physiology. The results showed that, 
while cardiac muscle normally uses carbohydrate as a 
source of energy, in the absence of carbohydrate fatty 
acids form an available supply of energy. He also showed 
that in the diabetic heart insulin restores the ability of 
the muscle to utilize glucose. 

When he was appointed to the Regius chair of physiology 
in Aberdeen in 1935, he continued with the line of research 
initiated at Dalhousie. However, in ord8r to improve the 
experimental design he decided to develop the heart-lung 
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preparation in the rat, a species with much smaller 
individual variations than the dog, hitherto used by 
workers in this field. A great deal of preparatory work had 
to be done concerning both surgical technique and 
apparatus; in this he was ably supported by his techni- 
cian, A. M. Taylor, who served him as skilfully as he had 
done his two predecessors, J. A. McWilliam and J. J. R. 
Macleod. 
. Quite soon after his arrival in Aberdeen, Prof. Cruick- 
shank, through his close association with the Rowett 
Research Institute, became interested in problems of 
nutrition and, when asked as a newly appointed professor 
to give the Farquhar Thomson Lectures, he chose nutrition 
as his subject. In a modified form these lectures were 
published two years later in book form, under the title 
Food and Physical Fitness. This book was in great 
demand and was republished in an enlarged form as Food 
and Nutrition in 1946 and in a revised edition in 1951. 
At the beginning of the Second World War he was 
appointed to the Nutrition Sub-committee of the Scientific 
Advisory Committee of the Department of Health for 
Scotland and served as its chairman during 1944-48. 
Prof. Cruickshank was a quiet and gentle man who 
showed great courage and perseverance in adversity. 
This quality stood him in good stead when, after a cerebral 
vascular illness in 1947, he was prevented from continuing 
with the experimental work which meant so much to 
him. Because of his experience in the universities of 
many different countries, he was asked several times 
during the nineteen-fifties by the World Health Organiza- 
tion to act as consultant and visit medical schools in 
various parts of the world. It was characteristic of him 
that about a year ago he accepted an invitation to visit 
the U.S.S.R. to discuss problems of medical education. 
H. W. Kosrerrirz 


Dr. José Ramtrez de Arellano 


Dr. José RAMÍREZ DE ARELLANO was killed in a car 
accident in Mexico City on September 9, 1964. 

Dr. Ramirez obtained the doctor of medicine degree in 
the University of Mexico, working during this time in the 
laboratory of Prof. Arturo Rosenblueth. In 1956 he went 
to the United States, where, following an interval with Prof. 
Guzman Barron at the University of Chicago, he jomed 
the staff of the Johnson Research Foundation of the 
University of Pennsylvania. On returning to Mexico City 
in 1958, he spent several years at the Instituto Nacional 
de Cardiologia before joining the Department of Bio- 
chemistry in the newly established Centro de Investigacion 
y de Estudios Avanzados del Instituto Politecnico 
Nacional. 

Dr. Ramirez had a deep interest in all phases of biology, 
but particularly in bioenergetics, and made unique con- 
tributions to the investigation of such different systems 
as mammalian muscle and photosynthetic bacteria. As 
an example, his work on responses of cytochromes to 
single contractions of cardiac muscle can be regarded as 
classic, and led him on to examine further the possibility 
of a phosphorylation site in the cytochrome oxidase. His 
work on the changes in absorption spectra of cytochromes 
and carotenoids of photosynthetic bacteria following 
illumination or oxygenation, and the response of cyto- 
chromes to adenosine diphosphates ın F. rubrum chromato- 
phores stands out as another landmark of progress in the 
investigation of energy conservation reactions. ' 

José Ramirez will be remembered by his many friends 
as a dedicated scientist who did everything in his power 
to make the experiment a success, out of the warmth of 
his heart and his abiding interest in the progress of 
science. He had an outstanding talent for handling both 
complicated ‘biological preparations and sophisticated 
apparatus. With his perceptive mind and rapid grasp of 
complex biological problems, he was a thoughtful col- 
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league from whom much could be learned. He will also 
be remembered for his honesty, his warm and charming 
personality, his delightful sense of humour and his con- 
tagious enthusiasm. Those of us who knew him feel that 
we were fortunate to have been his colleague and his 
friend. LUCOE SMITH 
BRITTON CHANCE 


Mr. P. F. Holmes, O.B.E. 


PAUL Foster HorLrmes was born at Hornsea, in the East 
Riding of Yorkshire, in November 1913. He was at school 
at Charterhouse from where he won an Exhibition to 
Trinity Hall, Cambridge. There he read natural science, 
played bridge badly, golf well and worked hard, being 
awarded a II.i ın the Part 2 Zoology Tripos. He stayed 
on at Cambridge for two years as a research assistant, 
taking the opportunities to go on expeditions to Lake 
Titicaca and Yugoslavia. In 1937 he joined the biology 
staff at Shrewsbury School. He served during the Second 
World War with the Shropshire Light Infantry, playing 
a part in reviving the University at Bologna in 1944-45. 

After demobihzation he returned to Shrewsbury until 
August 1, 1947, when he moved across to be the first 
warden of the Malham Tarn Field Centre, one of the first 
four centres to be established by the Council for the 
Promotion of Field Studies, as ıt was then. 

His work at Malham was at full flow when he died 
suddenly in a car crash on December 10, 1964. He was a 
past-president of the Yorkshire Naturalists’ Union, some- 
time member of the committees of the British Orni- 
thologists’ Union, the Freshwater Biological Association 
and the British Ecological Society. At the tıme he died 
he was a member of the England Committee of the 
Nature Conservancy and one of the Minister’s nominees 
on the West Riding Park Planning Committee. 

He leaves a widow and four daughters. 

Paul Holmes was above all else a countryman. He 
cared intensely that the beauty, the quiet and the com- 
munity of the countryside should be conserved for its 
own sake and so that urban man, provided he behaved 
himself, should still have hills, coasts, forests and moors 
unspoilt for his recreation. In later years Holmes gave 
more and more time and thought to the problems of 
large-scale conservation, and by associating himself with 
constructive planning his knowledge of the countryside in 
all its ways was quickly gaining him a reputation for 
understanding many pomts of view and for effective 
persuasion against those he believed to be misguided. 
The O.B.E. he received in the 1964 New Year’s Honours 
marked his contributions. 

Holmes was a naturalist in the old-fashioned use of the 
word. Nothing that affected the landscape—and the 
Pennine Craven landscape in particular—was left aside. 
Plants and animals, the rocks and their history, the 
activities of man, the wind and the rain—he was so much 
at home in the environment in which he delighted to live 
that I doubt if he realized how unusual, and valuable, was 
his knowledge of it. 

He wrote little but well. Had he been given time—and 
had he been prodded-——he would have come to write more. 
As it was, he was constantly busy for the benefit of other 
people and his services were in ever-greater demand. 

No man owed Paul Holmes a grudge; no man saw him 
lose his temper; no man was ever set at a misleading 
disadvantage by anything that Paul Holmes might have 
said. He was himself a quiet character, determined to the 
point of obstinacy, humorously good-natured and very 
patient, as befits a fisherman; devoted to his splendid 
family, knowing himself to be fortunate in his life, he 
wished so much that others might share his pleasures. 
So few others achieved his standards that the gap he leaves 
is all too obvious. Paul Holmes will be deeply mourned 
by all kinds of people who will never forget him. 

JOHN BARRETT 
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NEWS and VIEWS 


Royal Irish Academy: Officers 


At the Stated Meeting of the Royal Irish Academy on 
March 16 the following officers were elected: President, 
Prof. J. Doyle, emeritus professor of botany, University 
College, Dublin; Treasurer, Dr. V. C. Barry; Secretary 
of the Academy and Secretary for Irish Studies, Dr. B. 
Ó Cuív; Secretary of the Science Committee, Prof. P. J. 
Nolan; Secretary for Polite Literature and Antiquities, Dr. 
J. Raftery. 

New Members 


THE following were elected new members of the 
Academy: Mr. A.J. Bliss, Prof. H. B. Henbest, Dr. W. J. E. 
Jessop, Dr. R. P. Kernan, Mr. P. Ó Suilleabháin, Prof. 
L. J. D. Richardson and Prof. F. L. Scott. 


Honorary Members 


Mr. K. Bittel and Mr. K. H. Jackson were elected 
Honorary Members in the Section of Polite Literature and 
Antiquities. , 

Council 

THE following were elected to the Science Section of the 
Council: Dr. YV. C. Barry, Prof. J. C. Brindley, Prof. W. 
Cocker, Prof. J. N. R. Grainger, Dr. R. E. Ingram, Prof. 
P. J. Nolan, Prof. D. C. Pepper, Prof. E. Philbin, Dr. 
N. A. Porter, Prof. E. T. 5. Walton and Dr. A. E. J. Went. 

The following were elected to the Polite Literature and 
Antiquities Section of the Council: Dr. L. Bieler, Dr. T. de 
Bhaldraithe, Mr. D. W. Greene, Dr. G. A. Hayes-McCoy, 
Mr. P. Lynch, Dr. B. O Cuív, Dr. E. F. O’Doherty, Dr. 
J. J. O’Meara, Dr. J. Raftery and Mr. M. bean Ui 
Dhalaigh. ; 


Director of the Road Research Laboratory : 
Sir William Glanville, C.B., C.B.E., F.R.S. 


SR WELIAM GLANVILLE retired from the director- 
ship of the Road Research Laboratory, Harmondsworth, 
on March 31. Wiliam Henry Glanville was born in 1900, 
served in the army during the period 1918-19 and then 
became a student at Queen Mary College, University of 
London. He graduated with first-class honours in civil 
engineering in 1922 and joined the staff of the Building 
Research Station, where he produced classical papers on 
the strength and workability of concrete, on the stresses in 
reinforced concrete arising from the bond between steel 
and concrete, on_shrinkage stresses and creep in concrete, 
and on the stresses induced in concrete piles during driving. 
He was awarded a Ph.D. degree in 1926 and a D.Sc. 
degree in 1930. He was appointed chief engineer of the 
Building Research Station in 1928 and assistant director 
of Road Research in 1936. Three years before, the Road 
Research Laboratory had been taken over by the Depart- 
ment of Scientiñc and Industrial Research from the 
Ministry of Transport as a result of a recommendation 
by a House of Commons Select Committee on Estimates. 
In January 1939 Glanville became Director of Road 
Research. Under his leadership the Road Research 
Laboratory became, during the Second World War, a 
main research establishment for the experimental assess- 
ment of the performance of explosive weapons, particu- 
larly bombs, for attacking targets both on and above the 
ground as well as under water. When consideration was 
being given to post-war development he urged that the 
Road Research Laboratory was a very suitable body to 
undertake the task of carrying out the research on road 
safety which the Allness Committee had recommended 
in 1939 should become the responsibility of a Laboratory 
not responsible to the Ministry of Transport. This was 
agreed and in 1946 the field of research of the Laboratory 
was expanded to include traffic and safety. Under 
Glanville’s directorship the Laboratory’s activities were 


further expanded in 1955 to include research on Colonial 
road problems and in 1962 on bridges. During the 29 
years that Glanville had been with the Laboratory the 
scientific staff had grown from 25 to about 450. Glanville 
was created a C.B.E. m 1944 and C.B. in 1953. He was 
elected a Fellow of the Royal Society in 1958 and knighted 
in 1960. He was president of the Institution of Civil 
Engineers in 1950-51 and was awarded the Ewing Gold 
Medal of this Institution and also the Gold Medal of the 
Institution of Structural Engineers. On April 1 the 
Laboratory reverted to the Ministry of Transport. 


Mr. D. J. Lyons 


Mr. D. J. Lyons has been appointed to the post of 
director of the Road Research Laboratory, in succession 
to Sir William Glanville, with effect from April 1. Mr. 
Lyons was born in 1916 and attended Queen Mary College, 
University of London, where he gained honours in aero- 
nautical engineering in 1937. He joined the Royal Air- 
craft Establishment in the same year and worked in the 
Aerodynamics Department on model testing in small 
wind-tunnels; in 1939 he went to the Flight Section of 
the Aerodynamics Department. From 1939 until 1941 
he served with the Royal Air Force as a flying instructor, 
but rejoined the Flight Section of the Royal Aircraft 
Establishment in 1941 and served there until 1951. 
During this period he worked on stability and control 
(including determination of the effects of saeroelastic 
deformation on controls and airframe), research and 
development on servo-tab control systems (leading to 
Britannia controls), and research and development on 
powered flying controls. In 1951 Mr. Lyons was appointed 
superintendent of Experimental Projects Division, Guided 
Weapons Department, and was responsible for continued 
development of the Royal Aircraft Establishment experi- 
mental test vehicles (RTV and OTF series) and started 
development of the General Purpose Vehicle. In 1954 
he was concerned with initial ballistic work at Farn- 
borough and headed the Ballistic Missile Division, which 
was reponsible for the Black Knight test vehicle and Blue 
Streak development. Mr. Lyons was promoted to deputy 
chief scientific officer in 1956 and was appointed head of 
the newly formed Ballistic Missile Group, where his 
responsibilities for Black Knight and Blue Streak con- 
tinued; m.1960 he assumed responsibility for planning 
the vehicle aspects of the space vehicle role for Blue 
Streak and its incorporation in the European Launcher 
Development Organization vehicle. Mr. Lyons was pro- 
moted to chief scientific officer in 1962 and appointed 
head of the newly formed Weapons Department at the 
Royal Aircraft Establishment. 


Mathematical Physics in the University of Birmingham : 
Prof. D. J. Thouless 


Dr. D. J. THOULESS, at present Senior Research Fellow 
at Churchill College, Cambridge, and a lecturer in the 
Department of Physics at that University, has been 
appointed to the second chair of mathematical physics 
in the University of Birmingham from a date to be 
arranged. Dr. Thauless graduated from the University 
of Cambridge in 1955 and then studied under Prof. Bethe 
at Cornell University, where he was awarded a Ph.D. 
in 1958. His principal interest has been in ‘many-body 
theory’, that is, the theoretical investigation of the 
structure and properties of systems containing many 
similar particles. Dr. Thouless has made important 
contributions to the general theory and has developed 
numerous applications to the physics of naiclei and to the 
behaviour of matter at low temperatures, especially to 
superconductivity. 
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Genetics in the University of Sussex : Prof. J. H. Sang 


Dr. J. H. Sana has recently been appointed to the 
staff of the University of Sussex, where he will have 
the status and title of professor in the School of 
Biology. His early training was in zoology, in which he 
graduated at the University of Aberdeen in 1935. 
He was then successively Kilgour Research Scholar 
in zoology at Aberdeen; Hutchison Research Scholar 
at St. John’s College, Cambridge; Carnegie Senior Re- 
search Scholar at Aberdeen; and assistant to the professor 
of natural history at Aberdeen, Prof. Lancelot Hogben. 
From 1942 until 1948 Dr. Sang was with the Ministry of 
Aircraft Production. Since 1948 he has been with the 
Agricultural Research Council in Edinburgh, first in the 
Animal Breeding and Genetics Research Organization 
and later at the Poultry Research Centre, where he is now 
assistant director. Dr. Sang’s scientific interests have 
centred around interactions of the genotype with the 
environment, and his main experimental material has been 
Drosophila melanogaster, for which he developed the 
method of sterile culture on chemically defined media; 
in recent years his work has taken him into the biochemical 
genetics of Drosophila and the genetics of tumour forma- 
tion. His advent will bring a wide knowledge of biology 
and an enquiring mind to Sussex. 


Urban Sociology in the University of Manchester : 
Prof. J. C. Mitchell 


Prox. J. C. MITCHELL, at present professor of African 
studies in the University College of Rhodesia and Nyasa- 
land, has been appointed to the newly established chair 
of Urban Sociology in the University of Manchester from 
October 1. Prof. Mitchell graduated in the social sciences 
at the University of Natal in 1941. In 1948, after four 
years War service with the South African Air Force, he 
graduated with honours in sociology in the University of 
South Africa. He was awarded a D.Phil. (Oxford) in 
1950. During these years after the Second World War, 
he studied the Yao tribes in Nyasaland as a research 
officer of the Rhodes—Livingstone Institute of Social 
Studies in British Central Africa. Afterwards, as senior 
sociologist (1950-52) and then director (1952-55) of the 
Rhodes—Livingstone Institute, Dr. Mitchell led a team 
surveying the towns of the Copper Belt of Northern 
Rhodesia, as well as teams investigating three Northern 
Rhodesian tribes; he has published extensively on these 
researches and on the whole problem of urbanization in 
‘colonial’ territories. In 1955 he was appointed professor 
of African, studies at the University College of Rhodesia 
and Nyasaland, in which he served as Vice-Principal 
from 1960 until 1962. He has extended his studies of 
urban problems to the commercial cities of Southern 
Rhodesia. Dr. Mitchell held a Simon senior research 
fellowship in this University in 1953, and a visiting pro- 
fessorship at the Johns Hopkins University in 1959. 
He was Alternate Rhodesian Federal Member of the Inter- 
African Committee on Social Sciences, and has served on 
numerous other Government and international commit- 
tees. In 1960, Prof. Mitchell was awarded the Rivers 
Memorial Medal of the Royal Anthropological Institute. 


The United Nations Scientific Committee on the 
Effects of Atomic Radiation 


THE third (1964) report of the United Nations Scientific 
Committee on the Effects of Atomic Radiation, unlike 
the 1958 and 1962 reports, does not attempt to be com- 
prehensive (Supplement No. 14, 4/5814. Pp. iv+120. 
New York: United Nations, 1964. 1.50 dollars). Two 
subjects are selected for special consideration——the con- 
tamination of the environment by nuclear explosions and 
a first assessment of the risks of inducing malignant 
disease by radiation in man. The factual information on 
the recent contamination from the nuclear weapons of 
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high yield in 1961-62 indicates that radioactive debris 
ascended to greater heights in the stratosphere: thus the 
long-lived fission products, strontium-90 (assessed as an 
additional 5 megacuries) and caesitum-137 will have an in- 
creased time of residence there measured in years rather 
than months. ‘Dose commitments’ from sources of radia- 
tion external and internal (including carbon-14) to the 
bodies of the world’s population have been revised accord- 
ingly. The deductions on risks of carcinogenesis are based 
on data obtained in man and experimental animals from 
moderately large or large doses of radiation. A necessary 
assumption, which probably results in risks being over- 
estimated, is that a linear relation between radiation-dose 
and subsequent development of cancer is applicable. 
Thus the risk of induction of leukaemia is derived as 1-2 
cases per year per rad per million exposed persons, but 
as several times higher for subjects exposed in utero. 
The risk of developing cancer of the thyroid from irradia- 
tion of the neck in children seems to be numerically 
similar. The over-all risk of all malignancy seems un- 
likely to exceed by any large factor that deduced for 
leukaemia. 


Medical Research Council of Ireland 


Tae Medical Research Council of Ireland held its first 
meeting twenty-five years ago. The annual grant made by 
the Minister for Local Government was at first £5,000. 
Such a sum could only permit the most cautious approach 
to the encouragement of research. For many years the 
great majority of the awards went to workers in laboratory 
departments in the medical schools, where accommodation 
was already available and where senior members of the 
permanent staff could direct the work. The Council 
provided a stipend for the worker as well as technical 
assistance and a certain amount of special equipment 
when required. The hospitals could not provide suitable 
accommodation for research workers and they had no 
full-time senior staff to act as supervisors. With its 
meagre resources the Council could not make good these 
deficiencies. It was, therefore, impossible to embark on 
any substantial programme of clinical research notwith- 
standing the wealth of problems in this field. While 
grants were made from time to time for work on a few 
clinical problems, the Council has been able to escape 
from this situation in an effective way only during the 
past five years. The growth and recent activities of the 
Council are described in its annual report for the year 
ending December 1963 (Dublin: Medical Research 
Council of Ireland, 1964. 5s.). In 1959 the Minister of 
Health made a substantial increase in the Council’s grant. 
Shortly before this the universities began to develop 
full-time clinical departments with the accommodation 
necessary for research. The Council was then able to give 
systematic support to clinical research by appointing clini- 
cal Research Fellows and providing them with technical 
assistance and essential equipment. Meanwhile, a number 
of other interests had claimed the attention of the Council. 
Dr. M. Naughten, Medical Officer of Health, Tipperary 
South Riding, pointed out the high incidence of endemic 
goitre in his area. Research workers confirmed this and 
established its connexion with a low iodine content in the 
soil. The addition of iodine to table salt, encouraged by 
the public health authorities on the recommendation of 
the Council, led to a sharp fall in the incidence of goitre. 
The search for a chemotherapeutic agent effective against 
tubercle bacillus began in 1944 under the direction of 
Dr. V. C. Barry and has been expanded to include the 
chemotherapy of cancer. The important contribution to 
cell metabolism made by Prof. E. J. Conway and his 
colleagues at University College, Dublin, was recognized 
by @ special grant from the Minister and the setting 
up of the Unit for Cell Metabolism. Over the years the 
Council has frequently assisted in carrying out investiga- 
tions on public health questions, for which the Minister 
made special grants. The National Nutrition Survey, 
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the National Tuberculosis Survey, the Perinatal Mortality 
Survey, the Dental Caries Survey and the Thaldomide- 
induced Congenital Deformities Survey were substantial 
pieces of work ın this category. On many occasions 
special committees have been set up to sift evidence and 
tender advice to the Minister on problems which he had 
asked the Council to consider. Some indication of the 
increasing activity of the Council lies in the fact that, in 
the twenty-five years of its existence, the Council has given 
a total of 990 grants to research workers and that this 
has led to the publication of 456 papers in scientific 
journals. 


C. S. .R.O. and Engineering in Industry 


Tne Commonwealth Scientific and Industrial Research 
Organization (C.S.I.R.O.) sponsors research relating to 
primary and secondary industry in Australia. The 
progress of engineering depends fundamentally on dis- 
covering new scientific knowledge and the development 
of methods and machines for using this knowledge. A 
recently published booklet describes and illustrates some 
of this research as now being prosecuted in the C. S. I. R.O. 
laboratories which, with appropriate field-stations, func- 
tion in all States in Australia (C.S.I.R.0. and Engmeering 
wm Industry. Pp. 48. Melbourne: C.S.I.R.O., 1964). 
The centres discussed are the National Standards Labora- 
tory, consisting of the Divisions of Physics and Applied 
Physics, located at Chippendale, New South Wales; the 
Division of Tribophysics, University of Melbourne, 
Victoria ; the Division of Mechameal Engineering, Highett, 
Victoria; and the Physical Metallurgy Section, University 
of Melbourne, Victoria. ‘In addition to the work of these 
laboratories. investigations concerned with the engineering 
aspects of particular industries are included in the work 
of several other C.S.I.R.O. units undertaking research 
related to these industries.” While this publication does 
not concern itsslf with engineering problems under 
investigation in the fields of chemical processing, mineral 
utilization, fuel technology, food processing, building, 
and wool textile manufacture, all within the ambit of 
C.S.I.R.O. activines, 1t does cover a number of subjects of 
vital importance in the engmeering industry. Those men- 
tioned include production engineering; metal surfaces; 
metals and other solids; measurements and standards; 
length standards and measurements; mass volume and 
density; force pressure and hardness; dynamic measure- 
ments; electrical measurements ; ight and opties; tempera- 
ture and humidity measurement; air conditioning, and 
solar energy. There is a great deal of information on the 
trend and manner of orginal research being undertaken 
under each of these headings, and the text 18 rendered all 
the more interesting and understandable by the excellent 
series of photographic illustrations and coloured diagrams 
included in this booklet. “In the production of food, 
clothing, buildings and apphances, in transport and com- 
munications, and even entertainment and cultural 
activities, engineering has made possible tremendous 
advances in the satisfaction of human needs.” If this 
publication is any guide to the somewhat limited scope 
of problems in the engineering industry therein described, 
then the wider research programme embraced by 
C.S.I.R.O. must be most impressive and well worth a 
future booklet on the same lines giving us an extended 
picture of its achievements. 


The Rowett Research Institute 


A REPORT on “Animal Nutrition and Allied Sciences” 
might well be expected to cover a very wide range of 
topics. The annual report of the Rowett Research 
Institute, 1964, does indeed fulfil this expectation (20, 
1964. Pp. 88. Bueksburn, Aberdeen, Scotland: Rowett 
Research Institute, 1964. 10s.). Any deep and sustained 
study of animal nutrition encounters a whole host of 
problems over the complete range of biological science, 
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and so it is not surprising that the work described ın this 
report has aspects of interest to biologists, physiologists. 
microbiologists and :pathologists, as well as to those 
directly concerned with the practical problems of animal 
nutrition. In 1963, the Rowett Research Institute cele- 
brated the fiftieth anniversary of its foundation. In the 
volume entitled Progress in Nutrition and Allied Sciences 
published to celebrate the occasion, we have been given an 
informative account of the activities of the Institute 
over half a century. In the present report we learn some- 
thing of current research and the progress achieved in the 
various sections of the Institute ranging from basic 
studies on enzymology and on the nitrogenous constituents 
of grass leaves to direct nutritional experiments on rumin- 
ants, pigs and poultry. This information 1s conveyed in 
the form of summaries of published papers, together with 
supplementary notes about papers in preparation or 
in the press and on work in progress. A full bibliography 
is included so that the original papers referred to may be 
readily located. As in recent years, two reviews are 
included on topics which have been specially studied in 
the Institute. The first, by Dr. J. Davidson, is entitled 
“The Utilization of Dietary Energy and Protein by 
Poultry”, while the second, by Dr. E. I. McDougall, is on 
“Proteinuria and Protein Structure”. These reports are 
typical of the activities of the Institute. The first deals 
with a problem of considerable practical importance for 
the producer of eggs and poultry, and the approach is 
critical and scientific. The second is concerned with the 
nature and origin of the proteins found in the urme of 
sheep and cattle and also of man. It is therefore of general 
biochemical and physiological interest rather than con- 
cerned with nutrition in the narrower sense of the 
word. 


Biochemical Journal 


Tus issue for January 1965 (94, No. 1) of the Biochemical 
Journal is the first to be published by the Biochemical 
Society itself. Hitherto the Journal has been published 
by the Cambridge University Press, although it was 
conducted by the Society. The Journal is now distri- 
buted by the Chemical Society. The two Societies con- 
tinue to be responsible for their own publishing and 
editorial policies. With the change in publishing arrange- 
ments the cover of the Journal has been given a ‘new 
look’. The first 16 pages of this issue represent the new 
edition of “Suggestions and Instructions to Authors’, 
which can also be obtained in a separate cover (price 
2s. 6d., or 0-40 dollar, post free) from the Secretary to 
the Editorial Board, Biochemical Journal, 20 Park 
Crescent, London, W.1. 


Index of Agricultural Research, 1964 


THe Agricultural Research Council has now issued a 
fourth edition of its Index of Agricultural Research (Pp. 
ix+1056. London: Agricultural Research Council, 1965. 
Obtainable from H.M.8.O. 12s. 6d.). This replaces the third 
edition published in 1957. It gives details of the work of 
the Council’s agricultural research institutes and units and 
research in the institutes grant-aided by the Council, or by 
the Department of Agriculture and Fisheries for Scotland 
on the advice of the Council. The Index is arranged in three 
parts: Part 1 shows the work m progress at the agri- 
cultural research institutes and units, together with the 
names of the research workers concerned; Part 2 is a 
subject index which provides an easy guide to research 
in progress on any particular subject; Part 3 is an 
alphabetical list of research workers. Particulars are 
also given of projects undertaken in universities, colleges 
and other organizations with financial support from the 
Council. The Index, together with ıts companion volume, 
The Agricultural Research Service, provides information. 
about all scientific research for which the Agricultural 
Research Council has responsibility. 
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Queen Victoria Museum and Art Gallery, Launceston, 
Tasmania 


Tue Queen Victoria Museum and Art Gallery at Laun- 
ceston, Tasmania, has completed an interesting addition 
to its activities by the opening of the Cradle Mountain 
Trailside Museum, the first of its kind in Australia 
(Annual Report, 1962-63. Pp. 12. Launceston: Queen 
Victoria Museum and Art Gallery, 1964). In a building 
of native pine, and with exhibits pre-fabricated in Launces- 
ton, the Museum depicts most aspects of the fauna, 
flora, geology and natural features of the Cradle Mountain 
area. A small annexe to the Museum building is used as a 
laboratory, and surveys of the flora and fauna of the 
district are in progress. The Chinese Joss House is now 
equipped with an automatic commentary system brought 
into action by pressing a button which, with lighting, 
produces a realistically dramatic effect. Agreement in 
principle has been reached between the City Council 
and the Minister for Education regarding the installation 
of a planetarium in the Museum. 


Concrete in Construction of the New Forth Road Bridge 


“On 4th September 1964, H.M. the Queen opened the 
new Forth road bridge. In The Times of the following day 
British Railways were quoted as calling it ‘the slender 
concrete daughter’ of their ‘steel lady of the Forth’.” 
Thus, the opening paragraph in an article entitled “The 
Forth bridge and the bridges on its approach roads” 
(Concrete Quarterly, No. 63; October-December 1964; 
Cement and Concrete Association, 52 Grosvenor Gardens, 
London, 8.W.1). Tins is almost a classic example of 
official understatement, as this article goes on to demon- 
strate. The new Forth road bridge may be the longest 
steel suspension bridge in Europe, but without the 210,000 
tons of concrete used in its construction “f. . . in providing 
the foundations for the main towers, the massive anchorage 
plugs for the cables, the side towers, and the approach 
viaducts”, it obviously could not exist. Apart from the 
splendid design of the bridge itself, nearly nine miles in all 
of new dual-carriageway approach roads (to motorway 
standards and with grade separation at junctions) had to 
be constructed, involving spanning by twenty-four 
bridges, largely in reinforced concrete, before the new 
bridge could possibly fulfil its maximum functions. In 
this article the supporting road-works are rightly given 
prominence, especially the bridges on the approach roads 
which, as the illustrations show, are refreshingly variable 
in design and finish and are undoubtedly “. . . in themselves 
a very fine addition to the rapidly lengthening roll-call 
of good road-bridges in Great Britain”. The south 
approach road, 4-5 miles from just inside the city boundary 
of Edinburgh, involves 3 mules of subsidiary roads in 
which system there are nine major bridges, two pedestrian. 
subways and a number of culverts. Featured here is the 
new concrete Cramond Bridge, replacing Rennie’s old 
stone bridge; the two-level interchange junctions at 
Burnshot, Dolphington and Echline; and the bridge over 
the main’ Forth railway lines at Dalmeny. The north 
approach road, 4 mules, is also designed substantially to 
motorway standards, and includes two-level junctions at 
Ferry Toll and Admiralty, and a remarkable two-level 
junction at Masterton, described as “. . . the most impor- 
tant of all the bridge-works on the northern approach... 
the Masterton octopus junction, a variation on the con- 
ventional clover-leaf type”. There are in all fifteen 
bridges on this northern approach, of which the Masterton 
octopus junction accounts for no fewer than six. Part 
of the latter construction, a 600-ft. reinforced concrete 
viaduct, is featured, as also, by contrast, is the slender 
3-span concrete over-pass at Dunfermline Wynd. 


International Congress of Plant Pathology 
Fottowme discussions at the International Botanical 

Congress held at Edinburgh in 1964, arrangements are 

being made to hold an International Congress of Plant 
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Pathology at Imperial College, London, S.W.7, England, 
during the last two weeks of July 1968. The members 
of the executive committee formed to arrange the con- 
gress are as follows: Dr. 8. D. Garrett (chairman); Prof. 
R. K. 8S. Wood (secretary); Mr. F. C. Bawden; Prof. 
P. W. Brian; Prof. N. A. Burges; Dr. P. H. Gregory; 
Dr. J. L. Harley; Dr. I. Isaac. An advisory committee of 
plant pathologists from countries other than Britain will 
help to plan the programme. A notice giving preliminary 
information about the congress will be circulated during 
1965. Further information may be obtained from Prof, 
R. K. 8. Wood, Imperial College, London, 8.W.7, England. 


Announcements 


Tag second meeting of the Federation of European 
Biochemical Societies will be held at the University of 
Vienna during April 21-24. Further information can be 
obtained from the Federation Secretariat, Alserstrasse 4, 
Vienna IX. 


A symposium on ‘Inorganic Single Crystals”, arranged 
by the London Section of the Society of Chemical Industry, 
will be held in London during April 12-13. Further 
information can be obtained from the Secretary, Society 
of Chemica] Industry, 14 Belgrave Square, London, 8.W.1. 


Tue forty-sixth annual meeting of the American 
Geophysical Union will be held in Washington during 
April 19-22. Further information can be obtained from 
Mr. W. E. Smith, American Geophysical Union, Suite 506, 
1145 19th Street, N.W., Washington, D.C. 


TuE third research meeting on “High Pressure’ will 
be held at the Imperial College of Science and Technology, 
London, during April 13~14. Further information can 
be obtained from C. H. L. Goodman, Materials Synthesis 
Department, Standard Telecommunication Laboratories, 
London Road, Harlow, Essex. 


THE second conference on ‘Underwater Archaeology”, 
co-sponsored by the Council of Underwater Archaeology, 
San Francisco, will be held at the Royal Ontario Museum, 
University of Toronto, during April 15-17. Further 
information can be obtained from Dr. A. D. Tushingham, 
Royal Ontario Museum, University of Toronto. 


THE sixth Levinstein Memorial Lecture of the Society 
of Chemical Industry, entitled “Mutual Interactions 
between Physical Organic Chemistry and Dye Tech- 
nology”, will be delivered by Prof. H. Zollinger (Swiss 
Federal Institute of Technology) at the Manchester 
Literary and Philosophical Society on April 13. 


THe nineteenth annual Frequency Control symposium, 
sponsored by the U.S. Army Electronics Laboratories, 
will be held in Atlantic City durmg April 20-22. Further 
information can be obtained from the Director, U.S.. 
Army Electronics Laboratories, Headquarters, U.S. Army 
Electronics Command, Fort Monmouth, New Jersey. 


Tae Institute of Biology has established a Western 
Branch based on Bristol to cater for the interests of its 
members in Gloucestershire, Somerset and Wiltshire. 
The next meeting is on April 5 at 7.30, in the Medical 
School, University Walk, Bristol, when Dr. Magnus 
Pyke of the Distillers Co., Ltd., will speak on “Food of 
the Future’. Further information can be obtained from 
the branch secretary, Dr. A. J. Abbott, Research Station, 
Long Ashton, Bristol. 


THE spring meeting of the Western States Section of 
the Combustion Institute will be held in Hollywood during 
April 21-23. Subjects under discussion will include: 
high-energy reactions for chemical synthesis; seeded 
flames including plasma kinetics; supersonic combustion ; 
combustion engineering problems in stationary power 
plants. Further information can be obtained from the 
Secretary, Western States Section of the Combustion 
Institute, 16902 Bollinger Drive, Pacific Palisades, 
California. 
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THE CARNEGIE INSTITUTION OF WASHINGTON 


r BOOK No. 63 of the Carnegie Institution of 
Washington* covering the year ended June 30, 
1964, includes ths report of the President, reports of the 
Departments and Special Studies, with bibliographies of 
publications during the year, lists of staff, and the reports 
of the Executive Committee and the Auditors. 

In the section of his report which reviews the year’s 
work, the President refers to the stmking results obtamed 
at the Mount Wilson and Palomar Observatories on the 
optical quality of radio sources. An mgenious technique, 
beginning with double-image photography using a blue 
and ultra-violet filter on the 100-1n. reflector at Mount 
Wilson or the 48-in. Schmidt telescope at Palomar and 
ending with photoelectric observations on the Hale 
telescope, has made possible absolute identification of 
quasi-stellar sources and more than doubled the number 
of known quasi-stellar sources. To the thirteen, or possibly 
fourteen, such sources known at the end of the year, a 
parallel search has given seven additional optical identi- 
fications of radio sources that may be quasi-stellar, and 
the source 30147 now proves to be the most distant object 
yet found in the Universe. Its brightness is of the 
eighteenth apparent magnitude, while the brightest of the 
‘four quasi-stellar sources studied so far has an absolute 
visual magnitude of ~-26, about 2-5 trillion times the 
luminosity of the Sun. An investigation of the optical 
and radio properties of 42 well-identified radio sources 
indicated that most were spheroidal galaxies, with 
luminous nuclear regions of elliptical shape, surrounded 
by extensive envelopes of varying visibility; all the 
weaker radio sources were spiral or irregular galaxies. 
The year’s observations are regarded as providing further 
evidence that the origin of cosmic rays is connected with 
the violent energy-transfer processes in radio galaxies and 
other radio sources. New knowledge was also obtained 
for interpreting the early history of our own Galaxy 
and a revised conception of its shape and classification. 
Two automatic ‘seeing’ monitors were set up cn mountain 
sites in central Chile, and plans laid for seeing monitor 
observations in south-central and south-western Australia 
and Palomar Mountain. Experimental tubes, called 
‘cascaded converters’, tested-in the Department of Terres- 
trial Magnetism, at the Lovell Observatory and at Mount 
Wilson Observatory, showed a ratio of information gain 
of 30 compared with the best performance of normal 
telescope photography, a speed gain for equal resolution 
of about 10 in spectroscopic tests, and a rate of blackening 
for spectroscopic plates eight times higher than that of 
unaided photography. On the basis of these tests, the 
Committee on Image Tubes for Tolescopes has ordered 
twenty of these high-performance tubes, to be distributed 
for use at various observatories under the guidance of the 
Committee and the National Science Foundation. 

In the Department of Terrestrial Magnetism, geo- 
magnetic investigations showed a remarkably high elec- 
trical conductivity at shallow depths beneath parts of the 
Andes in southern Peru. An examination of the seismic 
compressional waves diffracted around the boundary of 
the Earth’s core showed that the shadow boundary is 
about 9 degrees less than the value estimated in cal- 
culations accepted hitherto. The radius of the core at 
the points from which the examined compression waves 
were diffracted would appear to be about 2,120 miles. 
To investigate the range of curvatures of the boundary 
of this core an improved seismometer has been designed 
which méasures long-period vibrations more accurately, 


* Carnegie Institurion of Washington Year Book No 63, 1963-84. Pp. 
xX1+ 734661433 pilates. (Washington, D.C.: Carnegie Institution of Wash- 


ington, 1964) 1.50 dollars. [See also p 1 of this issue of Nature.] 


is insensitive to temperature and can be operated in 
remote areas. As part of an investigation of the ultra- 
mafic rocks of the ocean basins, the Isotope Geology 
Group completed a detailed examination of the potassium, 
rubidium and strontium geochemistry of St. Peter and 
St. Paul Rocks on the mid-Atlantic ridge. An analysis 
of the isotopic composition of lead in feldspars and 
galenas on the North Atlantic continent points to a 
minimum age for thé Earth of 4,700 million years. Iso- 
topic analysis of lead in volcanic rocks from Gough and 
Ascension Islands suggests that the isotopic composition 
of lead or strontium does not always offer a convenient 
tracer to determine the origin of surface rocks. 

In the Geophysical Laboratory, a major effort was 
devoted to basalt problems. The basalts can now be 
delineated into sigmificant compositional groups and their 
fractionation described in terms of a simple flow sheet. 
Some minerals characteristic of the alkali basalts have 
been examined over a considerable range of pressure, and 
most of the experimental work at high pressures during 
the year was directed at increasing our understanding of 
the mineral equilibrium in aluminous periodates and their 
melting relations. The pure ferrous iron pyroxene ferro- 
silite synthesized during the year is of considerable 
importance to our knowledge of the pyroxenes and 
basalts, and its optical and crystallographic data will 
assist in obtaining determinative curves. Work on 
peralkaline silicic lavas and associated rocks also con- 
tinued, and potassium—argon ages from hornblende were 
used in deciphering the complex metamorphic history in the 
Central Swiss Alps. Investigations on synthetic mullite 
completed during the year showed it to be a complex 
defect structure with two oxygen sites and two cation 
sites only partly occupied. At 650° C and above, sulphur 
reacts relatively rapidly with silicates containing iron 
(olivine, for example, giving pyrite, magnetite and 
entestite), while with iron-bearing hydrous metals at 
500° and 600° C, sulphur yielded oxyhornblende and 
oxymica. The upper stabilities of magnesium chlorite and 
muscovite have been determined and the pressure and 
temperature stabilities of solid solutions with muscovite, 
which approximate to natural illites and phengites. 

In biogeochemical research, saturated fatty acids were 
found in the 1,000-million-year-old Nonesuch shale at 
White Pine, Michigan, and saturated hydrocarbons obtained 
from a Precambrian petroleum, while abundant amounts 
of hydrocarbons were also obtained from Precambrian 
rocks by hydrogenation with phosphorus and anhydrous 
hydrogen iodide. Examination of the amino-acid content 
of about 100 different molluscan shells indicated that the 
proteins of related species had similar composition. 

In the Department of Terrestrial Magnetism, the Bio- 
physics Group used the deoxyribonucleic acid—agar 
column techniques to show that the DNA of a specialized 
cell is identical with that of a germ cell and has the whole 
genetic message, but that she messenger RNA that 
determines the protein content of the specialized cell 1s 
not a one-to-one matched copy of the DNA message 
(nucleotide sequences). Parts of the genetic message are 
suppressed and other parts greatly intensified or repeated 
in the RNA, leading to the synthesis of highly specialized 
proteins, and enzyme functions, for each of the specialized 
cells. Working with Escherichia coli, ib was also found 
that much of the virus genetic message (nucleotide 
sequences) was identical with part of the E. coli genetic 
message and that the two homologous parts were linked 
in the DNA. reproduction process from qne generation to 
the next, in which both messages were fully reproduced, 
but with the runaway reproductive activity of the virus 
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suppressed by this close association until activated by 
the ultra-violet light. In work undertaken in co-operation 
with the National Institutes of Health the technique 
has shown that tumours in rodent species contain 
polynucleotide sequences that are complementary to 
those of the polyoma virus DNA, thus demonstrating 
the presence of cancer virus in material in the host it has 
infected. | 

In the Department of Embryology the year was marked 
by the isolation and characterization of DNA from the 
eggs of Rana pipiens and Xenopus laevis. In addition to 
a large pool of soluble compounds containing deoxy- 
ribose, these eggs contain 100-300 times the amount of 
DNA, of high molecular weight resembling that from 
liver of thé same species, found in somatic cells of these 
species. Nucleic acid synthesis in the anucleolate mutant 
of Xenopus laevis was also described, and a series of 
investigations was commenced on the synthesis of mes- 
senger RNA in Xenopus laevis, using the agar~DNA 
technique, in which the RNA is isolated by hydridizing with 
DNA immobilized in an inert agar matrix; investigations 
of the heterogeneous inductors from chick embryo were 
also continued. Evidence was accumulated bearing on 
the hypothesis that trypan blue acts by binding lysosomal 
enzymes involved in yolk utilization in the chick embryo, 
and the effects of thalidomide derivatives on the chick 
embryo were also examined. Observations of the move- 
ment of clusters of precardiac cells in chick embryos were 
extended. | ; 

In the Genetics Research Unit, investigations on gene 
regulation in maize were concerned with the control 
system, regulating the somatic expression of the genes. 
These also included the parameters of the regulation of gene 
action by. the suppressor-mutation system and cyclical 
change in the, phase of activity of the activator, and the 
relation between DNA structure and chromosomal func- 
tion in which some idiosyncrasies of phage~-DNA structure 
were elucidated. 

The Department of Plant Biology’s Photosynthesis. 
Group was chiefly concerned with the changes induced in 
the state of those substances presumed to be intermediates 
in the process of photosynthesis when plants are illum- 


N a statement in the House of Commons on February 24 
on the development of higher education, which was 
also made in the House of Lords by Lord Bowden, the 
Secretary of State for Education and Science, Mr. A. 
Crosland, said that the Government had now considered 
the recommendations of the Robbins Committee for the 
expansion of teacher-training places, the creation of new 
universities, and the designation of Special Institutions 
for Scientific and Technological Education and Research. 
The Government accepted the objectives of 390,000 full- 
time places in higher education by 1973-74, including 
218,000 places in universities, and had decided that 
122,000 of, the remaining places should be places for 
training teachers. This would nearly double the number 
of students in training, but all possible ways of increasing 
the output of teachers from existing facilities were also 
being urgently examined. He was keeping the supply of 
teachers under close review and anticipated receiving 
shortly the, next report of the National Advisory Council 
on the Training and Supply of Teachers. On new univer- 
sities, Mr. Crosland said that it was now clear that the 
218,000 university places were within the capacity of 
existing universities and other institutions of university 
status. The cdlleges of advanced technology and the 
‘Heriot Watt College would be given university status, 
and the University Grants Committee would be advising 
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inated, and with the changes in rates of evolution of 
oxygen or uptake caused by varying exposures to light. 
The pigment complexes of the photochemical system are 
now accepted as falling into two groups. The first is a 
system composed mainly of a long wave-length of chloro- 
phyll a absorbing red wave-lengths, which seems to act 
by passing its light energy to a substance known as P700, 
probably another form of chlorophyll a. The second is 
composed mainly of a group of ‘accessory’ pigments which 
absorb light at shorter wave-lengths, the end of energy- 
transfer process being chlorophyll «673, also a red- 
absorbing pigment. The experiments in progress were 
designed to provide the basis for models of parts of the 
complete system. During the year experiments with light 
exposure in the red and far-red wave-lengths and measure- 
ments of changes in the light absorption of plastocyenin 
in the cells showed that plastocyanin has a place in the 
photosynthetic system related to both pigment systems—- 
the first system oxidizing it in the living chloroplasts and 
the second system reducing it. The alga Ulva was also 
examined, and particular attention was directed to 
measuring the oxygen evolution and uptake in response 
to wave-lengths representing these two pigment systems: 
sodium dodecyl sulphate was used to separate partly the 
forms of chlorophyll « with absorption bands at 670 and 
680 mp. A brief survey was made of how the temperature 
of leaves, particularly Mimulus, is affected by different 
surroundings, and clear differences were demonstrated in 
the response of M. lewisii and M. cardinalis to changes 
in light intensity, temperature and carbon dioxide con- 
centration. Work also continued on the climatic races of 
Solidago virgaurea, while in the Cytogenetics Laboratory 
an electron microscopic investigation of metabolic 
chromosomes of Tradescantia and. of the polytene chromo- 
somes of the salivary-gland cells of Drosophila were 
undertaken. A cytochemical analysis was carried out on 
the basic proteins of chromosomes and cells in early 
embryogenesis in Drosophila. Other investigations 
included autoradiographic analysis of the incorporation 
of tritiated precursors of DNA, RNA and basic proteins in 
the giant salivary-gland chromosomes of Drosophila, and 
a chemical analysis of the nucleic acids of Drosophila. 


| DEVELOPMENT OF HIGHER EDUCATION IN BRITAIN 


the Government on the means by which the Royal 
College of Art and the College of Aeronautics, Cranfield, 
could also be brought within the Committee’s ambit. 
Apart from these plans and the creation of separate 
universities at St. Andrews and Dundee, the Government 
had decided that, with the possible exception of creating 
an entirely new technological university institution in the 
North-East, no additional universities would be needed 
for about ten years; however, the possibility would be 
examined well within that period that more would be 
needed thereafter. 

While wholly accepting the principle of selective 
development and expansion of technological education at 
a high level, the Government considered that this would 
best be achieved not by creating a separate category of 
special institutions but by continuing to build up the 
three institutions named by the Robbins Committee—the 
Imperial College of Science and Technology, the Man- 
chester College of Science and Technology and the 
University of Strathclyde. These would be given priority 
in the provision of capital and current finance. 

Replying to questions on this statement, Mr. Crosland 
said that about 61,000 teachers were now in training 
colleges, and under the new plans there would be 111,000 
in 1973-74. He would be disappointed if he was unable 
to make a statement on short-term measures to increase 
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the supply of teachers within the next few weeks. The 
universities were expanding much more quickly than any- 
one had expected, and the new universities set up since 
1960 had also got off the ground very much earlier than had 
been expected. It was much less expensive to expand 
existing institutions than to establish new ones. No 
decrease was contemplated in the 50,000 places in colleges 
of further education recommended by the Robbins Com- 
mittee. He was giving higher priority to determining the 
reason for the 1,500 vacant places in science and tech- 
nology. The programme fell within the 4-25 per cent 
expansion of the public service announced by the Chan- 
cellor of the Exchequer. He hoped to make a statement 
within the next few weeks about the wastage of teachers 
and its elimination. 

In making this statement in the House of Lords also 
on February 24, Lord Bowden said that the University 
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Grants Committee was considering the amounts of extra 
recurrent grant which were most urgently needed, and 
indicated that he hoped to make a statement shortly. 
Earlier on, in reply to a question regarding implementation 
of the Newsom Report, Lord Bowden had stated that the 
raising of the school-leaving age was now planned to 
come into effect in the academic year 1970-71. Full 
account was being taken of the Committee’s other recom- 
mendations by the Department of Education and Science 
in its forward thinking about curricula, teacher training 
and design of bwldings and equipment. The Schools 
Council for the Curriculum and Examinations was study- 
ing the new approaches to questions concerning curricula 
which would be required, and some research projects were 
already in tram. The total sum to be spent on school 
building had increased by 25 per cent, and would be about 
£20 million next year. 


COMPUTER RESEARCH AND DEVELOPMENT IN BRITAIN 


N a statement on the computer industry in the House 
of Commons on March 1, the Minister of Technology, 
Mr. F. Cousins, said that the Government considers it 
essential that there should be a rapid increase in the use 
of computers and computer techniques in industry and 
commerce and also a flourishing British computer industry. 
First, he was forming a Computer Advisory Unit within 
the Ministry of Technology to advise on computer require- 
ments over the whole public sector. All proposals for 
computers requred by Government departments for civil 
purposes would be referred to this Unit for objective 
technical appraisal before procurement was authorized ; 
a similar procedure would apply to computers purchased 
with public money by universities, colleges of advanced 
technology and Research Councils. The advice of the 
Unit would be available to local authorities, nationalized 
industries and other users in the public sector, and the 
Unit would work closely with the computer industry in 
planning new developments. It would be based on 
the Technical Support Unit of the Treasury, which 
would be transferred to the Ministry of Technology 
and built up to about double its present size as rapidly 
as possible. 

Secondly, the Government had initiated a full-scale 
review of the computer requirements of universities, 
colleges of advanced technology and Research Councils; 
the University Grants Committee and the Council for 
Scientific Policy were jointly assessing the new facilities 
needed. This review would lead to a new five-year pro- 
gramme of procurement which should greatly reinforce 
the capabilities of the universities and the Research 
Councils in this vital area and provide an important 
stimulus to the industry. The equipment needed would 
be procured after consultation with the Ministry of Tech- 
nology. Details could not be settled until the assessment 
was completed in a few months’ time, but the Government 
proposed to start this programme at tho rate of £2 million 
a year. 

Thirdly, further programmes of research on computer 
techniques and the development of new equipment would 
be initiated in industry, the universities and in Govern- 
ment research establishments and in the Post Office, 
while the National Research Development Corporation 
would be greatly extending its work in this field. Subject 
to passage of the Development of Inventions Bill, Mr. 
Cousins said that he had approved in principle the Cor- 
poration’s proposals for assisting computer development 
on a substantial scale. Research into computer develop- 
ment techniques for the 1970’s was already being spon- 
sored in partnership with industry under the Advanced 
Computer Techniques Project, for which £1 million had 


been earmarked and which the Ministry of Technology 
would be taking over from the Department of Scientific 
and Industrial Research. Further developments under 
this project were bemg discussed and, if industry was 
willing to sharo the cost of enlarging this programme, 
the Government hoped to place contracts in 1965-66 
involving additional Government commitments of 
£500,000. The Ministry hoped to place contracts with 
the universities in 1965-66 for industry-orientated research 
to the value of about £500,000 and other work at univer- 
sities would be financed through the Science Research 
Council. 

Fourthly, he was exploring with the industry and 
with users the possibilities of establishing a National 
Computer Programme Centre in which they would be 
partners with the Government. Such a Centre would 
acquire programmes from computer makers and users 
and form a library. It would have funds to buy exist- 
ing programmes for the library and to commission 
new programmes required for use with British com- 
puters. Mr. Cousins believed that such a Centre would 
help Britain to make better use of her programming 
resources. 

Replying to questions, Mr. Cousins confirmed that the 
survey of proposals to be made by the Computer Advisory 
Unit would be purely objective. One of the problems was 
the shortage of trained staff, and this was being examined 
jointly with the Department of Education and Science. 
Much attention must be directed to training skilled pro- 
grammers. He thought a standard programme language 
would be of great value. Britain’s policy was designed to 
make the greatest use of her resources to establish a 
thriving British computer industry, but any Increase in 
orders from British industry was the responsibility of 
industry, not of the Minister of Technology. On March 2 
he added that Britain’s efforts were designed to encourage 
the creation of a suitable type of computer for the home 
market which might have export possibilities too, and to 
establish a situation in which computers would not be 
ordered from the United States simply because no suit- 
able British computer was available. In a written answer 
on March 3, Mr. Cousins gave details of the research and. 
development contracts placed by the Department of 
Scientific and Industrial Research under the Advanced 
Computer Techniques Project and the Super Conductivity 
Project, and of a further contract under the Advanced 
Computer Techniques Project, which was still under 
negotiation with International Computers and Tabulators, 
Ltd., for design automation, in which the Department of 
Scientific and Industrial Research would contribute half 
the £92,000 involved. 
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ACUTE INFLAMMATORY RESPONSE 


N December 1963, the New York Academy of Sciences 
held a conference on “The Acute Inflammatory 
Response”, defined as the reaction to injury of the living 
microcirculation and its contents. The past decade has 
seen much growth of interest in the inflammatory reac- 
tion, due partly to the introduction of electron microscopy 
and partly to widespread interest in immunological 
responses which provoke inflammation. 

The published Proceedings * open with an account of 
the electron microscopy of inflamed vessels. It was the 
work of Majno and Palade which demonstrated unequivoc- 
ally that colloidal particles such as plasma protein leave 
inflamed vessels by traversing gaps between the endo- 
thelial cells. These gaps are induced to appear by the 
action of all substances known to increase vascular perm- 
eability to protein. In the case of these substances the 
action is confined to venules. In true inflammation, both 
venules and capillaries are involved, their relative partici- 
pation varying with the type of injury. 

The next communication is by E. M. Landis, who 
investigated and filmed the passage of free- or protein- 
bound dye through normal capillaries and venules. He 
found that free dye left the circulation too rapidly to be 
consistent with transport through a vacuole system as at 
present envisaged. Passage of protein-bound dye was 
‘spotty’, indicating the presence of a set of ‘pores’ larger 
in sizo and less numerous than those permitting the 
escape of free dye. 

Next follows an account of the electron microscopy of 
leucocyte emigration from inflamed vessels. The white 
cells were found to penetrate the endothelium by extend- 
ing a pseudopod into the inter-endothelial junction. 
Monocytes left in similar fashion, but lymphocytes were 
not seen to leave the vessels. Diapedesis of red cells 
occurred through open inter-endothelial junctions. A 
similar electron microscopic study of high quality was 
described in relation to vascular regeneration after injury. 
These observations supported the existing view of budding 
from adjoining surviving vessels. A study of lymphatics 
completes the ultra-structural section. It would seem 
that lymphatics behave essentially in similar fashion to 
venules but that the ‘porosity’ of their inter-endothelial 
junctions is normally greater. 

The next main section of the volume is devoted to the 
problem of endogenous chemical mediators of inflamma- 
tory change. Since the era of Menkin, a number of potential 
mediators have been discovered, notably bradykinin and 
similar peptides (kinins), the kinin-forming enzymes and 


* Annals of the New Y ori Academy of Sciences. 116, Article 3. The Acute 
Inflammatory Response, by W. G. Spector, Albert 8. Gordon and 39 other 
pp Pp. 747-1084. (New York: New York Academy of Sciences, 1964 ) 
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the globulin permeability factor. Bradykinin has actually 
been purified and synthesized. Nevertheless, in contrast 
with the chemical success, G. P. Lewis was unable to 
report unequivocal evidence for active participation of 
this peptide in bringing about the inflammatory reaction. 
The same is true for the enzymes which form it (kinino- 
genases such as kallikrein) and for the globulin permea- 
bility factor. Nevertheless, in all three eases, suggestive 
pointers have been found, but investigators badly need 
specific antagonists of these substances as experimental 
tools. At present such inhibitors are not forthcoming. 
The complexity of the inter-relationships between the 
factors and also similar plasma protein components of 
the blood coagulation system is, however, already pain- 
fully apparent. 

In contrast with the confusion over the role of high 
molecular weight substances, there is now general agree- 
ment on the part played by histamine. This substance 
is realized to be generally a minor factor in full-blown 
inflammatory reactions, although often responsible for 
the phase of vascular change which occurs immediately 
after injury. A dissident voice is raised by Schayer, who 
believes that augmented histamine synthesis often main- 
tains the later stages of the response. Serotonin (5-HT) 
is now thought to be a mediator only of certain specialized 
reactions in the rat. ‘Anti-inflammatory’ amines, for 
example adrenaline, appear also to be involved in inflam- 
mation in that enhanced activity of the enzymes which 
destroy them seems to contribute to the development of 
the reaction. 

The conference brought forth one ‘new’ potential 
mediator, a factor or factors present in lymph node 
extracts. The relationship of this active principle to the 
known activity on blood vessels of tissue extracts in 
general remains to be elucidated. 

The third section of the volume is devoted to leucocyte 
emigration. One point of special interest is the clear 
evidence that loss of plasma protein and diapedesis of 
leucocytes from inflamed vessels are separate processes. 
At any one time any one vessel may be leaking protein 
or permitting the escape of leucocytes quite independently. 
Another interesting feature of the symposium is @ discus- 
sion of adhesion of leucocytes to inflamed endothelium 
as a phenomenon of surface charge, invoking the behaviour 
of lyophobic colloids as an analogy. 

The final quarter of the publication provides a number 
of précis reviews of topics closely relevant to the main 
theme, for example, hypersensitivity reactions, the role 
of the nervous system and of eosinophils. Looking back 
over the past ten years, and in spite of the problems which 
remain unresolved, one can only be impressed by the 
progress made in this field. 


ULTRA-WEAK EMISSION IN THE VISIBLE AND ULTRA-VIOLET REGIONS 
IN OXIDATION OF SOLUTIONS OF GLYCINE BY HYDROGEN PEROXIDE 


By Dr. A. A. GURWITSCH, V. F. EREMEYEV and Yu. A. KARABCHIEVSKY 


Cabinet of Mitogenesis, Institute of Normal and Pathological Physiology, USSR Academy of Medical Sciences 


OST chemiluminescent reactions proceeding in vitro 
involve the participation of molecular oxygen, or 
peroxides whichereadily release molecular oxygen. At the 
present time a broad study is being made (by photo- 
multiplier recording) of the chemiluminescence of these 


processes in the visible region of the spectrum!*. The arm 
of the present work 1s to determine whether or not there 
is an ultra-violet component in this emission. 
Photomultiplier investigations of this aspect of the 
phenomenon were particularly interesting, because a 
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number of oxidation and hydrolytic processes, which pro- 
ceed both in vitro and in vivo, have exhibited ultra-violet 
radiation of very low intensity (mitogenetic radiation). 
This radiation had earlier been detected by means of 
biodetectors and highly sensitive photon counters**, 

In the present research, the biologically important 
process of the oxidizing deamination of the amino-acid 
glycine under the action of hydrogen peroxide was chosen 
for investigation. For a radiation indicator we used a 
special photo-electronic multiplier with an antimony- 
caesium cathode and ‘uviol’ window operating in a photon- 
count regime. The procedure and measuring apparatus 
has been described’. 

Three ml. of a 30 per cent solution of hydrogen peroxide 
was added to a 5 per cent (approximately 0-6 molar) and 
8 per cent (approximately molar) aqueous solution of 
glycine in 50 ml. Thus, the concentration of hydrogen 
peroxide in the working mixture came out to approxi- 
mately 2 per cent (about 0-6 molar). In the course of the 
work it became necessary to replace the initial 30 per cent 
perhydrol solution with a fresh solution rather frequently 
(once every few days). Only then were the results fully 
reproducible. We used chemically pure perhydrol. 

Measurements were begun a few minutes after the 
hydrogen peroxide was added to the glycine and were 
continued for 1-1-5 h. In accord with our purpose the 
measurements were conducted alternately (every 5 min) 
in a quartz and glass vessel. A measurement consists of 
10 counts, each of 10 sec duration. The vessels were filled 
with 2 ml. of solution and immersed (by means of & special 
device) to contact the window of the photomultiplier 
{optical contact was made through silicone oil). 
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Fig 1. A, a,~—curve of a mixture of 8 per cent glycine/2 per cent 
hydrogen peroxide obtained when measuring in quartz vessel; @y—curve 
obtained when measuring an analogous mixture in a glass vessel; 
b,—turve of a mixture of 5 per cent glycine/2 per cent hydrogen peroxide 
obtained when measuring in a quartz vessel; bs—curve obtained when 
measuring analogous mixture in a glass vessel; c—curve obtained when 
measuring 2 per cent aqueous solution of hydrogen peroxide in a quartz 
vessel; d—curve obtained when measuring 8 per cent aqueous solution 
of glycine in a quartz vessel; e—photomultiplier noise. B, curves 
showing intensity distribution of ultra-violet chemiluminescence in 
time; 2 per cent hydrogen — with 8 per cent and with 5 per cent 
glycine 
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Fig. 2. 1, Spectral characteristic of paptomulupiier for visible region 

of spectrum with account taken of transmissibility of glass vessel; 

2, spectral characteristic of —— for ultra-violet region of 
ə spectrum 


Fig. 1A shows graphs constructed on the basis of 
average data obtained in five experiments. From the 
curves it is seen that the glycine/hydrogen peroxide system 
radiates in the visible and ultra-violet regions of the 
spectrum. There is a clear-cut decline in the total intensity 
of radiation with time; the downward slope in the 5 per 
cent glycine solution is less than in the 8 per cent solution 

Measurements of absorption of the reacting mixture on 
an S#-—4 spectrophotometer at the start of the reaction 
and 40 min later showed that absorption increases with 
time. Extinction of the mixture of 5 per cent glycine and 
2 per cent hydrogen peroxide (the mixture is diluted 10 
times before measuring) immediately after‘ mixing is 
equal to 0-375 in the region of 2500 A and 0-025 in the 
region of 3000 A; 40 min later it is 0-395 at 2500 A and 
0-035 at 3000 A. : 

A. similar increase in absorption is also observed in a 
2 per cent aqueous solution of peroxide; that is, the 
increase in extinction of the system is apparently due, in 
the main, to the disintegration products of hydrogen 
peroxide. 

However, judging by the slight increase in intensity of 
radiation of the aqueous solution of hydrogen peroxide 
with time (curve c, Fig. 1A), the processes which lead to 
de-excitation (luminescence) of peroxide predominate over 
the accumulation of absorbing products. For this reason, 
the decrease in chemiluminescence in the glycine/hydrogen 
peroxide system, as the reaction develops in time, likewise 
cannot be attributed to an increase in optical absorption. 
A study of the chemistry of the process and a comparison 
of it with the luminescence curve must therefore be the 
subject of subsequent research. 

To evaluate the intensity of radiation with sufficient 
accuracy, it is necessary to know the spectral characteristic 
of the incident radiation in addition to the spectral 
characteristic of the receiver. In our case, this evaluation 
can be made only ın very rough fashion for the visible and 
near ultra-violet regions and somewhat more exactly for 
the far ultra-violet radiation. 

Fig. 2 gives the spectral characteristics of the receiver 
with the glass vessel for the visible portion of the spectrum 
(curve 1) and the ultra-violet part (curve 2), obtained by 
subtracting the spectral characteristic with the glass vessel 
from the spectral characteristic with the quartz vessel. 

Proceeding from the quantum yields of the given 
photocathode, the initial intensity of visible radiation in 
the 8 per cent glycine/hydrogen peroxide system may-be 
estimated at roughly 2 x 104 photons/em® sec, and, of 
ultra-violet radiation, at roughly 8 x 10° photons/cm® sec. 
At the end of the measuring time, the jntensity falls to 
7 x 10? photons/em? sec and 4 x 10° photons/cm? sec, 
respectively. 
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For a 5 per cent glycine/hydrogeri peroxide system the 
corresponding initial intensities are of the order of 10! 
photons/em* sec and 4 x 10* photons/cm? sec, and the 
terminal intensities are of the order of 0-5 x 10* photons/ 
em? sec and 2 x 10° photons/em? sec. 

The figures given in photons take into account the 
quantum yield and indicate that the ultra-violet radiation 
is weaker than the visible luminescence only by about a 
factor of two. This must be taken into consideration 
when analysing curves that express variations in the 
number of pulses in time. 

The foregoing results suggest the following general 
conclusions. 

On the basis of an almost parallel decrease in the visible 
and ultra-violet regions of the curves in each of the 
concentrations of glycine studied, that is, the retention of 
approximately the same excess in number of pulses in the 
ultra-violet region throughout the length of the curves, 1t 
may be assumed that the decline in general intensity of 
radiation is due to an attenuation of only the visible 
luminescence, with ultra-violet radiation retained at 
roughly the same level. In other words, it appears probable 
that the processes underlying the two types of chemi- 
luminescence are different. 

This is clearly indicated by Fig. 1B, which illustrates the 
intensity distribution of ultra-violet radiation in time 
both in the reaction mixture containing 8 per cent glycine 
and in the mixture contaming 5 per cent glycine. 

At the same time, it must be noted that the increase in 
radiation (roughly by a factor of 1-6), proportional to the 
concentrations of glycine, is perceptible only during the 
first 20-30 min; subsequently, the ratio of intensities 
decreases and approaches unity. 
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Such a departure from the initial ratio may be due to a 
different rate of accumulation of reaction products, and 
here, of course, we cannot exclude its bimolecular charac- 
ter, that 1s, the participation of both components: glycine 
and hydrogen peroxide. 

In addition to these suppositions, it would appear very 
probable that the acts which ensure the photon energies of 
the visible and, more important, the ultra-violet regions of 
the spectrum are recombinations of free radicals that 
appear as rare events in the process of oxidizing de- 
amination. 

We want to point out that the appearance of ultra-violet 
radiation in this reaction was established also by bio- 
detection, which is a common method for studying the 
mitogenetic radiation of various biological objects and 
chemical models*’. 

We thank A. E. Melamid and T. A. Kovalyeva for their 
assistance, and R. F. Vassil’ev for his advice. - 
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‘INCONSPICUOUSNESS PROBLEM’ 


IN ANIMAL POPULATION SURVEYS 
By STALE SEIERSTAD, ATLE SEIERSTAD and IVAR MYSTERUD 


Zoological Laboratory, University of Oslo, Blindern, Norway 


HE problem of ‘inconspicuousness’, that is, the 
phenomenon that in any animal population census a 
number of individuals may remain undiscovered, has been 
discussed by Colquhuon!, Kendeigh?, Enemar* and 
Yapp‘, among others. Many workers have analysed the 
degree of inconspicuousness involved in different surveys, 
but to our knowledge no one has yet worked out a satis- 
factory theory for dealing with this problem statistically. 
The importance of being aware of the efficiency of census 
methods in estimating total populations has been especially 
emphasized by Enemar*, who introduced the term ‘survey 
effectivity’ (here called survey efficiency), defined as the 
proportion of the population discovered during a census. 
The present article offers a brief description of a statistical 
method (a detailed account of which is in preparation) 
for estimating survey efficiency, based on the assumption 
that a given population may be counted several times and 
that it is possible to determine whether an individual 
revealed durmg one count is also discovered on other 
counts. The number of such rediscoveries indicates the 
effectiveness of the census and is used to arrive at an 
estimate of total population. 

This method of estimation, which we will eall the ‘check 
method’, is based on the same principle as the various 
capture-recapture methods (described, for example, in 
Bailey®, Leslie®, Chapman? and Mosby), all of which 
make use of the fact that the proportion of recoveries of 
previous captures is indicative of the relation between 
population size and catch size. The statistical estimation 
methods developed for capture-recepture techniques, 
however, are either too simplified or otherwise unsuited 


for repeated count techniques. The special advantage 
of the present method is, we hope, that it will enable 
census procedures such as that of Merikallio’, which is 
simple, rapid, Inexpensive and suitable for covering large 
geographical areas, to be used for more accurate total 
population estimates. 

If we suppose that a population is counted repeatedly 
(all individuals, however, need not necessarily be counted 
an equal number of times), we may call one count of one 
individual a check when that individual is discovered 
during other (earlier or later) counts. If the individual is 
discovered on the check, we call it a positive check; if the 
individual is not discovered, the check is negative. <A 
count which is not a check will be called a unique dis- 
covery, ın that this count will be the only one on which the 
individual is revealed. 

Survey efficiency expresses the probability of discover- 
ing an individual in the population (here called the 
‘discovery-chance’) during a count. It is easily seen that 
an individual revealed during the survey has a probability 
of being discovered in any check equal to the discovery- 
chance. That is, the chance of a positive check is the 
discovery-chance. The estimator we propose for the 
discovery-chance is: 


P = Epefte 
where %e is the number of checks and £pe the number of 
positive checks. 
A simple example: on three counts of a certain popula- 
tion, we have discerned a total of five individuals: I,, Iz 
I;, 1, and I;. The following are the results of the survey ; 
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the digit 1 indicates that the individual was discovered, 
0 that it was not discovered, on the count in question. 


Count No. 1 2 3 
L 0 1 1 
Ig 0 1 0 
i; 1 6 0 
IL 1 0 1 
I; 0 0 1 


be classified as follows 
negative check, UD = 


The counts here would then 
(PC = positive check, NC = 
unique discovery): 


Count No. 1 2 3 
Ty NC PC PC 
Ts NC UD NC 
I; UD NC NC 
i PC NC PO 
I; NC NC UD 


In this case the estimate p of the discovery-chance p 
will be: 
p = LpefXe = 4/12 = 0-33 

Knowing the survey efficiency in this way, population 
estimates can be made in other surveys of the same 
species under similar conditions on the basis of only one 
count. According to our estimate in this case, the result 
of any single count may be considered as about 30 per 
cent of the total population. 

When @ population has been counted more than once, 
as in the foregoing example, the expression: 


en ae 
1— (1 — p)?” 


gives an approximate unbiased estimate of population 
size N, where Y is the total number of discovered indi- 
viduals, and n the number of times the population is 
counted. 

It is often desirable to be able to estimate the discovery- 
chance for counts carried out under particular conditions. 
This can be done by picking out all the checks made under 
such conditions and finding what proportion of these are 
positive checks, by using the same estimator Xpe/%-. In 
this way, for example, the officiency of surveys made at 
various times of the day or year, or under various weather 
conditions, can be determined by analysing only the 
relevant counts. 

In calculating the expectation and variance of the 
estimator, we may suppose for the sake of simplicity that 
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all N individuals in a certain population are counted n 
times, that we wish to determine the discovery-chance 
for m <n of these counts, and that all individuals have 
the same probability g of not being discovered at all on 
the remaining n-—m counts (for m = n, q = 1). We 
suppose further that ‘the discovery-chance p is the same 
for all individuals and for all the m counts in which we are 
interested and, finally, that all the counts of the indivi- 
duals in the population can be considered as independent 
binomic events. Approximate expressions of expectation 
and variance can be obtained by using a simple Taylor 
development of the function a./%-., and by computing 
the variances for %pe, Ze and the covariance between them. 
We get the following result: 


DG) ~ p(1 - ges) 


p(l — p) 


Be.) tP 


var (p) æ% 
where: 
_ (m — Ijp(l — pet 
~ — (| — m~i 
7 (1 — p) 
E(x) = mN. (1 — 901 — 


It can be seen that the bias of the estimator will be virtu- 
ally negligible. 

The variance may be estimated by substituting approxi- 
mate values for Exe), p and g. E(x.) may be approxim- 
ated by xe, p by D and q by that proportion of the mdi- 
viduals discovered on the m counts which are not revealed 
on the remaining n-m counts. 

In a situation where the number of counts m under 
consideration varies from individual to individual, and 
where q likewise varies, substituting an average for these 
values will give a suitable approximation of 9. 
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INTERRELATIONS BETWEEN VOLATILIZATION CURVES, ELEMENTAL 
COMPOSITION AND TOTAL VOLATILES IN CARBONACEOUS 
CHONDRITES 


By Pror. G. MUELLER 
University of Concepcion, Chile, and Birkbeck College, London 


AND 


Dr. R. A. SHAW and TAKESHI OGAWA 
Department of Chemistry, Birkbeck College, London 


ARBONACEOUS chondrites consist of anhydrous 
silicates, troilite, magnetite, formed at high temper- 
atures, which are embedded into a finely divided, volatile- 
containing ground mass formed at low temperatures, con- 
sisting of hydrated silicates and of carbonaceous complexes. 
The theories proposed so far for the reconstruction of 
the cosmological histories of the meteorites have been 
summarized by Mason! and by Mueller?. They seem to 
agree with each other to the extent that the stones are 
considered to be formed through processes Involving con- 
densation, and/or escape of volatiles from rather closely 
comparable parent bodies. The main object of the present 
experimental work is to produce initial data for the study 
of these interrelations, and possibly to obtain certain 


indications which would enable us to restrict and specify 
the range of probable theories of cosmological histories of 
carbonaceous chondrites and meteoritic matter in general. 

The finely ground powders of the meteorites were dried 
overnight in a vacuum desiccator in order to bring them 
as close as possible to the inferred conditions in outer 
space. Care was also exercised to use material from at 
least 10 mm distance from any surface crust which received 
additional heating during the fall. 

It is expected that the volatilization curves determ- 
ined according to our standard procedure here would 
closely correspond with those of the meteorite still in 
outer space, and it is also rather likely that the latter 
would preserve, in the presumed asteroidal orbit, all the 
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Fig. 1. Volatilization curves of Orgueil at different rates of heating. 
72h TOD ———— 25.0); ——— 24-h run (total volatiles 
6 7),. , 12-h run (total volatiles 27- 9) 


volatiles which were present in the pre-fragmentation 
stage (see following). 

The graph for the 72-, 24- and 12-h runs on Orgueil 
clearly shows the importance of diffusion effects. We 
have observed earlier (Shaw, R. A., Miller, M. C., and 
Ogawa, T., unpublished results) that in solid-state 
reactions, for example, solid A + solid A — Solid B + 
gas, that completion of reaction seems to occur earlier 
when observed by differential thermal analysis (D.T.A.), 
that is, by heat changes, than when observed by thermo- 
TAEA E analysis (T.G.A.), that is, weight changes. 

The ‘lag’ of the T.G.A.. method behind the D.T.A. method 
18 presumably attributable to diffusion effects (Shaw, 
R. A., and Miller, M. C., unpublished results). Diffusion 
effects become important also in liquid phase thermal 
bulk polymerizations, and the escaping gaseous com- 
ponent can reversibly depolymerize the already formed 
polymer (Shaw and Ogawa, to be submitted to J. Polymer 
Sci.). 

The foregoing results indicate the importance of dif- 
fusion effects, which will vary with the rate of heating, 
the size of the sample and its state of subdivision. To 
eliminate variations due to these effects, we used for our 
comparison run, standard times of 12 h and approx- 
imately equal weights of ground samples. Our method 
consisted of heating the samples in a Stanton thermo- 
balance under a constant stream of dry, oxygen-freo 
nitrogen. Even so, itis possible that due to back-diffusion, 
and other causes, some oxidation may have occurred, 
and this would become more important on the longer 
runs (cf. decreasing total volatile content 12 > 24 > 72h 
Orgueil, see Fig. 1). 

Due to the limitation of our present mstrument and 
technique, as well as to the comparatively small weight 
changes observed with some samples, we were obliged to 
make a compromise between the foregoing effects and 
diffusion effects and therefore standardized on 12-h runs. 
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Even so, meteorites of the ‘high-carbon’ and ‘medium- 
carbon’ group of Wik? could be studied, while those of 
the ‘low-carbon’ group could not be determined. We 
prepared the volatilization curves of Orgueil, of the ‘high- 
carbon’ group of Mighei, Cold Bokkeveldt, Staroe Boro- 
skino and Murray, of the ‘intermediate-carbon’ group, and 
determined the total volatiles of Lancé of the ‘low-carbon’ 
group. 

Tt is seen from Fig. 2 and Teble 1 that, by and large, 
the volatilization curves shift towards higher temperatures 
with the decrease of total volatiles. The curves of Mighei 
and Cold Bokkeveldt are the most similar to each other, 
as expected from the closeness of their total volatile por- 
centages. 
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Fig. 2. Volatilization curves of five — chondrites. 

Orgueil (total volatiles 27:9 per cent); —, Mighei (total volatiles 16 2 5 

per cent); Cold Bokkeveldt ein volatiles 15-7 per cent); 

— — — —— (total volatiles 12-1 per cent); ...... , Murray (total 
volatiles 11 0 per cent) 
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The ‘observed shift of volatilization curves appears ta 
imply that with the decrease of total volatiles, the carbon. 
aceous complex would become progressively more in. 
spissated, that is, enriched in non-volatile, so-called “fixed 
carbon’, due to the presence of finely divided graphite and 
amorphous carbon, originating from aromatics and hetero. 
cyclics, rather than from paraffins and naphthenes. Jn 
order to test this assumption, we analysed the powders, 
which were heated to 1,000° C, for residual C, H and §, 
and compared their composition with our own analyses 
of the same powders before heating. In the case of Cold 
Bokkeveldt, the smallness of the available sample pre. 
vented us from making a new micro-analysis of the 
original powder, and our post-heating analysis is com. 
pared to previous results of Wuk, as quoted by Mason}, 

Table 1 shows rather close correspondence with the 
theoretical expectations; the percentage of “fixed carbon‘ 
in the ‘total carbon’ tends to increase with decreasing 
volatiles, with the sole exception of Murray, which hag 
anomalously low ‘fixed ©’. Although Orgueil is the 
lowest in ‘fixed sulphur’, no clear trend of increase of 


Table 1 









Total 


















Temperature at the loss of 








% fixed C or S [Residual H 


Meteorite volatiles | rr rr aaa C H S in total carbon las% oftotal 
20% 40% 60% or sulphur hydrogen 
Oreuell 27-9 1-50. 36 8 24 
16 2 136 63-7 “Be 

coe Bokkeveldt 157 k 

Boroskino 121 

Murray 11-0 

Lancé 44 

Mokoia 40 


* Analytical results of Witk, H. B., quoted by Mason (ref. 1}. The rest of the elemental analyses and total volatile determinations were made in the Cow se 
of the present experimental work, on identical powdered samples of the meteorites, in order to eliminate errors arising from, inhomogeneities in the diverse 


portions of the stones. 
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this with decrease of volatiles can be seen in the limited 
number of stones examined so far. This may be due, at 
least partially, to the fact that ‘volatile sulphur’ would not 
be restricted to the ‘carbonaceous phase’ alone, but would 
be present mainly as free sulphur, and certain sulphates. 
The amount of free sulphur depends more on the redox 
potential in the course of the cosmological history of the 
stone than on the actual emplacement of the volatiles. No 
hydrogen—carbon compound is known with decomposition 
temperature above 1,000° C, and therefore the small 
amounts of residual hydrogen found may originate from 
layer-type silicates of the high temperature minerals in 
the meteorites or products which formed during the 
prolonged heating of the ‘low-temperature’ mineral 
assemblage. 

General geological experience indicates that the tem- 
perature of initial loss of volatiles closely corresponds to 
the maximum temperature in the history of a given 
setting. This depends also on pressure, but considering 
the very loose consistency of the carbonaceous chondrites, 
and the absence of any high-pressure mineral phase, we 
may presume that the prevailing pressure in the parent 
bodies, at the stage of maximum temperature, was most 
probably close to or lower than the order of magnitude 
of the atmospheric pressure under which the volatilization 
experiments were carried out. 

Next, we should briefly consider the four main factors, 
which may alter the initial volatilization point and the 
volatilization curves subsequent to the ‘highest tem- 
perature stage’ in the cosmological history of the 
meteorites in question. 

(a) Addition of volatiles subsequent to the ‘maximum 
temperature’ stage, but prior to fragmentation. of the 
parent body. With the exception of slight veining in 
‘type I’ stones, and some indications of mild hydrothermal 
metamorphism in Grosnaya and Cold Bokkeveldt, there 
is no petrographical evidence of post- -solidification 
addition of volatiles; therefore, the effect may be neglig- 
ible. 

(6) Alterations, mainly loss of volatiles, in the frag- 
mented stage. In view of the lack of any concentric 
structures, this seems to be also a negligible factor. 
Furthermore, if we presume the generally accepted 
asteroid orbit, it 18 unlikely that the temperature would 
have affected the volatiles within the 60°-1,000° C range 
observed in the volatilization curves. 

(c) Redistribution of volatiles in the course of the fall. 
It is unlikely that this factor would have affected, in a 
significant manner, the deeper zones of the meteorites 
which alone were used for our present experimental work. 
Furthermore, it is demonstrated in Fig. 1 that volatiliza- 
tion 18 a rather slow process which would not progress 
during the few minutes of heating involved. 

(d) Storage in general would cause absorption of water 
by hygroscopic salts; this, in turn, was at least partially 
compensated in our experiments through pre-treatment in 
the vacuum. desiccator. 

In summary, factors a, c and d may alter the volatiliza- 
tion curve by pushing the initial liberation of volatiles 
towards lower temperatures. -In view of laboratory 
experience, it appears most unlikely that the meteorites 
would have collected more than 10-20 per cent of their 
total volatiles, which would escape below the original 
‘highest temperature’ phase in the ‘post formation’ 
cosmological history, and fall. 

Using these assumptions, it can be seen from Table 1 
that the likely maximum temperature in the cosmological 
history of Orgueil would vary between 100° and 180° ©, 
and for Murray, the stone lowest in volatiles studied by 
our method, between 185° and 290° O. 

Turning now to a brief review of the genetical theories 
hitherto formulated, it is unlikely that the loose solar 
clouds visualized by Wood‘ would condense matter with 
such well-defined interrelations between volatilization 
curves, total volatiles and elemental composition. Effects 
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of turbulence within such very mobile and rare clouds 
would tend to obliterate such interrelations. 

Mason! postulated that the carbonaceous — 
are the products of progressive metamorphism of primitive 
material, leading from the high-carbon type I stones to 
the low-carbon type! III stones, and that the olivine, ete., 
chondrules of the meteorites with lower volatile contents 
are also products of metamorphism. However, it is inferred 
in this article that the maximum temperature throughout 
the cosmic history of Cold Bokkeveldt, for example, was 
unlikely to have exceeded 120°-215° C, and it is im- 
probable, in view of general terrestrial experience, that 


not only the well-crystallized olivine chondri, but also 


the troilite and magnetite grains of this stone did form 
under such low temperatures, even though one isolated 
evidence supporting low-temperature formation of olivine 
is quoted in the paper by Mason. 

The retrograde metamorphism of normal chondritic 
material infiltrated by volatiles, which was postulated-by 
Urey®, may be acceptable on the evidence furnished by 
our present experimental work, but it is counter-indicated 
by the petrography, particularly the existence of perfect 
olivine and magnetite microchondri, without the slightest 
sign of metamorphism, in the ground mass or Orgueil 
and other type I carbonaceous stones?. 

It was suggested®:? that the carbonaceous meteorites 
formed through a process of heating and subsequent de- 
gassing of an asteroid-sized parent body, which originally 
condensed from loose cosmic dust. It was further 
envisaged by Mueller? that in the course of the heat 
generated through the condensation, radioactivity, etc., 
the interior of the parent body would liberate copious 
amounts of gases, and would turn into an incandescent 
cloud. Once the temperature reached 1,200°-1,500° C, 
the individual cosmic dust particles would fuse into 
droplets which, after solidifying, would form the charac- 
teristic chondri. The close-to-surface zones of the parent 
body would remain at a relatively low temperature 
throughout the process of condensation. The hot gases 
escaping from the interior would gradually cool on their 
way through the unconsolidated cosmic dust close to the 
surface. They would gradually deposit the transported 
chondri and also condense the volatiles. The ‘high-carbon’ 
group of carbonaceous stones would originate from the 
closest-to-the-surface zone of the parent body, which 
would remain relatively the coolest throughout its entire 
condensation history. For these reasons, these ‘high 
carbon’ stones would not only contain the highest per- 
centage of volatiles, but would contain also volatiles of 
the relatively lowest volatilization (and condensation) 
temperature. The ‘intermediate’ and ‘low carbon’ stones 
originate from progressively deeper zones of the parent 
body, which became heated to progressively higher tem- 
peratures due to the thermal gradient, equivalent to the 
‘geothermal gradient’ of our planet. For this reason, it 
would be a priori expected that not only the percentage 
of volatiles would: decrease, but the volatilization curves 
would also gradually shift towards higher temperatures. 
The results of our experimental work support these 
theoretical considerations. 

Whether the foregoing brief reconstruction of the cosmo- 
logical history of the carbonaceous meteorites is essentially 
correct or not, only further research can show, but we 
hope our experimental results will serve as a basis for 
further speculation and experiment. 

We thank Prof. J. D. Bernal for his advice, and Prof. 
J. Orcel, of Paris, and Dr. E. L. Krinov, of Moscow, for 
“material for the experimental work. 
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A GEOLOGICAL RECONNAISSANCE OF RODRIGUEZ ISLAND, 
INDIAN OCEAN 


By Dr. I. McCDOUGALL 


Department of Geophysics and Geochemistry, Australian National University, Canberra 
Dr. B. G. J. UPTON 
Grant Institute of Geology, University of Edinburgh 
AND 
Dr. W. J. WADSWORTH 


Department of Geology, University of Manchester 


ODRIGUEZ ISLAND lies some 650 km east of 
Mauritius at 19° 42’ S. and 68° 25’ E., at the eastern 
extremity of a submarine rise trending east-west between 
the Mascarene and Chagos-St. Paul rises. The Island is 
18-3 km long by 6-5 km broad and has a central ridge 
parallel to its long axis which trends west-south-west. 
Numerous steep-sided radial valleys have been incised 
into this central ridge, the highest point of which, Mt. 
Limon, reaches an altitude of 396 m. The fringing coral- 
reef which surrounds the Island approaches within 50 m 
of the east coast but lies 4-8 km away from the western 
and southern coasts. The reef encloses a lagoon which, 
apart from a few deep water channels, is extremely 
shallow. The underlying reef-flat is, according to the 
British Admiralty chart (No. 715), dry in patches with 
shallow pools and canoe passages at extreme low tides. 

Higgin! reported that the Island was composed mainly 
of granite with overlying sandstone and limestone. This 
was later corrected by Balfour?, who showed that the 
Island consists almost entirely of basaltic lavas with an 
extensive development of limestone in the south-west. 
This limestone was regarded as coralline, and Balfour 
concluded that considerable uplift must have occurred. 
Snell and Tams? gave a general account of the natural 
history of the Island. Because of the lack of detailed 
geological information on Rodriguez and its position in 
an oceanic basin well removed from the continents, but 
on & prominent mid-ocean ridge’ 5, it seemed important 
to examine the Island. We visited the Island in August 
1964, when one week was spent on a geological recon- 
naissance and material was collected for age determina- 
tion, palasomagnetic and petrological investigations. 

Our investigations show that the basalt lavas dip out- 
ward consistently from the central ridge at angles not 
exceeding 5° and that they are almost horizontal towards 
the west of the Island. Flows generally are 2-3 m thick 
although, particularly in the western part, massive flows 
exceeding 30 m are common. 

Balfour’, followed by Snell and Tams’, suggested that 
the main voleanic craters were centred- at Grande Mon- 
tagne and Mt. Mahartic astride the central ridge, but no 
evidence could be found to support this hypothesis, and 
it is probable that the lavas were emitted from fissures 
rather than from prominent central vents. Pyroclasts 
are rare, but some bedded agglomerate and tuff deposits 
occur near the north and north-east coasts, and one or 
two small agglomerate-filled vents were recognized in this 
area. Dykes are uncommon; two basaltic dykes trending 
north-east to east-north-east were recorded from the 
eastern half of the Island. Some massive occurrences of 
basalt at certain localities may be volcanic necks rather 
than thick flows. 

Maskelyne! described the lavas of Rodriguez as dolerites 
and basalts. Our preliminary petrographic examimation 
suggests that the lavas are a remarkably uniform series of 
alkali olivine basalts, and this is confirmed by two 
chemical analySes of rocks from Rodriguez’, since both 
are nepheline normative. 


— 


Almost without exception the lavas carry sporadic 
plagioclase megacrysts up to 5 cm in size, and large 
crystals of olivine and less commonly augite up to 5 mm 
across also occur in many flows. The groundmass con- 
sists of plagioclase, olivine, augite, iron oxides and in 
some cases analcime. The large plagioclase crystals appear 
to be xenocrysts; they are commonly rounded, but may 
terminate in sharp boundaries as if broken along cleavages. 
Universal stage measurements on these crystals by the 
method of Slemmons?® indicate a uniform composition of 
Ansman although many have a narrow mantle of A7es-zo. 
Some of the olivines and all the large augito crystals are 
also probably xenocrysts, and appear to have been derived 
by disruption of gabbroic material. Gabbroic xenoliths a 
few centimetres in diameter are encountered in many of 
the lava flows and are particularly abundant at certain 
localities on the north and north-eastern coasts. The 
inclusions are composed of labradorite, olivine, augite and 
ore, and the modal variation is such that the blocks range 
from the anorthositic, pyroxenitic and dunitic extremes. 
The inclusions suggest that strongly differentiated mafic 
rocks underlie the Island. The bedded tuffs of the north- 
east coast are remarkable for their content of plagioclase 
crystals (similar to the lava xenocrysts) together with 
polished crystals of oxyhornblende up to 2 cm long. 

Rodriguez is built on an elliptical submarine platform, 
the major and minor diameters of which are about 55 km 
and 30 km, respectively (see British Admiralty chart). 
This platform slopes gently outward from the Island to 
about the 100 m submarine contour, beyond which there 
is a marked increase in slope and depths increase rapidly, 
ultimately to those normally found in oceanic basins. 
The general form of this underlying mass is remarkably 
similar to that of guyots®. Rodriguez is offset to the east 
of centre of the submarine platform, and although the 
Island occupies less than 10 per cent of the shallow area, 
its outline is very similar to that of the margin of the 
platform. These observations, together with the con- 
sistent outward dip of the lavas from the central ridge, 
strongly suggest that Rodriguez is the summit of a broad 
but elongated and steep-sided voleano which was built up 
from the ocean floor by successive eruptions of lava. 
Alternatively, the submarine platform may be an earlier 
volcano, bevelled by erosion, on which the small volcano 
of Rodriguez afterwards was built. 

Rodriguez appears to be the summit of a volcano which 
has suffered relatively little erosion since the cessation of 
activity, and this apparent youthfulness is confirmed by 
potassium-—argon age determinations on two of the lavas. 
Techniques of measurement have already been described”. 
Basalt from a 15-20 m flow at Baie Lascar on the west, 
coast yields a reproducible age of 1-54 + 0-05 m.y. 
(Table 1). As this rock is holocrystalline and free of 
alteration, this date is probably close to the true age. 
Another specimen from a 6-m basalt flow at Pointe 
Monnier, on the north coast, gives an age of 1-32 + 0-03 
m.y. This rock is similar to that from Baie Lascar except 
for the presence intersertally of about 5 per cent of pale 
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Table 1. POTASSIUM-ARGON AGE ESTIMATES OF BASALT SAMPLES 


Air Calculated 
Sample Potassium * dA T/MOK correction age 
No. (wt. per cent} (per cent) (m y.) 
G41254 1-093), 098 {1} 7-903 x 10-5 50-0 1-34 
1099 (2) 7-708 x 10-5 33-2 1-30 
GA1253 1 207 1:205 2) 9 045 x 10 8412 1:53 
(3)'8:997 x 10-5 45:4 1:52 
* 4°Ar—radiogenic argon Ap=4:72 x 10-99 yr! 
Ag = 0-584 x 107 yr, #“K = 1-19 x 107 atom per cent. 


GA1254: Alkali olivine basalt from flow 6 m thick. Pointe Monnier, 
west of Port Mathurin, north coast of Rodriguez 

GA1253: Alkali olivine basalt from flow 15-20 m thick. South aside of Baie 
Lascar, west coast of Rodriguez. 


brown, slightly anisotropic material, which appears to be 
analemme. Although this lava may be younger than that 
from Baie Lascar, as suggested by the measured age, the 
younger date may also be the result of loss of radiogenic 
argon. Further dating will be undertaken to check these 
possibilities. The potassium-—argon dates clearly demon- 
strate that Rodriguez is relatively young, and that it 
became extinct in Plio-Pleistocene times. 

Around the eastern and southern coasts the limestone 
forms a discontinuous marginal strip lying unconformably 
on weathered basalt. Snell and Tams? reported that the 
limestone was found up to 150 m above sea-level, but in 
our survey it was not observed to occur above 62 m, as 
measured with an altimeter. Previous publications have 
described the limestone as coralline but, in fact, it is a 
strongly cross-bedded calcarenite. Erosion gullies provide 
excellent sections up to 20 m high. Foresets are commonly 
as much as 10 m thick; dips of up to 35° are found and 
the dip and strike is extremely variable over short dis- 
tances. Sporadic blocks of basalt up to 8 cm across are 
rarely encountered and the only macrofossils observed 
were scarce gastropod shells up to 6 mm length. According 
to Folk’s classification" the limestone is a fossiliferous 
packed intrasparite and it consists of well-rounded frag- 
ments of micrite and various foraminifera (Sorites, 
Amphistegina, Elphidium, Planorbullinella, with fragments 
of Miliolids and Rotalids), algae (Corallina, Halimeda) 
and occasional gastropod and echinoderm fragments. 
The particle size of the clastic framework ranges from 
0-05 mm to 1 mm. A preliminary investigation of the 
micro-fauna suggests a Post-Pliocene, probably Pleisto- 
cene, age. 

The limestone outerops show every sign of rapid erosion. 
The gentle (3°-10°) seaward slopes are frotted by solution, 
and there is notable development of swallow-holes and 


caverns. Although'in one sector the limestone plain 
shelves gently into the lagoon and is overlain by recent 
‘beach-rock’, it commonly terminates in low cliffs under- 
cut at wave-level. The absence of coral fragments from 
the calcarenite suggests that it was formed prior to the 
development of the fringing coral reef. 

The origin of the calcarenite is uncertain. It may have 
been deposited on shallow banks subject to strong tidal 
currents, and afterwards uplifted. Alternatively, the 
calearenite may be an aeolian deposit, the clastic grains of 
which were either windswept from the top of the exposed 
submarine platform during a period of low sea-level, or 
driven on to the coast by wave action, where wind became 
the main agency of transport. It is perhaps significant 
that the calcarenite 1s found only on the present windward 
flanks of the Island There is now no suggestion of dune 
topography, and if such originally existed it may since 
have been erased by wave action during a temporary 
period of submergence. 

An overall subsidence in the recent history of the Island 
is suggested by the moderately embayed coastline and 
the presence of the fringing reef. However, numerous 
minor changes in relative levels of land and sea in the 
recent past are also to be expected. Balfour? recorded a 
recent 7 m raised beach, and in our survey a raised beach 
(with coral remains) at 3 m was noted on the north-east 
coast. 

We thank Monsieur J. Vallet, magistrate of Rodriguez, 
for his help in providing accommodation, transport and 
information; Monsieur J. Vinson, director of the Mauritius 
Institute, assisted in facilitating arrangements for our 
visit to the Island. We also thank Dr. E. ©. F. Bird 
(Australian Nationel University), Dr. A. Hallam, Dr. 
E. K. Walton and Mr. K. Swett (all of the University of 
Edinburgh) for advice concerning the origin and nature 
of the limestones, and Dr. W. J. Clarke (British Petroleum 
Co.) for identification of the micro-fossils. 
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METABOLISM OF GLUCOSE LABELLED WITH CARBON - 14 IN 
Leishmania enriettii 


By Pror. RAFAEL MANCILLA, CESAR NAQUIRA and CECILIA LANAS 
Department of Chemistry, School of Medicine, University of Chile, Santiago 


N a previous communication from our laboratory! we 
compared the metabolism of glucose in two strains of 
Trypanosoma cruzi. In addition to metabole differences, 
there was also some difference in the pathogenicity of both 
the Tulahuén? and the Peruvian’ strains examined. These 
facts led us to assume the possibility of some relationship 
between the pathogenicity and the ability of these 
micro-organisms to metabolize carbohydrates through 
various pathways’. Before completing this work with 
non-pathogenic and more pathogenic strains of T. cruzi 
as compared with the Tulahuén and the Peruvian strains, 
we undertook an investigation of the metabolism of glu- 
cose-4C uniformly labelled and labelled in carbon atoms 
Nos. 1, 2 and 6, using another genus of the family Trypano- 


somidae, that is, Leishmania enrietiti, which, although 
pathogenic for guinea-pig, is non-pathogenic for man‘. 
Leishmania enriettiti was grown in diphasic medium’ at 
30° C and after six days of incubation it was collected by 
centrifugation at 2,000g for 10 min. After washing several 
times with Ringer’s solution it was suspended in the same 
medium so as to give a final concentration of 10° cells per 
ml. 1 ml. of this suspension was incubated in a Warburg 
vessel for different times with 20 umole glucose-C 
uniformly labelled and labelled in positions 1, 2 and 6, 
separately, or with unlabelled glucose, as described previ- 
ously’. Separation of fractions, purification of protein as 
well as collection of respiratory “CO, and glucose estima- 
tion was achieved as described elsewhere? All results 
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represent the mean of 3 separate experiments and are 
referred to 1 mg nitrogen parasites and 1 x 10* ¢.p.m. of 
substrate added. All results were corrected for background 
and self-absorption by conventional procedures. 

It is clear from Fig. 1 that the rate of consumption of 
non-labelled glucose in I h is about 6 pmoles per mg 
nitrogen, that 1s about twice the amount consumed by 
T. cruzi Tulahuén and Peruvian strains' and by the 
T. cruzi strain used by Ryley®. However, it is far 
slower than in T. congolense’. 


Glucose concentration (zmoles/fiask) 





1 2 3 4 5 
Hours 


Fig. 1. Rate of glucose consumption by Leishmania enriettii. The 

Warburg flasks contained in a final volume of 19 mi., 1 mg mtrogen 

parasites, 400 zmoles KH,PO,, pH 7°3, and 20 zmoles unlabelled glucose. 
Reaction stopped with cold TCA*, Temperature, 30° O 


So far as glucose-4C utilization 1s concerned it 1s shown 
in Fig. 2 that the respiration rate of specific carbons 
(c.p.m./mg barium carbonate) for the carbon dioxide 
evolved over a 6-h period from glucose-4C uniformly 
labelled and labelled in carbon atoms 1. 2 and 6. Average 
deviation from the mean with respect to “CO, data was 
calculated to be + 5-0 per cent. Wang’s ‘relative time 
unit’! would be an interval shorter here than was observed 
in the Tulahuén and Peruvian strains of T. cruzi. Thus, 
the time required for complete consumption of added 
glucose was 4 h (Fig. 1) as compared with 6 h required by 
the T. cruzi strains}. : 


Q5 
© 
+ 


° 9 G-2-"C 


G-U-"C 


bo 
© 


@-1-40 


A G-6-4C 


Speelfic activity (c.p.m./mg BaCO, x 10-7) 
Á= 
— 


1 2 3 4 5 6 
Hours 
Fig. 2. Patterns of “CO, production in Leimhmaniıg enrwettii metabolizing 
uniformly or specifically labelled ™C-glucose. The Warburg flasks con- 
tained ın a final volume of 1 9 ml., 1 mg mitrogen cells, 400 zmoles KH,PO,, 
pH 7 3, and 20 oles **Q-glucose, specific activisy 50,000 ¢.p.m./umol, 
4CO, trapped with 0-5 ml 20 per cent CO,-free KOH im the centre well. 
Reaction stopped with cold TCA, Temperature, 30° O 


Table 1 shows that G-U-4C* was readily incorporated 
into CO, and organic acids. Radioactivity recovered in 
carbon. dioxide is slightly higher than that recovered in 
the strains of T. cruz, examined earlier!. Organic acids 


* Abbreviations 4-U-'4C, uniformly labelled glucose-4C; @G-1-#C, 
glucose-1-"C ; G@-2-4C, glucoge-2-“C ; G-6-C, glucose-6-"C , TOA, tri- 
chloroacetie acid. 
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show a rather different labelling as compared with the 
T. cruzi strains! in the fact that, m D. enriettii, recovery 
of radioactivity is much higher in volatile than in non- 
volatile acids. Although incorporation into protein 1s 
lower than in the Tulahuén strain of T. cruzi, it is higher 
than in the Peruvian onet, thus suggesting that synthetic 
processes are more operative in L. enriettit than in the 
Peruvian strain of T. cruz}. 


Table 1. METABOLISM OF UNIFORMLY LABELLED 4C-GLUCOSE IN Leishmania 


enrietlir 
Organic acids 
Hours CO, Volatile Non-volatile Protein 
Percentage c p.m. recovered 
3 10 5 10 9 0-50 0 25 
6 181 15-5 3 869 0 25 


In Fig. 2 are shown the specife activities (¢.p.m./mg 
barum carbonate) for the carbon dioxide evolved from 
G-1-44C, G-2-“C, G-6-4C and G-U-“C. Apparent from this 
figure ıs the sımılar contmbution to carbon dioxide from 
carbon atoms I and 6 of glucose during the whole process; 
carbon atom 2 shows about the same degree of participa. 
tion at the beginning of the reaction and is from there 
on the main contributor to respiratory carbon dioxide. 
This would reflect the fact that Krebs cycle and glycolysis 
are the main pathways for glucose metabolism in this 
strain, alternative pathways playing a lesser part}. Further 
support to this suggestion is given in Table 2, where the 
ratio CO, from G-1-"%C/CO, from G-6-40 is near unity, 
while the ratio “CO, derived from G-2-4C/4CO, derived 
from G-6-14C is much higher. 


Table 2. RATIO VALUES DERIVED FROM THE SPECIFIGO ACTIVITY OF CO, 
IN Leishmania enrielitan WHEN UTILIZING “C-GLUCOSE 


Time interval (h)  G-+1+4C/G-6-""0 G-2-4C/G-6-4C 


1 1 48 1:34 
2 1-16 3°12 
3 1:32 3 08 
4 1-41 1:93 
5 1:20 2 40 
6 1:37 2°69 
Average 1-32 2°42 


To evaluate quantitatively the extent to which the pen- 
tose phosphate pathway operates in this flagellate, we 
isolated glycerol?®. Results of this experiment are 
summarized in Table 3 and show a negligible participation 
of the pentose phosphate pathway®. This is related to the 
results shown in Fig. 1, where a small preference on the 
oxidation of C-1 of glucose over that of C-6 is apparent. 
Observations closely agreeing with ours have been recently 
reported?®, 


Table 3. EVALUATION OF PENTOSE PHOSPHATE PATHWAY IN Leishmania 
enriettry 


Glycerol from Pentose phosphate 
G-6-HC ~U- pathway 
c.p.m./mg (%) 
153 144 6 


Although these results do not differ from those expected, 
there is still but little information, and we are therefore 
continuing our experiments in order to establish patterns 
of flagellate metabolism and to correlate them with those 
of more pathogenic strains of both genus Trypanosoma 
and Leishmania. 

We thank Dr. M. Agosin for his advice. 

This work was supported by the Faculty of Medicine, 
University of Chile (grant 62-20), and by the Rockefeller 
Foundation (grant 63015) under a joint programme. -~ 
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POLARITY OF THE GENETIC MESSAGE 
By Dr. ALAN R. WILLIAMSON* and Pror. RICHARD. SCHWEET 


Department of Biochemistry, College of Medicine, University of Kentucky, Lexington 


HE colineanity of the gene with the polypeptide chain 

has recently been established!?, The immediate gene 
product, the genetic message, which is read by mbosomes 
to produce the polypeptide chain, is assumed to be colinear 
with both the gene and the polypeptide. The synthesis 
of a polypeptide chain occurs sequentially from the N- 
terminal end?:*, The ribosome commences its reading of 
the messenger RNA only at the codon correspondmg to 
the N-terminal amino-acid®:*, because this is the only 
attachment point. Thus, the ribosome attaches to the 
messenger RNA at the end coding for the N-terminal 
amino-acid, proceeds along the message to the C-terminal 
codon and then detaches, releasing the completed poly- 
peptide chain. The direction in which the ribosome moves 
along the messenger RNA, that is, the polarity of the 
genetic message, remains undecided. Both the 5’-termmal 
codeword’? and the 3’-terminal codeword? have been sug- 
gested to correspond to the N-terminal end of the poly- 
peptide. We have investigated the problem by studying 
the action of specific exonucleotidases on the synthesis of 
haemoglobin in a cell-free system. From the results 
presented here, the 3’-terminal codeword is designated as 
the attachment site for ribosomes corresponding to the 
N-terminal amino-acid of the polypeptide. 

Ribosomes isolated from rabbit reticulocytes by pellet- 
ing once at 78,000g (1X ribosomes) contain about 65 
per cent polyribosomes which are aggregates of mono- 
meric ribosomes containing 2-6 monomers, independently 
and simultaneously reading the same genetic message. 
During incubation of 1X ribosomes in the complete 
cell-free system, amino-acids are first added to pre-existing 
chains (chain completion). Then monomeric ribosomes 
can attach to polyribosomes and initiate new chains, 
traverse the mRNA producing the encoded polypeptide, 
and finally detach from the message, releasing completed 
haemoglobin chains. This 1s synthesis de novot. In the 
experiments described here, we studied the inhibition of 
de novo synthesis after treatment of 1X ribosomes with 
exonucleotidases specific for each end of a polynucleotide. 
The release of completed polypeptide chains was followed 
and the percentage of N-terminal C-valine in the 
released soluble protein was determined as a measure of 
chain initiation. Pretreatment of 1X ribosomes with an 
exonucleotidase acting on the end of messenger RNA. at 
which attachment and chain imitiation occurs should 
reduce the percentage of N-terminal “C-valine found in 
soluble protein without greatly inhibiting chain completion 
and release. The complementary exonucleotidase which 
would attack the ‘release’ end of the messenger RNA 
could conceivably show various effects. Thus extensive 
removal of C-terminal codons might be reflected in an 
increased percentage of N-terminal 14C-valine in soluble 
protein, provided chain release proceeded unimpaired. If, 
however, removal of the normal detachment site inhibited 
release, then the whole process of protein synthesis, 
including chain initiation, would be affected. Since both 
complementary exonucleotidases could possibly result in 
a decrease in N-terminal 14C-valine in soluble protein, it is 
necessary to measure inhibition of N-terminal C-valine 
incorporation as a function of inhibition of total incorpora- 
tion. 

The enzymes used in this investigation were venom 
diesterase and spleen diesterase (both supplied by Worth- 


* Present address: National Institute for Medical Research, Mill Hull, 
London. 


ington Biochemical Corporation, Freehold, N.J.). Venom 
diesterase cleaves RNA sequentially from the 2’,- 3’- 
hydroxyl end, liberatmg a nucleoside-5’-phosphate and 
leaving a free 3’-hydroxyl: 

Venom 


pip---XpXpXpXOH 


diesterase 


pX ---XpXpX-OH + 
PX-OH 
Spleen diesterase is complementary to the venom enzyme, 


hydrolysing RNA from the 5’-hydroxyl end, producing a 
nucleoside-3’-phosphate and leaving a free 5’-hydroxyl: 


Spleen 





OH-XpApXpXp ----Xp OH-Xp + 
diesterase 


OH-XpXpXp ----Xp 


For the purposes described here the most important 
criterion of purity was the absence of endonuclease activity 
from the two enzyme preparations, since the mRNA 
connecting ribosomes in polyribosomes is very susceptible 
to endonucleases. In order to check this point the action 
of each enzyme on polyribosomes, im the absence of 
protein synthesis, was examined. 1X ribosomes were 
incubated with each enzyme separately under simular 
conditions to those used m the experiments described 
below (see legend to Table 1) and then compared by ana- 
lytical ultracentrifugation. to ribosomes incubated in the 
absence of the exonucleases. At a level of venom diesterase 
(258 ug per 1-4 ml. incubation mixture) which is greater 
than those used in subsequent experiments, there was no 
evidence of polyribosome breakdown (Table 1, lines 1 
and 2). However, the highest level of spleen diesterase 
used in these experiments (0-3 unit per 0-4 ml. incubation 
mix) caused a small amount of polyribosome breakdown 
showing the presence of endonuclease activity (Table 1). 
This activity must be remembered in evaluating the 
effects of spleen diesterase on the incorporating ability 
of ribosomes. 


Table 1. EFFEOT OF HXONUCLEASES ON POLYRIBOSOMES 
Percentage composition 
1 I 1 


Incubation conditions 808 10s 308 50s 170s 

(1) ‘Salts only’ 278 158 18-8 212 16 4 
(2) As (1) plus venom diester- 

ase (258 ug/1-4 ml } 260 20 2 19 4 20 0 14-4 

(3) 0 007 M tris HC! pH 65 26 6 150 20 0 20 8 176 
(4) As (3) plus spleen diester- 

ase (0 3 unit/O 4 ml ) 35 6 19 6 18 4 19 6 68 


Tncubation was at 37° for 5 min. The ‘salts only’ consisted of 50 umoles 
tris HCl, pH 7 5, 60 wmoles KCl and 5 wmoles MgCl, in o final volume of 
14m! This volume contained 6 mg ribosomes. In lines 3 and 4, rrbosomes 
(6 mg) were incubated m 0 4 ml. tres HCl buffer and then diluted to 1 4 ml 
with the addition of complete system salts before analysis Analysis was 
carried out in the Spinco Model £ ultracentrifuge as previously described. 


Inhibition of incorporation by exonucleotidases. Pre- 
treatment of IX mbosomes with either venom or spleen 
diesterases inhibits their ability to mcorporate labelled 
amino-acids in the cell-free system. 1X ribosomes were 
pre-incubated for 5 min with various amounts of each 
diesterase (for details see legend to Figs. 1 and 2) and 
the ribosomes were then assayed in the complete cell-free 
system for incorporation of “C-valmne. Inhibition by 
spleen diesterase is proportional to enzyme concentration 
even at high levels of added enzyme (Fig. 14). With 
venom diesterase, however, the extent of inhibition tends 
to plateau around 65-70 per cent at high enzyme-levels 
(Fig. 1B). The endonuclease activity present in the spleen 
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Fig. 1. A, Inhibition of haemoglobin synthesis by spleen dlesterase: 
ribosomes (3 mg) were incubated with varying amounts of spleen 
diesterase in 0 4 ml. of 0-007 M tris HCl buffer pH 6-5, for 6 min at 
37° ©. The components of the complete cell-free system? were added and 
the incorporation of C-valine was measured over a period of 60 min at 
37°C. The results are expressed as a percentage of the incorporation of 
ribosomes treated similarly but without diesterase. B ition of 
haemoglobin synthesis by venom diesterase: 1X ribosomes (3 mg) were 
incubated with varying amounts of venom diesterase in the complete 
cell-free system’ with the omission of energy (ATP, GTP and creatine 
phosphate), ‘RNA and *C-valine, for 5 min at 87°. The missing 
components were added, Incorporation of C-valine measured and the 
Tesults expressed as In A 


enzyme may be contributing to the inhibitory effects at 
the highest level of this enzyme, while the inhibition by 
venom diesterase is presumably due to exonuclease action 
only. 

Inhibition of release and N-terminal “C-valine incorpora- 
tion. 1X ribosomes pre-incubated with and without each 
of the complementary enzymes were incubated in the 
complete cell-free system with '4C-valine for 60 min. The 
ribosomes and soluble protein were separated by centrifu- 
gation (105,000g for 60 min) and then both ribosomes 
and an aliquot of the supernatant soluble protein were 
precipitated by 5 per cent TCA with carrier casein, taken 
through the complete wash procedure’ and counted with 
a Nuclear Chicago gas flow counter. The extent of release 
of completed haemoglobin chains from ribosomes is 
measured by the ratio of soluble radioactivity to ribosomal 
radioactivity. Pretreatment of the ribosomes with spleen 
diesterase resulted in a more pronounced inhibition of 
release, at a given level of total inhibition, than did 
venom diesterase treatment (Table 2). In fact, at the 


Table 2. N-TERMINAL “C-VALINE ANALYSIS 


s Release N-terminal, 
Prelneubation Incorporation Total ratio: MC_yaline 
conditions Ribo- Soluble incorpor- Soluble c.p.m. in soluble 
(6 minutes at 37°) somes protein ation Ribosomal c.p.m, protein 
(¢.p.m./mg) % % 
(1) Complete system 
nunus energy and 
tRNA 713 3,359 100 i-7 32 
(2) As (1) plus venom 
diesterase* 
(a) B4 ug 395 2,454 70 82 2-4 
(b) 69 ug 410 1,583 49 39 1°38 
{e) 138 ug 447 1,293 43 2-9 0-9 
(3) 0-007 M iris 
chloride pH 6-5 854 3,820 100 4-4 3-2 
(4) As (3) plus spleen 
diesterase: 
(a) 0O 14 units 701 1,745 53 2°5 2-4 
— 0 2 units 624 1,180 38 1:8 2-0 
c) 0-3 units 432 775 26 1:3 1-55 


Preincubation afid incorporation assays were performed as described 
under Figs. 1 and 2. 1C-valine of specific activity 10 4c./umole was used in 
the incorporation assay. 
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lowest level of venom diesterase, release was stimulated 
by virtue of a greater inhibition of incorporation into 
ribosomes than into soluble protein. N-terminal **C-valine 
analysis? of the soluble protein from these assays showed 
that both diesterases inhibited incorporation into N-termi- 
nal “C-valine (Table 2). However, venom diesterase 
inhibited incorporation into N-terminal “C-valine to a 
much greater extent than did spleen diesterase at equiva- 
lent levels of total inhibition (Table 2). This is clearly 
illustrated by plottmg inhibition of incorporation into 
N-terminal “C-valine against inhibition of total incorpora- 
tion for each exonuclease (Fig. 2). Extrapolation of the 
plot for venom diesterase shows that N-terminal 14C-valine 
incorporation would be completely inhibited at about 
65-70 per cent inhibition of total incorporation. This was 
the maximum amount of inhibition found with venom 
diesterase (Fig. 1). Thus, these results with the venom 
enzyme fit the pattern of inhibition expected for a diester- 
ase acting as an exonuclease on the end of mRNA where 
ribosomal attachment and chain initiation occur, and they 
lead to the conclusion that the genetic message is read 
from the 3’-terminal codon. The results obtained using 
spleen diesterase, while less definitive, are consistent with 
this conclusion, which implies that spleen exonucleotidase 
attacks the C-terminal or detachment terminus of mRNA. 
Inhibition of N-terminal “C-valine incorporation by the 
spleen enzyme lags behind total inhibition by this enzyme 
(Fig. 2) and has at least two contributing causes, the 
pronounced: inhibition of release by the spleen enzyme 
which would inhibit the appearance of N-terminal labelled 
chains in the soluble protein, and the presence of endo- 
nucleolytic activity. 
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Fig. 2. Inhibition of N-terminal *C-vahne incorporation as a function of 

inhibition of total incorporation by venom and spleen diesterases. Data 

for venom diesterase (@) and ape ——— (0) inhibition taken from 
able 


In order to compare the effects of the two diesterases 
on completion and release of peptide chains more directly, 
ribosomes were prelabelled in the intact reticulocyte with 
SH-leucine. These ribosomes were isolated in the normal 
manner, pelleted once, and pre-incubated as described 
above, with and without venom and spleen diesterases, 
before measuring the incorporation of 1C-leucine into 
ribosomal and soluble protein (as in Table 2) and the 
release of the *H-leucine pre-label in the complete cell- 
free system. The release of the pre-label as soluble protein 
was hardly inhibited by venom diesterase and inhibited 
to a slightly greater extent by spleen diesterase (unpub- 
lished data). These results and the inhibition of release 
shown in Table 2 suggest that there may be a ribosome 
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detachment site at the 5’-terminal end of mRNA which 
facilitates release. Damage or removal of that site would 
inhibit release of the peptide chain and account for the 
inhibition of release and of incorporation by the spleen 
enzyme. A detachment site might consist of a special 
release codon or it might be any C-terminal codon with 
a free 5’-bydroxyl, for the absence of a 5’-phosphate group 
has been reported to reduce the ability of a codon to 
bind RNA’. The spleen enzyme would remove either 
type of C-terminal codon. Further work with more 
purified spleen enzyme is needed, however, before definitive 
_ conclusions on the release mechanisms can be reached. 

We thank Mrs. Margaret Fife for assistance. These 
studies were supported by grants from the U.S. National 
Science Foundation (G—21026) and the U.S. National 
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Service. 
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STIMULATION OF THREE RECEPTORS IN LABELLAR CHEMOSENSORY 
HAIRS OF Calliphora erythrocephala Mg. BY MONOVALENT SALTS 


By C. J. den OTTER and A. M. van der POEL 
Zoological Laboratory, University of Leiden, The Netherlands 


RG histological investigations have revealed 
that the labellar chemosensory hairs of the blowfly 
Phormia regina Mg. are innervated by four to six bipolar 
sense cells!. The distal fibre of one of these cells appears 
to terminate in association with the hair socket, sug- 
gesting a mechanosensory function, whereas the remainder 
send processes to the tip of the hair, which is the only 
part that is accessible to chemical stimulation. 

For the labellar taste hairs of the bluebottle, Calliphora 
erythrocephala Mg., similar complements of sensory cells 
seemed to be present; but Peters and Richter? have 
recently stated that without exception each of these hairs 
is supplied with five sense cells. 

Electrical recordings from taste sensilla of Phormia 
revealed separate receptors for salts, sugars, water and 
mechanical stimuli? *. Furthermore, behavioural and 
electrophysiological investigations by Dethier® indicated 
the existence of a protein receptor. 

In taste hairs of Calliphora impulses can be evoked 
by mechanical stimulation (bending of the hairs) and 
by stimulation with salts, sugars and water. In 1959 
de Ruiter and den Otter® reported that sucrose or sodium 
chloride solutions may activate two sense cells in tarsal 
hairs. Being aware of the existence of triply innervated 
hairs only, as indicated by Dethier”, they expected to 
observe the activity of the sugar and the salt cells. Pre- 
sumably, however, de Ruiter and den Otter were con- 
cerned with the sugar and salt cells each acting together 
with the water cell. Stiirckow® reported that in some 
labellar hairs impulses from a cell other than the salt or 
water receptor may occur by stimulation with NaCl 
solutions. This cell is not specifically responsive to 
salt. 

As part of an extensive study of the relationships 
between the chemosensory input and the activities 
released by this input in intact flies (Calliphora erythro- 
cephala Mg.) (den Otter, in preparation; see also de 
Ruiter and den Otter*:*), we tried to correlate the impulse 
patterns elicited in the taste hairs by some salts with 
their stimulating effectiveness as found in behavioural 
examinations?°, The present report deals with the first 
results on this subject. 

As has been found in behavioural investigations, for 
various animal species the cations can be arranged in 
increasing order of stimulating effectiveness as follows: 
Lit < Nat < K+ < NH, < H+. This order agrees with 
that of the ionic mobilities of the cations. For the anions 


the arrangement is still uncertain because of the scarcity 
of data and the varying 1 results. For insects the anions 
may be arranged: PO < CH,COO- < SO,“ = Ol- < 
Br- < J- < NO,- < OH- (refs. 7, 10). Up to now it has 
not been possible to correlate this order with some physical 
property of the anions. 
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Fig. 1. Frequency distributions of the amplitudes of ee recorded 
during the suplies ton of 05 M aonitiens O of LiCl, NaCl, KCI and NH,Cl 
a single aboral, Jabellar chemosensory hair 
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Fig. 2. The relation between the ionic conductances af 18° C expressed in o 
frequencies elicited by 0:5 M solutions of LiCl, CaNl, KCl and NHI Cora 


| those of Types I, I and 


In intact ımmobilized flies (so far we have only used 
females ranging from 24 h to 11 days of age) we recorded 
the electrical activity generated ın three of the aboral, 
large hairs of the labellar lobes, when stimulated with 
0 5 M solutions of LiCl, NaCl, KCl, NH,Cl, KJ, KBr and 
KNO,. All these solutions elicited a similar response in 
that they evoked activity in three receptor cells at least 
(receptor J, II and ITI), each of which was of the phasic- 
tonic or ‘moderately-fast adapting receptor type (Fig. 
1). | 
Spikes of Type I were the smallest, those of Type MI 
the largest. Furthermore, Type IJI spikes always had 
the lowest frequency, which, however, was too high to 
consider as summations of I and II spikes (assuming that 
I and IT impulses are mutually independent). In the 
course of!some stimulations the amplitudes of the three 
types of spikes varied independently of one another, sug- 
gesting that these variations could not be due simply to 
variations in the electrical resistance of the preparations. 
This tended to obscure the differences between Type I 
and Type II impulses in the later phase of these stimu- 
lations. 

We compared the total number of spikes of the three 
types jointly when elicited by the various chlorides in the 
first second, the first five seconds or the first ten seconds. 
The orders of increasing stimulating effectiveness for the 
chlorides in six tests were respectively: four times LiCl < 
NaCl < KOI < NH,Cl, once LiCl = NaCl < KCl < NH,Cl, 
and once; LiCl < NaCl < KCl = NECI 

The total frequencies were quite clearly directly pro- 
portional to the cationic conductances (Fig. 2) and hence 
to the cationic mobilities. Values of the former at 18° C 
expressed in ohms~! cm? are 33-4 for Lit, 43-5 for Nat, 
64:6 for K+ and 64-7 for NH,+. In spite of the small 
difference between the ionic conductances of NH,+ and 
K+, we found an equally large reaction by stimulation 
with KCI and NH,Cl in one case only (Fig. 2F). The 
results of the other five tests suggested that NH,Cl 
elicited a larger, or KCl a smaller, reaction than could be 
expected: on the score of the ionic conductances of, 
respectively, NH,* and K* (Fig. 24—£). 

In one test we counted the separate types of spikes and 
found the Type I spikes and Type ITI spikes directly 
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proportional to the cationic conductances; such a relation 
could not be demonstrated for the Type II spikes (Fig. 2). 
These results indicate that the impulses of Types I and 
ITI originated in receptors mainly responsive to cations, 
whereas the Type IT impulses could be generated, for 
example, by a water or an anion receptor. 

So far, we cannot say much about the differences 
between the reactions elicited by KCl, KBr, KJ and 
KNO;. The only thing we know with certainty is that 
these differences were small. It would seem that the 
increasing order of stimulating effectiveness was KCl < 
KBr < KNO, < KJ, and that this was chiefly caused 
by differences in the activities of the Type I and Type IIT 
receptor. This would suggest that the Type I and 
Type III receptors are not only sensitive to cations but, 
in a lesser degree, also to anions, and that the Type I 
receptor is not an anión receptor. In view of present 
knowledge it seems plausible to regard it as a water 
receptor. 

Consequently our results so far indicate that, at least in 
some labellar taste hairs of Calliphora erythrocephala Mg., 
monovalent salts evoke three types of impulses, of which 
two (the Type I and Type IH impulses) originate in 
receptors, mainly responsive to cations but presumably 
also to anions, whereas the third impulse (Type II) 
possibly originates in a water receptor. 

The differences in stimulating effectiveness for several 
salts, as found in behavioural investigations, appear to 
be caused by differences in the activities of the Type I 
and Type III receptors. 

We thank Prof. L. de Ruiter for his advice and 
criticism. 
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ACTIVATION OF STREPTOCOCCAL PROTEINASE AND ITS ZYMOGEN 
BY BACTERIAL CELL WALLS 


By T. Y. LIU and Dr. S. D. ELLIOTT* 


The Rockefeller Institute, New York 


TS sulphydryl-activated proteinase of group A 
streptococci 1s derived from an inactive zymogen 
found extracellularly in actively growing cultures. Both 
proteins have been isolated in crystalline form! and it has 
been shown that zymogen can be converted to active 
enzyme by proteolysis followed by reduction?; the proteo- 
lysis can be achieved either by the action of trypsin or 
the streptococcal proteinase itself’. Zymogen and enzyme 
are immunologically distinct? and each contains one 
residue of half-cystine per molecule of protein’. During 
the later stages of bacterial growth active proteinase 
accumulates in the culture fluid’. How 1s zymogen con- 
verted to active enzyme under these conditions? From 
the results of the experiments here described it appears 
likely that the reducing activity of streptococcal cell walls 
initiates the transformation and is responsible for activ- 
ating by reduction part or all of the proteinase ultimately 
formed. It should be understood that, as used here, the 
term cell wall denotes the bacterial shell remaining after 
disruption of streptococec: by vigorous shaking with glass 
beads. The major constituent is carbohydrate! usually 
covered by a layer of protein. 

An earlier report® showed that living bacteria (strepto- 
cocci, staphylococci and colon bacilli) have, through their 
reducing activity, the capacity to activate the unreduced 
form of streptococcal protemase. That the reducing 
activity of streptococci resides mamly in their cell walls 
was suggested by the results of an experiment in which 
living streptococe: were labelled with lodoacetic-1-#C 
acid. Streptococci (strain 5797) gathered from dialysate 
broth culture were first washed with EDTA (M 0-001) 
then treated with 1odoacetic-1-4C acid (180 mg in 1-0 ml. 
N sodium hydroxide) at pH 6-8 for 18 h at 4° C. The 
cells were repeatedly washed with saline to remove the 
unreacted 10doacetic acid and finally disrupted by shaking 
with glass beads (‘Ballotini’ No. 13) in a Braun homo- 
genizer (Bronwill Scientific, Rochester, New York). 
From the resulting mixture the gross particles comprising 
cell walls and protoplast membranes were separated by 
centrifugation and found to retam more than 90 per cent 
of the total radioactivity incorporated into the cell. This 
suggested that most of the groups that had reacted with 
iodoacetic acid on the streptococcal cells were bound to 
the cell walls or protoplast membranes. After treatment 
with iodoacetic acid the bacterial cells were no longer 
capable of activating the unreduced form of the proteinase. 

In a second experiment the cell wall fraction prepared 
from a freshly gathered culture of strain 5797 was tested 
for its ability to activate the proteinase. The enzyme 
was prepared in the inactive, unreduced form by the 
action of trypsin on crystalline zymogen’. Streptococcal 
cell walls prepared by the method already described but 
omitting the treatment with iodoacetic acid were sus- 
pended in the enzyme preparation to give a concentration 
similar to that in a fully grown culture. The mixture was 
incubated at 37° C and after 2 h its proteolytic activity 
against casein compared with that of an identical enzyme 
preparation incubated with mercaptoethanol (0-05 M) 
instead of cell walls. The cell wall plus enzyme preparation 
‘ was found to have 80-90 per cent of the proteolytic 
activity of the mixture containing mercaptoethanol. The 
cell-wall-activated proteinase was inactivated by iodo- 


* On leave from the Department of Animal Pathology, University of 
Cambridge. 


acetic acid with the expected formation of about 0-8 
residues of carboxymethyleysteine per molecule of 
protein’. A control contaming cell walls without added 
proteinase had no proteolytic activity and cell wall 
preparations treated with iodoacetic acid were unable to 
activate the enzyme. 


Table 1. CONVERSION OF ZYMOGEN TO PROTEINASE 
Series of linked reactions occurring in streptococcal cultures 


Cell wall (—SH) 
tt * 


(1) Zymogen (-SSR)* Zymogen (--SH) 


(inactive) (Reduction) (Shght activity) 
aymogen (~SH) Proteinase (—SSR)* 
2) Zymogen (— SSR nny : 
(2) Zymogen ( ) (Proteolysis) (Inactive) 


Cell wall (— SH) 


$$ 
(Reduction) 
Proteinase (— SH) 
——— ee a 


(Proteolysis) 
* Unreduced form of protein (ref. 10), 


Proteinase (— SH) 


(3) Proteinase (— SSR) (Active) 


(4) Zymogen (—SSR) har ei oe 


nactive 


Cell wall preparations made by the method here 
described contain a variable proportion of protoplast 
membranes as a contaminant, and before attributing 
reducing activity solely to the cell walls ıt was essential 
to determine whether the membranes were active in this 
regard. A preparation of protoplast membranes made by 
the method of Fremer’? was, therefore, tested for its 
ability to activate the enzyme. When examined by the 
same method as that used in testing the cell walls, the 
membranes were found to have approximately 20 per 
cent of the activity of a cell wall preparation made from 
an equal volume of the same culture of streptococci. Cell 
wall contamination of the protoplast preparation, estim- 
ated from the latter’s rhamnose content (1-0 per cent), 
amounted to approximately 4 per cent. It would seem, 
therefore, that when isolated from equivalent volumes of 
streptococci the cell walls have at least five times the 
reducing activity of the protoplasts. This, together with 
the fact that the protoplasts are located beneath the cell 
walls, points to the reducing power of the walls as bemg 
responsible for activation of the protemase in broth 
cultures. 

In order to ascertain what, groups on the cell walls 
were responsible for their reducing power, cell wall sus- 
pensions, each prepared from 2:5 l of culture, were 
treated with iodoacetic-1-4C acid (180 mg in 1-0 ml. N 
sodium hydroxide) for 30 min at 25° O. The carboxy- 
methylated cell walis were washed with 4 x 20 ml. of 
saline, resuspended in 0-1 molar phosphate buffer at 
pH 7-6 and then treated with 6 mg of trypsin for 18 h 
at 25° C. Proteins or large peptides liberated by the action 
of trypsin were separated from the rest of the cell walls 
by centrifugation and gel-filtration on a ‘Sephadex G-25’ 
column (2 cm x 40 cm). The unretarded fraction from 
the ‘Sephadex’ column contained 70-85 per cent of the 
radioactivity incorporated into the cell walls. This 
fraction was hydrolysed with 6 N hydrochloric acid for 
22 h and the hydrolysate analysed by the automatic 
amino-acid analyser with a flow cell attachment for 
radioactivity counting®. The radioactivity found in the 
carboxymethylcysteine peak was 40-5 per cent of the 
total. The rest of the radioactivity can b® attributed to 
decomposition products of S-carboxymethylmethionine?® 
and was eluted as S-carboxymethylhomocysteine (35-4 per 
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cent) and ninhydrin negative products (19 per cent), 
probably HOCH,-“COOH and CH,-S-CH,-4“COOH, which 
emerged before carboxymethylcysteine. On a molar basis, 
there was 1 umole of alkylated cysteine per 33 umoles of 
cell wall aspartic acid or 17 moles of rhamnose. Since 
methionine does not have reducing power, it ıs most 
likely that cystemyl residues are primarily responsible 
for the reducing property of the cell wall. 

In order to learn more about the formation of proteinase 
in streptococcal cultures, an experiment was designed to 
determine whether, in the absence of detectable amounts 
of preformed proteinase, the conversion of zymogen to 
enzyme occurs under reducing conditions provided by 
streptococcal cell walls. 

Crystalline zymogen was purified by passage first 
through a ‘Sephadex G-75’ column and then through a 
sulphoethyl-‘Sephadex’ column to free it from possible 
contamination with proteinase’. It was then added to a 
cell wall preparation (strain 5797) in which no proteo- 
lytic activity could be detected. The mixture was in- 
cubated at 37° C and after 18 h it was found by immuno- 
electrophoresis and proteolytic assay against casein no 
longer to contain zymogen but, instead, a mixture of 
reduced and unreduced enzyme in a ratio of 3 to 7. The 
relative amounts of these two components were calculated 
from the proteolytic activity before and after treatment 
with iodoacetamide and by- proteolytic assay m the 
presence and absence of —-SH compounds (iodoacetamide 
inactivates only the reduced form of the enzyme). 

In the presence of soluble SH compounds, zymogen is, 
in time, fully converted to reduced (active) enzyme*3, 
Previous reports have attributed this to an autocatalytic 
reaction ‘which has also been held responsible for the 
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conversion of zymogen to enzyme in streptococcal cul- 
tures. The process might be initiated by preformed 
enzyme in the zymogen preparation or streptococcal 
culture in amounts too small for detection but capable of 
triggering the autocatalytic reaction. It is difficult to 
exclude the possibility of preformed enzyme being 
present; but in the foregoing experiment an attempt was 
made to avoid contamination of the zymogen and cell 
wall preparations with protemase and none was detect- 
able by the usual methods of assay. An alternative hypo- 
thesis is that zymogen itself when reduced may have 
slight but sigmficant proteolytic activity. If the trans- 
formation of zymogen to enzyme proceeded as shown in 
Table 1, such a process occurring in a streptococcal culture 
would result in a mixture of the reduced and unreduced 
forms of the enzyme in a ratio dependent on the oppor- 
tunities for contact with the reducing groups on the 
bacteria in suspension. 

This work was supported by contract with the U.S. 
Army Medical Research and Development Command and 
by grants from the U.S. Public Health Service (HE 3919) 
and the Wellcome Research Travel Fund. 
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CARBON DIOXIDE AND CELL DIVISION 


HE stimulatory effect on cell division proposed by us! 
to account for the promotive effect of carbon dioxide 
on the growthof the mesocotyl of etiolated oak seedlings 
has been called in question by Sorokin?. He takes as the 
primary observation that division of Chlorella cells, when 
suspended in distilled water ın darkness, is inhibited by 
I per cent carbon dioxide. The absence of an effect of 
5 per cent carbon dioxide on cell division in the oat coleop- 
tile is then regarded as a failure to observe an inhibition, 
and the continuance of mitosis in the nodal meristem is 
an aberrancy which is not due to carbon dioxide per se, 
but to some change in the pH of the cells. It is the purpose 
of this article to show that his suggestions are not tenable. 
To support his case he cites further observations of 
inhibitory effects, by Clowes and Smith? and by Thimann‘. 
The first is scarcely helpful; it consists of a short expansion 
of the title without a single observation, while the second 
may be offset against the stimulatory effect of carbon 
dioxide/bicarbonate on root growth, reported by Geisler’. 
He omits reference to Loomis*, in which carbon dioxide 
per sé is specifically implicated as the factor actuating 
those divisions which result in gametogenesis in Hydra. 
Sorokin seems to expect that carbon dioxide will produce 
a, uniform effect, in conformity with his results, across the 
entire plant kingdom. The oat mesocotyl and coleoptile, 
stem and leaf structures, respectively, have quite different 
metabolic potentialities. The component cells react 
differently, for example, to a supply of nitrates; the 
mesocotyl can be unaffected, coleoptile growth promoted’; 
and also to light, mesocotyl cells of a particular size are 
inhibited, coleoptile cells are stimulated to elongatet. 
The differences in response to carbon dioxide on the part 
of the mesocotyl and coleoptile were not regarded as 
mutually corfiradictory but were referred to an obvious 
difference in structure; the presence in the one, and the 
absence in the other, of a compact meristem. 


Sorokin proposes a general system controlling cell 
division compounded from an ‘inhibitory’ effect of carbon 
dioxide and a ‘favourable’ effect of bicarbonate. Now 
these two opposite effects involve a disconcerting switch 
in the control conditions: the ‘inhibitory’ effect is judged 
against 100 per cent division as control; while the ‘favour- 
able’ effect is judged against 0 per cent (total inhibition) as 
control. It will be advantageous to adopt, as a single 
standard of reference, 100 per cent division. The effect 
of bicarbonate, properly stated, is partially to counteract 
the inhibitory effect of carbon dioxide. 

A defect in his experimental technique at once becomes 
obvious: when all the cells divide, 100 per cent division is 
recorded; a promotion of cell division cannot now be 
detected because it is impossible to observe more than all 
the cells dividing. With a technique mherently capable of 
viewing in one direction only, towards an inhibition, 
Sorokin denies himself the opportunity of recognizing the 
promotive effect of ethanol on cell division in Chlorella®:*. 
At least in this respect the nodal meristem in Avena 
sativa behaves as does Chlorella, for unpublished data to 
hand show that the promotive effect of ethanol on meso- 
cotyl growth?" ig due to cell multiplication and not to 
cell extension. 

Further regarding bicarbonate, there are no published 
data to show that it is ‘favourable’ to cell division in the 
usual sense of the word and Sorokin!® records that con- 
centrations higher than 10-? M are themselves inhibitory. 
With etiolated oat plants no effects have been observed 
on the growth of the mesocotyl, as the data in Table 1 
show (unpublished, 1957). As in Sorokin’s experiments 
mixed sodium and potassium salts were used to avoid 
the toxic effects of single ions. There was no detectable 
effect of bicarbonate in darkness; it did not act as did free 
gaseous carbon dioxide, nor was there an interaction 
between the two factors. The entry of bicarbonate into 
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Table 1. MEAN LENGTHS (mm) + STANDARD ERRORS OF THE MESOOCOTYLS 
OF EIGHT-DAY-OLD SEEDLINGS 


Fourteen replicates per group 


Bicarbonate 
Control 0-018 M 0:036 M 
Air+5 per cent CO, 82-2415 84-9 4 14 83°94+1°2 
Air only 67 140-7 55-412 64-7417 


plants and its subsequent movement freely inside them 
have been demonstrated using radioactive methods!*4, 
The observations in Table 1 therefore agree with those of 
Stolwijk and Thimann™ in showing that bicarbonate is 
not necessarily beneficial for growth. In the London 
tap-water generally used as the culture medium some 
dissolved bicarbonate will be present but the effects of 
carbon dioxide can be duplicated using distilled water 
(unpublished). Bicarbonate may therefore be eliminated 
as an essential participant in the response. 

To support the general thesis that low pH. has an un- 
favourable effect on cell division Sorokin cites an earlier 
paper, The data there presented do not support his 
contention. In distilled water and supplied with atmo- 
spheric air, 1 x 10 N sulphuric acid (pH not stated, 
perhaps 2—3) did not affect cell division (99 per cent); under 
the same condition 1 x 10 M ftris (pH not stated, per- 
haps 9) gave 96 per cent cell division. When 1 per cent 
carbon dioxide was provided instead of air, cell division 
was inhibited and this effect was almost wholly eliminated 
by 1 x 10 M tris (96 per cent), which therefore acts hke 
bicarbonate. The data are incomplete at this point for 
the effect of sulphuric acid in the presence of carbon 
dioxide is not recorded; however, the addition of 1 x 
10-2 N sulphuric acid to tris (with no record of pH) 
reduced. cell division from 96 per cent to 77 per cent. 
Clearly cell division can proceed without hindrance in 
solutions differing widely in pH. Hence, the idea specula- 
tively put forward of secreted acidic substances modifying 
the activity of the nodal meristem in etiolated oat plants, 
as they slowly proceed upwards in the transpiration 
stream, may be rejected; the more so as Rietsema*® has 
shown for coleoptile tissue, immersed in bathing fluids 
with pH. varying between 4-2 and 8-3, that the pH in the 
vacuole and in the cytoplasm remained remarkably con- 
stant (5-6-5-9). 

Because low concentrations of ethanolio, aa induce a 
growth response in all measurable ways identical with 
that produced by carbon dioxide, the hypothesis that 
treatment with carbon dioxide induced the metabolic 
formation of ethanol was examined and discarded?®, 
The case for the action of these two growth-modifying 
factors through an effect on the content of auxin has been 
examined and discarded!?. Only the case for an effect of 
carbon dioxide per se at present remains inviolate. Much 
more stringent and cogent evidence must be forthcoming 
before a need will arise to replace this hypothesis. 

C. L. MER 
D. R. CAUSTON 
Agricultural Research Council Unit of Plant Physiology, 
Imperial College of Science and Technology, 
London, S.W.7. 
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By definition, the discussion on the effects of carbon 
dioxide on cell division must be limited to the specific 
effects of carbon dioxide on this process. Growth and cell 
division are competitive, interdependent, and consecutive 
processes?. Cell division occurs after a certain mass of 
protoplasm has been accumulated. Thus, cell division 
depends on growth. |An unequivocal demonstration of the 
specific favourable effect of carbon dioxide on cell division 
would require proof that this seemingly beneficial effect is 
not actually due to the promoting effect of carbon dioxide 
on growth. If carbon dioxide is utilized by the cells in 
growth processes, this proof seems to be an arduous task. 

In an attempt to prove a favourable effect of carbon 
dioxide on cell division, Mer and Causton (preceding: 
article) resorted to references on the effect of carbon. 
dioxide on growth?-* which are largely irrelevant to the 
present discussion. In Geisler’s work®, the favourable 
effect of carbon dioxide was demonstrated on root growth 
of pea seedlings. Though growth of multicellular organ- 
isms involves also cell division, Geisler? did not attempt 
to discriminate between these two processes. He was 
interested in the morphogenic effects of carbon dioxide 
and the characteristics he studied were: dry weight of the 
main and lateral roots, length of the main root, and num- 
ber of lateral roots. 

Bach and Fellig’ recorded a promoting effect of ethanol 
on the growth of Chlorella vulgaris, measured as increase 
in optical density. Observations on cell division were not 
attempted in those investigations and the term ‘“‘cell 
division” has not been used in the title or text even once. 
Stimulation of growth was-observed only under growth- 
limiting conditions, indicating that ethanol acted as a 
factor promoting heterotrophic growth. 

A similar effect of ethanol on heterotrophic growth was 
reported by Street et al.*, who observed a promotion of 
growth in Chlorella vulgaris cells by ethanol only when the 
culture contained limiting concentrations of glucose or was 
maintained in inorganic medium under light-limiting 
conditions. The nutritional value of ethanol, as an agent 
promoting mesocotyl growth in oat seedlings*»*, has been 
paralleled in Mer’s work’ by that of sucrose, glucose and 
mannitol. 

To account for the similarity in stimulation of growth by 
carbon dioxide and ethanol, Mer® offered two alternatives: 
either ethanol is formed from carbon dioxide and acts as an 
intermediate metabolite, or ethanol is used by cells in 
respiration and an increased carbon dioxide production 
acts as a promoting agent. It is easy to see that the first 
alternative clearly suggests the nutritive value of both 
ethanol and carbon dioxide and the second alternative 
fails to exclude it. 

In their reference to Loomis’s work® on the effect of 
carbon dioxide on sexuality in Hydra, Mer and Causton 


. (preceding article) name carbon dioxide “as the factor 


actuating those divisions which result in gametogenesis 
in Hydra”. Loomis?® observed that in water free from 
carbon dioxide, a Hydra bud grew into normal Hydra with 
six tentacles in two days. At pCO, of 4 per cent of an 
atmosphere, the bud grew slowly and produced only three 
tentacles. Higher levels of carbon dioxide inhibited 
growth of buds even more. With the inhibition of vegeta- 
tive growth, the development of sexual organs was induced. 
Within a week, testa and ovaries began to form on the 
treated Hydra. Thus, inhibition of growth (and of cell 
divisions involved in vegetative growth) came first and, 
quantitatively, was probably expressed much more than 
the later promotion of the growth of sexual organs. 
Clearly, Loomis’s observations on the effect of carbon 
dioxide on sexuality in Hydra involve a complex problem 
of interrelations between the development of different 
parts and organs in a multicellular organism. Morpho- 
genic effects of carbon dioxide have been discussed by 
many investigators (see refs. 9 and lilẹ. The whole 
problem is, however, outside the discussion on the specifie 
effect of carbon dioxide on cell division. 
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Carbon :dioxide in Mer and Causton’s! investigations 
was . administered as a pretreatment during the first 
three days of the experiments. Observations on growth 
and cell numbers in mesocotyls and coleoptiles were 
continued, until the seventh day. If growth was favour- 
ably affected by carbon dioxide, then the cell proceeded 
quickly through its developmental stages and entered cell 
division sooner than in the absence of the growth-promot- 
ing agent. However, this indirect favourable effect of 
carbon dioxide on cell division did not prove the specific 
nature of this effect separate from that of carbon dioxide 
on growth. 

It can be argued that, on the basis of observations on 
multicellular tissues, the favourable effect of carbon 
dioxide on cell division cannot be altogether discarded. 
However, experimentation with systems which permit 
much more rigorous control of cell microenvironment and 
much more precise delineation of developmental stages 
indicates that the possibility of such a favourable effect 
of carbon: dioxide on cell division is improbable. 

In synchronized microbial cells, growth processes can 
be, to some extent, separated in time from cell division. 
By sub jecting unicellular green algae to alternating periods 
of light and darkness, the great majority of cells present 
in the originally non-synchronized population can be 
brought into phase, that is, into more or less the same 
developmental stage. Then, by maintaining a suitable 
regimen, these cells can be grown in such a way that the 
majority iof cells proceed through developmental stages 
and enter cell division more or less uniformly and simul- 
taneously. In green algae, growth is then largely confined 
to light periods and cell division to dark periods. 

A complete separation of cell division from growth is not 
possible in algae even during the dark period. As was shown 
by Meffert?, nitrogen assimilation and the increase in dry 
weight continue in synchronized Scenedesmus cells during 
the dark period. Under these conditions, uptake of nitro- 
gen and growth are favoured by carbon dioxide, indicating 
that carbon dioxide is used by these cells in growth 
processes. However, despite the usage of carbon dioxide 
during growth in darkness and an expected indirect 
promoting effect of the increased growth rate on cell 
division, ‘the direct inhibitory effect of carbon dioxide on 
division in Chlorella44-15 is so strong that the net effect of 
carbon dioxide results in suppression of cell division. 
Thus, the direct inhibitory effect of carbon dioxide on cell 
division in synchronized algal cells during dark periods 
must be quantitatively of a larger magnitude than can be 
detected experimentally, since the observable effect is 
actually a balance between the favourable effect of carbon 
dioxide on growth and its unfavourable effect on cell 
division. 

Synchronized Chlorella cells, brousit by means of auto- 
trophic growth to the stage of readiness to cell division, 
divide in: the course of time both in light and in darkness. 
In darkness they readily divide if suspended in a fluid 
buffered ' at a suitable pH. In unbuffered suspending 
fluids, as, for example, in distilled water, cell division 
proceeds in derkness to its completion in atmospheric 
and free from carbon dioxide air, but not in air supple- 
mented with one per cent or more of carbon dioxideſa, ic, 

Studies on the detrimental effect of carbon dioxide on 
cell division in unbuffered suspending fluids have been 
substantiated by observations on the inhibitory effect of 
carbon dioxide on cell division in algal cells also in buffered 
media1718_ Earlier extensive work on cell division in marine 
eges indicated that in these cells also, carbon dioxide had 
a clear-cut detrimental effect on cell division!?:20, 

The specific inhibitory effect of carbon dioxide on cell 
division was thus demonstrated on unicellular algae and 
marine eggs in the absencé of, or despite, heterotrophic 
growth. : The inhibitory effect was most pronounced in 
unbuffered suspending fluids)’. In unbuffered media, 
an. increase in carbon dioxide concentration coincides with 
the —— in pH of the suspending fluid. 
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Several observations indicated that a low pH of the 
suspending fluid may drastically suppress cell divi- 
The mechanism of action of low pH has 
been a subject of speculation. The capacity of a cell to 
maintain its inner pH ın media with wide differences in 
their pH has been well documented in the literature**-*’, 
and other evidence?! brought by Mer and Causton 
(preceding article) to that effect adds nothing to the well- 
established fact. However, the effect of carbon dioxide 
present in the medium on lowering the intracellular pH 
may be different from that of other acids. Cell membranes 
are highly permeable to carbon dioxide and it has been 
reported?! that externally supplied carbon dioxide may 
lower the internal pH of the cell. 

The main point, however, is that H-ions do not need to 
penetrate the cell wall to affect cell activity®?. Several 
processes essential for cell activity occur within the cell 
wall or at the cell surface. Of particular importance ıs the 
secretory activity of cells which has been recently shown 
to be essential for cell division?6:2%2°, It has been demon- 
strated that low pH interferes with the secretory activity 
of cells*?*°, Thus, if the pH. of the surrounding medium 
changes due to the changes in the concentration of carbon 
dioxido, it is most reasonable to expect that the decrease 
in pH beyond a certain point will adversely affect cell 
division. 

It must also be emphasized that “carbon dioxide may 
affect cell metabolism directly and/or through its effect 
on pH’’!*, Thus, the effect on pH is only one of several 
functions of carbon dioxide as a factor of biological 
importance. In certain circumstances, “the pH effect 
is obscured by the dramatic action on cell division of the 
dissolved undissociated carbon dioxide’. My work? 
actually demonstrated that there is an effect of carbon 
dioxide other than that exerted through changes in pH. 
Several investigators}*,*° emphasized this role of carbon 
dioxide in- cell division and other biological processes. 
Mer and Causton (preceding article) would seem to be 
trying to force an open door in their attempt to prove 
that carbon dioxide per se may act as an agent affecting 
cell growth and, in general, cell metabolism. 

Buffering a suspending fluid removes that portion of 
carbon dioxide action which is exerted by thè dissociated 
carbonic acid on the pH of the medium. Several buffers 
act in a more or less similar way, and bicarbonate buffers 
are as effective as others. Mer and Causton (preceding 
article) are being somewhat fanciful in attempting to deny 
a ‘favourable’ effect of bicarbonate, as such, on cell growth 
or cell division. I actually never expressed myself on 
the subject, and, to limit the discussion, I am still trying 
to avoid the broad problem of the utilization and of the 


gsion!4-14 , 21-24 


-effect of bicarbonate ions on metabolic processes. As has 


been stated, “an. investigation of simultaneous effects of 
carbon dioxide and of bicarbonate indicated that bicar- 
bonate counteracts the adverse effect of carbon dioxide on 
cell division . ..’25, Therefore, carbon dioxide “as a 
source of bicarbonate can, within proper concentration 
range, favourably affect cell division’”’*. Thus, only the 
buffering properties of bicarbonate are involved. The 
biological importance of bicarbonate is bound with its 
formation in the external medium as the result of vital 
activities of cells. Both carbon dioxide and cations can be 
supplied by the cells in the process of respiration and cell 
secretion. 

To account for the discrepancies in the views on the 
effect of carbon dioxide on cell division expressed by Mer 
and Causton (previous article and ref. 12) on one side 
and by myself?*-!* on the other side, I have proposed two 
hypotheses. One of these hypotheses was offered in the 
previous communication!; the other is elaborated in this 
article. These two hypotheses are not necessarily exclu- 
sive of each other. In one hypothesis", the role of pH and 
its changes, as affected by carbon dioxide, bicarbonate, and 
cell secretions, was brought forth as possibly responsible . 
for the differences in the observations made in these two 
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laboratories. Due to the choice of experimental material 
and technique, the control of pH and of its effect on cell 
division was not feasible in Mer’s and Causton’s experi- 
ments. 

In another hypothesis, the effect of carbon dioxide on 
growth, and the dependence of cell division on the amass- 
ment of cell material and therefore on growth, was empha- 
sized. This became particularly necessary because several 
investigators, and among them Mer and Causton (previous 
article), fail to dissociate these two processes and to con- 
sider only the specific effects of carbon dioxide on cell 
division. The effect of carbon dioxide on growth, and, 
through it, on cell division, is not a subject of this dis- 
cussion. ‘The complexity of conditions for the develop- 
ment of individual cells ın multicellular tissues is such 
that other hypotheses could also be proposed to 
account for the favourable effect of carbon dioxide ob- 
served by Mer and Causton!®. 

Mer and Causton?! explained differences in the effects 
of carbon dioxide on cell division in oat mesocotyls (posi- 
tive effect) and in coleoptiles (no effect) by assuming that 
a high concentration of carbon dioxide is required for 
cell division in the meristem, and that carbon dioxide 
“will influence mitosis only in a compact meristem such 
as that found at the node of the mesocotyl’. 

I made no attempt to evaluate the last hypothesis, 
since no theoretical considerations or comparative observa- 
tions were laid at its basis except for the reference to the 
possible difference in reaction to the same environmental 
factor (carbon dioxide) on the part of different plants!* 
and of different organs of the same plant (previous 
article). 

The universally recognized fact of genetic and physio- 
logical individuality makes comparative investigations a, 
difficult task. However, biological investigations would 
turn into piling of unidentified and unrelated observations 
if mvestigators, in defending their views, take refuge 
every time in the specificity of their experimental material 
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and techniques. An attempt must be made to relate the 


diversified observations and to understand them from 
broad theoretical principles. : 

Preparation of this paper was supported by funds from 
the National Aeronautics and Space Administration. 
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DIFFERENT EFFICIENCY OF PROTEINS CONTAINED IN ROUGHAGES 
AND CONCENTRATES FOR RUMINANTS 


By Dr. H. TAGARI, O. KROL and Pror. A. BONDI : 


Faculty of Agriculture, Hebrew University, Rehovoth 


ECENT knowledge concerning protein metabolism 

in ruminants has shown that the formerly accepted 
view that the independence of the efficiency of proteins 
‘on their quality ın ruminant nutrition is not always 
correct}, 

The results of some experiments presented here show 
that protein contained in lucerne hay is utilized more 
efficiently by sheep than that in toasted soya-bean meal. 
Neither of these proteins——one from a roughage and the 
other from a concentrate—differ markedly either in their 
amino-acid composition® or in their solubility in artificial 
saliva (pH 7-0). Thus the degree of solubility, which, 
in other cases, has been recognized as a factor influencing 
the different efficiency of various proteins, does not play 
any part in this case. However, lucerne hay and soya- 
bean meal differ to a great extent in the content of 
soluble non-protein nitrogen (NPN), which forms 25-5 
per cent of the total nitrogen content of lucerne hay and 
only 1-5 per cent in soya-bean meal. Part of the NPN 
present in lucerne hay consists of free amino-acids. Since 
NPN compounds stimulate the metabolic activity of 
rumen micro-organisms’ it seemed worth while to test 
the efficiency of both kinds of protein feeds by nitrogen- 
balance experiments with sheep and by measuring the 
changes in concentration of nitrogen-contaming meta- 


bolites in the rumen liquor and of urea in the blood 
after feeding lucerne hay or soya-bean meal as protein 
sources. The influence of these feeds on the capacity of 
the rumen content for protein biosynthesis was also 
examined. 

The analytical procedures used, and the techniques ın 
the feeding trials, were the same as described by Tagari 
et al.® unless otherwise stated. Soluble protein nitrogen 
in feeds was determined according to Tagari et al., with 
an additional step in which protein nitrogen was pre- 
cipitated with trichloroacetic acid (TCA) to a final con- 
centration of 10 per cent (w/v). 

An experiment on nitrogen balance was carried, out with 
8 rams of the Awassi breed, weighing: 54-60 kg and 
still growing. The ration of 4 of the rams contained lucerne 
hay as the sole sources of digestible protein and that of the 
other 4 rams soya-bean meal. Cotton-seed hulls were 
supplied for fulfilling the energy requirements. The 
animals of each group were interchanged at the end of 
the first period (change-over design). Each period of the 
balance experiment lasted 10 days and was preceded by 
a preliminary period of 15 days. 

The results are presented in Table 1 and ghow the superi- 
ority of the protein of lucerne hay over soya-bean meal 
with respect to its higher apparent digestibility and 
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higher nitrogen retention. The greater efficiency of 
lucerne hay protein is also shown by the fact that a much 
lower percentage of digested nitrogen was excreted in the 
urine when lucerne hay served as the main protein source 
in place of soya-bean meal; this difference also indicates 
a different metabolic fate of the digested nitrogen com- 
pounds originating from the two sources. 


Table 1, NITROGEN DIGESTIBILITY AND NITROGEN BALANOE FOR SHEEP 
GIVEN SOYA-BEAN MEAL OR LUCERNE HAY AS PROTEIN SOURCES 


Soya-bean Lucerne hay 
meal ration rahon 
Apparent digestibility of nitrogen (per cent) 330 + 2:2 381 + 3-5 


True digestibility of nitrogen (per cent)* 7Bit2-3 812+ 3-4 
Daily nitrogen balance (g/sheep) 0-6+0 35 23 +049 
Daily nitrogen retention (g/kg body-weight’’™) 0-028 +0010 011140016 
Nitrogen excretion in urine as a percentage of 

nitrogen digested 925448 7H14+2 9 


Mean values with $.#. for results obtained with 8 different sheep. 
* Calculated according to Tagari et al.', 


Variations in the concentrations of nitrogen-containing 
metabolites in the rumen liquor caused by feeding both 
types of protein feeds, which are reported here, may 
help to explain their different imfiuence on nitrogen 
retention. That higher metabolic activity of the rumen 
micro-organisms occurs after feeding lucerne hay is 
apparent from the higher peaks of the concentrations of 
ammonia and amino-acids (Fig. 1), and from the higher 
integration values of the time-concentration curves 
(Table 2) obtained after feeding the legume hay ration— 
as compared with the corresponding values found after 
the soya-bean meal ration. 

Special experiments were carried out to examine the 
influence of the diet on the capacity of the rumen micro- 
organisms for protein biosynthesis. Measurements were 
rade to determine the extent to which dialysable inter- 
mediate products obtained by the action of rumen liquor 
on the specific feed are converted into TCA-precipitable 
protein by further incubation with rumen liquor. The 
experiments were carried out in an artificial miniature 
rumen. designed by Huhtanen et al.”. In the preparation 
of the nutrient medium, 10 g of the powdered feed 


Table 2. CONCENTRATIONS OF NITROGEN METABOLITES IN RUMEN LIQUOR 
AND OF UREA IN BLOOD OF SHEEP FED SOYA-BRAN MEAL OR LUCERNE Hay 
AS Sonne SOURCES OF DIGESTIBLE PROTEIN 


(Mean integration values expressed as m-equiv. N x bfl) 


Diet of sheep 
Soya-bean meal Lucerne hay 
Rumen NH; 49°14+2°9 59 5 +62 
Rumen a —NH,—~N 3°48 13-99 
Rumen —NH,—N of amino-acids form- 
ing ether-sol. dimitfophen yl-derivatives 161 7-25 
Blood urea 90 845-5 B7-44+41 


Mean values with S E. obtained with 16 sheep on 3 alternate days. ` 





A, Concentrations of 
NH,-~-N in rumen liquor. B, con- 
centrations of a NH,—WN in rumen 
liquor, -~--—; concentration of ether- 
dinitrophenylamino-acids 
—NH,-—-N in rumen liquor, ~~ —. 
C, concentration of urea-W in blood. 
A, sheep fed soya-bean meal; 
©, sheep fed lucerne hay. 
point in Fig. A and C represents an 
average of results obtained with 16 
sheep on 3 alternate days, in Fig. B 
on one day only 
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(60 mesh) was incubated at 38° C over 4 h 
with a mixture of 60-ml. rumen liquor 
(withdrawn from sheep obtaining the ration 
to be examined) and 40 ml. artificial saliva 
(pH 6-8), folowing which the mixture was 
centrifuged at 2° C for 20 min at 20,0009. 
The clear supernatant was used as nutrient 
medium; a dialysis tube contaming 15 ml. 
rumen. liquor and 200 mg powdered cotton- 
seed hulls (as source of energy) was placed 
in it. In control experiments saliva was 
substituted for the nutrient medium. 
The incubation was terminated after 8 h 
by acidifying with TCA to a final con- 
centration of 10 per cent (w/v). 

It is apparent from Table 3 that the 
biosynthetic ‘power’ of the rumen con- 
tent of sheep fed lucerne hay considerably 
exceeds that of sheep fed soya-bean 
meal. 

The slopes of the time concentration 
curves for blood urea and the values 
obtained by integrating the areas below 
these curves are much greater for sheep 
fed soya-bean meal than for those fed 
lucerne hay (see Fig. 1 and Table 2). 
Most~of the blood urea is no longer utilized by the 
animal (apart from a small and fairly constant part 
of the blood urea which is re-cycled through the salva 
into the rumen), therefore blood urea can be regarded 
as a final and non-utilizable form of the digested nitrogen 
and the level of blood urea is inversely proportional to 
the efficiency of the protein fed; it thus follows that the 
blood urea-levels are useful in assessing the extent of 
protein-utilization—as proposed by Lewis*. However, 
the efficiency of the ingested protein is not reflected so 
unequivocally by the ammonia concentration of the 
rumen liquor, since rumen ammonia, unlike blood urea, 
is not only subject to a more or less uniform fate which 
makes it useless to the animal (such as diffusion through 
the rumen wall and transformation to urea). However, 
it is transformed to a variable extent to bacterial protein, 
which is of obvious advantage to the host animal. The 
relation between pathways of digested nitrogen leading 
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Fig. 2. Relation between rumen NH; and blood urea concentrations in 

sheep fed soya-bean meal (C) or lucerne hay (A) as sole source of diges- 

tible protein and in sheep fed 30-50 per cent of the digestible protein as 
hay protein and 50-70 per cent as concentrate protein (B) 
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Table 3. BIOSYNTHESIS OF PROTEIN FORMED IN THE ARTIFICAL RUMEN 
BY THE ACTION OF RUMEN LIQUOR WITHDRAWN FROM SHEEP FED SOYA- 
BEAN MEAL OR LUCERNE Hay 


Diet of sheep 
Soya-bean meal Lucerne hay 
Mg protein formed in the artificial 
rumen*, 15 ml. vol 10711 165416 


Excess protein formed, as a percentage 
of blank values 289+ 9-8 7494127 


`The experiments were carried. out on mixed samples of rumen liquor, 
withdrawn from 3 sheep on each treatment, Mean values with S.E. of 7 
experiments. 
* Net values after subtraction of blank values. 

to its excretion or its retention in the body seems to be 
different for different sources of protein such as lucerne 
hay or soya-bean meal. This 1s refiected in the different 
regression lines representing the correlation between the 
integrated values of rumen ammonia and blood urea 
concentrations (see Fig. 2). The line representing the 
values obtained following a soya-bean meal is steeper 
than that following a meal of lucerne hay. A third 
line representing the results obtained after feeding 
rations supplying 30-50 per cent of the digestible protein 
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by hay and 50-70! per cent of it by concentrates and 

deseribed in an earlier paper’, is situated between these 

two regression lines. The differences between the slopes 

of the three regression lines could be due to differences 

between the metabolic mechanisms involved in utilizing 

protein contained in rations of different concentrate: 

roughage ratios. Further investigation of the influence 

of this ratio on the utilization of protein by ruminants 

may help to determine the most economic composition 

of feed rations for these animals. 

1 Chalmers, M. I., and Synge, R. L. M., Adv. Protein Chem., 9, 93 (3954). 

* Phillipson, A. T., in Mammalian Protein Metabolism, edit, by Munro, N.H, 
and Allison, I. B.,1, 71 (Academic Press, London and New York, 1964). 

> Block, R I., and Weiss, K. W., Amino Acid Handbook, 306 and 320 (Charles, 
C. Thomas, publisher, Springfield, Ill., 1956). 

t Chalmers, M. I., in Digestive Physiology and Nutrition of the Ruminant, edit. 
by Lewis, D., 205 (Butterworth, London, 1961). 

a me Dror, Y., Ascarelli, I., and Bondi, A., Brit. J. Nutr., 18, 333 

° Tagarı, H., Ascarelli, I., and Bondi, A., Brit. J, Nutr., 16, 237 (1962). 

J aoe C. N., Saunders, R. K., and Gall, L. S., J. Dairy Sci., 37, 328 
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USE OF PROGESTAGEN-IMPREGNATED SPONGES INSERTED 
INTRAVAGINALLY OR SUBCUTANEOUSLY FOR THE 
CONTROL OF THE OESTROUS CYCLE IN THE SHEEP 


` By Pror. T. J. ROBINSON à 


Department of Animal Husbandry, University of Sydney, Australia 


HELTON!? has described the identification of two 

progestagens of high biological activity in the sheep. 
One (SC-9880, —-17a-acetoxy - 9a -fluoro- 116 -hydroxy - 
pregn-4-en-3,20-dione) had characteristics indistinguish- 
able from those of progesterone, but was 25 times more 
active. The other (SC-10363, —-17a-acetoxy-6-methyl- 
pregna-4,6-dien-3,20-dione) had undesirable biological 
characteristics, but Shelton showed that sufficient to 
block ovulation could be absorbed through the vaginal 
epithelium when deposited daily in propylene glycol, but 
not when in oil. He was unable to demonstrate satis- 
factory vaginal absorption of SC-9880. 

Progesterone and its-analogues are all highly insoluble 
in aqueous media and have a relatively low specific 
biological activity. Even the relatively highly active 
SC-9880 is effective in the sheep only in daily doses of 
0-4 mg, while the daily dose of progesterone is 10 mg. 
These factors have precluded the development of an 
effective implant which could be inserted and removed at 
will in order to regulate pituitary release of ovulating 
hormones. 

The effective blocking of oestrus and the poor release 
of ovulation after cessation of treatment with SC-10363 
intravaginally in propylene glycol observed by Shelton 
suggests that the solvent is absorbed, leaving behind a 
fine microcrystalline deposit of the hormone which is 
slowly but fairly effectively absorbed. This concept has 
led to the development of progestagen-impregnated poly- 
urethane sponges which can be inserted subcutaneously 
or intravaginally. The steroid is simply dissolved in 
ethanol which is run on to the sponge and permitted to 
evaporate. The progestagen remains as a finely crystalline 
residue distributed through the sponge, so providing a 
large surface area and ready access to body fluids. Before 
insertion each sponge is liberally coated with ‘Savlon’ 
ointment (‘Cetrimide’ B.P. 0-5 per cent, “Hibitane’ 0-1 per 
cent, I.C.I.). There is a dual reason for this. The active 
ingredients act as an antiseptic and there is the possibility 
that the base of the ointment may serve as a carrier for 
the progestagen, so aiding in absorption. 

Two experiments have been conducted using these 
sponges: test 1 at the McCaughey Memorial Institute, 


Jerilderie, New South Wales, commencing in March 1964. 
and test 2 on @ private property at Blanket Flat, near 
Crookwell, New South Wales, commencing in April 1964; 

Two progestagens, progesterone and SC-9880, were 
used. A quantity, known to be in excess of normal 
physiological amounts, was absorbed on a polyurethane 
sponge with a string attached (Fig. 1). The sponge was 
then inserted either intravaginally or subcutaneously 
(Test 1) or intravaginally (Test 2) and allowed to remain 
for a predetermined time. 

In test 1 all ewes were at the eleventh or twelfth day 
of the oestrous cycle when the sponges were inserted; 
they were left in for 10, 20 or 30 days. In test 2 the day 
of the cycle was at random, so sponges were left in to 
span a complete cycle, that is, for 17 days. For intra- 
vaginal insertion, the vagina was dilated with a duck- 
billed speculum and the sponge pushed as far as possible 
into the anterior vagina with a ‘Perspex’ rod. The string 
protruded. Subcutaneous insertion was effected through 
an. incision into a small pocket, which was closed with one 
or two sutures. 

The sponges were prepared from polyurethane foam 
sheet 2-5 cm thick and were cut out with a circular borer 
2-5 or 3:2 cm diam. The larger size was the more satis- 
factory. Texture of the sponges appeared important, 
denser sponges being better retained intravaginally. A 
strong linen thread 35 cm long was passed through the 
sponge, doubled and tied. As the string often pulled 
through at removal, this requires modification. 

The steroids were dissolved in ethanol to give the 
required amount in 6 or 10 ml., which was then pipetted 
on to the sponges, which were suspended by their threads 
overnight, the alcohol being allowed to evaporate. In 
test 1, 800 mg progesterone, 50 mg SO-9880, or a com- 
bination of the two were used. In test 2, 500 mg pro- 
gesterone or 30 mg SC-9880 were the doses. Preparation 
of the SO-9880 sponges presented no difficulty—-a single 
application of the steroid in 5 ml. ethanol and simple 
evaporation was all that was required to provide sponges 
with the compound apparently well digtributed. The 
progesterone-impregnated sponges presented some diffi- 
culty because of the large mass of steroid. Two appli- 
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Table 1. TEST L SEATON ETETE BLOCKING AND RELEASE AND SUBSEQUENT FERTILITY IN MaTURE CYOLIO EWES TREATED WITH PROGESTERONE 
| OR SC-9880-IMNPREGNATED SPONGES INSERTED SUBCUTANEOUSLY OR INTRAVAGINALLY 


Sponges 2 5 x 2-5 cm, removed at 10, 20 or 30 gaye after insertion 
Progesterone, 800 mg. SC-9880, mg 





Site of sponges Progestagen 

j | Total 
Subeutandous Progesterone 12 

! SC-9880 12 


Progesterone + SC-9880 


t ů— — — — — —— — — — 


Total subcutaneous 


Intravagina] Progesterone 


SC—9880 

Progesterone + SC-9880 
Total intravaginal 

I 


Total 


* All at 2-3 days after removal of sponges. 
+ These data! refer only to ewes which lambed and lambs born as a result of service at the controlled oestrus. In all, 70 ewes lambed producing 88 lambs. 


Table 2. TEST 2. 


C--G880-TIXPREGNATED SPONGES INSERTED INTRAVAGINALLY 


Sponges 
mtact 










No. of ewes 
Blocked. 

















No. of 
Lambed į lambs ‘born t 


4 + 
6 9 
l 


Released 
oestrus * 


OVULATION/OESTRUS RUOONINS AND RELEASE AND SUBSEQUENT FERTILITY IN YOUNG CYOLIO EWES TREATED WITH PROGESTERONE OR 


/ 


Sponges 26x 3-2 cm. removed 17 days after Insertion 
i Progesterone, 500 mg. SC—9880, 30 mg 











! No. of ewes 
i Percentage of ewes 
Progesterone Released oestrus lambed of ewes 
Total Sponges Blocked —— — ——— — —— inseminated 
intact oestrus 2-4 days * 5-8 days t 
Progesterone 54 46 46 25 5 68 
SC-9880 | 52 51 51 42 9 88 
Totals, 106 97 87 i4 81 
t 
* Artiflcially inseminated (A.I). 


+ Served naturally: lambing data not presented. 
t Many anent heats’ during progesterone treatment. 


cations of 5 mi. each were necessary. After evaporation 
large crystals had formed on the exterior of the sponges. 
These were scraped off, redissolved, and reapplied. The 
progesterone was then reasonably well distributed. 

Removal of the sponges presented some minor, but 
soluble, problems. Some tissue infiltration and degenera- 
tion of the polyurethane occurred with the subcutaneous 
implants. 'There were also some degenerative changes in 
the vaginal inserts so that the strings often pulled out. 
Sponges were then removed with a speculum and long 
forceps. In none of the 36 ewes with subcutaneous and 
142 animals with intravaginal inserts was there obvious 
serious infection on removal. Intravaginal sponges had a 
characteristic but not offensive odour, and their removal 
was accompanied by a copious discharge of cloudy mucus. 

Smears ‘were taken of this vaginal discharge from 50 
ewes and, were stained and examined in the manner 
normally used in our laboratory*®. In addition, a detailed 
bacteriological examination was made of 18 sponges by 
Mr. R. V. 8. Bain, of the Department of Pathology and 
Bacteriology, University of Sydney. 

Day of oestrus during and immediately after treatment 
with the sponges was recorded, together with lambing 
data. In test 1, ewes were mated naturally, fertile rams 
remaining with the ewes from the day of insertion of the 
sponges. .In test 2, ewes were artificially inseminated 
(0-1-0-2 ml. fresh semen containing > 150 x 10° sperm- 
atozoa) following detection of oestrus by vasectomized 
rams. All rams, fertile or vasectomized, were fitted with 
a marking harness and crayon. 

Eighteen ewes were laparotomized in test 2. These 
showed that both oestrus and ovulation were being 
blocked and released by treatment. 

Contrary to expectation, vaginal smears following 
removal of the intravaginal sponges generally did not 
contain large numbers of leucocytes. They contained 
mainly mucus, & few desquamated cells, some cellular 
debris and a few leucocytes. A large number of bacteria 
were present in all such sponges examined. In test 1, 


with one exception, the flora was non-specific and no 
pathogens were detected. In test 2, Pseudomonas aeru- 
ginosa was isolated from all 12 sponges examined. Five 
showed polymorphs and 2 appeared to represent severe 
infections. Two or three days later, at insemination, the 
vagina of each ewe, with one exception, appeared clinically 
normal. Fertility was not obviously affected by these 
infections, but the incorporation of an antibiotic and a 
bacteriostat into the sponges may be desirable. 

Table 1 summarizes results of test 1. Each progestagen 
administered in sponges, alone or in combination, sub- 
cutaneously or intravaginally, was effective in blocking 
oestrus and, presumably, ovulation. The intravaginal 
route was highly effective. Thirty ewes retained their 
sponges and, of these, 29 did not exhibit oestrus until 2 
or 3 days after their removal. Of these, 22 lambed as a 
result of service at that oestrus. Each progestagen, and 
their mixture, was equally effective. The subcutaneous 
route appeared slightly less effective than the intra- 
vaginal, despite the 100 per cent retention of sponges. 
Of the 55 ewes in which the time of mating was accurately 
controlled, 40 lambed (73 per cent), producing 53 lambs 
over a period of 1 week (Fig. 2). A further 8 lambed as 
a result of service to the oestrus following loss of intra- 
vaginal sponges or ‘break-through’ oestrus with sub- 
cutaneous sponges. <A. further 19 lambed following 1 
return and 3 following two returns to service. Thus, of 
the total of 72 experimental ewes, 70 lambed and produced 
88 lambs. The full distribution of lambing is illustrated 
in Fig. 3. 

Table 2 summarizes the results of test 2. The sheep were 
poorly grown 4- and 6-tooth ewes (mean live weight 
32-5 kg), most of which, as judged by ovaries and repro- 
ductive tracts of the 18 ewes laparotomized, had never 
borne a lamb. The doses of progesterone (500 mg) and 
of SC-9880 (30 mg) were lower than in test 1, and at 
these doses progesterone was less effective than SC-9880. 
Of 52 ewes treated with the 9-«-fluoro steroid, 51 retained 
their sponges, all had their oestrus cycles blocked, and 
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Fig. 1. Polyurethane sponges used for intravaginal or subcutaneous 
applications, ‘Two sizes and two colours (green and yellow) are illustra- 

. Fewer of the large sponges were lost from the na, and fewer of 
the yellow than of the green. The latter was probably due to the firmer 
and finer texture of the yellow spo visible in the photograph. The 
top left-hand sponge is —— — th 800 mg pa roo (clearly 
visible) and the top right-hand sponge with 50 mg SC- (not visible). 

The lower sponges are not impregnated 


all came into oestrus within 6 days of the removal of the 
sponges, 42 of them within 2-4 days. These 42 were 
inseminated and 37 lambed. Of the total of 67 ewes 
inseminated, 54 lambed (81 per cent), producing 56 lambs 
over a period of 5 days. The remaining ewes were served 
naturally but fertility data are not available. 

It is concluded that the use of sponges impregnated 
with a suitable progestagen such as SC-9880 offers a 
simple effective method of controlling the time of oestrus 
and ovulation in the cyclic ewe, and possibly in other 
farm animals, particularly when used intravaginally. 
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No. of ewes which lambed 


Z 


151 





153 154 


156 
Day of lambing relative to day of removal of sponges 


E52 155 157 

Fig. 2. Distribution of lambing of the 40 ewes which lambed of the 55 

served naturally at the centrolled — Test 1; Jerilderie; August 
1 
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Distribution of day of lambing by 2-day intervals 


Fig. 3. Distribution of lambing of all 70 ewes which lambed of the 72 
treated with impregnated sponges. — 1; Jerilderie; August-Septem- 
r 


Oestrus and ovulation are completely blocked and are 
effectively released in mature animals 2 or 3 days after 
removal. In immature animals a wider time-interval may 
be expected. Fertility to natural service or artificial 
insemination at first cestrus after removal is excellent. 
This investigation forms part of a programme of 
research in the physiology of reproduction financed by 
the Australian Sheep and Wool Research Committee. I 
thank Dr. N. W. Moore for assistance with test 1 and 
Dr. S. Salamon for inseminating ewes in test 2. 
! Shelton, J. N., Nature (in the press). 


* Shelton, J. N., Ph.D. thesis, Univ, Sydney (1964). 
2 Robinson, T. J., and Moore, N. W., J. Endocrinol., 14, 97 (1956). 


EXPERIMENTAL INFECTION OF HUMAN VOLUNTEERS WITH EQUINE 
INFLUENZA VIRUS 


By Drs. JULIUS A. KASEL, ROBERT H. ALFORD and VERNON KNIGHT 
Laboratory of Clinical Investigations, National Institute of Allergy and Infectious Diseases, Bethesda, Maryland 


AND 
Drs. GLENN H. WADDELL and M. MICHAEL SIGEL 


Variety Children’s Research 


CCURRENCES of equine influenza epizootics have 
been described since the twelfth century'. However, 

the aetiology of this syndrome in horses remained unknown 
until this century. At present, two immunologically 
distinct influenza viruses indigenous to horses have been 
characterized. Based on complement-fixation tests they 
have been identified as type A viruses. Influenza virus 
was first isolated from horses in 1956 (ref. 2). This virus, 
now termed A/Equine-1/Prague/56, caused outbreaks of 
influenza in horses in different countries in Europe in 
1955 and 1956. It was first recovered from horses in the 


Foundation, Miami, Florida į 


United States in 1963 (ref. 3); but serological investiga- 
tions indicated its presence in the American equine popula- 
tion in 1957 (ref. 4). In 1963, explosive outbreaks of 
respiratory disease occurred in horses in the United States. 
Epidemic illness which appeared first at race tracks in the 
State of Florida was followed shortly by similar outbreaks 
in horse populations resident in other parts of the United 
States and Canada*:*. Etiologically, the agent was identi- 
fied as a type A influenza virus serologigally unrelated 
to the Prague virus. It was classified as A/Equine-2 


virus*:5, 





us able 1 ee " Fisaonion Tona or Abou. Vooruse FOLLOWING INOCULA- 
G TION WITH EQUINE INFLUENZA VIRUS 


Infection 
l Viras 4-fold 
Volunteer Tilness isolation antibody rise 

G. 8. 4 * 4 
J. W. (0 + + 
OL. Q + 4 
R. W., 0 + + 
å. B, 0 + Q 


Lower animals have been considered as extra-human 
sources of influenza viruses. The possibility of the existence 
in nature of an animal reservoir gained support from the 
_ probable natural susceptibility of swine and horses to 
< human influenza viruses’*. However, so far, no direct 
= evidence. is as yet available to assess the role of human 
-influenza viruses in animal disease, and conversely, the 
role of animal influenza viruses in human disease. The 
~-eoneurrent presence of human A, influenza virus during 
the equine influenza epizooties and the lack of suitable 
epidemiological material precluded an answer to the 
-question of natural transmissibility of equine influenza 
virus to man!®, 

In view of the lack of available data evaluating the role 
of equine influenza virus in human disease, we undertook 
to determine whether a strain of A/Equine-2 virus re- 
covered from a naturally infected horse could infect man. 
The investigation showed that virus administered under 
experimental conditions to volunteers produced infection 
in these individuals. Moreover, serological results indicated 
that, in addition to the induction of homotypic antibody, 
equine virus stimulated increased antibody production 
to human influenza A, virus. 

The work was conducted at the National Institutes of 
Health with adult volunteers from Federal Correctional 
Institutions. 

Volunteer selection, clinical proeedures, laboratory 
methodology, inoculum preparation and = safety-test 
standards have been described elsewhere’*-!’. 

The virus strain (4/Equine-2/Miami/1/63) used to 
prepare the inoculum was obtained from an equine nasal 
washing collected during the acute phase of illness. The 
specimen was passaged serially 5 times in embryonated 
chicken eggs and twice in primary hamster kidney 
cultures. The inoculum was identified by the haemadsorp- 
tion—inhibition neutralization test using a hyperimmune 
horse antiserum which had been prepared with a serologic- 
ally related strain. 

-o Each man received 2-5 ml. of undiluted inoculum which 
contained approximately 79,000 TCID,, of infectious 
virus; 1 ml. was instilled by pipette into the nasal cavities 

and 1:5 ml. was nebulized into the nasal cavities and oro- 

pharynx. 

Infection responses of antibody-negative volunteers 

following inoculation with equine virus are shown in 

Table 1. One man experienced clinical illness. All men 
became infected as indicated by virus isolation and 4 men 

developed significant levels of neutralizing antibody to the 

challenge virus. The absence of illness in the other 4 men 
may have represented a loss of strain virulence as a result of 
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egg passages of Da T Loss of virulence of human 
influenza strains similarly passaged has been noted". 

Volunteer G. S. on the second day following inoculation 
developed a one-day febrile illness with the temperature 
reaching 39° C rectally. Mild sore throat, a nasal conges- 
tion and obstruction, were the only symptoms of respira- 
tory illness; 
myalgias, were prominent. The only significant clinical 
laboratory finding was a leukocytosis of 9,500 on the day 
of illness and a relative lymphocytosis on the first and 
second days after illness. This brief illness was of shorter 
duration than that observed in other cases of experiment- 
ally induced illnesses with human influenza virus®. 

The patterns of virus shedding of volunteers following 
inoculation are shown in Table 2. This is comprised of 
virus isolation data obtained from inoculation of chicken 
embryos and rhesus kidney cultures with throat swab 
specimens. Immediately after collection, specimens 
from each volunteer were tested for presence of virus. 
Specimens were collected prior to inoculation, 6 h post- 
inoculation and daily thereafter for 14 days. Non- 
recoverability of virus from 6-h post-inoculation specimens 
indicated that virus isolated thereafter was newly synthe- 
sized virus, and is evidence that these individuals experi- 
enced an infectious process. Generally, virus excretion 
was of limited duration. Each isolate was identified by 
the haemadsorption-inhibition neutralization test using 
hyperimmune animal antiserum prepared with the proto- 
type strain. Specific animal antisera against 2 human A, 
prototype influenza viruses, <A,/Japan/305/57 and A,/ 
Bethesda/10/63, were included in each test. 

Virus isolation systems and specimens were compared 
to evaluate the most sensitive technique for recovering 
the equine influenza virus from volunteer specimens. 
The results of this experiment are shown in Table 3. 
Aliquots of unfrozen throat swab and wash specimens 
were inoculated coneurrently into rhesus and African green 
monkey kidney cultures as well as 10-day-old embryonated 
hens’ eggs. Sets of kidney cultures were incubated in a 
horizontal position at 36° C and 34° C. Rhesus kidney 
incubated at 36° C appeared to be the most efficient 
isolation system whether throat swab or wash was used. 
Isolation attempts with either kind of specimen in the 
African green kidney incubated at 34° C were not satis- 
factory. In the limited testing of specimens using 
embryonated chicken eggs, the virus isolation results 
were found to be inconsistent. The virus isolation results 
shown in Table 3 differed markedly from those reported 
for the recovery of A/Equine-2 virus from ill horses. In 
one investigation? no isolations were made in rhesus kidney 
cultures incubated at 33°C, although virus was readily 
Table 2, VIRUS RECOVERY FROM ADULT VOLUNTEERS FOLLOWING INOCULA- 

TION WITH EQUINE INFLUENZA VIRUS 
Virus isolation (day postinocma non) 


Volunteer 6 2 ł 3 5 -ld 
G. 8. i 0 0 + + + ü 0 
d. W. ü i 0 -+ + + 0 ü 
O. L. G 0 + 4 * + + Q 
R. W, G 0 0 + 4 4 4 0 
A. B. 6 a G 0 + 4 G 0 


Tabie 3.. COMPARISON OF ISOLATION SYSTEMS USED FOR VRIR .ROOVERY RoN VOLUNTEER SPECIMENS FOLLOWING INOCULATION WITH EQUINE 
NELUENZA VIRUS 


l raphinta aiaa E Anana —— ———————— ei AA i AAAA — — — — Aa iN — — —— —— ————— —— — AAA AAAA AAAA —— —— — — — — — —— — — — —— —û ———— A 

















Embryonated hens’ 








2 eee Rhesus monkey kidney African green monkey kidney eggs (10 day) 
E Volunteer — r —— — — — — ——— — 
ns Throat swab Throat wash Throat swab | Throat wash Throat swab | Throat wash 
. 36° C | 34° C 36° C 34° © | 86° C 34° C | 36° CS 84° C 36° C 36°C 
T 2 3 2 | 2 2 2 2 NTF NT | 
3 i 8 1 | 3 1 2 1 NT NT 
4. 3 4 3 | 4 0 4 Q | 2 4 | 
4 3 3 2 | 3 0 3 Q | 1 0 | 
0 1 a 1 0 i 0 0 ü i 0 | — | 
- aamen f aaaea anaona — — — — — — — — — — — — — — — — — J REE ONT Re TEPER ter — 
4 | 18 9 | R | 3 n 3 3 | 5 | 
° i i — | 





a Sixteen aoro knes per man were teated in each isolation system. 
r NT = not testeu — 


however, systemic symptoms, primarily 











ed. in RE eggs, — thereafter, easily 
pted to monkey kidney. 

“The haemadsorption-inhibition neutralizing antibody 
responses of volunteers to the inoculated equine virus and 
2 distinct human A, influenza viruses were examined and 
the results are shown in Table 4. Four of five volunteers 
eloped 8-fold or greater neutralizing antibody increases 
the challenge virus. The homotypic response was 
ch greater in volunteer G. S., the individual who 
eloped illness. In tests using the human A, viruses, an 
apparent antigenic relationship was noted between the 
quine and human strains. Volunteer G. 8. developed 
gnificant antibody elevations to both human A, types 
nd volunteers O. L. and R. W. responded with increased 
ntibody levels of A,/Bethesda/10/63. 


‘Table HAEMADSORPTION-INHIBITION NEUTRALIZING ANTIBODY RE- 
sroxies ‘oF ADULT. VOLUNTEERS INOCULATED WITH EQUINE INFLUENZA 
















: VIRUS 
— Volunteer antibody titre * 
F ` Volunteer A/Equine- Aa Bethesda; A,/Japan/ 
2} Miami/ 1/63 10/863 305/57 
G. 8. <2¢ B4 32 
256 51g 256 
J. W, <2 4 16 
* 16 64 16 
O. . <2 $4 64 
64 512 128 
R. W, <2 64 32 
16 256 64 
A. B. <2 64 32 
<2 64 32 


* Sera tested ageinst 82-100 TCID: of indicated influenza virus. 
+ Reciprocal of serum dilution: first row — apenas titre and 
“second row. indicates post-inoculation titre (day 2 


In order to determine the validity of these heterologous 
antibody rises, the specificity of the 2 human A, viruses 
used to assay the serological responses of volunteers were 
studied in cross-neutralization tests using strain-specific 
animal antisera. The results of this experiment are shown 

oon Table 5. Btrain-specific hyperimmune antisera were 
prepared in specific pathogen-free guinea-pigs. The results 
-clearly indicate the lack of any serological relationship 

- of the equine strain to the 2 human A, virus types. 
“Antisera prepared with the human A, viruses failed to 
neutralize the inoculum strain and, conversely, the equine 
antiserum did not inhibit the human A, viruses. Although 

not shown in Table 5, in subsequent similar neutralization 
tests no immunological relationship was detected between 

these. 2 human 4, strains. 
















‘EGARDLESS of the initiating factors in alcoholism, 
.. the processes of tolerance and- dependency which 
; aracterize physiological addiction. depend on the 
iodicity and quantity of alcohol. ingested. The paucity 
nformation on the drinking patterns of alcoholic 
mals testifies to the difficulties inherent in studying 
iolics in their daily milieu. Although sociologists 
rovided data on the drinking patterns of particular 
‘es', no systematic observations have been 
jut on the drinking behaviour of individual alco- 
i restigators have usually relied on retrospective 
drinking behaviour obtained during sobriety. 
sis of the factors contributing to addiction 
ires concurrent examination of patterns of alcohol 
imption and metabolism in aleoholie individuals and 
ts of alcohol on their behaviour. The technique 
{in this experiment permits. detailed examination 
eriodicity and quantity of alcohol ingestion over 
me-intervals. These observations have been 
with: a variety of behavioural and metabolic 
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Table 5, SPECIFICITY OF ISFLUENZA VIRUSES USED TO ASSAY HAEMAD- 
SORPTION-INHIBITION NEUTEALIZING ANTIBODY RESPONSES OF VOLUNTEERS 
AFTER INOCULATION WITH EQUINE INFLUENZA VIRUS 


Gulnen re antiserum * 


Virus straint a eae Ar Bet face A fF apan/ 
jari/1/63 10/63 305/57 
A/Equine- Sam 1/63 > 1280ł <10 <10 
A,/ Bethesda/10/63 < J0 2 1,280 NDS 
— 90/5 <10 ND > 1,280 


In summary, dasalan of 5 antibody-negative EE 


volunteers with A/Equine-2 influenza virus induced clinical 


illness characteristic of influenza in one man and virus 
infection in all men; 3t stimulated development of neutral- 
izing antibody in 4 men. Serologically, in addition to 
homotypic responses, there were increased responses to a 
human influenza vins (A,/Bethesda/ 10/63) in 3 men; 
one of these men also had a rise in antibody titre to 
another human influenza virus (A,/Japan/305/57). 

At present, little or no evidence is available to assess the 
role of equine influeaza virus in human disease. How- 
ever, the lack of spacies specificity of equine influenza 
virus indicated by this investigation and the serological 
demonstration of human influenza antibody in horses as 
reported by others! suggests that an exchange of equine 
and human influenza. viruses in these hosts may occur in 
Nature. Moreover, according to the serological findings 
reported here, equine influenza virus appears to possess 
antigens related to haman influenza virus. 
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"OPERANT ANALYSIS OF DRINKING PATTERNS OF CHRONIC ALCOHOLICS 


By Dr. NANCY K. MELLO and Dr. JACK H. MENDELSON 
— Stanley Cobb Laboratories for Psychiatric Research, Harvard Medical School and Massachusetts General Hospital 


assessments’. The behavioural paradigm permits infer- 
ences about the alecholics’ motivation to obtain alcohol 
during the course cf long-term drinking. 

Two adult male volunteers (age thirty-five and thirty- 
seven) each with a 2)-year history of alcoholism served as 
subjects. They were recruited from among a group of 
inmates with long histories of alcoholism incarcerated 
at the Massachusetts Correctional Institution at Bridge- 
water. Both subjects were in good health and had in- 
gested no alcohol fer 60 days before the initiation of the 
experiment. Neither subject had a history of drug addic- 
tion and neither was using medication at the time of the 
study. 

The subjects were placed on a metabolic ward regimen 
and given a well-balanced diet, averaging 2,000 cal/day, 
with multiple vitamin supplements. A variety of baseline | 
physical, psychological and metabolic assessments were 
obtained during the first 3 days. Subjecta were then given 
an opportunity to ‘work’ for alcohol or money reinforce- . 
ments in an operant conditioning situation. Schedules 
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Fig. 1. Distribution of operant conditioning sessions, alcohol and money reinforcements, and blood alcohol levels for subject MC-4 


Chain FR, Fi, dro, ext 


Day 2 
Session 16 





Doy 6 
Sessions 82-88 


v 





Day Ii 
Sessions 205-210 
(onset of gastritis) ce —— — — — — 


ne 2. Cumifative records of operant response for alcohol reinforcement for subject MC-4. The upper trace records responses and is reset at the 

end of each component (or when pen traverses its full excursion on the recorder), Reinforcements are indicated by downward displacements on 

the lower trace. Day 2: upper trace: sequence of schedules through the eighth reinforcement are: FR 240; FI 2’; FR 60; FI 1’; FI 2’; FI 2’; 
FI 2’; FI 2’; FR 120; FI 30"; dro 10°; ext 1‘; FR 120; FI 1‘; FR 240; FR 60; FR 120; FI 30°; FI 1’; ext 1’; FI 2’ 
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of reinforcemeat were automatically programmed by 
equipment located in an adjoining room. Responses, 
reinforcements, session onset, and duration were recorded. 

The subjects were provided with free access to the 
operant conditioning booth at any time of day or night 
and each subject’s entire alcohol intake over a 14-day 
period was dependent on his performance on the operant 
task. Subjects-could select whether they wished to work 
for alcohol or money at the beginning of each session by 
turning a switeh. Alcohol reinforcement (10 c.c. of 86 
proof whisky (Bourbon) ) was automatically dispensed 
into a glass directly in front of the subject. Removal of 
the glass shut off the machine for a period of 10 min. 
This procedure permitted determination of the amount 
of alcohol earmed in a session and the session length. 
Money reinforcements were recorded on & counter in 
front of the subject. The value of a single alcohol or money 
reinforcement was equated (10 c.c. of alcohol equalled 
15 cents) based on the current retail value of beverage 
alcohol in local areas with heavy endemic alcoholism. 

Subjects were told that the apparatus was a ‘gambling 
machine’ and they should try to learn how to ‘beat’ the 
machine. Ther were instructed to press a translucent 
response key on which one of a series of coloured lights 
was projected. Their task was to make the key colour 
change as often as possible since reinforcement occurred 
only when colours changed. 

Each colour was associated with a different schedule of 
reinforcement*, for example (red) fixed ratios (FR) of 360, 
240, 120, 60; (blue) fixed intervals (FI) of 1’, 2’ and 3’; 
(yellow) extinction (ext) of 1’; (green) differential rein- 
forcement of zero response (dro 30"). These schedules of 
reinforcement oecurred in a random sequence. After an 
appropriate number of responses were emitted or the neces- 
sary interval of time had elapsed, the key colour changed 
and reinforcement occurred on an irregular basis. 

This procedures provides a simple repetitive task in which 
subjects were able to continue to perform and ‘earn’ 
alcohol irrespective of their intoxication level. It was 
predicted that if aleohol reinforcement was made con- 
tingent on suceessful performance of a more complex 
discrimination task, the increasingly inebriated subject 
would not be able to sustain his initial performance. If 
the error rate increased with the intoxication level, the 
subject would be effectively prevented from earning more 
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alcohol. This condition would preclude examination of 
behaviour to acquire alcohol and only yield data on the 
effects of alcohol om an aspect of cognitive function. In 
the procedure used. presentation of several schedules of 
reinforcement with associated discriminative stimuli 
provided informatien concerning the degree of stimulus 
control of response behaviour achieved, as well as permit- 
ting an overall analysis of response rate. 

Blood alcohol concentrations were determined three 
times daily with am alcometer. In order to assess the 
accuracy of the blood alcohol measurements with this 
instrument, serum alcohol values were determined daily 
by enzymatic techniques‘ when the first alcometer determ- 
ination was made. Alcometer readings showed no greater 
variance than + 10 mg/100 c.c. from blood alcoho! levels 
as determined by the enzymatic method. 

Fig. 1 shows the cistribution of sessions, reinforcements 
and blood alcohol levels for subject MC-4. For the first 
four days, this subject tended to work in a few long 
sessions, approximately equally distributed between day 
and night. Afterwards, the subject began to work more 
frequently in shorter sessions although the number of 
reinforcements earned and the total time spent working 
remained approximately constant. Subject MC-4 devel- 
oped severe gastritis on the night of the eleventh day 
and decided to stop drinking at that point. 

ical cumulative response records on a random 
Chain FR, FI, dro, ext reinforcement schedule for subject 
MC-4 are shown in Fig. 2. MC-4 responded at a sustained 
high rate without evidence of stimulus control of response 
patterns except for saperstitious avoidance of the dro com- 
ponent by leaving the operant booth. The increasing tend- 
ency to work in short sessions for a small amount of aleohol 
is apparent by day 5 and especially dramatic by day 11. 

Fig. 3 presents the distribution of sessions, reinforce- 
ments and blood aleohol levels for subject MC-5. This 
subject rapidly achieved a high (above 300 mg/100 c.c.) 
blood aleohol-level and also tended to work in a few long 
sessions until day 7. earning most of his alcohol during 
the day. Since it was apparent that this subject was not 
coming under consrol of the discriminative stimuli 
associated with the various schedules of reinforcement, on 
day 7, the appropriete behaviour in the presence of each 
of the colours was explained to the subject. in terms of 
‘how to beat the machine’. Afterwards, the subject 
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Fig. 3. Pistribution of operant conditioning sessions, aloohol and money reinforcements, and Mood alcohol levels for subject MC-5 
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was able to earn a comparable number of reinforcements 
in considerably less time and the overall number of 
sessions remained relatively constant. A mild episode 
of gastritis occurred on day 10, but tha subject recovered 
and continued to work for alcohol until the end of the 
experiment (day 14). 
Z Cumulative response records for subject MC-5 are shown 
in Fig. 4. This subject responded at an intermediate rate 
irrespective of the reinforcement schedule. It is of interest 
..to note that although instructions were given before 
Session 70, response behaviour appropriate to the schedule 
povn ot reinforcement was not emitted until session 73. Al- 
_ though no scalloping occurred during the fixed interval 
components, a good discrimination of ratios and intervals 
was maintained. Following day 7, this subject also tended 
to work in short sessions for small amounts of alcohol as 
_ shown in cumulative records for day 11. 
These data show that. alcoholics will ‘work’ for alcohol 
1 preference to money for long periods of time in an 
perant conditioning situation. Subject MC-4 tended to 
1crease the number of sessions as the experiment pro- 
‘essed. whereas subject MC-5 tended to work longer in 
each session. The net effect of both drinking patterns 
yas to increase the amount of alcohol consumed per unit 
ime. This increase in alechol consumption may reflect 
n attempt by the alcoholic subject to maintain constant 
lood alcohol-levels. Changes in amount of alcohol con- 
sumed may also reflect changes in the rate of ethanol 
1etabolism by the alcoholic as he continues to drink. 
imilarly, the development of physiological dependency 
1ay be related to amount. and frequency of alcohol 
gestion.. The basis for the development of physiological 
tolerance in the alcoholic is unknown, but it is postulated 
‘that two types.of adaptation may occur: first, an adapta- 
tion at receptor sites (that is, neural tissue) and, secondly, 
@ process of m&tabolic adaptation. Date supporting the 
notion of metabolic adaptation have been obtained with a 
roup s of subjects — — conditions similar to those 
ascribed i — ‘exports ment. 
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Fig. 4. . Cumulative records of operant response for aleohol reinforcement for subject MC-5, 
by the subject. For Day 7, sequence of schedules through point a are: FR 360, FI 3’, FR 120, dro 10", FI 2’, ext 1’. 
schedules through point a are: FR 240, FT 2’, FR 240, FR 360, FI I’, FR 240, dro 10”, FI 3’, FR 360, FI t, FR 240, FR 120, FR 
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It has been reported that blood alcohol-levels of 100-200 
mg/100 c.c. produce irregularity of gait, lack of co-ordina- 
tion of extremities and mental confusion®. While these 
observations concerning the effects of alcohol may be 
accurate for non-alcoholic individuals, data obtained in 
this experiment indicate that chronic alcoholic individuals 
do not show significant impairment in performance of the 
operant task with blood alcohol-levels above 250 mg/ 
100 c.c. Further, the subject given verbal instructions 
after 7 days of heavy drinking learned to perform effec- 
tively on the operant task, discriminating the temporal 
from the ratio schedules and responding at a very high 
rate on the latter. 

Both subjects in this experiment developed symptoms 
of alcohol withdrawal manifested by psychomotor agita- 
tion, confusion, and hallucinosis following cessation of 
alcohol intake. These findings support the hypothesis 
that alcohol withdrawal symptoms are induced by cessa- 


tion of drinking and not by nutritional or dietary in- : 


adequacy®, . Recovery from withdrawal symptoms was 
complete 5. days. after cessation. of drinking and no pro- 
longed intercurrent illness occurred. Correlations between 
drinking patterns, alcohol metabolism and type of with- 
drawal symptoms should yield better understanding of 
the biological basis of alcohol addiction. 

This investigation was supported in part by a grant 
from the Medical Foundation, Boston, Massachusetts, 
and a Career Development Research Award, MH-05619— 
03, from the National Institute of Mental Health, U.S. 
Public Health Service. We thank R. R. Ballard, W. 
Swallow and C. Corbett. for their. help i in conducting this 
experiment. 
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TECHNOLOGY AND SOCIAL 
CHANGE 


Technology and Social Change 

Edited by Prof. Eli Ginzberg. Pp. vu+158. (New York 
and London: Columbia University Press, 1964.) 4.50 
dollars; 33s. 6d. 


HE impact of fast-moving technological change on 

any highly organized society is of practical concern 
to every country in any stage of development. Maybe 
the impact of change is more clearly seen in the United 
States than in most other countries. Hence the thinking 
and publications from that country are becoming quite 
voluminous. Each author writes not only’about his own 
views, coloured by his own experience, but also quite 
naturally puts them forward individually for examination. 
by those who are specially concerned with these problems. 
In this publication, sponsored by Columbia University, a 
partial synthesis has been attempted. A limited number 
of people had been brought together to hear and to discuss 
a small number of papers contributed by speakers of very 
varying experience. The idea was to provoke discussion. 
Instead of the discussion being reproduced in an edited 
form, the organizers arranged that Prof. Ginzberg should 
write & final chapter (and the most difficult one) bringing 
together what coherence of opinion there was on this 
highly controversial subject. 

The kinds of problems that the seminar discussed are of 
equal concern in the United Kingdom. Maybe the most 
dominant is the exponential increase in expenditure on 
science and technology with a corresponding increase in 
the number of people engaged on research and develop- 
ment. There must be a slowing-down at some time 
in the future, but there is no sign of it yet. Some take 
the view that the increase will in fact continue and that 
an advanced nation will agree that pursuits, particularly 
in the fundamental part of science, will form a larger 
part of human activity. But this can only happen if 
productivity rises so rapidly that a nation can afford to 
agree to devote its resources to this kind of activity. The 
great complication in the argument is the effort in military 
research and development. Here the effort is dictated in 
the United States not only because of their expressed need 
to be prepared to defend the United States but also to the 
rapid obsolescence of hardware that is produced by research 
and development. In a quickly advancing subject, the 
wastage of highly trained manpower (as a result) can 
_ finally lead to the creation of large numbers of workers 
with skills which are virtually out of date. One matter 
of comment of interest here is that in the effort to perform 
military and space research and development, the more 
traditional industries, on which the productivity and the 
economy of a country depend, get less than their fair share 
of research and development and thus tend to stagnate. 
With this could go stagnation of the country’s economy 
as well. Other speakers took a less pessimistic view. If 
productivity increases so rapidly that a significant decrease 
in manpower is required to meet everyone’s requirements, 
then large numbers become available for all kinds of 
personal services that people will wish to have because of 
their affluence. This in the end could lead to an average 
decrease of human ability and to an ever-wider discrepancy 
of abilities between groups of people. These problems 


were raised in different forms during the meeting, but 
there is httle evidence, even in the concluding summaries, 
that there were ary solutions. The surprising state- 
ment was made that “affluence had succeeded scarcity”. 
Even in the United States it would be at variance with 
reports that so many millions are living at or below 
subsistence level. This clearly was one of the most 
controversial issues debated. 

The general feeling on reading the articles is that many 
of the problems have been poised and some of them 
examined in qualitative detail, but it would perhaps be 
asking too much to expect solutions which were unani- 
mously expressed. The important point is that exactly 
similar problems are arising and will arise elsewhere. 
The merit of the book is that it gives us a preview of the 
shape of things to come. The sooner we get these problems 
aired and discussed, the more likely the solution that may 
be formulated, and the more likely then that they may 
ultimately be accepted. HARRY MELVILLE 


COSMIC LIFE AND THOUGHT 


Of Men and Galaxies 

By Prof. Fred Hoyle. (The John Danz Lectures.) Pp. 
vii+ 73. (Seattle: University of Washington Press, 1964.) 
2.95 dollars. 


HIS book contains Prof. Hoyle’s reflexions and specu- 

lations on the graat problems of man and the universe. 
Some of the problems have been with us for a long time; 
some are only now amerging, actually as a result of the 
work of Hoyle and his colleagues. He has challenging 
things to say about all of them. But what gives coherence 
and novelty to his thought is the daring suggestion that 
life may evolve on a cosmic scale, life in one part of the 
Galaxy being able to influence life in another part by the 
exchange of information, not by any material interaction. 
Hoyle finds it impossible to proceed on so grand a scale 
of ideas without the hypothesis that the whole process has 
a meaningful plan. He attempts to discover something 
of the plan, although he does not claim to know what the 
meaning is. 

In an earlier generation, the astronomers Eddington 
and Jeans offered some observations about possible 
philosophical aspects of the physics and cosmology of 
their time. Philosophers of that day took the astronomers 
to task for their lack of professionalism as philosophers. 
The philosophers would have done much better service 
by considering whether they were called on to revise old 
ways of thinking. Times have changed, and, doubtless, 
Hoyle can count on getting a more positive reaction from 
the philosophers, sociologists, biologists and others into 
whose preserves he steps so boldly. i 

In the first lecture, Hoyle enquires “how far the aims, 
motives, and pressures to which scientists are now exposed 
are affecting science itself’. He suggests that the first 
thirty years of this century were the great age of science 
and that almost all that happened in the second thirty years 
(in physical science, at least) was foreshadowed in the 
first. Further, he suggests that this is the effect of the 
“dinosaur” mentality, which makes people build bigger 
and bigger machines for their experiments, with all that 
this implies in the organizing of science. As a remedy, 
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Hoyle thinks that scientists ought to turn instead to the 
“universal laboratory” of astronomy. 

In the second lecture, Hoyle leads up to his concept of 
a “galactic culture” developed and promulgated by his 
envisaged exchange of information. Mankind has not yet 
become a, subscriber, and Hoyle has some hints to offer 
as to how we should set about doing so. 

In the last lecture, Hoyle discusses the distant future 
of man. He writes: “I am going to make one big hypo- 
thesis—a religious hypothesis—that the emergence of 
intelligent life is not a meaningless accident. But I am 
not going to follow orthodox religions by presuming to 
know what that meaning is’. He contemplates some of 
the implications of this hypothesis applied to the totality 
of life in the universe, and to the possibility of man being 
able to benefit from the experience of life elsewhere in 
the universe. As Hoyle says, the realization of such a 
possibility would be “the most revolutionary step in 
human thinking”. W. H. McCrea 


SPACE MOSAIC 


Advances, in Space Science and Technology 
Vol. 6. Edited by Frederick I. Ordway, III. Pp. xvii + 444. 
(New York: Academic Press, Inc.; London: Academic 
Press, Inc. (London), Ltd., 1964.) 107s. 6d. 


Pa volumes of Advances in Space Science 
and Technology have been notable for providing 
excellent reviews of subjects not treated fully elsewhere 
in the literature. Sooner or later the supply of unhack- 
neyed subjects will be exhausted; but that time has not 
yet come, and the present volume again succeeds in 
charting little-trodden territory. 

The first contribution, “Gravity”, by B. 8. DeWitt, 
may sound rather down-to-earth: but fortunately levity 
keeps breaking in, for Dr. DeWitt surveys the mysteries 
of gravity with witty aplomb and shows a healthy scepti- 
cism for currently accepted theories. It is quite an 
achievement to write at length about gravitation without 
invoking mathematical equations, but Dr. DeWitt has 
succeeded. His article will be most useful to those who 
already know a little about Riemannian geometry, 
gravitational waves and the like. But less knowledgeable 
readers will also find much that is illuminating, for 
example, discussion of how far Einstein’s theories are 
verified by observation. There ıs even a section on “‘the 
distant future”, in which the author first disarme criticism 
by remarking that future advances will be completely 
unexpected, and then meditates about the speculation 
that most of the energy in the universe may reside in 
wandering neutrinos we can scarcely detect. 

After these heady draughts, we are brought back to 
practical realities with a discussion of staging in space 
launching vehicles, by G. K. C. Pardoe. The author first 
explains why staging is needed and then describes various 
existing multi-stage launching missiles: these are mostly 
United States missiles, but the European Launcher 
Development Organization launcher is also included. 
This useful and highly practical survey ends with a discus- 
sion of rocket mating problems, that is, the engineering 
difficulties of integrating rocket stages. 

Saul Moskowitz and Paul Weinschel are the authors of 
the third contribution, entitled ‘“Navigational Instrumen- 
tation for Space Flight”. They explain how to determine 
the position and course of a manned spacecraft, with the 
aid of observations made on board the craft. The tech- 
niques used depend critically on the location of the navi- 
gator: in a near-Earth orbit, for example, it may be 
practicable to utilize the airglow, since the predominant 
atomic—oxygen line is observable as a green glow centred 
at a height of gbout 100 km; in Harth—-Moon space the 
navigator can measure the directions of Earth, Moon 
and stars, and the diameters of Earth or Moon: in deep 
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space the ‘landmarks’ are fewer, and his difficulties multi- 
ply. These various situations are thoroughly explored. 

The fourth chapter, by R. H. Waterman, jun., and L. G. 
Marts, deals with the commercial applications of space 
technology, the ‘technological fall-out’ as it is sometimes 
called. The many people who scoff at this concept will 
be pleased to find the authors concluding that space 
activity has been more important in stimulating research 
generally than in inspiring specific commercial applica- 
tions. On the other hand, the scoffers will be dismayed 
to learn that the authors have identified 185 specific 
examples of ‘technological transfer’ in thirty different 
areas, which they describe in some detail. This valuable 
review of a contentious subject provides a factual basis 
which has hitherto been lacking. 

The last chapter, a survey of missile launching facilities 
in the United States, is really a book in itself, since it 
runs to 192 pages. The authors, M. R. Sharpe, jun., and 
M. Lowther, have taken great pains to present all possible 
details of the American launching sites, with large-scale 
maps, accounts of the tracking equipment avaiable, 
photographs of launchings, etc. This appears to be the 
most comprehensive survey of its kind, with many details 
which have not been published before. 

The book, besides bemg well written, is well printed 
and illustrated, and the air of uniformity about the coniri- 
butions suggests that a strong editorial hand has been 
at work. D. G. Kine-HELE 


SPACE PHYSICS 


Space Physics 
By Sir Harrie Massey. Pp. viii + 237+15 plates. 
bridge: At the University Press, 1964.) 35s. net. 


HIS compact book, based originally on the Scott 

Lectures delivered at the Cavendish Laboratory, 
Cambridge, in 1962, but since expanded rather consider- 
ably and brought up to date, gives an admirable introduc- 
tion to all the main aspects of the use of space vehicles 
(sounding rockets, satellites and space probes) for scientific 
research. After a very broad, general survey of the field 
the book begins with a good summary of what the reader 
needs to know about the technology of space vehicles. 
It then proceeds to describe their use in ‘inward-looking 
studies’, mainly cloud meteorology and the determination 
of the geopotential. 

A chapter follows which summarizes knowledge of the 
upper atmosphere as obtained from ground-level observa- 
tions, and leads to a list of topics requiring investigation 
by means of space vehicles. The methods for so studying 
one of these, the neutral atmospheric structure, are then 
listed. Out of ten methods that are described, the para- 
mount importance of that which is based on observing 
the perturbation of orbital elements due to atmospheric 
drag is well brought out, and the enormous volume of 
data obtained by this method is conveniently summarized. 

The study of ionospheric structure by vehicles carrying 
probes is then set out. The fine structure under sporadic 
E conditions is well illustrated. The preliminary results 
of experiments on board the U.K. satellite Ariel are 
iulustrated in some detail, showing, for example, the 
important diurnal variations in electron temperature. 

The results of ultra-violet and X-ray observations of 
the Sun and stars from space vehicles are given, the solar 
spectrum in these bands being discussed in some detail. 
The value of ultra-violet measurements of stars of a 
wide range of types, to supplement knowledge of their 
atmospheres from observations in the visible, is clearly 
brought out. 

The evidence for the ‘solar wind’ is deseribed, and 
detailed measurements of the variation of magnetic field 
in the region of interaction between the solar wind and 
the Earth’s magnetosphere are discussed. The knowledge 
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resulting from this is used in a survey of the mner and 
outer radiation belts and of the origin of the particles 
trapped in each. The book ends with accounts of the 
contributions that space exploration has made, and may 
make in the future, to knowledge of the Moon, Venus and 
Mars. 

This book can be strongly recommended to anybody 
who is interestedin getting a broad general understanding 
of this extensive new branch of knowledge. 

M. J. LigwTHILL 


LECTURES ON SPACE RESEARCH 


Scientific Research in Space 

Eight Lectures delivered by Members of the Department 
of Physics at University College in the University of 
London. By Prof. Sir Harrie Massey, M. O. Robins, 
Prof. R. L. F. Boyd, Dr. G. V. Groves and Dr. D. W. O. 
Heddle. Pp. 194. (London: Elek Books, 1964.) 37s. 6d. 


So ENTIFIC Research in Space is a written version 
of a series of eight public lectures on space research 
given by the staff of the Physics Department of University 
College, London, in 1962. Additions have been made to 
bring the material up to date at the tame of publication 
(August 1964). 

Some of the topics covered are of general interest, 
others of rather specialized interest, the specialized con- 
tributions being concerned in large measure with fields 
being actively studied in the Physics Department of 
University College, although, of course, there is no attempt 
to make the results of this group of workers the main part 
of these sections. The individual contributions are quite 
excellent, although one feels a little bit uncertain about 
the nature of the public to whom they are addressed. All 
are of a rather technical character and presuppose some 
knowledge on the part of the reader of the individual 
subjects dealt with, particularly those dealing with the 
more specialized topics (the “Neutral Atmosphere of the 
Earth”, by G. V. Groves, the “Ionosphere and Solar 
Electromagnetic Radiation’, by R. L. F. Boyd, and 
“Corpuscular Radiation and the Interplanetary Medium”, 
by Sir Harrie Massey). These give accounts of their sub- 
jects to specialists in these fields showing what space 
research techniques have contributed or can contribute 
to their fields. The remaining chapters fall mto two 
groups, those dealing with technical matters of a wider 
character (“Space Vehicle Technique”, by R. L. F. Boyd, 
and “Orbits of Space Vehicles and Their Interpretation”, 
by G. V. Groves). These are excellent in their particular 
fields and will be of interest to those wanting to know 
something of the techniques of space research or to those 
contemplating entering the field. The chapters on the 
Moon and planers, by Sir Harrie Massey, and astronomy 
from space vehicles, by D. W. O. Heddle, deal with rather 
wider subjects and are interesting and informative. These 
two chapters and particularly the former tend to be con- 
cerned to a considerable extent with future possibilities 
rather than present achievements. 

Books of this kind made up of contributions by a num- 
ber of authors tend to suffer from the drawback that the 
whole tends to add up to less than the sum of the parts, 
and although this is minimized in the present instance 
by the obvious collaboration between the contributors, 
none the less, one’s feeling is that this disadvantage still 
exists. The subject of scientific research in space is, of 
course, developing at present at a very great pace, and it is 
inevitable that discovery should out-pace the rate at 
which books af this character can be passed through the 
press. This is particularly evident in the chapter on the 
Moon and planets, where much (including the ultimately 
successful Ranger launchings) has taken place since 
publication. Nasvertheless, the book taken as a whole 
gives a useful survey of available techniques and achieve- 
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ments in particular fields, and as well as being of interest 
to those with specialst interests and to newcomers to the 
field it can probably be read or consulted with profit by 
physics students in the final year of a degree course. The 
book is quite well produced but is printed from off-set 
type, which results in the somewhat irritating variation 
in the length of printed line. This was done presumably 
to keep the production cost down, resulting in a price of 
37s. 6d. One wonders how expensive it would have been 
if it had been produced by conventional methods ! 
E. A. STEWARDSON 


STAR EVOLUTION 


Proceedings of the International School of Physics 
“Enrico Fermi” 

Course XXVIII: Star Evolution, Varenna, 1963. Edited 

by L. Gratton. Pp. 488. (New York and London: 

Academic Press, 1964.) 132s. 


CCORDING to legend, the ‘Tower of Babel’ was never 
finished because of a breakdown of communication 
between the builders, and a growing number of people 
are beginning to be aware of the possibility that twentieth- 
century science may share a similar fate. However 
inevitable in the long run, there are good reasons why we 
should try to postpone this misfortune as long as possible. 
Among the remedies being tried to alleviate the difficulties 
that in some measure are already with us is the specialist 
summer school, commonly’ planned for young research 
workers. This book contains the talks given at one of these, 
in 1962, and, as is often the case, it forms a mixed bag. 
A summer school is neither a symposium of eminent 
experts discussing ther latest research, as it were with 
no holds barred, nor is it a formal course of lectures 
aimed at building up, step by step, a complete, logical 
picture of the subject. This, therefore, is neither the latest 
exciting research report nor a complete text-book. The 
standard of difficulty is varied. Some chapters can be 
recommended for a beginner; for example, A. R. Sandage 
and L. Gratton’s ‘‘Observational Approach to Stellar 
Evolution” (but Fig. 1 is poor, with several misprints), 
or M. H. Wrubel’s “Construction of Stellar Models”, with 
its emphasis on the opacity problem, physically still one 
of the more difficult parts of the subject, and on electronic 
computer methods. In view of the speculative character 
of much work in this field and the uncritical euphoria it 
seems to arouse in some astronomers, one is grateful for 
the down-to-earth tone of these two articles. For example, 
Wrubel writes: ‘The ultimate aim of the stellar model 
approach is to describe the internal structure of the star, 
begimning with its formation from the interstellar medium, 
through all its changes in luminosity and radius, until 
its ultimate extinction, or its cataclysmic annthilation as 
& supernova. Unfortunately, this goal is still quite 
remote. ... At this juncture questions remain in every 
region of the color-magnitude diagram”. 

More experienced workers as well as beginners may find 
useful material in a review by G. Burbidge, reprinted 
from the 1962 Annual Review of Nuclear Science, of 
present ideas on relevant nuclear processes, including 
discussions of extreme problems, for example of the 
‘burning’ of heavier elements, and of the behaviour of 
material at temperatures greater than 10° deg., as well as 
of other important matters such as neutrino losses. There 
is as usual a good deal of emphasis on supernovae explo- 
sions as an essential mechanism in our picture of the 
formation of the elements, the evolution of stars and of 
galaxies, etc. Our observational knowledge of supernovae 
is still extremely meagre, although F. Zwicky and his 
colleagues are gradually adding to it, but it may be that 
these objects will now be replaced by ‘quasars’ (quasi- 
stellar radio sources, possibly formed by the collapse of 
very large gas masses) as the fashionable resort of specula- 
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tive theory. Quasars were recognized too late to be dis- 
cussed in this book. 

More advanced chapters include a thoughtful one by 
R. Kippenhahn, containing more than is implied in its 
title, “Stars with Helium-Rich Cores’; it not only 
discusses problems associated with models of giant (class 
III) stars, but also gives some consideration to difficult 
questions relating to internal magnetic fields and internal 
circulation of matter (Figs. 15 and 17 in this article seem 
to have been interchanged). Experienced workers are 
likely also to find valuable reading in chapters by P. 
Ledoux, “Stellar Stability and Stellar Evolution’; by 
N. Baker, ‘‘Theoretical Models for the Pulsations of 
Cepheids’; and E. Schatzman, “The Early Stages of 
Stellar Evolution”. M. M. Shapiro contributes “Notes on 
Cosmic Radiation’’, a brief summary of present knowledge 
with regard to mass and energy distributions among 
cosmic-ray particles, with some discussion of their 
origin and of the question of their confinement in the 
Galaxy. 

There are varied contributions of a more observational 
nature by L. Gratton, E. M. Burbidge, L. Rosino, and M. 
Hack respectively, ranging over such subjects as stellar 
associations, T Tauri and related variable stars, observed 
abundance anomalies, the structure of galaxies and the 
evolution of close binaries. Without questioning the 
value of these contributions, what I missed was a thorough 
survey emphasizing the basic observational needs in this 
subject, for better and more stellar photometry, better 
distance determinations, better mass determinations, 
better chemical abundances (involving much laboratory 
measurement as well as observatory investigations), more 
proper motions, more radial velocities, etc. In the case 
of several of these, for example, distances and masses, 
there is a crying need for good technical mnovation. 
Theory has outrun the observational checks, and without 
them is in danger of indulging in excessive speculation 
and of getting too far away from the real, physical, world. 
Unfortunately, the acquisition of reliable observational 
data involves a great deal of hard, unglamorous work 
that cannot be done by unskilled labour, that is useless if 
not done critically and conscientiously, and that at the 
present day gets no great thanks or recognition even when 
well done. Astronomy, indeed all physical science, owes 
more to the Puritans than it has ever cared to acknowledge, 
and the decay of Puritan ideals in the Western world 
makes it more and more difficult to find people to do 
unpopular work, however essential. I think it is specially 
important to bring such points to the notice of young 
research workers. 

The book is rather heterogeneous, but contains some 
good reading. It 1s well printed but could have been better 
edited. R. O. REDMAN 


LOOKING AT DISLOCATIONS 


The Direct Observation of Dislocations 
By S. Amelinckx. (Solid State Physics: Advances in 
Research and Applications, Supplement 6.) Pp. x+ 487. 
(New York: Academic Press, Inc.; London: Academic 
Press, Inc. (London), Ltd., 1964.) 121s. 6d. 


T is remarkable how the study of dislocations in crystals 
has transformed itself, over the past fifteen years, 
from a theoretical science into an experimental one. When 
the basic theory was laid down, during the period 1934- 
50, dislocations seemed to many people to be mere play- 
things of the theoretician, never seen except on blackboards 
and backs of envelopes. Admittedly, there were some 
early signs that the theory might be correct—for example, 
from the Bragg bubble model and from the observation 
of the formatiog and movement of low-angle tilt boundaries 
in bent crystals—but the essential experimental challenge 
of actually seeing dislocations in crystals still remained. 
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Then, quite suddenly, everything changed and several 
direct methods of observation appeared. In accordance 
with F. C. Frank’s theory, growth spirals were seen to 
emanate from points of emergence of dislocations on 
crystal faces. In transparent crystals the ‘decoration’ 
technique was developed for showing up dislocations by 
lines of precipitated particles, like tracks in a cloud 
chamber. X-ray methods were also developed. Most 
important of all, the thin-film transmission electron- 
microscope techniques were discovered, which allowed 
dislocations to be seen so easily inside crystals that films 
could be taken of their movements. More recently, the 
field-ion microscope has enabled the atomic structures 
of dislocations to be seen. 

These developments have set off a world-wide activity 
in the experimental study of dislocations. Many Ph.D.s 
have been won and many beautiful photographs published 
in this enterprise. A whole new subject has grown up— 
the crystallography of imperfect crystals—with its own 
body of theory for interpreting the observations and for 
identifying and classifying the dislocations thus seen, 
with an exactitude equal to that of classical crystallo- 
graphy. 

Prof. Amelinckx has played a leading part in this 
development, particularly in the decoration of dislocations 
in ionic crystals, and it is no surprise that he has written 
this excellent and authoritative book. The principal 
experimental methods are described in great detail, 
illustrated with many superb pictures of dislocations, and 
the theory necessary for the interpretation of the observa- 
tions is developed fully. This book can be unreservedly 
recommended to solid-state physicists and metallurgists 
interested in the experimental study of dislocations. They 
will be encouraged to work in the field by the delightful 
combination of experiment and theory it offers and which 
is so well brought out in this book. They need have no 
fear that all the interesting work has now been done: 
the field is an immensely rich one, as yet almost untouched 
in some areas, and this book will be an invaluable guide 
for all expeditions into them. A. H. COTTRELL 


PHYSICAL GEOLOGY UP-TO-DATE 


Principles of Physical Geology 

By Prof. Arthur Holmes. New and fully revised edition. 
Pp. xv+1288. (London and Edinburgh: Thomas 
Nelson and Sons, Ltd., 1965.) 84s. net. 


INCE Principles of Physical Geology first appeared. 
twenty years ago profound re-orientations have 
occurred in many branches of geology and especially in 
those where modern advances in physics and allied dis- 
ciplines have been used to illuminate geological problems. 
A few examples will emphasize the wide range and great 
depth of these changes. Radiometric dating has brought 
order into cryptozoic chronology so that the fundamental 
events of the first three thousand million years of the history 
of the Earth can be arranged in a reasonable sequence. 
Large-scale exploration by novel methods, geophysical 
and engineering, has completely changed ideas on the 
form and structure of the ocean floors which, after all, 
constitute 70 per cent of the lithosphere. Determinations 
in the rocks of many ages of the attitude of the Earth’s 
magnetic field at the times they were formed, combined 
with the investigations of ancient climates and even of 
ancient wind-directions, have transformed the former 
heresy of continental drift into a fairly respectable ortho- 
doxy. New ideas on the behaviour of rocks under various 
stress conditions have changed the interpretation of many 
crustal structures and have profoundly modified specula- 
tions concerning happenings in the deeper shells of the 
Earth. Prof. Holmes has played a prominent part in 
many of these advances, and they, with countless others, 
are set forth with his customary clarity and sprightliness 
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in this new edition. The result is a new book, two to 
three times as long as the original, but maimtaming all 
its many virtues, not least being the multitude of splendid 
illustrations. 2 

This great expansion is achieved m two ways. All the 

old chapters have been revised and new ideas injected 
into them. For example, the rheidity concept is applied 
to the flow of glacior-ice, the rise of salt-domes and the 
more deep-seated operations of rock-deformation; the 
properties of minerals are related to their atomic structure; 
fluidization is invoked in the formation of volcanic 
orifices, and permafrost and turbidity currents receive 
due attention. These few examples indicate the scope 
and modernity of the revision. But perhaps more import- 
ant still is the addition of mainly new chapters dealing 
mostly with modern applications of physics to problems 
of the Earth’s interior. Here Prof. Holmes comes into 
his own and presents sparkling discussions of such matters 
as radiometric dating, convection currents deep in the 
~Earth, heat flow in continental and oceanic segments of 
the crust, and continental drift. Many of these topics 
have occasioned violent controversy and will continue to 
do so, especially the notion of an expanding Earth favoured 
by the author. These new chapters are therefore compul- 
sory reading for the non-biological geologist—-and they 
would not harm the biological—for they show where 4 
large and lively section of his science is moving to. As 
already mentioned, the book, like its forerunner, is 
embellished with hundreds of strikingly beautiful 
photographs, as well as great numbers of clear text- 
figures, 

At the price, this new Principles of Physical Geology 
is very good value indeed. But with no ungrateful intent, 
it must be conceded that a book of more than 1,300 thick 
and large pages and weighing some 6 Ib. is on the massive 
side. It has become a book for the library table, not to 
be carried about with ease and not to be read in bed or 
m the train or even in the arm-chair—situations in which 
most reading now has to be done. It is true that one cannot 
have too much of a good thing, but it is sometimes better 
not to have it in one large helping. Might it not have been 
preferable to have issued the dominantly, geophysical 
additions as a companion volume to the main revision ? 
Be that as it may, here is an excellent survey of the present 
state of knowledge and the relevant hypotheses concerning 
the geological machinery of the Earth to be read, in 
whatever situation, with pleasure and profit. 

H. H. Reap 


MINERAL RESOURCES OF THE SEA 


The Minera! Resources of the Sea 

By John L. Mero. (Elsevier Oceanography Series.) Pp. 
xii +312. (Amsterdam, London and New York: Elsevier 
Publishing Company, 1965.) 60s. 


R. J. L. MERO trained as a mining engineer. He 

joined the Institute of Marine Resources, University 
of California, in 1957, and his book is the outcome of & 
co-operative study between that Institute and the Depart- 
ment of Mineral Technology at Berkeley. It is a worthy 
supplement to Raw Materials from the Sea, by E. F. 
Armstrong and L. M. Miall, last published in 1946, 
describing remarkable advances in basic and applied 
science and technology. Dr. Mero maintains that as a 
source of minerals the sea has been little exploited relative 
to its potential, and he believes this is due to lack of 
knowledge of what is in the ocean and of the possible 
advantages, and to the absence of suitable technology and 
of any pressing need, either economic or political, for 
exploiting the sea as well as the land. Such excuses are 
melting away m the light of the revolutionary advances of 
marine science and technology during the past twenty 
years. 
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The book does not deal with enclosed seas such as the 
Dead Sea and the Caspian Sea, but over the open ocean it 
ranges from beaches to deep ocean sediments, and to a 
rich sulphur deposit which is being worked below 2,000 ft. 
of sediment in the Gulf of Mexico. 

Heavy minerals such as magnetite; ilmenite, zircon, 
rutile and monazite are mined from beaches in many 
parts of the world; also diamonds, gold and platinum, 
phosphorite, quartz sands and calcareous shell deposits. 
Other deposits are mined in submerged beaches. 

Only three minerals are taken to any extent from the 
water: common salt, magnesium and bromine. 5 per cent 
of the common salt used in the United States comes from 
San Francisco Bay. Calcium and magnesium salts are 
removed by fractional crystallization before the final 
evaporation. In the U.S.S.R. and Finland the salt water 
is concentrated by freezing before evaporation by heat. 
99 per cent of the brome in the EHarth’s crust occurs in 
the sea, which is now the chief source of supply. It is 
expelled by chlorine and it is an advantage to use fairly 
warm water with little organic contamination. Virtually 
all the metallic magnesium used in the United States 
comes from the sea and production could be much in- 
creased; cheap sources of lime (calcareous shells) and power 
are desirable. Much effort is being devoted to research on 
selective ion-exchange resins for extracting valuable 
metals. 

Offshore banks are worked for shell deposits and for sand 
and gravels which have often been graded by natural 
processes. Placer deposits are being recovered from old 
river valleys afterwards filled with sediments. Increas- 
ing amounts of oil are being taken from offshore wells. 
There are very promising deposits of phosphorite nodules 
and glauconite. 

The book has a chapter on the deep sea sediments and 
their possible exploitation. It is estimated that calcareous 
oozes are accumulating eight times as fast as the world is 
consuming limestone, and Dr. Mero thinks they might be 
worked. Diatom ooze, which is largely silica, offers similar 
possibilities. 

Nearly half the book is taken up with a fascinating 
account of what we know about manganese nodules which, 
from an economic standpoint, promise to be the most 
important sediment of the deep sea floor. Manganese and 
iron oxides occur very widely as grains, nodules and rock 
coatings with some 25 per cent manganese, as much as 
1 per cent of cobalt, copper, nickel or titanium, and lesser 
amounts of other rare metals. It is generally believed 
that the manganese and iron are derived from the dis- 
solution of igneous rocks, both on land and on the sea 
floor, and at its slightly alkaline pH sea-water is saturated 
with both. There is evidence that their hydrated oxides 
filter down through the water and act as scavengers for 
copper, nickel, cobalt, molybdenum, zinc and lead, which 
are present at low concentrations in the sea. On the ocean 
floor the colloidal particles are swept along until retained 
by a suitable surface. The mechanics of agglomeration is 
obviously complex with chemical, physical and probably 
bacteriological processes. The ordinary rate of growth is 
probably only a fraction of a millimetre in 1,000 years, 
but even this means that the deposits are forming more 
rapidly than the world rate of consumption of manganese, 
copper, nickel and cobalt. The coating has been observed 
to grow rapidly on identifiable fragments of naval shells. 
A Second World War shell found at 200 m off San Diego 
had a coating 1-5 cm thick after 15 years. Much informa- 
tion about the distribution and composition of the nodules 
is listed, and there are many photographs. 

The final chapters deal with technological progress and 
with the legal difficulties which look like growing even 
faster than the technological difficulties are overcome. 
The book presents a challenging picture likely to leave 
anyone wondering why expeditions to the Moon receive 
any consideration. 

G. E. R. Deacon 
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IMAGING MECHANISMS IN THE 
ELECTRON MICROSCOPE 


Fundamentals of Transmission Electron Microscopy 
By Robert D. Heidenreich. (Interscience Monographs 
and Texts in Physics and Astronomy, Vol. 13.) Pp. 
xiv+414. (New York and London: Interscience Pub- 
lishers, a Division of John Wiley and Sons, Inc., 1964.) 
109s. 


F in its first twenty years the electron microscope was 
largely devoted to biological applications, the past 
decade undoubtedly belongs to metallurgy and metal 
physics. Beginning with the first successful attempts to 
prepare samples from bulk aluminium sufficiently thin 
for imaging in transmission, methods of chemical and 
electrolytic etching have been devised for the similar 
preparation of almost all metals, alloys and more recently 
semiconductors also. It is in this context that the title 
of Dr. Heidenreich’s book has to be read. 

Although in his preface Dr. Heidenreich states the 
intention of providing a treatment of image forma- 
tion which will be applicable to biological as well as 
metal specimens, in effect this stops at the atomic level 
so far as amorphous structures are concerned. Half- 
a-dozen pages are given to the imaging of molecules 
and elementary fibres, but larger biological units are 
not considered and there is no mention of the work of 
Lippert, Bahr, Zeitler and others on the problem of 
determining mass-thickness from umage contrast in elec- 
tron micrographs. 

What the book does do, and does very well, is to set out 
the physical bases of electron scattering and diffraction 
processes, and then to apply them. first to the imaging of 
perfect crystals and afterwards to that of actual metals, 
taking into account grain structure and lattice defects. 
Four chapters are devoted to the scattering and energy 
loss of electrons, four to interference and diffraction 
phenomena, three to discussion of the origins of contrast 
in electron microscopical images, and a short final chapter 
to the rather unrelated topic of electron probe micro- 
analysis. The wave approach is used from an early stage, 
and is developed in great detail. Dr. Heidenreich sticks 
to his declared intention of dealing with ‘fundamentals’ 
and gives no space to the principles or the operation of 
electron microscopes, or even to the techniques for prepar- 
ing thin specimens. 

Within these limits he provides a most valuable guide 
to the interpretation of electron micrographs of lattice 
structures. The mathematical treatment is thorough and 
clearly presented. If the micrographs are not always well 
enough reproduced to bring out relevant details, the 
diagrams are unusually well drawn, especially those 
depicting three-dimensional phenomena. On the whole, 
the author achieves his aim of developing “a coherent, 
physical approach to the understanding of contrast in 
electron microscope images”, Its chief shortcoming is 
the absence of any detailed account of the anomalous 
absorption theory of electron transmission in crystals. 
Dr. Heidenreich recognizes its existence but dismisses it, 
apparently because there is as yet no clear physical 
picture of some of its concepts. This is largely true, and 
for this reason the theory would not fit neatly into the 
development of contrast effects from fundamental inter- 
actions. But it has been very successful in describing a 
number of observed phenomena in electron images, and 
it would not be unusual for an empirical theory to turn 
out to be correct, perhaps on grounds not obvious to its 
original authors. 

To do him justice, Dr. Heidenreich does give references 
to papers in which the anomalous absorption theory is 
set out, so that readers can study it and form their own 
opinions. Perhaps it is asking too much of an author 
to give much space to a treatment in which he does not 
himself believe. Apart from this omission the book is 
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notable for an exemplary breadth of conception and 
clarity of exposition. It is likely to find as much use in 
courses of advanced instruction as in the research labora- 
tory. V. E. CossLetr 


ELECTROMAGNETIC PHENOMENA 


Natural Electromagnetic Phenomena Below 30 kc/s 
Edited by D. F. Bleil. (Proceedings of a NATO Advanced 
Study Institute held in Bad Homburg, Germany, July 
22—-August 2, 1963.) Pp. vii+470. (New York: Plenum 
Press, 1964.) 17.50 dollars. 


HIS volume contains the written versions of lectures 
delivered at a NATO Advanced Study Institute 
held during July—August 1963. Readers who are becoming 
confused by the ever-increasing flow of publications which 
follow ‘conferences’, ‘courses’ or ‘study groups’ will first 
wish to know what this volume contains which could not 
have been published in the normal scientific journals. 
To them it can be said that about one-quarter consists 
of valuable review articles on subjects where good reviews 
are needed, and scarce, and that much of the remaining 
material might have been published in the normal way, 
with more profit to the readers and to the writers, if 
not to the publishers. 

Three review articles are particularly appropriate to 
the title. Lokken writes on ““‘Instrumentation for Receiving 
Electromagnetic Noise below 3,000 c.p.s.” and gives an 
excellent account of the techniques and difficulties of 
measuring fluctuations of the geomagnetic field in the 
range of frequencies from 0-001 sec-! to 104 sec. He 
divides the techniques into those useful in the micro- 
pulsation band with frequencies less than 5 sec-}, in the 
low E.L.F. or Schumann band between 2 and 50 sec-', 
and in the band above about 50 sec-?. Magnetometers 
described include those which make use of proton preces- 
sion and optical pumping, and those which use the flux 
gate principle. Galejs, writing on “Terrestrial Extremely- 
Low-Frequency Propagation”, gives a fairly detailed 
account of the theory of the propagation of waves in the 
Earth-ionosphere cavity and compares the results with 
those from experiments. Gallet gives a theoretical account 
of the production of those V.L.F. emissions which do not 
arise from lightning flashes. He first outlines some of 
the simple theoretical ideas which might account for 
the emission of these radiations through the interaction 
of incident beams of electrons with electromagnetic waves 
in the ionospheric or magnetospheric plasma. He then 
shows how this theory can be extended to include some 
of his more recent ideas. 

Of the other review type articles the one by Axford 
on the nature of the magnetosphere and the one by 
Sugiura on ‘Geomagnetic Storms” will probably be found 
most interesting. It is a little difficult to see why they 
should appear in a book with the present title, and it is 
perhaps unfortunate that they have not been published 
somewhere else where they will be more widely read. 

Other reviews, by McNish on the aurora and by Gibbons 
on the ionosphere, seem unduly restricted. In spite of 
the title, McNish writes mainly about geomagnetism and 
Gibbons about the propagation of radio waves in the 
ionosphere, but he restricts his treatment to ray methods, 
and to frequencies greater than 150 ke/s, which seem to 
have little relevance to the present volume. 

Most of the remaining papers, not of the review type, 
could have been published in the normal way. There are 
experimental papers on natural emissions at high latitudes 
in the frequency range 500-1,000 sec! and on observations 
of micropulsations, including some at conjugate points. 
Alfvén and his collaborators discuss their recent suggestions 
that the usual magnetospheric model needs essential 
modification. There are interesting papers on geomag- 
netic effects caused by high-altitude nuclear explosions 
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and on radiations from aurorae in the frequency band 
5-8 ke/s. 

I am forced to ask myself whether the review articles 
are best published in this specialist volume with a price 
of 17.50 dollars, or whether it might have been better to 
publish them where they would be more widely read, and 
the specialist papers in the normal scientific journals. I 
must conclude that a volume of this kind does not seem 
to be the best form of publication. J. A. RATCLIFFE 


HISTORY OF THE BAROMETER 


The History of the Barometer 

By Dr. W. E. Knowles Middleton. Pp. xx+489. (Balti- 
more, Md.: The Johns Hopkins Press; London: Oxford 
University Press, 1964.) 88s. net. 


HE part played by the barometer in the development 

of meteorology, as important in 1ts way as that of 
the telescope in astronomy, makes it particularly fortu- 
nate that an eminent Canadian meteorologist, renowned 
for his interest in instrumentation, should have found 
the opportunity to devote months of study and travel 
to producmg this pioneer history. 

The Imitation of the study to Western Europe and North 
America, regretted by the author, 1s not a great disadvan- 
tage, but it ıs necessary to be aware of other limitations 
if some readers are not to be disappomted. The barometer 
has for most of its time been far more widely known as 
& household weather glass than as a precision instrument, 
but the antiquarian interest in decorative furnishing is 
outside the present scope. Again, it 1s with the instrument 
as a piece of mechanism that we are concerned, not with 
its use in meteorology, so that we find ourselves deep in 
the ingenuities of instrumental accuracy and the theory 
of corrections without, except very incidentally, being 
acquainted of requirements for any particular purpose. 
A. brief chapter on the significance of barometric pressure 
in meteorology might not have been out of place. 

Other deliberata omissions include upper-air barometry 
in balloon-borne sondes as well as modern automation 
and remote recording; but, even so, it will be generally 
agreed that the author has chosen his field wisely. There 
has been some important work even in the past few years, 
especially in the development of the precision aneroid 
barometer—now a rival to the mercury barometer for 
routine meteorological observations—but for the most 
part the story ends with the nineteenth century and this 
comprehensive and scholarly account should keep its 
place indefinitely as a standard work of reference. A 
large number of famous instruments are described in 
considerable detail, attention being drawn to the significant 
points in design with historical precedence always in 
mind, and the many diagrams showing their construction, 
whether taken from original papers or specially prepared, 
are of the highest quality. The text, in double columns, 
is a model of American clarity. The very numerous 
references to the original literature through the range of 
Western European languages will surely provide a good 
starting-point for any more detailed historical quest, 
while the long bet of mteresting instruments which the 
author has recently examined ın various museums and 
laboratories is likely to stimulate many visits by instru- 
ment specialists. The reader may learn, as I did, of 
historic instruments in his own institution of which he 
was not previously aware. 

To the numerous readers with more interest in the early 
history of scientific thought than in precision engineering 
or cunning mechanical contrivances, the first fifty-odd 
pages on the scientific background when the “Torricellian 
vacuum’ was a philosophical mystery will be the exciting 
part of the book. Historical research seems generally to 
disprove every traditional belief, and it is reassuring to 
have “real and sufficient reason for ascribing the invention 
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of the barometer to Torricelli” although he was, it seems, 
preceded by Berti in the essential experiment, was 
indebted to his friend Viviani for actually performing his 
own first experiment, and perhaps also to Galileo for 
suggesting the use of mercury as the hquid. Torricelli 
had the vision to foresee how the experiment would go 
and how it could be used to ‘‘show the changes of the ar”. 
Whether or not the space above the supported column 
was truly a vacuum or was occupied by a rarefied some- 
thing was a question of deep concern to philosophers at 
the time-—-and perhaps still is even to-day—but the 
variation in the length of the column according to atmos- 
pheric conditions is the crux of the barometric concept 
which, it seems, was really Torriceluan. The critical 
treatment of such weighty matters in the light of docu- 
mented contemporary evidence is historical research of 
permanent value. R. C. SUTCLIFFE 


RADIO COMMUNICATION IN 
ARCTIC REGIONS 


Arctic Communications 

Edited by B. Landmark. (Proceedings of the Eighth 
Meeting of the AGARD Ionospheric Research Committee, 
Athens, Greece, July 1963. AGARDograph No. 78.) 
Pp. x+297. (London and New York: Pergamon Press, 
1964. Published for and on behalf of the Advisory Group 
for Aeronautical Research and Development, North 
Atlantic Treaty Organization.) 100s. net. 


MONG the activities of NATO’s Advisory Group for 
Aeronautical Research and Development (AGARD), 
an Ionospheric Research Committee was established some 
years ago to provide a forum for radio scientists to review 
and discuss the advances in our knowledge of radio-wave 
propagation by way of the ionosphere, with special 
reference to practical communications at various frequen- 
cies. At the seventh meeting of this Research Committee 
held at Munich in 1962, the scope was defined by the 
title “Propagation of Radio Waves below 300 kejs” (see 
also Nature, 203, 1209; 1964). 

The volume under review deals with the proceedings 
of the eighth meeting of AGARD, held at Athens in July 
1963, for which the subject was “Arctic Communications”. 
After an address of welcome by Prof. M. Anastassiades, 
director of the Ionospheric Institute in Athens, the proceed- 
ings of the three-day meeting were opened by Prof. E. 
Vassy, chairman of the Ionospheric Research. Committee, 
who described the subject of the reunion as communica- 
tions within and across the Arctic regions. Twenty-two 
papers were presented at the meeting in five sessions, the 
geographical distribution of the authors being: Canada 2, 
France 5, Germany 3, Greece 2, Norway 1, Sweden 1, 
the United Kingdom 3, and the Umted States 5. 

In Arctic Communications, the five papers in the first 
group deal with the physical properties of the Arctic 
1onosphere, in which the various types of absorption in high 
latitudes form the dominant subject for discussion. The 
seven papers in the largest section, presented under the 
title “Arctic H.F. Communications”, are of a more practi- 
caltype. The experiences of civil and military communica- 
tions in Canada and North Greenland are described, as 
well as the reception of standard frequency transmissions 
from Washington and Hawaii at stations situated in sub- 
auroral, auroral and polar-cap regions. Two papers in 
this session deal also with the problem of radio noise in 
Arctic regions. 

A detailed study of the ionosphere at high latitudes by 
vertical and oblique incidence soundings, and by field- 
strength and absorption measurements, is described in 
the third section. This is followed by five papers dealing 
with the phenomena which accompany the propagation 
of very-low-frequency waves over polar paths and through 
the auroral zone. This is an important section, since the 
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technique of very-low-frequency transmission is widely 
used for navigation as well as for communication in 
Arctic regions. 

The last two papers in the volume, by groups of authors 
in Greece and France respectively, describe observations 
made during a series of nuclear weapon tests in 1961. 
Some of these provided evidence of a distinct ionospheric 
disturbance at distances of several thousand kilometres 
from the explosion, while the prevailing atmospheric 
noise at a frequency of 27 ke/s appeared to suffer a 
decrease in magnitude lasting for some minutes. An 
attempt is made in these papers to deduce the speed of 
the shock wave through the Earth’s atmosphere from 
the radio observations. 

In his concluding remarks, Prof. Vassy referred to the 
fact that it has long been known that the auroral zone 
is associated with both magnetic and ionospheric disturb- 
ances—it was for such a reason that the International 
Polar Years were held in 1882-3 and 1932-3, followed by 
the International Geophysical Years of 1957-8 and the 
period of the International Quiet Sun Years now in 
progress (1964-5). This volume, with its series of specialist 
papers of both a practical and scientific nature, forms a 
useful contribution to our knowledge and understanding 
of radio-wave propagation at high latitudes in the northern 
hemisphere. Edited by Dr. B. Landmark of the Norwegian 
Defence Research Establishment at Kjeller, the book is 
of a convenient size, well and suitably illustrated, and 
its production is very satisfactory. R. L. SMITH-ROSE 


BOYLE’S COLOUR EXPERIMENTS 


Experiments and Considerations Touching Colours 

By Robert Boyle. A Facsimile of the 1664 edition. (The 
Sources of Science Series.) Pp. xxvi+ 423. (New York 
and London: Johnson Reprint Corporation, 1964.) 90s.; 
12.50 dollars. 


VERY schoolboy knows that the Hon. Robert Boyle, 
F.R.S., was the father of modern chemistry and 
brother of the Earl of Cork. Moreover, he knows that 
Boyle discovered a law that, like the moral philosopher’s 
toothache, has supplied philosophers of science with a 
paradigm case. Rather fewer schoolboys know that Boyle 
wrote The Sceptical Chymist; and very few indeed (and 
not only schoolboys) could recite the names of a dozen 
or more of Boyle’s scientific works, any one of which 
would provide a modern reader with telling insights into 
the formative ideas: the ‘corpuscularian philosophy’; a 
proto-kinetic theory of heat and the ‘spring of the air’; 
the preparation and luminescence of phosphorus (both 
‘airy’ and ‘icy’); the relations of primary and secondary 
qualities; fluorescence; mechanical, physical, and chemi- 
cal change in relation to variation of conditions—that 
were shaping the ‘experimental philosophy’ of the so-called 
‘scientific revolution’. Of the thirty ‘scientific’ titles 
listed by J. F. Fulton in his indispensable bibliographic 
guide to Boyle’s tangled output (surprisingly omitted in 
Dr. Marie Boas Hall’s Bibliographical Note) probably no 
better representative could have been chosen by the 
Johnson Reprint Corporation for their valuable series of 
facsimile reprints of the classics of science than the present 
one. 

Like all Boyle’s works, Experiments and Considerations 
Touching Colours suffers from a garrulous repetitiousness 
and an occasional vagueness due to lack of systematic 
recording of experiments (for example, p. 147); but it 
touches on all the topics mentioned above and is the 
locus classicus of the critical study of fluorescence in 
its chemical aspects. This phenomenon was discovered 
in aqueous solutions of lignum nephriticum, the plant 
itself and its medical use having been previously reported 
by Nicholas Monardes (quoted p. 199). By a judicious 
mixture of more or less random observations followed by 
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hypothesis for the ‘invention of new experiments’, Boyle 
not only settled the dual—transmitted and reflected— 
colour, but also the sharp change from one to another 
determined by slight excess of acid or alkali (pp. 200-6, 
212 and 215 where he is in sight of titration end-point 
determination by a fluorescent indicator}. 

Space allows of only this one example of Boyle’s 
perspicuity and method—the latter in many places (for 
example, pp. 96, 98, 104, 108, 110, 195, 262) illustrating 
the strength of the Baconian method in fields where it 
must precede the formal and quantitative. The example 
chosen has bearings on both ‘physics’ and ‘chemistry’ 
(categories that must be applied with great caution to 
scientific activity in the seventeenth century; Boyle’s 
‘chymists’ were but little related to even nineteenth- 
century ‘chemists’). However, whereas the earlier part 
of the book is largely concerned with the nature of light 
and its physical relation to matter, the latter contains an 
assortment of chemical information that has to us no 
intrinsic relation to the variously coloured precipitates, 
‘menstruums’ (solvents), and extracts involved. Finally, 
there are many indications of Boyle’s close and intelligent 
knowledge of the empirical lore of artists and craftsmen— 
“Scholars and Gentlemen are wont to look upon the 
Inguiry into Manufactures as a Mechanick imployment 
and consequently below them”’ (p. 39). 

The introduction by Dr. Boas Hall should prove invalu- 
able to any readers unfamiliar with Boyle and the scientific 
temper of the age in which he worked; but in the formulae 
on p. xix a hydroxyl group seems to have floated on to 
the cation out of nowhere. 

The book is handsomely bound, but comparison with 
Dr. John Gregorie’s copy in the University of Aberdeen 
shows that the text (especially p. 351) generally lacks 


the boldness of the original edition (1664). The price is 
regrettably, but perhaps unavoidably, high. 
W. P. D. WIGETMAN 


TEXT-BOOK OF FLUID MECHANICS 


Fluid Flow 

A First Course in Fluid Mechanics. By Prof. H. Sabersky 
and Prof, Allen J. Acosta. (A Macmillan Series in Mechani- 
cal Engineering.) Pp. xviiit+393. (New York: The 
Macmillan Company; London: Collier-Macmillan, 1964.) 
63s. 


LUID flow, like engineering thermodynamics, is a 
subject in which almost every university engineering 
faculty has first-class lecturers and courses of lectures. 
When a lecturer has spent a number of years preparing a 
good course he naturally writes it up as a book, and it 
becomes useful both to his own students and the students 
of any other department where the lecturers have not yet 
prepared their own book. American books have the further 
advantage that they give a number of clearly stated 
illustrative problems in each chapter and in this case 
the answers to selected ones are given at the end. It will 
be greatly in the interest of the student when a certain 
measure of standardization in treatment, presentation. and 
explanation is achieved between the various engineering 
departments of the world, just as a certain measure of 
standardization has already been produced in the mathe- 
matical systems for physical quantities and in the sylla- 
buses. From the student’s point of view, the essential 
thing is to understand what he wants from his knowledge 
of the subject and to avoid giving him unnecessary effort 
due to slipshod or unnecessarily involved explanation. 
In a subject such as fluid mechanics, one can write a 
book primarily concerned with logical rigorousness of 
proof, that is, starting from Newton’s laws of motion and 
developing the mathematical treatment fully and rigor- 
ously; or, second, one can write for the applied physicist 
or engineer who really needs, more than anything, a 
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physical understanding of the concepts of fluid flow (for 
example, streamlines, vortices, turbulence, viscosity, static 
and total pressure) such that he can use them fruitfully to 
invent new systems and design modified systems which 
will in fact obey the physical laws. In this case it is essen- 
tial to explain in words all the assumptions and significance 
of the basic equations and laws, and when the final answer 
is obtained again to explain in detail the meaning of each 
term and what positive or negative affects all the variables. 
The algebra, on the other hand, leading from the initial 
assumptions to the final result can be put in small print 
so long as it is done correctly. ~ 

In my opinion Fluid Flow: a First Course in Fluid 
Mechanics is good from this point of view since it presents 
clearly drawn, simple diagrams and explains in words the 
assumptions and the meanings of the equations which 
are essential to the development of this subject and gives 
the student a feeling for the concepts. The engineer has 
long ago abandoned the idea that he could get by with 
empirical equations without understanding the physics 
of the process, and this book can therefore be recommended 
to engineers. 

The mathematical methods involve both straightforward 
vector notation and the clear derivation of the Navier 
Stokes equation and the Eulerian equations from Newton’s 
laws of motion, but the treatment is carried right through 
to the practical problems of lubrication, turbine engines, 
flow in pipes and boundary layer flow. There is a brief 
appendix for the student who has never heard of vectors 
and another explaining the pound-force and slug mass 
units used. 

There are very few books in this field which start with 
Newton’s laws of motion and lead clearly on to a physical 
explanation. of such parts of turbo-machine design as can 
be explamed physically. It is therefore very suitable as 
a text-book for an engineering science course. 

M. W. TERNG 


WHOLE-BODY RADIOACTIVITY 
MONITORS 


Directory of Whole-Body Radioactivity Monitors 
(Low Activity Levels.) Pp. 704. (Vionna: International 
Atomic Energy Agency; London: H.M.S.O., 1964.) 
294 schillings; 84s.; 14 dollars. 


HE compiler of any directory faces a Herculean task; 
he must produce a volume which is both comprehen- 
sive and up-to-date. There can be little doubt that Dr. 
Mehl has collected together a high proportion of the 
available data; information is given on 111 whole-body 
monitors located in 22 countries. However, keeping these 
data up to date is the major problem in such a rapidly 
expanding field and, therefore, it is inevitable that the 
Directory of Whole-Body Radioactivity Monitors (Low 
Activity Levels) is already out-of-date, and refers to the 
situation as it was some two years ago. There can never 
be a right time to publish a directory, and so it is unfortu- 
nate that on referring to the section covering United 
Kingdom monitors, it is evident that valuable additions 
could be made to at least half the data sheets. I can think 
of two new laboratories which have been constructed in 
the past two or three years, and five counters (which are 
listed as under construction) which have now been 
commissioned, not to mention new schemes under consider- 
ation. Itis to be hoped that Dr. Mehl is already considering 
publishing supplementary data sheets for what is basically 
a useful first edition. 
The value of any directory is partly concerned with the 


- ease with which it can be used. This volume is easy to 


use, the information being arranged in three sections. 
Part 1 contains some 30 pages of general information, 
including the addresses of the institutions operating or 
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developing whole-body monitors and an explanation of 
the layout of the data sheets. The salient features of the 
data sheets are reproduced on & pull-out section at the 
back of the book, which can be studied in conjunction 
with the individual pages. Part 2, comprising the main 
bulk of the Directary, consists of about 570 pages of data 
sheets, including more than 450 illustrations. This section 
is provided with a thick blue card index which makes it 
easy to find and should prove durable in use. The arrange- 
ment of the data sheets is consistent, which enables the 
user to compare data on different sheets, and the illustra- 
tions are well drawn and clearly labelled. Part 3 has some 
100 pages mainly devoted to an intercomparison of most 
of the aspects of the whole-body monitors listed in the 
data sheets. This is a comprehensive analysis, much of 
which is in tabuler form, which brings out clearly the 
main features of whole-body monitors. A comprehensive 
bibliography of about 400 references is followed by a list 
of the experts referred to in the Directory. 

Another factor affecting the usefulness of this Directory 
is the accuracy of the information. The data sheets were 
compiled from enquiries sent to the experts at each estab- 
lishment concerned, and apart from one case (US 3-1), 
where a collimated detector is described as an uncollimated 
detector in an ‘open-type’ monitoring room, most systems 
seom to have been fitted to the rigid format of the data 
sheet without much difficulty. I found less than twenty 
inconsistencies and errors in the whole 600 pages of 
Part 2, and these were mostly obvious typographical 
errors which were not perpetuated in the subsequent 
analysis in Part 3. The analysis, apart from minor typo- 
graphical errors, was clearly related to the information in 
the data sheets, with the possible exception of Table 13, 
p. 622, which required some correction to three of the five 
entries in order to conform to the data sheets. 

I found only a few offending features, such as the nomi- 


- nal dimension of a 3 in. diameter P.M, tube being quoted 


as 7:62 cm. The unit of c.p.m./MeV as the ordinate for 
the graphs of background spectrum, while mathematically 
correct and providing convenient numbers, would not 
seem so realistic as the use of c.p.m./keV. A disappointing 
omission in the book is the cost of each equipment. 
When intercomparing data, it would have been nice to 
have known such items as the cost per unit volume of 
monitoring rooms, the cost per unit volume of detector 
systems and the cost per unit of background index. Apart 
from these criticisms, there is much of use and interest 
to be found in the Directory, especially the final section. 
As the Director of the International Atomic Energy 
Agency has commented in the foreword, the International 
Atomic Energy Agency intends to follow up this survey, 
and users are invited to inform the Agency of new whole- 
body monitors and references to the literature not covered 
by the bibliography. It is to be hoped that those concerned 
will heed this request, and so ensure that future editions 
are kept as up to date as possible. B. E. GODFREY 


CHEMICAL TECHNOLOGY 


Encyclopedia of Chemical Technology 

By Kirk-Othmer. Second completely revised edition. 
Vol. 4: Calcium Compounds to Chloramphenicol. Pp. 
xvi+ 937. (New York and London: Interscience Pub- 
lishers, a Division of John Wiley and Sons, 1964.) 338s. 


HE fourth volume of Kirk-Othmer’s Encyclopedia 

of Chemical Technology covers thirty-five articles 
ranging from ‘‘Calcium Compounds” to ‘“Chlorampheni- 
col”. Once again the Editorial Board is to be congratulated 
on the maintenance of the high standard of the reviews. 
The subjects reviewed follow, with few exceptions, the 
sequence chosen for the first edition, and wross-references 
are given for subjects classified elsewhere in the Encyclo- 
pedia. For example, ‘Cereals’? or ‘‘Carcinogens’” are 
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cross-referenced to “Grams, Cereal’, and “Industrial 
Hygiene and Toxicology”. However, minor criticisms 
must again be raised against the cross-reference system. 
The reader requirmg quick information on ‘“Calcrum 
Sulphite’’, a chemical of importance to the paper industry, 
will find no review or no cross-reference given to this 
compound under “Calcium Compounds” as he would 
expect. Such minor difficulties as this can only be over- 
come by the use of an index, so it would certainly be a 
valuable asset to all users of the Encyclopedia if the 
Editorial Board could issue an index covering the first 
few volumes. g 

It is admitted that one would not expect an Encyclo- 
pedia of Chemical Technology to be an authority for 
analytical chemistry. References are given where possible 
to standard methods of analysis; however, it is felt that, 
in keeping, with the many advances in modern analytical 
chemistry, there-is room for revision and extension 
of the analytical sections. 

It is of interest to read of products used ın nuclear 
and space technology. For example, reference 1s given to 
the applications of the carbides of uranium-235 and thorium 
as nuclear fuels and breeder materials, of the use of graph- 
ite in reactors, or of the aerospace applications of graph- 
itized carbon. 

This volume includes reviews of several chemicals that 
are of paramount importance to chemical technology. 
The article on “Carbides’’ details industrial manufacture, 
physical and chemical properties and applications of 
these materials, so important to the steel industry. 
“Carbon” covers all the known forms of carbon and 
graphite, and includes an excellent review of the synthetic 
diamond industry. The synthetic hydrocarbon oil indus- 
try based:on the Fischer-Tropsch reaction is reviewed 
under “Carbon monoxide—Hydrogen reactions’. ‘‘Car- 
bonyls” are reviewed mainly on molecular structure and 
manufacture. “Cellulose, Derivatives and Plastics”, 
covers a collection of articles that contain a wealth of 
information on these products with particular emphasis 
on additives such as lubricants, colorants, and plasti- 
cizers. Useful lists of trade names are given in these 
reviews. It is of interest to read how the effect of auto- 
matization is influencing the “Cement” industry. “Chemi- 
cal Warfare’’—it is with some apprehension that one reads 
through this article, with its references to toxic chemicals, 
including incapacitating agents, psychochemicals, to flame 
agents, incendiaries and smokes. K. Frenp 


SUPERSONIC FLOW CHEMISTRY 
AND RADIATION 


Supersonic Flow 

Chemical Processes and Radiative Transfer. Edited by 
D. B. Olfe.and V. Zakkau. Pp. viii+ 488. (London and 
New York: Pergamon Press, 1964.) 180s. net. 


S UPERSONIC Flow, Chemical Processes and Radiative 

Transfer contains the proceedings of an AGARD 
Combustion and Propulsion Panel held in London in 
April 1963, and is in two parts, Part 1 entitled “Chemical 
Processes in Supersonic Flow”, and Part 2 “Radiative 
Transfer in Flow Fields”. 

In Part 1, two papers deal with rocket exhaust plumes, 
one considering their aerodynamic structure ignoring 
reaction and mixing, and the other the calculation of 
transonic flow régimes. A paper in French describes 
experiments on the spontaneous combustion of kerosene 
in a hot supersonic airstream, and a paper on a kerosene- 
fuelled ramjet evaluates real gas effects on performance. 
A second paper in French gives an excellent account’ of 
flows with chemical reactions, and another theoretical 
paper deals with chemical relaxation for channel flows of 
doubly reacting mixtures. Three papers involve the flow 
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of hydrogen into a supersonic airstream—the first discusses 
turbulent mixing with chemical reaction for air-hydrogen 
mixtures, the second treats analytically supersonic 
diffusion flames, and the third describes wind-tunnel 
experiments achieving stable combustion of hydrogen in 
wakes with consequent reduction in base drag. A splendid 
account of heat and mass transfer through turbulent 
boundary layers with and without chemical reaction ends 
Part 1. 

Part 2 lists eleven papers, but “Radiation Heat Transfer 
during Re-entry” by Kivel appears only as an abstract. 
However, along with a lucid review of heat transfer to 
space vehicles taking account of radiation and chemical 
reaction, there is also a good discussion of radiation 
transfer régimes in hypersonic flight. Two papers concern 
shock waves, one discussing radiation effects on shock- 
wave properties, and the other, photoionization ahead of 
a shock. An interesting paper considers the extent to 
which similarity parameters can be defined for radiative 
energy transfer in gas mixtures. The enhancement of 
thermal radiation of a flame due to solid particles is 
another theme discussed in the rocket motor technology 
field. Two papers have an astrophysics theme—one 
dealing with radiative ionization fronts in hydrogen and 
the second discussing the similarities between the methods ` 
and concepts of astrophysics and combustion spectro- 
scopy. Part 2 ends with a discussion of radiative cooling 
of aerodynamically heated surfaces at high Mach numbers. 

The two parts of this volume essentially discuss different 
problems and do not have a great deal in common. Even 
the term ‘supersonic flow’ implies Mach numbers generally 
below 12 in Part 1, and typically 25-35 in Part 2. The 
chemical processes in Part 1 are in most cases the result 
of heat addition to the flow by the combustion of hydrogen 
or some other fuel, but at the very high Mach numbers 
in Part 2 where radiation processes are important, 
dissociation and ionization in regions of high stagnation 
temperatures are normally the processes governing the 
flow chemistry. However, the individual contributions in 
each part do combine to provide an excellent treatment 
of a range of supersonic flow chemistry and radiation 
problems as described earlier. 

Published at 180s., the book will appeal most to the 
established worker in the aeronautics and astronautics 
fields, although some of the papers, notably those by 
Spalding on heat and mass transfer, and by Scala on 
re-entry vehicle heating, will interest the advanced student. 
The outstanding feature of the papers collected in this 
volume is the high calibre of the authors, each an out- 
standing research worker in his own field, and the way in 
which analytical or theoretical studies have been supported 
by experimental work of high quality. The contributors 
have collectively fulfilled the twin aims of the editors to 
provide both a significant status report and a stimulus for 
further work on the interaction between flow, chemical rate 
processes and radiative energy transport. I. W. PEATTIE 


CRYSTAL FLAW CHEMISTRY 


The Chemistry of Imperfect Crystals 
By F. A. Kréger. Pp. xvi+1039. (Amsterdam: North- 
Holland Publishing Company, 1964.) 2208.; 30.80 dollars. 


F the many good books that have come from the 
George Fisher Baker Lectures of the Department 
of Chemistry at Cornell University Dr. Kréger’s The 
Chemistry of Imperfect Crystals differs from most in that 
it 1s more than a lecturer’s exposition of a field, it is a 
complete compendium of the thermodynamic phase theory 
of point defects in crystals and of the experimental work 
that has been done in this field. : 
The work is divided into three sections: preparative, 
crystal growth and phase theory; detailed description of 
phases, imperfection chemistry; and imperfection chem- 
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istry applications. Part 1 (3 chapters, 131 pages) 
contains a description of the experimental methods of 
purification, analysis, doping and growth of crystals, phase 
theory based on the n dimensional pressure—temporature 
component graphical representation of phases and the 
macroscopic thermodynamics of phase relations. The 
descriptions of experimental techniques are clear though 
not detailed, and quantitative estimates of the results 
to be expected and references to further details are given. 

Part 2 (17 chapters, 687 pages) is by far the largest 
section of the book. More than half of it is a theoretical 
development, being a complete description of molecular 
phase theory, the theory of point imperfections and a 
treatment of the thermodynamics and equilibria of phases 
and imperfectaons. The remainder of Part 2 is a description 
and discussion of experimental systems. It begins with a 
detailed description of phases and the thermodynamics 
of phase relations from the molecular point of view, 
reactions between the vapour and the condensed phases, 
crystalline solids and imperfections, the variation of 
physical properties with imperfections and the thermo- 
dynamic equilibria of imperfection reactions in crystals. 
Then the description, physical properties and imperfection 
equilibria of several types of theoretical system are given 
in detail. These types are pure elemental crystals, 
elemental crystals containing one type of foreign atom, 
elemental crystals containing two types of foreign 
atom and pure compounds. This theoretical treatment, 
involving primarily the derivation of the equations 
of equilibria of imperfections in these systems, is detailed, 
complete and liberally illustrated with examples. Most 
of the remainder of Part 2 contains a detailed discussion 
of the properties of particular systems of pure compounds 
and compounds containing one or two types of foreign 
atoms, a survey of the properties and variation of 
properties of all imperfection systems that have been 
studied and a comparison of the previously developed 
equilibrium theory with these observed properties. The 
alkali halides, PbS, BaO, CuO, AgBr, CdTe and ZnS, are 
among the systems discussed. An interesting discussion 
of the structure and properties of ice is included, giving 
the theories of the types of imperfection in pure and doped 
ice and their equilibria. The statement that only one 
configuration of ice following the Bernal-Fowler rules has 
long-range order is incorrect; many such configurations 
have long-range order. There is no discussion of the hydrate 
crystals, such as xenon hydrate, which are imperfect 
crystals. Part 2 also has short chapters on point imperfec- 
tion equilibria in surface layers and near dislocations and 
on relaxation effects which deal with the kinetics of 
precipitation and diffusion. 

Part 3 (5 chapters, 177 pages), on the applications of 
imperfection chemistry, includes a discussion of sintering, 
a detailed treatment of the tarnishing processes, electro- 
chemical cells of many types and the photographic 
process and short sections on charge-transfer catalysis and 
phase transitions. 

The book is well written and the author’s style is clear, 
succinct and straightforward not only when he is develop- 
ing a theory but also when he is presenting an experimental 
description. Although the book in general concerns itself 
with systems which have a commercial application (as 
does most of the work that has been done in the field), 
the theoretical development is clear and complete enough, 
so that it makes a very good text-book. There are a lot 
of trivial errors in the text which seem to be caused by 
non-English-speaking typesetters. Several non-trivial 
errors are included in a page of additions and corrections 
at the back. The attempt seems to have been made to 
make the book as up to date as possible, including references 
into 1963 and page proof additions in footnotes. The 
review of work done appears complete, and more than 
3,000 references are listed. The detailed table of contents 
of 8 pages 1s good except that, as the page numbers are 
listed by sub-chapters, those chapters having no sub- 
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chapters have no page numbers. The name index is 21 
pages long and includes all names mentioned except those 
m the references to three tables. The subject index is 
not so good, and is only 12 pages long. Notwithstanding 
the usual statement about the price, it seems to me that 
the easiest way to get a thorough understanding of the 
physical chemical theory of imperfections and a knowledge 
of the work done so far is to study Dr. Kréger’s book. 

P. PAULING 


TEACHING HUMAN BIOLOGY 


Teaching and Research in Human Biology 

Edited by G. Ainsworth Harrison. (Symposia of the 
Society for the Study of Human Biology, Vol. 6.) Pp. 
viit+160. (London and New York: Pergamon Press, 
1964.) 42s. net. 


HE Society for the Study of Human Biology was 

founded in 1958 and its aims are to advance the study 
of the biology of human populations and of man as a 
species, particularly human vanability, human genetics 
and evolution, human adaptability and ecology. The 
present volume, which is edited by G. Ainsworth Harrison, 
consists of a symposium, and reports of various working 
parties, and is Volume 6 of the publications of the Society. 
It deals mainly with teaching and research in human 
biology and should be of interest to teachers m schools 
and universities. Because of the great impact that the 
reports of the working parties on a school of medicine 
and human biology are making on those concerned with 
the training of medical students, 1t was felt that some of 
the critical discussion on these reports had to be included 
in the published Proceedings. Although the book deals 
with human biology from several points of view, there is 
topical interest in the teaching of the subject in medical 
education. 

The present position with regard to new medical schools 
is that the Government has authorized one at Nottingham 
but it is not known what interest Nottingham has in the 
proposals set out by the working parties. Nevertheless, 
it seems that Keele and Stoke will soon start another 
medical school, and the Vice-Chancellor of the University 
of Keele has announced that his Senate has formally 
decided that it wishes to start a medical school along tho 
lines suggested by the present report. It may not be easy 
to find adequate teaching staffs with broad enough 
knowledge and sympathies to cut across the present 
biological disciplines. 

N. B. Malleson of the Research Unit for Student 
Problems in the University of London, and other contribu- 
tors, comment on the poor quality of many medical 
students. It is suggested that the better sixth-formers 
may be attracted away from medicine by the honours 
courses in the ‘pure’ sciences and that sufficiently integrated 
and advanced courses in human biology might do some- 
thing to alter this. This view is challenged by E. J. Clegg. 
While no doubt vocational motivism is stronger in sixth- 
formers wishing to enter the medical, teaching and clerical 
professions than elsewhere, the incidence of vocational 
altruism, coupled with the requisite aptitudes and personal 
qualities, would probably not suffice to maintain adequate 
recruitment in several professions. There will have to be 
other incentives. Malleson says that there is an unfavour- 
able ‘image’ of the medical course. Nevertheless, some 
medical schools show both enlightenment and progressive- 
ness. Is there often an unfavourable image of the profession 
too? Many sixth-formers are aware of the long years of 
medical training, which some present proposals may tend 
to make longer, the poor sampling techniques inherent 
in many medical examinations, the exiguous financial 
rewards after training, the lack of security and frustrations 
of many hospital registrars in middla life, and the 
unenviable lot of many general practitioners under the 
U.K. National Health Service. 
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S. G. Spickett of the University ee Cambridge states that 
in his experience medical students are comparatively very 
hard-working and conscientious, but lack a necessary 
scepticism. They have been taught to take everything 
on text-book authority. They have never consulted an 
original paper, nor have they been trained to assess the 
worth of original contributors. The authoritarian approach 
to the teaching of medical students is something that we 
must hope to avoid in new approaches to medical training. 

Although the report suggests much new work of a 
factual type (and it is probable that some, the psychology 
and statistical techniques, may be too much or too difficult 
for many undergraduates), it also makes a plea for a 
more fundamental approach to the principles of scientific 
method, the planning of experiments, the drawing of 
inferences, the divergent and creative in addition to the 
‘convergent and analytical in scientific thinking. This 
seems to be of absolute importance, but it is my opinion, 
based on four decades of university teaching, that, for 
one reason or another, only a small proportion of under- 
graduates achieve this, however well they may succeed 
with the disjecta membra of their university subjects. 

W. L. SUMNER 


CANCER RESEARCH TO-DAY 


Cellular Control Mechanisms and Cancer 

Edited by P. Emmelot and O. Mühlbock. (Unio Inter- 
nationalis Contra Cancrum Conference.) Pp. xi+ 387. 
(Amsterdam, London and New York: Elsevier Publishing 
Company, 1964.) 110s. 


International Symposium on Control of Cel! Division 
and the Induction of Cancer 

Held at Lima, Peru, and Cali, Colombia. Edited by C. C. 
Congdon and Pablo Mori-Chavez. (National Cancer 
Institute Monograph No. 14.) Pp. viii+403. (Bethesda, 
Md.: U.S. Department of Health, Education and Welfare, 
1964. Obtainable from U.S. Government Printing Office, 
Washington, D.C.). 4.50 dollars. 


HERE is something to be said for arm-chair travel 
to conferences, though it is no substitute for the real 
thing. While one can make a more leisurely study of the 
vistas presented, comparing one with another, one is left 
with the impression that without the warmth of the sun 
the third dimension is lacking. These two conferences 
held in the summer of 1963, one in Amsterdam and the 
other in South America, encompassed very similar fields; 
the central idea in each case was that cancer involves 
basically an abnormality of the control of cell division. 
In the final summary of the Lima-—Cali conference we 
read, “Very little is known about gene control of cell 
division in any material’, and again, “It is fair to say 
the basic genetics of the cell division process is unknown 
to us’. The approach used at both conferences was 
therefore to consider the type of mechanism which has 
been shown to control other cellular processes and extra- 
polate to the control of DNA synthesis and nuclear division. 
In other ways the two conferences differed. The Amster- 
dam conference was open, and was attended by some 300 
participants, whereas only 50 were invited to the South 
American gathering. Perhaps this makes less difference 
to the recorded proceedings than to the informal discus- 
sions, but I myself was left with the impression that 
the South American conference had been the more profit- 
able. This may have arisen partly from the arrangement 
of papers in the Amsterdam proceedings; although the 
reader is told that the conference was divided into sessions 
on particular topics, the papers are nov so classified, nor 
is he told which papers were invited contributions. 
A heavy respensibility at such conferences is borne by 
the speaker who draws together the various contributions 
and presents the conclusions of the meeting. The highlight 
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of the Amsterdam conference is the — survey by 
Kaplan, which should certainly be read first. Some 
of the papers at Amsterdam were concerned with the 
classical concepts of carcinogenesis, with the role of 
viruses, and with the differences between normal and 
cancer cells. Others described present-day knowledge on 
differentiation and growth regulation in many diverse 
systems, topics which are so central to the cancer problem. 
The third group of papers described the important work 
done recently on cellular control mechanisms in bacteria. 
Kaplan considered the relevance of the Jacob and Monod 
model of contro] of protein synthesis in bacteria to the 
dual control of cell replication and differentiation in 
multi-cellular organisms, and put forward several hypo- 
theses concerning the interference by carcinogenic agents 
in cell regulation. While some carcinogenic agents, such 
as radiation, are mutagenic and can produce a direct 
alteration of the genome, he suggested that others do not 
apparently proceed beyond the membrane, and must exert 
their effects indirectly. It was suggested that they may 
interfere with the penetration of inducers of differentiation 
and thus permit uncontrolled growth. These are exciting 
conjectures based on the elegant demonstrations of the 
factors involved in the control of metabolic enzyme syn- 
thesis and activity in bacteria. Whether or not they are 
truly relevant to the control of proliferation and growth 
in mammalian cells is a major problem for the future, as 
is the full role of viruses in carcinogenesis. 

In the South American programme less emphasis 
was placed on the fundamental aspects of the biology 
underlying the problem and more attention was directed 
to the induction of cancer. The carcinogenic activities of 
viruses, radiation and chemical substances were each 
considered in some detail, and there was an interesting 
session devoted to geographic pathology. The remaining 
sessions were on stem cell renewal systems and the 
control of cell division; that is, growth regulation ab 
tissue and cellular levels. 

Those interested in the fundamental aspects of cancer 
research will find much to educate and inspire them in 
these volumes. As is to be expected in a field which 
cuts across many disciplines, these books will find a place 
on the research worker’s desk not because the articles are 
unique, though some of them may be, but rather because 
those who took part in the conferences attempted to 
relate the contribution of their own discipline or study 
to a central theme. Though there is some duplication of 
ideas, the two symposia are in many ways complementary. 
Potential purchasers may, however, be deterred by the 
price of the Amsterdam volume considering that such 
publications have a limited useful life. 


A. B. CAIRNE 


ORIGIN OF LIFE 


The Origins of Prebiological Systems and of Their 
Molecular Matrices 

Edited by Sidney W. Fox. (Proceedings of a Conference 

conducted at Wakulla Springs, Florida, on 27—30 October, 

1963.) Pp. xx+ 482. (New York: Academic Press, Inc.; 

London: Academic Press, Inc. (London), Ltd., 1965.) 

64s. 


HERE could be no possible excuse, let alone justifica- 
tion, for a book like this to be reviewed by an 
ordinary biologist like me, except to persuade other ordinary 
biologists, morphologists, embryologists, palaeontologists, 
geneticists, and taxonomists to overcome their fears and 
pay attention to what their biochemist colleagues have 
been doing. It is now nearly a hundred years since 
Darwin. wrote, “Itis often said that all the conditions for 
the first production of a living organism are now present, 
which could ever have been present. But if (and oh! 
what a big if!) we could conceive in some warm little 
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pond, with all sorts of ammonia and phosphoric salts, 
light, heat, electricity, &c., present, that a proteine 
compound was chemically formed ready to undergo still 


more complex changes, at the present day such matter .- 


would be instantly devoured or absorbed, which would 
not have been the case before living creatures were 
formed”. These words, written in 1871, read almost like 
an invitation to S. L. Miller to perform his celebrated 
experiment where, by supplying energy (‘electricity’) to 
an. atmosphere of hydrogen, ammonia, water vapour and 
methane, he obtained a series of fatty acids, amino-acids, 
and other ‘organic’ compounds in profusion. Since then 
the number of synthesized compounds important for 
biopoiesis has been increased, some of them have been 
identified in meteorites, and seventeen amino-acids have 
been found in particles of dust taken from ceiling fixtures 
in Stimson Hall, Cornell University (p. 113 of the work 
under review). Equally stimulating is Bernal’s chapter 
on “Molecular Matrices for Living Systems”. Students 
of biological evolution by natural selection will be 
fascinated by the paper on “The Folly of Probability” 
and by the discussion that followed it. It is clear that 
‘selective’ agencies have been at work on some of the pro- 
ducts of pre-biological synthesis of chemical compounds, 
but is it legitimate to use the term ‘natural selection’ 
when applied to entities not provided with a genetic code 
which ensures that the selection affects not only the 
victims but also the potential offspring of such victims? 
A good deal of the discussion turns on semantic points 
but is none the less important for that. Considering that 
the RNA of the tobacco mosaic virus has a probability 
of random combination in its composition equal to 10-79%, 
the reader is reminded of Sir Ronald Fisher’s definition 
of natural selection as a mechanism which generates 
states of high improbability, and also of the economy in the 
number of mutations required to result in the conversion 
of Hohippus into Equus effected through natural selection. 

The almost universal distribution of adenosine triphos- 
phate (it, also, has been synthesized) in organisms of 
the most diverse kinds, and the importance of phosphorus 
generally for the origin of living systems, lead to one 
of those deductions, here made by J. D. Bernal, that are 
so fascinating in this work: it rules out the possibility 
of life having originated on meteorites or their parent 
bodies and points instead to its origin on the surface of 
an adequately heavy planot. 

These investagations have now reached the stage where 
it has been found useful to make a classification between 
those concerned with the conditions on the Earth which 
made the origin of life possible, and those which take 
the form of going more closely into the primitive forms 
of life that might have appeared. Here belong the 
researches of A. I. Oparin on coacervate drops, and of 
R. S. Young on microspheres formed from proteinoids; 
also speculatian on whether some metabolic processes in 
organisms may be surviving metabolic ‘fossils’ dating 
back to early times. 

In some quarters, the view will doubtless be held that 
this is all very well, but that some unknown ‘guiding 
principle’ is required (‘improbability’ again) to ‘explain’ 
the origin of life in terms acceptable to the philosophy of 
science. The reader will be reminded of Sir Julian Huxley’s 
exposure of Henri Bergson’s éan vital in terms of the 
élan locomotif of a railway engine. The reader may also 
remember Darwin’s delicious irony when, struggling with 
the problems of the origin of coal, he wrote to Hooker: 
“I sometimes think that it [coal] could not have been 
formed at all”. Yet life is here, and it must have originated 
because the conditions on this planet five thousand 
million years ago were quite incompatible with it. Once 
more, the reader finds himself reminded of Darwin, when 
he wrote to George Wallich on March 28, 1882, three 
weeks before he died, “The principle of continuity renders 
it probable that the principle of life will hereafter be 
shown to be a part, or consequence of some general law”. 
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Among the numerous thoughts left in the mind of 
the reader of this most stimulating book, there is one 
which may alter the picture of gloom that results from 
brooding over the possibilities of the atom bomb and the 
population bomb. Will the biochemists soon synthesize a 
virus? Will it be pathogenic to man? This would put 
Pygmalion and Frankenstein into the shade, and mankind 


“would be lucky if xt ridded itself of this as easily as Mary 


Shelley disposed of the creature of her imagination. 
GAVIN DE BEER 


EIGHT VARIATIONS IN SEARCH OF 
A THEME 


Cell Culture and Somatic Variation 
By Morgan Harris. Pp. ix+547. (New York and London: 
Holt, Rinehart and Winston, 1964.) 120s. 


ELL Culture and Somatic Variation is a sensible book, 
and its faults lie not with the author but with the 
state of the subject. It contams eight essays loosely 
connected by their relevance to the problem of phenotypic 
variation in somatic cells. Some of these essays are very 
good, especially those dealing with the behaviour of 
animal cells in artificial culture. Prof. M. Harris’s long 
personal experience in this field is at once apparent, and 
the analysis of present-day problems is handled here with 
an authority that is perhaps lacking in some other parts 
of the book. But the real difficulty 1s that our knowledge 
of cellular differentiation is still merely a collection of 
descriptive superficialities; and any book written around 
this subject at present is bound to founder on the hard 
fact that we do not know what differentiation is about. 
Just how medieval our ideas on this subject really are is 
illustrated by the following quotation from a passage 
dealing with the problem of “‘dedifferentiation”’ or “modu- 
lation” of cells in culture: “This view assumes that the 
intrinsic specialization of cell types is not altered in vitro, 
merely the overt expression of particular characteristics. 
In a given environment, cells may lose morphological 
individuations, for example, or cease to form specific 
end products such as pigment, connective tissue fibres, 
or hormones. . These shifts can be regarded as modulations, 
however, if one postulates that the cells in question may, 
under other conditions, resume output of the correspond- 
ing derivatives, or revert to pre-existing patterns of struc- 
ture. From this point of view thesimplifications of structure 
and function that take place in isolated systems are in 
principle reversible, and the loss of specialized features is 
more apparent than real’’. 

It is therefore not surprising that Prof. Harris turns to 
microbial systems for inspiration. The second chapter in 
the book is called “Microorganisms as Model Systems”, 
and in it some fashionable theories on the regulation of 
enzyme synthesis in bacteria are reviewed. Since it is 
now already clear that these theories do not adequately 
explain these phenomena even in bacteria, the hope that 
they might throw any important light on differentiation 
in animal cells seems rather forlorn. The final chapter is a 
good elementary survey of transplantation immunity, 
but again it is not at once apparent what light this throws 
on the problem of differentiation. Other chapters deal 
with nuclear transplantation, culture of somatic cells, 
variation in chromosome patterns, nutrition of cell cul- 
tures, their resistance to extrinsic agents, and carcino- 
genesis in vitro. All of them are competent reviews of 
selected literature on these topics and will certainly be of 
great use to eny student looking for an introduction to 
these subjects. But the inclusion of this range of material 
within the covers of one book cannot easily be justified 
by the unity of the subject or even by the »selevance of the 
material to a central problem. What holds the book 
together is simply that it is an expression of the range of 
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Prof. Harris’s interests. One wonders whether it might 
not have been a better book if it had sumply been called 
“Cell Culture’ and had been limited to those chapters 
in which Prof. Harris deals ın a magisterial fashion with 
subjects in which he is a specialist. 

This having been said, ıt must be stressed that Prof. 
Harris sets high standards of scholarship, and it is difficult 
to think of a better general account of the field of animal 
cell culture than the relevant chapters in this book. 
There is therefore little doubt that the work will be a 
success with students and research workers ın this field, 
and deservedly so. Henry Harris 


BIOLOGICAL INSTRUMENTATION 


The Experimental Basis of Modern Biology 
_By J. A. Ramsay. Pp. xii+ 337. (Cambridge: At the 
University Press, 1965.) 40s. net. 


Instrumental Methods of Experimental Biology 

Edited by David W. Newman. Pp. xui+ 560. (New York: 
The Macmillan Company; London: Collier-Macmillan, 
Ltd., 1964.) 115s. 


ANY of the most important recent advances in 
biology have resulted as much from the development 
and application of sophisticated physical techniques to 
study the behaviour of biological systems at the molecular 
level, as from the emergence of new theoretical concepts. 
These two’ books, which, in different but to some extent 
complementary ways, lay their main emphasis on experi- 
mental techniques, are therefore welcome. 

As Dr. J. A. Ramsay says in his introduction, modern 
biology can be wildly exciting, and it is obviously vital 
for the subject that potential biologists should realize 
this at an early stage in their education. But a sense of 
excitement is not conspicuous in most school and univer- 
sity text-books, and the accounts of the latest work in 
the popular scientific press are often, perhaps unavoidably, 
over-simplified. He has therefore set out to bridge the 
gap by discussing critically the kind of experimental 
evidence on which some of our present ideas are based. 
He has wisely not attempted to write a comprehensive 
treatise on elementary cell biology, and concentrates in 
Part 1 on the structure of some primitive and some 
specialized cells, in Part 2 on the general principles involved 
in energy metabolism ın living cells, and in Part 3 on the 
genetics both of micro- and of higher organisms. Part 1 
begins with an admirable summary of modern methods 
of structural analysis, including accounts of light and 
electron microscopy, X-ray diffraction, and several 
ancillary techniques; it continues with a well-illustrated 
description of the cell nucleus and the cell membrane, 
the mechanism of cell division, and of organelles such as 
the mitochondrion. Description is perhaps the wrong 
word, since throughout the book Dr. Ramsay has success- 
fully avoided giving the usual descriptive catalogue of 
dreary facts, and provides instead a lively argument 
concerned ‘primarily with the nature of the experimental 
observations that support his statements. The subject 
for Part 2,is conceptually more difficult, requiring as it 
does an understanding of biochemical thermodynamics. 
However, Dr. Ramsay again achieves a both lucid and 
readable account, not neglecting to say enough about 
modern. biochemical techniques to whet the appetite of 
any experimentally minded reader. Finally, in Part 3 
he reaches the deepest water of all, and discusses the 
explosive advances of the past few years in the study of 
the mechanism. of inheritance. It is hard to see how, in a 
relatively brief space, and not omitting to describe the 
experimental methods in adequate detail, he could have 
dealt better with this fascinating topic. This book can 
be very strongly recommended, not only to all would-be 
biologists at school and university, but also to those already 
established or in any way interested in biology. 
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The readers who will make most use of the book edited 
by Dr. D. W. Newman are the university students of 
biological subjects who wish to know more about the 
techniques to which such copious reference is made in the 
present scientific literature, and those starting research 
in biology who need preliminary guidance in choice of 
methods. The word ‘preliminary’ is used advisedly, 
since a book of this size cannot attempt to discuss at 
length every possible technique, and even though several 
important types of instrument are omitted altogether, 
some of the chapters are somewhat cursory in their 
approach. About half the book is concerned with methods 
of fractionating molecules of biological origin, that is 
with paper, thin-layer, column and gas chromatography, 
with zone electrophoresis and with ultracentrifugation. 
The rest 18 taken up with a more diverse collection of 
topics, such as freeze-drying, weighing devices, measure- 
ment of pH, spectroscopy from the ultra-violet to the 
infra-red, manometry, measurement of osmotic pressure, 
transducers and finally read-out devices. It is not clear 
what has governed the precise choice of topics. Even if 
one accepts that it is reasonable to omit all mention of 
microscopy and all but very brief reference to isotope 
techniques, on the grounds that there are already plenty 
of books about them, one can think of other obvious 
lacunae. In the chapter on spectroscopy, for example, 
flame photometry deserves more than ten lines, and the 
section on fluorometry could also have been expanded. 
When. dealing with glass electrodes for measuring pH it 
seems a pity not to mention those sensitive to Nat and 
K+ ions. Regrettably, there are no chapters on light- 
scattering measurements, or oxygen electrodes, or micro- 
calorimetry, or surface-tension measurements. However, 
most of the techniques which are included for discussion 
are handled very competently, and the book undoubtedly 
gives a useful guide both to the type of equipment available 
for various tasks and to the main limitations of the methods 
concerned, R. D. KEYNES 


N 


CELL SYNCHRONIZATION 


Synchrony in Cell Division and Growth 

Edited by Erik Zeuthen. Pp. xi+ 630. (New York and 
London: Interscience Publishers, a Division. of Jobn 
Wiley and Sons, Inc., 1964.) 132s. 


HE necessity for unravelling growth in terms of the 
cell cycle has long been a conviction at the back of 
the minds of most cell biologists; but the problem is 
beset with many difficulties. Few techniques are sensitive 
enough for single-cell investigations, while naturally 
synchronous cell systems which might provide an adequate 
bulk of tissue are seldom, both typical and convenient. 
The pioneer work in this field is that of Rapkine, 
published in 1932, on the variation in sulphydryl groups 
during the mitotic cycle of eggs of the sea urchin. But it 
was not until about ten years ago that the editor of this 
book himself developed the means of artificial synchroniza- 
tion of Tetrahymena which has led to such a burst of 
fruitful work. j 

Artificial synchronization techniques have now been 
worked out for many micro-organisms, as well as for 
animal cells in culture. They all involve altering the 
physical or chemical environment in various ways, often 
repeatedly. It has come to be recognized that the artifici- 
ally synchromzed cell is not, in every respect, normal. 
Nevertheless, it is a functional living system, sufficiently 
close to the normal for its investigation to be amply 
rewarding. 

The ideal, of course, would be to achieve synchrony, 
not by imposing it forcibly on a complete random popula- 
tion of cells, with the consequent risk of distorting the 
normal sequence of events, but by separating out from 
the population only those cells that are of a given size 
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and age. But, simple as this sounds, ıt has proved 
extremely difficult in practice, and only recently have there 
been signs of success. 

The present volume contains 23 excellent articles which 
range over all these topics. A number give details of 
techniques; many of them are valuable reviews of the 
work which has followed from the advances in technique. 

It is seldam that a composite volume maintains such 
a uniformity of aim and standard, and the editor is to 
be warmly congratulated. One may hope that his labours 
will give fresh encouragement to an important and rapidly 
growing branch of biology. Micuast Swann 


ADVANCES IN FORESTRY 


International Review of Forestry Research 

Vol. 1. Edited by John A. Romberger and Pertsa Mikola. 
Pp. xi+ 404. (New York: Academic Press, Inc.; London: 
Academic Press, Inc. (London), Ltd., 1964.) 93s. 


HE appearance of Volume 1 of International Review 

of Forestry Research, a series in which it is proposed 
to provide authoritative review articles covering, inter- 
nationally, all the important publications in particular 
fields of forestry knowledge, is very welcome. It is well 
produced, printed and bound, though for its size it is 
expensive, even according to modern standards. The 
stated aim is to provide an international publication 
medium in which knowledge and ideas of forest scientists 
will be “‘collected, evaluated and synthesized” within 
definite fields of work. 

Hitherto, the only source of such synthesis of knowledge 
on a truly international scale has been the “Review 
Articles” that appear at the beginning of each number 
of Forestry Abstracts. These are of a uniformly high 
standard of presentation and completeness—factual, 
authoritative and often tough’ reading. As it is only 
possible to issue three or four of these a year, the rate of 
coverage of the wide field of forest science by them 1s 
undesirably slow, and any additional publication provid- 
ing such reviews is valuable. 

The compilation of these review articles is an exceed- 
ingly laborious task if it is to be done properly, and ıt is 
difficult to find active research workers who will give up 
the time to do it. Yet the reviews must be done by experts 
who are thoroughly familiar with their subjects. Also, 
if a uniformly high standard is to be achieved, editing 
has to be very strict. In the volume under discussion 
seven subjects are reviewed and the quality and complete- 
ness of the articles are variable. Very high standards are 
achieved in four of them. Leo Heikuranen of Finland 
presents an excellent account of the “Improvement of 
Forest Growth on Poorly Drained Peat Soils’, covering 
work mainly m Finland, Britain and North America, and 
giving about 250 references to literature. It is a curious 


' coincidence that, almost simultaneously, M. S. Botch has 


covered a good deal of the same ground in a comprehensive 
review article (in Russian) entitled “‘Principal Problems 
and Trends in the Development of Peatland Science in 
European Countries during the Period 1945-63” in the 
Russian Botanical Journal of February 1965. This covers 
work in all European countries (except Russia, and also 
Spain, Portugal and Greece for which no data were 
available). Had each had access to theother’s bibliography, 
the coverage would have been notably improved. The 
article by Carl Olaf Tamm on “The Determination of 
Nutrient Requirements of Forest Stands’ (about 220 
references), and that by Ken-Ichi Hatamo and Sumikiko 
Asakawa on ‘‘Physiological Processes in Forest Tree Seeds 
during Maturation, Storage and Germination” (about 280 
references), are models of their kind, being critical and 
sustaining the interest of the reader by clear concise 
writing. Lalit M. Srivastava’s article on “Anatomy, 
Chemistry and Physiology of Bark” (some 240 references) 


` forest science. 
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also sets a high standard, though it is written in much 
more technical language and is only readable by an expert 
wood anatomist who is also a biochemist; but this is 
probably inevitable in a subject of this nature. 

The other three articles are more variable in quality 
and more discursive in modo of presentation. Kurt 
Mantel’s “History of the International Science of Forestry 
with special Consideration of Central Europe” is, in spite 
of its title, restricted to Germany and France and is an 
annotated list of references to publications by the early 
foresters in those countries in various defined fields of 
forestry. While mentioning many famous figures, httle 
information is given about the contributions they made to 
forest science. It is thus a guide to reading rather than 
a synthesis of knowledge; and, as such, has its use. The 
review by Charles W. Ralston on “Evaluation of Forest 
Site Productivity” deals with a vague subject in a rather 
indefinite way. It could have been more critical and is 
too tolerant of the mystique behind much of the work 
carried out in this field. It omits much important work 
carried out in Europe and does not mention the ideas of 
Czarnowski in his own country. Nevertheless it provides 
many useful references for anyone studying this field. 
Finally, A. D. Yoûte gives a rather general article on 
“Harmonious Control of Forest Insects”, a useful summary 
of ideas on the various controlling agencies, natural and 
artificial, and how they might be combined to maintain 
populations at tolerably low levels. No very clear recom- 
mendations emerge. It has a useful bibliography (180 
references), and is good reading for students. 

All in all, this series has got off to a very promising 
start. It is to be hoped that the standards of the best of 
the articles will become general and, above all, that the 
coverage will be fully international, not omitting tropical 
It is important that when an article 
covers work from a limited geographical area, this is 
clearly stated in the title. The value of the articles is 
greatly enhanced when the reviews, as in several cases in 
this volume, include sources of literature that are macces- 
sible to the average reader. This may mean calling in 
translators to deal with unfamiliar languages. Finally, 
all forest scientists and students should be eternally 
grateful to those who undertake these review articles, 
as their compilation is a very laborious and often thankless 
task. M. V. LAURE 


BIRDS EGG SHELLS 


Wilhelm. von Nathusius, 1821-1899, on Avian Eggshells 
A Translated and Edited Version of his Work. By Prof. 
Cyril Tyler. Pp. 1044+18 plates. (Reading: C. Tyler. 
Obtainable from the Berkshire Printing Co., Ltd., Oxford 
Road, Reading.) 43s. 6d. 


URING 1964 the British Egg Marketing Board was 
forced to exclude from sales about 1-2 x 10° cases 
of eggs because of shell defects. Each case contained 
30 dozen eggs so that the total number having fragile 
or cracked shells was approximately 3-6 x 10? and repre- 
sented a financial loss of about three million pounds. The 
modern laying hen has been bred to produce nearly three 
hundred eggs in a year, but little or no attention has been 
paid to the fact that these hens do not appear to have 
paralleled their ovulation rate with a concomitant 
improvement in calcium absorption from the gut. More- 
over, some hens persist in laying many eggs with defective 
shells; this may be an inherited trait. 

The deposition of the inorganic components on or 
around the organic matrix of the egg shell ıs by no means 
understood; Prof. Tyler has devoted much time to the 
study of eggshell-strength, but as yet we have no really 
satisfactory method to test against the emechanical ill- 
treatment the hen’s egg receives between cloaca and 
customer, nor can we readily detect hidden defects which 
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have developed in the oviduct. Information about shell- 
strength in all its aspects, qualitative and quantitative 
and genetical, is urgently being sought, and the mass of 
microscopical data published by Wilhelm von Nathusius 
(1821-1899) between 1868 and 1898, now made available 
through translation and collation by Prof. Tyler out of 
very obscure and forgotten places, is of great interest 
and value. 

The book has novel features, and it is hoped that 
it may not be the last re-presentation of other historical 
and forgotten aspects of science. There are twelve 
chapters, four appendixes and a separate folder of plates. 
The chapters deal with the structure of the shell in stages; 
the membranes, the mammillary layer, the spongy layer, 
the cuticle, ground substances and inclusions, pigmenta- 
tion, pores and permeability (the embryo must respire}), 
specific gravity and thickness, abnormalities and develop- 
ment, derived from thirty-four of the original papers. 

The four appendixes are concerned with a biblio- 
graphy of von Nathusius’s works; the list of birds men- 
tioned (132 in all); a comparison of the older and newer 
nomenclature; Giebel’s classification of birds and a list 
of the 105 figures arranged in 18 plates. The index is full. 

D. J. BELL 


BIOCHEMISTRY AND ANIMAL 
~ BEHAVIOUR 


Biochemistry and Behavior 

By Dr. Samuel Hiduson, Dr. Edward Geller, Dr. Arthur 
Yuwiler and Dr. Bernice T. Eiduson. Pp. xii + 553. 
(Princeton, N.J., and London: D. Van Nostrand Company, 
1964.) 116s. 


Ta biochemistry and the behaviour of living systems 
are at their closest in the most primitive of organisms, 
when indeed almost all behaviour may be expressed 
biochemically. It would be intriguing to examine the 
progressive divergence of biochemical and other aspects of 
behaviour at different evolutionary stages. The present 
book seeks to connect the two subjects at their most 
disparate. It quotes more than a hundred structural 
formulae of chemical substances found in living organisms, 
and a large part of its text concerns mental illness. 
Intervening disciplines, electrophysiological, anatomical 
or embryological, receive little attention. It is thus 
understandable that the authors describe their endeavour 
in the book’s preface as a relatively empirical search for 
such correlations as may exist between data from bio- 
chemical and behavioural investigations. 

Only in a small part of the book is this search pursued 
at all directly or determinedly. A table listing gene- 
enzyme interactions appears in the penultimate chapter 
and carries some fifty entries relating to lower organisms; 
but little is said about effects on behaviour except in 
relation to temperature-resistance of bacteria. The 
opening account of biological energy, nicotinic acid, 
thiamine, anoxia and other metabolites makes little 
reference to behaviour beyond that found in biochemical, 
nutritional or neurochemical texts. Its sixty pages are, 
however, followed by three pages termed summary in 
which specified aspects of animal behaviour are considered 
from the point of view of their chemical susceptibilities. 
Chapters entitled neurohumors, and hormonal regulation, 
follow a similar pattern. 

In describing psychoactive agents, such as mescaline or 
chlorpromazine, more description of animal behaviour is 
given, but little which does not feature in pharmaco- 
logical writing. Structural formulae, here as elsewhere, 
are displayed without making a productive connexion 
with the book’s subject: they do not feature in tables 
quoting also the effects of the compounds on some aspect 
of behaviour. Work in which the selection and synthesis 
of drugs have been guided by observation or measure- 
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ment of animal behaviour is not included. It is note- 
worthy that the 40-50 figures of the book are largely 
assemblies of structural formulae and that no figure 
displays a correlation between behavioural and biochem- 
ical data. - 
The book’s virtues, indeed, lie elsewhere. Three of its 
four authors give biochemical subjects as their main 
discipline of work within departments concerned with 
mental health. The chapter on attempts at chemical 
diagnosis of mental aberration is a well-oriented and 
detailed account of that particular subject and carries 
more than four hundred references. The final chapter, 
entitled “Biochemistry and Behavior’, faces some of 
the problems involved in its subject, but quotes very few 
investigations. The subject index of the book is good in 
its chemical references but less so in reference to behavi- 
oural measures; the author index covers thirty pages. 
H. McItwain 


CYTOLOGY OF THE ADENO- 
HYPOPHYSIS 


Cytologie de l’Adénohypophyse 

(Colloques Internationaux du Centre National de la 
Recherche Scientifique, No. 128, Paris, 9-14 Septembre 
1963. Publié sous la direction de Prof. Jacques Benoit et 
Prof. Christian Da Lage.) Pp. 434+6 planches. (Paris: 
Editions du Centre National de la Recherche Scientifique, 
1963.) 98 francs. 


HIS book is an account, with both papers and 

discussions, of an international symposium on the 
structure and function of the cell types of the adenohypo- 
physis. Ten of the papers are in English, thirteen in 
French. The reproductions of the photographs, both in 
black-and-white and in colour, are excellent. 

The contributions cover a wide range of topics on the 
pathological, comparative and experimental aspects of the 
subject, but, in fact, underlying almost every paper is the 
problem of classification. The application of new staining 
techniques and of electron microscopy has resulted in the 
description of many cell types. The correlation of these 
accounts even for the same species is difficult, and the 
comparison of different species is still more so. Even where 
the data are sufficient to identify a cell type, revealed by a 
new technique, with a previously described type, some 
authors have preferred to coin a new designation. Hence 
the nomenclature is in a very confused state, and it is no 
criticism of this book that it is, in places, rather heavy 
going. Indeed, one of its most valuable features is that by 
bringing together workers of different interests and using 
different methods, the present urgent need of a generally 
accepted system of nomenclature is emphasized. 

The majority of the authors agreed that the goal is a 
functional classification, and, in the case of the rat and 
mouse, this is within sight of attainment. For other 
species, more rigorous bio-assays are needed, because, as 
often happens in biology, description of structure has got 
ahead of analysis of function. The contributions by 
d’Angelo, who carefully correlated cytology with thyro- 
trophic hormone assays in the guinea-pig, and of Rennels, 
who applied the fluorescent antibody technique to the 
vexed question of the follicle-stimulating hormone and 
luteinizing hormone cells in the rat, serve as models of 
the sort of studies needed. The difficulties of arriving at 
a generally acceptable classification are brought out in 
the final discussion. Many of the participants agreed 
that the human should not be taken as the type-species, 
but itis a little surprising that this view should be supported 
by the statement (p. 349) that “there are only three or 
four people here who care about the human hypophysis”. 
This may be true, but surely the specialist’s job is to 
provide a classification that is useful to as many interested 
non-specialists as possible. Many more people in the 
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Second Edition BIOCHEMISTRY OF THE AMINO ACIDS by Alton Meister 


e presents a comprehensive picture of the current status of amino acid biochemistry 

e covers developments in the area of protein synthesis such as the nucleic acid-amino acid code 

e provides foundation for future investigations in biochemical genetics and the control of enzymatic activity and 
metabolism 

Volume 1 contains information on the natural occurrence and properties of amino acids and peptides, nutritional aspects 

of amino acid antagonists, amino acid transport, oxidative and nonoxidative deamination, amino acid oxygenases 

vitamin B,-enzymes and the synthesis of peptides and proteins. Í 

CONTENTS: The Natural Amino Acids. The Role of Amino Acids in Nutrition. Amino Acid Antagonists. General 

Biochemical and Physiological Considerations, Formation of Peptide Bonds and Protem Synthesis. References after 

each chapter. Author Index—Sulyect Index. 


(M592) April 1965, 711 pp., 157s. 6d. 


Volume 2 is concerned with the biosynthesis and other aspects of the intermediary metabolism of the amino acids, and 
with disorders of amino acid metabolism in man. 


CONTENTS: Intermediary Metabolism of the Amino Acids. Some Disorders of Amino Acid Metabolism in Man. 
References after each chapter. Author Index—=Subject Index. 


(M594) April 1965, 604 pp., 143s. 


**Prepublication price of 230s. for set of Volumes 1 and 2 valid on orders received by the Publishers until April 15, 1965. 
After that date, price for set of Volumes 1 and 2 will be 281s. 


INTRODUCTION TO MODERN BIOCHEMISTRY, Second Edition by P. Karison 


Providing a completely integrated guide to established facts, dominant theories, and modern applications of biochemical 
research, this Second Edition has been up-dated and revised to include the latest available data. The chapter on nucleic 
acids is largely reorganized and newer developments are included wherever possible. 

Review of the First Edition: 

“. . . this textbook 1s a useful addition to the list of modern textbooks of biochemistry.” Nature 
(K115) May 1965, 434 pp., 88s. 

CONTENTS: Organic Chemistry and Biochemistry. Amino Acids. Peptides. Proteins. Enzymes and Biocatalysis. 
Coenzymes. Nucleic Acids and Protein Biosynthesis. Metabolism of Proteins. Porphyrins and Hemins. Biologic 
Oxidation-—-Metabolism of Oxygen. Carbon Dioxide Formation in the Citrate Cycle. Fats and Fat Metabolism. 
Phosphatides, Cerebrosides, Gangliosides. Isoprenoid Lipids: Steroids and Carotenoids. Simple Sugars, Mono- 
saccharides. Photosynthesis. Glycosides, Oligosaccharides, Polysaccharides. Correlations m Intermediary Metabolism. 
Topochemustry of the Cell. Hormones. Mineral Metabolism. Nutrition and Vitamins. Special Biochemica Functions 
of Certain Organs. Appendix.—-Index. 


STRUCTURE AND ACTIVITY OF ENZYMES 
edited by T. W. Goodwin, J. |. Harris and B..S. Hartley 


e organized for the Federation of European Biochemical Societies by The Biochemical Society and published by 
Academic Press 

ə emphasizes new studies on the mechanism of enzymic catalysis 

e provides structural studies on ribonuclease, chymotrypsin, carbonic anhydrase, alcohol dehydrogenase and haemoglobm 

e reports the complete sequence of chymotrypsin for the first time 

CONTENTS: Ribonuclease. Chymotrypsin. Active Sites. Haemoglobin. 


(G550) December 1964, 197 pp., 37s. 6d. 


MECHANISMS IN BIOENERGETICS by Efraim Racker 


Volume 3 of Advanced Biochemistry Series 


e analyzes the basic principles of energy metabolism 

e autlines the function of various high-energy intermediates which are found in nature, and their relationships 

e discusses adenosine triphosphate, the key compound in energy metabolism 

e simple systems, catalyzed by soluble and pure enzymes, are described and similarities in energy metabolism between 
primitive microorganisms and complex mammalian tissues are pointed out 


CONTENTS: Formation of Adenosine Triphosphate in Soluble Systems. Formation of Adenosme Triphosphate in 
Paruculate Systems. Regulation of Adenosine Triphosphate Utilization ım Multi-Enzyme Systems. Subject Index. 


(R082) May 1965, 259 pp., 27s. paperbound (R084) 52s. hardbound 
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HISTONES AND OTHER NUCLEAR PROTEINS by Harris Busch 


e introduces the current status of research and knowledge in the field of nuclear proteins 

ə provides the student or research worker with a view of the subject that permits its ready comprehension and indicates 
the areas where new research is required 

CONTENTS: The Protamines. Types, Composition, and Number of Histones. Isolation of the Histones. Spatial 

Relationships between DNA and Histones. Functions of the Histones. The Primary Structure of Histones. Metabolism 

of Histones. The Acidic Nuclear Proteins. Nuclear Enzymes. Author Index-—-Subject Index. 


(B954) May 1965, 226 pp., 76s. 


CONFORMATION THEORY by Michael Hanack 
Translated from the German manuscript by HELMUT NEUMANN 
Volume 3 of Organic Chemistry series 
ə comprises a definitive treatment of that aspect of stereo-chemistry known as conformational analysis 
e effectively elucidates the text and facilitates comprehension of the more intricate stereochemistry by the liberal use 
of three-dimensional formulas 
CONTENTS: Introduction: Short Historical Survey of the Development and Methods of Stereochemistry. General 


Discussion. Monocyclic Compounds. Bicyclic Compounds. Polycyclic Compounds. Compounds with Boat Con- 
formations. Heterocyclic Compounds. Acyclic Diastereomers. Author Index— Subject Index. 


(H122) May 1965, 382 pp., 103s. 6d. 


SCREENING METHODS IN PHARMACOLOGY 6y Robert A. Turner 


e describes in detail most of the modern methods used for the detection of pharmacological activity 

e includes modifications of older techniques used in the field 

e progresses logically from the design of the experiment through the technical procedure, to the statistical evaluation 
of the results 

e of special interest to pharmacologists, physiologists, medical researchers, teachers and instructors in pharmacology, 
organic chemists, and laboratory technicians 


(T810) May 1965, 332 pp., 86s. 


THE PRINCIPAL DISEASES OF LOWER VERTEBRATES by H. Reichenbach-Klinke 


enlarged with personal material and translated from the German by E. ELKAN 


Designed to help owners of experimental animals maintain healthy stock, to afford some explanation of the losses they 
invariably suffer, and to suggest the means of avoiding their occurrence, the book treats topics such as: infectious 
diseases (including bacteria, parasites, fungi, and viruses), environmental and nutritional factors, tumours, and develop- 
mental abnormalities. 

CONTENTS: Fishes. Amphibia. Reptilia. Glossaries. Subject Index. 


(R459) April 1965, 600 pp., 126s. 


ANALGETICS by George deStevens 


e explores the interdisciplinary aspects of the chemistry and pharmacology of analgetics 

e contains selected references at the conclusion of each chapter 

e specifically written for organic chemists, biochemists, pharmacologists, and clinicians 

CONTENTS: Introduction. The Physiology and Pharmacology of Pain and Its Relief. Clinical Measurement of Pain. 
Morphine and Its Modifications. Synthetic Analgetics with Morphine-like Action. JIsoquinoline Analgetics. Pyrazole 
Derivatives. General Synthetics. References after each chapter. Author Index—Subject Index. 


(D352) May 1965, about 455 pp., 121s. 6d. ` 
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` HUMAN CHROMOSOME METHODOLOGY edited by Jorge J. Yunis 


e presents an authoritative and up-to-date treatise which serves as a text and reference containing recent advances in 
human cytogenetics 

e covers each phase of laboratory investigation from the preparation of materials for sex chromatin and chromosome 
techniques for bone marrow, blood, skin, and gonadal specimens to the subject of autoradiography and chromosome 
identification 

e serves as a guide to laboratory techniques and their applications for research workers, students of genetics, and 
members of the medical profession involved in setting up a laboratory of cytogenetics 

(¥500) May 1965, 258 pp., 68s. 


THE EVOLUTION OF GENETICS by Arnold W. Ravin 


From the author’s preface : 

“Genetics has had a glorious past, an absorbing present, and promises to enjoy an exciting future. This book is not 
intended as a history of the science of heredity. By a brief and general survey, however, it seeks to show the connections 
of-past to present research, and of current discoveries to future investigations. ... This book is written for a broad 
audience interested in a general, not detailed, review of the subject. ... Genetics has had, and still has a unifying, 
central position in the biological sciences. Even more so in the future its principles will have ramifications in every 
specialized field of biology: biochemistry, physiology, cytology, development, systematics, ecology and evolution.” 
(X510) May 1965, 216 pp., 23s. 6d. paperbound (X61) 48s. clothbound 


SELECTED PAPERS ON MOLECULAR GENETICS ) 
A Collection of Reprints with introductory material by J. Herbert Taylor 


Voiume 1 of Perspectives in Modern Biology 

e presents a collection of 55 papers highlighting many of the important developments which Jed to our present concepts 
of the mechanisms by which the genetic information is coded, transmitted, arid translated in cellular growth, division 
and function 

(TIED) April 1965, about 660 pp., 47s. 6d. paperbound (T110) 72s. clothbound 


MODERN GENETICS Volume 1 by J. A. Serra 


e presents a well-balanced work on general genetics that is both authoritative and stimulating 

e contains recent data and advances in molecular genetics that have been fully integrated into the basic frame of classical 
genetics to provide a comprehensive basic book for the advanced student and an excellent source of reference for 
the postgraduate research worker 

e valuable to.all research workers in this field and helps post-graduate students to keep an open mind on matters that 
are still largely controversial 

(S195) January 1965, 540 pp., 105s. 


THE PHOTOCHEMICAL ORIGIN OF LIFE by a. Dauvittier 


Translated from the French by SCRIPTA TECHNICA, INC, 

CONTENTS: Characteristics of Living Matter. Theories of the Origin of Life. Cosmogony and Geogeny: The 
Origin of the Earth. The Origin of the Continents, Oceans, and Atmospheres. The Photochemical Synthesis of 
Organic Matter. The Organization of Living Matter. The Evolution of Living Creatures. The Energetics of the 
Biosphere. The Geochemical Role of the Biosphere. Life in the Universe. Bibliography. Subject Index. 

(D176) june 1965, about 200 pp., in preparation 
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INFORMATION AND PREDICTION IN SGIENGE edited by S. Dockx and P. Bernays 


Symposium of the Académie Internationale de Philosophie des Sciences 

e deals with the role of information in different scientific disciplines 

e develops the relationship between information theory and theory of knowledge 

e includes the analogies existing between the structures of information theory and physical and biological structures 


CONTENTS: Information Theory. Logic and Information. Mathematics and Information. Physics and Information. 
Biology and Information. Human Sciences. Author Index. 


> (D630) May 1965, 272 pp., 76s. 


ORIENTED NUCLEI; POLARIZED TARGETS AND BEAMS by J. M. Daniels 
Volume 20 of Pure and Applied Physics 


e introduces the subject of angular effects; eschews mathematical detail and presents basic ideas 

e covers the whole subject of oriented nuclei—the approach is descriptive, the emphasis is on experimental aspects 

ə valuable to all research workers and graduate students m nuclear physics, magnetism, and related fields who wish 
to become familiar with the techniques of producing beams, targets, and radioactive sources in which the spin axes 
of the nuclei are spatially oriented 


(D148) April 1965, 287 pp., 72s. 


LATTICE DEFECTS IN QUENCHED METALS 


edited by R. M. J. Cotterill, Masao Doyama, J. J. Jackson and M. Meshii 


An International Conference held at the Argonne National Laboratory, June 15~17, 1964. Sponsored by the United 
States Atomic Energy Commission 

e covers all aspects of this newly developing field 

e presents 25 papers and discussions at Argonne National Laboratories 

® rigorous coverage of activation energies 

e 2 convincing papers dealing with quenched body-centred cubic metals 

e discussions of experimental determinations of migration and binding energies 


(C750) May 1965, 807 pp., 157s. 6d. 


PHYSICS OF THE MARINE ATMOSPHERE by H. U. Roll 


Volume 7 of the International Geophysics Series 


® gives synopsis comprised of basic physical concepts of marine atmosphere 

ə deals with influences exerted by the sea surface on properties of the atmosphere and on atmospheric processes 
e emphasizes physical components 

e considers both empirical fact and theoretical interpretation 


CONTENTS: Introduction and Basic Principles. Meteorological Observations and Measurements at Sea. Com- 
position and Properties of the Marine Atmosphere. Flow Characteristics of the Marine Atmosphere. Thermodynamic 
Processes in the Marme Atmosphere. Concluding Remarks. Author Index—~-Subject Index. 


(R570) April 1965, 426 pp., 107s. 6d. 


THE UPPER ATMOSPHERE: METEOROLOGY AND PHYSICS by Richard A. Craig 


Volume 8 of the International Geophysics Series 


e an introduction to the meteorology of the upper atmosphere 


e emphasizes results and problems pertaining to composition, structure, and circulation of the atmosphere between the 
tropopause and about 300 km. 


e includes discussions of the solar ultraviolet spectrum, absorption by upper atmospheric gases, ozone, infrared transfer, 
atmospheric tides, geomagnetism, aurora and airglow, and ionization phenomena 


(C766) May 1965, 509 pp., 86s. 
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world at large are interested in the human than in any 
other single species. 

The histochemistry of secretory products in the cells 
is dealt with by Gabe, and the distribution of enzymes, 
especially cathepsin, by Pearse and Van Noorden. Some 
excellent electron photo-micrographs of the secretory 
process and of the various cell types are given by Herlant 
and by Barnes. One does, however, wonder whether the 
confident differentiation of, for example, the lutemmzing 
hormone cell and the growth-stimulating hormone cell 
in Mrs. Barnes’s Fig. 12 is quite justified: the two cell 
types appear very similar in. the photograph. 

Desclin described some very elegant grafting experiments 
in which portions of pituitary were implanted in the 
hypothalamus itself, and these confirm the important 
findings of Halász that contact with the portal hypophy- 
seal vessels themselves is not necessary for retention of 
pituitary function under these conditions. Of similar 
interest is the account by Bogdanove of intrapituitary 
grafts of target organs or hormones, which lead to the 
conclusion that the feed-back mechanism can act, In any 
event in part, directly on the pituitary itself. 

Ezrin and Murray give an excellent summary of cytology 
of the normal and pathological human gland. The alloca- 
tion of function to the cell types is a very difficult problem 
and some doubt still remains. For example, it is stated 
(p. 195) that the delta 1 cell, identified as a gonadotrophin 
producer, is scanty or absent in old people or chronic 
illness. It seems to be implied that such patients do not 
produce gonadotrophins, but, in fact, daily excretions of 
more than 30 International Units of human menopausal 
urinary gonadotrophin are quite often found in women 
over 60, even if they are chronically ill. 

A. series of papers describe the comparative aspecis. 
Legait measured the relative volumes of the intermediate 
lobe in many mammalian species and demonstrated a 
correlation with the water environment of the animal, 
while the detailed cytology of the intermediate lobe is 
dealt with by Purves and Bassett. The adenohypophysis 
of birds is described by Wingstrand and by Tixier-Vidal, 
of reptiles by Saint Girons and by Grignon, of amphibia 
by van Oordt and of fishes by Oliverau and by Stahl. 

Finally, there is a very useful bibliography compiled 
by Da Lage. 

All who are directly interested in this subject will wish 
to read this volume. When eventually a standardized 
system of nomenclature is evolved, it is certain that its 
authors will owe a heavy debt to the editors and authors 
of this valuable contribution. J. C. Davis 


CYTOLOGY AND GENETICS 


The Matter of Mendelian Heredity 
By Dr. K. R. Lewis and Dr. B. John. Pp. 269+- 15 plates. 
(London: J. and A. Churchill, 1964.) 40s. net. 


HE authors write with zest and evidently enjoy 

their subject. The colloquialisms, the light-hearted 
and alliterative chapter headings, and the double entendre 
in the title are welcome departures from the usual dead-pan 
exposition of science. On the other hand, the method of 
writing occasionally obscures the meaning, and will 
puzzle many a reader mightily. Strange facts and figures, 
such as the sum total of about 0-02 g of DNA in all the 
zygotes which gave rise to the present human population, 
are not without their uses in helping one to visualize the 
dimensions of the subject. There is a healthy interest 
in the actual process of research. Undoubtedly, the book 
is stimulating, and is meant to stimulate both teacher and 
student. , 

The introductory chapter is mainly about types of 
reproduction, cell division, fertilization and particulate 
heredity. In this chapter, there is no clear lead as to 
how one scores the number of chromosomes during meiosis. 
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A complication exists, of course, since chromosome 
replication and centromere division are asynchronous. 
But, if the phrase ‘number of chromosomes” is to be 
given meaning, we must decide on some way of counting, 
and the simplest way is to count the number of centro- 
meres. On this definition, chromosome number is halved 
at the first meiotic division, though this is not what the 
authors conclude on p. 49. Next, a statistical section is 
followed by a short discussion of gene action and inter- 
action, and then by an integrated treatment of the repro- 
ductive and genetic systems. Genetic change (mutation, 
selection, evolution) is then considered. Cytological 
technique is illustrated by an excellent series of photographs 
showing mitosis in the crocus and meiosis in a grasshopper. 
In the penultimate chapter there is an account of the 
chemical basis of heredity. This, it is interesting to note, 
is the one chapter that “the elementary reader can safely 
leave unread”, and ‘the authors thought more than twice 
about including it at all”. This apparent heresy can be 
respected. In our present state of knowledge the link 
between low-level concepts such as molecular struc- 
ture, and high-level ones such as behavioural patterns or 
geographical distribution or rate of selection, is often 
extremely tenuous. 

The final chapter about the scientific-method includes 
a certain support of teleology. Again, this can be res- 
pected. Teleological statements are now coming back into 
use, though the scientific reaction against them was at 
one time almost absolute. Nowadays, they are no more 
than a form of shorthand. We might say, teleologically, 
that “a giraffe has a long neck because it is of selective 
advantage’, but we can translate this into terms of 
material and efficient causes by writing instead “‘once 
upon a time some short-necked animals developed muta- 
tions lengthening the neck, were then able to exploit a 
new food source, and natural selection...” and so on. A 
teleological statement saves words. 

There are short lists of references and selected reading, 
and an adequate index. R. A. BEATTY 


EVOLUTION OF CROP PLANTS 


Essays on Crop Plant Evolution 

Edited by Sir Joseph Hutchinson. Pp. vii+204+16 
plates. (Cambridge: At the University Press, 1965.) 
50s. net; 9.50 dollars. 


HE excellent essays presented in this volume are 

based on nine lectures, each by an acknowledged, 
expert, given at the University of Cambridge during 1962. 
The text deals not only with genetical and phylogenetical 
aspects of plant evalution, but also with the interdepen- 
dence of the social and cultural history of man and the 
emergence of his food crops. Thus the book is certain. 
to have a wide appeal to botanists, agriculturists, archae- 
ologists and social historians. 

Prof. H. Godwin contributes a fascinating introductory 
chapter in which he presents a glimpse of the timing and 
scale of the beginnings of agriculture in north-west Europe. 
The evidence, based largely on analyses of fossil pollen 
from different sedimentation layers, suggests a massive 
wave of tree clearance and of subsequent land utilization 
for agriculture in north-west Europe at about 3000 years 
B.C., coinciding with the advent of the early neolithic cul- 
tures. The scale envisaged of the forest-clearing operations 
by widely scattered settlements of primitive, early- 
neolithic man can only be described as truly astonishing. 

This introduction is followed by a chapter by Dr. P. C. 
Mangelsdorf on the origin of maize, in which the evolu- 
tionary significance of fossil maize cobs uncovered at 
Bat Cave in New Moxico, and dating from about 3600 B.0., 
is discussed. The author reaches the conclysion, which is 
supported by an ingenious reconstruction of primitive 
maize using the dominant gene tunicate (T'u), that modern. 
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maize originated from a tiny pod form of pop-corn. 
The reconstructed form resembles not only prehistoric 
maize but also Tripsacum, a wild relative of maize. 

The origin and evolution of the cultivated forms of 
sorghum, described by Dr. H. Doggett, are traced to a 
centre in north-east Africa, where they possibly received 
man’s attention as weeds of emmer wheat cultivation 
about 3000 B.c. Of particular interest is the part played 
by introgression between the cultivars and the wild and 
weed forms of diploid eusorghum, and the suggestion, that 
the wild and cultivated eusorghums are the result of dis- 
ruptive selection operating on a common gene pool. 
The temperate cereals are discussed in two chapters— 
one by Dr. G. D. H. Bell on the phylogeny of wheat, oats, 
barley and rye; the other by Dr. R. Riley giving the cyto- 
genetic evidence of the evolutionary pathway of the bread 
wheats. The completeness of the picture that is presented 
here of the origin of hexaploid wheat is a vindication of 
the cytogenetic approach to evolutionary studies on poly- 
ploid groups, which Dr. Riley himself has so fruitfully 
exploited. ' The ancestral form of barley, a diploid cereal 
which rivals wheat in antiquity, is by contrast still ob- 
scure, and: the controversy whether the six- or the two- 
rowed form of Hordeum is primitive, although closely 
argued by Bell, still remains unresolved. 

Uncertainty also prevails over the wild progenitors of 
cultivated potatoes. In his history of cultivated potatoes, 
Dr. K. Dodds emphasizes that the ancestral species, for 
example S. sparsipilum and S. vernei, suggested by various 
authors, lack experimental proof, and as such must be 
regarded as informed guesses. A way forward is indicated 
through the study of the genetics of physiological charac- 
ters which have played an adaptive part in domestication. 
The novel investigation of the pattern of distribution of 
incompatibility alleles as a means of unravelling the 
evolutionary history of the potato is a notable contribu- 
tion to studies on micro-evolution. 

The vast subject of evolution of forage grasses and 
legumes, presented by Dr. J. P. Cooper, highlights the 
diversity of evolutionary forces. In contrast to the other 
groups of crop plants discussed in this volume, divergent 
evolution. between the wild species and the cultivars has 
not proceeded very far in grasses and legumes, and the 
quest for the ımmediate wild, ancestral forms therefore 
presents no challenge in the group, but the tracing of 
relationship backwards from the nearest wild relatives 
is probably going to be more difficult in these than m any 
of the other major erop plants. 

The volume concludes with a general discussion on crop 
evolution by Sir Joseph Hutchinson, in which attention 
is directed to factors, such as population size and gene 
exchange, which are fundamental to an appreciation of the 
dynamics of the evolutionary process. The future possi- 
bilities of directed evolution of crops by breeding are also 
assessed, and the conclusion that ‘‘there is, beyond doubt, 
material to hand with which to make changes as great 
and as significant for human welfare as those that have 
occurred in the past’’, should provide comfort to those who 
despair at the implications of the population explosion. 

WATKIN WILLIAMS 


TWENTY-FIVE YEARS OF PLANT 
GEOGRAPHY 


The Geography of the Flowering Plants 

By Prof. Ronald Good. Third edition. Pp. xvı+ 518. 
(London:, Longmans, Green and Co., Ltd., 1964.) 80s. 
net. 


HE publication of a third edition of Prof. Good’s 
The Geowaphy of the Flowering Plants invites a 
comparison between it and the original version which 
appeared in 1947. In the preface to the first edition its 
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author pointed out that the work had been completed in 
1939 and the circumstances of wartime had prevented its 
earlier publication. Thus we are really presented with 
Good’s views on the subject over a period of 25 years. 
Many readers will recall that another major work in the 
same field, S. A. Cain’s Foundations of Plant Geography, 
was published in the mid ’forties and, unlike Good's book 
which was largely descriptive, formed part of the literature 
of the so-called ‘new systematics’. The contrast between 
the two works was marked and inevitably gave to Good’s 
Plant Geography a dated and backward-looking flavour 
since 1t laid little stress on the then rapidly developing 
fields of cytotaxonomy, population genetics, genecology, 
and other manifestations of biosystematics. 

Since it is obvious that plant geography must rely 
heavily on the work of taxonomists who describe the 
species, genera and other groups which provide the raw 
material of the subject, modern approaches to the subject 
must reflect the developments which affect the taxonomies 
themselves. Unfortunately Prof. Good does not appear 
to have been successful in modernizing his work if that 
was his intention. Admittedly the number of references 
has increased. from 295 to 838, but there are still serious 
omissions in subject matter and bibliography. oe 

It is, however, unfair to criticize a book for what 1b 1s 
not, and attention should be directed to the vast body of 
information that 1s contained in the 436 pages of main 
text. 

The introductory pages, intended for the general reader 
with only a limited biological background, are so full of 
questionable statements—-a hangover from the first 
edition—that it is scarcely worth commenting on these 
critically. Prof. Good’s idiosyncratic views on evolutionary 
theory are well known and he has written about them 
extensively in other publications. It is not, therefore, 
surprising that his section on evolution will confuse the 
unenlightened reader. He will not get far with monophyly 
and polyphyly, and the discussion on polytopy and poly- 
chrony is inadequate in the light of present-day knowledge. 
What, for example, are blood relationships in plants ? 
But worse is to come when the author gets on to the main 
sources of evolutionary change. To give in a 1964 edition, 
as the key reference to hybridization as an evolutionary 
force, a paper by Ostenfeld in 1928 on the “present state 
of knowledge” of hybrids is surely inexcusable. Moreover, 
for “changes in the number of chromosomes and genes 
we are referred to Cain’s Plant Geography (although later 
we are advised to consult five additional references with 
the dates 1937, 1940, 1944, 1950, 1956 (Good) and “‘text- 
books of cytology and geneties”). 

The main detailed text amasses a great deal of informa- 
tion and it is difficult for a reviewer to assess its depth 
and accuracy. In the areas of which I have some knowledge 
there appears again to be a lack of recent information. 
For example, in the section on the Canary Islands there 
is no mention of the important papers of Lems (nor, so 
far as I can trace, any reference to the journal Sarracenia, 
devoted to biogeography, in which one of his major papers 
appears). There is a marked weakness in appreciation of 
studies on continental Europe—the work of Merxmiiller, 
Gaussen, Meusel, Favarger, ete., is almost entirely ignored, 
as is the classic work of Bunge, Kerner, Wettstein, 
Brockmann-Jerosch (who gets a passing mention In a 
map legend) and several others. 

The whole field of floral elements and phytogeographical 
regions is not treated in any depth, and the problems of 
mapping (including much recent literature) are dealt 
with only in passing. Polyploidy, corresponding taxa, 
cytology and vicarusm aro other topics which are given & 
sketchy and out-of-date account. 

New material in this edition is found in Chapter 12, 
an account of the floras of the southern hemisphere, 
including a discussion on the three main components of 
Australian flora and views on continental drift in relation 
to Australia and New Zealand. In Chapter 21 the evidence 
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in favour of continental drift derived from studies in 
palaeomagnetism is considered. 

Altogether this is an impressive but disappointing book. 
It has been reset and makes a handsome volume with a 
new and striking dust jacket photograph of Inriodendron 
tulipifera. There are numerous misprints. One must 
congratulate Prof. Good on the continued demand for 
new editions and admire his courage in attempting the 
daunting task of modernizing this large text. 

V. H. Heywoop 


TROPICAL FLORAS IN THE TERTIARY 
OF SOUTHERN ENGLAND 


The Lower Tertiary Floras of Southern England 

By Marjorie Elizabeth Jane Chandler. IV: A Summary 
and Survey of Findings in the Light of Recent Botanical 
Observations. Pp. xil+151+44 plates. (London: British 
Museum (Natural History), 1964.) 150s. 


HIS is the fourth and final volume of Miss Chandler’s 

monumental work on the Lower Tertiary floras of 
southern England, and is intended to bring together the 
existing knowledge of these floras based principally on 
fossils in the form of seeds and fruits, which are the most 
reliable parts of plants for establishing the identities of 
the species or genera which bore them. For the most part 
the fossils are of angiosperm origin. Miss Chandler points 
out that in palaeobotany complete knowledge of a former 
vegetation is unobtainable. The collection of fossils from 
a locality may contain specimens produced locally and 
others which had been transported from places far away 
by water currents, winds and other agents which in 
addition may have a sorting action in grouping objects 
according to their size. 

She is satisfied that the fossil remains from the Wool- 
wich and Reading Clay, Lower Bagshot and Bournemouth 
Beds up to the top of the Hamstead Series are “varied 
representatives of a single characteristic Eocene-Oligocene 
vegetation” to which several different regional names have 
been given, for example, Tethyan for that found around 
the site of ths ancient Tethys Ocean. In corresponding 
latitudes in North America and the Hast the terms 
Neotropical and Palaeotropical have been aptly used by 
Chaney. Consideration is given to the mode of formation 
of assemblages of fossil plants, and the work of H. R. 
Ridley and Prof. P. W. Richards is discussed. There 
follows a list of the beds in which fossil plants have been 
found. Miss Chandler is of the opinion that much remains 
to be done in investigating the other plant structures 
found as fossils in these Tertiary floras, including leaves, 
wood and particularly spores and pollen. The position 
of the plant beds from the south of England and correla- 
tions with those on the continent based on work by 
Wrigley and Davis and Arkell are given in tabular form. 
This is followed by a list of about 850 named and unnamed 
species and their occurrence in twenty-two horizons in 
southern England. There is in addition a hst of genera 
based on recent palynological investigations of the London 
Clay and Oligocene. However, Miss Chandler holds the 
view that the plants themselves give little information 
of value to support these correlations. 

The south coast of England affords a continuous series 
of Lower Tertiary strata with its record of the vegetation. 
There was an Anglo-French-Belgian basin, where the 
deposition occurred with marginal deposits containing 
fossil plants, which is a marked feature of the Eocene 
and Oligocene of Western Europe. Successive transgres- 
sions and regressions of the sea have taken place and one 
type of deposit may not be of the same age throughout the 
basin. The smnilarity between the London Clay at the 
western ends. of the Hampshire and London basins is 
apparent and there is also a resemblance between the 
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eastern part of the Hampshire basin and the German 
clays, although an'exact correlation is not yet possible. 
The London Clay sea was probably connected with the 
Tethys near the existing Pyrenees. The London Clay 
flora contains most species and they are for the most 
part beautifully preserved in pyrites. It would appear 
that the flora was closely similar to the present-day flora 
of the Indo-Malayan region and indicates a tropical 
climate. The beds which overlie the London Clay up to 
the top of the Lower Headon beds show little variation 
in composition and the Lower Bagshot flora was probably 
not less tropical in character. Miss Chandler agai empha- 
sizes the difficulty of dating Eocene and Oligocene 
deposits by using plant remains and is of the opinion 
that the Lower Tertiary type of tropical vegetation existed 
practically unchanged from the Lowest Eocene into the 
Oligocene. Judging from the fossil plants found in southern 
England the tropical flora consisted of a high proportion 
of lowland types with a smaller proportion of types 
characteristic of cooler upland areas: the flora of the 
German Brown Coal, on the other hand, consists of plants 
characteristic of low swampy regions. Miss Chandler 
writes at some length on the views expressed by Van 
Steenis that fruits such as nipa could have been trans- 
ported by ocean currents along the Tethys from south- 
east Asia and that a tropical flora could not have existed 
at Lat. 50° N. If Tertiary floras existed in Spitsbergen 
Lat. 78° N. this objection would not seem to carry 
much weight. She meets his other criticisms with 
evidence which supports her view that the evidence on 
which he bases his other opinions is by no means con- 
clusive. 

In these four volumes on the Lower Tertiary floras of 
southern England we have an outstanding contribution 
to the knowledge of Tertiary plants and their distribution. 
There is little if anything to criticize in the text, illustra- 
tion and printing. The first three volumes previously 
reviewed here? are mainly descriptive of the fossils, and 
this, the fourth, contains a well-written and interesting 
summary and review of the Lower Tertiary floras of 
southern England and their relationship to one another 
and to floras in other parts of the world. Miss Chandler 
is to be congratulated on a work which will be of great 
value to those botanists and geologists interested in the 
history of vegetation, particularly that in which angio- 
sperms were dominant. JOHN WALTON 


1 Nature, 191, 209 (1961); 198, 47 (1963); 202, 430 (1964). 


CHEMISTRY OF PEST CONTROL 


The Scientific Principles of Crop Protection 

By Dr. Hubert Martin. Fifth edition. Pp. vii+376. 
(London: Edward Arnold (Publishers), Ltd., 1964.) 90s. 
net. 


HE previous editions of Dr. Hubert Martin’s The 

Scientific Principles of Crop Protection have provided 
research workers and advisory officers with a wealth of 
information on chemical and other aspects of crop protec- 
tion. The wide historical approach to the subject is a 
particularly valuable feature of this important work. The 
book has undoubtedly assisted co-operation between 
chemists and biologists, which Dr. Martin states is its 
primary purpose. The fifth edition is essentially the same 
as the fourth (1959). It has been brought ‘up to date by 
the insertion of new paragraphs on some recent develop- 
ments; for example, there are additions on the control of 
flies by chemosterilization of males, on the insecticidal 
properties of the cyclodiene organochlorine insecticides, 
and on new herbicides of the quaternary ‘ammonium and 
heterocyclic nitrogen groups. Some opportunities to 
revise details have not been taken; for example, no mention 
is made of the attenuation of the myxoma virus used in 
rabbit control. It is to be regretted that the important 
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subject of potentiation is not dealt with more fully and its 
relevance to crop protection discussed. 

During the period between the publication of the fourth 
and fifth editions some major developments have occurred 
in the study of crop protection. In particular the need for 
A — approach involving chemistry, physiology, 
population dynamics and genetics has become apparent. 
It is now arera accepted that much more attention 
should be directed to preventing the development of 
resistant strains of pests and to reducing undesirable 
side-effects ‘of pesticides. The future of crop protection 
appears to lie with integrated control which is dependent 
on an ecological approach to the problem. Recent investi- 
gations on persistent organochlorine insecticides empha- 
size this need. These substances become distributed 
outside the area of application and become re-concentrated 
in food chains. Therefore they are particularly hable to 
favour the development of resistant strains in pests and to 
undermine ‘biological control. These new developments 
are altering crop protection methods as well as the 
scientific principles on which they are based; it is disap- 
pointing that Dr. Martin has not discussed them in the 
fifth edition. 

His book is still a valuable introduction of the chemical 
aspects of crop protection to the biologist, but it is not 
an adequate introduction of biological aspects to the 
chemist. 

The new' edition costs 25s. more than the fourth but 
is seventeen pages longer and much better produced. 
Quick reference to individual chemicals in-the chapters 
on pesticides is now made easier by the use of bold type 
but is still a little impeded by the lack of headings to 
structural formulae. N. W. Moorz 
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bis OF ACETIC ACID IN 
BIOSYNTHESIS 


The Biosynthesis of Steroids, Terpenes and Acetogenins 
By Dr. John H. Richards and Dr. James B. Hendrickson. 
(Frontiers in Chemistry.) Pp. x+416. (New York 
and Amsterdam: W. A. Benjamin, Inc., 1964.) 20.35 
dollars. 


HE major pathways of biosynthesis to natural 

products are now reasonably well defined and in 
certain cases much detail is known concerning thom. 
One of the most important of the biosynthetic pathways 
is that involving acetic acid, and The Biosynthesis of Ster- 
oids, Terpenes and Acetogenins describes its role in the 
biosynthesis of various natural products. These include 
the steroids and the terpenes together with a variety of 
other substances such as flavonoids, quinones, coumarins, 
chromones, etc., which are derived in part or in toto from 
acetic acid. While the generic terms, steroids and terpenes, 
are long established and well understood, no similar 
comprehensive term has hitherto been available for the 
other typés of compounds produced from acetic acid. 
The authors have realized the necessity for such a term 


and have; coined the word ‘acetogenin’ for this pur- - 


pose. 

This book had its origin in separate, shorter manuscripts 
produced by the authors. Dr. Hendrickson wrote about 
the acetogenins, while Dr. Richards described the terpenes 
and the steroids. Their original manuscripts were to 
constitute two chapters of a larger work on biosynthesis. 
For various technical reasons, this did not materialize, so 
the authors expanded their separate works and combined 
them. The present volume is the result of this synthesis 
of effort. 

Chapters 1—5 inclusive are essentially the work of Dr. 
Hendrickson ənd are concerned with the role of acetic 
acid in the biosynthesis of the various types of acetogenin 
including fatty acids, aromatic compounds and flavonoids. 
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The correlation of many groups of natural products 
in terms of their derivation from acetic acid is admirably 
described together with the supporting experimental evi- 
dence where this is available. 

The major contribution to this section consists of almost 
ninety pages detailing the statistical survey and the struc- 
tural correlation of various natural products within the 
terms of their derivation from acetic acid. Much of this 
material has been described elsewhere, and I feel that this 
chapter could have been somewhat shortened with advan- 
tage, particularly since alternative, theoretical derivations 
of many compounds are described even when, in the fol- 
lowing chapter, the known routes have been defined and 
the hypothetical alternatives excluded. 

The remaining eight chapters of this book describe the 
biosynthesis of terpenes and steroids, starting from acetic 
acid and proceeding by way of mevalonolactone and the 
well-established routes to lanosterol and the various 
triterpenes. These chapters contribute a most valuable, 
concise statement of the relevant information in this 
field. 

The book is well produced and the numerous formulae 
are printed with clarity and elegance. The adoption 
of Arabic rather than Roman numerals is to be commen- 
ded. As is almost inevitable, a number of errors have 
crept in. For example, of the substances listed in the 
appendix under the heading “Xanthones”, several, 
namely dehydrogriseofulvin, deschlorogriseofulvin, des- 
methyl-deschloro-griseofulvin, griseofulvin, goedin and 
erdin, are not xanthones: they are spirocoumaranones. 
There are also a number of minor errors in the references, 
but the principal source of comment in this connexion is 
the unfortunate number of errors in the formulae in the 
section concerning terpenes and steroids. For example, 
on p. 225, formula [1] for farnesyl pyrophosphate and 
formula [2] for nerolidol are both incorrect. Formula [40] 
on p. 254 for rosenonolactone is devoid of a carbonyl 
group, while formula [41] on the same page for gibberellic 
acid has lost the carbonyl group of the lactonic function. 
A relatively frequent source of error in the formulae is the 
lack of appropriate methyl groups in the representations 
of many steroids and terpenoids. For example, in chart 1 
on p. 334, several of the formulae have carbon methyl 
groups omitted. On p. 351, section (13-8) the formula 
on the left-hand side lacks the C-18 methyl group. On 
p. 354, the formula for progesterone lacks both the C-18 
and the C-19 methyl groups. Methyl groups are similarly 
absont from the formula for germanicol on p. 272, for- 
mulae [11] and [15] on p. 248, the upper formula in (9-1) 
on p. 245, and the formula of cholest-5-ene on p. 308. 
The statement on p. 364 that the compound funtumafrine 
B (formula [18]) possesses an oxidized C-18 angular methyl 
group is incorrect. Lophenol, formula [22] on p. 315, 
and methostenol, formula [23] on p. 316, are, of course, 
identical. Unfortunately, the formulae differ from each 
other and both are incorrect. 

The lack of a unified system for the representation of 
the stereochemistry of the terpenes and steroids is dis- 
concerting. This is particularly unfortunate in the 
discussions concerning derivatives of coprostane where, 
in general, no indication of the B orientation of the C-5 
hydrogen atom is given. 

Despite these defects, which can readily be remedied in 
a subsequent edition, this book is an extremely valuable 
contribution to the subject. It is, to the best of my know- 
ledge, the first book adequately to cover the whole of the 
field of acetate biosynthesis. The publishers are to be 
congratulated for their courage in indicating the date of 
receipt of the manuscript together with the date of 
publication—a little more than twelve months. This 
book is extremely satisfactory value, even at the price, 
although this unfortunately will probably preclude its 
purchase by most private individuals. Its availability is a 
‘must’, however, for all those interested in the field. 

; W. B. WHALLEY 
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FISHER’S GENETICAL THEORY 
ILLUSTRATED 


Ecological Genetics 

By Prof. E. B. Ford. Pp. xv+335+4+-16 plates. (London: 
Methuen and Co., Ltd.; New York: John Wiley and 
Sons, Inc., 1964.) 42s. net. 


Lo concerned with the circumstances regulat- 
ing the quantities of organisms; genetics with the 
determination and transmission of their qualities. Prof. 
Ford’s Ecological Genetics might reasonably be expected 
to provide a synthesis of these two specialist fields, since 
his work has spanned both, but he has defined his subject- 
matter more narrowly as “the adjustments and adapta- 
tions of wild populations to their environment”. The 
reason for this restriction is that the book is the amplifica- 
tion of an outline written in 1928, on the basis of ideas 
deriving from Fisher’s theomes on mimicry and on 
dominance. “This sketch has provided the guide-posts to 
his researches ever since. Consequently, Ecological 
Genetics is primarily an up-to-date report of the work of 
the Oxford group of geneticists whose bible has been 
R. A. Fisher’s The Genetical Theory of Natural Selection, 
and it is dedicated to his memory. The book is intended 
for advanced students, but it is so clearly written that it 
will be understood by anyone who knows the elements 
of genetics. 

The task Prof. Ford set himself was nothing less than 
the demonstration of the working of evolution and of 
natural selection in the field. This seemed a less than 
hopeful exercise to Darwin, and Ford’s success depended 
on the development of field techniques (which he enumer- 
ates), and especially on the choice of critical situations 
where genetic change could be expected to be sufficiently 
rapid to be measured in a reasonable period. The book 
starts with chapters about three such circumstances. 

The first situation, which cannot be anticipated, arises 
when the numbers of an isolated community fluctuate 
widely. It can be exemplified by Ford and Ford’s early 
work on the marsh fritillary, which showed a change of 
typical form once the population recovered from a period 
of decline. Unfortunately this type of study has not been 
followed up as it deserves. Ecologists should now take 
the point, and add the extra dimension of genetics to some 
of their studies of changing populations. 

Polygenically csatermined characters are readily, and 
rapidly, adjusted to ecological change; almost by defini- 
tion, as we would now say. Measuring such characters of 
a species in different isolates, or throughout the ecological 
range of the species, provides the second situation studied. 
Here Prof. Ford’s study centres around the meadow 
brown butterfly (Maniola jurtina), and of the effects 
isolation (in the Scillies) and stabilization (of mainland 
populations) have-on an apparently trivial character, the 
number of spots on the underside of the hind-wing. These 
chapters are written in an anecdotal style which conveys 
some of the excitement of population sampling in the 
field. The work ends with the discovery of the very narrow 
belt, 160 yards wide, which separates the East Cornish 
and Southern English sympatric forms of this species. 
The ecological causes of selection of the two types are not 
yet clear, but it is claimed that “selection strongly elimi- 
nates intermediates between the sympatric races”. 
Further data on the ecology and genetics of this species 
will be awaited with interest. 

The third, and most important, situation is genetic 
polymorphism; the co-existence of discontinuous forms 
in such proportions that the rarest cannot be accounted 
for only by mutation. As recently as 15 years ago, poly- 
morphism of, say, human blood group genes was considered 
as suggesting ther “neutrality”, whereas to-day poly- 
morphism is automatically taken to indicate active selec- 
tion. Many polymorphisms in domesticated, as well as 
-wild, forms are being examined to seo if this is truly so. 
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Prof. Ford records the well-documented cases of the scarlet 
tiger moth, of the snail Cepea nemoralis, of the homostyly- 
heterostyly in the primrose, of chromosome polymorphism 
in Drosophila pseudo-obscura and related cases, all of 
which have contributed to this change of attitude to 
polymorphism and which illuminate its causes. 

The balance of advantage and disadvantage which 
results in superiority of the heterozygote is the most 
frequently assumed explanation of genetic polymorphism. 
That is, the opposite of the selection situation described 
for the meadow brown. Prof. Ford accepts Sheppard’s 
postulated genetic mechanism for this hybrid advantage, 
without making it clear that this mechanism still awaits 
experimental proof and has only the weight of circumstan- 
tial evidence in its favour. Briefly, Sheppard states that 
some of the many effects of a single gene mutation may 
be advantageous and others disadvantageous. Natural 
selection will make the advantageous effects dominant 
(and the disadvantageous recessive, should they not 
already be so) if dominance evolves @ la Fisher. The 
heterozygote will then have only advantageous characters, 
and the two homozygotes will each have some disadvan- 
tageous ones. This is a variant of the dominance theory 
of hybrid vigour and is subject to the limitations already 
noted by Crow. Further, it would also imply either that 
the modifying genes which lead to dominance become 
dominants themselves, or the population becomes homo- 
zygous for them, since they have to function in hetero- 
zygotes. Attempts to select for hybrid advantage have 
not been notably successful, so that this problem of 
mechanism must still be considered an open one, of great 
theoretical and economic importance. 

The book concludes with chapters on mimicry, on 
industrial melanism, and on isolation and adaptation. 
It is a reflexion of the success of Prof. Ford’s original 
project that these topics are now well documented and 
understood. JAMES H. SANG 


OVER-NUTRITION IN MAN 


Occurrence, Causes and Prevention of Over-nutrition 
(Symposia of the Swedish Nutrition Foundation 11, 
Falsterbo, August 1963. Edited by G. Blix. Pp. 152. 
(Uppsala, Sweden: Almqvist and Wiksells, 1964.) 35 
Sw. kr. 


HAT over-nutrition should be such a problem as to 

warrant a three-day symposium is perhaps surprising 
to the majority of people whose only awareness of malnu- 
trition is under-nutrition. The Proceedings of a symposium 
held on this topic in Sweden in 1963 are now published 
and contain papers from workers in the United States 
and Great Britain as well as from Scandinavia. Calorie 
over-nutrition was the main type considered, and only scant 
mention was made of vitamin over-nutrition; and despite 
the title of the symposium little was said about pre- 
vention. 

If these Proceedings are considered as the report of a 
symposium on obesity, then they make excellent reading, 
and anyone who has ever considered the subject of obesity 
will find some interesting new slants on the problem. The 
omission of the word ‘treatment’ from the title of the 
symposium was obviously very sensible, because it 
became apparent on reading the contents that no single 
method of management was applicable and it was empha- 
sized that each person must be given advice specific to 
the individual. This book will be of little help to the obese 
in providing an ‘easy-cure’; but it could give the over- 
weight person insight into his or her condition. 

Attempts at distinguishing a different biochemical state 
in the over-weight individual have met with little success, 
and, though some differences appear in gbese persons 
compared with the normal, these differences do not appear 
in all. This, and other considerations, led to a discussion 
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on types of obesity, and again 1t became apparent that 
boundaries were blurred. It is perhaps surprising that 
of the many aetiological factors of obesity no consideration 
was given to the possibility that the catecholamine output 
may be higher in the lean, this increase being sufficient 
to raise the metabolic rate and thereby calorie expendi- 
ture. 

The psychological aspects of obesity were interestingly 
described in a paper in which it was mentioned that a 
reducing regimen in a young patient or one with long- 
standing obesity may be contraindicated or should at 
least be postponed until after a psychological evaluation. 
It was also postulated that the obese person may not be 
clearly aware of his bodily sensations and needs control 
from outside. If this control 1s removed then over- 
eating results, as the deficient early learning experiences 
cannot be established later in life—rather like the observa- 
tion that children born with congenital cataracts fail 
to learn to see if operative correction is delayed beyond 
the fifth year of life. 

In another paper, the role of the food technologist in 
producing obesity was discussed, and in particular the 
success of the manufacturer in providing palatable foods 
which had no nutritional value apart from carbohydrates, 
the calorie content of which was the damaging feature of 
these foods. This speaker made the thoughtful suggestion 
that a way must be found to separate the pleasure of 
eating from its biological consequences. 

Other topics which provided an unusual approach to 
obesity included the hypothesis that the size of the fat cell 
reflects the amount of body fat dependent on nutritional 
factors, while the number of fat cells mainly reflects the 
amount of fat dependent on inherited factors. It was 
also reported that in the pig the amino-acid composition 
of the dietary protein is important for the ability of the 
pig to utilize nutrients for synthesis of proteins instead 
of fats. 

The discussions on whether carbohydrates or fats should 
be cut back in a reducing diet were to be expected, and 
it was good to know that the experts at that symposium 
never at any time hinted that they considered the laws 
of thermo-dynamics to be invalid for man. 

These Proceedings are well written and produced, and, 
though published eighteen months after the meeting, 
make stimulating reading to anyone interested in obesity. 

I. MACDONALD 


CYCLOPHOSPHAMIDE AND 
MALIGNANT DISEASES 


Cyclophosphamide (Endoxana) 

An Account based on the Proceedings of a Symposium 
held at the Royal College of Surgeons of England, October 
1963. Edited by G. Hamilton Fairley and J. M. Simister. 
Pp. xi +200. (Bristol: John Wright and Sons, Ltd., 1964.) 
45g. 


HE symposium reported in this book included a very 

large number of papers and case reports mainly 
devoted to the use of cyclophosphamide in the treatment 
of malignant conditions. Further papers related to its 
immuno-suppressive action. The editors were presented 
with a wide variety of statements of varying quality and 
style, and are to be congratulated on achieving a printed 
record which is both readable and shows some reasoned 
sequence of information. The book does, however, suffer 
from the decision to make it a record of the proceedings 
of the symposium rather than supplementing it with 
chapters on aspects which were barely considered during 
the day, and vigorously pruning some of the reports now 
included. Very little mention is made anywhere of the 
general pharmacology of the drug, indsed its chemical 
structure does not appear anywhere. Similarly, readers 
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of the volume would have been grateful for editorial 
summaries of the collected data from the various case 
reports relating to disease groups. This would have 
enabled a better general view of the efficacy of the drug 
to be obtained. It is for these reasons that it is more to 
be recommended as a permanent record for the informa- 
tion of those who attended, or would like to have attended, 
the symposium, rather than as a comprehensive general 
review of the drug. 

Certain themes are considered. The first section is 
devoted to treatment of the reticuloses, where 1t would 
undoubtedly seem to be of value. Little convincing 
evidence, however, is given of cyclophosphamide being 
of greater value than many of the other chemotherapeutic 
agents that have been tried. Hamilton Fairley reports 
its use in Hodgkin’s disease and compares it with two 
other nitrogen mustard derivatives chlorambucil and 
mustine hydrochloride. Many, however, believe that a 
very different agent, vinblastine, is the drug of choice in 
this disease when chemotherapy 1s first considered. The 
report from Matthias on the use of cyclophosphamide m 
myelomatosis is of considerable interest, as the chemo- 
therapy of this generalized condition is often very difficult. 
The early hope that phenylalanine mustard might be 
the answer, as suggested by some workers, has not been 
justified by others and any additional agent which 
might be effective is worthy of note. Several other authors 
present smaller series with similar conclusions. Cyclo- 
phosphamide has apparently been of great value in the 
management of the interesting recently recognized African 
lymphoma syndrome described by Burkitt. It is a pity, 
therefore, that only a very short mention of this is made 
in the symposium. 

The second section discusses the use of the drug in other 
malignant conditions, the first paper by Betteridge 
being an excellent general account of background to the 
selection, management and assessment of such cases. 
Unfortunately the value of the results is limited by the 
small number (thirty) of the cases reported. The side 
effects, principally marrow depression, alopecia and a 
curious form of sterile cystitis, are reviewed in papers, 
notably by Anders and Pegg. 

Trials are reported on the use of adjuvant cyclophos- 
phamide therapy with surgery for carcinoma of the 
bronchus. Wilmanns shows increased survivals which are 
statistically significant when cyclophosphamide treatment 
is added to the elective surgical procedure as compared 
with the purely surgical controls. This is one of the few 
series reported here where an attempt at a controlled 
comparison of treatments has been made. It would have 
been interesting to see a comparison of the causes of death 
after three years when the two survival curves tend to 
converge. This might have showed a difference in pattern 
of distant metastases and local recurrence within the 
two groups. Finney reports a similar series in carcinoma 
of the breast but with insufficient cases, as yet, to arrive 
at any conclusions. 

Reports of its value in carcmmoma of the ovary, and 
in isolated cases of notoriously resistant tumours such as 
carcinoma of the rectum and chondrosarcoma, are also 
included. Dick has bravely attempted to summarize 
some of the results from the world literature, but stresses 
the difficulty due to ambiguities in the reports. 

_ Section three deals with the use of cyclophosphamide 
as an, immuno-suppressive drug. Miles Fox reviews some 
of the lterature and gives an account of his own 
work on the prolongation of the skin-homograft survival 
in mice which suggests its likely value in patients who 
are to have organ transplants. He gives brief details of 
four patients where this has been tried. MacPhee reports 
similar but less-extensive experimental work on lung 
homografts in dogs. Turk in a detailed paper discusses 
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a comparison of the mechanisms of the action of cyclo- ™ 


phosphamide and methotrexate in certain contact- 
sensitivities in the guinea-pig. It would appear that these 
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drugs act at two different levels ın the sensitization 
process. This finding might be of relevance for a combined 
immuno-suppressive attack. On the clinical side, brief 
reports of its apparently successful use in systemic lupus 
erythematosus and rheumatoid arthritis are recorded. 
The criticisms detailed ın this review are less a fault 
of the book than of the general approach to cancer 
chemotherapy. This is perhaps best seen in the difference 
between the carefully reasoned and numerically docu- 
mented scientific reports and the rather less critical, and 
in some cases frankly starry-eyed, approach of some of 
the clinical papers. Few cancer centres see enough cases 
of any one condition to be able to carry out adequate 
controlled trials with much hope of achieving a significant 
result within the vogue of the drug in question. It is for 
this reason that so many reports of an inadequate number 
of cases are presented. It might be said that this book 
is a tacit plea for more co-operation between centres and 
a more umform method of assessing results so that they 
can be collated tagether. One is left with little doubt that 
cyclophosphamide is a valuable drug at present, but how 
valuable as compared with other drugs ıs not really 
answered by this book. N. M. BLEEHEN 


PROGRESS IN BRAIN RESEARCH 


The Developing Brain 
Edited by Williamina A. Himwich and Harold E. Him- 
wich. (Progress ın Brain Research, Vol. 9.) Pp. xii + 267. 
(Amsterdam, London and New York: Elsevier Publishing 
Company, 1964.) 80s. 


Physiology of Spinal Neurons x 
Edited by J.C. Eccles and J. P. Schadé. (Progress in Brain 
Research, Vol. 12.) Pp. vii+317. (Amsterdam, London 
and New York: Elsevier Publishing Company, 1964.) 
95s. 


Lectures on the Diencephalon 

Edited by W. Bargmann and J. P. Schadé. (Progress 
in Brain Research, Vol. 5.) Pp. x+236. (Amsterdam, 
London and New York: Elsevier Publishing Company, 
1964.) 80s. 


Slow Electrical Processes in the Brain 

By N. A. Aladjalova. (Progress in Brain Research, Vol. 7.) 
Pp. vui+243. (Amsterdam, London and New York: 
Elsevier Publishing Company, 1964.) 70s. 


HESE volumes, published under the auspices of the 

International Brain Research Organization, are ‘‘con- 
ceived as a continuing series which aspires to be the leading 
guide for laboratory and clinical personnel concerned with 
the brain sciences’’. The present four volumes cover a wide 
field from brain development (Volume 9) to spinal cord 
physiology (Volume 12), the functions of the diencephalon. 
(Volume 5) and slow electrical processes in the brain (Vol. 
7). The first three of these volumes are reports of symposia 
on these subjects held between September 1962 and July 
1963, while the fourth is a translation from the Russian 
of a book published in 1962. That they all appeared in 
1964 indicates that the volumes may be less than ideal 
in recording “the latest advances in certain areas in the 
study”. Moreover, the authoritative guidance for the 
laboratory worker or the interested clinician varies greatly 
in different parts af the volumes. Some presentations are 
no more than brief and general summaries occupying two 
or three pages, while others describe detailed experimental 
results and provide a wealth of specialized information 
pleasantly packed in 20 or 30 pages. A few communica- 
tions contain results which have not previously been 
published. The coverage is in general fragmentary and 


_ within each of the equally glossy productions is considerable 


variation in standard of scientific reporting. 
Volume 9 brings together investigations of psychologists, 
neurophysiologists, histologists, pharmacologists and bio- 
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chemists on the functional development of the brain in a 
number of animal species. The Scheibels elaborate their 
observations on the correlation of cortical electrical activity 
with progressive development of the dendritic systems of 
pyramidal cells and the increasing establishment of syn- 
aptic contacts with these in the kitten brain. They also 
discuss the development of those EEG changes which are 
associated with behavioural reactions of the young kittens 
and they introduce the study of biochemical changes in 
different regions of the developing brain. This synthetic 
approach, correlating a number of different observations 
at different stages of development of the same animals, 
sets the pattern for many of the presentations. There 
is a sweeping survey by Anokhin of “systemogenesis”’ 
which discusses the acceleration of development of special 
abilities in response to special needs of the new-born, and 
there are a number of papers which deal with principally 
histological and biochemical changes during development 
of various brain structures. 

Volume 12 contains a variety of studies on the physical 
properties of spinal cord motoneurones (Granit, Kernell), 
on excitatory post-synaptic responses in these cells 
(Eccles) and on the organization and pharmacology of 
presynaptic events which modify the afferent effects 
(Eccles, Wall, Schmidt). The investigation of reticulo- 
spinal neurones with intracellular electrodes (Willis and 
Magm) adds a new dimension to studies on this descending 
system, and application of the same technique to the study 
of motoneurones projecting to respiratory muscles (Sears) 
helps to elucidate their functional organization, Other 
supraspinal actions on the spinal cord are also discussed 
(Lundberg, Philips), and the organization of ascending 
systems in the spinal cord (Oscarsson) completes the 
coverage except for a study of reflexes involving the most 
distal musculature in the cat’s hindlimb (Engberg) and 
the effects of asphyxia on the spinal cord (Van Harraveld). 
All the investigations are principally electrophysiological 
and many of them utilize the technique of intracellular 
recording, demonstrating the outstanding progress of 
these investigations in the past twelve years. 

Lectures on the Diencephalon may be divided broadly 
into those which deal with the thalamus and those which 
discuss the hypothalamus or the pineal organ. Among the 
contributions to knowledge of thalamic function, observa- 
tions in patients with disorders of movement have been 
significant, and clinical investigations utilizing brain 
stimulation through stereotaxically placed electrodes are 
reported along with studies in experimental animals. It 
is not easy to correlate the findings in the two experimental 
situations. The possible relationship of cellular function 
in the thalamic relay nuclei to generation of rhythmic 
cortical potentials in the EEG is discussed on the basis of 
intracellular records from thalamic neurones. A number 
of separate aspects of hypothalamic function in tempera- 
ture regulation, control of hormones and neurosecretion 
receive attention and there are biochemical, electrophysio- 
logical and electron-microscopical studies on the pineal 
organ of frogs and of the rat. With such a wide range of 
subjects, the treatment of some is necessarily all too brief. 

Volume 7 is a monograph covering those slow electrical 
events which may be recorded from the central nervous 
system using non-polarizable electrodes and direct record- 
ing amphfiers. These slow potential fluctuations, which 
have a period of several seconds or 0-2-2 min and which 
are usually suppressed or attributed to instability in the 
electronic apparatus in conventional EEG or evoked 
potential recordings, are found principally in the cerebral 
cortex and hypothalamus. Because of a possible correla- 
tion of the slow potential changes with changes in excit- 
ability of neuronal elements in the same regions, and 
because of the influences of chemical agents on the 
potentials, the slow rhythms are said to indicate fluctuating 
metabolic control systems. The role of #hese control 
systems in responses of the central nervous system. to ‘stress’ 
and in establishment of conditioned reflexes is discussed. 
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The monograph is also concerned with the measurement 
of electrical conductivity in brain tissue. The theoretical 
considerations which relate conductivity to the ionic 
environment of the cells are discussed and measurements 
of the conductivity of the cortex in a variety of physio- 
logical states are reported. These, too, are considered in 
relation to the actions of the postulated metabolic control 
systems. This work 1s concerned with phenomena the time 
course of which is very different from any of those investi- 
gated in the works reviewed here. Although the author, in 
her attempt to include all electrophysiological observa- 
tions in one global theory of nervous action, relates slow 
electrical changes to neuronal function, the connexion 


is not a clear one and a conclusive demonstration of the |. 


regulating function of these potential fluctuations has not 
been given. The book has suffered little in translation 
and the style is easy to read and comprehensible, in spite 
of a few anomalies in spelling and terminology. 

It is difficult to assess the general usefulness of these 
volumes because of their variability. Each book is 
expensive and specialized. Single volumes will be helpful 
to those engaged in related research; but there will be 
few who would consider possession of the whole series as a 
collection of reference works. ROBERT PORTER 


- 


MYIASIS 


Myiasis in Man and Animals in the Old World 

A. Textbook for Physicians, Veterinarians and Zoologists. 
By F. Zumpt. Pp. xv+267. (London: Butterworth and 
Co. (Publishers), Ltd., 1965.) 130s. 


FTER a brief history of the term ‘myiasis’ Dr. F. 
Zumpt defines myiasis for the purposes of this book 
as “the infestation of live human and vertebrate animals 
with dipterous larvae, which, at least for a certain period, 
feed on the host’s living tissue, liquid body-substances, 
or ingested food”. Different kinds of myiasis are distin- 
guished as: (a) sanguinivorous myiasis, which is a new 
term introduced to include larvae which live as ectopara- 
sitic bloodsuckers on mammals and birds; (b) dermal and 
subdermal myiasis; (c) nasopharnygeal myiasis; (d) 
intestinal myiasis; and (e) urogenital myiasis. A list of 
definitions of the terms used is then given, followed by 
a short discussion on evolutionary trends in myiasis- 
producing flies. Then the myiasis-producing Diptera 
recorded from the Old World are listed with symbols to 
indicate the type of myiasis with which they are associated. 
About 187 species are given in this list. 

In considering the systematic position of these flies the 
classification of Hennig is followed, the two sub-orders 
Nematocera and Brachycera being recognized. The 
Nematocera are of little importance in relation to myiasis. 
The Brachycera are divided into the Tabanomorpha and 
the Muscomorpha, but only the latter contains forms 
producing myiasis. There are two sub-sections of the 
Muscomorpha, the Empidiformia, not of importance as 
regards myiasis, and the Musciformia (formerly called 
Cyclorrhapha) in which myiasis-producing species occur 
in the families Neottiophilidae, Chloropidae, Muscidae 
and Calliphoridae and in the two families Gasterophilidae 
and Oestridae in which all the species are obligatory 
parasites in their larval stages. An account of the main 
external morphological characters of the musciform Diptera 
is then given and is illustrated with very clear line and 
stipple drawings. Next follow keys to the larvae of 
myiasis-producing Diptera in the Old World, comprising: 
key to ectoparasitic blood-sucking larvae; key to larvae 
found in dermal layers; key to larvae found in head- 
cavities; key to larvae found in the alimentary tract or 
excreted with faeces; and key to larvae found in the 
urogenital organs. 

The main part of the book is an account of the mor- 
phology, biology and pathogenesis of myiasis-producing 
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flies in systematic order. Finally there are a host—parasite 
list, arranged under wild animals, and domestic animals 
and man; @ short chapter on technique; a chapter on 
control measures; a full list of references; and indexes 
of parasites and of hosts. 

Throughout, Dr. Zumpt emphasizes that the work is 
meant to be a practical manual to help in the identifica- 
tion of material collected in the field or sent to the labora- 
tory for identification, and that the keys to larvae and 
adults are to be used only for specimens obtained from 
cases of myiasis or bred from larvae derived from such 
cases. Thus the keys would not be valid for larvae or 
adult flies which did not derive from cases of myiasis. 

Dr. Zumpt displays an extensive knowledge of the 
subject and has obviously great practical experience. 
This is displayed in the balanced treatment of adult 
and larval stages and in the critical summaries of what is 
known of the individual species and their relation to 
myiasis. The work is copiously illustrated -with original 
drawings or with figures copied from other publications. 
The illustrations are of adequate size and are mostly in. 
line and stipple. These drawings show how much more 
satisfactory figures reproduced from line blocks are than 
the more elaborate drawings or photographs which are so 
often used in modern publications. 

The very diffuse field is very well covered, and an 
immense amount of knowledge, which has hitherto been 
widely scattered and often inaccessible, has been assembled. 
and set out clearly and concisely. I was not able to note 
any important omissions from the list of references. The 
names of the species dealt with are brought into line with 
the current International Rules of Zoological Nomenclature 
and the main synonyms are given with indications as to 
where fuller information is to be found. This information. 
is most helpful to those not expert in taxonomy. It will 
no doubt take time for some of us to become accustomed 
to such changes as Calliphora vicina for Calliphora 
erythrocephala, but at least Dr. Zumpt gives reasons for 
the changes. He also very wisely warns users of the book 
of the difficulty of identifying many species of Diptera 
in the imaginal stage and advises them to seek the aid 
of experts in such cases. If this were done more often the 
literature would be less burdened with synonyms. 

Only those who have had practical experience in trying 
to identify material collected in the field, or sent for 
identification, can appreciate what è boon it is to have the 
essential information summarized so conveniently in one 
book in this manner. I found it interesting, not only for 


the amount of knowledge it contains, but, perhaps more _. 


so, for the manner in which it shows where knowledge is 
still lacking and where gaps are waiting to be filled. No 
one interested in Diptera can fail to find this a stimulating 
work and to feel that Dr. Zumpt has admirably carried. 
out his declared aim ‘‘to enable the physician, veterinarian 
and zoologist to identify the larvae found involved in 
myiasis in the Old World, to supply the most important 
items of information on their morphology, taxonomy, 
biology, medical and veterinary importance and control 
and to provide an introduction to the main literature, the 
study of which will allow him to trace obsolete publica- 
tions and those of minor importance”. 

Myiasis in Man and Animals in the Old World is well 
produced and printed; the large format allows drawings 
to be reproduced of adequate size and for the relevant ones 
to be grouped close together so that comparison is easy. 
Cross-references are well provided and printing errors are 
remarkably few; where at first I thought names were 
misspelt I found that the discrepancy was due to the 
correction of erroneous spellings of previous authors 
which had become accepted in the literature. It has been 
a pleasure to review this book and there is no doubt 
that it will be generally welcomed as an important 
contribution to the literature on Diptera and that it will 
be the standard work on myiasis in the Old World for 
many years to come. P. TATE 


* po 


No. 4979 


CEREBRAL VASCULAR DISEASE 


Cerebral Infarction 
By Alan Barham Carter. Pp. x1+209. (London and New 
York: Pergamon Press, 1964.) 63s. net. 


HE energy and skill devoted by generations of 

neurologiste to diagnosis and to locating a patho- 
logical process in the nervous system have not often been. 
extended to a study of prognosis. This is an understand- 
able failing; it is only too easy to foretell the future course 
of most cerebral tumours, while in the early stages of the 
demyelinating Giseases it may be virtually impossible. 
In spite of these difficulties, ignorance of the natural 
history of common nervous disorders is remarkable and 
standard texts grve widely differing views on the prognosis 
ofsuch everyday conditions as petit mal or cerebral haemor- 
rhage, views which are often unsupported by adequate 
evidence. In Cerebral Infarction, Dr. Barham Carter, a 
general physician with an interest ın cerebral vascular 
disease, has remedied some defects in the specialists’ 
knowledge. By the simple methods of long-term, 
planned clinical observation he has collected information 
of a kind not available elsewhere, and the chapters on the 
course and outcome of the different types of cerebral 
infarction and on the effects of treatment are invaluable. 
Results are clearty stated and well set out, although some 
important facts, such as the interval between the onset 
of the stroke and the beginning of treatment, have been 
omitted. 

The author is less at home in the scientific aspects of 
vascular disease. The opening chapter deals adequately 
with the anatamry of the cerebral vessels, apart from an 
expensive and inaccurate colour plate and some question- 
able facts about anastomoses between cerebral arteries. 
The section on physiology is short and there is little 
reference to the newer methods of measuring blood flow. 
In spite of poor photomicrographs the chapter on arterial 
pathology is clearly set out, although not all pathologists 
would agree with the account of the evolution of fatty 
streaks to atheromatous plaques. No mention is made of 
thrombotic thrombopenic purpura or of embolism with 
atheromatous debris. 

The major syndromes of cerebral embolism and throm- 
bosis are well deszribed, but it is strange to find nothing 
about hypertensive encephalopathy or the diffuse type 
of cerebral arteriosclerosis resulting in Parkinsonism and 
pseudo-bulbar palsy. There is little new information on 
surgical treatment, but previous work is well reviewed. 

In the final chapters on rehabilitation of hemiplegic 
patients there is much that is practical and helpful, but 
the photographs would be better as line drawings and the 
comments on physiological principles in physiotherapy 
could well have besn omitted. In general, the illustrations 
are excellent, espesially the radiographs and line drawings, 
and this must eccount for the high cost. 

This book should inspire those in the medical profession 
who feel that the absence of laboratory facilities, research 
assistants and the trappings of the teaching hospital has 
deprived them of the chance to do worth-while clinical 
research. Ross RUSSELL 


PROBLEMS OF DRUGS AND SOCIETY 


Drugs in Our Society 

Edited by Paul Talalay, assisted by Jane H. Murnaghan. 
(Based on a Conference sponsored by the Johns Hopkins 
University.) Pp. viii+311. (Baltimore, Md.: The Johns 
Hopkins Press; London: Oxford University Press, 1964.) 
48s. net. 


N autumn 1963, at the Johns Hopkins University, a 
distinguished professional group assembled to discuss 
problems associated with the discovery, development, 
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manufacture, testing, pricing and use of drugs. They 
included doctors, scientists, jurists, economists, educators, 
drug manufacturers and public officials. Drugs in Our 
Society is the first published record of the Johns Hopkins 
meetings. Here are twenty-one papers from the conference, 
together with a summary of the discussions which they 
provoked. 

The first papers deal with the progress and present 
limitations of drug therapy, and with the evaluation of 
drug effectiveness and safety. The next group of essays 
discusses the responsibilities of the pharmaceutical indus- 
try and the functions of Government in the field of drugs. 
Problems of drug economics, including incentives, drug 
costs, and advertising to consumer and physician, are 
considered in four related papers. A final section of the 
book explores the sociological, legal and ethical problems 
of drugs in our society. Paul Talalay, the editor of the 
book, is the John Jacob Abel professor and director of 
the Department of Pharmacology and Experimental 
Therapeutics, the Johns Hopkins University School of 
Medicine. 

Although there are papers by Sir John Gaddum, 
director of the Agricultural Research Council Institute of 
Animal Physiology, Babraham, and R. M. Titmuss, of the 
London School of Economics, the book is most useful and 
interesting because of the light which it sheds on drugs 
in the American Continent. There are remarkable differ- 
ences in national expenditures. Britain, Holland and 
Denmark appear to be the three low-cost countries, while 
expenditures on drugs in France, Western Germany, the 
United States and Italy are 50 per cent to 200 per cent 
higher. Differences of this order are puzzling and cannot 
be explained without much more research. They are even 
larger and more difficult to explain when we include a . 
number of low-income countries in Latin America and 
Africa for which some statistics are available. 

Two hundred years ago Voltaire defined medical treat- 
ment as the art of pouring drugs of which one knew 
nothing into a patient of whom one knew less. It was not 
until medical therapeutics began to deserve the name of 
a science in the 1940’s that this cynical generalization lost 
some of its validity. Even so, most physicians trained in 
Western countries and practising to-day in all countries 
of the world completed their training before the flowering 
of this scientific revolution in therapeutics. It has even 
been said that any doctor who has been out of medical 
school for five years and has not learnt any more is prac- 
tising out-dated medicine. , W. L. SUMNER 


HISTORY, MEDICINE AND 
PHILOSOPHY 


Doctors Past and Present 
By Lord Brain. Pp. viii 270. (London: Pitman Medical 
Publishing Co., Ltd., 1964.) 40s. net. 


HE essays and addresses collected in this volume 

were written between 1953 and 1963, and it says much 
for their author’s judgment and selection that they could 
just as well have all been written and published in 1965. 
The topics and problems discussed are of abiding interest 
and importance, ranging from the seventeenth century 
to the present day. 

Among the historical essays, which occupy about one- 
half the volume, we welcome several familar figures 
whom we have come to recognize as Lord Brain’s particular 
intimates, Dr. Johnson in particular, with occasional 
references to Swift, De La Mare, and Dickens. A former 
president of the Royal College of Physicians must also 
have long communed with the shade of its ‘favourite son’, 
William Harvey, and it is fitting that heeshould have 
chosen for his own contribution to the long series of 
Harveian Orations (now beginning their fourth century) 
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a view of Harvey as a neurologist long before the specialty 
was thought of, supplementing his sketch of the relevant 
background with another essay on the concept of hysteria 
im the seventeenth century. 

It ıs, however, in writing of Harvey as the ‘ocular 
philosopher’ (in Sir Thomas Browne’s phrase) that we 
find the most penetrating judgments. Although many 
praise Harvey without really understanding his achieve- 
ment, Lord Brain gets to the heart of the matter, and 
after—rightly—stressing the importance of analogy in 
scientific thought of the time and the contemporary 
microcosm-—macrocosm concept, he singles out a striking 
quotation from De generatione. 

“Elere” [he comments] ‘we see the full range of Harvey’s 
mind as a scientific philosopher. Beginning with ‘nature, the 
principle of motion and rest ın all thimgs’ he lmks together 
gravitation, the fertilization and development of the ovum, 
and the instinctive behaviour of insects and birds, as operations 
‘in conformity with determinate laws like fate’. Hence the 
organism mirrors the universe, not in virtue of some occult 
principle or similarity, but because the universe and its 
minutest parts are subject to identical laws,” 


The author’s own specialty of neurology owed much to 
British workers for its foundations, and few are able to 
write with greater insight and illumination of its develop- 
ment than Lord Brain. We are particularly grateful to 
him for placing on record his three ‘conversations with 
Sherrington”, a man whose achievement in his own field 
matches that of Harvey and one who became a legend in 
his own long lifetime. Henry Head, Jonathan Hutchinson 
and Hughlings Jackson, although lesser figures, all merit 
the attention they are given here and serve to remind us 
how inevitably the growing points of medical knowledge, 
each in their due season, attract for their nurture some 
of the ablest minds of their time. 

There is no dichotomy between the historical part of 
this collection and the nine essays which are grouped 
under the headings of “Medicine and Society” and “Think- 
ing about Medicine To-day”. The integrative action of a 
well-stored mind has ensured a continuity of outlook, 
style, and association of ideas which, to me, made the 
reading of these essays positively exciting. Here we are 
offered themes such as “The Doctor’s Place in Society”, 
“The Need for Experiment in Medical Education”, and 
“The Need for a Philosophy of Medicine”, which should 
be the subject of debate wherever doctors are gathered 
together. Here are planted seeds of which we may yet 
see the fruits. é 

The author of this stimulating collection is so well known 
_ as writer- and scholar-physician that it seems unnecessary 
to add that the literary presentation is everywhere worthy 
of his subjects. One remarkably colourful and vivid 
description of a visit to Nigeria begins with a punch and 
a verve reminiscent of D. H. Lawrence. 

The publishers promise a third volume of Lord Brain’s 
collected papers——the first was his Reflections on Genius— 
and they must be aware, from the reception accorded to the 
first two, thatitiseagerly awaited. F. N. L. POYNTER 


PROBLEM OF MULTIPLE 
SCLEROSIS 


Multipie Sclerosis 

A. Reappraisal by Douglas McAlpine, Charles E. Lumsden 
and E. D. Acheson. Pp. viii 415. (Edinburgh and 
London: E. and S. Livingstone Ltd., 1965.) 50s. 


Taa book, like Gaul, is divided into three parts. 
McAlpine has been the moving force behind this very 
complete survey. A large amount of work has been done 
throughout the world on multiple sclerosis since his last 
book was published on this subject. 

In the first part of the book Acheson summarizes the 
epidemiological problems associated with the disease, 
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including a map of the known incidence of this disease 
throughout the world. He emphasizes the important 
work of Dean which stresses how rare the disease 1s in 
native-born South Africans, who appear only to develop 
the disease if they visit Europe. Large movements of 
population such as the 1mmigration of West Indians into 
Britain may be illuminating ın the years ahead as 
to whether this immigrant population will develop an 
increasing incidence of multiple sclerosis. I have seen 
two cases of West Indians who have been domiciled in 
Britain for four years who have developed the disease 
in the past sxx months. Acheson stresses that the clues 
about the aetiology of multiple sclerosis obtained from 
epidemiological studies have suggested a long incubation 
period and the importance of environmental factors rather 
then genetic. 

In the second part of the book McAlpine carries on the 
story and mentions cases of conjugal multiple sclerosis 
and stresses that the familial cases could be due again 
to environmental exposure rather than to genetic factors. 
There is an excellent chapter on early symptoms and 
signs. Particularly valuable ıs the clear statement on the 
various types of optic nerve damage associated with the 
disease, and the author directs attention to the little-known 
fact. which has been stressed in recent papers, that epilepsy 
can be due to multiple sclerosis. In the differential diag- 
noses there is an omission of neurological sarcoidosis which 
can. produce retrobulbar neuritis and disseminated lesions 
in the nervous system which closely resemble multiple 
sclerosis. 

Treatment is still as disappointing as it was fifty years 
ago. The value of steroids and ACTH is still a question of 
doubt. Some patients appear to do dramatically well 
with these drugs and others show no improvement. The 
value of phenol injections to relieve the spasticity is 
emphasized and is obviously a considerable advance. 
Doubt is rightly cast on the therapy with tuberculin 
intrathecal injections, the risk of which therapy is not 
justified by the results. It must be admitted that the 
immunological importance of Smith’s results may be more 
important than the therapeutic. McAlpine rightly stresses 
the social problem of the young chronic sick which has 
never been faced by successive Governments as a problem 
to be dealt with by the State. It has been and is left to 
the voluntary efforts of such bodies as the Cheshire Homes 
to try to cope with this problem. Most doctors will agree 
that multiple sclerosis and possibly rheumatoid arthritis 
account for the majority of these sufferers. 

Prof. Lumsden, in the last part of the book, deals with 
the biochemical, immunological and pathological problems. 
Particularly valuable is his chapter on the abnormalities 
of the cerebrospinal fluid protein. In many clinics it is 
obvious that this estimation is not carried ont sufficiently 
accurately, and one would suggest that all neurological 
clinies should have a standard technique for protein 
examination. It is impossible in a short space to do justice 
to the number of chemical and pathological problems 
which Prof. Lumsden examines. In fact it is a slight 
criticism of the book that practically every paper on these 
subjects has been included to render the study complete. It 
is a sad reflexion on the uncertainties associated with the 
aetiology of this disease that Lumsden has to make a list 
of the supporters and critics of Ichelson’s spirochaetal 
theory. Lumsden’s own work on tissue culture and 
the changes in these produced by the addition of serum 
from multiple sclerosis patients makes an exciting conclu- 
sion to the book. 

This book is probably the most satisfying and most 
complete of any we have on multiple sclerosis. It should 
be possessed by all neurologists and will provide an essen- 
tial book of reference. One hopes that very soon all the 
pieces of this puzzle may fit into an answer of benefit to 
the patient suffering from the disease which has caused so 
much tragedy to so many young people and their families. 

A. M. G. CAMPBELL 


—— 
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A COMPANION TO WITTGENSTEIN 


A Companion to Wittgenstein’s ‘Tractatus ’ 
By Prof. Max Black. Pp. xv+451. (Cambridge: Atthe 
University Press, 1964.) 55s. net. 


Te name of Ludwig Wittgenstein (1889-1951) stands 

alone among philosophers of this century. In 
stature, he rises above his contemporaries, not so much 
for his achievements (great as they were) as for his supreme 
intellectual courage. The youngest of a cultured Viennese 
family—and a close friend of Johannes Brahms—he was 
always fascinated by machines. Through them he was 
led to a deep study of abstractions, and so to the composi- 
tion of his Tractazus Logico-Philosophicus, the manuscript 
of which was found in his rucksack when he was taken 
a prisoner of war by the Italians in 1918. 

Wittgenstein’s extreme desire for compression (the 
whole book 1s only some twenty-thousand words in length) 
makes a text of great difficulty in any event, almost 
incomprehensible to the most ardent of readers. That is 
why students will give a ready welcome to this Companion 
by Prof. Max Bleck. He tells us how he has worked from 
the original German (and what lucid German it is), but 
he has not omitted to provide a concordance which 
reveals the magmtude of the task involved in obtaining 
the best exegesis. 

The scheme of the present commentary is briefly as 
follows. After some essential introductory matter, the 
main thesis is divided into a number of ‘instalments’, 
prefaced by appropriate preliminary statements. In 
detail, these are reinforced by comments on some of the 
more intractable expressions, then by quotations from 
earlier sketches and unpublished manuscripts. Next 
come some clarifications of Wittgenstein’s views (mostly 
concerning Russell and Frege), followed by cross-references. 
In addition, the reader will find two helpful features: 
first, some free paraphrases of exceptionally obscure 
passages and, secondly, a number of short explanatory 
articles on matters arising. At the end ıs a bibliography, 
a number of tables and a hst of signs. 

A good test of the value given bya cicerone is the guidance 
offered to his followers in orientating them in the right 
direction to grasp the essentials of the original plane of 
discourse, and here Prof. Black can claim considerable 
success. If we take up the argument on page 378 (“Is 
the Tractatus self-defeating?’’) we shall see what this means. 

Wittgenstein apined that his work would be incompre- 
hensible to anyone who had not already thought the 
thoughts expressed in it, which is almost to say that 
metaphysics—on which he set great store—was as 
nonsensical a discipline as ever it was and, moreover, 
impotent in helping us to understand the world. The 
Vienna Circle once desired to regard the Tractatus as a 
positivistic tract. Much of this travail, however, is seen 
to be the result of stretching ordinary language to (nearly) 
unbelievable lengths, making bare recognition, let alone 
verification, very precarious. To me this suggests a species 
of linguistic topology wherein continuous deformations 
may bring about properties neither senseless nor useless. 
Wittgenstein debghted in such metaphors as scaffolding 
and ladders. He may be obliged, we are told, to discard 
the latter after use, but it does not seem imperative to 
deny their existence. In any event, a system of scaffolding 
can be & beautiful thing in 1ts own way, and only adds to 
the mystery of the building while in position: indeed ıt 
is an act of faith to erect it. Wittgenstein disdained 
neither mysteries nor myths and, as Prof. Black remarks, 
mathematicians have often laboured with symbols the 
justification for which was at first by no means obvious. 
Sometimes in the end they have merited nothing better 
than rejection. But there is no knowing without trying, 
and that was Wittgenstein’s life. 

One disposition is needful, namely, a firm resolve not 
to liken the Tractatus, or anything in it, to common 
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sense, science, logic or mathematics, in an effort to grip 
it. The late C. K. Ogden’ s rendering of Wittgenstein’s 
final remark (No. 7) has become too famous to omit: 
“Whereof one cannot: Speak, thereof one must be silent’. 
F. I. G. RAWLINS 
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AMERICAN PHYSICIAN AND 
BOTANIST 


David Hosack 

Citizen of New York. By Christine Chapman Robbins. 
Pp. vii 246. (Philadelphia: The American Philosophical 
Society, 1964.) 3.50 dollars, 


IKE most of the basic sciences, botany owes much to 
the pioneer work of medical men. For example, in 
the sixteenth century, Dr. William Turner, the medical 
Dean of Wells, was one of the most original botanists of 
his age; Linnaeus had a medical qualification, and even 
in modern times Sir Joseph Hooker, president of the 
Royal Society, was an M.D. of the University of Glasgow. 
One of the pioneer medical botanists m the United 
States was David Hasack, who was one of the best-known 
medical practitioners in New York at the end of the 
eighteenth and beginning of the nineteenth century. 
To-day, except for an unobtrusive, granite slab in the 
Channel Gardens of the Rockefeller Center in New York 
City, Hosack has been largely forgotten. Mrs. Christine 
Robbins in this biography, which must have entailed 
considerable research and investigation, has rescued hrm 
from time’s oblivion and awarded him a garland of 
posthumous fame. 

David Hosack (1769-1835) was the son of Alexander 
Hosack, a Scot, who after serving in the British Army 
eventually settled in New York. He married Jane Arden 
and they had seven children, David being the eldest. 
Alexander prospered as a merchant, and gave his three 
sons a good education. David was an arts student at 
Columbia College, but became an apprentice to Dr. 
Richard Bayley, a New York surgeon and former pupil 
of William Hunter in London. David transferred for his 
final year to the College of New Jersey in Princeton, and 
graduated B.A. in 1789. He next worked under Dr. 
Benjamin Rush at Philadelphia’ where he graduated M.D. 
in the University of Pennsylvania in 1791. After practising 
for a year in Alexandria, Virginia, Hosack, leaving his 
wife and child to the care of his parents, went to Great 
Britain for two years of postgraduate study in Edinburgh 
and London. He also visited his Scottish kinsfolk at 
Elgin. In London he attended John Hunter’s funeral in 
1793, and studied at St. Bartholomew’s and St. George’s 
Hospitals. He contributed a paper on “Observations on 
Vision” to the Royal Society (Phil. Trans. Roy. Soc., 
Pt. 1, 196; 1794), and was made Fellow of the Royal 
Society in 1816. In London he acquired instruction in 
botany from Wiliam Curtis in the botanie garden at 
Brompton and herborized in Battersea Fields, Hampstead, 
and Charlton. He became acquainted with leading English 
botanists including Sir Joseph Banks, and was elected a 
Fellow of the Linnean Society. He took back with him to 
New York an extensive library, chemical apparatus, an 
herbarium and other collections paid for by his indulgent 
father. 

On Hosack’s return he became professor of botany at 
Columbia College (1795-1811) and was physician to the 
New York Hospital. He soon had an extensive and lucra- 
tive practice. He was the first in the United States to 
ligature the femoral artery for aneurism. Hosack never 
made any great botanical discovery, but he taught the 
science and founded the Elgin Botanic Garden in 1801, the 
first of the kind ın the United States, on the site of the 
present Rockefeller Center. The subsequent fate of this 
garden, Hosack’s other appointments at medical schools, 
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his views on yellow fever and its treatment, the disagree- 
ments with his professional colleagues and other meidents 
of his career are ably set forth by the author. The book is 
well illustrated by portraits of Hosack and his near rela- 
tives. ARTHUR MAaAoNALTY 


THEORY OF PROBABILITY 


Mathematical Theory of Probability and Statistics 

By Richard von Mises. Edited and Compiemented by 
Hilda Getringer. Pp. xiv+ 694. (New York: Academic 
Press, Inc.; London: Academic Press, Inc. (London), 
Ltd., 1964.) 157s. 


— CAL Theory of Probability and Statistics 
is a comprehensive account of the ideas of von 
Mises edited and complemented by his pupil Hilda 
Geiringer from much unpublished material. It will be 
welcomed as an easily available account of von Mises’s 
ideas on the theory of probability. 

There are basically two approaches to the theory of 
probability. The one adopted by many mathematicians, 
of whom perhaps the best known is Kolmogoroff, is 
broadly as follows. In probability we are concerned with 
‘events’ to which are attached certain numerical functions 
which measure the probability of each event. The 
mathematician writes down statements about these events 
and their probabilities which appear to him to be their 
essential physical properties. Having done this he looks 
for a mathematical model the axioms of which express, 
in abstract language, these physical properties. In the 
present case he finds this to hand in Boolean algebra and 
measure theory. This means that results in probability 
can be expressed in purely mathematical terms in the 
language of measure theory. The connexion with the 
real world is there, but it appears only in the basic 
assumptions and the agreement between the conclusions 
of the theory and practice. But the reasoning is mathe- 
matical throughout; the events have lost their physical 
meaning and become elements of some abstract algebra. 
This would not be so bad if to every element in the 
algebra we could attach some physical meaning, but this 
is not true; most of the elements have only a mathematical 
significance. It is on this ground that some mathematicians, 
of which von Mises is perhaps the best known, preferred 
an alternative theory. In their minds an event and the 
probability of an event have a physical significance 
which should be preserved throughout the theory. Their 
approach ıs usually referred to as a ‘frequency’ theory in 
contrast to the measure theoretic approach described here. 

The aim of those who adopt the frequency approach is 
to preserve the physical significance of the concepts 
throughout and to deal only with events which have a 
physical significance. However, the theory has to satisfy 
the requirements of an exact science and this cannot 
be done without a mathematical interpretation of the 
physical concepts. The very ideg of defining a probability 
as the limit of the frequencies of observed events is a 
mathematical one and we are once again forced to construct 
a mathematical model of that portion of the physical 
world which occupies our attention. This is what von 
Mises set out to do. His theory is just as much a mathe- 
matical one as that of Kolmogoroff. Its main difference 
is that it sets out to consciously conform to our physical 
intuitions as closely as possible. In this way it has a 
stronger appeal to scientists who like to think in physical 
terms. 

The first two chapters in the book under review give 
the basic ideas of von Mises, the contributions of Wald and 
the related axioms of Tornier. Though Tornier gives an 
axiomatic formulation of his ideas, in the opinion of the 
editor, his thgory is a frequency theory. The frequency 
theory is then compared and contrasted with the measure 
theory approach. 
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In Chapters 3—8 most of the familiar results of probabihty 
are developed and formulated in the language of frequency 


theory. Chapters 9-12 deal with the analysis of statistical - 


data inference and correlation. Throughout there is a 
wealth of examples and practically all results are expressed 
in concrete terms. Abstract formulation is carefully 
avoided. Some subjects like conditional probability are 
dealt with very slightly. The book gives a clear exposition 
of von Mises’s ideas and is therefore a valuable addition 
to mathematical literature. A. C. Orrorp 


CONCEPTUAL SYSTEMS IN SCIENCE 


Matter and Method l 

By R. Harré. Pp. x+124. (London: Macmilan and 
Co., Ltd.; New York: St. Martin’s Press, Inc., 1964.) 
16s. net. 


HE first part of Mr. Harré’s new book deals with 

scientific explanation in terms of what he calls 
“general conceptual systems’’, while the second expounds 
the change from the Aristotelian to the corpuscularian 
general conceptual system which occurred around the 
seventeenth and eighteenth centuries. Mr. Harré aims 
at providing students of philosophy with a better compre- 
hension of the scientific background for the ideas of the 
British empiricists, and scientists with & better understand- 
ing of the nature of conceptual change and how it affects 
scientific discovery. He starts by distinguishing reticular 
theories, which merely correlate phenomena, and explana- 
tory theories, which make reference to theoretical entities. 
This distinction is not made very clear, since he includes 
Newtonian mechanics in the former, although reference 
is made to forces, which would seem to be theoretical 
entities, while the latter include the phlogiston and 
oxygen theories. We are not told why the “oxygen 
hypothesis” is a theoretical, as opposed to a phenomenal, 
explanation; both solids and gases are, surely, pheno- 
menal entities. Incidentally, it is very misleading to say 
that “from. Black and Cavendish Lavoisier had the 
novel idea of a quantitative study of chemical reactions” 
[p. 19, my italics], when in fact Jean Rey had discovered 
150 years earlier that in the calcination of tin the 
calx weighs more than the tin from which it is 
formed. 

Theoretical entities, according to Harré, can be linked 
with what we observe either causally or modally. As an 
example of the first, “the increase in average momentum 
of a gas causes the pressure to increase”; as an example 
of the latter, “average kinetic energy of the molecules of 
a gas” just is temperature; these are “two different 
aspects of the same phenomenon”’ (p. 20). But we are 
not told of any logically relevant differences between 
causal and modal linkings, for example, with respect to 
their presumably logically diverse methods of verification. 
However this may be, there is a hierarchy of explanatory 
mechanisms, one group of which is considered, for a 
given historical period, ultimate or final in that it does 
not, in that period, call for further explanation. The 
characteristics of this ultimate mechanism are expressed 
in what Harré calls the ‘‘general conceptual system” of 
that period. The rest of the first part of the book discusses 
reasons for accepting and for modifying particular general 
conceptual systems. This, although sometimes interesting 
and original, is often confused, partly because it is too 
brief, and partly because the relationships between empiri- 
cal observation, a priori reasoning and linguistic innovation 
are not made clear. The same criticisms hold of the second, 
more historical, part of the book. Harré points out that 
he is interpreting, rather than expounding, the ideas of 
Gassendi, Galileo, Locke, Newton, etc.; but sometimes 
these interpretations seem perverse or just wrong, while 
bad syntax makes the book often completely incompre- 
hensible. ARDON Lyon 


* 
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Atlas of the Moon 

Astronomy—Astronautics. By Vincent de Callatay, 
translated by R. G. Lascelles, preface by Sir Bernard 
Lovell. Pp. 160 (78 illustrations). (London: Macmillan 
and Co., Ltd.; New York: St. Martin’s Press, Inc., 1964.) 
TOs. 


HE French edition of Aélas of the Moon was re- 

viewed in Nature, 201, 5, 1964, and an excellent and 
accurate translation has now been made by R. G. Lascelles. 
The quality of the English production is the same as that 
of the original and it remains sufficient to recommend 
this work as a standard reference source for libraries, 
colleges and schools. 

The book is in three parts. Part one deals with funda- 
mental astronomy—nature and motions of the Moon. 
These chapters will be of. particular value to mathemati- 
cians and physicists at present engaged in broadening the 
science and mathematics curricula in schools. 

The third part deals with astronautical principles and 
describes lunar satellites. It is to be hoped that in the 
years to come scientists will be able to deal with the 
design problems of satellite instruments, for these also 
have a bearing on the broader curricula. 

The second part, which for many will be the most 
important, is the Atlas with 22 plates, each of which has 
one shot in derail from the area under consideration, a 
schematic diagram of the area, and the area shown against 
the surface of the disk. 

It is to be hoped that this work will be revised from 
time to time to keep it up to date. J. Heyrwoop 


Physical Processes in Stellar Interiors 

By D. A. Frank-Kamenetskii. Translated and edited by 
the Israel Program for Scientific Translations. Pp. xi+ 
337. (London: Oldbourne Press, 1963.) 100s. 


HY SICAL Processes in Stellar Interiors is one of a 

number of translations of Russian books being pub- 
lished by the Israel Program for Scientific Translations 
in Jerusalem. ‘The original was published in Moscow in 
1959, and is addressed both to the astrophysicist inter- 
ested in the physical foundations and to the physicist 
interested in the astrophysical applications. Nearly one 
half of the bock is devoted to a discussion of the basic 
processes of radiative transfer and nuclear reactions. 
This part of the book will probably prove to be its most 
valuable part, providing a summary of material none too 
easily available elsewhere, and in a form suitable for 
astrophysical epplication. The other half of the book 
includes a discussion of homogeneous and inhomogeneous 
stellar models, and chapters on stellar pulsation, on stellar 
evolution, and on the formation of chemical elements in 
stars. The latter chapters are somewhat brief, and, con- 
nected with rapidly developing subjects, are likely to be 
outdated sooner than the chapters on the basic physics. 
The translation appears to be well done, and the book is 
a useful addition in a field where books are few. 

R. H. GARSTANG 


Unified Theory of Nuclear Models 
By Prof. G. E. Brown. Pp. vii+178. (Amsterdam: 
North-Holland Publishing Company, 1964.) 40s. 


HIS small baok is in the same tradition as the classics 
by Fermi and Bethe that appeared more than ten 
years ago. It covers most of the significant developments 
in nuclear theory made since its predecessors were written. 
Like them, its main aim is to give the uninitiated a general 
view of the subject. By cutting out unnecessary distrac- 


REVIEWS 


tions, such as formal proofs and angular momentum. 
coupling, Brown has produced a snappy account that will 
surely achieve this aim. However, the reader must not 
expect the new book to be quite so painless as the earlier 
ones. For example, the use of the formalism of second 
quantization is nearly unavoidable in discussing recent 
theories. Brown accepts this hard fact and begins the 
book with an introduction to the formalism. This is done 
from a novel point of view which (Brown suggests) may 
help learners to grasp the subject more readily. This will 
not be true of all readers. Some will prefer the more 
traditional treatment in which the formalism is presented 
simply as a change to a new representation (that of 
occupation numbers), which can reproduce a sample 
range of familiar results. In any event, the reader should 
not be put off it if he does not find Chapter 1 helpful, 
because the rest of the book makes no further reference 
to its special point of view. 

Brown discusses theories of collective motion, both 
vibrational and rotational, the pairing force model and 
the optical model. (There is no mention of Brueckner 
theory as such.) Considering the vast amount of pruning 
and condensation involved in producing this concise 
account of nuclear theory, the level is remarkably even. 
Almost all significant concepts and theories are mentioned, 
sometimes only briefly. Perhaps the account of the optical 
model is relatively less complete in omitting items such 
as ‘doorway states’ and the problems of antisymmetry. 

A. M. LANE 


Handbook of Microwave Measurements 

Edited by Prof. Max Sucher and Jerome Fox. Third 
edition, completely revised and enlarged. Vol. 1: pp. 
xix+ 416. Vol. 2: pp. xv+417-804. Vol. 3: pp. xv+ 
805-1145. (Brooklyn: Polytechnic Press of the Poly- 
technic Institute of Brooklyn. Distributed by Interscience 
Publishers, a Division of John Wiley and Sons, Inc., New 
York and London, 1963.) 300s. 


HE third edition of the Handbook of Microwave 
. 1 Measurements was initiated, and supported in part, 
by the U.S. Army Electronics Research and Development. 
Agency. The publication attempts to cover, with reason- 
able thoroughness, the complete field of microwave 
measurements. This aim is achieved with a fair degree 
of success. 

The various methods of measurmg the more funda- 
mental quantities such as frequency, standing-wave ratio, 
power, etc., are described, together with the techniques 
for measuring the performance of items of equipment of 
which transmit-receive cells and parametric amplifiers are 
typical examples. Measuring techniques are illustrated. 
by block diagrams and any theory required for under- 
standing or carrying out the measurements is given. 
The necessary equipment is listed, precautions which have 
to be observed are stated and the accuracy of results is 
discussed. Each chapter is followed by a list of references. 

The scope of the handbook may be gathered from the 
fact that chapters dealing with multi-mode techniques, 
the intrinsic properties of ferrites and the extension of 
measuring techniques to open non-conventional wave- 
guides are included. It was, however, disappointing to 
find only 16 pages devoted to aerial measurements. 
Communication engineers will regret that group delay 
measuring techniques have not been included. The 
omission of field methods of measuring radiation power 
densities likely to cause injury to health is unfortunate. 
The chapter dealing with radio-frequency leakage would 
have been of greater utility if methods of preventing 
leakage from test equipment had been described. 
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Despite these criticisms, the three volumes should be 
invaluable to engineers and scientists actively engaged on 
microwave measurement work. To those employed in 
the wider field of microwave engineering, the handbook 
should be of considerable interest. O. F. DAVIDSON 


The Materials Background to Space Technology 

By Prof.'A. J. Kennedy. (Newnes International Mono- 
graphs on Astronautics and Astronomy.) Pp. viii -+ 20644 
plates. (London: George Newnes, Ltd., 1964.) 50s. net. 


HE book is in two parts. The first gives a brief 

account of the mam materials, metallic and non- 
metallic, used ın aeronautics and space technology. The 
second 1s' concerned with matters peculiar to space craft 
and their launchers. 

The reader with a basic knowledge of metallurgy, 
chemistry and physics will find the book informative and 
stimulating. This is especially true of Part 2, which deals 
with vehicle and. launcher structures, problems associated 
with re-entering the atmosphere, and the specialized 
requirements which apply to bearing and electrical 
materials under the vacuum and irradiation conditions 
of space.: 

Some minor blemishes were noted. For example (p. 103), 
the formula of silicon nitride is not SiN; the rate of 
impingement of molecules on a satellite surface given on 
p. 147 1s (on the assumptions stated) about three decades 
too small. Again, the behaviour of bearings excepted, there 
is no justification known to me for the suggestion (on p. 5) 
that the behaviour of materials at 10-1? torr is likely 
to be different from that under vacua more easily attain- 
able in the laboratory. 

However, the book is a courageous attempt to present 
a large amount of diverse information and should fulfil the 
hope, expressed by the author in his preface, that it will 
make a broad appeal to enquiring readers who are not 
specialists in the field. L. G. CARPENTER 


The Earth Scrences 

Problems, and Progress in Current Research. Edited by 
Thomas W. Donnelly. Pp. vi+ 195. (London and New 
York: ‘Published for William Marsh Rice University by 
the University of Chicago Press, 1963.) 6.00 dollars; 45s. 


HE Earth Sciences: Problems and Progress in Current 

Research comprises six papers which formed the basis 
for lectures given in connexion with the celebration of the 
‘semicentenary’ of the William Marsh Rice University. 
In addition to an introduction by Prof. T. W. Donnelly, 
the contributors and topics covered are as follows: Prof. 
S. P. Clark, on variation in density in the Earth and the 
melting curve in the mantle; Dr. J. A. O’Keefe, on the 
boundaries between geology and astronomy with par- 
ticular reference to the Earth’s gravitational field and the 
nature of the Moon; Prof. W. F. Fyfe, on experimental 
geochemistry and the problems of the origins of rocks; 
Prof. F. A. Donath, on the experimental approach to rock 
deformation; Prof. S. S. Wilks, on the applications of 
statistics to geology; and Prof. H. A. Lowenstam on the 
mineral and chemical composition of the skeletons of 
marine organisms. ; 

This collection is on the whole a useful one, and several 
of the papers are particularly to be welcomed, in that 
their authors summarize and discuss the outstanding 
problems of wide and intricate, but rapidly growing, 
fields. An important note sounded repeatedly throughout 
the contributions is the dependence of progress in the 
Earth sciences on developments in the ‘fundamental’ 
sciences. Geology and other Earth sciences are seen as 
concerned with the consequences of physical, chemical 
and biological laws that operated withm the framework 
of ‘past’ space and time. Prof. Fyfe, for example, writes: 
“If we are to proceed rapidly, ıt is becoming more and 
more important that the student of geology be exposed 
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to the maximum amount of physics and chemistry from 
physicists and chemists”. E 
The book ıs well produced, as is to be expected from 
the University of Chicago Press, and the figures and 
plates are uniformly clear and well-made. Typographical 
errors are relatively few, although’one contributor emerges 
with a longevity that not even Earth scientists would 
dare claim. J. R. L. ALLEN 


Progress in Organic Chemistry 

Vol. 6. Edited by Sır James Cook and Dr. W. Carruthers. 
Pp. vii +256. (London: Butterworth and Co. (Publishers), 
Ltd., 1964.) 57s. 6d. 


NE of the few conclusions to emerge from a conference 
recently called by the Chemical Society to consider 
“The Future of Chemical Publications” was the need for 
good review articles to maintain what in contemporary 
jargon has come to be known as ‘current awareness’. 
It was, moreover, agreed that the writing of good reviews 
was time-consuming and yet had to be done by experts. 
Progress in Organic Chemistry occupies an individual place 
in the English review literature of organic chemustry. 
The editors have by their judicious selection of topics 
and authors contrived to establish the series as a kind 
of chemist’s Bedside Guardian. 

Once again there is a generous coverage of natural 
product topics, four of the six chapters falling within 
this province. Outstanding among them is Dr. J. D. 
Bu’Lock’s lucid and lively chapter “Polyacetylenes and 
Related Compounds in Nature’. Dr. Bu’Lock surveys 
the now very extensive field, gives the reader the benefit 
of his intimate knowledge of synthetic and degradative 
methods and for good measure adds an epilogue on taxo- 
nomy, physiology and biological activity. Dr. E. Haslam 
and Prof. R. D. Haworth contribute an account of the 
vegetable tannins which conveys the great difficulties 
inherent in this field of study and the conjectural state 
of knowledge, particularly regarding the flavonoid tannins. 
Dr. M. F. Grundon presents a selective and well-propor- 
tioned. account of the bis-benzylisoquinoline alkaloids, 
while Dr. W. Schafer summarizes synthetic routes to the 
phenoxazones, a group of heterocycles which rose to 
prominence as components of the actinomycin antibiotics 
and surveys some of their salient chemical and spectro- 
scopic properties. 

The synthetic topic in this volume comes in the form 
of an excellent chapter on carbenes by Dr. W. Kirmse. 
Misgivings that this should have appeared concurrently 
with his book on the same subject are out of place, for 
this is an independently conceived and well-illustrated 
summary of highhghts in this fascinating domain of 
organic chemistry. As has previously happened in this 
series with contributions on theoretical aspects of organic 
chemistry, Prof. S. F. Mason’s “Molecular Orbital Studies 
of Organic Equilibria and Reaction Rates” will captivate 
the organic chemist inclined to approach it with a little 
more reserve than he brings to the other five chapters. 

K. H. OVERTON 


Progress in Boron Chemistry 

Vol. 1. Edited by H. Steinberg and A. L. McCloskey. 
Pp. vii +487. (London and New York: Pergamon Press, 
1964.) 140s. net. 


HIS book comprises a series of reviews dealing with 
aspects of boron chemistry, written by experts in 
the field. ° 
Opinions will differ as to whether all the topics covered 
are equally significant within the framework of the amount 
of work published and current interest to boron specialists. 
This pomt would apply especially to the chapters on 
‘“‘Organoperoxyboranes”’ (A. G. Davies) and “The Reac- 
tions of Diazoalkanes with Boron Compounds” (C. B. H. 
Bawn and A. Ledwith). In two further chapters, there is 
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considerable duplication of other available literature; 
this applies to M. J. S. Dewar’s article on ‘““Heteroaromatic 
Boron Compounds” (which is very similar to the same 


‘author’s review in_American Chemical Society Monograph 


No. 42), and to G. W. Campbell’s contribution on “The 
Structures of the Boron Hydrides? (which overlaps 
largely with W. N.Lipscomb’s Boron Hydrides, Benjamin, 
New York, 1963). 

The other chapters are by R. J. Brotherton on “The 
Chemistry of Compounds which Contain Boron—Boron 
Bonds”, T. D. Coyle and F. G. A. Stone on “Some Aspects 
of the Co-ordination Chemistry of Boron”, A. H. Soloway 
on “Boron Compounds in Cancer Therapy”, R. Köster 
on “Organoboron. Heterocycles” (by which are meant 
compounds having only boron and carbon within the ring 
system), K. Torssell on “The Chemistry of Boronic and 
Borinie Acids”, and R. Schaeffer on ‘‘Nuclear Magnetic 
Resonance Spectroscopy of Boron Compounds”’. 

The standard of writing is high throughout, although 
there are inconsistencies in style and nomenclature between 
various chapters, which suggest that the editors might 
have been more active. I believe they should have 
examined with special care, from this point of view, the 
contributions by those authors for whom English is not 
their native language. 

The book is attractively produced and its arrival is 
undoubtedly a landmark m the development of boron 
chemistry. M. F. LAPPERT 


Dissociation Constants of Organic Bases in Aqueous 
Solution 

(International Union of Pure and Applied Chemistry: 

Analytical Chemistry Division Commission on Electro- 

analytical Chemistry.) By D. D. Perrin. Pp. vii+473 

+xlu. (London: Butterworth and Co. (Publishers), 

Ltd., 1965.) 140e. 


Tables for Identification of Organic Compounds 
Compiled by Prof. Max Frankel and Prof. Saul Patai. 
(Supplement to Handbook of Chemistry 
and Physics.) Pp. x+301. (Cleveland, Ohio: The 
Chemical Rubber Co.; Oxford: Blackwell Scientific 
Publications, 1964.) 67s. ôd. 


HE first is a basic work of reference—no pun intended 

—-being a sequel to the similar table for organic acids 
published in 1961. It follows much the same pattern and 
gives, in twenty-three main sections classified according 
to chemical structure, first and, where appropriate, other 
dissociation constants of some 3,700 organic bases. For 
each the temperature and method of determination, 
an appraisal as to the reliability of the result, and original 
literature references are quoted, the values listed being 
to some extent selected. The digest thus presented is an 
extremely concentrated but remarkably informative guide 
to many decades of original work in physical chemistry 
and, like the previous volume, is worthy of a place in the 
reference section of all academic chemical libraries. 

Over the past 50 years the Handbook of Chemistry and 
Physics has built for itself, through 45 successive editions, 
a prominent place on the chemist’s bookshelf. Indeed, 
it has often been one of the new books allowed a permanent 
place on his desk, or even (unprofessional thought!) on 
his laboratory bench. To many it has become the single- 
volume handboak of reference data. In 1963 two separate 
supplements were published for the first time. The present 
tables, now in the second edition, are one of these and 
derive from the somewhat cryptic tables of melting- and 
boiling-points in earlier editions of the main work: as its 
title implies, it supplements rather than replaces the 
section in the latter on physical constants of organic 
compounds. 

The new publication presents, in twenty-two groups of 
tables based on chemical character, the melting-points, 
boiling-points, ni? and D'°® values together with the 
appropriate properties of suitable derivative aids for 
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identification of more than 5,500 organic compounds. Other 
tables deal briefly with solvent miscibility, surface tension 
and boiling-point and thermometer stem emergence 
corrections. Inevitably there are gaps to be filled in the 
principal tables and, as the editors point out, some degree 
of non-uniformity in the standard of reliability of the 
data available, despite efforts made to include only the 
best. - 

‘Both of these books suffer from the minor annoying 
feature of sideways presentation of the main part of the 
text. H. EGAN 


The Biochemistry of Poliomyelitis Viruses 

A. Synopsis of Poliomyelitis Infection and Research. By 
Ernest Kovacs. (International Series of Monographs on 
Pure and Applied Biology. Modern Trends in Physio- 
logical Sciences, Vol. 21.) Pp. xii+272. (London and 
New York: Pergamon Press, 1964.) 70s. net. 


ONTRARY to expectation the seope of The Bio- 
chemistry of Poliomyelitis Viruses is wider than the 
title would seem to indicate. Half the book deals with 
non-biochemical aspects of pohomyelitis virus infection 
including clinical and epidemiological features. In 
addition, there is a short chapter on viruses and tumours 
which seems superfluous in a book of this title and scope. 
Dr. Kovacs has consulted a vast range of literature 
concerning poliomyelitis and has attempted to establish 
a biochemical approach to the underlying problems and 
define them in biochemical terms. In recent years virology 
has reached a stage of very rapid development which 
makes a general synthesis of the biochemical data by no 
means easy. Hence the more purely biochemical chapters 
result in a mere collation of interesting observations, many 
of which are contradictory, making their interpretation 
difficult, if not confusing. The recent work which has 
led to the increased understanding of the mechanisms by 
which proteins are synthesized and viruses replicate, 
inspired by the work of Crick, Watson and others, is 
not clearly explained by Dr. Kovacs, who fails to convey 
the excitement of this rapidly growing branch of bio- 
chemical and virological research. 

Although the book contains much interesting informa- 
tion it makes a somewhat dull impression and.Dr. Kovacs’s 
style proved irksome to me. The book abounds in labora- 
tory jargon and neologisms of which “centralneurally”’, 
“percentually large differences” and “phageists’’ are 
examples, as is the author’s description of “the virologic 
process’ as “a physio-pathological process on a biophysico- 
chemical basis”. The text would have been improved if 
Dr. Kovacs had avoided the verbose and rhetorical 
passages which occur here and there in the book, and 
surely no apology or argument is needed nowadays for 
the inclusion of electron-microscopic data. 

The photographic reproductions are adequate, but 
there are occasional typographical errors. 

ARNOLD COHEN 


Genetics 
Second edition. By Dr. H. Kalmus. Pp. viii+216. 
(London: Heinemann Education Books Ltd., 1964.) 15s. 


AVING pointed out, in the foreword to this second 

edition, that many laymen, scientists and even 
biologists are failing to keep abreast of exciting current 
progress in genetics, Dr. Kalmus goes on to say that 
biochemical elucidation of gene structure and activity 
“has revealed a new and beautiful unity of life’. The 
book’s strong point is not, however, a thorough account 
of those discoveries at the cellular and biochemical levels 
which have characterized the past decade. 

The 15 pages of new material dealing with “modern 
sophisticated concepts of the gene” and microbial genetics 
are scarcely adequate to reveal clearly to the layman this 
new and beautiful umty. He would not, for example, 
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find an explicit statement of the importance of selective 
techniques in microbial genetics and he might well be 
puzzled by the misleading statement that the two strands 
of double helical DNA may be “identical with or at least 
complementary to”? each other in terms of information 
content. But it would be churlish to dwell on the inadequa- 
cies of this very short summary of very considerable 
advances. The main value of the book is that it provides 
a good basic account of classical genetics, with reference 
to both theory and practice. This basic material, which 
includes the chapters on population genetics and evolution, 
occupies some 130 pages and a further 50 pages are 
devoted to a good account of human genetics. Several 
opportunities have been taken to insert new material or 
to bring the old material up to date. 

The author makes it clear that he is aware of the 
difficulties arising from the use of technical terms. A 
glossary is provided and the text is commendably free 
from excessive jargon. This is partially offset by the use 
of some rather heterodox terms (for example, “‘micro- 
mutant’, ‘“‘macroallele”’, ‘“‘poly-allele’), the use of 
““‘backecross’’ where “‘testcross’” would have been more 
appropriate and the now outmoded definition of allelo- 
morphs (“different genes occupying the same place”) 
which could confuse the lay reader. Other changes made 
to the first edition include the addition of chapters on 
radiation genetics and on gene action and pleiotropy and 
a brief but lucid account of the history of genetics. 

D. H. MORGAN 


Integral Calculus 

By Walter Ledermann. (Library of Mathematics.) Pp. 
vii +85. (London: Routledge and Kegan Paul, Ltd., 
1964.) 5s. 


NOTHER useful little book in the Routledge series. 
After a first course in calculus at school, the under- 
graduate requires not only a more profound knowledge 
of the theory of the integral, but also a strengthening and 
sharpening of his technique. Dr. Ledermann is here 
concerned mainly with the latter; he gives a brief sum- 
mary of the existence and fundamental property of ‘the 
integral, and then passes to the main theme, the develop- 
ment of a sound and penetrating technique. The nature 
of integrals with unbounded integrands or over infinite 
ranges, the conditions under which one may safely 
differentiate or integrate under the integral sign, all basic 
double-limit processes, are carefully discussed, and 
exemplified by a concluding chapter on the gamma 
(factorial) function, starting from Euler’s integral defini- 
tion, and including an account of Stirling’s asymptotic 
formula and Wallis’s infinite product. Some specially 
tricky theoretical points are relegated to the appendixes; 
there are some well-chosen exercises for the student. The 
material is essential to those who need the full use of the 
calculus as a tool. T. A. A. BRoaADBENT 


Boolean Algebra and its Application including Boolean 
Matrix Algebra 

By H. Graham Flegg. Pp. xv-+-261. (London and Glas- 

gow: Blackie and Son, Ltd., 1964.) 50s. 


NUMBER of books have recently appeared which 

deal with various parts of ‘new mathematics’ and 
their applications to statistics, switching circuits, electrical 
networks, and so on. Boolean Algebra and its Application 
including Boolean Matrix Algebra, firmly in this category, 
is rather more substantial and sophisticated than most 
of its companions, and a good deal more up to date. 

It begins with a brief account of general, and especially 
binary, decimals, and follows this with a traditional 
description (in not entirely traditional symbolism) of set 
algebra and, propositional calculus, including a brief 
mention of multiple-valued logics. The principles of 
applying these algebraic structures to switching circuits 
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are then described, and various systematic methods for 
simplifying switching functions (and so their associated 
circuits) are given in fair detail: algebraic, combinatorial, 
and an interesting geometrical method using hypercubes. 
Symmetric functions and their circuits are then discussed, 
and the book ends with a substantial account of the uses 
of matrices with elements in a Boolean algebra. 

The book should be of considerable value to technolo- 
gists with a knowledge of electrical networks who wish 
to study the mathematical methods appropriate to their 
systematic treatment. The writing is concentrated and the 
explanations often elliptical, so that the reader must 
frequently supplement the text with inspirations of his 
own. Little previous explicit mathematical knowledge 
is required, although a mathematical habit of thought 
is highly desirable. On the whole, a mathematician with 
little grasp of electric circuits will often be at a greater 
disadvantage than the engineer with little mathematical 
expertise. The publishers’ claim that the book will 
appeal to teachers of ‘new mathematics’ in schools is 
perhaps optimistic, in that although they will probably 
acquire much background information it will not usually 
be very suitable for introductory teaching. 

The book is very fully and attractively illustrated; there 
is an extensive and comprehensive bibliography (up to 
1962); and many exercises with answers provided. 

S. R. T™s 


The Philosophy of Francis Bacon 

By Prof. Benjamin Farrington. (An Essay on its Develop- 
ment from 1603 to 1609, with New Translations of 
Fundamental Texts.) Pp. 136. (Liverpool: The University 
Press, 1964.) 258. net. 


HE subtitle of this book promises to fill serious gaps 
in Bacon scholarship, for 1603-9 was the period of 
Bacon’s earliest writings in natural philosophy, and the 
development of his thought at this time has remained 
obscure. The Advancement of Learning, which first brought 
Bacon to public notice as the prophet of a new science, 
was published in 1605, ‘and his best-known work, the 
Novum Organum, not until 1620. In the meantime he 
was developing his attack on current Aristotelianism, 
and working out both the elements of his well-known 
inductive method, and a natural philosophy of matter 
which, in the early years, seems to have been close to 
atomism. It is clear from such works as Valerius Terminus 
(1603) and De Sapientia Veterwm (1609) that, years before 
the better-known corpuscular philosophies of Descartes 
and Gassendi, Bacon was struggling with the problem of 
how to replace the ad hec and animistic theories of 
sixteenth-century ‘natural magic’ by more rational 
methods and more simple and unified forms of explanation. 
Prof. Farrington performs a valuable service by present- 
ing English translations of three of the more important 
works of the period 1603-9, which appeared only in the 
original Latin in the standard nineteenth-century edition 
of Ellis and Spedding. - These works do not, however, 
add anything very much to our knowledge of Bacon’s 
scientific ideas, and in his text Prof. Farrington has 
unfortunately missed the chance of discussing the develop- 
ment of these ideas in any detail. By the ‘philosophy’ 
of Bacon, Farrington means his ‘philosophy of works’, 
that is, his lifelong enthusiasm for knowledge for the 
sake of mankind, for changing the world as well as 
explaining it. His text contains an interesting account 
of Bacon’s fruitless attempts to obtain patronage and 
money for his schemes for the organization of scientific 
enquiry (a ““would-be Minister for Scienceand Technology”) 
and throws light on the spirit of practical charity which 
was undoubtedly one of the main factors in the rejection 
of ancient philosophies and the rise of the new science. 
It is a pity that. the book does not also contribute to a 
long-overdue assessment of Bacon as pioneer of new 
scientific theories. Mary HESSE 
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© The Faraday Press announces 
23 major Soviet Scientific Journals 


NATURE xxxi 





now available for the first time 


E AUTHORITATIVE COVER-TO-COVER ENGLISH TRANSLATION 





Cybernetics/K:bernetika Presents outstanding achievements by 
Soviet scientists and engineers in the theory of automata, self- 
organizing systems, the theory of games, network syntheses, per- 
ceptron theory and other vital areas. Bimonihly, $120/ year 


Problems of Information Transmission/Probiemy Pere- 
dachi Informeétsit Offers valuable Soviet contributions to infor- 
mation and coding theory, the detection of signals, machine 
modeling of the processes of information transmission, control 
systems, and other problems of cybernetics Quarterly, $105/year 


Soviet Electrical Engineering /E/ektrotekhnika Consolidates 
ina single journal the most important research activities of Soviet 
electrical engineers; covers the design of electrical machines, gen- 
erators, motors, switchgear, electric and magnetic circults, power 
plant equipment, etc. Monthly, $165/ year 


Magnetohydredynamics/Magnitnaya Dinamika Zhidkikh 
Metalfoy A significant new quarterly devoted to theoretical and 
applied problems of plasma dynamics, magnetohydrodynamics of 
electrolytes, plastic flow of metals, magnetic contro! of heat trans- 
fer, the action of magnetic fields, and new MHD devices. 
Quarterly, $95 / year 


Applied Solar Energy /Geliotekhnika Reports the outstanding 
Soviet contributions tn solar energy, and its many new, important 
applications, such as photochemical] conversion, solar engines, dis- 
tiation units, heat and power storage, etc 8:monthly, $115/year 


Theoretical and Experimental Chemistry /7eoreticheskaya 
ı Eksperimental'naya Khimiya Describes the most important 
chemical research now in progress in leading chemistry research 
labs throughout the Soviet Union—the equivalent in Importance in 
chemistry to the Soviet J. Theoretical & Exper. Phys. in Physics 

Bimonthly, $l25/ year 


Polymer Mechanics /Mekhanika Polimerov Latest Soviet re- 
search on the theory of polymerization and the physical and chem- 
Ical properties of natural and synthetic polymers: plastics, elas- 
tomers, fibers, biopolymers, etc. Bimonthly, $125] year 


Soviet Appliea Mechanics /Prikiadnaya Mekhanika Publishes 
advanced Soviet research in structural mechanics, special empha- 
sis on the theory of plasticity, thermal stresses, stress concentra- 
tions, fatigue, vibration, and the design of thin shells. 

: Monthly, $165/ year 


Soviet Physics Journal //zvestiya VUZ. Fizika Covers advanced 
Soviet theoretical and experimental investigations in plasma 
physics, optics, molecular physics, electronic processes and the 
entire range of ahysics research. Bimonthly, $130/ year 


Astrophysics /Astrofizika Describes Soviet research in lunar, 
Interplanetary, solar and stellar physics, as performed under the 
direction of V, A. Ambartsumyan and other leading astrophysicists. 

Quarterly, $95/ year 


Journal of Applied Mechanics and Technical Physics/ 
Zhurnal Priklednoy Mekhaniki 1 Tekhnicheskoy Fiziki Awide- 
ranging Journal of importance to applted physicists, and mechan- 


ical, aeronautical, chemical, and structural engineers. 
Bimonthly, $155 / year 


Differential Equations / Ditferentsial'nye Uravneniya Offers 
for the first time in a single journal the original contributions of 
outstanding Soviet mathematicians to the theory of nonlinear and 
boundary-value problems and the numerical solution of differen- 
tial equations. Monthly, $155/ year 


2 REGULAR YEARLY SUBSCRIPTION -BEGINNING WITH JAN. 1965ISSUES 





Soviet Engineering Journal //nzhenernyy Zhurnal Presents 
highly valuable contributions to the design of space vehicles, the- 
oretical and experimental problems of mechanics, elastoplastic de- 
formation, gas dynamics and aerodynamics. 8:imonthty, $155/year 


Journal of Applied Spectroscopy / Zhurnal Prikiadnoy Spek- 
troskopu Covers the physical fundamentals of spectroscopy, 
spectroscopic instrumentation and measuring techniques, lumines- 
cence phenomena, plasma diagnosis, the spectral properties at 
materials, and al! of the more important applications of spectra! 
analysis, Monthly, $155/year 


Mendeleev Chemistry Journal /Zhurna/l Vsesoiuznogo Khim 
icheskogo Ob-va im. Mendeleeva Presents top-level conference 
proceedings and authoritative state-of-art papers in all the more 
important areas of organic chemistry, electrochemistry, brochemis- 
try & pharmacology, and physical chemistry, Bimonthly, $165/ year 


Combustion, Explosion, and Shock Waves/Nauchno 
Tekhnicheskie Problemy Gorentya I Vzryva A new quarterly in 
this fast-expanding field, devoted to theoretical and experimental 
studies of problems of combustion and detonation of gaseous mix- 
tures, solid and liquid explosives, and the physical phenomena of 
shock waves Quarterly, $105] year 


Chemistry of Heterocyclic Compounds/Khimiya Geterotsik- 
licheskikh Soyedineniy Newest advances in the study of simple 
and condensed heterocyclic systems and their use as mtermedt 
ates in the production of valuable new polymers, pigments, and 
drugs. Bimonthiy, $125} year 


Chemistry of Natural Compounds/Khimiya Prirodnykh 
Soyedinenly The Soviet journal devoted to original research into 
the isolation, structure, modification and synthesis of natura! 
organic compounds Bimonthiy, $115; year 


Applied Biochemistry and Microbiology /Prikiadnaya Bio- 
khimiya ı Mikrobiologiya A new journal, publishing the results 
of basic and applied Soviet research in industrial and agricultural 
biochemistry and microbiology, inciuding biochemical studies of 
proteins, nucleic acids, vitamins and hormones, and experimental 
investigations of microorganisms in the production of antibiotics, 
alcohol, fertilizers, enzymes, and other commercially interesting 
preparations Bimonthly, $125] year 


Physicochemical Properties of Materials/Fiziko-Khim.- 
icheskaya Mekhanika Materialov Describes extensive Soviet 
achievements in utilizing new materials in various working media 
at very high and low temperatures and pressures, and the tech- 
nology of producing new materials capable of functioning under 
extreme conditions Bimnonthly, $120} year 


Journal of Engineering Physics //nzhenerno-Fizicheskty 
Zhurnal Devoted to Soviet basic and applied research in heat 
and mass transfer, exotic heat sources, hydrodynamics, thermo- 
physical properties, and gas dynamics. » Monthly, $155 / year 


Soviet Radiophysics//zvestiya VUZ. Radiofizika Presents out- 
standing work by Troitskiy and other world-famous Soviet re- 
searchers In radioastronamy, quantum and statistical radiophysics, 
wave propagation, etc. Bimonthly, $130] year 


Soviet Radio Engineering//zvestiya VUZ Radiotekhnika 

Publishes leading articles on Soviet advances In the design and 
construction of radio engineering equipment, HF electronics and 
electrodynamics, information theory, and radio engineering meas- 
urements and instrumentation. Bimonthly, $120/ year 


Order your 1965 subscriptions to these essential Soviet journals from: 


The Faraday Press 


PUBLISHERS 


15 Park Row, New York, N.Y.10038, U.S.A. 
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NEWNES INTERNATIONAL 
SERIES OF MONOGRAPHS 






ON ASTRONAUTICS 
AND ASTRONOMY 








Consulting Editor : J. L. Nayler, 
M.A., F.R.Ae.S., FASLAA., F.B.IS. 


This important collection of works is designed to acquaint 
readers with up-to-date thinking about selected developing 
points ın the related fields of astronomy and astronautics, 





INTRODUCTION TO 
ASTROPHYSICS: THE STARS 


by J. Dufay 

Covers Definitions and Special Conditions in Astronomical 
Photometry. Stellar Photometry and Colorimetry. Astro- 
nomical Spectrographs. Description and Initial Classification 
of Stellar Spectra. Spectra and Absolute Magnitudes. Con- 
tinuous Spectra of the Stars. Gradients and Color 
Temperatures. Spectrophotometric Classifications of Stars. 
Diameters and Effective Temperatures of the Stars. Masses 
and Densities of Stars. Elementary Ideas on the Consti- 
tution of Stellar Atmospheres. 


176 pages. 60 figures and tables. 142s. (43s. 6d. by post 





MATERIALS BACKGROUND | 
TO SPACE TECHNOLOGY 
by A. J. Kennedy 


Covers Aluminium and Magnesium. Titanium. Beryllium. 
Steels. Nickel and Cobalt Alloys. Refractory Metals. 
Graphite. Non-metallics: Structural Plastics and High- 
temperature Applications. Composites. Vehicle and Launcher 
Structures. Irradiation and Particle Bombardment. 
Rocketry and Re-entry: High Temperatures; Ablation and 
Erosion. Bearings: Friction and Wear. Electrical Materials. 


244 pages. 119 figures and diagrams. 50s. (51s. 6d. by post) 





COSMIC DUST 


by A. Dauvillier 


Covers The Interplanetary Gaseous Medium. Asteroids 
and Captured Microsatellites. Comets: Characteristics, 
Theories, The Origin of Comets. Meteors. Meteorites. 
Interstellar Gas, Interstellar Smoke. The Intergalactic 
Medium. 


168 pages. 31 figures, 8 plates, 45s, (46s. 6d. by post) 





FROM ALL BOOKSELLERS, or in case of difficulty, at post 
prices from George Newnes Ltd., Tower House, Southampton 
Street, London, W.C.2. 
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Three 
Scientific Achievements... 


Comparative Hematology 
By Warren Andrew, M.D. 


Comprehensive, authoritative and superbly illus- 
trated, this new volume presents a summing up of the 
present state of knowledge of comparative hema- 
tology—the first such overview of the subject since 
the development of phase and electron-microscopy. 
The illustrations, in black and white and in color, 
supplement the excellent text to make this an essential 
reference volume. 


200 large-format pages 
116 illustrations, plus 4 color plates 
$22.75 


Comparative 
Basie Cardiology 
By Jane Sands Robb, M.D., Sc.D. 


A compendium of the knowledge of animal hearts 
from the lower forms to the primates, this book is 
organized around standard classifications of the 
animal kingdom for easy reference. Until the 
publication of Comparative Basic Cardiology, the 
investigator had no one, ready reference source for 
information on the gross anatomy, microscopic 
anatomy, embryology, electronic microscopy, histo- 
chemistry or electrophysiology of such a wide range 
of hearts. Included is an outstanding collection of 
illustrations, more than 60 of them in full colour. 


632 large-format pages 
528 illustrations, 67 in full color 
$39.00 


Now Complete: First American Edition 


TRANNHAUSER’s Textbook of 
Metabolism and Metabolic 
Disorders 


Edited by Nepomuk Zöllner, M.D., and 
Translated and Adapted by Solomon Estren, M.D. 


This invaluable set is now complete with the publica- 
tion of the second volume. Based on the completely 
revised Second German Edition, this classic work 
encompasses all of the basic concepts of metabolic 
biochemistry in a unified and logical form. Review 
of Surgery said of Volume I: “Each subject is taken 
up both from the standpomt of theoretical background 
as well as applications to the diseased state.... The 
book is well worth the consideration of anyone 
wishing to study biochemical topics presented with a 
physiological or clinical orientation.” 


Volume J—480 pages, 80 illus., $17.50 
Volume H——520 pages, 208 illus., $19.75 


from GRUNE & STRATTON, Ine. 


381 Park Avenue South 
New York, N. Y. 10016 


Publishers of Medical and Scientific Books 
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BOOKS & JOURNALS 


We display over 30,000 recent and standard books on all ‘branches 
of science and technology. Inspection is aiways invited in our 
spacious showrooms, which are conveniently situated, 


POSTAL SERVICE 


We pride ourselves upon speed of dispatch and regularly supply 
some of the largest Industrial undertakings In Britain and overseas. 


t 


Annual subscriptions taken for any British or forcign journal. 
Call, write, or phone 


CLAUDE (zf | {| BOOKS 


481, OXFORD STREET, LONDON, W.1. 


GRO 5664 (5 lines) 1 min. Marble Arch 


WANTED TO PURCHASE 
Scientific books & periodicals 


Entire libraries, and smaller collections ; 
sets and runs, foreign and domestic. 


WALTER J. JOHNSON, INC. 

111 Fifth Avenue, New York, 3, N.Y., U.S.A. 
Cable Address: BOOKJOHNS, NEW YORK 

British Office: ACADEMIC BOOKS, LTD. 


Berkeley Square House, Berkeley Square, London, W. 1 
HYDE PARK 6436 





— Important Booksemmy 








D. I. BLOKHINTSEV 


Quantum Mechanics 


Translated from the Russian 
1964, XVI + 535 pp., J 53.—; 106s. 


TULLIO LEVI-CIVITA 


The 7-body Problem in 
General Relativity 


Translated from the French 
1964, XI + 120 pp., £20.-; 40s. 


MARIE-ANTOINETTE TONNELAT 
The Principles of | 
Electromagnetic Theory 
and of Relativity 


Translated from the French 
1965, XU + 480 pp.; f 59.—; 118s. 


D. Reidel Publishing Company 
DORDRECHT-HOLLAND 


— — — —— 





SAUNDERS BOOKS 


immunology and Serology 
(New 2nd Edition) 


| 
By Pamir L. CARPENTER, — of Bacteriology, University 
of Rhode Island 


This is an up-to-date study of immunological reactions to 
infectious diseases. The properties and behaviour of antibodies 
formed within an animal in response to foreign antigenic 
substances are clearly explained. This new edition will assist 
in the diagnosis of disease, classification of sub-types of plants 
and animals, and the identification of certain of their immunities 
or susceptibilities. 


456 pages 





Ilustrated 59/6 


The Biology of Animal Parasites 


By Tuomas C. CHENG, Ph.D., Associate Professor of Biology, 


„Lafayette College, Easton, Pennsylvania 


The new text has been specifically written for the undergraduate 
course on parasitology, and is directed to the biology student 
being introduced to the subject for the first time. Dr. Cheng 
describes, discusses and illuminates a vast range of animal 
parasites according to chemical composition, morphology, life 
cycles, ecology, host-parasite relationships, and basic physiology. 
727 pages Illustrated 94/6 


pH and Dissociation 
(New 2nd Edition) 


By HAtvor N. C#RISTENSEN, Ph.D., Professor of Biological 
Chemistry, University of Michigan 


A revision of a programmed text which has had widespread 
success in undergraduate courses on both chemistry and 
biology, covering the association and dissociation of the 
hydrogen ion in aqueous solutions. 


107 pages 16/- 


Body Fluids and the Acid-Base Balance 
By HALVOR N. CHRISTENSEN, Ph.D. 


A new programmed learning guide to help students in under- 
standing the subject of acid-base balance and the regulation 
of neutrality. 
506 pages 


Iilustrated 45/6 


` Readings in Population and 


Community Ecology 


By WILLIAM E. HaZEN, Ph.D., Assistant Professor of Zoology, 
San Diego State College, California 


A collection of 25 significant papers on varied aspects of 
Ecology, carefully chosen from literature produced between 
1935 and 1963. - 
388 pages 


Illustrated 33/- 
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COMPUTER AND M 
INFORMATION SCIENCES 


Edited by J. T. TOU and R. H. WILCOX 


The topics covered range from dynamic programming to automata theory, rom pattern recognition to learning control, 
from perception theory to artificial intelligence, from adaptive logic to feature detection. These are the papers presented 
at the 1963 COINS Symposium. 


544 pages 9” x 6” 155 illustrations 15 tables £5 10s 


SELECTED PROBLEMS 
IN QUANTUM MECHANICS 


By D. ter HAAR 


A replacement of the successful collection of material from the Russian books by Gol’dman and his colleagues. 
Problems and solutions have been reviewed in the light of recent advances, which have led to several new problems, 
from the work of Irodov on Atomic Physics, and from Oxford University examination papers. 


404 pages "oF x6" 42 illustrations 50s 


PRINCIPLES OF AUTOMATION 


what a robot can and cannot do 


By J. F. SCHUH - 


After examining those aspects of the human thinking process which can be deputed to machines, the author introduces 
the ideas of logic and the way in which a complex electrical device can be programmed to perform appropriate operations, 
when the programming has included certain codes. A study of the component parts is followed by an introduction 
to the mathematical theories on which this work is based. 


381 pages 9” x 6” 146 illustrations 72s 











Essentials of Physics Series 


ESSENTIALS OF ELECTRICIT 
AND MAGNETISM ) 







320 pages 230 figures 15 tables ~ Small Demy 8vo 20s 
ESSENTIALS OF HEAT second edition 
211 pages li4 figures 11 tables Small Demy 8vo 15s 


Both by O. M. WHITE, M.Sc., Ph.D., F.Inst.P., Head of Physics Department, College of Technology, Belfast 


This series covering the essentials of physics as reflected in the Jatest demands of the examiners has received an enthu- 
siastic welcome from candidates for G.C.E. ‘A’ level, and for other examinations at a similar level, whose main subject 
is not physics. Emphasis is on practical applications; historical aspects are introduced only where relevant to present 
day|knowledge. On the first volume in the series the Times Educational Supplement wrote: ‘‘. . . the books are 
excellently written and produced, with large diagrams and bold section headings which catch the eye and emphasise 
the important topics . . . this is a useful series which will undoubtedly prove highly popular”. 

| 








3 Synopses and catalogues from: 
| 


MACMILLAN 


| ST MARTIN'S STREET LONDON W.C.2. 
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STRÆSBURGER’S TEXTBOOK OF BOTANY | 
New English Edition . 


Editors: R. HARDER, F. FIRBAS, W. SCHUMACHER AND D. VON DENFFER. Translated from the 28th German 
edition by D. E. COOMBE, M.A., PH.D., and P. R. BELL, M.A. 


Strasburger’s Textbook of Botany has long been considered the leading general text on the subject. It is 
noted both for its clear and unified treatment of an immense range of topics, and for its wealth of informative 
detail. The book covers almost all aspects of botanical science, both in temperate and tropical regions. 
The editors of the new edition have succeeded in bringing the text well abreast of current developments in 
botany without sacrificing fundamentals or losing the broad sweep of a topic in a mass of detail. The 
volume is extensively and excellently illustrated, and there is a comprehensive bibliography covering all 
the important German, British and American literature on the subject. 84s net 


ORGANIZATION AND EVOLUTION IN PLANTS 


C. W. WARDLAW 


-a 


Professor Wardlaw examines the organization and evolution of plants from a new point of view, and shows 
that there are cogent reasons for giving problems of organization close and sustained research. He discusses 
the importance of the study of organization in relation to the precision with which it may be investigated 
and the relationship between the concepts emerging and received evolutionary doctrine. The recognition 
of so-called homologies of organization m apparently unrelated species is examined, ar.d the possibilitie 
of the formulation of generalized biological concepts based on a study of organization are discussed. 


508 net 


¢ 


AN INTRODUCTION TO BOTANY 
Fourth Edition 


J. H. PRIESTLY, LORNA I. SCOTT and EDITH HARRISON 


The new edition of this book ıs the product of the most extensive revision to which the work has been 
subject since its first publication. During this revision the A level G.C.E. syllabuses of the various examining 
boards were consulted, and the number of life-cycle types treated has been increased to meet their require- 
ments, introducing a wider view of the extreme diversity between plants in aspects additional to the 
reproductive cycle. To help with the life-cycle work a brief chapter on the outline of the nuclear cycle has 
been moved to an earlier position in the book. In the families of flowering plants, an account of the grass 
family has been introduced. A thorough revision of the chapters on Physiology has been 
undertaken by Dr. Edith Harrison of the University of Leeds. The section has been arranged in seven 
chapters, of which those on Growth and the Physiology of Reproduction introduce topics that were little 
touched on in earlier editions. An up-to-date list of additional readings on physiological topics is 
provided. 40s net 


Please ask your local bookstore to order from Longmans, Green & Co. Ltd., Pinnacles, Harlow, Essex. 


Longmans | 
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P NORTH-HOLLAND BOOKS = 


| 
ALPHA-, BETA- AND GAMMA- 
i 
| 





RAY SPECTROSCOPY 
Editor: KAI SIEGBAHN | 


| 
This two-volume work gives a complete account of the whole field of radio-activity and related low- 
energy phenomena. ! 


7x 10’ 2 vols. 1800 pp. f 180.00; £18; $50.00 


AND INSTRUMENTATION —Volume i 
Editor: F. J. M. FARLEY, CERN, Geneva 
The aim of this new serles is to provide the experimental research worker in the field of nuclear physics 


as well as the advanced student with up-to-date information regarding the latest achievements in nuclear 
techniques and instrumentation which were obtained in the important nuclear centres all over the world. 


6x9” 404 pp. f 55.00; 110s. | 


| 

| 

*PROGRESS IN NUCLEAR TECHNIQUES | 
. 
| 





| 
*PROCEEDINGS OF THE THIRD INTERNATIONAL 
CONGRESS ON CATALYSIS (Amsterdam, July, 1964) i 


Editors : W. M. SACHTLER, G. C. A. SCHUIT and P. ZWIETERING i 
j 

| The Proceedings present an extensive and up-to-date account of existing knowledge, theoretical 
approaches and experimental techniques used in catalysis. 
6x9” 2 vols. 1600 pp. f 160.00; £16 








| ` #RELATIVITY : The Special Theory | 
By J. L. SYNGE, School of Theoretical Physics, Dublin Institute for Advanced Studies 


“The book is full of wise and modern instances, all eminently quotable if space did but permit. It is cheerful 
in style, profusely illustrated by diagrams and beautifully printed.’ Nature. | 


Second revised edition 6x9” 468 pp. 107 illus. f 43.00; 86s. 





| “ANTARCTIC GEOLOGY . i 
Editor: R. J. ADIE, University of Birmingham, England il 


This volume contains the proceedings of the first international Symposium on Antarctic Geology, i 
Cape Town, September 1963, and gives a comprehensive up-to-date review of all aspects in the field. Hi 
The wealth of material presented in this-book makes it a standard reference work. 


6x9’ 772 pp. f 100.00; £10 i 





| “SPACE RESEARCH V | 
Editors: G. RIGHINI, Arcetri; D. G. KING-HELE, Farnborough; P. M.-MULLER, Meudon jl 


| The fifth volume in the series the aim of which is to provide the world’s scientific community with the i 
| means whereby it may exploit the possibilities and space probes of all kinds for scientific purposes, and l 
|> exchange the resulting data on a co-operative basis. | 
| 6ix OL” 1268 pp. f 150.00; £15 | 









| Send your order to your bookseller or directly to | 


NH NORTH-HOLLAND PUBLISHING COMPANY | 
as] AMSTERDAM P.O. BOX 103 THE NETHERLANDS =| 


E Interscience Publishers, a division of John Wiley & Sons, Inc.—New York | 
= | 
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BOOKS from PITMAN 





Mechanics of Solids and Strength of Materials | 


F. V. Warnock, Professor of Mechanical Engineering, Queen's University, Belfast, and Dr. pl P. Benham 
A new book which fully covers the syllabuses for the B.Sc.(Eng.) degree, diplomas of technology and the Institute of Mechanical 
Engineers and H.N.C. examinations. Many illustrations, worked examples and exercises complement a comprehensive and 
mee text. A sound textbook and highly practical reference work. 

s net 


Separation Methods in Biochemistry 
C. j. O. R. Morris, Ph.D., and P. Morris, B.Sc. 


“Brings together in one volume a detailed and most readable survey of the most important separation methods at present 
in use.” The Technical Journal. 
bids net 








Recollections of a Technologist 
Professor R. S. Hutton 


The distinguished scientist and academic, professor of applied chemistry and metallurgy and responsible for the development 
a many technical education schemes, writes fully of his fascinating professional life. 
snet 





The Growth Process in Animals 
A. E. Needham, M.A., D.Sc. 


A comprehensive survey and systematic analysis of growth processes. The book is divided Into two parts: a narration of the 
processes of growth as manifested at successive levels of magnitude, and the means by which these processes are controlled. 


. Lavishly illustrated. 


70s net 





Available fram all booksellers Pitman Parker St London WC2 





NEW BLACKWELL BOOKS 


Organizetion for Protein Biosynthesis Fungal Genetics 
ALAN WISEMAN, B.SC., A.R.C.S., PH.D., M.I.BIOL., A.R1.C. J. R. S. FINCHAM, PH.D., and P. R. DAY, PH.D. Second 





1965. 224 pages, 35 illustrations. 45s Edition, May 1965. 352 pages, 57 illustrations. 558 

Recent Frogress in Photobiology Comparative Physiology and Pathology 

Proceedings of the Fourth International Congress of Of the Skin 

Photobiology, edited by E. J. BOWEN, F.R.S. 1965. Edited by ARTHUR J. ROOK; MA., M.D., F. R. C. P., P.Z.S., ` 

392 pages, 96 illustrations. yos and G. $. WALTON, B.V.SC., M.R.C.V.S. 1965. 816 pages, 
107 illustrations. £7 158 


Introduction to the Study of Enzymes 


H. GuTEREUND, PH.D. July 1965. 304 pages, 35 illus- Techniques for Electron Microscopy 


Edited by D. Kay, B.SC., D.PHIL. Second Edition, 


trations. 
* pou -September 1965. 460 pages, 190 illustrations. About 70s 
. Autoimmunity and Disease Handbook of Chemistry and Physics 
A en — O E eS — J. Edited by R. C. WEAST, PH.D., et al. Forty-fifth Edition, 
> M.A M.D. ‘ pages, ons 6s. i 
(2 colour). 60s ee ae a £775 
i . Specimen Preparation for Electron 
Evolution of Parasites ' Metallography 
Third Symposium’ of the British Society for Para- T, S, BRAMMAR, M.MET., PH.D., A.M., and M. A. P. 
sitology, edited by ANGELA E. R. TAYLOR, PH.D. 1965. DEWEY, a.l.M. June 1965. 108 pages, 15 illustrations. 
136 pages, 18 illustrations. 278 6d About 27s 6d 
Textbook of Veterinary Clinical Haematological Techniques for Use on 
Parasitology, Volume 1 Animals 
E. J. L. SOULSBY, M.A., PH.D., M.R.C.V.S., D.V.S.M. June R. K. ARCHER, M.A., PH.D., M.R.C.V.S. April 1965. 
1965. ID96 pages, 207 illustrations. £9 9s 128 pages, 24 illustrations. 208 
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Proceedings or the International Conference on 


Plant Tissue Culture 


Edited by Philip R. Wiute. Tissue Culture, the 
cultivation of cells, tissues, and organs outside 
the body, has become an important method of 

_ dealing with biological problems. Plant Tissue 
Culture is an important segment of this disci- 
pline and shares its great potential. The Con- 
ference, held at Pennsylvania State University 
under NATO support, provided an opportunity 
for 48 researchers from all parts of the world 
to exchange views on mutual problems of cell 
nutrition, metabolism, physiology, morpho- 
genesis, genetics and pathology through which 
important new developments can be expected. 
To be published in May 1965; approx. 450 pp. 
profusely illus. Send all orders to the co- 
publisher: McCutchan Publishing Co., 2526 
Grove St., Berkeley, California 94704. Price: 
$12.50 plus 15c. handling and postage charge. 
20% discount on all prepublication orders, plus 
15c. handling and postage. 





Volume 6 of Developments in 
Industrial Microbiology 


Edited by Chester F. Koda. The Proceedings of 
the 21st general meeting of the Society for In- 
dustrial Microbiology contains sections on De- 
tergent and Hydrocarbon Oxidations, Industrial 
Aspects of Protozoology, Hydrocarbon Deterio- 
rdttion—The Fuel Problem, Microbiological 
Deterioration of Paint and Painted Surfaces, 
and 17 contributed papers. Publication: Janu- 
ary, 1965, $12.50; foreign, $13.50. Postage and 
handling: 75c. U.S., U.S. Territory, and Cana- 
dian orders ; $1 00, all others. 


Statistical Aids for Biologists 
in Case of Circular Observations 


by Ep BATSCHELET 


' The monograph was prepared for the use of 
biologists working ın such areas of research as 
animal migration and homing, biological clocks, 
and periodic activity of organisms. Statisticians 
who consult with biologists will also be in- 
terested in this text since the material is not 
covered by any book. The theoretical presenta- 
tion of each statistical method is accompanied 
by an intuitive explanation. There are 67 
illustrations and 31 examples, taken from 
actual biological research. Some basic mathe- 
matical tools, such as vectors and functions, are 
presented to make the monograph as self- 
contained as possible. Numerical tables and 
charts required for the use of the proposed 
methods are provided. Publication: April 
1965; approx. 70 pp. Price: $3.50. Postage 


and handling charge: 25c. for U.S., U.S. Terri- : 


tory, and Canadian orders ; 50c. for all others. 





All orders prepaid. 


AMERICAN INSTITUTE 
OF BIOLOGICAL SCIENCES 
3900 Wisconsin Avenue N.W., 
Washington, D. C. 20016 
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THE FARADAY SOCIETY 


A GENERAL DISCUSSION ON 


INTERMOLECULAR 
FORCES 


WILL BE HELD AT 
The University of Bristol 
on the 14th, 15th and 16th September 1965 


The programme will be divided into the 
following sections : 


1. Two-body Forces. 
2. Molecules and Surfaces. 


3. Interactions between assemblies of 
molecules. 


Further particulars will be issued in due course. 


THE FARADAY SOCIETY 
6 Gray’s Inn Square, London, W.C.1 





The — — 
of Metaphysics 


in Science 
ERROL E. HARRIS 


The reflection upon the world as revealed by 
the sciences is at least part of the scope of 
metaphysics. In this book the deliverances of 
the main sciences are reviewed and examined to 
elicit the general world-picture that they suggest. 
Muirhead Library of Philosophy 63s - 


The Biology of the 


Living Landscape 
PAUL B. SEARS 


It is the perspective rather than the expediences 
that modern science affords that is essential, and 
ecology, the interrelation of life and environment, 
is a fundamental source of such perspective. 
This is an introduction to ecology’s more 
Salient aspects. 21s 


ALLEN & UNWIN 
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Not even one part in a million. That’s what we at Hymatic ig 
mean when we say ‘pure air’. A compact high pressure i 
air purifying plant to these high standards is now available 
from the Company. This remarkable plant stemmed from 


Hymatic cryogenics research. It provides an outstanding 
example of the way in which ‘one thing leads to another’ 

at Hymattc for it resulted directly from the Hymatic miniature 
air liquefier in which anything less than a pure source of air 
would have clogged up the orifice. 

In every field of fluid control things are moving fast— 

and Hymetic:are the pacemakers. 

Keep in touch with Hymatic if you want to keep up to date. + 


Hymatic 


PACEMAKERS IN FLUID CONTROL 
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a cl F & M Model 
00 


DETECTOR: Flame lonization 


SAMPLE:.26, 10, 4 and 2 nano- 
grams of free progesterone 
in CS2 
COLUMN: 2’ x 1/4” OD glass, 
3.8% SE-30 on 80-100 mesh 
Diatopart § 
FLOW RATES: 

H2 at 50 cc/min. 

0z at 350 cc/min. 

He at 80 cc/min, 
SENSITIVITY: Range I 
Attenuation 4 


EO ee, 
— 
en — 


20 nanograms 


———— N 
5 ~ 
— 


4 nanograms 


2 nanograms 


0 min. 4 min. 8 min. 
Pe Pee oe SR ee Fe al 


IN FREE STEROI Free ‘sterdida's are one of the most difficult-tests of a gas chromato- 
> grapb’s sensitivity. Normally these compounds are analyzed in the 


microgram range; even in this day of sophisticated instruments, most chromatographs do 

AN ALYS l ç well to detect 20 nanograms. = However, as shown.in this series of scans of free progester- 

one, the F & M Model’ 400 Biomedical Gas Chromatograph ‘easily improves on. the 

20-nanogram detection level, revealing as little.as A nanograms . . with practical retention: times, with substantial 
freedom from peak tailing and without serious background noise. «Why does the Series 400 do so much better than 


any of its competitors? = Because it combines an extremely sensitive flame ionization detector with an instrument 
environment that is devised specifically for biomedical use. u Because its chromatographic system is practically free 





of dead spaces, thus eliminating the component “loss” phenomenon that stymies other gas chromatographs. = Because 
its: many other exclusive features make it the best performing biomedical gas —— not only for steroid 
analysis, but for a long list of biological compounds including vitamins, : 

alkaloids, bile acids, fatty acids, amino acids, pesticides, organo-metallics, + 
etc. Want more proof of the Series 400’s remarkable performance record? 
We have it: Write us or call your F & M Sales Representative. F & M 
Scientific Europa N.V., 40/48 High Street, Acton, London W-3. Tel. 


ACORN 5211. In the final analysis, it’s FaM 





No. 4979 


April 3, 1965 


NATURE 79 


LETTERS TO THE EDITOR 


PHYSICS 


Growth of Lithium Fluoride and Magnesium 
Oxide Whiskers in the Electron Microscope 


INVESTIGATIONS of whiskers would be facilitated if they 
could be continuously observed during their growth 
within an electron microscope. It has been shown, for 
example, in the examination of fine glass fibres drawn 
within the microscope that an exposure to air of only a 
few seconds results in surface reactions which markedly 
increase the diameter of 1000 A fibres and obscure struc- 
tural features'. It was found in the work recorded here 
that the growth of lithium fluoride and magnesium oxide 
whiskers could be observed when thin foils prepared by 
a fracture and stripping technique? were subjected to 
beam heating at 100 kV in a Hitachi ‘HU 11’ electron 


microscope. This is the first report, to our knowledge, of 


whisker formation in these materials except for those 
produced by cleavage*~ or in a poisoned solution (lithium 
fluoride)*:’. 

The most common whisker growth behaviour in the 
ease of lithium fluoride was the violent twisting and 
turning formation of masses of crooked whiskers at beam 
intensities close to the apparent melting condition. The 
individual whisker growths were completed within 5-10 
sec and the process was especially difficult to control 
because of the high evaporation rate of lithium fluoride. 
The whiskers were typically 0-Oly thick and about 30y 
long. Examination of cine photographs showed that these 
whiskers grew from their base. 

In addition to these whiskers, bulbar or cone-shaped 
lithium fluoride growths were also observed. Materials, 
apparently inside these growths, could be observed moving 
away from the main fragment. The cone-shaped growths 
were attached to the main coagulated foils at their 
narrow ends. After the cones had been formed, they 
often blew what apparently were bubbles at their larger 
ends which burst on continued beam heating. A possible 
explanation for these observations is that rapid evapora- 
tion cools the surfaces, forming a crust or container which 


holds the hotter liquids and gases formed as a result of 


the heating and irradiation. When liquid escapes through 
small weaknesses in this crust, it can immediately solidify 


by evaporatior whiskers. A somewhat 


into extrusion 





Fig. 1. 


LIF whiskers grown by vapour deposition in the electron micro- 
BcoOpe 


— yee. 
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Fig. 2. MgO whiskers grown by beam heating in the electron microscope 


— P / 
Vapour-deposited MgO whiskers resulting from heating MgO in 


a molybeenum crucible at 1,850° C 


* 
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Fig. 3. 


similar explanation has been suggested for silver whiskers*. 
When material escapes through larger weaknesses in the 
crust, the thick or bulbar protuberances result. 

When the lithium fluoride, which had been vaporized 
in the beam, condensed on cooler sections ef the carbon 
support film, whiskers were also often formed. Some of 
these are shown in Fig 1 on a fold in the carbon. Straight 
whiskers were normally formed in this type of growth. 


80 NATURE 


Because rapid evaporation restricted observation of 
lithium fluoride whiskers, similar heatings were attempted 
with the more refractory material, magnesium oxide. 
These attempts were not usually successful because of 
insufficient heating. Fig. 2 shows pictures of magnesium 
oxide whiskers. In the lower part of the figure, whiskers 
growing from the foil fragment have balled ends suggest- 
ing that growth occurred by the vapour-liquid-solid 
mechanism’. This technique might have been more 
successful if a hot-stage attachment had been used. 

In the case of magnesium oxide also, whiskers could 
sometimes be grown by condensation of the vapour on 
cooler portions of the carbon support film. Some of these 
can just be seen on the carbon in the upper part of Fig. 2. 
Although it was not attempted inside the microscope, the 
temperatures required for rapid vaporization of mag- 
nesium oxide can be considerably reduced if it is in good 
contact with a metal such as tungsten, tantalum or molyb- 
denum. Fig. 3 shows magnesium oxide whiskers grown 
on a tantalum wire in a cooler portion of a carbon tube 
furnace after heating a crystal of magnesium oxide in a 
molybdenum crucible for 1 h at 1,850° C in flowing argon. 
These whiskers were generally straight with occasional 
45° and 90° branches. It was determined by electron 
diffraction that the whiskers were magnesium oxide with 
[100] axes. 


CHARLES O. HULSE 
WARREN K. TICE 


Research Laboratories, 
United Aircraft Corporation, 
East Hartford, Connecticut. 


* Zarzycki, J., and Meyard, R., Physic. Chem. Glasses, 3, 5 (1962). 
* Hulse, C. O., and Tice, W. K., submitted to J. Amer. Ceram. Soc. (1964). 


* Gilman, J., —* Johnston, W., Growth and Perfection of Crystals, edit. by 
Doremus, et al. (J. Wiley and Sons, 1958). 

* Venables, J., F. App. Phys., 31, 8 (1960). 

* Hulse, C., J. Amer. Ceram. Soc., 44, 11 (1961). 

* Sears, G., J. Chem. Phys., 33 (1960). 

* Westwood, A., and Rubin, R., J. App. Phys., 33, 6 (1962). 


* Kerr, I. S., Proc. Fourth Intern. Conf. Elee. Microscopy (Springer-Verlag, 
Berlin, 1960). 


* Wagner, R., and Ellis, W., App. Phys. Lettera, &, 5 (1964). 


Discharges between Separating Tungsten 
Contacts 


THE phenomena described in this communication differ 
in some respects from those observed in other experiments 
with light duty contacts'* and the differences are 
attributed to the low reactance of the circuit and the 
presence of oxide coatings on the contact surfaces. The 


influence of such coatings on the electrical breakdown of 


a gap have been reported*, but the effects on switching 
phenomena are less well known. 

A coaxial switch with tungsten contacts was designed 
to separate at a constant velocity of 160 + 8 em sec”'. 
The total capacitance across the open contacts was 
21-7 pF and the series inductance was between 8 and 500 
microhenries, depending on the series resistor. E.M.¥F.'s 
of up to 500 V were applied to the circuit and the maximum 
initial current was 250 m.amp. Before each experiment 
the contacts were cleaned with ‘Inhibisol’ and subjected 
to a glow discharge to obtain a reproducible surface. 
Atalla? used relays with palladium contacts in circuits 
with a higher inductance and a capacitance between 
20 pF and several uF. Curtis! used relays connected 
to telephone lines 10-1,000 ft. long. Both workers applied 
E.M.F.’s of 50 V to the circuits. 

The type of transient obtained as the contacts separate 
is shown in Fig. 1, and the various stages will be discussed. 

Short ares (a) were observed with initial currents greater 
than 30 m.amp. When the metal bridge ruptured the 
inter-electrode voltage rose to 20 V, but dropped to 12 V 
after an interval of 0-2-0-5 usec. The total duration of 
the are varied linearly with the initial current when 
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Saran seams 


stuges 
initiation potential increasing with time; c. 
—— controlled are not obeying Faschen's law; d, random glow 
oscillations; ¢, periodie glow oscillations; f, steady glow. The initial 
current was 42 m.amp and the applied J M.F. 420 V 


b, field controlled arc wit 


E.M.F.S of 50-400 V were applied to the circuit. The 
relationship was ¢ = 2-8 x 10 i seconds, where i is in 
amperes. Occasionally, short arcs were observed with 
initial currents as low as 10 m.amp. This is considerably 
less than the minimum arcing current for tungsten‘, but 
consistent with the effect of surface oxide films on arcing 
current. 

Field controlled breakdown (b) was observed with 
initial currents less than 20 m.amp. In the work described 
by Atalla*, the discharge duration depended mainly on 
the circuit time-constant, and the breakdown field did not 
vary. However, in the work recorded here it was found 
that the field increased with the contact separation. The 
region is clearly shown in Fig. 1, the initial field being 
about one-tenth of the value reported for field emission, 
suggesting that surface films reduce the breakdown 
voltage but are removed during the discharge. The 
duration of the field-controlled are was independent of 
the initial current, but the discharge became a short arc 
when the initial current was greater than 30 m.amp, a 
value much smaller than that reported by Atalla. 

In the region of atmospheric controlled are initiation 
(c), Atalla found that the variation of contact separation 
with initiation potential coincided with the Paschen curve 
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Fig. 2. Comparison of arc initiation potentials with Paschen curve 
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for aw. This relationship is not valid for the present 
results, as can he seen in Fig. 2. The reduction in 
initiation potentials observed is attributed to intense 
fields produced by metal ions deposited on an oxide 
layer over the cathode surface. 


400 


Glow 
200 Disc harge 


100 


40 


Glow Oscillations 
call currents) 





| 
| 
| 
= | 
8 | 
5 | 
a | 
2 10 | 
z | 
3 | | 
j | 
40 | 
| 
20 Fietd Controlled Breakdowns 
Call currents? 
10 
0'4 
02 
50 100 200 300 400 500 
Voltage 
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A. normal glow discharge (f) is observed with the 
applied voltage greater than 350 V, and an initial current 
greater than 10 m.amp. The glow is generally preceded 
by oscillations about the glow voltage. These oscillations 
are either periodic relaxation oscillations (e) occurring at 
low currents or random fluctuations (@) with initial 
currents greater than 30 m.amp. The periodic oscillations 
have a frequency depending on the circuit time-constant, 
a typical value being 3 Mc/s. The random fluctuations 
are attributed to the electron emissivity of the cathode 
varying in time and position. The variation of glow- 
discharge duration wich current is shown in Fig. 3. The 
duration of the total discharge is dependent on the 
applied E.M.F. and initial current as shown in Fig. 4. 

‘The conditions under which the different discharge 
regimes occur are shown in Table 1. The appearance 
every time ‘a’, occasionally ‘o’, or never ‘n’ of the regimes 
is indicated for a range of voltages. 


Table 1 
Initial 
Applied current Stage 
voltage (m amp} a b c d é 
< 50 <5 n 0 R R n n 
50-300 < 20 0 a n h 1 nt 
< 300 > 20 a a n n n n 
309-350 <10 n a 0 i o n 
> 350 <ł0 n & a 0 0 o 
> 320 10-35 0 a 0 & a a 
> 320 > 35 a a 0 a n a 


A molten metal bridge always preceded the stages 
recorded in Table 1. It is seen that seven distinct types 
of discharge have been observed. 

This work was supported by the Department of 
Scientific and Industr:al Research. We thank Mr. Tony 
Walker, who assisted in. constructing the switch. 
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General Law for the Fatigue of Bodies 
having Statistically Distributed Deformability 


It was recently shown? that the fatigue law for a body of 
statistically distributed deformability should be of form: 


24/N = f (9) (1) 


where e is the plastic strain range, N is the number of 
cycles to cause rupture. and £, is the unidirectional rupture 
strain. 

Equation (1) is a special law, relevant to the case where 
g is constant, and it has received widespread experimental 
verification. For the more general case where s is variable 
the argument which led to equation (1) may be extended 
as follows. 

Let the local strain at any site in the body be propor- 
tionate to the mean strain, e. Then the variance of the 
distribution of local strains ıs proportionate to (e?) and 
the variance after a sequence of such alternating mean 
strains will be proportionate to Xe*, providing always 
that there is no significant long-term correlation between 
the microscopic deformation systems operative in success- 
ive plastic strain-cycles. 

Hence if rupture occurs when the strain in a specific 
fraction of the specimen exceeds the tensile ductility : 


Be? * Eq" 


or more generally: 
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(2) 


Equation (2) is the general fatigue law for variable s. In 
the special case where cis constant, this general law reduces 
to equation (1), with f(e,) = o/y Z in good accord with 
experiment. 

Equation (2) is also algebraically equivalent to both 
the following: 


Xe? = constant 


(3) 
(4) 


Erm.8. yN = &o/v 2 
N, , N N 
$+ 3% 2 EES 3 
Nr Ny. Nos 


where Erm s, is the root mean square (r.m.s.) strain; Ny, is 
the number of cycles of strain-range e, which would cause 
failure by themselves; N, is the actual number of cycles 
of strain-range ¢;. 

Table 1 exemplifies data for 20 Cr—25Ni—INb stainless 
steel which confirm the general fatigue law (equation (2) ). 
The tests were done in an Instron in push-pull plastic 
fatigue at 650°C. In Table 1, N,, ete., is the number of 
cycles having plastic strain range ¢,, etc., while the cal- 
culated value for the total number of cycles derives from 
a least-squares analysis of these and other similar data, 
using equation (2). 


4+ ete. = 1 


Table 1. DATA WHICH CONFIRM THE GENERAL FATIGUES LAW 
È Nz 
3 


Test N, £ N: Ey N, £& Calou- Actual Remarks 
No. lated 


1 4 5 0906 0 O0 0 0 0:37 4 50 Tensile test 
0298 0 0 0 0 8°40 Constant 8 
3 43 0081 O 9 0o 90 45 48 Constant e 
4 63 00869 0 O0 o 0 63 63 Constant « 
5 43 0062 6 0067 5 137 5 53 Variable s 
6 100 0-029 11 0068 10 0137 110 121 Varlable € 
7 124 0030 — — 8 0136 127 182 Variable e 


Equation (1) is known as ‘Coffin’s Law’ and equation (4) 
is Miner’s hypothesis. Both are now seen to be derivatives 
of the general fatigue law (equation (2) ), a law which is 
founded on a simple theory and supported by data of 
the type exemplified in Table 1. 

: J. H. Grrrvus 
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COSMOLOGY 


Cosmic Explosions 


RECOGNITION of the nature of radio and ‘star’ galaxies 
has prompted many theoretical interpretations during 
recent years. The vast amount of energy emitted is 
difficult to account for on present astrophysical theory, 
and has led to several cosmological explanations. In 
particular, McCrea? envisages a form of the steady-state 
universe in which matter is created in the nuclei of galaxies, 
where the density of matter is already high, as a property 
of existing matter. Thomas? suggests that violent metric 
adjustments (explosions) must occur to prevent the 
infinite metric discontinuity at the Schwarzschild radius 
of a collapsing sphere. Out of these ‘surface explosions’ 
matter is created. How the sphere collapses to this state 
in a finite time (to an external observer) is unspecified, 
and the possibility has been seriously questioned?. 

I propose that: (1) matter is created preferentially 
where the density of matter is lowest, for the very reason 
that univer8al expansion causes the low density; . (2) 
quasi-stellar radio sources, or ‘quasars’, are the manifesta- 
tion of this creation. Since the observed red-shift of 
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quasars is assumed to be cosmological, I further postulate 
that matter is created already sharing the universal 
expansion. In this picture, then, matter originates in 
galaxy-sized ‘ylem’ of evolutionary cosmology, occurring 
sporadically in the empty reaches of space between 
galaxy clusters, but maintains on the average the amount 
required by steady-state theory. Hence the universe is in 
a quasi-steady-state. 

The consequences of my proposal may be investigated 
in terms of astronomical data already available. The 
creation rate of matter from quasars will be NM/<7 = 
10% x 10° x 10-2 = 104% Mo/year, where N is the total 
number of quasars in the visible universet, M is the total 
mass of a typical quasar in units of the Sun’s mass®, and + 
is the time of formation of a quasar in years. This rate 
is the same as the required mean rate of creation of 
observed matter (assumed to be predominantly in galax- 
ies) during the Hubble age of the universe. 

Observations® suggest that much of the mass in quasars 
may be formed very quickly, if not instantaneously, 
although continuing creation over a period as long as a 
million years’ is not forbidden. Nuclear statistical 
equilibrium in the expanding protoquasar will produce the 
required’ cosmic primordial abundances of the elements. 
Difficulties with the theory of condensation of galaxies 
from a uniform intergalactic medium can be overeome, 
and, in fact, some quasars themselves may evolve directly 
into normal radio galaxies‘. Clusters of radio galaxies will 
result if quasars are formed in groups; presently known 
quasars (first of a group?) appear outside of galaxy 
clusters®, in accordance with postulate (1). Thus galactic 
masses may be closely related to quasar masses. 

My proposal relates the quasars intimately to cosmology. 
It tries to answer the cosmogonic question by providing 
for the spontaneous creation of energy-mass, primordial 
cosmic rays, and, possibly, angular momentum. 

This work was supported by an NAS-NRC post-doctoral 
research associateship under the U.S. National Aero- 
nautics and Space Administration. I thank Dr. Robert 
Jastrow for his ei ak at the Institute for Space 
Studies. 
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; METALLURGY 


An Integrated Theory of Stress Corrosion 


THE electrochemical-mechanical theory now favoured 
states that the dislocation substructure is the controlling 
factor in the process of stress-corrosion cracking of austen- 
itic stainless alloys'-*. If the dislocations become piled. 
up on slip planes due to a low stacking fault energy, a 
susceptible alloy results. On the other hand, if a cellular 
arrangement is obtained as a result of a high stacking fault 


energy, the alloy is not susceptible to failure. The emer- 


gence of the dislocation pile-ups at the surface produces 
the chemically reactive sites for crack initiation. To 
explain the apparently anomalous stress-corrosion resis- 
tance of ‘Incoloy 800’ (high stacking fault energy and a 
planar dislocation arrangement) and nichrome (planar 
arrangement) the concept of short-range order was intro- 
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duced. It wes postulated that in the higher nickel 
alloys short-range order is present which on deformation 
leads to a planar structure in spite of a high stacking fault 
energy. The disorder on the slip planes created by the 
passage of dislocations results in chemically reactive sites 
on the surface. Furthermore, it was postulated that if 
re-ordering can occur at a rapid enough rate the chemically 
reactive sites are destroyed and the resistance to stress- 
corrosion failure is high?*. 
The maim problem in this theory is that ordering has 
not been detected in the alloys in question, although some 
recent work®, using electron transmission microscopy, does 
suggest ordering in “Incoloy 800’. Another objection to 
the theory, which also applies to previous theories, is 
that ıt does not predict the effect of cations in solution 
or other environmental effects on the susceptibility to 
failure. For example, we have shown experimentally that 
the cation species present does change the time to failure 
under a given set of conditions®. 
The results of some recent investigations by Bergen’, 
using an entirely different approach to the problem, 
suggest an alternative explanation for some of the experi- 
mental results. It was found that chloride in the oxide 
film on 304 stainless migrates up a tensile gradient; the 
migration is reversible if stress is removed. The concentra- 
tion of chloride at regions of high stress results in condi- 
tions conducive tp stress corrosion failure. No migration 
was Observed in the film on ‘Incoloy 800’. The factors that 
affect the migration are differences in the sizes of the 
chloride and iron ions and in the bond onergies of Fe-O, 
FeCl, and NiO and NiCl,. 
We propose that the chloride stress corrosion suscepti- 
bility is controlled by both the dislocation structure and 
chloride migration capacity of the oxide film. The concept 
of short-range order is still required to explain the forma- 
tion of a planar grouping of dislocations in a high stacking 
fault energy alloy, but the requirement for re-ordering 
can be discarded. ‘Incoloy 800° and nichrome, although 
they exhibit a planar dislocation structure, are not sus- 
ceptible to stress-corrosion failure because there are 
sufficient nickel ions in the oxide film to prevent chloride 
migration to the high-stress regions on the surface. Con- 
versely in a low nickel alloy having a planar dislocation 
grouping, for example 304 stainless steel, chloride migra- 
tion occurs and the alloy is susceptible. A 16 per cent 
Cr/20 per cent Ni alloy, which can be made to exhibit 
a planar or cellular dislocation arrangement by control 
of the impurity content, will probably have insufficient 
nickel ions in the oxide film to prevent migration. Con- 
sequently the cellular structure would be expected to be 
resistant and the planar grouping susceptible to failure. 
This has been shown to be true experimentally!. 
Our integrated. theory is a more favourable basis on 
which to develop an overall model for stress corrosion 
from which the effect of cation and anion in solution on 
the susceptibility may be predicted. The development of 
this theory will bə concerned with the determination of 
the migration rates of chlorides in the oxide film which 
will be governed by the cations in contact with the oxide 
film and the cations in the film. At a later stage techniques 
for examining the stress-corrosion failure involving the 
hydroxyl ion will be developed. 
K. ©. THOMAS 
R. J. ALLIO 
Atomic Power Division, 
Westinghouse Electric Corporation, 
Pittsburgh, 30, Penn. 
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CHEMISTRY 


Formation of Paramagnetic Species in Sodium 
Nitrite irradiated at Room Temperature 


RECENTLY both optical and electron spin resonance of 
single crystals of sodium mtrite y-irradiated at room 
temperature have been investigated!*, The electron spin 
resonance spectrum, which does not decay over several 
months at room temperature, consists of a triplet and 
superimposed quinte: which have been assigned to NO, 
molecules oriented in the crystal ac plane, and to N,O; 
radical-ions oriented in the bc plane, respectively. The 
irradiated crystals have a broad absorption band between 
5250 and 4000 A, with a maximum near the observational 
limit of 4000 A, which has been assigned to NO, (ref. 2). 
Earlier electron spin resonance work, in which single 
crystals were irradiated and examined at 77° K, indicated 
the formation of NO, molecules oriented in the dc plane’. 
The electron spin resonance spectrum is slowly annealed 
out, without any change of hyperfine splitting or appear- 
ance of new radicals, as crystals are gradually warmed to 
room temperature??. In order to gain a better under- 
standing of the different behaviour at the two tempera- 
tures we have re-exemined the radiolysis at room tem- 
perature, and measured the relative rates of formation of 
the two paramagnetic species. In the following it is 
assumed that the assignments of the spectra as already 
summarized here are correct. 

Single crystals of sodium nitrite were grown as pre- 
viously described? and irradiated in a cobalt-60 y-ray 
source at a fixed posision, where the dose rate was 0-44 M 
rad/h. Electron spin resonance spectra were taken at 
intervals from $-h irradiation to more than 600 h, the 
crystal being oriented with the a axis parallel to the 
applied magnetic field. The spectra obtained after 9 h 
and 482 h are shown in Fig. 1, whence it is clear that the 
relative concentration of NO, is greater at the longer 
irradiation time. The relative amounts of NO, and 
N.01 were determired by double integration of the 
derivative spectra, NO, being estimated from three times 
the mean area of the iwo outermost lines, which are quite 
well resolved, and N,O, by difference from the total area. 
Such integration is not very accurate, and the bars in 
Figs. 2 and 3 indicate the rather large estimated errors. 

It was found that NO, was produced at a constant rate 
up to about 300 h, after which the rate slowed somewhat. 
Fig. 2 shows the time dependence of the [NO,]/[N.0,] 
ratio, which eventually levels off after an initial rapid 
increase. The growth of N,O; is shown in Fig. 3, from 
which it is apparect that the low initial value of 
[NO.]/[N, is O1] due to the rapid initial rate of N,O, 
formation. 

A. crystal which had received a total dose of 292 Mrads 
was annealed at 74° C and the decay of the electron spin 


A 


foe] 


Fig. 1. Derivative electron spin resonance spectra of an@VaNO, crystal 

irradiated at room temperazure, with H, parallel to the a axis. (A), 9-h 

irradiation; (B), 482-h irradiation; spectrometer gain 12-5 times greater 
for (4) than (E). The bar represents 50 gauss 
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Fig. 3. Growth of N,O; during early stages of radiation 


resonance spectrum was followed. After 100 min the 
N.O; had been completely annealed out and the con- 
centration of NO, was reduced to 35 per cent of its initial 
value. The crystal still showed optical absorption, further 
foe our assignment of this absorption to NO, 
(ref. 2). 

The crystal structure of sodium nitrite requires that, 
for the production of N,O; in the be plane, Na+ ions 
must be missing at the sites where NO, and NOJ unite, 
and that one of these species must rotate through 180° 
before the N—-N bond is formed. The results we have 
described’ suggest the following mechanism of N,O; 
production. Initially N,O] is formed at positive ion 
vacancies which were originally present in the crystal. 
The initial fast rate of N,O; production reflects the high 
efficiency of transfer of absorbed energy to these natural 
vacancies: At later times in the irradiation N,Of7 is 
formed at positive 10n vacancies which have been pro- 
duced by the irradiation. The amount of N,O; formed 
at the natural vacancies is only a small percentage of the 
eventual total amount, so that [NO,]/[N.O;] ratio 
approaches a constant value which reflects tho relative 
rates of production of NO, and positive ion vacancies. 

We have no experimental evidence for the fate of 
electrons ejected from NO; ions. No electron spin 
resonance absorption corresponding to F centres, to 
colloidal sodium or isolated sodium atoms has been 
observed. The radiolysis of nitrites is a slow process 
compared, for example, with the radiolysis of nitrates‘, 
and it seems probable that electrons liberated in sodium 
nitrite at roém temperature can only be held at a rare 
defect, such as an impurity metal atom or diamagnetic 
electron surplus centre. 
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It is clear that the electron trap effective in the room 
temperature process differs from that at 77° K. This, 
coupled with the inability of NO, to rotate in the crystal 
lattice at 77° K, must account for the difference in 
behaviour of sodium nitrite on irradiation at this lower 
temperature. 
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Sequence Specificity in Synthetic Polynucleotides 


KORNBERG’S technique of nearest neighbour analysis! 
has been applied to investigations of the sequences of bases 
in synthetic polynucleotides formed by the chemical co- 
polymerization of pairs of deoxyribonucleotides?. 

Using this method with equimolar mixtures of thymidy- 
lic and deoxyadenylic acids in which the thymidylic: acid 
was labelled with phosphorus-32, we have shown that the 
resulting mixture of polymers contains TpT linkages and 

dA linkages in a ratio, the estimate of which varies 
from 2: 1 to 6: 1 depending on the method used to remove 
mono- and lower oligo-nucleotides from the product (both 
dialysis and paper chromatographic separations were 
used). (The abbreviations dA, for deoxyadenosine and 
T for thymidine are used; the symbol p in dApT implies a 
phosphate linkage from the 5’ carbon of deoxyadenosine 
to the 3’ carbon atom in thymidine.) This contrasts with 
Kornberg’s enzymatic polymerization in which the 
polymeric product contained a perfectly alternating 
sequence of nucleotides, dApTdApTdApT.... 

We have now repeated this experiment using an equi- 
molar mixture of thymidylic and labelled deoxyadenylic 
acid and find that the polymers contain dApdA linkages 
and dApT linkages in the ratio of approximately 1: 6. 

If the assumption (which is strictly true only for infin- 
itely long or circular molecules) is made that the number of 
TpdA linkages is equal to the number of dApT linkages, 
it is clear that the polymers are neither homopolymers 
nor perfectly alternating sequences, but probably contain 
random sequences of nucleotides with the number of 
thymidylic residues predominating over deoxyadenylic 
acid in a ratio somewhere between 12:1 and 36:1. 
(Corrections for the finite lengths of the molecules would 
tend to raise these ratios slightly.) 

This relative lack of incorporation of deoxyadenylic acid 
in the polymer could be accounted for by the greater ease 
of phosphorylation of the thymidine-3’ hydroxyl group 
compared with the deoxyadenosine-3’ hydroxyl group, 
or, more probably, when dicyclohexylearbodi-imide 1s 
used as the condensing agent, by the lower susceptibility 
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to nucleophilic attack of the hypothetical active inter- 
mediate (I), analogous to the isolatable intermediates 
formed when ethoxyacetylene is used’. This may well 
be due to the presence of the basic 6-amino group on the 
adenosine nucleus. 

Experiments are in progress using deoxyadenylic acid 
in which the 6-amino group has been benzoylated. This 
should provide some further evidence to explain the 
predominance of thymidylic acid residues in the polymers. 

We are grateful to the Department of Scientific and 
Industrial Research for the award of a research student- 
ship (G. R. B.) and for a grant for equipment. 
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Liquid-solid Phase Diagram of (+) and 
(—) 5-Decanolide 


To determines the liquid-solid Ta-diagram of optically 
active 5-decanolide (8-decalactone) the melting curves of 
(+) and (—) 5-decanolide! were measured from — 60° 
to 0° C by means of differential thermal analysis’, the 
rate of heating up being 214° C/min (Fig. 1). The 


Block temperature (°C) 
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Fig. 1. Differential thermal analysis heatmg-up curve (2-14° C/mim) of 
5-decanolide 
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Fig. 2 (a) gid aold Tæ-diagram for 5-decanolide determined experimentally. 
quid-solid Z'z-diagram for 5-decanolide after correction 
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accuracy of the melting points found was within 0-5° C. 
The samples were prepared by starting from the (+) and 
(—) components to which (+) 5-decanolide was added. 
From the results obtained (Fig. 2a) it appears that the 
starting products were not completely pure although no 


_ impurities were detectable by gas chromatography. To 


approximate the phgse diagram. of the pure substances 
as closely as possible the following corrections were applied: 
(1) The curve representing the initial melting points was 
raised to such a degres that the melting points of the pure 
substances and eutecsics coincided with the final melting 
points; (2) the part between 100 and 60 per cent (—) 
5-decanolide was made symmetrical with the part extend- 
ing from 100 to 60 per cent (+) 5-decanolide. 

Fig. 2b shows the phase diagram after correction. From 
this diagram it appears that the eutectics lie at about 
60 per cent (+) and 30 per cent (—) 5-decanolide with a 
continuous series of mixed crystals on both sides. 
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Effect of the Constituents of Insulating 
Oils on their Gassing Properties and 
Breakdown Strength 


PREVIOUS work on the gassing properties of insulating 
liquids revealed the beneficial effects of certain organic 
additives on the gassing rate of these liquids!:*. More 
recently it has been shown that the chemical composition 
of oil has a considerable effect on its gassing rate? and 
that certain organic additives would also affect conduction 
currents in transformer oil’. An investigation is being 
carried out at present which has shown that a correlation 
exists between the gassing tendencies and the breakdown 
strength of insulating oils. 

A Pirelli gassing cell, similar to that developed at the 
Thornton Research Centre? (Fig. 1), was used to study 
the gassing propertias of different oils of commercial 
purity under a.c. voltages. This consisted of a concentric 
electrode system of 1-5 mm inner and 14:3 mm outer 
electrode diameter. Throughout the experiments the oil 
surface was exposed to an atmosphere of nitrogen and 
the apparatus was partially immersed in a thermo- 
statically controlled o:] bath the temperature of which was 
kept constant at 50°C. The test liquids, 
suppled by Gulf Oil (Gt. Britain) Ltd., 
included. a number of oils of varying aromatic 
contents and also B.30 normal transformer 
oil to which different amounts of p-benzo- 
quinone (quinone) were added. Infra-red 
spectroscopic analyses were carried out to 
study tha effect, if any, of voltage application 
on the different constituents of the trans- 
former cil. 

As anallustration of the results obtained, 
Fig. 1 shows the rate of gas evolution (gassing 
coefficiert) for oil samples having different 
amounts of aromatic constituents, measured 
at applied voltages of 10 and 15 kV (r.m.s ). 
British standard breakdown tests (18 mm 
diam. Cc spheres at a gap spacing of 4 mm, 
B.S. 148; 1959) were also performed and the 
corresponding breakdown strengths are given 
in the same graph. It can be seen that in- 
creasing the aromatic content results in an 
increase in breakdown voltag®& and a cor- 
responding reduction in gassing coefficient. A 
linear relation seems to hold between gassing 
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Fig. 1, Arrangement, and performance, of the Pirelli gassing cell 
a, Gassing rate at 10 kV, b, gassing rate at 15 kV; c, breakdown voltage 
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Fig. 2, Gassing coefficient and breakdown voltage in relation to quimone 
content. a, Gassing rate at 10 kV; b, gaasing rate at 15 kV; ¢, breakdown 
voltage 


coefficient and aromatic content for the two applied test 
voltages. i 

Experiments made on B.30 normal transformer oil to 
which different amounts of quinone were added showed 
that both the breakdown voltage and the gassing coeffi- 
cient were affected, as shown in Fig. 2. Moreover, the 
results showed that there was an ‘optimum’ concentration 
of additive which gave maximum breakdown voltage, 
slightly less than that which resulted in minimum gassing 
rate. It is interesting to note that Angerer‘ also reported 
an optimum. concentration of the additives he used for 
minimum, conduction current, which was different from 
that which resulted in maximum breakdown voltage. 

Spectroscopic analysis of the normal transformer oil 
after 6 h gassing in the Pirelli apparatus showed a con- 
siderable reduction in its aromatics content. Other 
constituents ef the oil were not affected by these gassing 
tests. These results, as well as other experimental 
evidence, strongly suggest that the rate of gas evolution 


April 3, 1965 von 206 


at high electrical stresses and the breakdown strength 
of insulating oils are related to one another. 

It has been shown that at high field stresses emitted 
electrons may attain energies sufficient to cause chemical 
degradation of the oil into gaseous products*. The 
dissociation products, such as hydrogen, will tend to 
form bubbles, and in this process the affinity of oul for 
hydrogen as well as its electron trapping properties will 
become important. The rate of gas evolution will depend 
on the energy of the electrons causing dissociation, 
hydrogenation of the liquid and the degree of solubility 
of the gaseous products of dissociation in the liquid. In 
this respect the aromatic constituents and aromatic 
additives would be advantageous as they would increase 
the electron-trapping centres as well as the liquid affinity 
for hydrogen. 

The expermental work was carried out by Mr. J. 
Roberts. We thank Mr. G. H. Hickling and Dr. R. 
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Stabilization of Set in Wool 


Woot fibres may be set in the extended state by steam 
or boiling aqueous solutions’, the rate of setting being 
increased in the presence of reducing agents such as sodium 
bisulphite?. Speakman?-* showed that wool could be set 
equally well at temperatures as low as 35°-50° C, using 
sulphite—bisulphite solutions, provided that the wool was 
later treated with either oxidizing agents or salts of 
bivalent metals. He considered that these reagents 
stabilized the reduced fibre in the extended state by 
introducing new cross-links. 

We have confirmed that the set imparted by bisulphite 
solutions at 50° C can be considerably increased by subse- 
quent treatment of the set wool with various oxidizing 
agents and bivalent metal salts (see Table 1). However, 
Table 1 also shows that the monofunctional thiol-blocking 
agents, iodoacetamide and neohydrin (a mercurial), en- 
hance set as effectively as do oxidizing agents and bivalent 
metal salts. Monofunctional thiol-blocking agents and 
oxidizing agents have already been shown to be equally 
effective in enhancing set imparted by boiling aqueous 
solutions®®, 

EFFECT OF TREATING EXTENDED WOOL YARNS WITH VARIOUS 
REAGENTS AFTER SETTING IN BISULPHITE SOLUTION 


Yarns were extended by 50 per cent and set in sodium bisulphite solution 
5 per cent, PH. 6-0) for 10 min 
Set is defined here as the residual extension, expressed as a percentage of the 
original length 


Table 1. 


Temp. of Set (%) left after release at. 
setting After-treatmoent 75° 96° 
(° ©) (20°, 40 min) (30 min) (60 min) 
50 — 13 5 
50 Mercuric acetate (0:03 M) 20 12 
50 Copper sulphate (0 1 M) 17 14 
50 Hydrogen peroxide (0:1 M) 19 8 
50 Potassium persulphate (0 1 M} 19 14 
ae Neohydrim (0-03 M) a a5 
50 Todoacetamide (0 1 MY 30 17 
23 Sodium iodate (0-1 M) 29 22 
40 Todoacetamide (0 1 M) 21 — 
40 Sodium 1odate (0-1 M) 16 — 


Clearly, the improvement in set produced by oxidizing 
agents and metallic salts is not necessarily due to the 
introduction. of new cross-links. It is more likely that the 
improvement is due to destruction of free thiol groups in 
the set wool. This results in inhibition of the extensive 
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SH/SS interchange which is necessary for the release of 
set in hot water. In this way, thiol-blocking and oxidiz- 
ing agents stabilize extended polypeptide chains which 
would not otherwise contribute to useful set. Speakman? 
has shown that extended fibres may be set by reduction 
with thioglycollate solutions, followed by treatment with 
dinitrofluorobenzene. We believe that dinitrofluoroben- 
zene enhances set by inhibiting SH/SS interchange in the 
same way as other thiol-blocking reagents. 


J. B. CALDWELL 
S. J. LEACH 
BRIAN MILLIGAN 
C.S.LR.O. 
Division. of Protein Chemistry, 
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Parkville N2 (Melbourne), 
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Rapid Ozone Determination Near an 
Accelerator 


BEAMS of fast electrons in air generate ozone in quanti- 
ties that may present health hazards. In laboratories 
using such beams, for example for radiation chemistry, 
large-capacity ventilators are therefore installed to keep 
the ozone level low and to remove remaining ozone rapidly 
after the beam has been stopped. To check the efficiency 
of the ventilating system an almost instantaneous method 


of ozone measurement is called for. We have developed . 


such a methad by making use of the chemiluminescence 
of ozone in contact with ethylene. 

A current of 1 1./min of the air to be analysed is intro- 
duced into a small-volume mixing device (Fig. 1) where it 
meets a stream of 1 1./h of ethylene. The light emitted 
is measured with a photomultiplier tube (EMI 9558; 
150 yamp/1 m}. For determining the photomultiplier out- 
put both d.c. current measurement and pulse counting were 
tried. When-a d.c. tube voltmeter (Hewlet and Packard 
425 A) was used for measuring the mean photomultiplier 
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Fig. 1. Mixing device for determination of ozone by luminescence 
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current, background noise corresponded to the effect of 
0:05 p.p.m. ozone. 

Pulse-counting equipment performed marginally better 
with a background amounting to 0-03 p.p.m. ozone. 
The pulses from the photomultiplier are fed, via an emitter 
follower, a linear pulse amplifier and. a discriminator, to a 
rate meter and a recording potentiometer. 

To calibrate the instrument, the count rates of the 
luminescence detector, which is insensitive to NO,, were 
compared with the ozone concentrations determined 
chemically over 1-h periods, for air taken from the target 
room of the van de Graaff accelerator. 

Total oxidant values, measured by the -commonly 
used neutral KI method'!, were corrected for the NO, 
present, as measured by a colorimetric method’. The 
accelerator was run at 3 MeV and various beam currents. 

The results are shown in Table 1. 


Table 1. CALIGRATION OF LUMINESOENCE METHOD 


Beam current Luminescence Ozone 
mp) (net ¢.p.s.) (p.p...) 
100 $20 03 
350 905 0-8 
600 1,595 1-4 
900 2,400 2-2 
Table 2. DISAPPEZRANOE OF OZONE FROM TARGET BROOM 
With ventilation Without ventilation 
Time (min) Ozone (p.p.m.) ‘Time (min) Ozone (p.p.m.) 
0 2-0 0 3°8 
1 48 5 1-10 
2 36 18 Q74 
3 Di8 20 0'36 
4 9-10 30 0-19 
5 08 40 0°09 
6 < 5-05 50 0:05 


The air samples were taken through 10 openings in a 
1-m tube positioned >arallel to the window of the electron 
accelerator tube, 70 em below it and 35 em to the side. 
With only one sample opening the detector responded 
wildly, owing to a tendency of the ozone to drift towards 
the ventilation open-ngs in small clouds. 

The method has been applied for the purpose for which 
it was designed: to check the efficiency of the ventilation 
system in the target room. Table 2 shows the disappear- 
ance of ozone after stopping the beam current (900 pamp, 
3-MeV electrons), as determined from the luminescence. 

G. W. NEDERBRAGT 
A. VAN DER Horst 
J. VAN DOIN 
Koninklijke/Shell-Laboratorium, 
Amsterdam. 
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Ground State of Zirconium Monoxide from Neon 
Matrix Investigations at 4° K 


Our recent work on the spectroscopy of the TaO 
molecule trapped in solid neon at 4° K has helped in the 
establishment of a *A, ground state for that moleculei. 
The unique advantage of absorption studies at 4° K is 
that all transitions cecur from the zero-point vibrational 
level of the lowest electronic state. Because of the long- 
held view that TiO and ZrO both have *A, ground states? 
and because of their relative importance in stellar spectra, 
a similar examination has been made of these molecules. 
We have thereby esteblished that ZrO has a singlet ground 
state and conclude from theory that it is probably 13+. 

The experimental evidence for this conclusion is the 
following: (1) The A bands of ZrO, observed in emission 
by Afaf*, and examined more recently by Uhler and 
Akerlind’, appear strongly in the absorption spectra of 
neon matrices at 4° K. The bands have been identified 
by the latter authors as either a 1X1 or a,tA—'A transi- 
tion. The (0,0) band of ZrO appears in the gas at 3682 A 
and AG, =836:9 cm; in a neon matrix at 4° K the 


i 
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corresponding values are 3660 A and 838 em-!. The lower 
state of the A bands may then be taken as the ground 
electronic state of ZrO, which is either 12 or 1A from this 
evidence. | 


(2) The infra-red spectrum of ZrO trapped in a neon’ 


matrix contains only one strong band, at v=975 cm~, 
which is the vibrational frequency in the ground electronic 
state. This value shifts to 928 cm- for Zr38O, in accord 
with the theoretical frequency ratio of 0:9515. The 
AG; found by Lowater® for the "Ap state of ZrO is 
931 em~? whereas the vibrational frequency in the lowest 
state of the A system? is 969-7 cm-t. This discrepancy 
between unifra-red matrix spectra and the 3A, value was 
first pointed out by Linevsky* when he compared the 
argon matrix value for ZrO, v=960 cm-t, with the gas 
frequency; he proposed at that time that the a’ state 
of Afaf might be lower than the *A;,. For comparison, 
the AG, of TiO is observed to be 999-2 cm- in the gas 
and found'to be 1,005 cm- in a neon matrix. 

(3) Whereas in a neon matrix containing TiO, the a and 
y triplet—ttiplet transitions appear strongly in absorption, 
no triplet! systems appear in the ZrO matrix spectra. 
Besides the strong system at 3660 A mentioned in (1) 
above, three other systems at 5154(w), 5872(s), and 
6446(vs) A are observed. Although two of these progres- 
sions overlap gas singlet systems, the matrix transitions 
cannot correspond to those in the gas since they involve 
a different lower state*. 

The ground-state configuration! of TaO is ... nto? and 
presumably this is the case for NbO, which also has a 
2A ground state’. Then if we pass to ZrO by the removal 
of one electron, a... nto? configuration and a 12t ground 
state result. Excitation of a o electron. to the 6-level leads 
to the low-lying *A, and 1A states. The latter configura- 
tion is that of the ground state of TiO and the correspond- 
ing 1E+ (x‘o?) state 1s low-lying in that molecule. Further 
predictions of the electronic properties of the other transi- 
tion-metal oxides can be made from these considerations. 

Work on the transition-metal oxides is continuing. 
The matrix spectra of hafnium and tungsten oxides have 
been measured and will be reported with the details of 
the foregoing work later. : 
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Orientation of 2,6-Lutidinium lon on 
Vermiculite 


COMPLEXES of vermiculite with straight-chain amine 
cations have been investigated in considerable detail’; 
complexes with cyclic amine cations have been neglected. 
In the present study, complexes were made using anilinium, 
cyclohexylammonium, 2,6-lutidinium, N,N-dimethylanil- 
ium, plperazinium, piperidinium, p-toluidinium, and 
2,6-xylidinium ions. The vermiculite, from Llano County, 
Texas, has the very high negative charge of 1:96/0.,(0H), 
unit, equivalent to approximately one charge per two 
oxygen surface holes. The interlayer Mg?t ions were 
replaced by Litt to facilitate forming the complex, then 
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Fig. 1. 2,6-lutidinium vermiculite structure superimposed on electron 

density profiles. In the drawing, the solid mes mdicate the boundaries 

of the atoms, except for hydrogen, which Is indicated by long dotted lines. 

In the profiles, the solid line represents the observed electron density, the 

dotted line represents the electron density calculated from the model. 
The residual Li+ is not shown 


small flakes were soaked at 80° C in 0-1 N solutions of 
the amine hydrochlorides for 50 to 140 h. 

The 2,6-lutidinium complex illustrates the procedure 
used. The flake was X-rayed on a General Electric XRD-5 
diffractometer using Ni-filtered Cu radiation. An electron 
density profile was made from the 001 reflexions. A scale 
drawing of the cation was fitted to the interlayer region 
of the profile, and an orientation was proposed. The 
electron density profile calculated from this model was 
compared to the profile calculated from the experimental 
data. The model was successively modified until the 
experimental and model profiles coincided. Simple 
comparison of observed and calculated structure factors 
cannot determine the best model, for the positions and 
population of the atoms in the silicate ediface are known 
accurately already**®. These silicate atoms are by far 
the greatest scattering sources, and virtually overwhelm 
the contribution of the organic material. A reliability 
factor of 0-18 or less can be calculated for a model with 
nothing at all in the interlayer region. The atomic para- 
meters for one-half the complex are shown in Table 1, 
the other half occupying symmetrically equivalent posi- 
tions. The calculated and experimentally observed 
structure factors are shown in Table 2. Fig. 1 shows the 
proposed packing model superimposed on the observed 
(solid line) and calculated (dotted line) electron density 
profiles. 


Table 1. ATOM POSITIONS ron ONE-HALF 2,6-LUTIDINIUM VERMICULITE 


OMPLEX 

No. Type 2(A) No. Type 2{A) 
2 845 Mg 0 00 2-84 Sı 2-73 
0015 Fe 0 00 6 00 O 3°28 
0 125 Al 000 0°75 N 5°78 
0 015 Ti 000 3:00 C 5°95 
4-06 O 1 06 1 66 € 6°37 
013 F 1-08 075 C 6°57 
1°87 OF. 1-06 Q 25 Li 7-00 
116 Al 2°73 

Average d(001)= 14-10 A. 
Table 2. SYRUCTURE FACTORS 

opi Fobs Fl O01 Fots Fea 

000 — 467 7 00°9 35 5 46-6 

001 143 3 123°9 00 10 43-7 47°7 

002 0:0 4:3 00°11 32 6 82-0 

003 43-0 — 493 00 12 27'1 27:9 

004 108-9 165 3 00:13 118 16:8 

005 128-7 124-9 00-14 178 19-3 

006 499 ~ 1°68 00-15 218 20 3 

007 530 ~ 53 l 00 16 258 18 4 

008 22°6 ~~ 322 


Rehability factor = 0-112. 


¥ 
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A study of the orientation of the 2,6-lutidinium ion, 
and of the other cycle amine cations mentioned above, 
indicates that orientation is determined by several inti- 
mately related factors. The charge separation between 
the positive nitrogen and the oxygen sheet tends to be 
minimized, other factors permitting. Steric hindrance 
about the nitrogen can interfere. The N—H bond tends 
to be directed towards the negative sites on the sheet. 
In the 2,6-lutidmium complex, the nitrogen is prevented 
from closely approaching the oxygen sheet by the methyl 
groups ortho to-1t. However, the N—H bond can still be 
directed to the negative sites by inclining the entire ring, 
the methyl groups acting as pivots. Finally, the rings 
tend to pack together. Only 14, rather than 2, ions/unit 
cell are present because the ion is large enough to cover 
more than one exchange site, and complete exchange 
cannot take place. 

The temperature coefficient of 3-75 A?, large for a 
crystal that is predominantly silicate, denotes large 
thermal vibrations of the silicate sheets as units in the 
complex. This could be expected, for the ionic bonding 
of the sheets present in the Mg vermiculite has been 
replaced by van der Waals bonding between the organic 
rings. 

National Science Foundation grant C~22296 made the 
Washington University computer available for the calcula- 
tions. 
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BIOCHEMISTRY 


Concentretion of Magnesium in Human 
Plasma or Serum 


In a recent publication Wacker et al.t confidently 
claimed that “the magnesium concentration in normal 
human serum can be considered to approximate 2-1 
m.equiv./l.’’. This figure is inconsistent with the value 
obtained by all but two? of the groups of investigators 
listed in Table 1. Schachter® initially reported a high 
value for normal plasma magnesium, but more recently® 
has shown the value obtained by the fluorimetric method 
used to be in agreement with the majority’~"’. 

The procedures described by Wacker et al. in an attempt 
to arrive at the “true’ value for the level of magnesium 
in human serum can readily be criticized. In the investiga- 
tion, base aloy and dolomite obtained from the U.S. 
National Bureau-of Standards were dissolved in 6 N HCl. 
Quantitative analysis for the magnesium content of these 
samples was made using standard solutions prepared by 
dissolving magnesium rods in hydrochloric acid for 
comparison. The analyses, performed by measuring flame 
emission. at 285-2 mu and also atomic absorption at 285-2 
my, gave results which were within 3 per cent of the 
expected values. 

The standard :solutions used in the analysis of the 
National Bureau of Standards samples were also used to 
estimate magnesium by atomic absorption in a 1: 60 
dilution of serum with water. Flame emission at 285:2 mu 
was measured by-spraying the supernatant obtained after 
precipitating the protein from serum with 5 per cent 
trichloroacetic acid. The more concentrated standards 
used in the emission method were prepared in a similar way 
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Table ‘1. MEAN NormMat VALUES REPORTED FOR PLASMA OR SERUM 
MAGNESIUM 
Mean normal —— 


Author Method (m.equiv./1.) 0 
Plasma Serum cases 
Simonsen et al. (1947) (ref. 7) Phosphate precipi- 1:88 42 
: ation 
Smith et al. (1950) (ref. 8) Spectrographic 1°57 103 
Orange et al, (1951) (ref. 9 Photometric using 1:87 45 
z titan yellow 
Davis (1955) (ref. 10) Tlame emission 1°66 6 
Carr and Frank (1956) (ref. Titration with 1-72 Pooled 
11) EDTA plasma 
Wacker and Vallee (1957) Flame emission 2°05 14 
ei. 
Hunter (1958) (ref, 12) Matching the colour 1 69 384 
with ‘Eriochrome’ 
black ¢ with 
standard 
Schachter (1959) (ref. 5) Fluormetric 2-05t 33 
— Fossan et al. (1959) (ref. Flame emission 1 67 73 
Vallee ef al, (1960) (ref. 3) Fiame emission 2-00 30 
Alcock et al, (1960) (ref. 14) Flame emission 1-66 76 
Schachter (1961) (ref. 6) Fluorimetric 1°80 14 
Montgomery (1961) (ref. A Flame emission 1-70 46 
a rie? aa Wynn (1961) Flame emission 174 10 
ref. z 
Heaton et al, (1962) (ref. 17) Atomic absorption 1-64 176* 
Wallach e¢ al. (1962) (ref. 4) EDTA titration 2 00 77 
Andersen et al. (1962) (ref. Flame emission 1 64 37 
Stewart eż al, (1968) (ref. 19) Atomic absorption 1-74 100 
* Taken from Stewart st al.. 


t See Schachter® for revised value. 


to those for atomic absorption. In order to establish the 
mean value in serum, samples from ten persons were 
analysed by the atomic absorption method and seven of 
these were repeated by measuring flame emission. The 
recovery of magnesium added to two sera in each method 
was measured by comparison with the standard solutions 
and found to be nearly 100 per cent of the expected value. 
Agreement between the two methods was good. 

The procedures described clearly do not indicate the 
accuracy of either method in determining the magnesium 
content of the biological sample; enhancement or depres- 
sion of either emission or absorption would not be detected. 
Although Willis% reported enhancement of the absorption 
at 285-2 my. in equine serum diluted with water, no attempt 
has been. made to investigate interference in the method 
of Wacker eż al.1. The interference observed by Willis was 
eliminated when a chelating agent (EDTA) was added, 
and also in the presence of strontium. The effect is shown 
by the data in Table 2. The possibility of interference 
from tho salts and organic materials present in the tri- 
chloroacetic acid extract of serum used for measuring flame 
emission cannot be ignored. 


Table 2. EFFECT OF SUPPRESSORS ON APPARENT MAGNESIUM CONTENT OF 
EQUINE SERUM. SERUM DILUTED WITH DEIONIZED WATER. MAGNESIUM 
DETERMINED BY ATOMIO ABSORPTION 


Apparent Mg Recovery of 

Dilution Suppressor content of serum added Mg 
of serum (mg/100 ml.) (%) 

1:12 Nore 1:89 107-109 

1:17 2 03 

1:25 2°02 

1:50 2-01 

Be 10.002 1.78 

: ; D.M, 5 

1: 7 RE 1-74 100-101 

1:20 1-78 

1:25 1-74 

1:50 1°75 

1 10 Sr 1°77 

1.20 5,000 p.p.m. 1-73 97-100 


Data taken from Willis, J. B. (rəf. 20). ` 


Finally, a very small sample of the population was 
considered. The data in Table 1 summarize the results 
of 18 separate reports in which a normal mean has been 
determined on either serum or plasma. The method used 
in each case and also the number of subjects chosen are 
included. From this extensive list it is apparent that the 
value for plasma or serum magnesium concentration is 
approximately 1-7 m.equiv./l. The reason for the dis- 
crepancies in the two groups who report the hegher value*~* 
has not been revealed by the inconclusive data presented 
by Wacker et al.'. 
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Tas investigation of the accuracy of determination of 
serum magnesium}, criticized by Alcock et al. in the 
preceding communication, was undertaken to establish 
the normal serum magnesium concentration on the basis 
of accepted procedures of analytical chemistry*. The 


considerations governing this investigation were given in _ 


detail. The accuracy of the standards was validated using 
certified National Bureau of Standards materials; serum 
magnesium concentration was then measured by two 
entirely different methods and the same values were 
obtained; finally, recovery of added standards by both 
methods approached 100 per cent. 

While the objections raised by Alcock et al. should 
already have been clarified, a few additional words of 
comment may be in order. A repetition of the experi- 
ment of Willis (Aleock’s Table 2) shows that when serum 
is diluted with water the value obtained increases up to a 
dilution of 1 : 50, after which it remains constant (Table 1), 
indicating that the apparent enhancement of absorption 
is brought about by diluting out an interfering substance. 
The addition of 0-5 M ammonium EDTA (a suppressor in 
Alcock’s terms) to a 1 : 50 dilution of the same serum has 
no effect. Furthermore, previous investigations? of the 
emission method and measurements carried out during 
the course of the most recent work? failed to reveal any 
interference from inorganic salts present in trichloroacetic 
extracts of serum. In addition, it should be pointed out 


_that the instrument used for the measurement of 


serum magnesium by emission spectroscopy is equipped 
with an automatic background correcting device‘. 
While Alcock et al. state that a very small sample of 
the population was considered in our report it may be 
seen by perusal of their Table 1 that the same mean 
value for the normal serum magnesium concentration has 
been obtained in this laboratory in one instance on 14 
normals? and in the second instance on 30 normals*. Thus 
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Table 1. Erect or DILTHON AND EDTA ON MEASUREMENT OF SERUM 
MAGNESIUM BY ATOMIO ABEOBANION, ` 


Dilution — 
1. 183 7 
1: 2°02 
1: 15 2-06 
1: 100 2°03 
1:50 in 05 M EDTA 2-04 


a total of 54 normal persons, not 10, have been investi- 
gated. 
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Sensitivity and Resistance of Yeast Strains 
to Actidione and Actidione Derivatives 


AOTIDIONE, an antibiotic produced by Streptomyces 
griseus!, inhibits the growth of fungi, including yeasts. 
The genetic basis of resistance to the drug has been 
fully worked out by Wilkie and Lee? in the yeast Sac- 
charomyces cerevisiae. The aim behind the production of 
analogues and derivatives is two-fold: first, to detect 


: active groups in an attempt to define chemically the effect 


of actidione on sensitive cells of S. cerevisiae (believed to 
be inhibition of DNA synthesis*-*) and, secondly, to use 
them to investigate the mechanism of resistance via gene 


. action in the cells of various resistant strains. Anhydro- 


actidione, dehydroactidione and dihydroactidione were 
prepared, following the method of Kornfeld et al.°. These 
compounds have the following structural formulae: 


CH, CH, 


CH =O o m- o 
= f ° a A 


CH—CH < NE CH—CH, TH 
du X — 
O o 
Actidione Anhydroactidione 
CH o O CH < Son o 
l D 4 


Dehydroactidione Dihydroactidione 

As can be seen from Table I, removal of the hydroxy! 
group does not impair the biological activity of the drug 
and all the strains tested show precisely the same degree 
of sensitivity or resistance to anhydroactidione aš to the 
actidione itself. On the other hand, the activity of the 
dehydro- and dihydro-derivatives is reduced by exactly 
the same amount in all cases, although these compounds 
would be expected to show differences in chemical activity. 
Thus cells that are sensitive to actidione and anhydro- 
actidione (that is, show no growth at concentrations of 
0-5 p.p.m.) are resistant to 10 p.p.m. of the dehydro- and 


1 
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Table 1. BIOLOGICAL ACTIVITY OF ACTIDIONE AND 3 OF ITS DERIVATIVES 


Degree of resistance in p.p.m. 

Strain* Genotype pone sa Dehydro- Dihydro- 
Actidione actidione actidione actidione 

(6-0 + Ot 0 10 10 
40 + 0 0 10 10 
22014 Act š i 100 100 
1450-160 ac, 6 6 600 600 
49-20 AC, 1 1 100 100 
(380-88 aci 0-5 0-5 50 50 
22017 AC, 1 1 100 100 
19-24 ac 0-5 0-5 50 50 
22015 Ac, AC, 10 10 1,000 1,000 
1446-126B  ACjac, 2 2 200 200 
(6)-1 ác: 1 1 100 100 
79-10 ac, 20 20 >1,000  >1,000 
(6-2)-5 ACL ac, 200 200 >1,000  >1,000 
(6-8)-2 AClacim, 1,000 1,000 >1,000  >1,000 

* For an account of the genetics and resistance to actidione of these strains 
see Wilkie and Lee (ref. 2). 
ts showing zero resistance are unable to grow on 0-5 p.p.m. actidione. 


dihydro-derivatives, while the cells of all other strains 
tested show a 100-fold increase in resistance to dehydro- 
and dihydro-actidione. The fact that these two derivatives, 
unlike actidione and the anhydro-derivative, are insoluble 
in water (their effects are studied in medium containing 
5 per cent alcohol in each case) suggests that their reduced 
activity may be due to a decrease in the amount getting 
into the cell rather than to the change in chemical 
properties. Of interest in this connexion is the finding that 
the rate of kill of sensitive cells in the presence of actidione 
is correlated with the availability of nutrient metabolites 
in the medium (Fig. 1) or, in other words, the uptake of 
the drug seems to parallel that of metabolites. Put another 
way, the effect of the actidione appears to be proportional 
to metabolic activity, although, of course, sensitive cells 
do not get to the stage of undergoing division. 

The results se far suggest that the physical properties of 
the actidions molecule determine its potency, with reactive 
groups playing a minor part. These properties assume two 
main aspects: diffusibility and spatial configuration, with 


100 ee J 


Percentage kill 
8 


j 
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A 
2 40 6 80 100 120 140 160 180 
Incubation time (h) 
Fig. 1. curves of yeast cells in different media, each containi 
4-p.p.m. m, @, Minimal medium ( salts and sugar); 
©, minimal + peptone; O, minimal + peptone + yeast extract; 


A, distilled water 


— 32 


NATURE 


91 





with tritiated dihydro- 


Autoradi j f t cells treated 
actidione. A, —— (2575 inant cells in læ section (x e. 845). 


0 t 


can be seen at fi planes other than those of the 
photographs 


the suggestion being put forward that it is in the latter 
property that the drug’s effect on the cell lies. This 
hypothesis is prompted by the findings of Lerman* on the 
action of acridines. He presents evidence that these dyes 
complex with DNA by a process of intercalation: acridine 
molecules become inserted in DNA strands by virtue of 
their close correspondence in size with base pairs which 
they replace. DNA replication is impaired as a result. It 
is conceivable that the actidione molecule acts as a base 
analogue and affects both the template function of DNA 
and its genetic code for protein synthesis. (In mam- 
malian cells Bennett et al.‘ report that both protein and 
DNA synthesis are simultaneously depressed in the 
presence of actidiene.) 

As a next step, attempts were made to obtain radio- 
active actidione in order to follow the movements of 
marked molecules in sensitive and resistant cells by 
autoradiography. Labelling actidione with tritium by 
substitution was unsuc due to instability of the 
drug under the experimental conditions considered neces- 
sary (120° C for 6 h in a sealed tube). However, tritiation 
of dehydroactidione was possible using a modification of 
Kornfeld’s method’ of hydrogenation of the dehydro- 
compound as follows: to 110 mg dehydroactidione was 
added 5 ml. glacial acetic acid, 64-6 mg platinum oxide 
and | ml. tritium in ethanol (equivalent to 2 me.). Hydro- 
genation proceeded at 4 mm pressure for 3-5 h, after which 
the reaction mixture was filtered and the solvent removed 
in vacuo. The resulting solid, assumed to be a mixture of 
racemates of dihydroactidione (see Kornfeld), was biologi- 
cally active and had a tritium count of 56/min. 

A solution of this radioactive material was made up and 
supplied to both sensitive and resistant cells. After 12-h 
incubation the cells were washed, embedded and sectioned 






— or + autoradiography. li — — grains were aad 
in sensitive cells (Fig. 2) but few were seen in association 
with resistant cells. This could be due to failure of the 
drug to get into resistant cells, but it is possible that the 
labelled molecule is destroyed after effecting entry, 
breakdown products being released into the medium. 

Of some significance in the mechanism of resistance is 
the fact that resistant cells have a pronounced lag phase 
when grown on the drug (Wilkie and Lee?), followed by a 

_ period of normal growth. It would appear from these 

Observations that resistance is not built-in, such as would 

zobe expected of a cell-wall mechanism, but that it develops 

in cells in contact with the drug. Once the systern for 

_. dealing with the drug is established it is apparently trans- 

- mitted to daughter cells which can divide at the same rate 

as. control cells growing in the absence of the substance. 





Cell extracts will be utilized in the further analysis of 


the mechanism of resistance. 

We thank Dr. D. V. Banthorpe for advice concerning 
the chemical procedures, and Messrs. P. R. Bell, C. 
Woodcock and J. Mackie for help with the autoradio- 
graphy. 


B. K. LEE 
D. WILKIE 


Department of Botany, 
University College London. 
Whiffen, A. J., Bohonos, N., and Emerson, R. L., J. Baci, 582, 610 (1946). 
$ Wilkie, D., and Lee, B. K., Genet. Res. fin the — 
* Kerridge, D., J. Gen, Microbial, 19, 497 (1958). 
t Bennett, L, L., Smithers, D., and Ward, C. T, Biochim, Riophys. Acta, 87, 
60 (1964), 


t Kornfeld, E. C., Jones, R, G., and Parke, T. V., J. Amer. Chem. Soe., 71, 
BO (1949), 


t Lerman, L.8., Proc. U.S, Nat. Acad. Sei. Wash., 49, 94 (1963). 


Stimulation of Aldosterone Production in 
vitro by Ammonium lons 


THe production of aldosterone by isolated adrenal 
glands in vivo or by adrenal tissue in vitro can be signifi- 
cantly stimulated by an elevation of the potassium 
concentration in the circulating blood}? or in the incuba- 
tion medium®+t. The work recorded here was undertaken 
to investigate whether ammonium ions have a similar 
direct effect on steroid preduction by rat adrenal 
incubates, 

A previously described in vitro assay procedure* was 

_. followed, using sections of adrenal glands from male rats 
which had been kept on a sodium-deficient diet for two 
- weeks. After pre-incubation for 30 min in a modified 
oo Krebs-Ringer bicarbonate buffer with a potassium con- 
= -¢entration of 3-63 m.equiv./l., the final incubation was 
-carried out in a buffer to which increasing amounts of 
0154 M ammonium chloride solution had been added. 
The final concentrations of aldosterone and corticosterone 
in the incubation medium were determined by double 
isotope dilution derivative procedures’* using steroids 
Jabelled with carbon-14 and tritiated acetic anhydride. 
As shown in Table 1, there were highly significant 
increases of aldosterone production between the am- 
monium levels of 0-77, 2°31 and 6-93 m.equiv./l. with a de- 
creased response at the concentration of 20-39 m, equiv. /l. 
The changes in corticosterone production were much 
smaller and statistically not significant. The dose- 
response curve was very similar to that which was 
obtained when the effect of increasing potassium con- 
centrations was investigated‘. Maximal aldosterone 
“production was found at approximately equal . molar 

concentrations of ammonium and potassium with a 
decreased response at higher levels. 

To investigate whether potassium and ammonium ions 
could be mutually replaced by each other, the final ncuba- 
tions of two assays were carried out in a potassium-free 
sodium bicarbonate medium to which 0-154 M potassium 
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Table 1. 
ON in vitro PRODUCTION or STEROIDS BY RAT ADRENAL SECTIONS ® 
Incubation medium Steraid production 


(mLequiv, /L)t (e@/100 mg 2 ht S.D., N= 4) 

NH, K Na Aldosterane Corticosterone 

OFT 3-61 144-8 168 + O16 8-21 42°31 

g 5 I {P < D001} ‘8 < P< 0-9) 

2-31 357 143-3 2-75 +0-28 8:65 + 2-46 

it} 001 < P < 005) ige P< 0-5) 

6-93 347 138-0 5074 O80 O72 + O50 
mae . (2-001 < P < 0-005) (03 <P <0-4) 
20-79 B44 1258 3-02 + 0-27 10-42 + 0-59 


* Mean values of two assays; P values of significance caleulated by ¢ tests. 
+t Equal Na/K ratio in all flasks. 


Table 2. EFFECT OF AMMONIUM AND POTASSIUM IONS ON STEROID PRO- 


DUCTION in vitro 
Steroid pradaction 
(ug/100 mg 2hti SD, N=) 


incubation medium 
(oequiv./h)} 


NH, K Na Aldosterone Corticosterone 
J aso 145-2 2-13 +015 8°63 + 033 
; (P < 0-001) (0-025 < P < 0-03) 
3. 865 3-85 1414 5524070 10-01 + 141 
0 <P<0 5) (025 < P< 03} 
— TT 141-4 a SF + O37 12:50 + 2-21 
(P< 0-001) G< P< 0-73 
TT tone 141-4 3:85 + OST 11-51 42°99 


* Mean vahies of two assays, 


Table 3. EFFECT OF INCREASING CONCENTRATIONS OF AMMONIUM HY OROX- 
IDE ON STEROID PRONUCTION in vitro* 
Incubation medium Steroid production 
K l (ug/100 mg 2 h} 
Aldosterone Corticosterone 


NHOH 


WE 
mmoles; iL) im.eguiv. it yt 


OF7 36] 1448 227, 2-26 9-06, 8-34 

2°31 3.57 143-3 B07, 429 8-44, 11-59 

6-03 3-47 139-0 wes, 5°13 16-99, 10-78 
20-79 Fit 126-8 1-12, 1-10 292, 2-85 


* Duplicate values of one assay. 
+ Equal Na/K ratio in all flasks, 


chloride and/or ammonium chloride solution had been 
added (Table 2). When 3-85 mmoles/l. ammonium 
chloride were added to a buffer with a potassium con- 
centration. of 3-85 m.equiv./]., aldosterone production was 
increased by about 150 per cent. The same aldosterone- 
stimulating effect was achieved by increasing the 
potassium concentration to 7-7 m.equiv./l. However, 
aldosterone production was significantly lower in a 
potassium. -free medium with an ammonium concentration 
of 7-7 m.equiv./l. Apparently the presence of potassium 
* is required for an optimal response of aldosterone 
production to ammonium. ions. 

To test the possibility that ammonium chloride might 
stimulate aldosterone production simply by lowering the 
pH. of the medium, an assay was carried out in which 
ammonium chloride was replaced by ammonium 
hydroxide (Table 3). At the concentrations of 0-77, 2-31 
and 6:93 mmoles/l. ammonium hydroxide, aldosterone and 
corticosterone production were very similar to the pro- 
duction with the corresponding concentrations of am- 
monium chloride (Table 1}, suggesting that the aldo- 
sterone-stimulating activity is independent of pH-changes. 
Only at the very high concentration of 20-79 mmoles/I. 
ammonium doak, production of both steroids was 
considerably lower. 
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An Improved Diphenylamine Method for 
= the Estimation of Deoxyribonucleic 
Acid 
Many plant. tissues contain very low levels of DNA 
and in such eircumstances it is necessary to utilize a 
-= method of estamation of extreme sensitivity coupled with 
A low reagent blank. In this respect it is our experience 
‘that. the Burton diphenylamine method! is the most 
sfactory. This procedure has been simplified, the 
ank considerably reduced and the sensitivity increased. 
The standard. Burton method was investigated using 
i ealf-thymus DNA in 10 per cent perchloric acid as stan- 
dard. The reagent consists of a 2 per cent diphenylamine 
and 1-5 per ceni sulphuric acid solution in glacial acetic 
„acid containing 9-08 mg/ml. of acetaldehyde (all “AnalaR’ 
grade). To lm. test solution was added 2 ml. reagent, 
the mixture was incubated at 30° C overnight and the 
--yesulting blue calour read at 595 my on a spectrophoto- 
“meter. It was neted that the reagent rapidly turned green 
when the acetaldehyde was added, so.it was omitted from 
the reagent and added to the final mixture as 0-1 ml. of 
<6 mg/ml. ft can be seen that the blank is reduced to a 
‘third (Table 1). 
















EFFET OF ADDING ACETALDEHYDE LAST AND OF LEAVING OUT 
SuLPEURIC ACID ON THE DIPHENYLAMINE REACTION 
Optical density at 595 my 
Blank/water 20 ag DNA/mi./blank 


“able 1. 


Standard Burton method 0-120 0-168 
Acetaidehyde added tast 0-044 177 
As above and HS0 omitted O28 0-184 


It was further shown that the addition of sulphuric 
acid to the reagent was unnecessary since the test solution 
is already im IO por cent perchloric acid and on leaving it 
out the blank was still further improved (Table 1). 

Turbidity is aimost invariably developed on incubation 
of the reaction mixture, due to precipitation of impurities 
in the DNA extracts of plant tissues. This source of error 
was eliminated by measuring the 595-700 mu optical 
density differenee. This difference reading results in a 
zero blank and a straight line calibration. In order to 
obtain consistently good blanks it was found to be essen- 
tial that the diphenylamine be of recent manufacture, 
and the reagent is best used on the day of preparation. 
Finally, am increase in sensitivity of more than 70 per 
cent was obtained by increasing the concentration of 
- diphenylamime from 2 to 4 per cent and the test to re- 

agent volume from 1:2 to 2:2 (Table 2). 


DNA CALIBRATION WITH VARYING ‘DIPHENYLAMINE (DPA) 
CONCENTEATIONS AND REAGENT TO TEST VOLUMES 
F im. DNA | 2 2m DNA 
+2 m. 2% DPA +i mL 4% DPA 
“BOS . 595 


-Table 2. 














Smu 700 mæ 700 my- 595 mye 700 ma 700 my 

0-024 P028 —0-004 0-018 6-623 —0005 

rimi DN. nk 0044 0005 0-089. 6-086  O011 06-075 
pemk DNA lank 0092 0009 0033. 0-158 0010 0148 
0 ugemi DNA/blank 0-179 0008 0471- 030s 0-012 0-294 
l0 ng/ml, DNA/Dlank 0356 0-021 0335 -0806 0026 0-580 






The final procedure is therefore to add 2 ml. of 4 per 
nt diphenvlaraine in glacial acetic acid to 2 ml. of test 
ition of DNA in 10 per cent perchloric acid followed 
0-1 ml. of aqueous 1-6 mg/ml. acetaldehyde; after 
ation at 30°C overnight the optical density differ- 
595-700 mu is read against the 595-700 blank. 

© method has been successfully used to estimate 
in hypocotyls of Lupinus albus’, in pea internodes, 
pollen and in a variety of micro-organisms including 


ast and Pretomyces inundatus. 
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Possible Synthesis of Polyribonucleotides of 
Known Base-triplet Sequences 


For the exact assignment of the genetie code for amino- ~ 
acids, polyribonucleotides of known base triplet (or 
doublet) sequences are necessary. | 

Recently, Jacob et al.1 have deseribed the synthesis of | 
deoxyoligonucleotides of known base sequence and their — 
use as templates in the RNA-polymerase reaction. This 
communication indicates the possibilities of biosynthesis 
of polyribonucleotides with known base triplet sequences 
which may be useful in the assignment of code for a few 
amino-acids. 

The DNA polymerase in the absence of a DNA primer 
catalyses the synthesis of a copolymer dAT from dATP 
and dTTP after a lag period?. These authors have shown 
that the adenine and thymine bases occur in an alternating 
sequence in this copolymer. 

With dAT copolymer as the priming DNA, RNA 
polymerase catalyses the synthesis of the polyribonucieo- 
tide poly-AU in which adenine and uracil bases are shown 
to occur in an alternating sequence’. This polyribonucleo- 
tide poly-AU has a very stable secondary structure’. On 
inspection of the arrangement of bases in the poly-AU: 


AUAUAUAVUAUATU—U 


the base triplets AUA and UAU appear in an alternating 
sequence. If this polyribonucleotide is treated with 
nitrous acid, a certain proportion of adenine bases will 
be deaminated to hypoxanthine®* and there will be 
regions in the polyribonucleotide with HUH and UHU 
base triplets in an alternating sequence (H = hypoxan- 
thine). As hypoxanthine behaves like guanosine in its 
property of stimulating the incorporation of amino-acids 
into protein in a cell-free system’, the deaminated portions 
in the poly-AU will have, as it were, GUG and UGU base 
triplets in an alternating sequence. As the GUG is the 
code for glycine, and UGU for leucine and valine’, if 
nitrous acid-treated poly-AU is taken as a messenger RNA 
in a cell-free system of protein synthesis, a polypeptide 
with glycine and leucine or glycine and valine in an 
alternating sequence will be formed if the code assigned 
to those amino-acids is correct. 

If the dAT copolymer is treated with nitrous acid*®-®, 
deamination of adenine to form hypoxanthine will result 
(not necessarily complete), and the copolymer will have 
regions of poly-dHT. In RNA-polymerase reaction with 
poly-dHT as the priming DNA and CTP and ATP as the 
substrate, poly-CA will be formed in which cytosine and 
adenine bases will be expected to occur in an alternating 
sequence. Thus the polyribonucleotide: 


CACACACACAC—A (also poly-CH) 


has CAC and ACA base triplets in an alternating sequence. 
As CAC is shown to be the code for proline and threonine, 
and ACA the code for threonine and aspartic acid’?-*, with 
alternating poly-CA as the messenger RNA a polypeptide 
in which threonine and aspartic acid or threonine and 
proline or proline and aspartic acid in an alternating 
sequence will be formed if the code assigned to those 
amino-acids is correct. 
OR. W. P. Mastrer* 
Department of Immunology, Haffkine Institute, 
Parel, Bombay 12, India. 
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A New Statistic for the Evaluation of 
Respiratory Changes 


Tus design of oxygen facemasks for high-altitude 
service flying and for emergency use during the recovery 
phase of space flight presents special problems related to 
the pressure differences at the intra : extra-somatic boun- 
dary. Recent designs, such as the S.P.4 and the M.Mk.2 

~ service masks (Airmed, Ltd.), show the first steps towards 

¿c Solving the basie problem by the provision of adjustable 

_. valve pressures operated manually by the crew member. 

Changes of expiratory valve function, however, produce 

¿s concomitant changes in the respiratory system as a whole, 

=o and these in turn have been shown to affect both the 
- physiological balance and the psychological processes of 
the wearer?. 

While these changes are not in themselves sufficient 
to interfere with crew functioning efficiency under normal 
flying conditions, they arè likely to prove a factor in such 
circumstances as produce the ‘break-off’ effeet?, or in 
extreme altitudes likely to be reached in the near future. 
‘Evaluation of these changes cannot be made in situ 
without extensive telemetry and even then extraneous 
variables such as harness pressure, vibration, and so on, 
will interfere with the accurate monitoring of respiratory 
changes. However, measurement under laboratory 
conditions remains perfectly valid, and enables the more 

subtle changes which would otherwise escape notice to be 
detected. 

The respiratory response is an extremely complex 
process in which significant changes in one function of 
respiration may be completely masked by some other 
compensatory mechanism which is brought into action at 
the same time. Such a process can completely nullify 

the externally recorded change in some respiratory 
measure. ‘Thus, a typical response to sudden stress is 
the increase in myotonus which elevates the diaphragm 
by contraction of the abdominal muscles and thus reduces 
the intra-thoracic volume. However, the musculature of 
the thoracie cage may also be concomitantly involved 
_.. leading to an expansion of the cage and increase in inter- 
. thoracic volume. Obviously, if only one measure of 
“> respiration were being used, namely, the thoracic capacity, 
‘these two highly significant reactions would cancel them- 
selves out and show little if any change in the recorded 
volume. 
Lo overcome difficulties of this sort, it has been found 
_. that the most efficient measure of respiratory change 
- consists of a battery which includes the following ten 
data: inspiration and expiration time, costal and dia- 
_ phragmatie pressure, intra-tracheal and demand pressure, 
respiration and flow rates, percentage alveolar carbon 
= dioxide, and pH rate of change in aqueous barium 
hydroxide through which the expiratory sample is 
bubbled. Three important ratios can also be extracted 
‘om. this data, namely, costal: diaphragmatic, the 
E.R. and Christian Bohrs Ratio. | 
"The advantage of a polydimensional measure is well 
known in biometrics, but the basic difficulty which always 
as to be met is the translation of the individual measures 
‘Oo. some unidimensional form. In the present instance 
us difficulty has been surmounted by the derivation 
fa statistic Dr which provides a unitary, but compre- 
hensive, measure of respiratory disturbance. The statistic 
self is independent of the number of unitary measures 
~~ Involved and possessess the following characteristics: 
<io {I} provision of due weighting for intra-battery variation; 
~~. (2) allowance for large numerical differences between the 
various units, for example, 78 mm pressure and 0-39 per 
cent carbon dioxide; (3). the acceptance of basimetric 
criteria, that®is, it conforms to the principle that the 
significance of biometric values is proportional to their 
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basal or resting levels; (4) inclusion of a numerical modifier 
to compensate for recording error. 

This index of respiratory disturbance is given by the 
following equation: 


n — 42/3 
Dr = {[2 {Illa [ar ~ (Eno + Rad) (enr An) 3e |} 





where Dg is the respiratory disturbance score; Mna, the 
norm for measure n; An, the mean change in n; ayo, the 
basimetrie reading, that is, the original level of n; any, the 
final reading of n; ky, the constant for test n derived from 
mean recording error; and N, the number of tests. 
L. R. C. Hawarp * 
Graylingwell Hospital, 
Chichester, Sussex. 
* Direcior of Research, Aeromedical International, 
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Isolation and Mechanical Maintenance of the 
Dog Brain 


THe metabolism of the brain and the effect of various 
drugs on the central nervous system and its arteries have 
been investigated on brain preparations reported to be 
vascularly isolated'-*. Few of the investigators have 
established complete vascular isolation and given satis- 
factory proof of the brain’s viability. Recently, White® 
et al. reported an anatomic isolation of the monkey brain 
which was capable of maintaining electrocortical activity 
for several hours when circulation was provided by a 
compatible donor monkey. We have deseribed isolation 
and mechanical perfusion of a viable dog head® and now 
describe the neurogenic and vascular isolation and 
maintenance of the living dog brain. 

The dog has a much more complicated cerebral blood 
supply than the primate, and extremely careful dissection 
is required to isolate the brain properly. The technical 
difficulty encountered in the isolation of the dog brain 
is outweighed by: (1) the moderate price of the dog as an 
experimental animal; (2) the ease of surgery on a larger 
animal; (3) the ready availability of large quantities of 
compatible donor blood. The preparation described 
possesses relatively normal electrocortical activity, a 
factor which we determined previously® to be the most 
sensitive criterion of brain viability. 

Twenty adult mongrel dogs (12-18 kg) were used in 
this investigation. All animals received 60 mg of morphine 
45 min before administration of 20 mg/kg sodium pento- 
barbital. Anaesthesia was maintained with supplementary 
doses of 60 mg of sodium pentobarbital. A cuffed endo- 
tracheal tube was inserted and the animal was ventilated 
with compressed air from a positive pressure respirator. 
During muscle sectioning a relaxant (gallamine triethiodide) 
was used. An intravenous drip (2 ml./min) of 5 per cent 
glucose in 0-2 per cent saline was given during the proced- 
ure through a cannula in the femoral vein. The femoral 
artery was cannulated to facilitate recording blood 
pressure. CEERI 

With the dog in the prone position, a midline incision 
was made from the frontal sinuses to the spinous process 
of the fourth cervical vertebra. The temporal museles 
and posterior muscles of the neck were reflected laterally 
exposing the calvarium and the posterior aspects of the 
first and second cervical vertebrae. Using a dental burr, 
five 3 mm holes were made through the skull for placement 
of lead frontal and parietal EEG recording electrodes and 
a thermistor for temperature measurement. The electrodes 
and thermistor were fixed in place with dental acrylic 
resin. A small polyethylene tube for measuring the pressure 
of the cerebrospinal fluid (CSF) was placed in the cisterna 
magna and secured with a purse string suture. CSF 
pressure was found to be a sensitive indicator of obstructed 
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cerebral veneus flow and its continuous monitoring 
prevented premature occlusion of essential venous drainage 
pathways. 

With the animal supine, a midline incision was made 
from the symphysis of the mandible to the sternum. The 
trachea was sectioned and an endotracheal tube tied in 
place. After dividing the oesophagus, both structures 
were reflected. The carotids were dissected free to the 
angle of the mandible and all branches except the internal 
carotid and interaal maxillary were tied and cut (Fig. 1). 
The anterior nedk muscles were severed and reflected. 
Following transeetion of the external auditory canals, the 
zygomatic arch was exposed and removed, along with 
muscles attached to the ramus of the mandible. Cutting 
bilaterally through the junction of the ramus and body 
of the mandible totally separated the mandibular body, 
tongue, larynx and contiguous tissues from the animal. 
The remainder ofthe mandible was removed with care so as 
not to interrupt the internal maxillary artery. The tissues 
of the orbit were excised bilaterally and the snout was 
amputated through a line connecting the inferior orbital 
ridge and the posterior aspect of the hard palate. The 
lateral walls of the frontal and ethmoid sinuses were 
removed and the mucous membranes stripped. The 
paravertebral muscles were removed from C-3 to their 
attachments at the base of the skull. 


f d 


a 


b 


h h 


arteries leading to the dog brain. For the 


arteriss are 
a, common carotid; b, internal carotid; ¢, external carotid; 
å, internal max . 


: e, ophthalmic artery; J, anastomotic branch; g 
¢ of Willis; A, verte artery 


The animal was anticoagulated with 3 mg heparin/kg, 
and siliconized stainless steel 7' tubes filled with heparin- 
ized saline were placed in both common carotid arteries. 
The T tubes, which permit normal carotid flow, were 
inserted prior to the interruption of the vertebral arteries 
to avoid changes in the EEG suggestive of cerebral 
hypoxia. Similar changes in the EEG may occur if 
arterial pressure 38 itted to fall below 100 mm mercury 
during the surgical procedure. 

The animal was then placed in a prone position. At 
a point just cephalad to the articulating process of the 
occipital bone, holes were drilled into the right and left 
ventral occipital sinuses to accommodate tapered, threaded, 
Luer connexions for venous return. When the venous 
sinuses were cannulated, venous drainage of the brain 
was often impaired, therefore it was necessary to assist 
venous drainage with a pump. To avoid exsanguinating 
the animal before the dissection was completed, blood 
was returned from the oxygenator to the carotids via 
the tubes. Laminectomy of C-2 was followed by tying 
and sectioning ef the meninges and spinal cord. The 
vertebral cohima was then completely severed through 
C-2 and the carotids ligated proximal to the cannulae. 
Finally the caretids and vagi were sectioned and the 
head placed in a holder (Fig. 2). The vertebral sinuses 
did not leak if the venous pumping rate slightly exceeded 
the arterial pumping rate and they were left open to 
provide alternative venous drainage should the cannulae 
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Fig. 2. A schematic representation of mechanical —— used to main- 


tain the dog brain. a, REG electrodes; b, th ri c, finger-type 
; d, years sheet oxygenator 95 per cent oxygen, 
xide and compatible donor blood; e, kinetic clam 
ar pump; f, heat ; g, carotid pressure transducers; 
CSF pressure transducer; j, venous cannulae in ventral-occipital sinus 


in the ventral occipital sinuses become temporarily 
occluded. 

Femoral artery and cerebrospinal fluid pressures were 
monitored continuously and EEG intermittently through- 
out the surgical procedure. Dural temperature was 
measured with a flat surface thermistor and the readings 
were recorded manually on the chart. After decapitation, 
the right and left arterial pressures, CSF pressure and 
electrocortical activity were recorded continuously on a 
5-channel polygraph. Arterial and venous samples were 
drawn through sampling ports near the arterial inlet to 
the skull and the venous outlet for determination of glu- 
cose, oxygen, lactic acid and pH. 

Femoral artery pressure averaged 151 mm mercury 
and CSF pressure averaged —43 mm water during the 
surgical procedure. Mean arterial pump pressure was. 
163 mm mercury at flow rates averaging 48-25 ml./min/100 
g of brain tissue. The mean CSF pressure was 186 mm 
water while on the pump. After decapitation, the surface 
temperature of the brain was maintained at 34-8 (S.E. 
+0-30° C). Electrocortical activity was evident from 
4 to 7 h after isolation (Fig. 3). Occasionally EEG irregu- 
larities similar to those reported in human beings during 
open heart surgery’ were observed. 


Electrocortical activity in the isolated dog brain 
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2 
Hours after isolation 
Fig. 3. Electrocortical activity of the dog brain before and after isolation 


Glucose consumption was 5-29 (S.E. + 0-54) mg/min/ 
100 g of brain tissue, a value which agrees with those 
previously reported for the human being* and the cat’. 
Glucose consumption in an i t at 24° C was 2-5 
mg/min/100 g of brain tissue. Blood lactic acid increased 
at the rate of 1-089 (S.E. + 0-125) mg/min/100 g of brain 
tissue. The rate of lactic acid production rises sharply if 
perfusion is attempted solely through the internal carotids 
or through the arteries on one side. Any prolonged 
interruption of the flow through the internal carotids or 
internal maxillary arteries may result in EEG slow waves 
which suggest cerebral hypoxia. Oxygen consumption 
was 9:16 (S.E. + 0-8) ml./min/100 g of brain. This was 
in excess of the oxygen required to oxidize glucose and 
indicates the presence of other oxidative processes. The 
pH of the blood remains nearly normal if 95 per cent 
oxygen with 5 per cent carbon dioxide is used at a flow 
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rate of 2-3 1./min to oxygenate the blood. Electrocortical 
activity appears to follow blood glucose-levels; however, 
& point is reached in most preparations when additional 
glucose will not increase the activity. It has not been 
established whether loss of electrocortical activity is due 
to the absence of essential metabolites or the presence 
of products of metabolism. Pentylenetetrazol seizures could 
be evoked at the conclusion of all investigations. 

This preparation demonstrates that the dog brain and 
its blood supply can be satisfactorily isolated and that 
the brain will maintain signs of viability for several hours 
after isolation. 

We thank Mrs. Victor Levin, Mr. Wilbert Heiman and 
Mr. Alton Mitmoen for their help in this work, which was 
supported by grant NB02185 from the National Institute 
of Neurological Diseases and Blindness. 
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Excitation of Lateral Vestibular Neurones 
WE have investigated the properties of neurones in 
the lateral vestibular nucleus, and the relation between 
this nucleus and the spinal cord. All experiments have 
therefore been conducted in animals with the cerebellum 


removed, ensuring that any changes in the activity of 


vestibular neurones as a result of stimulation of peri- 
pheral nerves are not brought about by pathways involv- 
ing the cerebellum. 

Cats were anaesthetized with chloralose-urethane. placed 
in & stereotaxic head holder and later paralysed with 
‘Flaxedil’ and artificially respired. A lumbar laminec- 
tomy was performed and various leg nerves in both hind 
limbs were exposed and prepared for stimulation. In a 
number of animals the tentorium was exposed and removed 
and the cerebellum then removed by suction, thus expos- 
ing the brain stem; with such preparations, 
it was possible to search for cells with an 
electrode oriented in the vertical Horsley- 
Clarke plane. In more recent experiments the 
head was strongly flexed, the tentorium was 
left intact and only the cerebellum removed. 
At the end of these, as at the end of some 
of the earlier experiments, steel pins were 
placed in the brain stem with the micro- 
manipulator which had been used for track- 
ing in order to orient the tissue for sub- 
sequent histological procedures. The latter 
consisted of routine preparations of serial 
sections which were often stained alternately 
for fibres and cells. 

Extracellular recording in the brain stem 
was by means of steel microelectrodes’ 
connected to conventional recording equip- 
ment. Cells in the lateral vestibular nucleus 
were activated antidromically by stimulation 
of the spinal cord in the upper lumbar 
region. It is known that the vestibulospinal 
tract originates solely from the lateral 
nucleus, reaches the lumbosacral region 
of the cord,eand is there located in the 
ventral funiculus*. For purposes of stimula- 


56 m/sec), 
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tion, a pair of platinum electrodes separated from the 
underlying tissue by plastic was placed under the spinal 
cord. During repetitive stimulation through these 
electrodes at 5/sec, cells were searched for in the appro- 
priate region of the brain stem. The presence of cells was 
signalled by the appearance of predominantly negative 
all-or-none potentials varying in magnitude from 200 to 
1,300 uV, such potentials being characteristic of responses 
of cell bodies rather than axons’, Once a cell was located 
some of its characteristics were examined and attempts 
were made to activate it by stimulation of various leg 
nerves with single shocks. The size of the peripheral nerve 
volleys was determined by recording the afferent impulses 
at the dorsal root entry zone with a triphasic lead. During 
the course of the experiment two or three electrolytic 
lesions were made by passing current (usually 5-6 vamp 
for 2-5 min) through the electrode, with the electrode 
negative. These lesions were afterwards located in serial 
sections and used to estimate the location of the studied 
cells within the lateral vestibular nucleus. 

Fifty-one cells have been studied in experiments in 
which localization was considered satisfactory. Many of 
these cells fired spontaneously, usually quite regularly, at 
frequencies ranging from 10 to 75 impulses/see. All 
responses to cord stimulation had a fixed short latency 
2:2-5-5 msec) and usually followed frequencies of stimula- 
tion of at least 400-500/sec. In 20 instances there was 
sufficient spontaneous activity to enable the antidromic 
nature of the driven response to be easily established by 
the long duration of the period during which a spontaneous 
response blocked, by collision, the response to a subse- 
quent cord stimulus (ref. 4: see also Fig. 14). There 
has been no obvious difference between the responses 
of these 20 cells and the responses of the other neurones 
studied. Therefore it can safely be assumed, particularly 
as the responses to orthodromic stimuli were quite different 
in their latency and other characteristics (see following), 
that all the short-latency responses observed are due to 
antidromic invasion of cells of the lateral vestibular 
nucleus as a consequence of stimulation of the vestibulo- 
spinal tract. Conduction velocity of the tract fibres, 
calculated from the latency and the distance between the 
stimulating cathode and the nucleus, has ranged from 
51 to 120 m/sec. Values as low as 25 m/sec have been 
reported by others’, and it is possible that some small 
fibres were not excited by the method of cord stimulation 
used in our experiments. In confirmation of anatomical 
work?*, it was found that most of the cells activated anti- 





Fig. 1. Extracellular record from lateral vestibular neurone, A shows three sweeps from a 
series photographed while stimulating through a pair of electrodes placed under the 
spinal cord at L3, the stimulus being delivered at the arrow. In the first and third sweeps 
the cell responds with a latency just less than 5 msec (approximate conduction velocity 


In the middle sweep the antidromic response is absent because of collision 
with the spontaneous impulse which occurs just after the beginning of the sweep. In B, 
the upper frame shows, at a slower sweep speed, the spontaneous discharge of the cell: 
the two lower frames show the effect of a very strong stimulus applied at the start of the 
sweep to all of the dissected ipsilateral nerves, 
response to a stimulus to the ipsilateral sural nerve (8-2 times threshold of the largest fibres 
in the nerve) and, on the upper beam, the activity due to the sural stimulus recorded 
at the L7 dorsal root entry zone. Calibrations: time, 1 msee for A and 10 msee for B and 


C illustrates, on the lower beam, the 


C; amplitude, 500 V., 














ly by stimulation of the lumbar cord were located 
. caudal half of the nucleus. 
‘discontinuity in the rising phase of the response cf 
some cells could be seen with frequencies of stimulation 
of 50-200/sec, while approximately half the units showed 
such a discontinuity at 400/see. Only infrequently was it 
-possible to observe in isolation a component resembling 
4 spike of a motoneurone. In 10 cells attempts were 
i lo to separate the spike into two components by stimu- 
‘lation with paired shocks at different intervals. It was 
arly found that at intervals of 1-5~2-5 msec the second 
e became somewhat broader and smaller, the A-B 
ontinuity was emphasized, and the latency was slightly 
‘lengthened. It was never possible to obtain an A spike 
without a B spike and at intervals of 0-5-1-3 msec the 
„second spike failed completely. It can therefore be con- 
cluded that the response of lateral vestibular neurones 
consists of two components but that, although it is some- 
times possible to separate these two components with 
double shocks in cells that have been penetrated by a 
microelectrode’, there is a high safety factor for conduction 
between the two regions, as there is in cells of the reticular 
_formation®. 
~The effect of single shocks, delivered to various ipsi- 
lateral leg nerves at l/sec, on the activity of lateral 
vestibular cells has been observed for 32 neurones. The 
effectiveness of the stimuli was usually determined by 
counting the namber of spikes occurring during a sweep, 
using counting circuits previously deseribed’. Of the 32 
cells 19 were fewnd to be excited while 1 was inhibited. 
Most of the unaffected cells were found in preparations 
in which no edils were affected and in which there was 
little spontaneous activity, suggesting that the condition 
of the animal is an important factor. In general, stimuli 
to mixed or cutaneous nerves were usually effective, while 
stimuli to muscle nerves increased the activity very little 
and often had no influence at all. Thus stimuli to the 
superficial peroneal nerve were effective 11/12 times; 
-to the plantar nerve 14/15 times; to the sural nerve 
14/16 times; and the stimulus often raised the number of 
spikes occurring in a 100- or 200-msec period following the 
stimulus by 50-100 per cent. Stimuli to nerves, such as 
biceps anterior, biceps posterior-semitendinosus, and 
gastrocnemius-soleus, were often without effect and rarely 
increased the mumber of spikes by more than 10-20 
per cent. Stimulation of contralateral nerves was also 
effective, but the action was usually somewhat weaker 
- than that of ipsdateral nerves. In the three cases in which 
it has been tried, stimulation of the superficial radial 
nerve of the ipsilateral fore-limb also proved effective. 
Usually a stimulus to a leg nerve increased the number 
ikes simply by causing spikes to occur more often than 
during spontaneous firing. In several cells, how- 















<e t shown in Fig. 1B and 1C, the stimulus 
at ve discharge of the cell and the pattern 


sofi discharge was quite different from the pattern of 
“spontaneous activity. In such cases the latency of the 
-first spike from the arrival of the afferent volley at the 
eord was quite long compared to the latency of anti- 
dromic firing, usually 10-35 msec. a 

vation of lateral vestibular cells by stimuli to 
eous or mixed nerves has been obtained with shocks 
ak as 1-2~-l-4 times the threshold of the largest 
the nerve (1-2-L4T). The intensity of the effect 
| ‘ew as the shock was strengthened to 15-207. The 
tI old for contralateral activation has been of the 
` game order of magnitude. In two cases where it has been 
‘possible to measure the threshold of the effect from muscle 
nerves, shocks greater than 8T were required. 

‘These experiments demonstrate that it is possible to 
dify the activity of lateral vestibular cells located in 
ind-limb area’ of the nucleus by stimulation of 
eral nerves in animals in which the cerebellum has 
moved. In these preparations the effect is usually 
wy, as it is in decerebrate cats with the cerebellum 
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intact; and the degree of convergence as well as the cutan- 
eous threshold of activation appear similar in the two types 
of preparation®. The action could be subserved in part 
by spinovestibular fibres*. As these fibres course in the 
dorsolateral quadrant of the cord, it would be expected 
that their inputs would be mainly ipsilateral’’, although 
some fibres with bilateral input are present in this region". 
The bilateral nature of the effect that we have observed 
suggests that ventral or ventrolateral pathways, the input 
of which can be expected to be bilateralt, may be of 
importance. Such pathways could involve spino-reticular 
and spino-olivary fibres!®. Some afferent fibres from the 
reticular formation te the vestibular nuclei have been 
described! as have collaterals from olivo-cerebellar fibres. 
Tt may be noted that although parts of the reticular for- 
mation may be involved, the thresholds for vestibular 
activation by cutaneous nerves observed in our experi- 
ments are lower than those associated with the arousal 
reaction, 
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Responses of Single Dorsal Cord Cells to 
Peripheral Cutaneous Unmyelinated Fibres 


Ix the dorsal part of the dorsal horn there is a lamina 
of cells which respond to cutaneous stimulation and send 
their axons into the dorsolateral tract. In previous 
investigations! it was apparent that many different types 
of A fibres converged on these cells. It is, therefore, 
interesting to see whether C fibres also affect their firing. 
In a recent investigation? it was found that an afferent 
volley in the unmyelinazed fibres led to a positive dorsal 
root potential as opposed to the well-known negative 
dorsal potential which is elicited by the large myelinated 
fibres. It was suggested that C fibres led to presynaptic 
hyperpolarization which would produce facilitation as 
contrasted with the presynaptic inhibitory effects of the 
A fibres. An investigation of the ventral root reflex 
(VRR, ref. 2) showed ne late component which could be 
attributed to C fibres; however, a tetanus in the C’s was 
found to potentiate the VRR elicited by the A fibres in 
the same peripheral nerve. It was also known that a large 
stimulus to a peripheral nerve led to late discharges in 
various midbrain and forebrain structures’. With these 
factors in mind an investigation of the respgnse of ceils 
in the dorsolateral tract of the cat to C fibres was carried 
out. 




















The lumbar enlargement and sural nerve were exposed in 
‘acute spinal cats. The sural nerve was stimulated through 


“an externally triggered electronic switch devised by Dr. 
‘Karl Kornacker. ` It consisted of a switching diode which 
- allowed. current from batteries to pass through the stimu- 
_ lating electrodes while the diode was activated through an 
isolation transformer by a pulse. The output of this 
_ device was balanced around ground to hold the inside of 
the axons at ground potential during the stimulation. 
This minimized the resistive artefact and restricted the 
stimulus spread. Stimulation was done through 50-kQ 
_ resistors to provide a constant balance in spite of resistance 
-variations across the axons during stimulation. This 
arrangement enabled us to see the C elevation of the 
compound action potential of the sural nerve. Approxim- 
ately 30 V at 0-5 msec was adequate to stimulate the C 
‘fibres. The stimulating electrodes wero Ag-AgCl hooks. 
Tt was found necessary to keep the hooks well chlorided 
_ in order to get adequate C fibro stimulation. Blocking 
_ Of the myelinated fibres was accomplished by anodal 
os polarization?, 
Sinslo units were recorded in the dorsolateral tract using 
nucropipettes filed with 3 M KCI of about 10-20 megohms. 
- Since the spikes were all the same height and as it 
_ became clear that we were interested in patterns of 
spikes seen over the course of many stimulus presenta- 
tions, a different mode of display’ was decided on. We 
converted the spikes to dots, using brightening pulses, 
and displayed them vertically in columns after each 
stimulus. The vertical distance of each dot from the base 
line represents the latency of the impulse after the 
stimulus. The next column, corresponding to the next 
Stimulus and response sequence, was displaced slightly 
in the horizontal direction. Thus, changes in the response 
of the cell from stimulus to stimulus could be seen. Many 
of these lines were photographed side by side on a single 
frame of film. This type of display allowed the patterns 
of response to be seen far more easily than by examining 
many frames of film each with a single stimulus-response 
situation. 
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Fig. 1. Right, activity evoked in axon in DLC by stimulation of sural 
A fibres. Each stimulus and response sequence is shown as a vertical 
column of dots, The lowest dot in each column ia the stimulus artefact, 
Each dot vertically above the artefact signalan single nerve impulse. The 
‘stimulus was repeated every second and evokes a high-frequency burst 
followed by — of silence. . The ‘vertical time scale ts in 10 msec. 
Left, random Spontaneous. activity recorded from the same axon as the 
one shown on the right, The activity was recorded for 26 sec and dis- 
Played as on the right in a series of vertical columns each lasting 1 sec 
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Fig. 2. Response of a single DLC axon to A and C fibre stimulation of 
the sural nerve on the left and to A stimulation on the right. The 
stimulus was repeated every 1:3 sec, The lowest short vertical line is 
made up of a fused series of dots which represent the initial high-frequency 
response to the A volley similar to the bursts shown in Fig. 1 on a faster 
vertical time axis. If the afferent volley also contains C impulses, the 
cell also responds with a very prolonged discharge. The discharge 
lengthens with each successive stimulus, and there are periods of burst 
within cach discharge. The varca aoe axis is marked in 100 msec 
intervals 


When a single shock, adequate to stimulate A fibres, | 
was applied to the sural nerve, a repetitive discharge was 
recorded from a single axon of the ipsilateral dorsolateral 
column (DLC) (Fig. 1). This discharge started about 
3-5 msec after the stimulus. For any given cell the length 
of discharge to a given stimulus intensity was constant 
but it varied in length from cell to cell. Some cells re- 
sponded with only 3 or 4 spikes lasting a total of about 
8 msec while others gave a long train of 20-25 spikes 
lasting 40 msec or so. Most units exhibited spontaneous 
activity. The period of fast repetitive response was 
followed by a silent period (Fig. 1). 

When the intensity of the stimulus was increased so 
that the C fibres were excited, a repetitive discharge was 


initiated in most DLC cells at about the time at which the — 
C afferent volley would be expected to have reached the ws 


cord. This activity often had a banded structure consist- 
ing of alternate periods of high- and low-frequency dis.. 
charge. In most of the cells affected by C stimulation 
the burst was followed by a discharge of lower frequency 
the length of which imecreased after each subsequent 
stimulation. We refer to this pattern of activity as the 
‘wind-up’ of a cell (Fig. 2). 

The rate and extent of ‘wind-up’ could be varied by 
altering the frequency of stimulation. A stimulation rate 
of about 1 per 3 sec seemed to be the limiting frequency 
for evoking any such effect when stimulating both the 
A and C fibres, although the exact rate was found to vary 
from cell to cell. Another result was that when the C 
stimulus was finally turned off after the cell was ‘wound 
up’, there was often a long-lasting random discharge 
of higher average frequency than. the spontaneous activity 
which had been observed before C stimulation. | 

Of a group of 76 cells investigated, 46 (60 per cent) of 
those which responded to A: stimulation also responded | 
to the C's. The remainder responded to A’s but not to- 
the C's. In other words, selecting: he class of cells 
which responded to sural A fibres, only 60 per cent of 
these cells respond to C’s—some weakly, others very 
strongly. There is thus a gradation of the effect of C’s. 












8 necessary to eliminate the explanation that the 
“up’ and subsequent increase in spontaneous activity 
re caused by changes in blood pressure elicited by C 
fibre stimulation. Axons in the DLC were selected which 
responded to C fibres in the ipsilateral sural nerve 
the contralateral sural nerve was stimulated at C 
th. No response was seen in the single DLC cells 
timulation of the contralateral nerve. This result 
d: not be expected if a non-specific cardiovascular 
or hormonal factors, was responsible for the 
menon of the ‘wind-up’. a 

hen the A fibres of the sural nerve were blocked by 
anodal polarization technique, the C fibres from that 
nerve still gave a normal repetitive discharge and ‘wind-up’ 
(Fig. 3). This is in contrast to the results with ventral 
roots in which a C volley alone could not elicit any VRR. 
In the ease of the VRR it was concluded that the role of the 
~ bres was merely the potentiation of the reflex which 
could be evoked from the .A’s the terminal arborizations 
of which had been hyperpolarized. The situation is 
evidently different in the case of the DLC. C fibres when 
fired in isolation give the same type of response as when 
fired in conjunction with the A’s. It is premature, 
however, to say that tho C fibres exert their effect on the 
DLC cells entirely through postsynaptic actions, although 
this is certainly possible. The ‘wind-up’ might have a 
postsynaptic explanation where the incoming C volley 
would lead to excitation of the central cell, intense at 
first and then tailing off. The tailing off phase would be 
increased at each stimulation due to a residual excitability 
which would produce the ‘wind-up’. Another possibility 
is that the entire effect is presynaptic with the afferent 
C volley opening a presynaptic gate, exaggerating the 
affect of ongoing A activity by allowing impulses to pass 
across the synapse and excite the DLO cell. Of course, 
both types of mechanism may be and probably are at 
work. 

In conclusion we would like to emphasize the funda- 
montally different effects of A and C stimulation on the 
DLC cells. The A fibres after a short intense burst turn 
the cell off (Fig. 1), which is probably the result of the 
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negative feedback exerted by the A’s on themselves as 
seen by the negative dorsal root potential. The C fibres, 
on the other hand, turn the postsynaptic cell on after the 
repetitive discharge (Fig. 3), which may be the effect of 
the positive feedback of the C’s on the A’s as seen by the 
positive dorsal root potential. It is evident from these 
results that both A and C fibres converge on many of the 
dorsal horn cutaneous cells. Furthermore, the C fibres 
produce a disproportionately large delayed discharge. 
There are prolonged inhibitory and excitatory effects 
after the arrival of mixed volleys. Therefore, the overall 
pattern will depend or the balance between the numbers 
of myelinated and unmyelinated fibres carrying the 
afferent volley. 

This work was supperted in part by the Joint Services 
Electronics Program ander contract DA36-039-AMC~ 
03200(2); and in part by the Bell Telephone Laboratories, 
Inc., the Teagle Foundation, Inc., the National Science 
Foundation (grant GP-2495), the National Institutes of 
Health (grants MH~04737-04 and NB-04897-~-02), the 
National Aeronautics and Space Administration (grant 
NsG--496), and U.S. Air Force (ASD contract A F33(615)- 
1747, OSR contract A F-A FOSR-591-64),. 
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Effect of Dietary Ethylene Dibromide on 
Bull Semen 


Tue detrimental effect of ethylene dibromide (EDB) 
on laying hens has been described previously’. An 
assumption was made that EDB affects the formation or 
release of the follicle stimulating hormone from the 
pituitary*, or the neure-humoral control of the growth 
and shedding of ova‘, 

In order to clarify the effect of EDB on sperm produc- 
tion of the bull, four bull calves. of Israel—Friesian breed 
were fed 2 mg of EDB per kg body-weight, from the age 
of 4 days. EDB, disso.ved in ethyl-alcohol, was added 
to the milk during the first three months of life, after 
which it was dissolved in soya bean oil and added to the 
concentrates fed. When the calves reached the age of 
about 12 months, oil containing EDB at the rate of 4 mg 
per kg body-weight was administered every other day in 
a gelatin capsule with the aid of a ball-gun. This amount 
of EDB was about twice to three times as great as that 
estimated to be fed in a mash containing insufficiently 
aired grains‘. The animals were weighed and the height 
at withers was measured once a week until the age of 
4 months; after that age, the animals were weighed 
onee a month. ae ee 

The first semen collection was made when the bull 
calves reached the age of 14-16 months; thereafter, 
collections were. made once a week with an artificial 
vagina. Semen from untreated animals of the same age 
was collected on the same days. 

The EDB did not seem to affect the growth or health 
of the treated bull calves as compared to the control 
animals. The libido of the bulls (measured as reaction 
time until the ejaculate) was similar to that of untreated 
animals. The sperm dersity of the semen collected from 
treated bulls, determined with a haemocytometer, was 
low, and its motility estimated microscopically was very 
poor throughout the period of semen. collections, which 
lasted 8-10 months (Table 1). The semen amears were 
treated with rose Bengel dye and photographed under 
phase contrast, at a magnification of approximately 1,000. 
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Table 1. SPERM DENSITY AND MOTILITY OF THE SEMEN SAMPLES COLLECTED 


FROM BULLS FED 2 mg/kg Bopy-wrient BDB DAILY 


Sperm density Numberof Semen motility Number of 
(cells per ml.) samples (% motile cells) samples 
Up to 50x 10° 47 0-few 67 
50-100 x 10* 18 5-10 ü 
100-300 x 10* is 10-20 2 
300-450 x 10° 5 20—40 5 
Above 450x 10* 3 


The form of the cells was abnormal (tailless or with 
coiled tails, pyriform heads in various degrees of degenera- 
tion, Fig. 1), 

In order to ascertain the reversibility of the treatment 
and the time needed for the EDB’s action to be effective, 
EDB administration was discontinued on two of the four 
experimental bulls, renewed later to one of them and 
initiated in a third 16-month-old untreated bull of the 
same breed; this last-mentioned treatment was later 
stopped. In the first animal, when EDB had been 
discontinued for one month, almost normal spermatozoa 
(the acrosomic system did not seem entirely restored) 
were obtained; semen with normal density, motility and 
cell forms was obtained 3} months after EDB was dis- 
continued. In the second bull, normal semen and sperma- 
tozoa were obtained 10 days after discontinuation of 
EDB. After two further weeks of administration, semen 
collected from this bull again began to exhibit the same 
abnormalities (Fig. 2). EDB was administered for 3 
weeks to the third, previously untreated bull. Two weeks 
after the start of the treatment the semen of this bull 
began to exhibit abnormalities, which persisted for a 
month following the discontinuation of the treatment 
(Fig. 3). After that, the semen began to recover, but 
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Fig. 4 


normal semen was obtained only after 2-3 months from 
the discontinuation date (Fig. 4). 

From these observations it seems that, in response 
to a daily EDB dose of 2 mg/kg body-weight, bull semen 
density and motility decrease sharply, and the spermatozoa 
are of abnormal shape after two weeks of treatment. 
Recovery after discontinuation of the treatment varies 
from 10 days to about 3 months in different animals. 
EDB seems to affect the outer membrane and the acroso- 
mic system of the spermatozoa. It is not clear whether 
the low sperm density is caused by complete degeneration 
of the spermatozoa or by the influence of EDB on the 
spermatogenic process. 

This work forms part of a project supported by research 
grant FG—Is-117 of the U.S. Department of Agriculture. 

D. AMIR 
R. VOLCANI 
Volcani Institute of Agricultural Research, 
Rehovoth, Israel. 
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Simplified Method for Radioassay of Blood 
Glucose 
Rapioactiviry in blood glucose following injection 
of “C-labelled precursor has been determined during 
numerous metabolic investigations. In most cases, either 
a comparatively large volume of sample! or a considerable 
amount of carrier glucose? has been used to prepare a 
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Fig. 1. Absorption spectrum of ghacosazone solution 


Fig. 2° Standard curve. Concentration of glacosazone versus optical 
density measured at 395 nye wave-length 


c Fig. 3, Relationship between the number of counts per min and the 
quantity of glucosazone per Planene 


‘sufficient quantity of ducau Both these methods 
have disadvantages. Obtaining a large blood sample is 
“nearly impossible in small animals and also has serious 
limitations on repeated sampling in large animals, while 
-the addition of carrier glucose is limited to blood glucose 
which has a relatively high specific activity. Some 
investigators have counted glucosazone for radioassay at 
infinite thickness* while others have converted it to CO, 
and counted it as BaCO, at infinite thickness? 
A simple method has been used in our laboratories 
which can easily be performed with as little as 1 c.c. of 
plasma, although a somewhat larger amount facilitates 
the preparation of glucosazone. ‘This method does not 
‘require either the addition of carrier glucose or the con- 
version of glucosazone to BaCO,- The overall method 
; involves the preparation of glucosazone from plasma 
p ucoso, its colorimetric E and — for 



















"BalOH), aa Das. pee mL — each Aa 
plasma). 20 mg of phenylhydrazine and 30 mg of 
; etate were added t to — Bitrate: The solution 





less than 2 fal; The osazone was s allowed to erystallize 
ernight at 4° C and filtered thr ‘ough either a Coors 
stick (F-3) fitted in plastic tubing or a planchet- 
er with No. 2 filter paper disk. Osazone crystals were 
rashed twice with 2-3 ml. of water and finally with 
her to remove excess phenylhydrazine and aniline. 
95 per cent ethanol were added to dissolve the 
ring osazone. Reerystallization, if desired, could 
one after reducing the volume to 2 ml. by evaporation. 
sazone was prepared from reagent grade D-glucose, 
eerystallized twice, and dried in vacuum to a constant 
ight. Standard solutions of various concentrations 
ging from 9-7 to 36 ug/ml. were made in 95 per cent 
nol. An absorption spectrum (Fig. 1) revealed a 
ie peak between a wave-length of 392-397 my. A 
d curve was made by plotting the optical densities 
dard solutions measured at 395. mp wave-length 
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against their concentrations, Optical densities followed 
Beer’s law up to the concentration of 9 ug/ml. (Fig. 2). 


The colour of the glucosazone solution deteriorated on | 


prolonged storage. Osazone concentrations of the test 


solutions were calculated from the standard curve after > 


determining their optical densities at a wave-length | 
of 395 mu using a 95 per cent ethanol blank. The gluco- — 
sazone prepared from plasma had essentially the same ` 
absorption spectrum with a single peak between 390 and _ 
395 my wave-length. — 
2 ml. of the test solution were applied to a stainless — 
steel planchet, 3 cm wide, with four concentric rings, 
dried under a heat lamp and counted at infinite thinness 
in a gas-flow Geiger tube with an ultra-thin end window. 


No self-absorption was evident up to a quantity of 45 pg a 


of osazone per planchet, as verified by eounting different 
quantities of osazone made from radioactive glucose 
(Fig. 3). 

The samples of radioactive gltiedeazone in 95 per cent 


ethanol were also counted with a liquid scintillation counter _ i 


(‘Tri-Carb model 314 EX) using 15 ml. of a dioxane solution 
per 2 ml. sample. The results were essentially the same 
as those observed with the infinite thinness planchets 
although a higher counting efficiency was obtained. 
Because of severe quenching caused by the osazone, 
counting at infinite thinness was preferred. 

This work was supported by U.S. Public Health Service 
grants AM~-2396 and 24-633. 
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PHARMACOLOGY 


Degraded Carrageenan and Duodenal 
Ulceration in the Guinea-pig 


DEGRADED carrageenan, given. orally, will protect 
guinea-pigs from the peptic ulceration which can be 
caused by the injection of a suspension of histamine in a 
wax~oil base. The protection is seen principally in the 
duodenum where the ulceration is more severe in this 
type of experiment although some diminution of the gastric 
ulceration is also seen!. Duodenal ulceration is believed 
to be caused by excessive contact with abnormal quanti- 
ties of highly acid gastric juice? and this has been accepted 
as true also of the experimental | duodenal ulcer which. 
follows histamine injection in the guinea-pig. Also, it 
has been shown recently* that histamine seriously disturbs 
the sulphate content of the mucosa and mesenchymal 
tissue of the duodenum and stomach of guinea-pigs, and 
eventually leads to a fall in sulphate content in the 
duodenum at the time and sites of formation of duodenal 
ulcer. Degraded carrageenan, a. low-molecular-weight 
sulphated polysaccharide, has been shown to diminish the 
volume and acidity of histamine seeretion*, to interfere 
with peptic activity® and is believed to protect the mucosa! _ 





by complexing with mucoproteins so providing a protective — 


coating more robust than mucin!:*, These facts con 
our knowledge of the mode of action of sulphated 
saccharides in experimental ulceration. a 
This communication extends this knowletige bř sh 
ing that the anti-duodenal ulcer effect can be accon 

















plished by the degraded carrageenan prior to administra- 
tion of the histamine stimulus, 

Three groups of male albino guinea-pigs of 300-450 g 
body-weight received an intramuscular injection of hista- 
mine acid phosphate (10 mg/kg) suspended in a beeswax 
(10)-arachis oil (90) base which, while causing in some of 
the animals some mild gastric ulceration, will produce a 
consistently severe duodenal ulceration which is assessed, 
24 h after the histamine injection, by killing, removing the 
duodenum, opening it lengthwise and assessing the ulcera- 
tion according to the number of ulcers and their severity 
by means of a 4+ scale, where + indieates a few (up to 4) 
small ulcers; 2+, several (5-8) small ulcers; 3+, many 
(more than 8) small ulcers or several large ulcers; 4+, 
severe ulceration throughout the duodenum and/or 
perforation. Ulceration was averaged for each group. 

The control group received only drinking water during 
the 48 h of the experiment; one test group received a 
o per cent solution of degraded carrageenan instead of 
water for the 24 h preceding the histamine, followed by 
24 h of drinking water; the other test group received 
drinking water for the 24 h preceding the histamine 
followed by 24 h of 5 per cent carrageenan instead of 
drinking water. All animals were then killed. 

in preliminary experiments the carrageenan was given 
to test animals both before and after the histamine 
injection and this markedly reduced the duodenal ulcera- 
tion. In the final experiments here.reported the sulphated 
polysaccharide was given either before or after the hista- 
mine in order to define the time of action more closely. 
The results are shown in Table 1. 


DUODENAL ULCERATION FOLLOWING DEGRADED CARRAGEENAN 
GIVEN PRIOR TO, OR AFTER, HISTAMINE 


Fable 1, 


Consumption Consumption 
No. of Average of 5% degraded of 
Group animals duodenal carrageenan drinking 
uleeration solution (mi.) water 
Pro-histamine 21 1+ 475 — 
Post-histamine 21 2+ 425 — 
Control 15 4 — <10 mi. 


Significance of difference between the pre- and post-histamine groups: 
Pot Oe, 


Gastric ulceration was slight and inconsistent, and the 
principal ulceration appeared in the duodenum. The 
degraded carageenan can be demonstrated by its meta- 
chromatic reaction with toluidine blue, adhering to the 
mucin of the stomach and of the duodenum at the end of 
the experiment. 

Significantly better protection is afforded when the 
degraded carrageenan is given prior to histamine, and this 
would indicate that the protective mechanism requires 
up to 24 h to become optimally effective. So far, the anti- 
ulcer protective mechanism of carrageenan has been 
believed to be due to a combination of its mucosal protec- 
tion by complexation with mucoprotein of mucin, anti- 
secretory and antipeptic properties, and possibly a humoral 
mechanism probably initiated in the duodenum in the 
case of gastric ulceration produced in the pvlorus-ligated 
guinea-pig’. 

In the experiments described here the enhanced pre- 
histamine protection would tend to give weight to the 
antisecretory action of carrageenan since the other actions, 
namely, antipeptic and mucosal protecting, would be 
expected to be as effective when the carrageenan admini- 
atration was commenced at the time the histamine was 
injected, since they depend on reactions between the 
sulphated polysaccharide and protein or mueoprotein 
which are instantaneous in an acid environment. It 
would also suggest that the antisecretory action is not 
merely an occlusive covering of the secretory area of the 
stomach which would occur rapidly and would not account 
for the decreased protection seen when the administration 
of the sulphated polysaccharide is delayed until the 
histamine is given. Rather does it suggest that the 
antisecretory function is effected after deep penetration 





of the glandular portion of the stomach or by a humoral. 


effect similar to that suggested to account for the diminu- 
tion of gastric ulceration seen when the substance is 


introduced into the duodenum in the pylorus-ligated _ 


guinea-pig. In both cases the question is raised as to 
whether absorption occurs to any extent. This is impor- 
tant in the case of sulphated polysaccharides which are 
generally believed, like heparin, to be incapable of any 
measurable absorption from the gastrointestinal tract 
and has special interest in view of the work of Hakkinen?. 

We thank Evans Medical, Ltd., for a gift of degraded 
carrageenan (“Ebimar’). 
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Compounds possessing Morphine-antagonizing 
or Powerful Analgesic Properties 


Bentley and Hardy! and Lister? have recently described 
derivatives of 6,14-endoethenotetrahydrothebaine and 
oripavine which are highly potent analgesics in laboratory 
animals. One of these compounds, 6,14-endoetheno-7- 
a(2-hydroxypent-2-yl)-tetrahydro-oripavine (47.183), is a 
potent analgesic in man’. The investigation has been 
extended to the examination of bases with the general 
structure I, They were prepared by N-demethylation 
with cyanogen bromide and hydrolytic removal of the 
cyano-group, followed by N-alkylation or acylation and 
reduction with lithium aluminium hydride. 


N-R' 


A most interesting series of derivatives arises when 
R! is cyclopropylmethyl and forms the subject of this 
communication, 

When R? is a methyl group a compound is obtained 
which markedly antagonizes the depressant actions of 
morphine in the mouse, rat and dog. Increasing the size 
of #, for example, when R? is phenethyl, cyclohexyl, 
n-butyl or isoamyl, results in the production of bases 
which, as analgesic agents in laboratory animals, are 
50--1,000 times as potent as morphine. 

O-methylation, to the corresponding thebaine derivative, 
markedly reduces efficacy, either as an antagonist of 
morphine or as an analgesic. Two compounds are being 
examined in detail, 47.285 (L; R? = methyl} and 4.320 
(I; R? = isoamyl), and their pharmacological properties 
will be published in detail elsewhere; but it is of immediate 
interest that properties have already been found markedly 
contrasting with those of known analgesics and analgesic 
antagonists. 

M.285 (E.D.50 = 13 ug/kg) was found to be a potent 
antagonist of the analgesic action of morphine in the rat, 
approximately 35 times as effective as nalorphine (#.D.50= 
480 ug/kg), using the method of Green, Ruffell and Walton}. 
A similar action was found in dogs but at less relative 
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antagonism of the analgesic aud respiratory 
ssive actions of morphine occurred in this species 
owing intravenous doses of M. 285 (0-4-0-8 mg/kg) 
-one-tenth te one-fifth those of nalorphine required to 
exert a similar effect. The duration of action of M. 285 
in the rat was 2-3 times as long as with nalorphine after 
doses causing eqaivalent antagonism of morphine. No 
analgesic properties were detected in rats or dogs but 
vity (#.D.50 = 28 ug/kg) greater than that of morphine 
(#.D.50 = 640 ng/kg) was found in mice using the relatively 
‘non-specific stretch test of Hendershot and Forsaith®. 
Doses of M.285 antagonizing morphine reduced gastro- 
intestinal propulsion, exerted an anti-tussive action and 
caused hypokinesis in guinea-pigs. The drug (0-1 mg/kg, 
subcutaneously} caused marked initial diuresis in rats 
without affecting total excretion of sodium and potassium. 
Using randomly tritiated drug, up to one-third of a 
subcutaneous dose of 1 mg/kg in rats wss found to be 
exereted in the arine during the following 24 h mainly 
as unknown metabolites, the remainder appearing in the 
faeces. No urinary excretion of the drug or its metabolites 
oceurred until 3 h after the dose, at which time there 
was also a degres of urine retention. In anaesthetized 
eats and dogs 41.285 resembled morphine, low doses 
causing hypotension, bradycardia and exerting an anti- 
diuretic action. High doses caused respiratory depression, 
but the patterm of the drug’s effects on respiration 
resembled that ofnalorphine rather than that of morphine. 
The actions of .W7.320 differed markedly from those of 
M.285. When gwen parenterally it was 250-1,000 times 
as potent as morphine as an analgesic, in antinociceptive 
assays using mice, rats, guinea-pigs and dogs. The effects 
of 17.320, though resembling those of morphine in many 
ways, showed also interesting differences. Thus the drug 
resembled morphine by causing analgesia, constipation, 
hypothermia anc respiratory depression in guinea-pigs 
and rats, and analgesia together with emesis, hypotension, 
bradycardia and respiratory depression in dogs and 
monkeys. Tolerance to the analgesic action occurred 
during daily administration of M.320 to rats. Analgesia 
caused by 47.320 differed from that caused by morphine by 
being slower to develop and of much longer duration. 
The latter drug in rats, guinea-pigs, or dogs caused peak 
analgesia 30 min-l h following subcutaneous injection 
(2-10 mg/kg) whereas the peak effect of 47.320 (4-20 ug/kg, 
subeutaneously) did not occur until 3-4 h after injection 
and its duration of action was 10-20 times that of morphine. 
A further dissimilarity found in all species examined was 
that doses of 4.320 reducing responses to nociceptive 
stimuli were of the same order as those necessary to cause 
marked hypokinesis. Diuresis followed parenteral adminis- 
tration. of M. 320 to rats, contrasting with the well-known 
anti-diuretic aetion of morphine in this species. Intra- 
venously in the dog, 3-30 ug/kg of M.320 led to a 
slowly developing hypnosis, respiratory depression, brady- 
cardia, miosis anc relaxation of the nictitating membranes 
lasting for 24 h or more. These effects were only slightly 
antagonized by ualorphine or 3.285 while levallorphan 
either did not alter or increased them. However, brief 
t complete antagonism of the overt depressant effects 
lowed intravenous administration of amiphenazole 
10 mg/kg) and therefore in this respect 7.320 resembles 
rphine®, 
e effects of M.320 in the mouse and cat markedly 
red from those of morphine, excitatory actions follow- 
ing the former drug being much less prominent. Mice 
‘given 1-10 ng/kg 1.320 subcutaneously exhibited Straub 
tails but showed no detectable increase in co-ordinated 
locomotor activity, while higher doses (10 ug/kg—1 mg/kg) 
-caused sedation and decreased locomotion. Moreover, the 
k of morphire-like excitatory effects in this species 
8 emphasized by the finding that doses of 147.320 
ing sedation. inhibited increased locomotor activity 
ed by morphine. Similarly in cats, whereas 3-30 
1orphine <ubcutancously caused excitement accom- 
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panied by mydriasis, widening of the palpebral fissures 
and convulsions in a proportion of animals tested, by 


M.320 at high dose-levels (0:1-2:0 mg/kg) was overt 
excitement seen together with emesis and loss of placing 
reactions for 12-24 h; but this was followed by a phase 
of depression lasting for up to 4 days. The acute toxicity 
of 47.320 appeared relatively low and though 300 ug/kg—1 
mg/kg given parenterally to dogs, monkeys and rodents 
caused deep hypnosis for up to two days the animals 
eventually recovered. Haematuria, apparently due to 
inflammatory changes oceurring in the wall of the urinary 
bladder, followed 24 h after the administration of these 
very large doses. 

Following the demonstration that N-demethylation of 
morphine occurs to a small extent in vivo’, Beckett, 
Casy and Harper® suggested that N-dealkylation at the 
site of action in the central nervous system was an essential 
preliminary for the action of potent analgesics. Nalorphine, 
being dealkylated at a much slower rate, was considered 
to occupy the site of dealkylation, thus blocking access 
of analgesics to the receptors involved. Our finding that 
morphine-antagonizing or antinociceptive properties are 
present in a series of compounds having the same nitrogen 
substituent and which therefore probably are not dealkyl- 
ated at markedly differing rates would support the 
contention of Lister? and also Harris and Pierson’ that 
this hypothesis may have to be modified, providing it 
can be shown that the antinociception caused by the 
compounds represented by 47.320 is due to a similar 
mechanism to that of morphine. 
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HISTOCHEMISTRY 


Demonstration of the Sjostrand Membrane 
Particles by an Electron Cytochemical 
Method 


RECENTLY, several reports!" have appeared which 
convincingly demonstrate that certain membrane systems 
of the cell are composed of a sub-unit structure somewhat 
out of accord with the classical triple-layered unit mem- 
brane structure previously proposed by Robertsoni. 
These data, presented by Sjöstrand, have shown that. 
mitochondrial membranes are composed eof globular 
elements with a diameter of about 50 A between which 
are situated septa as thin as 10 A in thickness. From 
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these observations, which were gained from osmium-fixed, 
permanganate-fixed and also frozen-dried material, 
Sjöstrand put forward a theory for the molecular architec- 
ture of the mitochondrial membrane. Included in this 
scheme was the idea that lipid molecules comprise the 
globular micelles, and that the septa consist of protein 
molecules, which, specifically in mitochondria, would 
include enzymes of the electron transfer chain such as the 
succinic dehydrogenase system (SDH). 

Investigations in our laboratories have been concerned 
with the use of 2,2’,5,5’-tetra-p-nitropheny]-3,3’-dimeth- 
oxy-4,4’-biphenylene-ditetrazolium chloride (TNBT) in 
demonstrating SDH by means of light® and electron 
microscopes*:?. It occurred to us that some use might be 
made of our technique for testing the Sjéstrand hypothesis. 
This seemed to be a good idea because the method has 
resolved structures as low as 30-40 A in diameter and 
could be used without the application of any heavy metal. 

In our early experiments reduced TNBT or formazan 
staining had been observed after osmium fixation in mito- 
chondria of rat myocardium, and the nature of the staining 
pattern was seen to resemble closely the unit membrane 
structure of Robertson. Although this tentatively sug- 
gested that enzymes such as SDH were localized along 
the unit membrane, some reservations were held, since 
under the conditions of these experiments (in which post- 
fixation was used) it was not possible to differentiate 
between formazan staining and heavy metal particles, 
especially at the fine levels of resolution necessary for 
intramembranous localization of enzyme. Development 
of a modified fixation procedure in which no heavy metal 
component was present eliminated electron densities due 
to such fixatives, thus enabling an even greater degree of 
resolution with the formazan of TNBT, which has been 
shown to be amorphous when studied under the electron 
microscope*. 

When small blocks of fresh mouse liver or isolated rat 
liver mitochondria were incubated in the SDH reaction 
mixture for periods ranging from 10 min to 1 h and post- 





A complete profile of a mitochondrion is shown in which dense 
formazan dep®sits may be scen in the outer membranes (0) and cristae 


Fig. 1 


(C). 
point to tangential 
chondrial membranes, 


Note the heterogencous staining pattern in this organelle. Arrows 
(T) and cross CY) sectional planes through the mito- 
(x 80.000) 
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Fig. 2. Portion of a mitochondrion in which enzymatic staining reveals 

the presence of the outer (O) and inner (7) limiting membranes in a well- 

preserved cross-section of these membranes, A surface view of the well- 
stained membranes may be seen at T. (x 219,000) 


fixed in a combined 4 per cent glutaraldehyde and 4 per 
cent formaldehyde solution in 0-1 M phosphate buffer 
(pH 7-2) for several hours, there was virtually a complete 
absence of any electron densities in structures which did 
not show enzymatic staining. Under these conditions, 
therefore, we were able to confirm our earlier results in 
which a heterogeneous staining pattern (Fig. 1) was 
observed with formazan staining or SDH localization in 
mitochondria of the rat myocardium':’. This has also 
been confirmed recently by Ogawa and Barrnett’. 

In addition, by using the double aldehyde fixative, 
allowance was made for the retention of membranous 
structures in which the outlines of individual membranes 
could be seen opposing each other (Fig. 2). In no circum- 
stances did these methods demonstrate enzymatically 
stained structures resembling the unit membrane types 
seen after heavy-metal post-fixation. This was found to be 
true in both cristae and the limiting membranes of the 
mitochondria. 

Our micrographs of high-resolution studies of formazan- 
stained membranes show evidence of globular elements 
similar to those described by Sjéstrand. The position, size 
and shapes of these structures strongly suggest that they 
represent the membrane-bound septa which surround an 
unstained globular substructure (Fig. 3). The thickness of 
the septa when situated around the globular element 
ranges from 10 to 14 A, and hence shows striking agreement 
with Sjéstrand’s results. 

The use of these electron cytochemical procedures has 
demonstrated, however, one major dissimilarity in the 
appearance of the membrane septa: that is, the relative 
scarcity of these structures in complete circular form both 
in isolated mitochondrial preparations and organelles 
studied within cells. We assume that this disparity in the 
number of membrane units is related at least in part to 
the techniques used in our method. Immediate fixation 
was used by Sjöstrand, while in the cytochemical demon- 
stration of the labile enzyme system in our investigations 
fresh tissues or mitochondria were kept at 37°C for 
periods up to 1 h, after which fixation was carried out. It 
is during this period of elevated temperature that con- 
siderable damage to the globular elements might occur, 
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. 8. Part of a mitochondrion where circular profiles of the globular 
substructures (Me) are demonstrated. The dense line limiting the 


globular component in the upper portion of the photograph measures 
aperoninenely 13- Tk in thickness. (x 219,000% 


thereby reducing the number of completely intact struc- 
tures seen in any given mitochondrion. We have con- 
sistently observed great numbers of what appear to be 
fragmented septa in many regions of the heterogeneously 
stained mitochondria. The lability of the globular struc- 
ture has been noted”. 
Finally, these localizations of SDH would appear to 
indicate the presence of oxidative enzymes in electron 
transport mechanisms in the septa of mitochondrial 
membranes rather than in the globular structure, which 
was postulated by Sjéstrand to be composed of lipid. 
Globular structures have not as yet been shown to contain 
any formazan material. Thus, the chemical nature of the 
occasionally stained central region of the globular particle 
as demonstrated by Sjöstrand? still remains unknown. 
This work wasssupported in part by U.S. Public Health 
Service research grants GM—06008 and CA-—07339, from 
the National Institutes of Health. 
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Effect of Phenazine-methosulphate on the 
Histochemical Localization of Lactate 
Dehydrogenase 

Tue histochemical reaction for the localization of 
lactate dehydrogenase (LDH) is a multi-step reaction. 
The reduction of tetrazolium salts in tissue sections cannot 
be accomplished directly by LDH but only by means of 
the so-called tissue NADH-diaphorase'. Unfortunately, 
tissue diaphorases are not uniformly distributed in all 
tissues, cells or sub-cellular structures. The absence of 
these enzymes in certain places is therefore a limiting factor 
for the determination of LDH activity in tissue sections. 
Thus, in order to localize LDH at sites where no dia- 
phorases are present, the use of an electron carrier seemed 
necessary. 

The addition of phenazine-methosulphate (PMS) as 
electron carrier to the incubation medium permits the 
histochemical demonstration of LDH in white skeletal 
muscle fibres and its sarcoplasmic reticulum where few 
or no diaphorases are present**. There are, however, 
some contradictory facts: (a) The uniform staining 
obtained with PMS in muscle sections is not only due to 
an enhanced reaction in the white fibres but also to some 
inhibition of the red*. (b) The use of PMS does not favour 
the histochemical reaction for LDH in certain organs such 
as heart, kidney and liver’. (c) Our own observations 
show that the red muscle fibre activity can be inhibited 
when a critical concentration of PMS is used in the incuba- 
tion medium’. 

In view of these facts it appeared necessary to carry 
out a systematic study of various organs in order to 
characterize their LDH -reactivity in the presence of PMS 
and hence gain some insight into the mechanisms of this 
contradictory effect of PMS. 

Twenty-five albino mice and 12 albino rats were killed 
by decapitation or blow on the head. Pieces of kidney, 
liver, heart, muscle, skin, Harderian gland and tongue 
were frozen in isopentane cooled with a dry ice/acetone 
mixture. Sections 5 and 10y thick were obtained in a 
cryostat at —20° C. Incubation was performed by 10 
min contact with a modified gelatin substrate film’ * 
containing the following ingredients (per ml. gelatin 
substrate mixture): dl sodium lactate, 100 pmol; NAD, 
0-5 umol; nitro-B7’, 0-2 umol; PMS in concentrations 
ranging from 0:0125 to 0-5 umol. The final pH was 
adjusted at 7-4. Serial sections were incubated with the 
same mixture but omitting PMS or containing ‘Mena- 
dione’ (vitamin K,) in concentrations ranging from 0-0125 
to 0-5 umol per ml. Other serial sections were incu- 
bated for NADH-diaphorases with a film containing 
NADH, 0-5 pmol, and NBT, 02 umol per ml. at 
pH 7-4. 

The results are summarized in Table 1. It is evident 
that the addition of PMS caused a completely different 
precipitate of formazan in every organ studied. Most 
of the tissues and cells which showed a positive reaction 
without PMS were inhibited in its presence. As a rule 
this effect could be seen already with the smallest eon- 
centrations of PMS. The liver and Harderian gland showed 
only a slight progressive inhibition with increasing con- 
centrations of PMS. No qualitative difference was noted 
between equivalent organs of both species, the only 
difference being that the reaction was always stronger in 
the organs of the rat. 

The use of ‘Menadione’ as an electron carrier enhanced 
the histochemical reaction to some extent but did not 
produce any reversal of the sites of formazan precipitate 
or selective inhibition of the reaction as observed with 
PMS. 

While the stronger reaction obtained in some tissues, 
like white skeletal muscle, in the presence of PMS can be 
well explained from the biochemical point of view*-, its 
inhibitory effect in some other tissues, like the heart 
muscle, remains a difficult fact to explain. 
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It is evident from our results that most of the tissues 
in which the LDH reaction was inhibited in the presence 
of PMS showed a relatively strong activity of NADH- 
diaphorases. It could be suggested that PMS and NADH- 
diaphorases form an inactive complex with no redox 
capabilities, thus blocking the reduction of the tetra- 
zolium salt. This explanation seems, however, quite 
improbable, for PMS and NADH-diaphorases do not form 
an inactive compound in vitro’. 

Table 1. FORMAZAN PRECIPITATE IN TISSUE SECTIONS AFTER INCUBATION 
WITH NADH-DIAPHOEASE AND LACTATE DEHYDROGENASE SUBSTRATES 


WITHOUT, AND IN PRESENCE OF, VARIOUS CONCENTRATIONS OF PMS AND 
“MENADIONE’ (VITAMIN K,) 


NADE- LDH no LDH + PMS LDH + Vit. K, 
Tissue dia- electron (umol ml.) (#mol/ml.) 
phorase carrier C-0125 0-1 OS 00125 Os 

Striated muscle 

Heart ++ ++ - - ++ ++ 
Tongue ++ ++ + + + + + ++ 
Red fibres ++ ++ +++ t + ++ ++ 
White fibres + + +++ +++ ++ + + 
Kidney 

Outer cortex +++ +++ + + -= +++ +++ 
Inner cortex +++ +44 +4 + ż ttt +++ 
Medulla + + + + > + + 
Papilla + + ++ +++ ++ + $ 
Glomeruli + + ++ - + + 
Skin 

Basal layer of 

epidermis ++ ++ ++ - + + + ++ 
Prickle cells = + = + + - + 
Fibroblasts ++ ++ ++ — + + ++ + + 
Liver +++ +++ +++ ++ + +++ ++ 
Harderian gland +++ +++ +44 ++ + +++ ++ 


The amount of formazan has been arbitrarily graded from a negative (- 
weak or irregular (+ ) to an intense (+ + +) reaction. 


It is interesting to point out that most organs showing 
a strong inhibition of the histochemical reaction for LDH 
with PMS are those known to contain mainly the rapid 
migrating isoenzymes of LDH*. In contrast, most of the 
tissues characterized by a high content of the electro- 
phoretically slow-moving isoenzymes* show a strong 
reaction only in presence of PMS. It is well known that 
the various isoenzymes of LDH differ from each other in 
a number of chemical, physical and molecular properties’. 
It would be tempting to suggest that some molecular 
forms of LDH can be inactivated by PMS while others 
remain refractile. In histochemical preparations the 
sensible isoenzymes would be inhibited by PMS while 
the refractile forms would show a strong positive reaction 
due to the improved electron transport brought out by 
PMS. Our in vitro experiments show, however, that the 
reaction is enhanced by PMS both in presence of iso- 
enzyme l and of isoenzyme 5 (ref. 7). This paradoxical 
PMS effect could be explained on the basis of an allosteric 
transition”? taking place just in some molecular forms of 
LDH. Such allosteric properties could be lost in the puri- 
fied isoonzymes used in the in vitro experiments. Although 
the histochemical PMS effect is well characterized in 
view of the data presented herewith, further and more 
detailed studies are needed to prove its mode of action. 
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Electron Microscope Appearances of a Fibrin- 
staining Component in an Aschoff Nodule 
from Acute Rheumatic Fever 


ELECTRON microscope investigations of ‘fibrinoid’ in 
Aschoff nodules from biopsy specimens of the left atrial 
appendage in mitral stenosis have shown that collagen 
fibrils are intimately related to the abnormal material and 
appear to take part in its formation'. In these specimens 
the ‘fibrinoid’ did not stain positively for fibrin. The 
abnormal material was periodic acid—Schiff positive and 
usually stained with the collagen stains. In a few cases 
of acute rheumatic fever a fibrin-staining component is 
recognized, and this is found especially in early reticular 
Aschoff bodies, structures described by Klinge? as the 
early rheumatic ‘Fruhinfiltrat’. Death from acute rheum- 
atic fever is extremely rare and it is virtually impossible 
to obtain fresh specimens for electron microscope studies. 
The only source of material is paraffin embedded and an 
attempt has been made to see if useful information could 
be obtained by utilizing tissue already fixed and embedded. 

Post-mortem material from a case of acute rheumatic 
fever in a young pregnant woman was obtained from 
Prof. A. C. Lendrum. This material had been fixed in 
corrosive-formol and stored in wax for nearly 
30 years. Numerous reticular Aschoff bodies were present 
in the left ventricular myocardium and these showed a 
mesh-work of rigid, wax-like eosinophilic fibres which 
stained blue with Mallory’s phosphotungstic acid haema- 
toxylin, red with Lendrum’s acid picro-Mallory and eosin- 
phloxine tartrazine, yellow with Van Gieson’s stain and 
red with the periodic acid—Schiff reaction. 

The lesions were located in the block after examination 
of paraffin sections. A portion was removed from the 
paraffin block containing a lesion and 4-6 blocks 1 mm? 
were cut. Paraffin wax was removed by xylene and 
mercury deposit by iodine and hypo. The tissue was 
treated in 1 per cent buffered osmium tetroxide, stained 
with alcoholic phosphotungstic acid during dehydration 
and embedded in ‘Araldite’. Ultra-thin sections were cut 
on a Huxley ultra-microtome and examined in an A.E.I. 
E.M.6 electron microscope. Cutting proved to be 
difficult as impregnation with ‘Araldite’ was incomplete 
in some blocks and only one lesion has been successfully 
cut. The light microscopic appearances of this lesion 
are shown in Fig. 1. 

On the electron microscope the nuclei were recognizable 
and in adjacent myocardial fibres the contractile elements 
were preserved. The cytoplasm, however, was too 
autolysed for useful examination. Collagen fibrils, 
although granular in appearance, were readily recognized 
and had a periodicity of about 500 A. The collagen fibrils 
passed directly into abnormal material which was also 





Reticular Aschoff body with a fibrin-staining component. 
(Haematoxylin and eosin, x 330) 


Fig. 1. 
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fibrillar and was arranged in the direction of the entering 
collagen fibrils. The abnormal fibrillar material also had 
a granular appearance, and usually no periodicity could 
be recognized. In some areas, however, periodicity was 
noted which could be measured and this proved to be 
around 500 A. At the periphery of the abnormal material 
collagen fibrils seemed to fuse together, lose their period- 
icity and become continuous with it (Fig. 2). On cross- 
section, the fibres were clumped together to form irregular 
masses. The interstitial spaces between fibre bundles 
appeared to be empty apart from cells. No fibres with 
periodicity of fibrin were noted. 





Area of 


Fig. 2. ‘fibrinoid’ showing clumping of collagen fibrils, 


( x 45,000) 


This material is not by any means ideal for this type 
of investigation, but it is evident that even after the 
treatment received collagen fibrils can be readily identi- 
fied. 

The abnormal material is continuous with collagen 
fibres, and collagen fibrils appear to contribute to its forma- 
tion. It is not, however, possible to be sure whether the 
fibrils are degenerated or are simply coated with an 
amorphous deposit which is obscuring the periodicity. 
It is clear that the process is affecting individual fibrils 
and not merely a precipitate around the whole fibre 
bundle. Our impression is that degenerated collagen is a 
major constituent of the fibrinoid material. 

The three major theories of the nature of fibrinoid in 
rheumatic carditis are: (1) that the material is fibrin’; 
(2) that the ground substance is involved*:*; or (3) that 
collagen itself is involved'*-*. The material with an 
affinity for collagen stains is frequently regarded as old 
fibrin®*, but by means of immuno-histochemical investi- 
gations using fluorescein-linked antifibrin antisera we 
have failed to demonstrate fibrin in Aschoff bodies, 
confirming the findings of Vasquez and Dixon", Wagner" 
and Kaplan and Dallenbach". 

The evidence from this investigation on fibrin-staining 
‘fibrinoid’ and the previous study on non-fibrin-staining 
‘fibrinoid’ in rheumatic carditis is in favour of the view 
that collagen itself is involved in the process. 
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Epidermal Innervation in Methylcholanthrene- 
painted Mouse Skin 


In order to investigate the innervation of experiment al 
tumours, we painted the right ear and flank of BALB 
mice with a saturated solution of 20-methylcholanthrene 
(MCA) in benzene, and painted the left side with benzene 
alone. We have found that MCA evokes a prompt growth 
response by the regional cutaneous nerves. . 

The normal mouse epidermis is only 1-2 cells deep, with 
a thin horny covering (Fig. 1). It appears to be devoid 
of nerve fibres. Behind each monotrich follicle the 
sensory nerve endings take the form of disk-like expansions 
on the under surface of the basal cells, corresponding to 
the ‘touch corpuscles’ of cat! and rabbit*; elsewhere the 
nerve fibres end freely in a sub-epidermal network. 

Topical benzene was without significant effect on 
epidermal architecture or innervation. Twenty mice, 
examined 2-12 weeks after the commencement of bi- 
weekly paintings with MCA, showed the expected epider- 
mal hyperplasia and hyperkeratosis***. In each, the 
epidermis was infiltrated by nerve fibres. The calibre 
of the fibres varied from 0-4 to 2u, the largest being 





Fig. 1. Normal interfollicular mouse skin ( x 450). (Stained with double 
impregnation silver technique (ref. 6)) 





Fig. 2. Mouse skin, 5 weeks’ painting with MCA. Four nerve fibres cap 


be seen in the hyperplastic epidermis (x 600). (Stained with double 
impregnation silver technique (ref. 6)) 






3 , some 
orneum. Although some 
all were collaterals from 





Daily application of MCA to a series of 10 BALB mice, 
with daily killings, showed that epidermal invasion had 
_. commenced on the fourth day. It was more obvious 
coco behind the monotrichs, where the relatively large fibres 
~ Jost their terminal expansions as upward growth began. 
~The significance of this neural invasion cannot as yet 
be assessed. Weddell’ has described the irruption of 
>. nerve fibres into the hyperplastic epidermis of human 
psoriatic skin, but in this instance the axons were accom- 
panied by Schwann cells. Experiments are now being 
adertaken in order to determine, if possible, whether the 
neural response to MCA is secondary to the hyperplasia, 
or whether the axons exert some influence on the cells 
they supply. 
"This work is being assisted by grants from the Medical 
<o Research Council of Ireland and (to 8. M. L.) from the 
Jane Coffin Childs Memorial Fund for Medical Research. 
— M. J. T. FITZGERALD 
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Measurement of the Rate of Growth of 
‘Rodent -Hair using Cystine labelled with 
7 Sulphur-35 


Tus use of radioactive markers for the measurement of 
rates of wool growth has been described by Downes and 
Lyne'*. Cystine, labelled with sulphur-35, was injected at 

. intervals of not less than three days, and autoradiographs 
of the wool were prepared using a stripping film technique. 
Aistances between the regions of incorporation of amino- 
acid into the wool were measured in order to obtain 

< estimates of rates of wool growth. 

Wo have adapted this method for use with the mouse. 
Since in this animal the growth-cycle lasts approximately 
three weeks, variations in rate from day to day can be of 
significance, and in order to minimize experimental error 
It is important to locate the leading edge of the zone of 
... incorporation as aceurately as possible, Using stripping 
film or liquid emulsions, however, this is difficult, the 
“presence of hair obscuring the trace. Both techniques 
-have the added disadvantages of being laborious and 
technically difficult, while loss of register may occur 
during processing owing to swelling and shifting of the 
‘tripping emulsion. | 

For routine work involving a large number of hair 
_ Measurements we find that contact autoradiographs are 
quickly and readily prepared, the resulting autoradio- 
_ graph being uncomplicated by the presence of the hair. 

_. Mice are plucked to induce new hair growth, and intra- 
peritoneal injections of I uc. of cystine labelled with 
<o sulphur-35 are given at intervals of at least 24 h, com- 
memoing the tenth day after plucking. When growth is 
:= completo the hair is removed from the animal, washed 
successively in detergent, water, ethanol, acetone and 
= ether, and dried. The hairs are then mounted in 0-5 per 
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cent gelatine-0-05 per cent chrome alum on 4-in.? photo- 
graphic cover glasses. Under Ilford ‘904 F° brown safelights 
the hairs on the cover glass are placed in contact with 








Ilford ‘Contrasty? special lantern plates, and the two _ 


plates are held together with paper clips. They are 
placed in a light-proof box, exposed for 14 days in the 
refrigerator, separated, developed for 12 min in con- 
centrated Kodak ‘D19b’ developer, fixed, washed and 
dried. 

The plates can now be projected on a standard slide 
projector; & magnification of 20 times is convenient. 
Measurements are made from the leading edge of one 
injection site to the leading edge of the following site. 
A print from a type B hair (according to Dry’s classifica- 
tion?) is shown in Fig. 1. 





Fig. 1. Print of type B hair injected on days 10, 11, 12, 13, 14, 17, 18, 
19, 20 and 21 after plucking 


When distances between five daily injection traces were 
measured on four hairs by four observers, it was found 
that the observer mean square (0-0009) was insignificant 
compared with the variance between hairs (0-0201). 
In practice, one observer measures ten hairs from any one 
site on the animal, a site being defined as an area of not 
more than 64 mm’, 

Using this technique, growth curves of the various 
types of hair from different sites may be constructed 


between the eleventh and twenty-first days of the growth — 


cycle. ‘Traces from injections made after the twenty- 
first day are not always detected, growth appearing 
to diminish and stop rapidly at this point. Hairs from 
posterior regions tend to stop growing slightly later 
than those from anterior regions, and this accounts 
for their greater average length. The greater length 
of posterior hairs is not achieved by a higher rate 
of growth: in fact, their maximal growth rate is 
achieved slightly later than that of anterior hairs and 


is of a similar order as illustrated in Fig. 2. In contrast, 


the different types of hair, A, B, C and D, from any one 
site tend to achieve their different lengths by different 
rates of growth (Fig. 3). 


Total growth Gum) 





w0 R 14 18 18 20 
Days after plucking 
Fig.2. Growth of type B hairs from anterior (4) and posterior (B) sites: 


95 per cent confidence limits shown 
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Total growth (min) 





11 13 15 i7 


Days after plucking 


Fig. 3. Variation in growth rates of A, B, 0 and D type hairs from a 
single site 


When examining the effects of various treatments on 
hair growth, it is convenient to make use of the period of 
approximately linear growth from the fifteenth to the 
twentieth days. 

We thank Mr. J. K. Herd and Mr. B. G. Overell for their 
advice. 

H. ASHMORE 
M. UTTLEY 
Beecham Toiletry Division, 
Brentford, Middlesex. 
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Uptake of Nitrate in Winter by Two 
Ecotypes of Festuca arundinacea Schreb 


NORTH AFRICAN ecotypes of Festuca arundinacea 
Schreb (tall fescue) have been found capable of consider- 
able growth during winter in Britain’. In some circum- 
stances, during this period they have shown yellowing of 
foliage not seen in indigenous material. The yellowing 
was confined to regrowth when cold weather followed 
autumn or winter defoliation and was sometimes followed 
by death of tillers. Grobbelaar? reported a reduced uptake 
of nitrate and other nutrients by maize when the root 
temperature was 15° C or less; Ayres and Doi? considered 
that, below a soil temperature of 62°F, absorption of 
nutrients by sugar cane was depressed. 

The results presented here were obtained from an experi- 
ment (H305) in which swards of two varieties of tall 
fescue were compared, one derived from plants collected 
at an altitude of 5,000 ft. in Morocco, and the other 
S.170, a variety of British origin. Ammonium nitrate 
fertilizer was applied in August, October, November 
and January at the rate of 50 lb. nitrogen per acre at each 
date. The grass was cut and removed in September and 
again in late November. In February 1964, the foliage 
on the Moroccan ecotype was pale and yellowing, in 
contrast to the darker green of S.170. On March 6, the 
herbage was cut and the soil was sampled to 6 in. depth; 
soil was sampled again on March 12. The concentration 
of mineral nitrogen in the soul was determined (Table 1). 
There was about three times as much nitrate in the soil 
under the Moroccan ecotype as in that under 8.170. 
Ammonium-levels did not exceed 5 p.p.m. and were similar 
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under both ecoty\, 
2) showed a high hk, 
a slightly lower c 
A similar weight of di, 
ecotypes, but that on S 
Table 1. NITRATE NITROGEN an 


SWARDS OF Two Hooryp 


Ecotypes Sampling I 2 
date (1964) NO; D %,% 
Morocco March 6 11:5 
March FE 12 2 
5.170 March 6 55 
March 12 4-3 
Table 2. NITROGEN CONCENTRATION IN THE DRY ÉERBAGE 
CUT IN MARCH Fras Two ECOTYPES OF Fest nacea 
Replicate- 
Ecotypes Sampling I It I Mean 
date (1964) % Nitrogen 
Morocco March 6 4-9 47 4:7 4'8 
5.170 March 6 53 52 54 6-3 


These results suggest a reduced uptake of nitrogen by 
the Moroccan ecotype during late winter. The greater 
residue of nitrate under this ecotype could be due to an 
inherently lower capacity to absorb nitrate at low soil 
temperature. It could, however, be due to differences in 
winter damage to foliage and in seasonal pattern of root 
growth between the two ecotypes. Also, in view of the 
relatively high levels of nitrogen in the herbage, yellowing 
may be due to deficiencies ın uptake of nutrients other 
than mitrogen. 

It had been observed previously that, to obtain winter 
production from Narth African ecotypes, nitrogen had 
to be available from early autumn: there was httle re- 
sponse to fertilizer, when application was delayed until 
October or later. Difference among grasses in ther 
ability to take up mutrients at low temperatures requires 
further study an relation to growth in winter. 

A. J. CoRRALL 
C. R. CLEMENT 
Grassland Research Institute, 
Hurley, 
nr. Maidenhead, Berks. 
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2 Grobbelaar, W. P., Meded. Landbouwhogeschool, Wageningen., 63 (1963). 
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Measurement of Water Potential of Leaves 
by Methods involving Immersion in Sucrose 
Solutions 


PRESENT research on plant-water relationships empha- 
sizes the need to əva-uste the water balance in the plant. 

Various techniques have been developed to measure 
suction pressure (water potential) of plant tissue. One 
method already established involves the immersion of leaf 
tissue in sucrose solutions of various concentrations and the 
determination of the isotonic solution, hence the suction 
pressure of the leaf. 

Shardakov!, adapting the method for use in the field, 
used change in density to determine the isotonic solution 
and Maximov and Yetinov? used change in refractive 
index. 

The success of the method depends: (a) on having a 
range of concentrations which includes hypertonic and 
hypotonic solutions with respect to the suction pressure 
of the leaves; (b) on there being no active, or appreciably 
passive, uptake of sccrose by the leaf tissue. 

Slatyer® has referred to the ‘‘appreciable errors due to 
infiltration of the solution into the intercellular spaces, 
and in the case of plasmolysis, intracellular spaces of the 
tissues”. Weatherley* mentioned the anomalous behaviour 
of sucrose as a plesmolyticum and demonstrated that 
active uptake of sucrose by leaves might be appreciable 








the suitability of the method for determ- 
"water potential of mature apple leaves in the 
Attached leaves were rolled and immersed in 2-0 
mui. of sucrose solutions of 0-2, 0-4, 0-6 and 0-8 M concentra- 
tions in small test-tubes. Precautions were taken against 
evaporation and seepage losses. 

It was noted that the refractive index change (ARI) was 
less than expected for the appreciable change that occurred 
in volume of the solutions and that for all the solutions 
the ARI was approximately the same, that is, the sugar 
concentration had increased by a similar amount in all 
the solutions. This was found on each of five comparisons 
made with immersion times varying from 2 to 5h; the 
mean values of these five comparisons are given in Table 1. 
The possibility that sucrose inversion may have influenced 
the ARI was ruled out on the grounds that rate of inversion 
is very slow® and that even for the 5-h comparison any 
effect on the ARI would have been negligible. 

From the change in concentration of the solutions and 
the change in volume (after a suitable allowance for 
leaf-wetting had been made) both sucrose and water 
uptake by the leaf were calculated (Table 2). 


Table 1 THE Erreor oF APPLE LEAF IMMERSION ON THE ARI AND 
MOLARITY OF SUCROSE SOLUTIONS OF DIFFEEENT CONCENTRATIONS 


Molarity at start ARI x 104 Molarity at end 
02 +171 0 23 
04 +196 0 44 
0-6 +20-5 0 64 
08 +15-8 0 83 


Table 2. SUCROSE AND WATER UPTAKE BY APPLE LEAVES 


Sucrose (mg) Water (g) 
Solution IJn soln, In soln. In soln. In soln. 
(M) atstart atend Uptake at start at end Uptake 
02 137 104 88 1 93 1 27 0 66 
0'4 274 194 80 1-83 118 0°65 
06 410 276 134 1°75 1-09 0-66 
08 547 449 98 1 68 1-34 0 34 


Table 3. WATER UPTAKE BY APPLE LEAVES PARTITIONED BETWEEN UPTAKE 
AS Sucrose SOLUTION OF FINAL CONCENTRATION AND OSxOTIO UPTAKE 


Solution Water uptake (8) 
(M) As sucrose solution Residue (osmosis) 
02 0 40 0 28 
0 4 0 49 016 
06 0°53 013 
08 0-29 0 05 


On the assumption that water uptake was partly as 
sucrose solution passively entering the leaf and partly as 
water absorbed osmotically it was calculated how much 
of the water taken up would have been associated with 
the sucrose in the leaf at the concentration of the final 
solution and, by difference, how much water might be 
considered to have been absorbed osmotically (Table 3). 
Only the latter would have had an effect on the ARI or 
molarity of the original solution. 

On the assumption made, water uptake followed the 
expected pattern, and solutions of concentration greater 
than 0-8 M should have been included in the range used 
in order to determine the leaf—water potential. This implies 
a leaf-water potential of less than — 25 atm. (that is, a 
suction pressure > 25 atm.), which seams a severe enough 
stress for the leaves to have shown symptoms of wilting. 
This was not the case and even incipient wilting was not 
apparent. 

However, there is no a priori reason for believing that 
the sucrose solution was passively absorbed or, when 
absorbed, behaved passively. Most published reports on 
sucrose uptake by leaves indicate that sucrose may play 
an active part’ and, though Gaff and Carr! suggest the 
use of non-metabolizable solutes such as polyethylene 
glycol, it has recently been shown that mannitol, once 
thought to play no active part in carbohydrate metabolism, 
does, in fact, do so’. 

The method of measuring leaf—-water potential by 
immersion. of leaf tissue in solutions can only be used if 
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Jt has been established that the solute is not absorbed by 
the leaf. 

Perhaps a more reliable and convenient field method 
may be an adaptation of the B-ray gauging technique 
suggested by Mederski® and investigated more fully by 
Nakayama and Ehrier®. Preliminary experiments on 
apple leaves have shown encouraging results. 


J. E. GOODE 
T. W. HEGARTY * 
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Maidstone, Kent. 
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Cyanide Metabolism by Seedlings 


ABOUT two years ago “C-labelled hydrogen cyanide 
was supplied to seedlings in an attempt to determine 
whether free cyanide may be involved in the formation 
of the nitrile group of cyanogenetic glycosides'. Somewhat 


surprisingly, the carbon-14 atoms became incorporated ` 


nearly exclusively into the amide-C of asparagine in six 
species tested, including Sorghum which produces the 
cyanogenetic glycoside, dhurrin. Jn a seventh species, 
Vicia sativa (common vetch), nearly all the label entered 
an unidentified compound. V. satwa seed was the source 
from whith the neurotoxic agent, B-cyano-L-alanine, was 
first isolated by Ressler’, and afterwards the related 
peptide, y-1-glutamyl-8-cyano-L-alanine, was isolated also 
from this seed’, and shown to be identical with the 
‘unkown’ product of C-cyanide assimilation in the 
seedlings*. 

Species of the genus Vicia may be separated into several 
groups dependent on the presence of characteristic 
amino-acids in their seeds’. The seeds of one such group, 
comprising 16 known species, contain appreciable amounts 
of y-glutamyl-8-cyanoalanine together with smaller quan- 
tities of 8-cyanoalanine; these two substances could not 
be detected in members of the other groups by the 
chromatographic and electrophoretic mothods used. 
F. monantha and V. ferrugunia (regarded by some as a 
variety of V. sativa) form other members of the group 
containing V. sativa which accumulate the §-cyano 
compounds. When young seedlings of any of these species 
assimilate “C-cyanide for 24 h, y-glutamyl-8-cyano- 
alanine forms the major labelled constituent (Table 1). 
A much smaller proportion of the total activity incor- 
porated into 75 per cent (v/v) ethanol-soluble compounds 
usually was present in free 8-cyanoalanine, but very little 
carbon-l4 entered asparagine in these species. Table 1 
also illustrates the fate of }4C-cyanide supplied to seedlings 
of two other Vicia species (V. lutea and V. faba) in which 
neither 6-cyanoalanine nor its y-glutamyl peptide could 
be detected when chromatograms of extracts were 
developed with ninhydrin. Here, the principal labelled 
product was asparagine, although a few per cent of the 
total radioactivity was present in the peptide. Tentatively, 
it seems that the ability of certain Ficia species to produce 
and store large quantities of y-glutamyl-6-cyanoalanine 
in their seeds reflects the end result of the predominant 
pathway by which those species assimilate cyanide 
during growth. In other Vicia species the first product 
of 4C-cyanide assumulation presumably is converted into 
asparagine. The following scheme, in which 6-cyano- 


` 
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alanine represents the primary assimilation product, 
explains the different responses to cyanide of various 
Vieta species: 


V. faba 
asparagine V. lutea 
Ay 
i 
‘xX’ + HCN —-—>HO,C.CH(NH,).CH,.CN 
B-cyanoalanine 
N 
/BN | 
y-plutamyl `‘ V. sativa 
group y-glutamyl- V. monantha 


B-cyanoalenine V. ferruginia 
The in vivo operation of distinct enzymes catalysing 
reactions A and B could exert a control over the relative 
amounts of carban-14 entering asparagine and y-glutamyl- 
6-cyanoalanine. 


Table 1. -CYANIDE ASSIMILATION BY SEEDLINGS* 
y-Glutamyl- Other 
Aspara- f-cyano- f#-Cyano- Aspartic sub- 
gine alanine alanine acid stances 
Vicia sativa 100 0 0 0 
. MONG 0-8 92 6 45 0 23 
F. Jerrumniu 0-3 952 2-3 0 2-2 
V. lutea 80-4 16 0-5 51 34 
Y., faba 92 4 2-3 94 0:3 46 
Lathyrus odoratus 99°] 0 0-5 0) 0'4 
Ecballium elaterum 238 19°38 1°7 1:0 542 
Cucumis sativus Bb 14 4-4 2:7 28-0 


Distribution of radioactivity ın compounds is expressed as percentages of 
the oa MC incorporated into 75 per cent ethanol-soluble organic com- 
pounds. 


* Vicia and Lathyrus seedlings had plumules about 1 cm high; Heballium 
and Cucumis seedlings were used after opening of the cotyledons. 5 uc. 
H**CON(16-3 meo./mmole) were released into a closed vessel (500 ml. volume) 
containing 4—6 seedlings and assimilation occurred during 24 hin the light. 


We have obtained evidence of the primary nature of 
8-cyanoalanine by studying the sequence of labelled 
product formation following the supply of “C-cyanide 
to cultures of Chlorella pyrenoidosa. Undoubtedly, 
B-cyanoalanine appeared as the first organic 14C-labelled 
compound. Under the conditions used, the activity in 
this compound reached a maximum value after about 
30 min and progressively larger proportions of the total 
radioactivity appeared in y-glutamyl]-B-cyanoalanine after 
this time (Table 2). When 4C-cyanide was supplied to the 
cells under anaerobic conditions, negligible amounts were 
assimilated. The reaction producing §-cyanoalanine 
from cyanide therefore may be dependent on an energy 
source like adenosine triphosphate: if ‘X’ is serine as 
preliminary evidence suggests®, then serine-O-phosphate 
may be involved:as an activated intermediate. 


Table 2, “C-CYANIDE ASSIMILATION BY Chlorella pyrenoidosa* 


Time of Activity in Activity in y-glutamyl- 
assimilation (min) B-cyanoalanine &-oyanoalanine 
16 3,098 687 
30 6,345 3,780 
120 2,927 18,440 
800 257 17,290 


Distribution of radioactivity between f-cyanoalanine and its y-glutamyl 
derivative expressed as counts per 100 sec. 


* Sodium “C-cyanide (5 uc; 16:3 mc./mmole) was added to replicate 
— of Chlorella cells (300 mg. dry wt./50 ml.) in pH 67 phosphate 
buffer. The cell suspensions were shaken at 25° in the light during +C- 
— uptake. Radioactivity was measured by surface scanning of chroma- 

grams, 


Evidence for the existence in seedling extracts of 
enzymes catalysing reactions A and B has been obtained 
by utilizing “C-8-cyanoalanine as a substrate. The 
labelled amino-acid was obtained by isolation from cells of 
C. pyrenoidosa that had been allowed to assimilate 1C- 
cyanide for 30 min. Conversion into 4C-asparagine was 
used to determine the activity of the nitrilase responsible 
for the catalysis of reaction A, while the activity of a 
y-glutamyl transferase effecting reaction B was measured. 
by following the production of y-glutamyl 14C-8-cyano- 
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alanine in systems in which reduced glutathione acted as 
the y-glutamyl group donor. : 

Extracts of six-day-old seedlings of V. sativa, Lathyrus 
odoratus (sweet pea) and Ecballium elaterium (squirting 
cucumber), buffered in the pH range 6-10:5, were exam- 
ined for the presence of these enzymatic activities. 
Nitrilase activity was strongest in the Lathyrus extracts 
and very weak in those from Vicia. Asparagine forma- 
tion catalysed by the Lathyrus enzyme was optimum 
at about pH. 7-8-8-0 (see Fig. 1). In contrast, extracts 
of Lathyrus possessed little ability to synthesize the 
4C.labelled peptide from “C-B-cyanoalanine and gluta- 
thione (reaction B), but Vicia and—to a lesser extent— 
Ecballium extracts actively synthesized it. An optimum 
pH of 8-1~8-2 was determined for peptide synthesis 
catalysed by the y-glutamyl transferase of Vicia (see 
Fig. 1). This optimum is somewhat lower than that 
determined for a y-giutamyl transferase in kidney bean 
fruits using y-glutamylanilide as donor and S-methyl-t- 
cysteine as acceptor of the glutamyl group’. 


Counts/400 sec x 10-7 
** 


10 





6 7 8 9 10 11 
pH 


Fig. 1. pH-activity relationships for tbe nitrilase from L. odoratus 
hydrolysmg *O-f-cyanoalamine to asparagine (O ©) and the trans- 
ferase from F. sativa forming y-glutamyl-f-cyanoalanine from glutathione 
and “Q-8-cyanoalanine (@——-@). Seedlings (6-day-old) were macer- 
ated with half their weight of 0-1 M tres—O 1 M citrate buffer (pH 9-8). 
The ae obtained.after centrifuging were adjusted to the experi- 
mental pH values and used as enzyme sources. *4C-8-Cyanoalanine 
(obtained from Chlorella cetis), approximately 0-1 uo., was added to each 
enzyme preparation (80 zL} and glutathione (100 zg) was added when 
transferase activity was measured: all final volumes were 0'1 ml. Re- 
action products were separated by two-dimensional chromatography and 
radioactivity was determined by surface counting 





The distribution of label following “C-cyanide assimila- 
tion by each of these seedlings (see Table 1) therefore 
agrees roughly with that predictable after examination 
of the relative in vitro activities determined for these 
enzymes. 

None of the crude seedling extracts possessed appre- 
ciable asparaginase activity, although slight formation 
of 144C-aspartic acid was noticed when extracts of Ecballium 
were used. However, all three extracts catalysed hydro- 
lytic breakdown of the peptide into its component amino- 
acids. ‘This was shown conclusively using *4C-labelled 
peptide (also prepared biosynthetically by supplying 
4C-cyanide to C. prrencidosa cells) when, under con- 
ditions of pH, and of axtract and substrate concentrations 
similar to those used here for peptide biosynthesis (gluta- 
thione omitted), between 12 and 18 per cent of the peptide 
supplied was hydrolysed in 4 h. C-8-Cyanoalanine was 
the major labelled product, but a slight further con- 
version into “(C-asperagine was noticed with Lathyrus 
and Heballium extracts. 

Among the seedlings used in these investigations, those 
of L. odoratus are unique in containing another cyano 
compound, namely,  y-glutamyl-§-aminopropionitrile 
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(Lathyrus factor)’. Tschiersch® has shown that this sub- 
stance also becomes strongly labelled if Lathyrus seedlings 
are allowed to metabolize “C-cyanide for periods longer 
than those used in the experiments reported in Table 1. 
The substance may arise from y-glutamyl-§-cyanoalanine 
by a direct decarboxylation within the @-cyanoalanine 
residue, but the maximum conversion of “C-peptide into 
4C-y-glutamyl-B-aminopropionitrile observed with Lathy- 
rus extracts (buffered at a range of pH values between 
5 and 9) was only about 0-2 per cent. This result suggests 
that a more important route leading to the synthesis of 
Lathyrus factor may involve direct participation of 
6-aminopropionitrile in a y-glutamyl transferase reaction. 
_ Table 1 shows that about half the total radioactivity 
incorporated into 75 per cent ethanol-soluble com- 
pounds by Ecballium seedlings is present in the fraction 
designated ‘other substances’, Two substituted aspara- 
gines, N‘4-ethylasparagine and N*-(2-hydroxyethyl)aspara- 
gine’, account for nearly all the activity of this fraction, 
the former representing about 80 per cent and the latter 
20 per cent. Probably the compounds arise by reactions 
in which the amide-NH, group of asparagine is replaced 
by a residue of ethylamine or ethanolamine; mechanisms 
of this type are established for the biosynthesis of several 
substituted glutamines in fungi. Asparagine certainly 
appears to be a more direct precursor than aspartic acid 
for little label entered the substituted asparagines when 
4C-aspartate was supplied to Heballium seedlings. 
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London, W.C.1. 
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FORESTRY 


Seasonal Changes in Moisture Contents of 
Gymnosperm Cones 


MOISTURE contents of growing plant tissues, which are 
usually expressed as a percentage of the oven dry weight, 
are influenced by variations in rates of water uptake or 
loss, dry weight, or both!. The relative rates of change 
in actual water content and dry weight often vary in 
different kinds of tissues and at different stages of develop- 
ment of a given tissue. For example, seasonal increases in 
the percentage moisture of buds of several species of 
angiosperms and gymnosperms were traceable to the 
rapid translocation of moisture into the buds. During 
the same period the buds also increased in dry weight 
but at a lower rate than that at which water moved into 
them. In contrast to the pattern in buds, the percentage 
moisture of angiosperm leaves decreased rapidly in the 
early part of the growing season and slowly after mid- 
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summer. These decreases were traceable to the relatively 
greater increase in dry weight rather than to any decrease 
in actual water content. The seasonal trend in moisture 
content of gymmosperm foliage varied with age. The 
moisture content of needles which had grown in the 
current year declined seasonally, while ın one-year-old 
needles it increased first and then showed little change. 
These differences in patterns of different aged needles 
were largely caused by changes in dry weight resulting 
from rapid carbohydrate translocation into the new, 
rapidly growing needles as well as translocation out of 
the older needles?, 

Recent experiments by MclIlraith, Abrol and Heiliigman® 
showed that whereas the moisture of the placenta and 
pericarp of tomato fruits more than 15 days old never 
dropped below 94 per cent the seeds dehydrated to 
approximately 50 per cent as they developed and matured. 
Although there was an accumulation of dry matter during 
development, the main factor causing the decrease in the 
percentage moisture was actual loss of water from the 
seeds. Mechanisms within the seed as well as within the 
whole fruit participated in the dehydration system. These 
experiments have now been extended to follow changes in 
moisture contents of cones, cone scales, and seeds of four 
species of gymnosperms during the summer immediately 
following pollination. 

Samples of cones, cone scales and seeds (cones only 
from black spruce) were collected in north central Wis- 
consin (U.8.A.) at two-week intervals from white spruce 
(Picea glauca (Moench) Voss), black spruce (P. mariana 
(Mill.) BSP), tamarack (Larix laricina (DuRoi) K. Koch), 
and eastern hemlock (Tsuga canadensis (L.) Carr.) begin- 
ning May 24, 1964, shortly after pollination and con- 
tinuing to mid-September. Fresh weight, dry weight, 
actual moisture content, and moisture content as a 
percentage of dry weight were determined for all samples. 

Whole cones of black spruce and whole cones, scales 
and seeds of white spruce and tamarack achieved their 
highest percentage moisture content of the sampling 
season, approximately 400 per cent, in late May or early 
June. They showed an overall decrease from this time 
until reaching their lowest point, less than 40 per cent, mn 
September. In hemlock cones and scales the moisture 
content increased to nearly 350 per cent and in hemlock 
seeds to 600 per cent at the end of July, after which it 
decreased to approximately 170 per cent in cones and 
scales and 80 per cent in seeds at mid-September. Actual 
moisture content increased early in the season in all 
determinations and then remained rather constant until 
August. It decreased during August when cones of white 
spruce, black spruce, and tamarack had attained their 
greatest dry weights. Decrease in actual moisture content 
of hemlock at this time was less pronounced. 

An initial increase in the percentage moisture of white 
spruce and tamarack cones and scales and tamarack seeds 
between late May and early June was the result of an 
increase in actual moisture content which exceeded the 
dry weight increase. After the second sampling date, the 
percentage moisture in white spruce, black spruce and 
tamarack decreased markedly even though actual mois- 
ture content remained the same or even increased, as in 
black spruce cones and white spruce scales. Decrease in 
the percentage moisture while actual moisture content 
remained high was traceable to a greater proportional 
increase in dry weight. After the beginning of August, 
by which time the increase in dry weight was completed 
in these species, the decrease in the percentage moisture 
content was traceable primarily to a decrease in actual 
moisture content. Hemlock varied from the other species 
in that its cones continued to increase in percentage 
moisture until late July. The percentage moisture content 
remained high until mid-August when increase in dry 
weight plus decrease in actual moisture content combined 
to lower the percentage moisture of whole cones, scales 
and seeds. These experiments emphasized that the per- 
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centage moisture of different tissues fluctuates because of 
water translocation into or out of tissues, changes in dry 
weight, or both. Furthermore, one type of change may 
predominate in altering the percentage moisture early in 
the development of certain tissues while at a later stage 
the percentage moisture of the same tissue may change 
for different reasons. These experiments point to rather 
obvious limitations in the use of changes in percentage 
moisture as an indication of water stress in certain plant 
tissues. 

J. JOHANNA CLAUSEN 

T. T. KOZLOWSKI * 


Department of Forestry, 
University of Wisconsin, 
Madison, Wisconsin, 


* Fulbright Research Scholar at the Department of Forestry, Umversity 
of Oxford 
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MICROBIOLOGY 


‘Cure’ of Crithidia (Strigomonas) oncopelti 
of its Bacterial Endosymbiote 


EARLY work on the comparative biochemistry and 
nutrition of the lower Tirypanosomatidae revealed that 
one organism; Cvrithidia (Sirigomonas, Herpetomonas, 
Lepitomonas) oncopeltt differed from the other members 
of the group: C. oncopelts had strikingly simpler nutritional 
requirements than the other haemoflagellates!. Indeed, 
C. oncopelt, synthesized rather than required haemin? and 
appeared to require only four? rather than twelve or 
more amino-acids as did other members of the family‘. 
These nutritional anomalies have remained unexplained 
for about twenty-five years. 

Several years ago we grew mass cultures of C. oncopelti 
in an undefined, haemin-containing medium (Table 1) 
in preparation for an investigation of haem synthesis by 
the resultant cell crop. The organisms so obtained no 
longer synthesized haem. Since there was a possibility 
that the presence of haemin served to repress synthesis 
of the requisite enzymes, we sub-cultured some of these 
organisms ın. a haemin-free peptone broth identical with 
that used successfully for C. oncopelti growth by M. Lwoff}, 
but the organism failed to grow in the Lwoff medium. 


Table 1. UNDEFINED, HAEMIN-CONTAINING TRYPANOSOMATID MEDIUM 
Trypticase 0 5 per cent 
1:20 Liver (Nutrit. Biochem, Corp ) 0:01 per cent 
Yeast extract (ar autolysate) 0 5 per cent 
aemin 25 mg per cent 
Triethanolamine 0-25 per cent 
Sucrose 1-5 per cent 
Adjust to pH 7-9-8 0 with 
KOH or H,S0, 


Between, 1957 and 1962 results of experiments by others 
suggested reasons for our odd resulis. In 1957, phase- 
contrast microscopy revealed a ‘bi-polar body’ in the 
cytoplasm of C. oncopelti?. Solely on the basis of electron 
micrographs of C. oncopelts containing bi-polar bodies, 
Pyne® concluded that the bi-polar bodies were symbiotic 
bacteria. Proof of the bacterial nature of the symbiote 
came one year later when Gill and Vogel*-* showed that 
C. oncopelit synthesized lysine (one of the amino-acids not 
required from an external source) by the bacterial path- 
way which includes an a,e-diaminopimelic acid inter- 
mediate rather than the expected protozoan pathway, 
which has instead an «-amino-adipic acid intermediate. 
They further showed that lysine synthesis was localized 
in the endosymbiote: O. oncopeltt cytoplasm did not 
possess the enzymatic capability of synthesizing lysine 
by either pathway. Electron microscopy and nucleic 
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acid analyses further confirmed the bacterial nature of 
the endosymbiote’. 

Efforts to separate the endosymbiote and protozoan and 
then to examine the two organisms independently were 
only partly successful: Gill and Vogel® broke the protozoan 
cells and extracted from the brei viable bacteria which 
could be maintaimed serially in culture, but they could 
not produce endosymbiote-free (‘cured’), viable C. oncopelts 
which could be maintained serially in culture. We sug- 
gested‘ that, once produced, cured C. oncopelts would have 
to be supplied with all those nutrients hitherto supplied 
by the endosymbiote and that one might expect these 
requirements to be very similar to those of other Crathidia 
spp. now growing in defined media in our laboratory. 

For our experiments, which have now resulted in the 
production of cultures of cured C. oncopelit, we proceeded. 
on the assumption that a defined medium containing 
only those nutrients required for growth of infected 
C. oncopelti is sub-minimal for the cured organisms and 
that even the peptone broth of Lwoff! was sub-minimal 
because it lacked a source of haem. Sub-minimal media 
discriminate against cured C. oncopelti by simultaneously 
starving any spontaneously cured organisms while not 
affecting the symbiote-containing organisms. Our purpose, 
then, was to devise a method which would permit the 
enrichment of cured organisms in such a way that they 
could be separated from any infected organisms. 

Our earlier observations on haemun-free and haemin- 
containing media suggested the medium to use (Table 1). 
Observations that pellicular growth is characteristic of the 
highly aerobic, early logarithmic growth phase of all the 
several Crithidia spp. in our collection except infected 
C. oncopelti suggested that any pellicular growth in an 
infected culture would represent the site of growth of 
endosymbiote-free C. oncopelit. Thus serial transfers from 
the pellicular area would be tantamount to repeatedly 
selecting for ‘cured’ cells. We therefore made ten sub- 
cultures into a complete medium (Table 1) from a virtually 
100 per cent infected mass culture in minimal medium 
plus 1-0 per cent glucose (given by Nathan et al.’ in 
Table 2). Pellicular growth from the ten sub-cultures was 
transferred at 24~—48-h intervals until 15 sequential transfers 
were completed. 

The cultures in the last tubes in the series were tested 
for ‘eure’ by three incependent methods. (1) Cytological : 
The method of Gill and Vogel’, which clearly reveals the 
presence of the endosymbiote, was used. By this method, 
the last tube in the series was clearly shown to be com- 
pletely endosymbiote-free whereas the culture which 
served as source for the series of serial transfers (‘original 
culture’) was virtually 100 per cent infected. (2) Enzym- 
atic: Tests for diaminopimelie decarboxylase, the last 
enzyme in the bacterial pathway for lysine synthesis, 
showed (Table 2) that broken cells from the original culture 
contained enzyme activity while the presumptively cured 
cultures (from cytological determination) did not. The 
organisms lost ability to synthesize lysme concomitant 
with cure (since lysine synthesis resided in the endo- 
symbiote®-§). (3) Nedéritional: Samples from both the 
original culture and the last tubes in the transfer series 
were inoculated into: (a) minimal medium? plus 1-0 per 
cent glucose; (b) a defined medium! sufficient for growth 
of all Crithidia species maintained in our laboratory; 
(c) the defined medium with only t-lysine omitted. 
Growth. occurred only in (b), the complete defined medium. 

We consider that the nutritional proof is the most 
rigorous and that our culture of C. oncopelit can be 


AMOUNT OF LYSINE SYNTHESIZED BY CURED AND ENDOSYMBIOTE- 
INFECTED CELLS OF Crithidia oncopelle 


Broken cells tom umoles lysine * produced 


Cured C. oncopeltz None 
Endosymbiote-infected. O. oncopelti 52 


Table 2. 


+ 

* As determined by diaminopimelie decarboxylase reaction which measures 
the conversion of a,s-diamincpimshe acid to lysine and measured according 
to the method of Vogel and Shimura?’, 


114 


pronounced ‘cured’ of its endosymbiote. Our reasons for 
considering the nutritional proof most meaningful are 
that even a few organisms per thousand may have escaped 
cure and could concomitantly escape detection by methods 
l or 2; but these few organisms would multiply and 
establish & thriving culture in medium (a) or (e) and be 
easily detected by nutritional means—but no such thriving 
culture was in fact established in medium (a) or (e). 

Our present concerns are: (a) the kinetics of cure of 
endosymbiosis by selective nutritional methods and its 
possible application to cure of other infected cells; (b) the 
conditions ‘required for infection with an endosymbioto 
and subsequent synchronous division of the endosymbiote 
and host. : 

This work was supported by grant Af-1088 from the 
U.S. Public Health Service. 
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| Polygenic Balance 


A COMPUTER programme has been written by one of us 
(D. B.) to simulate the effects of selection on a six-locus 
genetic system. This programme, which is termed GS-D-1, 
has been written in Fortran IV. to allow its general use 
on any computer of 32 K capacity which can interpret 
this language, for example, IBM 7040, 709. Runs of this 
programme have been used to test Mather’s (1943) 
contention that stabilizing selection will lead to the evolu- 
tion of balanced polygenic combinations in which repulsion 
linkages are maximized. He stated that under such selec- 
tion “an equilibrium will exist between selective increase 
and recombinant decrease of favoured types, and selective 
decrease and recombinant increase of deleterious types”. 

A six-locus model was specified, with two alleles/locus, 
for a simple additive scheme. The phenotypic range was 


0-12, where the substitution of (1) for a (0) allele caused. 


an increment of one phenotypic unit. Selection was for 
a fixed norm and runs were made at four such norms: 
3—9, 4-8, 5--7 and 6. Runs were also made with no selection. 
Two sizes of populations were specified: 256 and 1,024 
selected parents. The six loci were arranged in one 
‘chromosome’ and recombination between adjacent loci 
was specified as equal. Runs were made at seven recom- 
bination values: 50-0, 25-0, 12-5, 6-25, 3-125, 1-56, 0-78 
per cent. All runs were set to continue to fixation or 100 
generations. Four replicate runs were made, totalling 224 
runs. The runs were started with all gene frequencies set 
at 0-5, in linkage equilibrium. 

Three measures of the effectiveness of selection have 
been used. These are: (a) the phenotypic variance; 
(b) the dispersion of gene frequencies—this is measured 
as the mean positive deviation of gene frequencies from 
the initial value of 0-5; (c) the recombination index— 
this measures the alternation of types of alleles along 
chromosomes, for example, a 111000 chromosome has a 
recombination index of 1, whereas a 101010 chromosome 
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Table 1. FREQUENCIES OF GENETIC AND PHENOTYPIO VARIANOR AT POPU- 
LATION SIZE OF 1,024, AT THE 100TH GENERATION 


Genetic dispersion 


o (%) 

Selection 50 25 12°5 6°3 3-1 1°56 078 
3-9 0-173 0148 0134 0120 O110 O101 0104 
4-8 0261 0220 9156 O116 O152 0-092 0-070 
5-7 0-467 0337 0299 0-122 0113 6119 0-098 

Phenotypic variation 
Linkage (%) 

Selection 50 25 12-5 63 3'1 1°56 0°78 
3-9 1-52 1-52 1-46 1-43 1-39 129 1:29 
4-8 1-28 1'28 1:30 121 1:12 1:09 1-00 
5-7 0-58 0°93 0 88 078 0-81 0-70 0-59 


Table 2. FREQUENCIES OF CHROMOSOMES CONTAINING EQUAL NUMBERS OF 
[1] and [0] ALLELES, AT THE 100TH ON OF SELECTION IN A POOPY- 
LATION oF 1, 


Re- Selection = 5~7 Selection = 4-8 Selection = 3-9 
comb. Recombination rate Recombination rate Recombination rate 
index 3°12 1°56 078 3°12 1°56 078 3°12 1°56 0-78 


0 020 
0-080 
0-180 
0-104 
0-088 9032 


has a, recombination index of §. The recombination index 
has been computed for chromosomes containing equal 
number of (1) and (0) alleles. 

Selection for an intermediate phenotype on a simple 
additive scheme can only lead to a reduction of the pheno- 
typic variance by either increased homozygosity or by a 
shift toward relationally balanced heterozygotes. Table 1 
shows the mean values over replicates at generation 100 
of the phenotypic variance, and the genetic dispersion. 
In the runs made at 50 per cent recombination there is a 
marked correlation between the reduction of the pheno- 
typic variance and the increase of the genetic dispersion. 
Selection has effected a reduction of the phenotypic vari- 
ability by increasing the homozygosity. This contrasts 
with the runs made at low recombination rates where an 
equivalent reduction of the phenotypic variance is not 
correlated with an analogous increase of the genetic 
dispersion. Selection has presumably effected a reduction 
of the phenotypic variability by increasing the frequency 
of relationally balanced heterozygotes. 

The degree to which selection has effected an increase 
of the relational balance in the runs made at low recombina- 
tion rates can be directly measured by determining whether 
there has been an increase of the recombination index. 
This has been done for chromosomes with equal numbers 
of (1) and (0) alleles. There are 20 types of such chromo- 
somes, which occurred with equal frequency in the initial 
populations. These can be grouped in terms of their 
recombination indices. The frequencies of chromosomes 
with different recombination indices are given in Table 2, 
averaged over replicates, for the 100th generation. There 
has been an increase in the frequency of chromosomes with 
greater recombination indices showing that stabilizing 
selection will favour the formation of relationally balanced 
polygenes, if the individual loci are fairly tightly linked. 
Our results indicate that there is an interaction between 
population size and rate of recombination in the evolution 
of polygenic balance, such that there is an optimum degree 
of linkage for each size of population. This will be exam- 
ined in a more extensive analysis of these data. 

A major feature slowing the use of genetic simulation 
has been the effort involved in writing programmes. 
The programme used to produce the foregoing results 
(GS—D-1) was written as part of a National Institutes of 
Health GM 11778-01 contract to produce and make 
available the facility of genetic stimulation to any geneti- 
cist who has access to a modern high-speed, large-capacity 
computer. 

ALEX FRASER 
D. MULER 
D. BURNELL 


University of California, 
Davis. 
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Association between a Blood Group and Butterfat 
Production in Dairy Cattle 


Many workers have examined the possibility that 
the polymorphism found in cattle blood groups may be 
due in part to their association with production charac- 
ters. Various associations have been found!-‘, but the 
most striking one is between fat percentage and the B 
allele BBOiYsD" (refs. 5-7). ` 

This study was carried out to see if such an associ- 
ation could also be found in our herds. Butterfat 
and milk yields were taken on a 305-day lactation and 
were recorded in. pounds from 290 first lactations in a 
Holstein—Friesian herd at the Emmons Blaine, jun., 
Experimental Farm, Lake Mills, Wisconsin, with the 
co-operation of Dr. W. J. Tyler. The total milk yield, 
and percentage and total butterfat, were compared with 
the following blood factors, A, B, Ya E, V, J, 8, Up L, Z 
and two phenograups at the B locus BO, Y,D’ and GY ,E’;. 
A. general least squares method was used to analyse the 
data on an IBM 650 electronic computer. The data 
were divided into seven groups representing seven sire 
lines, and a within-group analysis was carried out. 

In the regression analysis, all economic factors were 
treated as dependent variables; the blood types were 
treated as independent variables. A total regression 
equation was obtained for each of the dependent variables 
on all the blood types. The data were then divided 
into seven groups representing the seven sire-lines. Simple 
correlations were obtained within each line and a test of 
heterogeneity among lines was made. 


Table 1. PARTIAL REGRESSION COEFFICIENTS OF ECONOMIC FACTORS ON 


BLOOD GROUP GENES 


Blood group Total milk yield Ub.) Butterfat % Total butterfat (ib.) 
genes bt So b+ Sb b+ So 
BB FV — 967 T5 + 1,430 4 0:332 + 0-136 * ~~ 12°28 + 36°68 
BOY," 251 O3 + 1,01099 0°058 + 0-114 1°85 + 29°83 


* Siguificant at the § per cent level. 


As shown in Table I, a significant effect of the B 
phenogroup BO, Y.D’ on butterfat percentage was found. 
The percentage butterfat of cows with this allele (the 
great majority being heterozygous) was 0-33 higher than 
in those lacking it. This is the fourth population of cattle 
in which such a significant association was found. Hetero- 
geneity among lines was non-significant (P > 0:5). 
No other significant associations were found. 

With the amount of evidence accumulated at present, 
there is little doubt that the statistically significant 
associations found by various workers between blood 
groups and ecanamic characters in dairy cattle are real 
and have some biological meaning. The best authenti- 
cated relationship found so far is that between fat per- 
centage and the B phenogroup BO,Y,.D’. This association 
is most likely pleiotropic. We can rule out linkage, as 
one would not expect to find a specific relationship in 
both European and American herds of different breeds. 
Unless linkage was absolute, recombination would have 
randomized this association with respect to other pheno- 
groups; furthermore, Neimann-Sgrensen and Robertson’ 
were unable to find linkage in their studies. 

Differences in the effect of the B phenogroup, BO,Y.D’, 
on butterfat production found by Rendel! (0:16 per cent) 
and by Neimann-Sgrensen and Robertson’ (0-06 per cent) 
and that found in our study (0:33 per cent) might be 
expected since many factors are probably involved in 
butterfat production. Environmental and genetic varia- 
tion in these factors could well account for the differences. 

It seems likely that some balance mechanism must be 
operating to maintain the high degree of polymorphism 
in. cattle blood group genes. It is highly probable that 
the associations described, here are closely connected with 
this balance mechanism. 

From a practical point of view, the use of blood groups 
as an aid to artificial selection in dairy cattle is doubtful 
at present. The allele B20:¥:D’ seems to have a definite 
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beneficial effect on fat percentage and so far is the only 
one which could be oz much value for selection purposes. 
This work was supported in part by U.S. Public Health 
Service grant H-1643 from the Institute of Allergy and 
Infectious Diseases. 
P. M. ConnEALLy 
W. H. STONE 
Department of Genetics, 
University of Wisconsin, Madison. 
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VIROLOGY 


Freeze-drying of Certain Viruses 


It is important tkat a virus reference laboratory be 
able to hold viruses in the infectious state for long periods 
and to transmit them long distances. We have experienced 
difficulty with some newly isolated viruses of the respira- 
tory tract. Some preparations of para-influenza viruses 
and rhinoviruses have become non-infectious after being 
frozen at below -~60° C in the presence of 2 per cent 
bovine plasma albumen or 2 per cent calf serum respec- 
tively for a year or more; the former viruses rapidly 
become non-infectious at room temperature! and so have 
been transported in the frozen state or as infected tissue 
cultures. In earlier experiments virus was preserved by 
freeze-drying, but much infectivity was lost. In recent 
experiments viruses seem to have been better stabilized, 
and the results are reported here. 

Virus in the form of a tissue culture fluid was mixed 
with an equal volume of stabilizer and 0-l-ml. aliquots of 
the mixture were put ito ampoules. The ampoules were 
dried for a total of ebout a day on an Edwards model 
5PS centrifugal freeze-drier and were sealed at a final 
vacuum of less than 20 torr. The ampoules were usually 
stored in a domestic refrigerator and the presence of a 
vacuum was confirmed with a high-frequency tester 
before they were opened for use. The viruses were 
titrated by limit dilution endpoints in roller tube cultures 
using standard methods! *, Para-influenza viruses were 
titrated in rhesus monkey kidney cells and detected by 
haemadsorption. Enteroviruses and rhinoviruses were 
titrated in these cells or human diploid cell strains? as 
was possible or convenient. Respiratory syncytial virus 
was titrated in stationary cultures of HeLa cells. It 
appeared that para-influenza viruses suspended in tissue 
culture medium could be stabilized by the addition of an 
equal volume of skimmed milk. Table 1 shows that all 
4 prototype strains were successfully dried, and although 
there was a drop of 2 logy, units in the titre during freeze- 
drying the residual infectivity was unchanged after 
2 weeks of storage at room temperature or several months 
at 4° C. Several strains of respiratory syncytial virus 
have been successfully dried by this technique. The 
titre dropped by about 2 log,, units during freezing and 
drying and ampoules retained their infectivity for 16 
months at refrigerator temperature. Attempts to freeze- 
dry respiratory syncytial virus in other media have been 
unsuccessfulf. 

Rhinoviruses in tha form of tissue culture fluids con- 
taining about 2 per sent calf serum in Eagles medium 
were mixed with an equal volume of 10 per cent dextran 
(Benger’s ‘Dextraven’) and 10 per cent glucose in distilled 
water. There was little or no drop in the titre of most M 
rhinoviruses when they were dried from this solution, but 
the titre of H rhinoviruses dropped, often by as much as 
2 logi units. Although this difference between the two 


1 


116 .: 
Table 1, FREEZE-DRYING OF PARA-INFLUENZA VIRUSES IN TISSUE CULTURE 
i FLUIDS STABILIZED WITH SKIM MEK 
Titre of virus (logio) 
Immediately Dried and cerry heey 
7 an weeks a an 
Serotype , Not dried after stored at 4°C 2 weeks at room 
g for 4 weeks temperature 
1 | 6-5 52 49 4-4 
2 6-2 4:7 4-2 4-2 
8 7 55 6-2 6-2 
4 i 6°2 42 4°9 4-4 


Table 2, Loss or INFECTIVITY ON FREEZE-DRYING RHINOVIRUSES IN THE 
PRESENCE OF GLUCOSE AND DEXTRAN 


M rhinoviruses H rhinoviruses 
Strain Drop in titre (log,.) Strain Drop in titre (log,,) 
H.G.P, 0-5 NIH 353 1-8 
ARA (B632) 4 NIH 11757 1 
ECHO 28 0 cya 17 
CV 21 0°7 
CV 27 >15 


Table 8. FREEZE-DRYING OF SOME REPRESENTATIVE ENTEROVIRUSES IN A 
MIXTURE OF 5 PER OENT DEXTRAN AND 5 PER CENT GLUCOSE 
Titre of virus (log,,) 
Immediately Dried and stored at 4° for 


Virus type Not dried after drying 2 months 7 months 
Pohovirus, Type 1 35 1 0:8 8 
Coxsackie virus A7 3 1 0-8 23 
Coxsackie virus AZI 2-26 0-5 — — 
Echovirus 11 2 0-5 1-2 — 


an sy ee te enka laney aall grope for those 
groups is not completely clear-cut it is interesting because 
the only other known difference between the M and H 
rhinoviruses is their ability to grow in monkey kidney 
cells. Other tests for the stability of their infectivity, 
such as exposure to acid or to raised temperature, indi- 
cated that viruses of both groups behaved in the same 
way”*, Many other rhinoviruses have been dried by this 
method and retained their infectivity for several months. 

We wondered whether this stabilizing solution would 
preserve the closely related enteroviruses, most of which 
lose all or most of their infectivity on freeze-drying’. We 
found that if enteroviruses in various tissue culture media 
were dried without the stabilizer they were completely 
inactivated. Table 3 shows that low-titre preparations of 
poliovirus, echovirus and two strains of coxsackie virus, 
all of which were grown in tissue culture and diluted in 
2 per cent calf serum in Hanks’s saline, were preserved if 
dried with 5 per cent glucose and 5 per cent dextran, 
although there was a drop in titre similar to that suffered 
by H rhinoviruses. The infectivity had apparently not 
declined further when ampoules were tested up to 6 months 
after drying. Hchovirus type 4, and reoviruses, were also 
successfully dried using the mixture of glucose and dextran 
as a stabilizer. The preservation of enteroviruses may be 
less important from the practical point of view than the 
preservation of myxoviruses, since enteroviruses are 
relatively stable in liquid suspension and polioviruses 
can be stabilized by adding magnesium ions, but freeze- 
drying may be of value when unstable enteroviruses, 
such as echovirus Type 20, are under study, or when long 


periods of exposure to ambient temperatures are un- ` 


avoidable. 

We thank Dr. B. Record and Dr. F. Dekking for advice 
on stabilizmg media, Dr. R. M. Chanock, Dr. M. R. 
Hilleman and Dr. W. J. Mogabgab for supplying viruses, 
and Dr. R.A. Bucknall for help in some of the experiments. 

D. A. J. TYRRELL 
BEVERLEY RIDOGWELL 
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* Parsons, Ri, and Tyrrell, D. A. J., Nature, 189, 640 (1961). 
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Rapid Typing of Dengue Viruses by the 
Micro-precipitin Agar-gel Diffusion Technique 


THE agar-gel precipitin technique has been used to 
differentiate members of the tick-borne encephalitis virus 
complex of group B arboviruses'. This report describes 
the application of this technique in the rapid typing of 
dengue virus types 1, 2, 3 and 4. 

The following prototype dengue virus strains were used: 
(1) Type 1, Hawaiian strain, 12th and 14th mouse brain 
passages; (2) Type 2, New Guinea ‘C’ strain, 27th, 28th 
and 44th mouse brain passages; (3) Type 3, strain H-87, 
27th mouse brain passage; (4) Type 4, strain H-241, 
14th and 42nd mouse brain passages. The virus antigens 
were 20 per cent suckling mouse brain suspensions in 
borate buffer, pH 9, containing 0-75 per cent bovine 
albumin, and centrifuged at 2,500 r.p.m. for 20 min. 
Hyperimmune mouse sera were prepared by 4-5 intra- 
peritoneal inoculations of suckling mouse brain virus 
suspensions. Sera were heated at 56° C for 30 min before 
use. 

The agar gel consisted of a 1 per cent ‘Ionagar No. 2’ 
(Oxoid) in 0-05 M sodium chloride—0-05 M. sodium borate 
at pH. 9. 13-ml. molten agar was poured into a disposable 
plastic Petri dish (100x 15 mm) and a microscopic slide 
was immersed in it. An agar layer of about 1 mm thick 
was formed on the surface of the slide after the agar 
had solidified. ‘Perspex’ templates 25 mm square and 
3 mm thick, with a central hole and six peripheral holes 
of 2 mm diameter, spaced 3 mm apart, were used to contain 
the antigens and antisera. Two templates for testing two 
antigens were used on one slide. Once the wells had been 
filed, the Petri dishes were covered and incubated at room 
temperature. Results were usually recorded after 2 days. 
The templates were removed for inspection of precipitin 
reactions by dark-field Jlumination. To preserve the 
slide, it was washed in distilled water, dried at 37° C 
overnight and stained with 5 per cent Ponceau S in 3 per 
cent trichloroacetic acid for 10-30 min and differentiated 
with 3 per cent acetic acid. The slide was soaked in 2 
per cent glycerol before finally drying and storing. 

Each dengue virus type was tested against the four 
types of dengue antisera, Japanese encephalitis virus 
(JEV) antiserum and normal mouse serum in one tem- 
plate. The antigen was placed in the central well and the 
sera in the peripheral wells. Homotypic precipitin reaction 
was obtained with each of the four types of dengue 
viruses, and the results could be reproduced with different 
batches of antigens and antisera. No reaction was observed 
with JEV antiserum. When JEV antigen was used, a 
specific precipitin reaction was obtained with its anti- 
serum, with no cross-reactions with the dengue virus 
antisera. No non-specific reaction was obtained with 
normal mouse serum and normal mouse brain antigen did 
not react with virus-specific antisera. 

Forty-one strains of viruses isolated from human blood 
in the past five years were tested by the micro-precipitin 
technique. Viruses isolated during 1960-62 have been 
previously identified by complement-fixation (CF), neutral- 
ization (N) or sensitized erythrocyte agglutination tests?. 


- Twenty-nine strains (70 per cent) were successfully typed 


by the microprecipitin test (Table 1), but in the remaining 
12 strains no precipitin reaction was observed. The micro- 
precipitin typing was in complete agreement with the 
original identification. The identification of the other 
viruses was confirmed by subsequent CF or haemag- 
glutination-inhibition (HI) test. The identification of 
S-888/63 as a dengue type 3 virus could not be confirmed 
using elther the CF or HI test, as the cross-reactions to 
one or more of the other dengue virus types in these tests 
made identification uncertain. Table 1 also shows that 
viruses at various levels of mouse brain passagés were 
equally reactive in the micro-precipitin test. It- was 
possible to type a dengue virus as early as the 2nd 
passage, before it has become fully adapted in mice. 
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Table 1. DENGUE VIRUSES TYPED BY THE MIORO-PREOIPIVIN AGAR-GEL 
DIFFUSION TEST 


Mouse brain passage Virus strain* Dengue type 
2nd 5-721/64 1 
8rd §-631/64 2 
4th §-212/63 2 

§-684/64 1 

5th 18/64 1 
7th S-843/60 2 
§-280/64 1 

58-583 /64 2 

S-641/64 1 

8th §-107/684 2 
S$-186/64 1 

8-365/64 1 

S-490/64 1 

5-518/64 2 

9th S-539/64 1 
10th 5-1033/63 3 
llth S-389/64 1 
14th §-430/61 2 
§-452/62 2 

S-461/62 2 

16th §-212/61 4 
S$-588/63 2 

S-675/63 1 

S-902/68 2 

18th S-888/63 3 
22nd S-604/63 1 
26th S-601/60 1 
82nd S-509/62 2 
46th 8-132/61 4 


* Year of isolation ixindicated by last two digits. 


The micro-precipitin test has been found to be highly 
specific for the typing of dengue virus types 1, 2, 3 and 
4. It is also specific for the identification of JEV. The 
test enables rapid identification of dengue viruses since 
extracts of low mouse brain virus can be used and prepara- 
tion of antiserum to the virus isolate is not necessary. 
It requires small -volumes of reagents and simple equip- 
ment. Although, in the present investigation, only 70 
per cent of the dengue viruses were successfully typed, 
the test offers a useful screening procedure for dengue 
virus isolates, especially in countries where dengue viruses 
associated with hmemorrhagic fever are isolated in large 
numbers. The failure to obtain a precipitin reaction may 
be purely technical or it may be due to low antigen 
concentration in the brain suspensions. The possibility 
that the untyped viruses are new dengue types other 
than. the four types tested must also be considered. 

This work was assisted by a grant to the Department 
of Bacteriology of the University of Singapore by the 
Rockefeller Foundation, New York. 

Y. ©. CHAN 
Department of Bacteriology, 
University of Singapore, Singapore, Malaysia. 
1 Olarke, D. H., in Symposium on Biology of Virus of the Tick-borne Encephah- 


tis Complex, edit. by Libikova, H., 67 (Czechoslovak Academy of Science, 
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Org., 30, 227 (1984). 


AGRICULTURE 


Control of Hassock (Deschampsia caespitosa 
[L.] P.B.) 

ON many grasslands and pastures along the south coast 
of the Baltic Sea hassock has been playing an increasingly 
important part inrecent years. Areas with excess humidity 
of soil are sometimes heavily infested. Lack of man- 
power has led to a decreasing care of the drainage system. 
Moreover, the reduction in the number of horses, which 
formerly kept hassock short, has favoured the spread of 
this grassland wed., - 

The control of hassock is said to be difficult. Drainage 
and use of fertilizers can stop a further increase in the 
number of hassock plants, but are not effective in areas 
with an abundance of hassock. In these cases only 
ploughing of the grassland and re-seeding can be recom- 
mended, and the year’s harvest is thus lost, and consider- 
able expenditure is involved. 

A small percentage of hassock in grassland can be con- 
trolled by local application of herbicides. NaClO, TCA, 
‘Dalapon’ and ATA have been recommended!:*. Shortage 


NATURE 


117 
166 
80 
a 
8 60 
E 
e 40 
26 
13 24 7 20 13 26 16 28 16 3 15 30 
May June July Aug. Sept. Oct. 
Fig. 1 
100 
80 i 
2 . 
a 60 
Sa 
D 
Fi 40 
i | | 
18 24 7 26 13 26 168 #28 16 3 15 30 
May June July Aug. Sept. Oct. 
Fig. 2 


of man-power prevenis a local application when a good 
deal of hassock is present. 

Experiments ın 1963 and 1964 were designed to determ- 
ine whether certain herbicides could exert selective action 
against hassock. This would make for more effective 
control of hassock on heavily infested grasslands and 
pastures. In our experiments several concentrations of 
TCA, TCP, ‘Dalapon’, NaClO,, ‘Simazin’ and ‘Atrazin’ were 
used on a pasture wich prevailing Poa pratensis L., Poa 
trivialis L., Festuca pratensis Huds. and Agropyron repens 
[Juslen.] P.B. and with a small percentage of dicotyledons. 

Atrazin controlled hassock only in concentrations which 
destroyed all plants. 5 g/m? of Simazin harmed the 
fodder grasses more than the hassock; couch-grass 
(Agropyron repens [Juslen.] P.B.) being the only fodder- 
plant to withstand tnis treatment. Moreover, the long 
residual effect of thes triazine-derivates makes their use 
in high concentrations impossible. 5 g/m? of TCP failed 
to suppress the hassock completely, but damaged the 
fodder grasses extensively. Total hassock destructicn 
was possible with 20 g/m? of ‘Dalapon’; however, this 
caused considerable damage to the fodder grasses and 
resulted in a marked appearance of dicotyledons. In the 
second year, however, the fodder grasses had recovered 
and gave a good yield. Even more promising ıs the use of 
NaClO;. 10 or 20 gpm? suppressed the hassock rapidly, 
while the fodder grasses recovered quickly. Application 
of the herbicide in May appeared to be most successful, 
but sprayings in July were almost equally effective. The 
figures demonstrate the percentage of hassock (shaded 
column) and fodder grasses (unshaded column) in per- 
centage of untreated plots at intervals after spraying the 
plots with 20 g/m? “Dalapon’ (Fig. 1) or with 20 g/m? 
NaClO, (Fig. 2) on May 13, 1963. The dead thickets of 
hassock on the plots treated with NaClO, were overgrown. 
in August by Poa pratensis. Up to now (June 1964) no 
hassock has been seen again on these plots. The optimum 
conditions for the uss of “‘Dalapon’ and NaClO, remain 
to be clarified. 

GERHARD GRUMMER 
Kraus Kross 

Department of Plant Pathology, 

Ernst-Moritz-Arnds University, 

Griefswald, Germany. e 
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Analysis of Interconnected Decision Areas : 
an Algorithm for Project Development 


THERE are many situations where the complete defin- 
tion of a project depends on a choice from a variety 
of options. When these choices are technically inter- 
dependent, the task of exploration of the field of pos- 
sibilities is a complex one. Since problems of this kind 
are widespread, an understanding of their mathematical 
nature might well lead to considerable benefit. This 
communication concerns only the mathematical problem 
and does not discuss practical implementation. 

In the development of a project certain general con- 
siderations enter into the fulfilment of total requirements, 
but the choice is made by a stepwise procedure in which 
technical compatibilities are examined within small groups 
of possibilities. This ‘natural’ procedure may lead to 
considerable backtracking and waste of effort. Hence 
we wish to develop a more systematic approach. In what 
follows, the general considerations will be called ‘decision- 
areas’; within each of these decision-areas there are 
mutually exclusive ‘options’. Options with respect to 
different decision-areas may or may not be compatible. 
A feasible overall solution is one that chooses one option 
from each decision-area in such a way that overall com- 
patibility obtains. Some mathematical description of 
these basic concepts follows. 

We will introduce the idea of a ‘strategy graph’ con- 
sisting of N points, v; representing decision-areas, and 
line segments representing the technical interdependence 
of pairs of decision-areas. 


Yi 


% n 


Fig. 1. Example of a strategy graph with six points 


Each decision-area v; consists of a set of options ny. A 
binary matrix As; is introduced to delineate the com- 
patibility of each of the n; options in v; with each of 
the n; options in vz for all decision-areas v; and v; which 
are adjacent in the strategy graph. An entry of Aj; is 1 
if the two options are compatible, and 0 otherwise. 





— — 
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Fig 2 Two adjacent decision-areas and their compatibility matrix 


We will further define an ‘«-combination’ of options as 
a set of N options, one from each decision-area such that 
no two options are incompatible. The following problems 
can then be posed: 

(1) How many «-combinations exist for a given 
strategy -graph and given compatibility relationships ? 

(2) What are the «-combinations themselves ? 

(3) Given that there is a numerical ‘cost’ associated 
with each option, what is the total cost of each of the 
-combinations ? 

It can be shown that any strategy graph can be 
expressed in the form of a complete graph (in which every 
pair of points are adjacent) by the introduction of universal 
compatibility matrices between decision-areas not pre- 
viously adjacent, of the form Ui, with all entries having 
the value 1. This will leave every «-combination 
unchanged, and does not alter their number. 
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We will now develop an algorithm for finding the total 
number, v, of «-combinations. Considering one decision- 
area, say Vy. with options a,, b,,..., we write: 


y = vía) 4 v(64) ee (1) 


where v(a,) is the number of «-combinations containing 
the option a,, etc. 

We first describe a method for handling the complete 
graph K, with three points, as illustrated in Fig. 3, by 
developing an explicit formula for v(a,). 


Aryg= li | 
Án= Ki k al 
Ay= là f 9] 





Fig. 3. Three mutually adjacent decision-areas and their compatibility 
matrices 


For two matrices 4 and B of the same size m x n, 
the elementwise product 1s denoted A x B. Define 
Cas(&) as the matrix in which the rows are associated 
with the first row of Aa, the columns with the first row of 


. Á, and the entries are obtained by multiplying the 


associated row and column values. In the example: 


l 1 0 


1l 1 0 
Co3(@1) = l li 1 oO 


For a given matrix M, let SM be the sum of its entries. 
Then it is evident that: 


v(a) = B(A X Casla)) 
For Fig. 3, we find: 


— 9 a*d i oD 


Clearly the two «-combinations in Fig. 3 containing a, 
are a,b,a, and a,a,b,. Similarly, v(b,) = 0 in Fig. 3, and 
hence by equation (1), v = 2. 

By a straightforward generalization of this method, a 
given complete graph Ky can be reduced by one point at 
a time. Thus eventually K, is obtained. Hence the first 
of the three problems may be handled. 

To speak of the last two problems, a device originally 
due to Kirchhoff! may be invoked. This involves labelling 
the links which join each pair of adjacent options in a 
given strategy graph by assigning a variable to each lnk 
for purposes of identification. Then the method outlined 
here for the number of «-combinations will yield instead 
the a-combinations themselves. Knowing every «-com- 
bination, the cost of each is immediately determined by 
the costs of the options involved. 

This work has arisen out of a study of building design 
undertaken as part of research work for the Building 
Industry Communications Research Project. 

FRANK HARARY 
Research Center for Group Dynamics, 
University of Michigan, Ann Arbor. 
NEIL JESSOP 
JOHN LUCKMAN 
JOHN STRINGER 
Institute for Operational Research, 
3 Devonshire Street, London, W.1. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, April 5 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS Division (joint 
meeting with the I.E.R-8. Computer Group, at Savoy Place, London, W.C.2), 
at 2.80 p.m.—-Colloquium on “The Design of Real Computer Systems”. 


Society oF CHEMICAL INDUSTRY, LONDON SEOTION (at 14 „Belgrave 
Square, London, §.W.1), at 6.30 p.m.—Mr. Robert T, Clough: The Old 
Lead Smelting Mills of fhe Yorkshire Dales”. 


Monday, April 5—Wednesday, April 7 


BRITIGH NATIONAL SECTION OF THE INTERNATIONAL ASSOCIATION FOR 
EARTHQUAKE ENGINEERING (at Imperial College of Sclence and Technology, 
London, $.W.7)—Symposium on “Vibration in Civil Engineering”. 


Tuesday, April 6 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, Westminster, 
London, S,W.1), at 5.80 p.m.—Mr. M. F. Kaplan: “The Pattern of Building 
and Civil Engineering: Research im Britaln—Past, Present and Future” 
(Unwin Memorial Lecture). 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (joint 
meeting with the Science and General Division, at Savoy Place, Loadon 
W.C.2), at 5.30 p m.—Dr. J. T. Kendall: “The Future Impact of Integrated 
Circuitry on the Work af Professional Engineers”’, 


INSTITUTION OF MECHANIOAL ENGINEERS, APPLIED MEOHANIOS GROUP 
(at 1 Birdcage Walk, Westminster, London, 8.W.1), at 6 p.m.—Discussion on 
“Ig Soa ie Still a Problem in Assessing Fatigue Life in Engineering Com- 
ponents ?” 


PLASTICOS INSTITUTE, LONDON SEOTION (at the Wellcome Building, Euston 
Road, London, N.W.1),at 6.30 p.m.—Symposium on “Colour”. 


Tuesday, April 6—Wednesday, April 7 


ANIMAL TEOHNICIANS ASSOCIATION (at the Royal Veterinary College 
(University of London], Royal College Street, London, N.W.1), at 9.30 a.m. 
dajly——-Annual Congress. 


Wednesday, April 7 


GEOLOGICAL SOOIETY DF LONDON (at Burlington House, Piccadilly, London, 
W.1), at 6 p.m.—-Dr. K A. Jones and Dr. A. K. Galwey: “Size Distribution 
and Chemical Composition of Garnet Crystals from some Localities in the 
West of Ireland”, 


ROYAL STATISTICAL SOCIETY (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, W.0.1), at 5 p.m.—Prof. 
P. Whittle: “Some General Results in Sequential Design”. 


ROYAL SOOLRTY OF MEDICINE, History or MEDIOINE SECTION (at 1 
Wimpole Street, Londan, W.1), at 5.15 p.m.—Dr. John Cule: “The Court 
Mediciner and Medicine-in the Welsh Laws”. 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, W.0.2), at 5.30 p.m.—Mr. I. A. Harris. “The Mode of 
Use and the Assessment of Precision Coaxial Connectors”. 


ROYAL MIOROSCOPICAL Soorery {at the Royal Society, Burlington House, 
Pieeadilly, London, W.1), at 5.30 p.m.—Mr. H. J. Woods: “The Fine Struc- 
ture of Keratin”.* 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, RADAR GROUP (at 9 
Bedford Square, London, W.C.1), at 6 p.m.—~-Papera on "Inertial Naviga- 
tional Systems for Airbarne and Shipborne Uges”. 


INSTITUTION OF MECHANICAL ENGINEERS, EDUCATION AND TRAINING 
GROUP (at 1 Birdcage Walk, Westminster, London, 8.W.1), at 6 p.m.—Dis- 
cussion on “How Should Engineering Education:Take Account of Develop- 
ments in Newer Materials ? Item 3: Rubber”. 


ROYAL ABRONAUTIOAL SOCIETY (at 4 Hamilton Place, London, W.1), at 
6 p.m.—-Mr, G, L. Wilde and Mr, J. F. Coplin. “Lift Turbofans’’. 


Wednesday, April 7—Friday, April 9 


Soorety of CHEMICAL INDUSTRY (at the Institution of Electrical Engineers, 
Savoy Place, London, W.C.2)—Second Conference on ‘Industrial Carbon 


and Graphite”, 
Thursday, April 8 


ROYAL Socrery (at Burlington House, Piccadilly, London, W.1), at 4.80 
pD.m.—Meeting for the Election of Foreign Members, followed by Prof. J. H. 
Quastel, F.R.S.: “Molecular Transport at Cell Membranes” (Review Lesture). 


INSTITUTION OF MECHANICAL ENGINEERS, LUBRICATION AND WEAR 
GROUP (at 1 Birdeage Walk, Westminster, London, §8.W.1), at 6 p.m.—Dis- 
cussion on ‘Design of Hydrostatic Bearings”. 

TELEVISION SoctETy (m the I.T A. Conference Suite, 70 Brompton Road, 
London, 8.W.3), 7 p.me—Dr. K. Suzuki (Japan): “Advanced Television 
Technical Problems in Japan”. 


Thursday, April 8—Friday, April 9 


BRITISH INSITTOTE OF RADIOLOGY (at the School of Pharmacy, 29-39 
— Square, London, W.C.1)—Twenty-sixth Annual Congress and 
on. 


SOCIETY OF CHEMICAL-INDUSTRY, MICROBIOLOGY Group (at the School of 


Pharmacy, Brunswick Square, London, W.0.1)-—~S osium on ‘*Micro- 
plological Deterioration m the Tropics”. — 


Friday, April 9 


Bova Soormery OF MEDICINE (at 1 Wimpole Street, London, W.1), at 
ss a.m~All-day Symposium on “Clinical Effects of Interaction Between 
rugs”, 7 

INSTITUTION OF ELECTRIOAL ENGINEERS, ELECTRONICS DIVISION (joint 
meeting with the IL.E.R.E. Medical and Biological Group, at Savoy Place, 
London, W.C.2), at 2.30 p.m.—Discussion on “Electromyography”. 
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INSTITUTE OF NAVIGATION (at the Royal Institution of Naval Architects, 
10 Upper Belgrave Street, London, S.W.1), at 5.30 p.m —-Meeting on Heli- 
copter and Hovercraft Navigation”. 


Monday, April 12 


INSTITUTION OF ELECTRONIC AND RADIO ENGINERRS, JOINT 1.E.B— 
LE.R.E. Computer GROUPS (at the Institution of Hlectrical Engineers, 
Savoy Place, London, W.C.2), at 5.80 p.m.—Mr, N. Miller: “Solid Cireuits 
in Computers”. 


SOOIETY OF CHEMIOAL INDUSTRY, PESTIOIDES GROUP (at 14 Belgrave 
Square, London, 8.W.1), at 5.30 p.m.—Annual General Meeting, followed by 
Dr. O. G. Butler and Dr. R. K. Callow, F.R.S.: "Honeybee Pheromones”. 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, S.W.7), at 
6 p.m.—""The Cocaine Haters” (colour films with commentary by Mr. Brian J. 
Moser and Mr. Donald B. Taylor). 


INSTYYUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND STUDENT 
SECTION (at Savoy Place, Landon, W.C.2), at 6.30 p.m.—Mr. R. J. Weeks: 
vee ac of a Nuclear Power Station” (Silvanus P. Thompson 

ure -+ 


Monday, April 12—Tuesday, April 13 


SOCISTY OF OHEMICAL INDUSTRY, LONDON SECTION (at the School of 
Pharmacy, 29-89 Brunswick Square, London, W C,1), at 2.15 p.m. on Monday 
and 9.15 a m. on Tuesday—Symposium on “Inorganic Single Crystalis”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited -for the following appointments on or before 
the dates mentioned: 

ANALYST (biochemist) (Assistant Experimental Officer or Experimental 
Officer grade) to assist in reseerch on the nutrition and metabolism of sheep— 
The Secretary, Hill Farming Research Organization, 29 Lauder Road, 
Edinburgh, 9 (April 10). 

ASSISTANT LECTURER or LECTURER (graduate in veterinary or agricul- 
tural science) IN ANIMAL PH¥SIOLOG@Y—The Registrar, University of Wales, 
Aberystwyth oe 10). 

RESEARCH ASSISTANT IN THE DEPARTMENT OF CHEMISTRY, to work under 
the direction of Dr. R. Foster on studies of organic charge-transfer com- 
ee tae Secretary, University of St. Andrews, Queen’s College, Dundee 

pri 3 

ASSISTANT LECTURER (with qualifications either in the physiology of 
micro-organisms or in the gen2tics of micro-organisms, and research interests 
in one or other of these fields} IN THE DEPARTMENT OF BOTANY—The Regis- 
trar, The University, Nottingham (April 12). 

DEPARTMENTAL DEMONSTRATOR IN PHYSICAL OEMISTRY—Dr. Lee’s 
Professor of Chemistry, Physical Ohemistry Laboratory, The University, 
South Parks Road, Oxford (April 12). 

LEOTURER (Grade IT) (with a first degree in electrical engineering and a 
good knowledge of electrical engineering practice) IN APPLIED PHYSICAL 
SOLENCE to have special responsibility for teaching the principles of electrical 
machines and electromechanical devices—The Registrar (Room 22, O.R.B.), 
The University, Reading, quoting Ref. APS. 9 (April 12). 

LECTURER or ASSISTANT LECTURER (with a special Interest in plant 
virology} IN Borany——Ihe Fegistrar, Queen Mary College (University of 
London), Mile End Road, London, E.1 (April 12). 

LEoTURER (with a special interest in plant biochemistry) IN BOTANY— 
The Registrar, Queen Mary College (University of London), Mile End Road, 
London, %.1 (April 12). 

Post-DooroRaAL RESEARCH FELLOWS IN INORGANIC CHEMOSTRY for the 
study of magnetic properties and ultra-violet spectra of transition metal 
complexes or the infra-red spectra of inorganico molecules—The Registrar, 
The University, Manchester, 18, quoting Ref. 57/65 (April 14). 

DEMONSTRATORS (2) IN BIOCHEMISTRY—The Registrar, University College 
of Wales, Aberystwyth (April 15). 

DEMONSTRATORS (2) IN THE DEPARTMENT OF ZOOLOGY to help in the general 
teaching and examining of the Department-~The Registrar, University 
College of Wales, Aberystwyth (April 15). 
omit Cree OF MICROBIOLOGY—The Registrar, Univeralty Registry, 

or pr ; 

LECTURER or ASSISTANT LECTURER IN MIOROBIOLOQY——Ihe Registrar, 
The University, Sheffield (April 17). 

ASSISTANT LEOTURER (Probationary) (man or woman graduate) IN 
GEOLOGY with special reference to petrology--The Secretary, Bedford 
College (University of Londoni, Regent’s Park, London, N.W.1 (April 18). 

LEOTURER or ASSISTANT LECTURER IN GEOGRAPHY~—The Registrar, Queen 
Mary College (University of London), Mile End Road, London, E.L (April 20). 

ASSISTANT LECTURER IN FPurosopHy—tThe Registrar, The University, 
Sheffield (April 21). 

LECTURER and an ASSISTANT LECTURER (graduates in science, pharmacy 
or medicine) IN PHYSIOLOGY—The Registrar, University of Strathclyde, 
George Street, Glasgow, 0.1 (April 28). 

LECTURER (Grade TD){/ADMIIISTRATIVE OFFICER IN THE DEPARTMENT OF 
Maturmatios-—-The Registrar, University Senate House, Bristol 2 — 23). 

ASSISTANT LECTURER or LECTURER IN THE DEPARTMENT OF PLIED 
MATHEMATICS AND MATHEMTICAL PHysics-——The Registrar, University 
College of South Wales and Monmouthshire, Cardiff (April 24). 

PROFESSOR, ASSOCIATE or ASSISTANT PROFESSOR (graduate in pharmacy 
with teaching experience) to teach Pharmacognosy at Haile Selassie I 
University, Addis Ababa, Ethfopia—The —— Inter-University 
pene ae Higher Education Overseas, 33 Bedford Place, London, W.C.1 

Ir A x 

LECTURER or ASSISTANT LECTURER IN THE DEPARTMENT OF STATISTICS— 
The Secretary, University College, Gower Street, London, W.0.1 (April 26). 

LEGTURER (with the qualifications and experience to teach organic 
chemistry for honours degree courses} IN ORGANIC CHEMISTRY—The Regis- 
trar, Ref. 91¥/H, Bradford Insitute of Technology, Bradford, 7 (April 26). 

SENIOR LECTURERS IN THE DEPARTMENT OF BOTANY, University of Ibadan, 
Nigeria—-The Secretary, Intes-University Couneil for Higher Education 
Overseas, 38 Bedford Place, Landon, W.C.1 (April 28). 

ASSOCIATE PROFESSOR IN THE DEPARTMENT OF PHYSIOLOGY, University of 
Sydney, Australia—-The Association of Commonwealth Universities (Branch 
n ae —— House, Pal Mall, London, 8.W.1 (Australiagand London, 

P 


OHAIR OF BOTANY; a SENIOR LECTURER or LECTURER IN BIOCHEMISTRY; 
CHAIR IN PHYSIOLOGY; and a LECTURER or ASSISTANT LECTURER IN PHRYSI- 
OLOGY at the University of Stngapore-—-The Secretary, Inter-University 


120 ` 


Couns o Higher Edueation Overseas, 33 Bedford Place, London, W.C.1 
pr . 

RALSTON CHAIR OF ZOOLOGY at the University of Tasmama—The Associa- 
tion of Commonwealth Universities (Branch Office), Marlborough House, 
Pall Mall, London, S.W 1 (Australia and London, April 30). 

RESEARCH FELLOW (preferably with the degree of Doctor of Philosophy in 
physiology or zoology, with specialization In embryology) IN ANIMAL PHYSI- 
OLOGY IN THE DEPARTMENT OF AGRICULTURE-~The Registrar, The University, 
Nottingham (April 30). : 

SENIOR LECTURER/LECIURER IN PSYOHOLOGY at Rhodes University, 
Grahamstown, South Africa—The Association of Commonwealth Univer- 
sities (Branch Office), Marlborough House, Pall Mall, London, 8.W.1 (South 
Africa and London, April 30), $ 

LECTURER or ASSISTANT LECTURER IN PHYSICS at the University of Basuto- 
land, Bechuanaland Protectorate and Swaziland—The Secretary, Inter- 
University ‘Council for Higher Education Overseas, 33 Bedford Place, 
London, W.C.1 (May 1). 

LECTURERS IN EXPERIMENTAL AND THEORETICAL PHysios—The Sec- 
retary of the University Court, The University, Glasgow (May 1). 

LECTURER or ASSISTANT LECTURER (either medically qualified or non- 
medically qualified with a special interest in immunology) IN THE DEPART- 
MENT OF BAOTERIOLOGY—The Registrar, The University, Manchester, 18, 
quoting Ref. 83/65 (May 1). 

LECTURER/SENIOR LECTURER IN HISTORY AND PHILOSOPHY OF SCIENCE 
IN THE DEPARTMENT OF PHILOSOPHY, University of Sydney, Australla—The 
Association’ of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, S.W.1 (Australia and London, May 5} 

JUNIOR LECTURER IN MATHEMATICS (Pure or Applied}—The Secretary of 
Faculties, University Registry, Broad Street, Oxford (May 8). 

LEOTURER/SENIOR LECTURER and a LECTURER (with research experience 
in the fields of plasma physics or cosmic rays) IN PHysics at the University 
of Sydney, Australia—The Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, S.W.1 (Australia 
and London, May 8). 

LECTURER (preferably with special interests In analytical geochemistry) IN 
GEOLOGY at the University of Otago, Dunedin, New Zealand—The Assocla- 
tion of Commonwealth Universities (Branch Office), Marlborough House, 
Pall Mall, London, 8.W.1 (New Zealand and London, May 10). 

SENIOR LECTURERS, LECTURERS or ASSISTANT LECTURERS IN PHARMA- 
CEUTICS, PHARMACEUTICAL CHEMISTRY, PHARMACOGNOSY, AND PHARMA- 
COLOGY IN THE DEPARTMENT OF PHARMACY, University of Ife, Nigerla—The 
Secretary, Inter-University Council for Higher Education Overseas, 83 
Bedford Place, London, W.0.1 (May 15). 

TRACHING FELLOWS IN MATHEMATICS at Rhodes University, South 
Africa——The Association of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, 8.W.1; or The Registrar, Rhodes 
University, Grahamstown, South Africa (May 15). f 

UNIVERSITY LECTURER IN AGRICUITURE—The Secretary of Faculties, 
University Registry, Oxford (May 15). 

JUNIOR LECTURER/LECTURER IN PHYSICS at Rhodes University, Grahams- 
town, South Africa— The Association of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, 8.W.1 (South ca and 
London, May 24). 

LEOTURER (Grade II) IN ENTOMOLOGY WITHIN THE DEPARTMENT OF 
Z00Loay—The Registrar, University Senate House, Tyndall Avenue, 
Bristol, 2 (May 31). z 

READER IN MINERAL INDUSTRY at Imperial College—The Academic 
Registrar, University of London, Senate House, London, W.C.i (May 31). 

CHIEF OF THE DIVISION OF FOREST PRopvCcTs, Commonwealth Scientific 
and Industrial Research Organization, Melbourne—-Chief Scientific Liaison 
Officer, Australian Scientific Liaison Office, Africa House, Kingsway, London, 
W.0.2, quoting Appomtment No. 290/735. 

D. S. LR. RESEARCH STUDENTS IN THE DEPARTMENT OF CHEMISTRY—The 
Secretary, Department of Chemistry, University of Reading, Whiteknights 
Park, Reading. 

PLEOGTRIOAL ENGINEER or PHYSIOst (preferably with some experience of 
R.F. or microwave — for development work on the Heavy Ion 
Linear Accelerator—The Assistant Director, Linear Accelerator Labora- 
tories, Physics Department, The University, Manchester, 13. 

HEAD OF THE MATHEMATICS DEPARTHMENT-~The Warden, The College, 
Llandovery, Carms. 

LEOTURERS or ASSISTANT LECTURERS (2) (preferably with interests in (a) 
numerical aralysis or computer science, or (b) fluid dynamics or any other 
branch of continuum mechanics) IN MATHEMATICS~-The Registrar (Room 22, 
O.R.B.), The University, Reading. 

LEOTURER or SENIOR LECTURER (with research Interests in any branch of 
pure mathématics or In the educational — of mathematics) IN MATHE- 
MATIOS IN THE TRAINING DEPARTMENT——The Registrar, Goldsmiths’ College 
(University of London), London, S. B. 14. 
= TAE to teach chemistry—Ihe Master, Wellington College, Crowthorne, 

erkshire. 

Master: to teach Chemistry to Scholarship level—The Headmaster, 
Blundell’s School, Tiverton, Devon. 

Puysicist, SENIOR or BASIO GRADE (with a good honours degree and 
referably ‘experience in electronics or isotope techniques}—The Adminis- 
rator, Royal Free Hospital, Gray's Inn Road, London, W.C.1. 

Posr-DocroRAL FELLOW for kinetic and other physical studies on organo- 
boron compounds—Dr. J. C. Lockhart, Inorganic Chemistry Department, 
The University, Newcastle upon Tyne, 1. 

RESEARCH CHEMIST for work on certain biophysical aspects of flour milling 
including particle size reduction—The Director, Research Association of 
British Flour-Millers, Cereals Research Station, Old London Road, St. Albans, 
Hertfordshire. 

SENIOR LECTURER (with a higher degree in mathematics and prepared to 
supervise research in some branch of applied mathematics) IN THE DEPART- 
MENT OF MATHEMATICS—The Secretary, Department of Mathematics, Sir 
John Cass 'College, Jewry Street, London, W.C.3. 


REPORTS and other PUBLICATIONS 


i (not included in the monthly Books Supplement) 


Great Britain and Ireland 


Imperial College of Science and Technology (University of London). 
Shorter Postgraduate Courses, Spring Term, Session 1964-65. Pp. 16. 
(London: Ineperial College of Science and Technology, 1965 } [71 

Department of Scientific and Industrial Research: Forest Products 
Research Laboratory. Timbers Used in the Boat Building Industry: a 
— By A. V. Thomas. Pp. 49, (Princes Risborough, Aylesbury: 


Products Research Laboratory, 1964.) [71 
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National Parks and Access to the Countryside Act, 1949. Fifteenth Report 
of the National Parks Commussion for the year ended September 30, 1964. 
Pp. vil+88+8 plates. (London: H.M. Stationery Office, 1964.) 8s. net. [71 

Department of Technical Co-operation. A Review of Colonial Research, 
1940-1960. Edited by Sir Charles Jeffries. Pp. 238. (London: HLM. 
Stationery Office, 1964.) 21s. net. [71 
Imperial College of Science and Technology (University of London). 
Lan ks and Perspectives in Biochemical Research. By Prof. E, B. 
Chain. (Inaugural Lecture, 12 May 1964.) Pp. 195-236+7 plates, 7s. 6d. 
Engineering Plasticity. By Prof. J. M. Alexander. (Inaugural Lecture, 
26 May 1964.) Pp. 287-256+8 plates. 49. 6d. Nuclear Technology in a 
University Environment. By Prof. G. R. Hall. (Inaugural Lecture, 9 June 
1964.) Pp. 257-272+7 plates. 48. 6d. (London: Imperial College of 
Science and Technology, 1964.) [71 

British Broadcasting Corporation. B.B C. Engineering Monographs, 
No. 55: A Review of Televisfon Standards Conversion. By A. V. Lord and 
oe E. Rout. Pp. 19. (London: British Broadcasting Corporation, ae 


1965 ) 7 

The Wellcome Foundation, Lid. Descriptive Book. Pp. 52. (London: 
The Wellcome Foundation, Ltd., 1984.) {71 
x British Medical Bulletin, Vol. 21, No. 1 (Jan , 1965): Symposium on 
“Pharmacology of the Central Neryong System”. . 1-96 + ix. Condon i 


The British Council, 1965.) ; ‘ 

Science Museum. Science Library Bibliographical Series No. 789: Some 
References to Hovercraft, 1959-1964. Pp. 13. (London: The — 
Soil Survey of Great Britain—England 


Museum, 1984.) 
Agricultural Research Council. 
and Wales. Bulletin No.2: The Soils of the West Midlands. By D Mackney 
and ©. P, Burnham. Pp. vili+111+6 plates and map. (Harpenden: 
erimental Station, 1964.) 25s. net. yl 
Amgueddfa Genedlaethol Cymru (National Museum of Wales). Fifty- 
Seventh Annual Report, 1963-64. Pp, 96+6 plates. (Cardiff: Nationa 
Museum of Wales, 1964. s [71 
Department of Technical Co-operation. Overseas Research Publication, 
No. 3: A Soil and Irrigability Survey of the Lower Usutu Basin (South) 
in the Swaziland Lowveld. By G. Murdoch and J. P. Andriesse, Pp. ix +180. 
(London: H.M, Stationery Office, 1964.) 252. net. {71 
Papers from the Department of Geology, University of Glasgow. Vol. 26 
(Octavo and Small Quarto Papers of 1961-63.) 36 Papers. (Glasgow: The 
University, 1964.) as [71 


Other Countries 


La Division du Temps etb la Calendrier Rituel des ——— Lagunaires de 
Côte dIvoire Par Georges Niangoran-Bouah. (Université de Paris. 
Travaux et Mémoires de l'Institut d’Ethnologie-—-LXVIIL.) Pp. 164. (Paris: 
Institut d’Ethnologie, Musée de l'Homme, 1964.) 30 francs. [81 
The Malayan Rubber Fund Board. Natural Rubber and Malaysia. Pp. 40. 
(Kuala Lumpur: The Malayan Rubber Fund Board, 1964.) [81 . 
Annual Report of the Board of Regents of the Smithsonian Institution 
showing the Operations, Expenditures, and Condition of the Institution for 


the year ended June 30, 1963. Pp. xli+595+100 plates. (Washington, 
D.C.: Government Printing Office, 1964.) 4.25 dollars. [81 
Geological Survey of Tanganyika. ological Maps. Quarter Degres 


Sheets. No. 10, 11 and parts of 21,22; Ukerewe, No. 36: Malya. No. 109: 
Lushoto. No. 211: Mkombwe. No. 241 (with part of 2418): Mambwe 
wimbi). No. 256 and 256E: Kilwa. (Dodoma: Department of Geological 
urvey, 1962, 1963 and 1964 ) {81 
Forest Research in India, 1859-60. Part1: The Forest Research Institute. 
Pp. +118. (Delhi: Manager of Publications, 1964.) Rs. 2.60; 63. 1d. [81 
United States Department of the Interior: Geological Survey. Bulletin 
1063-3: Geology of the Edgemont Quadrangle, Fall River County, South 
Dakota. By J. Donald Ryan. Fp. iv + 370-426 + plate 27. ater Supiy 
Paper 1781: Ground-Water Levels in the United States, 1957-61—North 
Central States. Prepared under the direction of O. Milton Hackett. Pp. 
v+148.  Water-Supply Paper 1779-BB: Ground-Water Resources - of 
Mirage Flats, Nebraska. By C. F. Keech. Pp. ili+36+plate 1. Water- 
Supply Paper 1941: Quality of Surface Waters of the United States, 1962, 
Parts 1 and 2: North Atlantic Slope Basins and South Atlantic Slope and 
Pastern Gulf of Mexico Basins. Prepared under the direction of 8. K. Love. 
Pp. xi+ 434. (Washington, D.O.: Government Printing Office, 1964.) [81 
United States Department of the Interior: Geological Survey. Profes- 
sional Paper 316-H° Geological Interpretation of Magnetic and Gravity : 
Data in the Copper River Basin, Alaska. By Gordon E. Andreasen, Arthur 
Grantz, Isidore Zietz and David F, Barnes, Tp. iii + 135-153 + plates 23 
and 24. Professional Paper 488: Structural Geology and Volcanism of 
Owens Valley Region, California—a Geophysical Study. By L. ©. Pakiser, 
M. F. Kane and W. H. Jackson. Pp. iv+68+plates 1-3. Professional 
Paper 483-H: Giant Upper Cretaceous Oysters from the Gulf Coast and 
Caribbean. By Norman ¥. Sohl and Erle G. Kaufman. Pp. ili+ 22+ plates 
1-5. 40 cents. Professional Paper 501-A: Geological Survey Research 1964 
Chapter A. Pp. vil+367. 2.76 dollars. (Washington, D.C.: Governmen 
Printing Office, 1964.) , , [81 
Population Reference Bureau, Inc. Population Bulletin, Vol. 20, No. 8 
(December, 1964): World Food Crisis—-1964: Manna, Bread, or Stones? 
Pp. 205-232. (Washington, D.G.: Population Reference Bureau, Inc., 
1964.) 50 cents. [141 
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SELECTION- FOR HIGHER EDUCATION 


HE second report of the Universities Central Council 


on Admissions * covers the period September 1963-. 


October 1964, which was the period when the Scheme was 
operating fully for the first time and when its whole 
impact was felt by candidates, schools, universities and 
the Central Office itself. Even now the Scheme is incom- 
plete; the ten colleges of advanced technology have only: 
now become formal members of the Scheme, although 
they participated in the clearing-up operation of Septem- 
ber 1964. The new Universities of Essex, Kent, Lancaster 
and, Warwick joined the Scheme in September 1964 and 
will participate for candidates seeking entry in October 
1965. Negotiations with the Universities of Oxford and 
Cambridge were satisfactorily concluded in July 1964, 
when it was announced that the coll ro both univer- 
sities had been accepted as full members. Candidates who 
wish to apply in 1965 for admission in 1966 will be asked 
to include Oxford or Cambridge or both in the list of six 
preferences ön the Council’s application form. Ñ 

It will thus be another two years at least befòre the 
Central Council can report comprehensively on admissions 
to all universities, but meanwhile this report on what 
happened to those who sought admission to universities 
through the Scheme in October 1964 contains clear 
evidence that the arrangements have justified themselves. 
It is now evident that the difficult business of admission 
to first-degree courses can be handled in an orderly 
manner and in a way which gives proper freedom to the 
individual candidate in making a responsible choice with- 
out interfering with the equally proper need for individual 
universities to select the students they wish to have. 
Only the willing co-operation of all who have freely 
accepted, and worked, hitherto unfamiliar arrangements 
for the common good has made this possible. The report 
is deliberately designed to make available as much 
information as possible about each admission operation 
as soon as can be managed after the conclusion of that 
operation. Some more detailed data recording the spread 
of admissions (classified according to performances in the 
General Certificate of Education) to 57 of the main first- 
degree courses are to be issued later as a supplement. 

Dr. G. Templeman, chairman of the Council, in a fore- 
word to the report, comments briefly on the operational 
problems which the Central Office faced during the period. 
A very heavy ‘load of work had to be handled by largely 


' untried administrative procedures. Formidable difficulties 


were encountered, necessitating major procedural adjust- 
ments within the Office while operations were in progress 
and, the acceptance of continuous and excessive overtime. 
These problems, Dr. Templeman believes, are now safely 
behind the Council, but ın acknowledging the Council’s 
debt to its first chairman, Sir John Fulton (whose tenure 
ended in July 1964, and to whom the successful estab- 
lishment of the Scheme is largely due), Dr. Templeman 
pays a tribute to the Secretary and his colleagues for their 
devotion to duty during a predictably difficult year. 

A second comment made by Dr. Templeman relates to 
the section of the report headed “Actual and Planned 


* Tho Universities Central Council on Admissions. Second Report, 1963-4. 
Pp. 38. (London The Universities Central Council on Admissions, 1965) 63. 


Admissions in 1964. This section, which shows at a 
glanced how many admissions to first-degree courses 
universities in Britain planned to make in their various 
faculties in October 1364, and against this how many they 
actually made, is probably the one which has attracted 
most attention, particularly among scientists. Before 
dealing with this, it is as well to note the figures for 
applications and admissions given in the preceding 
section. By June 1, 1964, 58,346 candidates had applied 
through the Central Council for admission in October 
1964 to full-time first-degree and first-diploma courses at 
universities in the Scheme, compared with 51,600 for 
October 1963. Each candidate, it should be noted, is 
represented only onee in these figures. Of the total, 
40,880 were men; 13,443 gave first preference in science, 
7,117 in technology, 4,833 in medicine (including nursing), 
859 in agriculture and forestry, 671 in veterinary science, 
677 in dentistry, 10.899 in social studies and law, and 


- 18,789 in arts. Applications (including all choices) totalled 


297,200, compared with 255,600 in 1963; 84-6 per cent 
were to universities In England, 7 per cent in Wales and 
8-4 per cent in Scotland; approximately 249,000 of the 
total reached the universities through the Central Council. 
Of the 297,200 applications, 74,250 were for science, 
36,550 for technology, 41,300 for medicine, 51,700 for 
social studies (includng law) and 78,950 for arts. Appli- 
cations continued to increase in every subject group 
except dentistry, wkere there was again, as in 1963, a 
fall, but the increases in arts and social studies were 
greater, both absolutely and proportionately, than in any 
other faculty. 

The actual number of admissions to full-time first degree 
and first diploma courses by all universities in Great 
Britain in October 1964 was 37,580. This includes both 
home and overseas candidates and covers universities such 
as Oxford and Cambridge not then, or not fully, par- 
ticipating in the Schame, but does not include the 4,136 
candidates admitted to comparable courses in the ten 
colleges of advanced technology. While it is not known 
what proportion of those who applied to the colleges are 
included in the estimated 70,000 candidates for university 
places, of those admitted to the universities 75-1 per cent 
were to universities in England, 7-1 per cent in Wales 
and 17-8 per cent in Scotland; 10,280 were admitted to 
places in scienee, 5,240 in technology, 2,530 in medicine, 
5,910 in social sciencas (including law) and 11,680 in arts. 
The corresponding figures for 1963 are 9,410, 4,990, 2,340, 
4,440, and 10,220. 

There was thus an increase of 13 per cent in candidates 
accepted in October 1964, compared with October 1963, 
when the corresponding increase was about 6 per cent, 
and the increase was proportionately greater in arts and 
social studies than in other subject groups. While in most 
subject groups the number of candidates admitted was 
close to the number planned for, that was not true of 
medicine, science or technology. In medicine the univer- 
sities admitted 2,270 candidates instead of the 2,150 
which they had planned. In science only 8,810 were 
admitted to the 9,890 places, and in technology 5,190 
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instead of the 5,610 for whom places were available, thus 
repeating the experience of October 1963. 

This shortage of suitable candidates for places in science 
and, technology is further emphasized by the-clearing-up 
arrangements which commenced in September 1964 to 
help in finding places for some 13,000 unplaced candidates 
who had asked the Central Office to place them should 
there still be vacancies at universities to which they had 
not already applied. Exceptional efforts were made at 
this stage to seek candidates for science and technology 
but with|only very limited success, and Dr. Templeman. 
comments that the shortage is clearly a real one. It is 
apparent that the chances of admission of a candidate 
who had, submitted a clearing application for arts or 
social Studies are considerably less than those of a can- 
didate for science or technology. 

This is, not necessarily disturbing at the present time 
and pro is, in fact, to be desired. What is disturbing 
is tha in, science and technology the panels of university 
selectẹrs could not find enough clearing applications at 
the required standard to send to universities, whereas in 
other subject groups more applications were referred to 
universities than they had requested. In efforts to fill 
vacancies; notably in chemistry and physics, candidates 
were considered who had not applied for these subjects 
in the hope that they might be willing to consider changing 
their field of interest, and some applicants for medicine 
were offered places in biochemistry, physics or general 
science. For many years there has been some transfer of 
disappointed science applicants to technology; but this 
year, although the chairman of the Technology Panel per- 
sonally examined a thousand or more applications of 
candidates who had been rejected by the Science Panel 
as unsuitable, he found few who appeared likely to meet 
the requirements of the schools of technology. Moreover, 
the Technology Panel had great difficulty in finding 
suitable candidates from among those who applied direct. 

The participation of the colleges of advanced technology 
in this clearing operation confirmed this unpression. Of 
the 4,908 clearing forms requested by the universities and 
colleges of advanced technology, 1,792 related to science 
and 1,036 to technology, and of the 5,090 candidates 
whose applications were referred to the universities by 
the panels, 1,535 were for science and 729 for technology. 
Of the 2,123 accepted, only 739 were in science and 340 
in technology, and about 8,000 applications were not 
considered worthy of forwarding by the panels. The 
universities accepted 1,947 out of 4,576, and the colleges 
of advanced technology 176 out of 514. 

All the evidence of this report supports the view that 
the only reason for the existence of unfilled places in 
science and technology this year is the lack of suitably 
qualified candidates to fill them. There is no evidence to 
suggest that the existence of unfilled places is due to 
defects in the procedure for admissions, although the 






report points out that there is still widespread misunder- - 


standing about the standards of university admission. 
Candidates persist in believing that bare passes in two 
subjects at the Advanced Level Examinations of the 
General Certificate of Education confer the right of 
admission: to a university degree course. “Offers made 
conditionally before the results for the General Certificate 
of Education are known, promising admission if a can- 
didate dees no more than pass, are usually made only to 
carefully selected candidates after a study of their school 
records and®in the belief that they have the qualities of 
mind which will ensure that they attain more than the 
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pass mark. Moreover, high achievements at the Advanced 
Level are of no use to a candidate if they are in the 
wrong subjects. The lack of uniformity among univer- 
sities in their general entrance requirements made it 
impossible for the clearing panels to work as effectively 
as they otherwise might. While some more elasticity 
may be desirable in university requirements and more 
flexibility in transfer at later stages, it must be recognized 
that the effectiveness of university teaching does depend 
on. the maintenance of reasonable standards of admission 
to its courses. -> 
The report does not comment on this situation, nor, as 


„Dr. Templeman. observes, is it the business of the Central 


Council to comment; its duty is only to record the facts. 
However, Dr. Templeman does add that since 1960 the 
statistics of entries for the examinations for the General 
Certificate of Education, published annually by the 
Department of Education and Science, have given grounds 
for inferring that, while over the whole country the number 
of pupils in sixth forms has been increasing, proportion- 
ately fewer of them have been studying mathematical and 
science subjects at school. Entries for mathematics, 
physics and chemistry and the biological sciences at 
Advanced Level in the General Certificate of Education 
have tended tö shrink proportionately each year. Recent 
figures from one of the largest of the Examining Boards 
suggest that the trend away from mathematics and the 
sciences in the sixth form may be becoming more pro- 
nounced, 

If this is so, the vacant places in science and technology 
cannot be primarily or entirely due to standards, despite 
the argument authoritatively advanced that, for engineers, 
in any event, requirements in mathematics are pitched 


‘unnecessarily high. Before discussing the possible reasons 


for the vacant places, one final point from the report may 


be noted. Only 6 per cent of the candidates, as compared 


with 13 per cent in the previous year, made returns 
showing that they had not received the two Advanced 
Level passes necessary to satisfy the general entrance 
requirements of the universities. However, almost 11 per 
cent, against 2 per cent, failed to return their Advanced 
Level results. In view of this and of the very small 
fraction of the better candidates who succeeded in gaining 
admission, it seems likely that many of them preferred to 
conceal their deficiencies in this respect. Finally, it may 
be noted that of the 19,453 candidates who were unsuc- 
cessful in securing admission in October 1964, more than 
half are continuing their full-time further education and 
only about 14 per cent entered full-time employment, 
most of whom. had opportunity for further education. 
It is obviously desirable that an even more detailed 
enquiry should be made into the reasons for these vacan- 
cies, and indeed the Minister for Education and Science 
is doing this, but meanwhile there are several points to 
be made. Perhaps the most disturbing feature of the 
report, particularly remembering that at least nine out of 
ten university entrants are in receipt of public funds, is 
the absence of any indication that the choice of subjects 
for study is in line with public needs. This is true even 
for those who are not seeking a career In science and 
technology: there is no indication that those seeking to 
qualify themselves, for example, for high administrative 
positions in the Civil Service or industry are seeking to 
obtain the scientific basis which is now so essential, and 
this cannot be explained in terms of any shortcomings in 
status or prospects for a purely scientific or technological 
career. . 
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Since, quite apart from financial considerations, there 
must be some relation between the output of different 
categories of tramed manpower and national needs and 
opportunities, it would seem wise to proceed circumspectly 
with university expansion pending the enquiry into the 
reasons for the shortage of candidates in science and 
technology and the institution of appropriate measures to 
deal with the srtuation which themselves may well require 
time to take effect. There are some suggestive passages in 
this connexion in the recent presidential report of Dr. 
Caryl Haskins to the Carnegie Institution of Washington 
(see Nature, 206, 1, 1965), and while some attention to 
the content of university courses, to transfer between 
courses, and perhaps to more flexibility in the subjects 
required for entry may be desirable, any relaxation of 
university standards would be most unwise. If it did not 
result at once m higher wastage, it could adversely affect 
university teaching and offset any potential improvements 
in the actual teaching—if it did not also lead ultimately 
to lower standards of professional competence. A note 
on failure rates and university standards in Australia by 
Prof. J. M. Blatt in Vestes for December 1964 fully sub- 
stantiates this view. l 

It seems probable from this report that the real problem 
hes in the schools themselves. It is useless to blame the 
school-leaver, who largely takes his or her ideas as to a 
career from a carsers master or mistress, from a particular 
teacher, from parents or from the general image of a 
profession or career in the public mind. It ıs here that 
immediate correction could be applied, and this calls 
especially for the co-operation of professional institutions 
as well as of the schools and education authorities. There 
is no reason to believe—all the evidence is to the contrary 
—that the youth of to-day is reluctant to enter scientific 
or technological careers to the extent that is needed if 
the opportunities and rewards of those careers are accur- 
ately and imaginatively presented—this 1s not to deny, 
however, that there are some where the prospects, the 
status or the financial rewards require some improvement. 


BRITISH PERSPECTIVE ON THE 
ATOM 


Britain and Atamic Energy 1939-1945 

By Margaret Gawing. With an introductory chapter by 
Kenneth Jay. Pp. xvi+464+14 plates. (London: 
Macmillan and Co., Ltd.; New York: St. Martin’s Press 
Inc., 1964.) 55s. net. 


EW accomplishments in science have had more 
immediate and profound impact than the discovery 
of nuclear fission by Hahn and Strassmann in late 1938. 
As the startling: news from Germany swept across the 
world, scientists ın many countries rushed to their 
laboratories to verify the incredible report. Within seven 
years technology transformed the Hahn—Strassmann 
experiment into a matter of consequence for all nations, 
but only recently have we begun to assemble an adequate 
history of that transformation. 

To be sure, tho American effort was widely publicized 
by the Smyth Report, which appeared shortly after 
the dramatic introduction of atomic energy mto world 
affairs in August 1945. Further details wero ‘released in 
1962 in The New World, the first volume of a history of 
the U.S. Atomic Energy Commission. But in the absence 
of historical records, achievements in the other nations 
have been neglected. Now we have Mrs. Gowing’s 
splendid volume, which fills an indispensable part in the 
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world picture. Written from the British perspective and 
largely from documents only in Government files, Britain 
and Atomic Energy 1939-1945 brings to light many new 
and, in some ways, extraordinary facts about British 
activities in the early 1940's. 

For one who has mvestigated this early history from 
documents available in the United States, the most 
important revelation in Mrs. Gowing’s book is the extent 
of British accomplishment before the summer of 1941. 
I knew that the optimistic conclusions of the Maud 
Report in the summer of 1941 had sparked the first real 
effort to investigate the possibilities of an atomic weapon 
in the United States; but I had never imagined that the 
physical principles on which that Report was based were 
understood by some scientists ın Britain as early as 
February 1940. 

Mrs. Gowing deseribes the early and well-founded 
scepticism which daminated British thinking in 1939. 
Especially after the outbreak of war in September, it 
seemed unlikely that atomic energy could play any part 
in the impending conflict. Some scientists, like Otto 
Frisch, questioned whether a bomb would be possible 
even if some isotope separation process could be devised 
to accomplish a ten-fold enrichment of the **°U content 
in natural uranium. Then, ın arguing the point, Frisch 
began to have some doubts about its validity. With 
Rudolph Peierls he explored the theoretical possibility of 
a weapon using pure uranium-235. This proved the key 
to the problem. In a short paper, Peierls and Frisch 
summarized their theoretical calculations, which showed 
that a weapon could be made with as httle as 1 kg of 
uranium-235, and suggested the rapid assembly of sub- 
critical masses of uranium as the method for firing the 
bomb. The document, reproduced in the appendix, is 
unfortunately undated, but it must have been written 
early in 1940. 

Did the British delay conveying this information to 
American scientists for almost eighteen months? (No 
copy of the memorandum has been found in United States 
files.) How could such an oversight have occurred, 
especially m view of British concern at the-time about 
the lack of urgency and direction in the American pro- 
gramme? Part of the answer may lie in the lack of 
administrative machinery for the exchange of information, 
part in the understandable reluctance to commit oneself 
on the basis of theory alone. But there are also traces 
of national pride and » lack of confidence ın foreign security 
systems within the structure of an otherwise remark- 
ably co-operative Anglo-American alliance. 

Such motives operated on both sides of the Atlantic, as 
both the American snd the British volumes make clear. 
Some Americans were pleased to find convenient reasnos 
for terminating interchange in 1943; but, as Mrs. Gowing 
points out, the British brought some of this on them- 
selves. Grossly underestimating the electric effect of the 
Maud Report on the American programme, the British 
hesitated in accepting American proposals for a fully 
joint effort. By the time the British had decided to act 
in July 1942, American confidence had increased to the 
point that full co-operation with the British no longer 
seemed necessary. 

Thus Mrs. Gowing sets the stage for a careful descrip- 
tion of the ups and cown of the alliance during the War: 
the collapse of collaboration in late 1942, Churchill’s 
appeals to Roosevelt for a resumption of interchange, 
consideration of an mdependent British programme, the 
negotiation of the Quebec Agreement in ‘the summer of 
1943, the British missions to the United States and 
Canada, the controversy over the French scientists, and 
the Hyde Park aide-mémoire of 1944. 

In describing these episodes, Mrs. Gowing gives us a 
glimpse of the human reactions behind the official facade. 
We learn, for example, how “shocked” the British were 
to receive James Corant’s memorandum of January 1943 
outlining a restrictive policy for interchange, how 
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“bewildered” they were by the American charge that 
Britain’s desire for interchange was motivated by an 
interest in post-war commercial applications of atomic 
energy. We see for the first time the full dimensions of 
Prime Minister Churchill’s dissatisfaction with the efforts 
of Prof. Niels Bohr to initiate with the Russians some 
frank discussion of international control of atomic energy ; 
and we havo here, incidentally, the first public release of 
the full text of the Hyde Park aide-mémoire, expressing 
the concern of Roosevelt and Churchill that Bohr’s 
activities might result in a leak of information to the 
Russians. 

All this new information will prove invaluable to hbis- 
torians and others who wish to understand the Anglo- 
American atomic alliance with its problems and accom- 
plishments. It is essential in evaluating the British 
contribution to the war-time programme. What is more, 
Mrs. Gowing tells her story well, with an engaging frank- 
ness and reserve. 

In comparison with these attributes, any criticism will 
seem petty. I cannot help but mention the lack of source 
citations from Government files. Their absence is the 
price the author had to pay for writing contemporary 
history. The result is worth the price, but we may well 
ask whether the mere citation of documents need be 
considered a violation of the fifty-year rule applying to 
Government documents. The absence of citations will 
make it almost impossible to determine the documentary 
basis for some of the author’s most interesting conclusions 
even when all the evidence has been made public. 

The opening chapter, a summary of research in nuclear 
physics prior to 1939, lacks the historical style and 
judgment which Mrs. Gowing brought to the rest of the 
book. Doubtless it would have been better history if 
Mrs. Gowing had undertaken this difficult assignment 
— if, indeed, such a survey was necessary at 


More important is the matter of perspective. Mrs. 
Gowing has done exceedingly well in presenting events 
from the British point of view. But at times she seems 
to be pursuing her objective too resolutely as if she were 
determined to highlight events in Britain even when they 
were overshadowed by developments elsewhere, particu- 
larly in the United States. This is not a question of 
distorting facts but rather of missing an opportunity to 
paint on a broader canvas. Perhaps to ask more of one 
book than Mrs. Gowing has done is to be unreasonable. 
She has given us the British perspective on the early 
history of atomic energy; the larger story is still to be 
written. Richard G. Hewrerr 


SOLAR PLASMA AND 
GEOMAGNETISM 


Solar Plasma, Geomagnetism and Aurora 

By Prof. Sydney Chapman. (Documents on Modern 
Physics.) Pp. 141. (New York and London: Gordon and 
Breach, 1964.) Paper 1:95 dollars; cloth 5-95 dollars. 


HIS book is based on lectures given in 1962 at the 

Houches Summer School of Theoretical Physics. 
As the author states in his preface, it ıs not the first 
appearance of the material in print. The editors of the 
series Documents on Modern Physics were, however, no 
doubt anxious to make available to their readers this 
work of so great an authority, in his own field, as Prof. 
Chapman. 

There is a natural division, in geomagnetism, between 
that part of the field which is of internal origin and which 
changes only slowly, and the very much smaller part 
which is external in origin and which varies on a much 
shorter time scale—the so-called ‘transient variations’. 
The author’s work has very largely been concerned with 
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the latter, and 1t 1s to these that he quickly turns following 
a brief review, on conventional lines, of various aspects of 
the internal field. 

The systematic ‘solar daily’ and ‘lunar daily’ variations 
are first summarily dealt with. Their accepted physical 
explanation as a type of dynamo action, produced by 
diurnal motions of the conducting high atmosphere across 
the Earth’s magnetic field, is outlined. The complicating 
factors of a vertical component of electromotive force 
(atmospheric tidal motion) and of anisotropy of iono- 
spheric conductivity caused by the presence of the Earth’s 
field are also briefly discussed. 

The book is primarily concerned with the sporadic 
(‘disturbance’ or ‘storm’) variations. The author reviews 
their categorization and analysis, their representation by 
atmospheric electric currents and their relationship with 
solar activity. He also discusses the physical process of 
emission of a solar particle ‘stream’ (in his nomenclature 
a long-lived process from a disturbed solar region) and 
of a ‘shell’ (short-lived, in association with a solar flare) 
and the geometrical and thermal expansion to which these 
are subject as they move outwards from the Sun. Two 
points, in particular, appear worthy of comment. First, 
a two-page account is, at Chapman’s request, contributed 
by C. E. R. Bruce outlining his theory, which is sharply 
opposed to orthodox astrophysics thinking, that solar 
streams “‘are continuously generated from the gas of the 
Sun’s atmosphere all the way out from the Sun by the 
magnetic pinch offect of the electrical discharge”. Second, 
it is a matter for surprise that Prof. Chapman should 
consider that the systematic annual variation of the 


-incidence of magnetic disturbance is caused by changing 


orientation of the Sun relative to the Earth (‘axial theory’) 
rather than of the Earth relative to the Sun. Reasons for 
this surprise may be briefly stated. The statistical evidence 
is to the effect that maximum disturbance coincides with 
the two equinoxes and not with the dates, earlier than 
the equinoxes by more than two weeks, -which are 
required by the axial hypothesis; a parameter with a 
semi-annual variation of appropriate phase which may, 
plausibly, affect the incidence of disturbance is the angle 
between the Sun—Earth line and the geomagnetic axis; 
since this angle also varies diurnally, a Universal Time 
component of disturbance would then be implied; such 
a diurnal component (smaller in amplitude than the local 
time component) has been identified in all latitudes and 
has precisely the required phase. The straightforward 
inference is surely to the effect that magnetic disturbance 
over the Earth as a whole is greatest, seasonally and 
diurnally, when the direction of incidence of solar streams 
on the dipole axis is closest to the normal and is least when 
the incidence is most oblique to the axis. 

The remainder of the book, about one half, is devoted 
to a theoretical discussion of the mteraction between a 
neutral stream of charged solar particles and the Earth’s 
field. The phenomenon is extremely complex and there 
is fundamental disagreement among specialists as to the 
relative importance of various factors. Chapman is, 
however, not .concerned here with a discussion of the 
relative merits of such opposing views. In one chapter 
he gives an exposition of the way in which mainly he and 
associated workers—notably V. C. A. Ferraro—have over 
a period of more than thirty years approached the prob- 
lem of the ‘initial phase’ of a storm (a sudden increase of 
horizontal force at the beginning of the storm, persisting 
for some hours). The calculations relate, for example, 
to the effect of electrostatic forces on the motion of the 
solar gas; to the degree of retardation suffered by the 
particles which most directly approach the Earth and 
the distance from the Earth at which this occurs; to the 


` rate of growth of the disturbance field and the magnitude 


of the electric currents involved; and to the shape of 
the hollow formed in the plasma by the Earth’s field. 
Although the theoretical work relates, of necessity, to 
highly idealized model problems which exclude many of 
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the complexities of Nature, the calculated effects are shown 
to be in reasonable accord with observation. 

In a final chapter calculations are made of the paths of 
charged particles which remain trapped in the Earth’s 
field, of their distribution around the Earth and of their 
associated electric current and magnetic field; the current 
comprises a westwards-directed ‘drift-current’ and an 
additional part caused by the diamagnetic nature of the 
gas. Such trapped particles are now generally identified 
with those comprising the Van Allen radiation belts 
discovered by early satellite measurements; the electric 
current is considered to be closely related to the equatorial 
‘ring current’ originally invoked to explain the ‘main 
phase’ (decrease of horizontal force) of a magnetic storm. 
Some comparisons are made between the calculated particle 
distributions amd combined dipole and radiation belt 
fields and those measured by satellite. Chapman ends 
with the comment that the calculations represent only 
the ‘primitive beginnings’ of a complete theory of the 
ring current and its associated field and that rapid and 
complex changes must occur in this region during magnetic 
storms. 

Since only about one page of the book is devoted to the 
subject of aurora there is a danger that the appearance of 
this word in the title may mislead. The author in fact 
expresses in the preface his intention to omit ‘aurora’ 
from the title of this edition, but there would appear to 
have been an eventual lack of liaison with the publishers 
on this point. D. H. Mcinrosx 


SINGLE-CRYSTAL FILMS 


Single-Crystal Films 

Edited by Maurice H. Francombe and Hiroshi Sato. 
(Proceedings of an International Conference held at 
Philco Scientific Laboratory, Blue Bell, Pennsylvania, 
May 1963.) Pp. ix+420. (London and New York: 
Pergamon Press, 1964.) 100s. net. 


HIS book consists of papers presented at a conference 

at the Philco Scientific Laboratories in 1963. After 
a short introduction by M. Blackman, the first papers 
deal with some theoretical aspects of nucleation and 
growth. Hirth, Hruska, and Pound review their earlier 
work and more recent developments, dealing mainly with 
low supersaturations and correspondingly large critical 
nuclei. falton and Rhodin, on the other hand, adopt 
a more kinetic point of view and consider small nuclei 
formed under high supersaturation. In epitaxial films 
there is still some doubt about whether small unfavour- 
able nuclei form but do not grow or simply do not form. 
A paper by Bauer deals with film textures or pre- 
ferred orientations which cannot be attributed to 
epitaxial growth and occur even with films on amorphous 
substrates. 

Later in the book a paper by van der Merwe reviews his 
ideas on oriented overgrowth, critical misfit and interfacial 
dislocations. Later papers by Matthews and by Grunbaum 
and Mitchell describe experimental observations of inter- 
facial dislocations, while Hirth considers the ongin of 
forces acting on such dislocations. Honjo directs 
attention to the lack of evidence for pseudomorphic 
growth of the initial layers of single-crystal films, empha- 
sizes the importance of supplementing electron diffraction 
by electron microscopy, and shows some of the difficulties 
of interpreting electron diffraction results. 

There are two widely separated papers on copper films, 
the first showing that X-ray measurements can be used 
to show orientation and to calculate fault densities, while 
the second describes the differences between films deposited 
and annealed on- sodium chloride cleavage faces and similar 
films deposited on sodium chloride but afterwards trans- 
ferred to electron microscope grids before annealing. Tho 
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first films contain stacking faults but a low density of 
dislocations, while the second films always have a high 
dislocation density. 

Other metal films on sodium chloride are described by 
Sella and Trillat, who show the improved orientation 
obtained on surfaces cleaved under vacuum. l 

A. number of papers deal with the growth of germanium, 
silicon and other semi-conducting compounds on various 
substrates including germanium, silicon and ionic crystals, 
by evaporation, sputtering and other methods. Some 
observed effects in permalloy and 75/25 iron/nickel films 
are also described. 

A fascinating paper by Sato uses the gold--copper alloy 
system to show the ways in which the composition of 
epitaxial alloy films can be varied and the use of this 
technique to investigate the factors determining the 
stability of long period superlattices. 

Neugebauer summarizes and analyses the work on 
continuous ferromagnetic films below 100 A thick and 
discusses the problem of superparamagnetism in films 
having an island structure. The general field of single- 
crystal ferromagnetic films is reviewed by Heavens with 
particular emphasis on nickel, iron and nickel-iron alloys. 
The importance of vacuum conditions and purity is 
stressed. The subject of domain structure im epitaxial 
films of iron, nickel and cobalt is covered by Sato, Toth 
and Astrue for films less than 1000 A thick. Films were 
grown mainly on cleaved magnesium oxide crystals 
( (001) plane), but nickel films were grown more easily on 
hithium fluoride and some nickel films were grown on copper 
single crystals of (110) orientation. The pattern was always 
influenced by defects in the substrate, but there was a 
general tendency for 90° walls to predominate over 180° 
walls. 

A. single paper on the resistivity of thin films compares 
single crystal gold films produced by sputtering with 
polycrystalline films, and discusses the results in terms of 
diffuse or specular scattering of the conduction electrons. 

The main criticism of the book would be that the papers 
are inconveniently grouped, and a cursory examination 
could give a false impression of its general value. This 
field is developing rapidly and the conference has performed 
a valuable function. The decision to publish in this form 
was wisely taken. O. WEAVER 


AMOEBA CHROMATOSA 


A New Protozoon 

Its Relation to Malignant and other Diseases. By Roger 
Wyburn-Mason. Pp. 104+ 40 illustrations. (London: 
Henry Kimpton, 1964.) 32s. 6d. net. 


N the past attempts have been made to demonstrate 
a relationship between worms and slime moulds and 
the development of malignant disease. In this book the 
author attempts to demonstrate a relationship between 
a previously unrecagnized amoeba, Amoeba chromatosa, 
and the development of premalignant and malignant 
conditions. Using cold minced tissues on a membrane 
filter with pore diameters 0-5-1-0u above warm Ringer’s 
solution, the author claims to have found this amosba 
in the Ringer’s solution from all the spontaneously occur- 
ring tumours in animals and man that he examined. He 
also found it in unaffected muscles and lymph nodes 
from patients with carcinoma, and in a wide variety 
of non-malignant conditions such as rheumatoid arthritis, 
cystic mammary dysplasia, cirrhosis of the liver, Paget’s 
disease of bone, and Crohn’s disease. The organism was 
also isolated from samples of raw butcher’s meat, milk, 
uncooked eggs, and soil. 
The clinical histories of patients with malignant 
disease are considered, and features such as pyrexia, 
tumour necrosis, eosinophilia, neuropathy, secondary 
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amyloidoisis, lymphocytic infiltration, and sarcoid-like 
lesions in regionel lymph nodes are thought to support 
an amoebic cause. The author reports the results of 
treating 84 patients with various kinds of malignant 
disease with antiprotozoal drugs, usually 300 mg of 
‘Antrycide’ (quinapyramine) intravenously daily for two 
months. In the majority of cases there was little or no 
response, but a few patients with reticulum cell sarcoma 
or leukaemia showed dramatic improvement and are 
said to be alive and well and apparently free from disease 
1-5 years after treatment. 

The author has obviously been carried away by the 
enthusiasm of his discovery, and there is a regrettable 
lack of self-criticism from one end of the book to the other. 
No attempt is made to demonstrate the motility of his 
amoebae, or to show their presence in tumour tissues by 
special staining techniques. No attempts at inducing 
neoplasms in experimental animals with isolated amoebae 
are described. The ubiquitous nature of this parasite and 
its ability to cause a wide variety of neoplasms verges on 
the incredible. 

Of the 491 references quoted, and occasionally mis- 
quoted, there is none referring to his own work on amoebic 
disease, none questioning his own ideas, and none confirm- 
ing his findings. Delay in publication to have included 
such references in his text would have impressed me. 
Some of his pathology is questionable. Surely multiple 
lymphomatous polyposis and familial adenomatous poly- 
posis are different diseases, and ulcerative colitis and 
Crohn’s disease are as different from each other as syphilis 
from gonorrhoea. 

In the last resort, what has the author isolated from his 
tumours? Artefacts as some people suspect, histiocytes 
as I myself suspect, or truly some new organism? 

JOHN 8. CORNES 


A GUIDE TO BRITISH INDUSTRIAL 
RESEARCH 


Industrial Research in Britain 

Advisory Editor: I. D. H. Ball. Fifth edition. Pp. 726. 
(London: Harrap Research Publications, 1964.) 110s. 
net. 


THOUT doubt, the two most useful works of 
reference on scientific and industrial research in 
Britain are Scientific Research in British Universities and 
Colleges and Industrial Research in Britain; one forms an 
invaluable counterpart to the other with minimal overlap. 
The former is an annual publication prepared jointly by 
the Department of Scientific and Industrial Research and 
the British Council and, as its title indicates, it deals with 
all aspects of research carried out in universities and 
colleges. The second publication is a comprehensive 
reference book on industrial research in Britain gonerally 
and an enterprise of Harrap Research Publications, with 
the full co-operation of the Department of Scientific and 
Industrial Research. 

The fifth edition of Industrial Research in Britain is 
an entirely revised and substantially enlarged edition, 
containing some 260 pages more than the preceding one. 
Mr. A. W. Haslett is succeeded by Mr. I. A. Ball as advisory 
editor, at whose instigation most of the entries have been 
restyled. Once again Sir Harry Melville contributes a 
foreword and this time he deals with ‘‘Finding Technical 
Information”. 

A new feature of the reference book is a section on 
manpower and expenditure in industrial research in 
Britain, which is essentially based on Science and Techno- 
logical Manpower in Great Britain 1962 (Cmnd. 2146) and 
Industrial Regearch in Manufacturing Industries, 1959-60 
(a survey by the Federation of British Industries). In 
all, twelve tables are given dealing with the number of 
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qualified scientists, their distribution, cost of research 
and development, sources of finance, etc. 

The sections that follow deal with, in succession, 
Government departments and public bodies, grant-aided 
research organizations, industrial firms, independent and 
sponsored research laboratories, trade and development 
associations, consulting scientists, universities and colleges 
of advanced technology, technical colleges, professional 
and learned societies and institutions, international and 
overseas industrial research organizations, embassies and 
scientific attachés, computer services, patent agents (a 
new section), technical information centres and libraries, 
translations of Soviet scientific periodicals, British periodi- 
cals and abstracts covering industrial research. Most 
sections are provided with “Further Reading Lists”. 

One of the sure tests of a good work of reference is the 
ease with which information can be extracted. The present 
volume is a model, for information retrieval has been 
made as simple and efficient as possible. Three extremely 
adequate indexes are provided: a name index (a 
new addition), an organization index, and a subject 
index. 

Since the new edition was prepared, there has been a 
General Election and a change in Government. This 
means that certain sections of the reference book are now 
out of date. Furthermore, the new Government is 
implementing plans for the reorganization of the adminis- 
tration of science and technology. When the appropriate 
legislation has been enacted, the Department of Scientific 
and Industriel Research will be dissolved and responsi- 
bility for Government-sponsored industrial research shared 
between the newly-formed Ministry of Technology and 
the Department of Education and Science. Harrap 
Research Publications are preparing a leaflet giving details 
of these changes and this will be available to purchasers 
of Industrial Research in Britain. Once these leaflets on 
Government reorganization are available, Industrial 
Research in Britain will becomes the most authoritative 
guide to Britain’s industrial research and a reference 
book to which everyone concerned with British science 
and technology should have easy access, whether they 
are concerned with the academic, industrial, technical 
or governmental aspects. 


BRITISH MARINE DIATOMS 


An Introductory Account of the Smaller Algae of 
British Coastal Waters 

Part V: Bacillariophyceae (Diatoms). By N. Ingram 

Hendey. Pp. xxii+317+45 plates. (Fishery Investiga- 

tions, Series ITV.) (London: H. M.S. O. 1964.) 180s. 


N account of the British marine diatom flora has 
been much needed, for nothing of the sort has been 
published for more than half a century. Identification has 
consequently required a scattered literature, much of it 
difficult to locate. This difficulty, enhanced by the large 
number of genera and species found in littoral habitats, 
has led to the undue neglect of the group in ecological 
investigations, and it is to be hoped that the appearance 
of An Introductory Account of the Smaller Algae of British 
Coastal Waters will do much to remedy this. 

The first fifty pages of the book are devoted to an 
account of the morphology, biology and ecology of the 
group. The morphological and biological parts of this 
bring together much important information that will be 
especially valuable in supplementing, with the results of 
recent work, the more detailed but thirty-year-old account 
in Fritsch’s Structure and Reproduction of the Algae. 
When discussing reproduction, Hendey makes no mention 
of the oogamy with flagellate male gametes that has been 
demonstrated in various centric diatoms, although eh 
refers to the accounts by von Stosch of oogamy in Melosira 
and Biddulphia under those genera in the taxonomic part. 
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The author began work on the book in 1940 and it would 
seem that some portions written early in its preparation 
were not revised later, one consequence being this serious 
omission. The ecological part of this introduction reveals 
how little is known of the subject, but it includes some 
original information on communities and periodicity. 
Lists of the diatoms in eight characteristic littoral 
communities are of very little scientific value, 
however, without some information on the habitat of 
each. 

The taxonomic part of the work provides descriptions of 
114 genera and 609 species, those occurring most frequently 
around the Britzsh coasts. The distinguishing characteris- 
tics and the degree of variation of a number of species are 
considered anew, with sound taxonomic judgment that 
takes into account the effect of biology and life-history on 
the morphology of the frustule. Many type specimens have 
been examined and the nomenclature used has been 
brought into line with the code. Auricula is separated 
from the Neviculaceae in the monotypic new family 
Auriculaceae because of its dorsi-ventral structure. 
In recent years theoretical taxonomists have pointed out 
that giving paramount importance to a particular charac- 
ter results In an unnatural classification. The generally 
accepted classification of the sub-order Naviculineae, in 
which type of symmetry is emphasized above everything 
else, exemplifies this, and even more so with the recog- 
nition. of this new family. The three new genera and 
thirteen new species, however, seem to be genuinely 
distinct. 

The general account of the group and the taxonomic 
innovations are only ancillary to the main purpose of the 
book, to serve as a manual for identification. There are 
keys to the families and genera, and these work well in 
most cases, although there are a few defects that may 
cause confusion: Tomoenidea runs down to Cymbellaceae 
but is, rightly, included in Naviculaceae, Biddulphia 
pulchella could easily be run down to Anzulaceae, and three 
other species of Biddulphia to Trigonium. There are no 
keys to the species and, in the larger genera at least, 
identification without them will be difficult, the more so 
because the descriptions of the species in any one genus are 
not drawn up on a uniform plan and so are not easy to 
compare. At times they are even inconsistent and contra- 
dictory, the worst example being the accounts of the raphe 
and nodules of #rustulia in the key and in the descriptions 
of the genus snd its three species. Nevertheless, although 
more arduous than it might have beon, identification will 
almost always be possible, provided that the species is 
covered. For about half those included, help is given by 
the illustrations; these are either delicate and accurate 
drawings by the author or excellent photomicrographs, 
but no scale is given on any of them and their magnifica- 
tion is not uniform. The general dimensions of the species 
given in the text are no substitute. 

The basis of this book, the authors judgment of 
the limits of the species with which he deals and the 
characters that distinguish them, is sound. It is a great 
pity that the fruit of the work of so many years is not 
as useful as it might have been because of the way in 
which it is presented. R. Ross 


MODERN GENERAL ALGEBRA 


Lectures on General Algebra 

By A. G. Kurosh. Authorized translation by K. A. Hirsch. 
Pp. 335. (New York: Chelsea Publishing Company, 
1963.) 6.95 dollars. 


Te is an excellent book on modern algebra. It is 
intended for mathematicians, but not necessarily for 
specialists in algebra. In writing this book Prof. A. G. 
Kurosh had in mind the idea of showing mathematicians 
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the new look which zeneral algebra has acquired since the 
publication of van der Waerden’s Moderne Algebra some 
thirty years ago. The material has been selected well and 
carefully, with the cbject of exhibiting the main branches 
of modern general algebra; showing so far as possible their 
mutual interconnex-ons, and aiming at a relatively small 
number of individual important theorems in each branch. 
The result is a very readable and unified account of what 
might so easily heve been a collection of apparently 
unrelated topics. ‘The style, too, is excellent, combining 
precision and informality in what I believe to be Just the 
right proportion to form a useful and fascinating intro- 
duction to modern algebra, particularly suitable for 
first- or second-year postgraduate students in mathematics. 
The book is in fact based on some special courses of lectures 
given by the author at the University of Moscow, and this 
explains its title. 

The section headings in the six chapters are: Chapter 
1, sets; binary relations, equivalence relations; partial 
order; minimal condition; theorems equivalent to the 
axiom of choice. Chapter 2, groupoids, semigroups, and 
groups; rings and fislds; subgroups and subrings; isomor- 
phism; embedding cf semigroups in groups and of rings in 
fields; non.-associative fields, quasigroups, isotopy; normal 
subgroups, ideals; Gaussian semigroups; Gaussian rings; 
Dedekind rings. Chapter 3, universal algebras, homo- 
morphisms; groups with multi-operators; automorphisms 
and endomorphisme—the field of p-adic numbers; normal 
series and composition series; Abelian, nilpotent, and 
solvable Q-groups; primitive classes of universal algebras; 
free universal algebras; free products of groups. Chapter 
4, lattices and complete lattices; modular lattices; direct 
unions—~the Schmict-Ore theorem; direct decompositions 
of Q-groups; complete direct sums of universal algebras; 
distributive lattices. Chapter 5, operator groups and 
operator rings; free modules—Abelian groups; vector 
spaces over fields; rings of linear transformations; simple 
rings—Jacobson’s theorem; linear algebras—the quater- 
nion algebra and the Cayley algebra; alternative rings 
-—Artin’s theorem; the generalized Frobenius theorem; 
the Birkhoff-Witt theorem on Lie algebras; derivations 
-—differential rings. Chapter 6, ordered groups; ordered 
rings; Archimedien groups and rings; rings with a 
valuation; logarithmic valuations of fields; Albert’s 
theorem on normed algebras; closure—topological 
spaces; special types of topological spaces; topological 
groups; connexion between topology and valuations in 
rings and fields; Galois connexions—the fundamental 
theorem of Galois sheory. There is an index, and also 
a bibliography containing an excellent list of books on 
various branches of general algebra. A large number of 
results appear in she text in their appropriate places 
neither proved nor used, but references are given. This 
is a particularly useful feature of the book. 

I would have welcomed some historical detail in places 
to show how the new concepts have arisen, and also some 
illustration of their relevance to other parts of mathe- 
matics. There is nc discussion of the theory of categories 
and there are no exercises. The casual reader is warned 
that ‘ring’ means ‘non-associative ring’ and that ‘field’ 
means ‘non-commutative field’. There are one or two 
errors and omissions in the index; for example, the 
references to p. 8 should be to p. 6, the reference for 
simple group shoulc be to p. 66 rather than p. 67, quasi- 
group does not appear to be indexed. 

Since the publication of the original (Russian) edition 
in 1962 there have been a number of new results to which 
the author would no doubt have made reference, notably 
the work of W. Feit and J. G. Thompson on simple 
groups, and the work of P. J. Cohen on the axiom of 
choice. 

English-speaking readers will be greatly indebted to 
the translator, K. A. Hirsch, who has doffe a splendid 
job. As one should expect from an American publishing 
house, the spelling is American. J. E. REEVE 
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Treatise on Analytical Chemistry 
Edited by I. M. Kolthoff and Philip J. Elving, with the 
assistance of Ernest B. Sandell. Part 1: Theory and 
Practice, Vol. 5. Pp. xx+2707-8345. (New York and 
London: ‘Interscience Publishers, a Division of John 
Wiley and’ Sons, 1964.) 120s. 


Foe the analytical chemist this volume provides an 
admirable addition to the literature on applied 
analysis. It maintains the high standard set by. its pre- 
decessors and few criticisms can be made of it. Its pages 
include a wealth of information, and the extensive use 
of diagrams and photographs adds considerably to its 
interest and usefulness. 

One small criticism is that in a total of 639 pages the 
volume attempts to cover the fundamentals of the theory 
and practice of optical analytical methods. Optical 
methods (42 pages, 49 references), fundamentals of spectro- 
photometry (45 pages, 158 references), spectroscopy 
(32 pages, 49 references), light scattering (31 pages, 85 
references), colour (64 pages, 148 references), ultra-violet 
and visible spectrophotometry (108 pages, 134 references), 
fluorimetry (17 pages, 157 references), X-ray methods 
(92 pages, 34 references), electron probe microanalysis 
(56 pages, 72 references), microwave spectrophotometry 
(54 pages, 55 references) and nephelometry and turbidi- 
metry (34 pages, 160 references) are all dealt with in this 
single volume. It is therefore in danger of being a little 
sketchy in places. Notwithstanding, the book is packed 
with practical information of interest to the uninitiated 
and of value to the specialist, and since the apparatus for 
many of these techniques is rapidly becoming an everyday 
tool in all analytical laboratories the book is a ‘must’ for all 
libraries attached to such departments. J. THomson 


Constantes Sélectionnées 

Rendements Radiolytiques. Par R. Bensasson, A. Bernas, 
M. Bodard, L. Bouby, M. Cottin, M. Duflo, F. Kieffer, 
A. Koulkés, N. Leray, J. Pucheault et C. Vermeil. 
Établi sous la direction de M. Haissinsky et M. Magat. 
(Tables de Constantes et Données Numériques: Organisme 
Affilié de l’?Union Internationale de Chimie Pure et 
Appliquée,’ 13.) Pp. 217. (London and New York: 
Pergamon Press, 1963.) 168s. net. 


HE editorial activities of Profs. M. Haissinsky and 

M. Magat, which led to the publication of authorita- 
tive reviews of rapidly developing areas in book form, 
have contributed much to increased interest in and under- 
standing of the rapid post-War development of radiation 
chemistry. The appearance of the Constantes Sélectionnées 
is the culmination of a particularly ambitious, further 
project—a complete tabulation of the numerical data 
pertaining to radiation yields, culled from publications 
in the period from 1905 to the end of 1960. This has 
required the sustained, critical effort of a team of eleven 
co-workers. The result will be welcomed by everyone 
interested in the chemical effects of ionizing radiation. 

The recorded information consists mainly of reactant- 
disappearance or stable-product-formation yields, each 
entry being accompanied by a succinct statement of the 
experimental conditions relevant to the figures quoted. 
For a particular system, concordant information from 
several laboratories is presented as a single entry accom- 
panied by full references. Where major discrepancies 
exist, each contribution is given separate entry. This is 
a very valuable feature of the presentation. Apart from 
a succinct and limited statement of the yields of primary 
radiolytic species from liquid water, derived values of 
primary yields are not tabulated. 

In a total of 178 pages, 77 are concerned with water 
and dilute aqueous solutions, 34 with hydrocarbons and 
16 with high polymers. Five pages only are needed for 
inorganic gases and vapours, two for inorganic solids and 
the space devoted to many types of organic compounds 
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is similarly limited. It is to be hoped that the appearance 
of this volume will encourage much increased investiga- 
tion in such areas, where real understanding of the signifi- 
cant mechanisms is most Inadequate. A more intensive 
investigation of mixtures is probably needed if any real 
progress is to be made in the practical application of 
radiation. sources for preparative purposes. 
Frequent reference over a period of months, and 
numerous tests suggested by one’s own past experience, 
show that the compilation stands up extremely well with 
regard both to completeness and accuracy. The small 
print is very clear: six pages of introductory matter and 
four appendixes make surprisingly easy the rapid use of 
the contained information. The long interval between 
1960 and the date of publication is regrettable, as is the 
high price. The subject has developed markedly in the 
intervening years. W. WuD 


Theory of Difference Schemes 

An Introduction. By 8. K. Godunov and V. 8. Ryabenki. 
Translated by E. Godfredsen. Pp. xii+ 289. (Amsterdam: 
North-Holland Publishing Company, 1964.) 60s. 


ANY methods for the numerical solution of differen- 
tial equations depend on replacing an ordinary or 
partial derivative by a difference quotient, thus arriving 
at a system of difference equations. The behaviour of the 
approximation may depend on the nature of the equation 
and the size of the quotient interval. Questions of conver- 
gence and stability of approximation may easily be vital 
to the utility of the process. Theory of Difference Schemes 
deals with the theory of such methods; it is not a text 
on numerical analysis, but an account of some of the ideas 
on which popular methods of numerical analysis are based. 
Concepts are brought in gently, often in special instances 
before full generality is attempted. After some elementary 
examples, the concepts of approximation and stability are 
precisely defined, and then applied to partial differential 
equations; the authors remind the reader that it is not 
enough to set up a system of equations, it may be 
necessary to solve the system, but they expect the reader 
to supply a lot of pencil and paper work for himself. 
In the final sections, stability for equations describing non- 
steady processes is discussed, requiring a little knowledge 
of general operators and spectral theory. Those interested 
in the theory rather than the practice of numerical analysis 
will find the volume in the main text, in the annotated 
bibliography, and in the appendixes on special problems, 
a useful item for the shelf. T. A. A. BROADBENT 


Candida albicans 
By H. I. Winner and Rosalinde Hurley. Pp. ix+ 306. 
(London: J. and A. Churchill, Ltd., 1964.) 60s. 


URING the past decade there has been an almost 
world-wide increase in human disease caused by the 
yeast Candida albicans. It has stimulated a great deal 
of clinical interest and investigative work by internists, 
dermatologists, microbiologists and morbid anatomists. 
Dr. Winner and Dr. Hurley have both made active 
contributions to our recently extended knowledge of the 
pathogenicity of the organism. Their book is essentially 
a reference source which covers most of the literature 
pertaining to almost all aspects of Candida albicans. The 
authors admit that some papers have not been included, 
and refer to Kashkin’s important work (in Russian) which 
was not available to them. 

Following a text of 213 pages there are 92 pages of 
references. Because of the numerous references the text 
is not easy to read, and in places one may find it insuffi- 
ciently informative in detail. There is little attempt to 
digest and critically analyse the vast literature. The book 
does not claim to be encyclopaedic, but is a reference guide 
to the original papers and reviews of the subject. In this 
objective the authors have been successful and are to be 
congratulated. C., D. CaALNAN 
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THE ADVANCEMENT OF LEARNING, 


A.D. 


HE Joseph Payne lectures entitled “The Advance- 

ment of Learning, 1605-2005”, recently given by 
Prof. R. V. Jones, professor of natural philosophy in 
the University of Aberdeen, to the College of Preceptors, 
trace the course of higher education, particularly in tech- 
nical subjects, from the early seventeenth century to the 
present. There 1s also an assessment of future possibilities 
and difficulties m the hght of recent mistakes. The three 
lectures constitute an important synopsis of the trends 
of education m the application of the sciences in 
Britain. 

The first lecture deals with this development until 1914. 
The earliest Greek philosophers started out in & promising 
manner and didnot divorce philosophy from practical life. 
Unhappily this useful phase of Greek development was 
replaced by a philosophical climate in which recourse to 
experiment and manual skill were believed to be signs of 
an inferior nund. Ancient China offers even more sur- 
prises in its teéhnology and powers of invention than 
Greece, and it might be asked why it did not develop. 
The matter has not been explained fully, but again it 
seems that the value placed on pure thought inhibited 
practical progress. Thus, the two ancient civilizations in 
which the development of science might have been 
expected to catch fire became instead academic mauso- 
leums. 

Many centuries later there was the stranglehold of 
Thomism, remarkable as was St. Thomas Aquinas’s feat of 
integrating the Hellenic and Christian systems. Little 
progress could be made while such doctrines persisted; 
but a few courageous scholars such as William of Ockham 
and Roger Bacon were feeling their way towards the 
spirit of scientific research. With the work of Gilbert 
and Galileo, throne hundred years later, the establishment 
of scientific method was soundly based. 

In contrast with Gilbert, who attacked the complex 
phenomena of magnetism, Galileo concentrated on the 
simplest possible phenomena of dynamics. Both kinds 
of approach were essential to the development of physical 
science, but that of Galileo led to Newton’s formulation 
of his three laws of motion, and the science of mechanics 
which was thereby founded was the main key to man’s 
understanding of the physical universe. 

An early philasopher of science was Vives, who was born 
in Valencia in 1492 and went to England as tutor to 
Princess Mary, later Mary I. “Scholars should not be 
ashamed to enter into shops and factories and to ask 
questions of craftsmen,” he said, but this theme was more 
powerfully developed by Francis Bacon, the outstanding 
philosopher of the scientific revolution.- Bacon demon- 
strated the importance of mechanical inventions, and 
pointed out the need for research to be given a free hand. 
His objectives were to be achieved by a reform of the 
system of higher education and by the development of a 
new attitude among the academics. Bacon’s warnings and 
pleas were practically unheeded; but the story is not 
one of complete failure. At Oxford, for example, a flame 
of scientific investigation and technological achievement 
was kept alive and the power loom and wool-combing 
engine were both invented by Edmund Cartwright, a 
Fellow of Magdalen College. 


1605—2005 


In the mid-nineteenth century science was rejected by 
the most influentiel of the public school headmasters. 
Arnold of Rugby said: ‘‘Rather than have physical science 
the principal theory in my son’s mind I would gladly have 
him think that the sun went round the earth and that the 
stars were so many spangles set in the bright blue firma- 
ment... the only thing needed for a Christian and an 
Englishman to study is Christian, moral and political 
philosophy.”’ 

Earher, after Britain had been defeated by its American 
colonies, it maintamed its place in the world, not only 
because of the resiHence of its armed forces under such 
commanders as Nelson and Wellington, but also because 
James Watt’s steam engines converted the industrial 
revolution to a major phenomenon in world history and 
made Britain the workshop of the world. The more 
thoughtful engineezs saw that invention and labour 
would not be enougk and that a growing body of mechanics 
would need to know more of the principles of operation 
of their machines. There were far-sighted reformers such 
as John Anderson of the University of Glasgow, and Lyon 
Playfair, who was one of the most vigorous and prophetic 
figures. After the Great Exhibition of 1851, Playfair, 
inspired by the Prince Consort, tried, without success, to 
obtain in Britain the standard of technical education 
which was found in several parts of Europe. 

Another whose part in the struggle ought to be men- 
tioned 1s Colonel Alexander Strange of the Royal Engineers, 
whose 1871 lecture so the Royal Umited Services Institu- 
tion is topical after nearly a century. There were others 
such as Matthew Arnold, Mark Pattison, Herbert Spencer, 
T. H. Huxley and E. A. Frankland. Even Cardinal New- 
man, in his liberal ideas for his Irish university, saw the 
importance of science. There were repeated Royal 
Commissions which produced some superficially impressive 
results, but prejudices and complacency generally won the 
day. 

On the other hand, London, at the end of the nineteenth 
century, was a shining example, with its technical colleges. 
After Playfair’s death, Lockyer (first editor of Nature) 
championed the canse of higher education in science, 
and the Standing Grant to universities was raised from 
£40,000 in 1902 tc £115,000 in 1906. The National 
Physical Laboratory was established in 1900, largely as a 
result of a strong plea by Sir Oliver Lodge at the 1891 
meeting of the Britsh Association for the Advancement 
of Science. 

Early reverses in the First World War, which were 
partly due to our neglect of science and technology, 
caused much indignation, and in July 1915 there was a 
Committee of the Privy Council (supported by classical 
scholars as well as szientists) for Scientific and Industrial 
Research. This Advisory Council, as the Trend Report 
points out, is the bas:s of all the existing Research Councils. 
Prof. Jones paid tribute to the far-sighted and persistent 
efforts of Henry Tizard for research in relation to the 
teaching of science in the larger sphere of a cultural 
education. Although school science teaching was beginning 
to become less attractive than a career in industry or in 
the Civil Service, tne freedom of life and “work in the 
universities was such that they continued to be staffed 
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with men of the highest calibre. The Second World War, 
with technical achievement becoming a matter of survival, 
changed the position again, and about the end of the War, 
the Government instituted the Barlow Committee to 
investigate the post-war need for university-trained 
scientists. The numbers of scientists were to be doubled; 
but the Committee of Vice-Chancellors in 1946 insisted 
that this should mean a doubling all round. 

Prof. Jones dealt at some length with the state of tech- 
nical education in the United States and the U.S.S.R., 
where in general there was a greater maturity of the 
student before he or she commenced higher studies. 

In the nineteen-fifties, the decline in British power, 
predicted by men like Playfair and brought into focus by the 
Suez Crisis and British mability to compete in the space 
race, became starkly apparent. Four major Committees, 
Crowther (1959), Robbins (1965), Newsome (1963) and 
Plowden (beginning in 1963), examined our educational 
system. The maximum deployment of British ability, 
effectively cultivated, was the chief hope for the future of 
the nation. 

The present drive for higher education has its origins 
in the profitable interactions of the pure scientist and the 
technologist. Regrettably, it has only gained popular 
support through Britain being forced to a ‘last ditch’ stand. 
in 1940, and through what may now also prove a similar 
stand in the economic struggle. With colonies gone, 
Britain’s easy raw material resources and easy markets 
have disappeared. The country needs more science and 
technology as its one chance of recovery. An implicit 
assumption in the Robbins proposals for more higher 
education is that there is a pool of talent that, for one 
reason or another, our past educational system has failed 
to tap. Sir Eric Ashby was optimistic in this matter, but 
Prof. Jones, speaking solely about the position in physics, 
finds that the failure rate has gone up and, of the 1960 
student entry, 30 per cent failed to complete the course. 
In postgraduate work, although the Department of 
Scientific and Industrial Research studentships, awarded 
on the basis of a good honours degree, went up about 
60 per cent, the Ph.D. output did not rise at all. 

An analysis of the pool of ability in terms of family 
background, made independently by the University of 
Aberdeen, gives no support to the concept of a latent pool 
of talent which has been cut off hitherto from higher 
education by family background. If the pool is in the 
schools it may lie among the pupils taking non-science 
subjects. There is still a bias in the schools, either con- 
scious or unconscious, that is still tending to influence 
many of the best pupils into non-science subjects. ‘‘Cer- 
tainly the Arts pupils are coming forward much more 
profusely than we require: in some cases twice as many 
Arts students as the sum of those taking Science and Tech- 
nology, the inverse of what the University Grants Com- 
mittee had decided that the country needs. A factor 
that may have added to this inversion is the 1961 paper of 
the Advisory Council on Scientific Policy which gave a 
strong impression that the output of scientists and tech- 
nologists would be in step with demand by 1965; some 
potential science students were steered away from science 
by parents anxious not to see their children unemployed. 
The statement was afterwards corrected by the A.C.8.P., 
but the harm had been done.” 

Yet there may be others in the pool who have failed 
to achieve higher secondary education. “‘An ideal scientist 
or technologist requires several different qualities. He 
needs to be good at mathematics, to express himself ade- 
quately, to have a good memory, to be 2 good observer, 
to have ‘scientific insight’, to have powers of imagination, 
creation and invention, and it helps if he is good with his 
hands. Now of all these qualities the average examination 
tests only the first three, while a good examination 
may also test insight, but the most important qualities 
are untested. One does not, however, have to possess 
every one of these qualities to be useful in science. For 


NATURE 


April 10, 1965 VOL. 206 


example, it might almost suffice to be a good observer, 
with poor mathematical powers, but with a genuine 
interest in the natural world. Invention, another invalu- 
able quality, tends, if anything, to be bred out of pupils by 
some forms of teaching, both at school and at the univer- 
sity, which seem designed to propagate critics rather than 
creators. Our examination system will therefore reject a 
child who is deficient in one of the first three qualities, 
but who may, by possession of some of the other qualities, 
be more genuinely useful than anyone who has the first 
three qualities alone. If such rejections are taking place, 
I think that they will be occurring more seriously at the 
11+ level than at ‘A’ level.” 

We must delay as’ long as possible the need for a pupil 
to decide inevitably between one group of subjects and 
another for his final choice of career. A. common curriculum 
to the highest possible level and thereafter exposure to 
the broad principles and achievements of the humanists 
are desirable. It is regrettable that pupils have to choose 
at all, but there are some subjects such as mathematics 
and theoretical physics where the major advances are 
almost always made by young men. Then there is the most 
important problem of finding the staff to teach the larger 
numbers of students of science and technology. 

Here, Prof. Jones, while welcoming the ideals of the 
Robbins Report and many of its qualitative recommenda- 
tions, is scathingly critical of its naive quantitative state- 
ments, which were fundamental to its arguments. The 
Times was courageous in saying unpopular things in its 
solitary stand against unquestioning acceptance of the 
Robbins conclusions: ‘“‘One could show, for example, that 
the additional staff required for physics departments in 
the next few years of expansion was equal in number to 
about 50 per cent of all the Ph.D.s graduating in physics 
throughout the Kingdom. This is hardly a practicable 
proportion to take, for the other 50 per cent would 
then have to be divided between government service, 
emigration loss, and industry—in which we have to earn 
our national living and to pay for the cost of expan- 
sion”. 

Prof. Jones appears to agree with Prof. Zacharias, an 
authority on automated teaching, that teaching machines 
can have little place in real higher education. 

“We are now well into the revolution that Bacon fore- 
saw, and are pursuing science partly for its delight as 
knowledge but mainly, with technology, because of the 
greater power for good and evil which it places in our 
hands.” Bacon said most of the things that needed saying 
to convince a thinking man; but he was largely ignored— 
most of all by the academics whom he had so justifiably 
criticized. ‘‘Playfair, Strange, Arnold and their contem- 
poraries pleaded the case as effectively as any of us could 
today; but their efforts, superficially successful, were 
frustrated by the prejudice of the academics, and “the 
complacency of our manufacturers. The distinguished 
signatories of the 1916 protest fared little better. The 
between-wars efforts of Bernal, Blackett, Lindemann, 
Tizard and the others achieved almost nothing until 1940, 
when the tide turned only by the stiffest example a 
country could ever receive of the dependence of its survival 
on science and technology. Even so, there was faulty 
reasoning behind the balance of the universities and not 
enough was done, especially for technology. Now that the 
case for expansion is admitted, the basic reasons are being 
obscured by the lack of foresight of the universities and 
the inertia of the secondary system: and the expansion 
is not going along the intended lines. In view of the 
misfires over four centuries, we need to scrutinize our 
current efforts very carefully to detect the onset of 
faulty execution and root it out.” 

Nevertheless, in spite of all that has been said in favour 
of certain aspects of technological education in the 
United States and the U.S.S.R., the British methods are 
tempered with a humanity without which technocratic 
man would lose his soul. W. L. Sumner 
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| ee: constitutes a very thin layer of matter on the 
Earth’s surface, the biosphere: continuous cyclic 
change provides for maintenance, replication and other 
activities of this system; carbon dioxide is reduced by 
photosynthesis with concurrent formation of high-energy 
compounds that are then oxidized in the metabolism of 
living organisms, carbon dioxide being returned to the 
atmosphere. At present a balance is maintained with 
virtually no change in biosphere and atmosphere of the 
total amount of matter taking part in this cycle. The 
energy for photosynthesis is provided by continuous 
inflow of radiant energy from the Sun; an equal amount 
of energy being re-radiated from the Earth, but in the 
form of & larger number of quanta of lower energy than 
those received. The net increase in number of quanta 
may be regarded as a decrease in order with attendant 
increase in probability and entropy of a Sun—EHarth 
system of which the biosphere system is a part?. Thus, 
increase in order may occur in the biosphere, without 
contradiction of the second law of thermodynamics, so 
long as this average increase is less than the- average 
decrease of order in the Sun—Earth system. 

If one were to think of the biosphere as an open system 
continuously replicated in exact quantity and pattern— 
the same total amount of information being maintained 
—one would assume that no over-all change in order 
occurred in this system, the only change in entropy being 
in the Sun—Earth system. But evolution of the biosphere 
has been going on for millenia, and this has certainly 
involved increase in orderly arrangement and decrease in 
entropy, which has, of course, been compensated by 
corresponding increase in entropy within the including 
Sun—Earth system. 

We may represent the changes pertaining to the Sun- 
Earth system by: 


Wa , P, 
AS =NkIng? =Nking’ (1) 


where § is the entropy; N is the number of molecules 
involved; k is the Boltzmann constant; In indicates the 
natural logarithm; W is the number of arrangements of 
microscopic properties of the system; and P is the prob- 
ability of that state. The greater the number of arrange- 
ments of microscopic properties—energy-levels of elec- 
trons, vibrations of atoms in molecules, velocities of 
molecules, etc.—the less the order, and the greater the 
probability. Thus, In accord with the second law of 
thermodynamics W, > W,, and P, > P,. We cannot 
hope to measure W or P, but by various means we may 
assess the relative change in these values for a given 
system in terms of AS, provided the system can be put 
into dimensiors definable in terms of N and k. 

In attempting to relate the increase of order in the 
evolving biosphere to the inverse change in the Sun- 
Earth system, let us first have analogy to a digital com- 
puter, to which successive questions are presented. The 
computer ‘answers’ each question put to it by choosing 
one of two possible alternatives. If each question is 
postulated on the previous one, the selection of answers 
represents an. increase in order with corresponding 
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decrease in probability. We may describe this relation- 
ship by: 


b 
— As = log, * (2) 


where —s, the negentropy, is used to measure the increase 
of information; log, indicates the logarithm to the base 
2; b is the number of questions answered; and b, > dy, 
The number of answers is not concerned with meaningful 
content—it is not @ measure of the knowledge gained 
from the computer operation. In such an operation 
interest is usually focused on only the accepted answers, 
the rejected alterratives being disregarded. 

Evolution by ratural selection may be compared to 
computer operation by assuming that each mutation 
which better adapts the species to the environment is 
chosen from among other mutations, ‘unsuccessful’ 
mutations being lost, as a rule, from the record. In 
cultural evolution—man being a part of the biosphere— 
we may think of innovations as being chosen in analogous 
manner, remembering, however, that the mechanisms for 
biological and cultural evolution are widely different?. In 
attempting to include these cases within a common 
mathematical framework we may write: 


f: Pı 

As =qlIn Tg In F (3) 
where g is a proportionality constant, f is the number of 
facets of orderly pattern, and p is the probability of that 
state: fa > fis Pa < pı The term ‘facet’ is used here in 
a very general serse to describe a unit of pattern which 
is related to the pattern as a whole; increase in number 
of facets indicates increase in order with corresponding 
decrease in probability. Nothing is specified as to the 
kind or properties of the facets, which might have many 
forms but in all cases represent choices that have been 
made between alternatives-—successful mutations, and 
cultural innovations are examples.. It is not meant to 
specify in equation (3) that each added facet of pattern 


depends on a choics between one of only two alternatives, . 


as in equation (2) for the accumulation of choices. 

If we let equation (1) describe the changes of order in 
the Sun—Earth system, and equation (3) describe those 
in the included biosphere system during the same period 
of time, we know that — As < AS, if we could measure 
these in the same dimensions. But more quantitative 
comparison would demand that it be possible to measure 
q as an N times o k, and this presents difficulties that 
appear insurmountable since we lack a co-ordinate frame 
of reference*. ‘Ths evolutionary record retains, for the 
most part, only evidence of selected facets, for example, 
successful mutations or cultural innovations, disregarding 
the rejected ones that would also have to be included in 
the assignment af common dimensions required for 
drawing up a thermodynamic balance sheet. Thus, when 
we deal with the evolution of the biosphere, and aspects 
of living systems which have been determined by that 
evolution, we may 2rr gravely if we view these systems too 
rigidly in terms of physical dimensions. Seeing only a part 
of the total change, we may conclude thateevolution has 
followed a much more ‘direct’ course than it has, losing 
sight of the many alternative paths which might have 


£32 


beon possible but were not followed. In so doing we are 
dikely to accept into our thinking an excess of determinism 
snd may slp inadvertently into a mechanistic finalism 
nd teleology perhaps as misleading in some aspects as 
vitalistic finalism and teleology. 

Although number of facets, lıke number of choices, does 


not measure meaningful content, we tacitly assume that, 


the latter runs roughly parallel in both cases—the greater 
the number of choices made by the computer, the greater 
knowledge increase is to be expected; the greater the 
number of successful mutations, the greater the expecta- 
tion of close adaptation to the environment—but no 
strict quantitative relationship can be predicted. It may 
be noted that, similarly, number of arrangements of 
microscopic properties measures order, but not meaningful 
content-free energy change and heat of reaction are 
properties of specific substances not measured in terms 
of entropy change, although quantitatively related thereto 
in systems of rigidly defined dimensions. We lack know- 
ledge of any close quantitative relationship between order 
and meaningful content in the evolutionary changes going 
on in the biosphere, so in estimating change in number 
of facets we must rely on subjective judgment based on 
what seems to us to be the meaningful content. This is 
done whenever numerical values are assigned in preparing 
curves to describe evolutionary processes’, which thus 
contain an unavoidable element of uncertainty. 

- Similar uncertainties enter into estimations of the prob- 
ability of life—here and elsewhere in the universe. Such 
estimates should take into account the evolution of the 
biosphere, which may for convenience be divided into 
three phases, while recognizing that the divisions must 
be arbitrary since we deal with a continuous process: 
(1) a phase of chemical evolution during which the organic 
components of living systems and the mechanism of 
repheation evolved; (2) a phase of biological evolution 
by natural selection; (3) a phase of man’s cultural 
evolution—from. our human view this is the culmination 
of the evolutionary process. 

About a million species of living organisms are recog- 
nized to-day, and we may conservatively estimate that 
at least one thousand successful mutations were con- 
cerned in eath one. Assuming the change in probability 
in the course of this process to be inversely proportional 
to the total number of choices of suecessful mutations, 
we estimate, in terms of equation (8) that the probability 
of biological evolution having arrived at its present state 
would be 10-*. It seems again conservative to assume 
that a million innovations have been introduced in the 
course of cultural evolution, and multiplying the prob- 
ability of this number of choices by the corresponding 
figure for biological evolution we decrease the probability 
of man’s combined biological and cultural evolution to 
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10-15, Presumably there were points ın chemical evolution 
where choice of pathway also occurred, for example, where 
the rate of one reaction caused it to predominate over a 
thermodynamically more probable one®; but it would 
seem even more difficult to estimate the number. Assum- 
ing one thousand such choices, however, we reach a total 
figure of 10-18 for the probability of man having reached 
his present state. Conservative as this estimate seems, it 
approaches inversely some of those for the number of 
‘habitable’ planets in the universe that have been invoked 
to indicate the likelihood that man-like creatures may 
exist elsewhere. 

Numerous uncertainties in the above estimate of man’s 
probabilty must be obvious from the foregoing dis- 
cussion, in which it was tacitly assumed that evolutionary 
choices are purely matters of chance, thus neglecting any 
change in meaningfulness resulting from these choices. 
For example, properties differ for chemical species; some 
of them are better fitted to be components of living 
systems and their environment than are others, as implied. 
in Henderson’s cogent phrase, ‘fitness of the environ- 
ment; and natural selection depends on the charac- 
teristics of the environment and of the phenotype which 
impinge. Such things introduce ‘deterministic’ factors 
which were neglected in the strictly ‘probabilistic’ argu- 
ment used in the foregoing estimates, which might be 
either too lew or too high on this account. In any event, 
such estimates—open. as they are to great uncertainty— 
may give our imagination pause in peopling the universe 
with living things, particularly with ‘intelligent’ life 
approaching closely to the characteristics of man’. 

In general, examination of the uncertainties involved 
in putting living systems into the dimensions used so 
effectively in the study of physical systems may give us 
better perspective on explanations of life and of human 
activity, on extrapolations into space, and into past and 
future time. 

I am greatly indebted to Dr. Roger 8. Pinkham for 
kindly criticism throughout the development of these 
thoughts. 
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T_YAEMODYNAMICS requires as a prime datum the 
rate of blood flow through the vessel. For greater 
refinement, the linear velocity of blood throughout the 
cross-section of the lumen is needed. In single micro- 
_vessels, only optical methods dependent on the inhomo- 
geneity of blood have been described. Cinemicrography, 
whether in simple form! or modified for the special purpose 
of velocity “measurement?, Monro’s ingenious visual 
stroboscopic method’, and Wiederhielm and Rushmer’s 
analogue computer frequency analysis of the light trans- 


mitted through a region the size of an erythrocyte on a 
stream-line’, are now in use. The last method does not 
provide absolute velocity and its calibration varies with 
the degree of compaction of the red cells (certainly not 
constant from one stream-line to another), but it is still 
a valuable advance in that it provides a continuous, 
immediate indication of velocity in a single stream-line. 
Here I propose a new design of microflowmeter with the 
aim of providing immediate, continuous blood velocity 
measurement throughout the lumen, yet without depend- 
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ence on experimental calibration and constancy of 
erythrocyte compaction. (Since I am not now personally 
engaged in experimentation, I do not expect to construct 
this instrument.) 


Description of Flying-spot Microscope 


The suggested microflowmeter is based on Young and 
Roberts's? flying-spot television microscope in which hght 
passes through the microscope in a direction opposite from 
the conventional one. The spot of light on the face of a 
cathode-ray tube placed at the usual image plane is the 
light source and scans a television raster line-by-line at a 
uniform rate. This light spot is minified successively on 
passing through ocular and then objective to focus on the 
tissue under examination. The highly concentrated light 
beam (about 4 x 10-4 of the field in diameter), system- 
atically scanning through the focal plane, then diverges 
as it leaves the object and is received on a photomultiplier 
tube placed where the condenser is usually found (a con- 
denser is not needed). The output of this photocell is 
applied as the signal in a television receiver synchronized 
with the flying-spot source. The resulting picture can 
have higher resolving power than other television methods. 
It responds to the degree of optical transmission of the 
scanned focal point only at the instant of scanning, unlike 
the usual television systems which respond to an accumu- 
lation of such mformation at each point since it was last 
scanned. ‘Thus, in the flying-spot microscope, blurring 
due to motion of the object is negligible. 


Principle of Proposed Microflowmeter 


In the microflowmeter here being described, the blood 
vessel under examination is to be oriented in the focal 
plane of the flying-spot microscope so that the spot flies 
in the same direction as blood flow parallel to the stream 
lines. However, instead of the customary uniform speed 
of line scanning, the velocity of the flying-spot (and the 
synchronized. display beam) will decline linearly with 
distance scanned, from an initial speed greater than that 
of the cells in any stream-line to a final speed below cell 
velocity. This bracketing of red cell velocity by scanning 
velocity forms the kernel from- which measurement of 
blood velocity evolves. (The methods of rotating an aerial 
camera to eliminate image movement on the film are not 
as useful as the method here outlined because they deal 
with the simpler problem of the entire image moving 
everywhere at the same speed, unlike the varying velocity- 
profile of blood in vessels. Constant speed scanning can 
be used for measuring cell velocity by an analogue com- 
putation, provided two different scan velocities are used. 
Scanning during fly-back at the same speed is an example. 
But this method is considered more complicated and 
subject to more error than the variable velocity one here 
chosen.) Essentially, each line is scanned pseudostrobo- 
scopically with automatic read-out of the velocity at 
which cells and flying-spot move at the same speed. 

The photosignal is to be treated so that a series of 
broken parallel lines appears on the video screen corre- 
sponding to the stream-lines within the blood vessel from 
which they were derived. This diagram of broken lines, 
on being related to the flying-spot microscope image of 
the blood vessel, will provide the velocity-profile of the 
red cells flowing through the vessel. Fig. 1 illustrates 
schematically fhe described read-out diagram. The 
velocity-profile is the envelope of the display of broken 
parallel lines, the length of each of these lines being 
proportional to the stream-line velocity which generated 
it. The absolute value of the velocity is easily found by 
calibration of the velocity-linear-with-scanning-distance 
time-base used for the flying-spot; it can be shown on 
the screen at will simply by arranging electronically to 
mark the otherwise temporarily unblanked flying-spot 
sweep at equal time-intervals. 
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Fig, 1. The 35 broken horizontal lines represent schematically the traces 
on the video sereen, The curved envelope is the velocity-profile of the 
blood stream-lines, Unbroken horizontal lines show schematically for 
reference the location of the vessel lumen; they are not part of the 
velocity-profile raster <raced on the screen, nor is the curved envelope 


Conversion of ?hoto-signal into Velocity Vector 


What needs to be done to the signal elicited from the 
filying-spot to show on the display screen when the 
flying-spot and the red cells in the stream-line it is focused 
on are at the same speed? There are many ways of 
obtaining the resuls. In essence, the lack of optical uni- 
formity provided by the cells along a stream-line means 
that a fluctuating electrical signal will come from the 
photomultipliers so long as there is a disparity between 
the speed of the red blood cell and the flying-spot. 
Generally, the rate of signal fluctuation will be greatest 
when the difference in velocity of flying-spot and cells is 
greatest, irrespective of which is the faster; the minimum 
fluctuation occurs when they are at the same speed. 
Imagine being in a motor-car slowing down alongside a 
moving freight train painted with vertical stripes: the 
number of stripes seen per second declines, reaching zero 
when car and train are travelling at the same speed; then 
rises again as the car slows still further. 

The photocell ouxput as it would appear on an oscillo- 
scope, if the flying-spot were stationary, is drawn 
schematically in Fig. 2. (More fluctuations are indicated 
than those found ky Wiederhielm and Rushmer‘; their 
pick-up probe acted like a low-pass filter.) The syn- 
chronized oscilloseape output of a single sweep of the 
flying-spot with linearly declining velocity of the pro- 
posed microflowmeter is represented schematically in 
Fig. 3. As in Fig. 2, the signal is irregular because the 
cells do not move ‘past evenly spaced, like soldiers on 
parade; they vary in orientation and concentration, and 
are often aggregated in differing ways) ?*:?. Differentiating 
the photocell outpus signal, and then either counting the 
number of times it changes sign (number of peaks and 
troughs) in some moving interval of time or measuring its 
moving mean amplitude‘, gives an indication of the fre- 
quency of fluctuation of the signal (f), as shown in Fig. 4. 
It is not necessary that f be strictly proportional to the 
actual velocity difference, only that it varies in the same 
direction since it is used merely as a null indicator. 

Electronically, it is quite possible to permit display of 
the flying-spot in each single excursion only so long as f 
is decreasing, but whenever and as long as f rises above 
its last displayed value in that sweep, to blank out the 
trace until f again falls below its last minimum value. 
Thus display would occur when f describes the heavy-line 
in Fig. 4 and blanking during the light-line portion. Above 
the f curve, the corresponding single trace displayed has 
been drawn. In this manner, line after line, a diagram 
like that shown in Fig. 1 would be formed on the viewing 
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Fig. 2. Photocell output (schematic) if the ae eens were held stationary on a stream- 
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Fig. 3. Photocell output (schematic) of a single scan-line along a blood stream-line. 


The flying-spot scanning velocity declines Itnearly with distance scanned and encom- 
passes the velocity of the red blood cells so that photocell output fluctuations are less 
frequent the smaller the discrepancy between flying-spot and velocity of red blood cells 
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Fig. 4. Below, the frequency of fluctuation of photocell output (f) is shown (schematic) as 
Blanking of the trace occurs during the light-line portions, 
as described in the text, so that the trace is to be displayed only in the heavy-line portions. 
Above, appears the resulting trace on the cathode-ray tube of the receiver (a line in the 


a function of screen distance. 


raster shown in Fig. 1) 


screen. The-smoothed envelope of the broken lines pro- 
vides the blood velocity-profile, re-measured at the 
repetition rate of the raster. Because the photosignal 
would not be uniform in amplitude and frequency, the 
last trace of each sweep before final blanking may cor- 
respond, to'a velocity vector slightly greater or less than 
the true one. That is why smoothing the envelope is 
needed for a single raster, but rapid repetition of scanning 
itself would provide considerable time-smoothing. 

- Of the many possible programmes for the flying-spot, 
‘I consider the simplest and best for planning is a raster 
of 35 velocity-vector scan-lines adjusted to fit within the 
vessel lumen. A single constant rate of declining velocity 
for scanning the whole lumen would be chosen so that the 
initial peak velocity of each scan exceeds that in the fastest 
stream-line' (this is easily determined) and with terminal 
low-velocity cut-off for fly-back at about 10 per cent of the 
peak. Raster repetition rate would depend on the peak 
blood velocity being measured. For peak velocities of 
3 cm/sec (about a 100u diameter lumen), re-scanning 
-would occur about every half-second. 


Critical Appraisal 


An inherent difficulty of any optical method for meas- 
uring blood velocity is the mixing of the image of the 
plane at the focus with the blurred, out-of-focus images 
of blood cells and other structures along the light path. 
Thus Bloch! concludes that cinematography is limited for 
‘this reason to vessels of no more than 5-10 erythrocytes 
‘in lumen diameter. Hugues’s* and Monro’s® instruments 
provide a single velocity, not a complete velocity-profile; 
presumably this single velocity is close to mean velocity 
-how close’ is not clear. In rabbits, Hugues places the 
size limitation at 200.3 Monro so far has experienced more 
stringent limitations. Bloch noted that photography 
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with light of 414 mp, highly absorbed 
by haemoglobin, selectively increased 
photographic contrast of red cells but 
made the axial region too opaque for 
cell discrimination. 

The proposed microflowmeter may be 
less subject to these optical limitations 
than current instruments. It does not 
require discernible separation of cells 
from one another: all it requires is that 
the light transmission through the in- 
focus cells and plasma in the stream-line 
(chosen as the scan-line) shall fluctuate, 
providing a signal frequency separable 
from the noise occasioned by the lesser 
fluctuations in light transmission, mainly 
of different frequency, through the out- 
of-foeus and slightly refractile cells. 
(The method of Wiederhielm and Rush- 
mert also has this advantage.) Such 
a limited requirement may permit many 
more cells to be out of focus than are 
acceptable in a photograph so that 
larger vessels can be analysed. Further- 
more, opacity of red cells is less of a 
problem in the flying-spot system, since 
a photomultiplier tube can be more 
quantum-efficient than photographic film 
and has electronic amplification; and 
the flying-spot, unlike other video methods 
and photography, provides intense light 
with little heat’. In fact, these charac- 
teristics of the flying-spot device may 
allow the use of light restricted to wave- 
lengths which increase the discrimination 
between. in-focus and out-of-focus cells. 

Decreasing the depth of focus of the 
microscope increases the size of vessel 
in which optical determinations of blood 
velocity can be made. Depth of focus is 
reduced by increasing the effective aperture of the objec- 
tive. The signal-to-noise ratio of the proposed microflow- 
meter, which limits the size vessel it can monitor, improves 
with declining depth of focus and, therefore, with increased 
aperture. (The differing frequency of the smaller light 
fluctuations developed by out-of-focus red blood cells, 
compared with in-focus ones, should further aid in their 
suppression.) Interposition between photocell and object 
of the usual light condenser, modified by blocking out 
central rays with an opaque disk (almost a ‘dark field’), 
will confine the response to oblique light rays. (This was 
suggested by Lord Rayleigh for enhancing resolving 
power®.) Thus the effective aperture is increased (at the 
expense of light loss), the depth of focus is reduced, and 
the signal-to-noise ratio is raised. With this optical 
stratagem, to the extent the light loss is acceptable, the 
microflowmeter should be able to monitor larger-sized 
vessels than would otherwise be the case. 

At high magnification for smaller vessels, where the 
number of erythrocytes and so the number of changes in 
optical density scanned in a stream-line is low, the pro- 
posed method may provide a fairly uncertain velocity 
indication at each scan. However, automatic repetition 
of the raster should provide statistically useful mean 
values, and here it may even be preferable to adopt less 
than customary magnification for flow measurement to 
increase the length of the scanned stream-line. 
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Seeing the Vessel while Measuring Blood Flow 


The use of the flying-spot microscope as a flowmeter so 
that the normal optical path is reversed makes it almost 
imperative that the tissue be observed by the same 
fiying-spot method. The very wide range of spot velocity 
used in each scan of the microflowmeter would waste too 
much time in visual picture scanning so that a conven- 
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tional> constant velocity time-base is preferred for viewing 
the blood vessel. The easiest method would utilize two 
separate video receivers, switching between them as the 
flying-spot time-base also is switched. One receiver would 
show the velocity-profile, the other would be for micro- 
scopy. By adjustment of picture size and position, the 
two could be superimposed, if desired, using a half-silvered 
mirror; or they could be photographed together. 

Lf a more refined type of microfiowmeter is required in 
which picture and velocity-profile appear superimposed 
on the face of the same cathode-ray tube, a standard 
colour tube could be modified for the purpose. One of 
the standard three phosphors would be replaced by one 
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of longer persistence, for display of the velocity vector; 
one (or both) of tha remaining colours would portray the 
vessel in the usual manner. Electronic switching between 
velocity and pictura would then be arranged. 
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OBITUARIES 


Sir John Hammond, C.B.E., F.R.S. 


Sm Jonn Hammond, who died on August 25, 1964, 
was generally acknowledged to be the world’s leading 
authority on the physiology of farm animals, and his 
influence on the improvement of the productivity of live- 
stock throughout the world is incalculable. 

He was born on February 23, 1889, the son of a tenant 
farmer near Holt in Norfolk, and not only was he a 
farmer’s son but also his uncle and grandfather were 
veterinary surgeons, so that his interest in farm animals 
must have been conditioned very early in life. He was 
educated at Gresham’s School, Holt, and Edward VIL 
Middle School, Norwich, and on leaving school intended 
to enter the veterinary profession but failed the essential 
qualifying paper in Latin. At this point in his career he 
was persuaded by the late Prof. T. B. Wood to take the 
Diploma in Agriculture at the newly established De- 
partment of Agriculture at Cambridge. Latin was still a 
stumbling block since it was an essentiel part of the 
Cambridge entrance examination, but after one or two 
unsuccessful skirmishes he eventually passed the exam- 
ination and entered Downing College in 1906. At Cam- 
bridge he read the Natural Sciences Tripos followed by 
the Diploma in Agriculture and was afterwards awarded 
a Ministry of Agriculture Research Scholarship to work 
with the late Dr: F. H. A. Marshall on aspects of the repro- 
ductive physiology of farm animals. 

Hammond’s career in research had thus barely started 
when the First World War broke out, and early in 1915 he 
went to France with the Norfolk Regiment. After the end 
of the War he returned to Cambridge and was appointed as 
a physiologist in the Animal Nutrition Research Institute 
of the Cambridge School of Agriculture under the direction 
of Dr. Marshall. In 1943 he succeeded Marshall as the 
reader in agricultural physiology, and when the Animal 
Nutrition Research Institute was reorganized in 1946 he 
combined the readership with the directorship of an Agri- 
cultural Research Council Unit of Animal Reproduction 
and held these posts until his retirement in 1954. He was 
made a Fellow of Downing College in 1936; a Fellow of the 
Royal Society in 1933; and he was awarded a C.B.E. in 
1949, and finally a knighthood in 1960. 

In the early stages of Hammond’s career in the 1920’s 
research facilities in animal production were hopelessly in- 
adequate by modern standards, and it was quite common- 
place for research workers to buy out of their own pockets 
many of their experimental animals, not only small 
laboratory animals but even larger animals like sheep. In 
spite of having to work on the proverbial shoe-string, 
Hammond got through an extraordinary amount of work 
in a wide range of fields from factors affecting milk yield 
in dairy cows to growth and development of meat quali- 
ties in cattle, sheep and pigs. Somehow he contrived 
to keep abreast pf progress in all branches of the rapidly 
developing sciente of animal production; indeed, he was 
personally responsible for much of that progress, so that 
at his retirement he was still regarded as one of the world’s 


leading experts on most aspects of animal breeding, 
dairying and meat production, and he was so regarded 
not only by his fellow scientists but also by experienced 
practical farmers and butchers. He could describe his 
work or expound his ideas to an audience of farmers or 
butchers with the same ease, clarity and lack of affectation 
with which he would address a meeting of the Royal 
Society, and this.ability to adapt himself to the level of his 
audience without ever being patronizing was probably 
the main reason for his popularity as a lecturer. His 
lectures to undergreduates were always crowded, and he 
never seemed too brsy to discuss with individual students 
after the lecture any points in which they were particu- 
larly interested. Indeed, he not only had the happy 
knack common to many great men of appearing to have 
unlimited time at his disposal but also he seemed 
happiest when discussing their research with young post- 
graduates, listening to their ideas, suggesting new ways 
of attacking their problems and generally encouraging and 
inspiring them to further efforts. Often it was only on 
reflecting on one of these discussions that the student 
realized that Hammond had been talking not as a teacher 
to a pupil but rather as one expert to another. He was 
always most insistent that his research students should 
challenge and criticize his views and he was impatient of 
any uncritical acceptance of the voice of authority, 
particularly his own. 

As his fame grew, students from all parts of the world 
came to Cambridge to work with him, and it was common- 
place to find men from ten or twelve different countries 
lending a hand with the laborious task of dissecting ‘car- 
casses of meat animals. The tiny Animal: Research 
Station became a sort of Mecca for visiting scientists from 
overseas, and it was amusing to see the incredulity on the 
faces of visiting Americans and Australians, used to large- 
research stations, when they realized that all the work 
they had read and heard about had been carried out orn- 
a basic 14 acres of land equipped with a laboratory con- 
sisting of two small rooms. It was true that Hammond’s 
initial training in improvisation with the infant School 
of Agriculture must have stood him in good stead,.for he 
contrived to enlarge the basic 14 acres to about 90 acres, 
consisting of bits and pieces of land, here, there and 
everywhere held on almost every system of land tenure 
known to agriculture except military service. His. flair 
for improvisation wes such that none of his students was 
ever prevented from tackling a worth-while problem by 
lack of experimental animals and facilities. Nevertheless, 
the meticulous atteniion to detail for which the Hammond 
school became famous probably arose from the fact that 
experimental animals were never over-plentiful and each 
had to provide a maximum of experimental information. 

The combined roles of a university reader and director 
of an Agricultural Research Council unit would probably 
have sufficed for most men, but Hammond, firmly believ- 
ing that much of the value of agricultural research was lost 
unless results could beʻput across to the ordinary farmer, 
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was not only an indefatigable writer of articles for the 
farming press, and lecturer to farming audiences, but also a 
member of major committees of such organizations as the 
Royal Smithfield Club, the Royal Association of British 
Dairy Farmers, the Milk Marketing Board, the Pig Indus- 
try Development Authority and the Institute of Meat. 
Through his presence on these committees hé was able to 
influence decisions affecting the activities and welfare of 
thousands of farmers throughout the land. At the same 
time, these activities enabled him to keep in touch with 
trends and developments in farming practice so that he 
could predict with remarkable accuracy the problems 
which would need answers five or ten years ahead; a very 
valuable facility in research with farm animals which, in 
the nature of things, commonly takes from three to five 
years to complete. 

Not only was he in great demand as an adviser and 
consultant by various practical organizations in Britain 
but he was also invited to advise on various aspects of 
animal production in many countries overseas, including 
the West Indies, Argentina, the United States, Poland, 
Nigeria, Rhodesia, the Sudan, India and Australia. 
It is a remarkable tribute to the tireless energy and 
enthusiasm of the man that much of this advisory work 
overseas was undertaken in the ten years following his 
retirement in 1954, and much of it was undertaken in 
gruelling climates which would have exhausted a much 
younger man. Hammond himself summed it up very well 
by saying that he had never worked so hard as he did 
after he retired. 

In spite of all his achievements both scientific and 
practical, and in spite of all the honours which were 
showered on him, Hammond always remained the same: 
a man of great humility, rather shy but friendly, and 
above all utterly honest and sincere. Some of his scientific 
views aroused controversy, but he made no enemies and 
was universally admired and respected. 

R. W. .Pommroy 


Dr. D. Landsborough Thomson 


Davin Lanpssornovues Tmomson, lately vice-principal 
of McGill University and dean of the Faculty of Graduate 
Studies and Research, died in the Veterans’ Hospital at 
Ste. Anne de Bellevue, Quebec, on October 20, 1964. He 
had been an invalid for nearly three years as the result of 
a head injury from a fall on an icy sidewalk. Born in 
Old Aberdeen on November 14, 1901, he was the youngest 
child of Prof. (later Sir) J. Arthur Thomson, Regius pro- 
fessor of natural history, and of Margaret Stewart. He 
was educated at Aberdeen Grammar School and the 
University of Aberdeen with intervening periods at 
Grenoble and Graz. In 1925 he obtained an 1851 Exhibi- 
tion senior studentship and proceeded to the University 
of Cambridge, working in biochemistry in the laboratory 
of Sir Frederick Gowland Hopkins. During this period he 
wrote two books, The Life of the Cell, in the Home Library 
Series, and a prize-winning novel, Murder in the Laboratory, 
under the pen-name of “T. L. Davidson”. 

On graduation in 1928 he married Marian Stancliffe 
Collingwood, daughter of Arthur Collingwood. In the 
same year he accepted a position at McGill University, 
Montreal, as lecturer in biochemistry, with Prof. J. B. 
Collip. His rise in academic rank was rapid, with appoint- 
ment as assistant professor in 1929, associate professor in 
1933, and professor in 1936. He succeeded Prof. Collip 
as chairman in 1941 and in the following year was 
appointed dean of the Faculty of Graduate Studies and 
Research, still carrying a heavy load of teaching. In 
1947 he was appointed to the Gilman Cheney chair in 
biochemistry, and in 1955 was made vice-principal of 
McGill University. He relinquished the chairmanship of 
the Departntent of Biochemistry in 1960 but continued 
as vice-principal and dean. Thus he taught biochemistry 
for thirty-two years, and was dean of the Faculty of 
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Graduate Studies for more than twenty years. His con- 
tinuing illness in 1963 finally made retirement necessary, 
and at the Spring Convocation of that year the University 
conferred on him the title of emeritus dean. 

He was a Fellow of the Royal Society of Canada and 
of the Chemical Institute of Canada. For several years 
he served asa member of the National Research Council, 
the Fisheries Research Board, and the Canadian Council 
on Nutrition. During the Second World War he was a 
member of many committees and did special work for the 
Government. He was the first Canadian to be president 
of the American, Association of Graduate Schools. 

David Thomson was a man of extraordinary endow- 
ments. An avid and rapid reader with an exceptional 
memory, he kept abreast of a wide range of literature m 
the sciences, the humanities and in contemporary fiction. 
His considerable ability to recall facts and names enabled 
him to work quickly and use time efficiently. How he 
managed to read so widely in spite of doing more than 
one man’s task remained a mystery even to those closely 
associated with him. His presentations had the air of 
being impromptu since he appeared to spend little con- 
scious effort in their preparation. Organization and clear 
thinking were evident in his concise diction and his neat, 
uniform script. Natural as these abilities were, their 
perfection was the result of years of consistent effort. 

Reason and a lively sense of humour dominated his 
personality. In the face of irritation or disappointment 
he maintained a wise equanimity. An unexcelled racon- 
teur, his repertoire of witty stories, many of them of his 
own invention, seemed inexhaustible. He was in constant 
demand as a speaker both in the daytime and after 
dinner. On one occasion, when asked by a reporter what 
he intended to say in a speech that evening, his reply 
was: “I wish I knew myself”. - 

David Thomson. was first and foremost a teacher. He 
never tried to instruct but aimed to stimulate interest, to 
present a perspective and to provoke the student to 
think. He treated the student as a scholar rather than 
a pupil. Lectures were delivered in & clear and pleasant 
manner, spiced with wit and dry humour. Scores were 
inspired to follow a career in biochemistry or medicine 
and many who themselves became teachers sought to 
emulate him. 

As an administrator he made few rules and respected 
the judgment of his colleagues, senior and junior. He was 
a leader in that he readily enhsted followers, but the 
quality of his leadership was catalytic rather than com- 
manding. 

When David Thomson came to McGill his responsi- 
bilities for developing and carrying out the teaching pro- 
gramme in biochemistry left little time for work in the 
laboratory. Within the first few months his reputation 
as a teacher had become established on the campus and 
widely beyond through students’ letters. Though not a 
research ‘worker’, his colleagues always recognized him as 
an outstanding research ‘thinker’. His correlation of the 
literature with the research problems at hand in itself 
created new knowledge. 

He planned to devote his post-retirement years to 
writing, and would have had much to contribute especially 
in the fields of biochemistry and higher education. That 
this will not materialize is a tragedy. 

A lover of music, poetry and art in all their manifold 
aspects, a creative scholar with a completely open mind, 
and, above all, an inspiring teacher, he was a legendary 
figure in the academic community. His influence will be 
transmitted through hundreds of students and colleagues 
who were privileged to have been associated with him. 

He is survived by his wife, his brothers, Sir Lands- 
borough and Dr. Tan, a sister, Mrs. F. Edwin, and a son, 
John Arthur Collingwood Thomson, who, as a marine 
biologist, carries on the family tradition. 

J. S. L. BROWNE 
O. F. DENSTEDT 
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NEWS and VIEWS 


Prof. Dorothy Hodgkin, O.M., F.R.S. 


Tue award of the Order of Merit (the personal gift of 
the Queen) to Prof. Dorothy Hodgkin makes history in 
that she is the first woman scientist ever to receive it, 
and only the second woman to be so honoured by the 
monarch since the Order was instituted. That she should 
now be joining Florence Nightingale in this eminence has 
its parallels and its contrasts. Dorothy Hodgkin is a 
person of very deep humanitarian interests and concerns, 
and she has frequently helped and supported her 
husband in his work in Africa as director of the Institute 
of African Studies, University of Ghana. But nothing 
could be more remote from the wilful and formidable brow- 
beater of ministers and generals than the modest and retir- 
ing crystallographer whose work, incidentally, has been 


carried out against the background of a demanding but. 


happy family life. Her special genius has lain in the 
unravelling of the structure, by X-ray methods, of com- 
plex molecules, and its special timeliness has lain in the fact 
that she has carried it deep into the realm of biologically 
important substances (see Nature of December 5, 1964). 
Dorothy Hodgkin received the Nobel Prize in 1964. In 
1960 she was chosen by the Royal Society, from an open 
field, to be the first Wolfson research professor. 


- Physics in the University of North Wales, Bangor : 


Prof. W. L. Wilcock 


Dr. W. L. Wriicocx, who has been appointed to an 
additional chair of physics in the University of North 
Wales, Bangor, was born at Widnes, Lancashire. He was 
educated at Wade Deacon Grammar School, Widnes, and 
at the University of Manchester, where he graduated B.Se. 
in physics with first-class honours in 19438. From then 
until the end of the Second World War he worked in the 
Photographic Instrument Department of the Royal 
Aircraft Establishment, Farnborough, where, besides 
surviving a most unpleasant aircraft crash while engaged 
on experimental work, he contributed extensively to war 
requirements in this field. After the War he returned to 
carry out postgraduate research in physics at Manchester, 
where he worked.with Prof. S. Tolansky on interferometry 
of crystal surfaces from 1945 until 1947. He was appointed 
assistant lecturer in physics at Manchester in 1946 and 
moved to the University of St. Andrews as lecturer in 
1948, but returned to Manchester as lecturer in physics 
in 1950. In thet year he gained his Ph.D. in physics. 
For the next six years, besides contributing to the teaching 
and administration in the Manchester Physics Depart- 
ment, Dr. Wilcock was engaged in research in the field of 
optics and electronics in particular as applied to astro- 
nomical instrumentation. In October 1956 he was 
appointed to a readership in the recently established 
Section of Instrument Technology (now Applied Physics) 
in the Physics Department in the Imperial College of 
Science and Technology headed by Prof. J. D. McGee. 
In this work he has been concerned with the physics of 
photoelectronie devices and his most notable achievement 
was the development of a high-gain electron image 
multiplier which, for the first time in Britain, enabled 
single photons to be observed and recorded. Dr. Wilcock 
spent February~April 1960 in the United States, mainly 
at Lowell Observatory, Flagstaff, Arizona, working on 
the assessment of these image tubes in astronomical 
applications, and he was invited to Yerkes Observatory, 
University of Chicago, for the second half of 1963 as 
— professor when he carried out work in the same 

eld. 


Psychology in the University of Birmingham : 
Prof. P. L. Broadhurst 


Dr. P. L. BRoapHouRst, at present senior lecturer in the 
Department of Anatomy in the Medical School, University 
of Birmingham, has been appointed to the newly estab- 
lished chair of psychology in that University from 
October 1. Dr. Broadhurst graduated with honours in 
psychology from University College, London, in 19650, 
after which he studied for a year at Stanford University, 
California, where hə obtained the degree of M.A. in 
psychology in 1861. He was awarded a Ph.D. in psychol- 
ogy by the University of London in 1956. Dr. Broad- 
hurst joined the staff of the Institute of Psychiatry in the 
University of London as a research psychologist in 1951 
and became successively lecturer and senior lecturer. He 
was in charge of the Animal Psychology Laboratory of the 
Institute from 1955 until 1963 when he went to Birming- 
ham. He spent the sammer of 1962 as a visiting professor 
in the Department of Psychology of the University of 
Wisconsin. His research work has been concerned with 
many aspects of psychology including thought processes 
in psychotic people, the principles used in interpreting 
human behaviour, high nervous activity, the effects of 
drugs used in treatmg nervous disorders, and animal 
behaviour. He has gained international recognition 
for his work on the inheritance of behaviour in rats and 
other mammals, in which he has shown that not only 
learning ability but emotional reactions are governed 
to a considerable extent by the genes the animal obtains 
from its parents. As a by-product of these investigations, 
strains of rats selected and bred for specific behavioural 
traits are becoming available, for the first time, to research 
workers. Dr. Broadhurst’s international reputation and 
wide interests fit him well to become the first professor 
and head of the new Department of Psychology, the teach- 
ing and research of which will range over the whole field 
from the behaviour of animals to the social psychology of 
man. 


Corday-Morgan Mecal and Prize 


Pror. G. A. Stat has been awarded the Corday-Morgan 
Medal and Prize for 1963, in recognition of his outstanding 
work in the elucidation of complex organic structures by 
the method of X-ray analysis. This award, consisting of a 
silver medal and a monetary prize of 500 guineas, 1s made 
annually to the chemist of either sex and of British 
nationality who, in the judgment of the Council of the 
Chemical Society, has published during the year in 
question, and in the immediately preceding five years, the 
most meritorious contributions to experimental chemistry, 
and who has not, at the date of publication, attained the 
age of thirty-six. If, in the opinion of the Council, two or 
more candidates are of equal merit, a medal may be 
awarded to each and the prize divided equally between 
them. Copies of the rules of the award can be obtained 
from the General Secretary of the Society, Burlngton 
House, Piccadilly, W-1. Applications or recommendations 
in respect of the year 1964 must be received not later than 
December 31, 1965, and applications for 1965 are due 
before the end of 1966. 


Royal Society Leverhulme Visiting Professors to India 


In 1962 the Royal Society and the Leverhulme Trust 
announced the establishment of a scheme for the appoint- 
ment of two visiting professors in universities or research 
institutions in India each year for a period of about four 
months. - 
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Prof. D. Lewis, Quain professor of botany in University 
College, London, has been appointed Royal Society 
Leverhulme visiting professor in the University of Delhi 
for the period December 1965~March 1966. 

Prof. J . H. Quastel, professor of biochemistry, McGill 
University, Montreal, and director, McGill-Montreal 
General Hospital Research Institute, has been appointed 
Royal Society Leverhulme visiting professor in the 
University of Bombay during January-April 1966. 


Science in Parliament: Engineers and Society 


I~ a written answer in the House of Commons on 
March 17, the Minister of Technology, Mr. F. Cousins, 
stated that his Department was sponsoring an investiga- 
tion by the Tavistock Institute of Human Relations into 
factors affecting the status of engineers in society, and 
was discussing with the Engineering Institutions Joint 
Council a programme for a survey of the ways in which 
professional engineers are employed. 


Commons Registration Bill 


_ In moving the second reading of the Commons Registra- 
tion Bill in the House of Lords on February 9, Lord 
Mitchison, the Joint Parlamentary Secretary to the 
Ministry of Land and Natural Resources, said that the 
object of the Bull was to get registers made throughout 
England and Wales of common land and of town and 
village greens so as to ascertain what common land there 
was and what claims existed to rights of common or 
ownership in respect of it. When the registers had been 
prepared in a provisional form from claims made, there 
would be time for objections to be made and decided. 
Once the registers had been approved, they would be 
conclusive as to what was common land in a town or 
village green and they would also be conclusive as to 
rights of common. It would then be possible to provide, 
by further legislation, for the better management and 
use of the land. After reviewing briefly the situation up to 
the appointment of the Royal Commission on Common 
Land in December 1955 and the publication of its report 
and recommendations in -July 1958, Lord Mitchison 
briefly summarized the clauses of the Bill and emphasized 
that it differed principally from the recommendations of 
the Royal Commission in shortening the time for regis- 
tration to three years and two years afterwards for 
objections. It was not proposed to vest the ownership 
of any unclaimed land in the Public Trustee as recom- 
mended by the Royal Commission. 


Secondary Education 


Ix opening a debate in the House of Lords on secondary 
education on February 10, Lord Newton urged that there 
was no social case and, at present, no educational case 
for being dogmatic in the controversy over comprehensive 
schools; his plea for caution in pressing ahead with expeni- 
ments was generally supported in the debate. Except 
from Lord James of Rusholme, thera was little support 
in the debate for the retention of the 11-plus examination, 
and the Parliamentary Secretary to the Ministry of Tech- 
nology, Lord Snow, was emphatic that the examination 
was indefensible. If we could not select without in- 
efficiency and injustice at this age there must be non- 
selective education, in any event for a time, but he agreed 
that it was necessary to go slowly and carefully. He 
believed that the Leicestershire plan had some advantages 
and that something like it would probably be generally 
adopted. Lord Eccles referred to the danger of adopting 
any form of secondary organization which weakened the 
sixth forms, because most of our hopes for an efficient 
scientific and technological society were channelled 
through the sixth forms of the schools. Lord James of 
Rusholme said that he had selected, children at the age of 
eleven with considerable success judged by their future 
careers and would defend the examination in some form 
so long as it was not final. We should be convinced that 
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the individual child would be more likely to find an 
education suited to his talents in speed and content, that 
the very able boy or girl would not be frustrated and held 
back, and that the very dull child would not be bewildered 
and discouraged before any changes were made. The 
fact was that m Britem we had a shorter educational 
span for the able than almost any other country in the 
world, and the importance of this crucial point was seldom 
sufficiently appreciated. He also had misgivings as to the 
critical shortage of those teachers with the special gifts 
needed to teach either the very slow or the very gifted. 

The Minister of State for Education and Science, Lord 
Bowden, said that our entire educational system was much 
too rigid at all stages. The real argument, he thought, 
should not be about the nature of the organization but 
ultimately about the scale of the education which was 
available. He believed that the problem could only be 
resolved by abandoning any attempt to separate children 
at the age of eleven and by following the pattern of 
education universal elsewhere in the world, which allowed 
pupils to mix on terms of equality so that each appre- 
ciated the virtues of the other throughout school life. 
Moreover, 1n the course of the next four or five years as 
much. information as could be found should be accumu- 
lated. He agreed that many of the changes would involve 
great administrative difficulties and we should not under- 
estimate the amount of work required to introduce any 
new system of education. Lord Aberdare observed that 
ultimately our educational system would depend more on 
our teachers than on any particular form of organization, 
and the Earl of Longford, concluding the debate for the 
Government, agreed that for economic reasons we should 
proceed slowly. 


Forestry in Britain 


In opening a debate in the House of Lords on forestry 
on February 24, the Earl of Dundee said that from 1919 
to 1940 the Forestry Commission had planted about 
400,000 acres at a net cost of £10 million. Private planting 
done with the approval of the Commission and receiving 
the State planting grant amounted to about 126,000 
acres, and the present programme was based on the 1943 
White Paper which was adopted by the Government and 
agreed to by all parties. This was divided into five 
decades, in the first of which 1-1 million acres were to be 
planted, and in the second 1-5 million, while later the 
figure was to taper off. For the first two decades private 
planting was estimated as constituting about one-fifth 
of the whole, and thereafter increasing. The Forestry 
Commission had, however, fallen heavily behind the 
programme simply because it had been unable to acquire 
enough land to justify a larger annual rate of planting. 
The most recent annual report indicated that the Com- 
mission had planted at the rate of rather more than 
30,000 acres a year, while private planters had accounted 
for another 14,000 acres. He supported the recommenda- 
tion in the recent report on land use in the highlands 
and islands that planting by the Forestry Commission 
in the five mainland counties of Argyle, Inverness, Ross 
and Cromarty, Caithness and Sutherland should be stepped 
up from about 12,000 acres a year to 20,000 acres a year. 

Lord Mitchison, who followed, said that Britain was at. 
present proceeding on a five-year programme for 1964-68 
with a target of 222,000 acres of forestry planting, exelud- 
ing 20,000 acres in which felled timber would be replaced. 
A sub-committee of the Natural Resources Technical 
Committee was supplementing the work of the Zucker- 
man Commuttee, which reported in 1957 and was expected 
to report shortly, and the views of the Home Timber 
Advisory Committee were also being awaited. Particular 
emphasis in the debate was placed on the importance of a 
suitable combination of farming and forestry, and, in 
replying on the debate, Lord Hughes, the Joint Parlia- 
mentary Under-Secretary of State for Scotland, while 
agreeing as to the importance of adequate encouragement 
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of fundamental research in sylviculture, pointed out that 
the £17,000 spent on research mentioned by Lord Segal 
was only the Commission’s grant to the Universities. 
The Commussion’s total expenditure on research in 1964 
was £500,000. Lord Hughes added that the main lines 
of research and development were laid down by a repre- 
sentative commuttee called the Utilization Sub-commuttee 
of the Home Grown Timber Advisory Committee. In 
laying down pnorities for research this Committee took 
into account the joint programme agreed by the Com- 
mission and the Forest Products Research Laboratory. 
The highest priarity was given to research for the improve- 
ment and mare complete use of the marketing of low- 
grade oak. Other matters during the past year had been 
markets for hardwoods, accelerated production for timber 
and the use of home-grown timber for buildmgs and 
motor-way fences. Both the Forestry Commission and 
the Department of Agriculture were at pains to adapt 
planting programmes to minimize the conflict with 
farming. 


R. Zsigmondy (1865-1929) 


RICSARD Zsigoatonpy, born the son of a doctor in 
Vienna on April 1, 1865, will always be remembered for 
bis work on colloids and as co-inventor, with the physicist 
Siedentopf, of the ultra-microscope. Zsigmondy was 
interested ın experimental science even as a young boy 
and pursued ths study of chemistry at the Technical 
High School at Vienna. Later he went to the University 
of Munich, and-then on to Berlin and Graz in order to 
carry on his research work. Although his father was an 
inventor of surgical mstruments, Zsigmondy benefited 
most from the experience he gained as assistant to Kundt 
in Berlin. Through Kundt he became interested ın lustre 
colours from solutions of gold spread on porcelain, and 
when he joined the staff of the Technical High School at 
Graz he undertook investigations of colours due to fine 
particles of gold. Kunckel and Faraday had been closely 
interested in ruby glass produced by finely dispersed gold 
in glass. But Zsigmondy went further after joimmng the 
Schott glassworks m Jena in 1897, and was able to 
explain that the ‘purple of Cassrus’ was due to fine gold 
suspensions and .could be prepared by reduction of a gold 
salt using stannous chloride. It was this work on ex- 
tremely fine particles ın aqueous suspension that led him 
to undertake a full study of colloidal solutions, and to 
put forward his proposal that particles were held apart 
by electrical charges. By counting these particles and 
determining their sizes, and by means of his ultra- 
microscope, Zsigmondy was able to explain how colour 
depended on the size of the particles, and how protective 
colloids functioned. He was also able to explain the 
precipitation of colloids by electrolytes. Later he became 
interested in the preparation of collodion membrane 
filters and also ultra-filters with very fine uniform pores. 
In 1905 his classic work, Zur Erkenntnis der Kolloide, 
containing a full account of the development of the 
ultra-miucroscope, was published. Zsigmondy was director 
of the Institute for Inorgame Chemistry at Gottingen 
from 1907 until he was forced to retire from duties at 
the Institute in February 1929. He died on September 23, 
1929. His brilliant elucidation of the nature of colloids 
was recognized by the award of the Nobel Prize for 
chemistry in 1925. 


Recruitment Advertising 


Many mistakes in recruitment occur at the advertising 
stage—or earlier. Once the advertisement has been 
published, the outcome of the recruitment process is 
largely predetermined. Skilled interviewing and other 
assessment techniques should serve to eliminate unsuitable 
candidates, but they can do nothing to improve the 
relevance or the calibre of the field from which an appoint- 
ment may have to be made. R. A. Denerley of MSL 
Advertising Services, Ltd. (Personnel Management, 146, 
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No. 370, 1964), suggests ıt ıs easy to underestimate the 
rate of change in tha job advertising field. Over the past 
five years advertising styles and methods have changed 
dramatically, and s> have advertising costs. To-day, it 
is not unusual for a medium-sized company to spend 
between. £10,000 and £30,000 per annum on recruitment 
advertising. The indirect cost m man-hours and ın failure 
to attract the calibra of man needed are less easily calcul- 
ated, but probably exceed these figures. These side-effects 
of full employmens were obscured in the mmmediate 
post-war years by several artificial factors. The size of 
newspapers was limited by the rationing of newsprint, 
and, these controls were removed as recently as 1958. 
Up to that date, newspapers were limited to the number 
of pages they could print and, since product advertising 
could easily fill all available space, classified advertising 
m general—and job advertising in particular—was the 
Cinderella of the advertasnmg world. With the removal 
of newsprint restrictions, the newspapers were glad to 
provide facilities to display job advertisements designed 
to catch the eye and stimulate the interest of men who 
are not consciously job hunting. Another contributory 
factor has been broader acceptance of the fact that a higher 
degree of labour and executive mobility is in the national 
interest and that people should be free to move to posts 
in which their talents can be fully used. Both these 
factors will exert a lasting influence on recruitment work 
in industry and meke the role of advertising a more 
important and decistve stage of recruitment than it used 
to be. But display advertising techniques coupled with 
higher newspaper rates based on larger circulation also 
mean that the penalties of advertising ineffectively have 
multiplied ten-fold. In the 1950s three or four insertions of 
a ‘small ad.’ cost about £50 altogether. Display advertise- 
ment of the same job to-day in three or four national 
newspapers is likely to cost £500 or more. For recruitment 
advertising to be effective, and economical, much greater 
skill is required. Tho basic advertising decisions of what 
to say, how to say it, and where to say it are similar in 
principle to the judgments ın other forms of advertising, 
but the application of them differs in many aspects. 
In this important article Denerley goes on to indicate 
how recruitment advertising should be carried out in 
practice. 


Diamond Research 


Diamond Research 1964 is the title of the first of a new 
annual series of publications available from the Industrial 
Diamond Information Bureau, London, as a special 
supplement to the fadusirial Diamond Review (Pp. 25+ 
xin. London: Industrial Diamond Information Bureau, 
1964). Research into both natural and synthetic diamonds 
has been carried, out for many years past, notably at the 
Diamond Research Laboratory, instituted in 1947, one 
of the chief activities of the De Beers research centre at 
Johannesburg; this organization has contributed more 
than any other body to improvements in diamond mining 
and extracting methods, also to developing new applica- 
tions for industrial diamonds. All these activities are 
essentially at applied science level and are well known 
and publicized. But what may not be so generally 
appreciated is that the Diamond Research Laboratory 
maintains an umportant basic research section the main 
function of which, by financial grants and other practical 
forms of aid, is to encourage pure research into the funda- 
mental properties of natural and synthetic diamond at 
many universities all over the world. It is in an attempt 
to bring together in easily assimilable form the progress 
made in such research programmes that this Diamond 
Research 1964 magazine has been instituted. The present 
issue gives a good idea of the trend of this research, which 
could well have results of far-reaching academic and 
economic importance. Dr. J. H. Brunton e(Cavendish 
Laboratory, Cambridge) writes on the mechanical proper- 
ties of diamond; Dr. R. Berman (Clarendon Laboratory, 
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Oxford) contributes a paper on the thermal properties of 
diamonds; there is an important paper on the optical 
properties of diamond by Prof. E. W. J. Mitchell (J. J. 
Thompson Physical Laboratory, Reading); Dr. A. Van 
Valkenburg (U.S. National Bureau of Standards) discusses 
diamond high-pressure windows; and the concluding 
paper by Dr. E. C. Lightowlers and Dr. P. J. Dean 
(King’s College, London) deals with measurement of 
nitrogen concentrations in diamond by photon activation 
analysis and optical absorption. This new magazine is 
well presented, and illustrated, but it may be doubted if 
only an annual appearance will adequately record much 
of the progress of work being carried out on diamond 
research throughout the world; more frequent issues may 
perhaps be expected in the future. 


Sounding the lonosphere from Above 


Among the more successful applications of Earth 
satellites for scientific purposes is the technique of sounding 
the ionosphere from above the region of maximum 
ionization, which began with the launching of the Canadian 
satellite Alouette on September 29, 1962. Some of the 
early results obtamed in this way in Canada, England, 
and the United States have been described in Nature 
(197, 636; 1963). A simple telemetry receiving system 
designed to obtain topside ionospheric data directly from 
the satellite when it passes within range of the U.S. 
National Bureau of Standards at Boulder, Colorado, has 
recently been described by E. E. Ferguson and R. G. 
Green (United States Department of Commerce: National 
Bureau of Standards. Technical Note No. 222: A 
Minumum Telemetry Recewing System for the Alouette 
Topside Sounder Satellite. By Earle E. Ferguson and 
Richard G, Green. Pp. v+22. Washington, D.C.: 
Government Printing Office, 1964. 30 cents). A simple 
five-element aerial is used to receive the signals radiated 
from the satellite on a frequency of 136 Mc/s, and these 
are converted to 30 Mc/s, and passed to a commercial 
type of radio receiver. The resulting video signals are 
displayed on a standard type'of 5-in. laboratory oscillo- 
scope; and they are also recorded on a magnetic tape. 
In either case the records can be transferred to a moving 
photographic film to produce the normal type of ionogram 
over the sweep frequency range of 0-5-11-5 Mejs, which is 
covered by the sounder in eighteen seconds. The system 
is operated by two persons; one identifies the signal 
from the characteristic sound of pulses in receiver head- 
phones and orients the antenna to give maximum response 
in an output meter, while the second operator adjusts the 
main receiver, oscilloscope and magnetic-tape recorder. 
Following a command signal from a ground telemetry 
station, the ionospheric sounding equipment in the satellite 
will operate for nearly ten mmutes, during which some 
thirty-two ionograms are obtained. The note also includes 
block diagrams of the equipment, together with a specimen 
table of the geographic position of the satellite at every 
minute during its orbital period of 15:5 minutes and two 
sample ionograms. _The use of a simple semi-graphical 
method of determining the azimuth and elevation of 
Alouette is also described. 


Silver Diethyldithiocarbamate for the Determination of 
Arsenic and Antimony 


E. Merck of Darmstadt have issued a leaflet on silver 
diethyldithiocarbamate for the determination of arsenic 
and antimony. Silver diethyldithiocarbamate (AgDDTC) 
is a very sensitive reagent for selective spectrophoto- 
metric or colorimetric determination of arsenic or anti- 
mony traces. As the reliable detection of arsenic in foods, 
pharmaceutical preparations and fine chemicals is highly 
important : because of its toxicity, and frequently is 
prescribed by law, the reagent may be a valuable aid in 
these and other fields of chemical technology. The method 
was described by V. Vasak and V. Sedivex in 1952 and is 
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considerably superior in several aspects to the much- 
used Gutzeit method as demonstrated by a comparative 
investigation. recently published by E. Jackwerth. Of 
special advantage is that the reagent paper of the Gutzeit 
method has been replaced by a reagent solution, thus 
permitting an exact photometrical determination of. the 
resulting colour with increased sensitivity. The leaflet 
described the method of arsenic determination and 
antimony assay. Further information and copies of the 
leaflet can be obtained from the distributors of Merck 
Laboratory Chemicals in the United Kingdom: Anderman 
and Co., Ltd., Battlebridge House, 87-95 Tooley Street, 
London, 8.E.1. 


British Antarctic Survey : Antarctic Lichens 


THE recent increase of scientific interest in. the Antarctic 
has made available a quantity of plant material, which 
together with the material from previous expeditions has 
made possible British Antarctic Survey, Scientific Reports, 
No. 38 (Antarctic Lichens. 1 The Genera Usnea, Ramalina, 
Himaniormia, Alectoria, Cornicularia. By Dr. I. Macken- 
zie Lamb. Pp. 70+9 plates. 
Antarctic Survey, 1964. 45s. net). The lichen flora of 
Antarctica is of considerable taxonomic and phytogeo- 
graphical interest, and the appearance of a comprehensive 
treatment of the species and their known distribution in 
the Antarctic and elsewhere is especially welcome. 
Information on the morphology, chemical constituents, 
and geographical distribution of five genera is presented, 
together with distribution maps and locality details of 
each specimen examined. The publication of subsequent 
papers in this series on the lichen flora will be looked 
forward to with interest. 


Plant Nutrition 


‘Tue Fertiliser Society has made a practice of publishing 
its lectures, which are usually authoritative reviews of 
developments in fertilizer production and plant nutrition. 
The most recent publication deals with the present 
state of knowledge on the mechanism of absorption 
(Proceedings No. 84. The Absorption of Inorganic Nutrients 
by Plants. By J. F. Sutcliffe. Pp. 34. The Fertiliser 
Society, 44 Russell Square, London). It is 160 years 
since it was established that inorganic salts were essential 
for plant growth, and about 120 years since the fertilizer 
industry was started; but the process of absorption is 
not yet understood in spite of intense investigations. 
Water and salts are absorbed by different processes and 
there is a marked selectivity in the absorption of different 
ions. There is a passive permeation of ions by diffusion 
and exchange, and there is an active transport of ions 
through metabolic energy. Much has been learned from 
work on absorption by storage organs and by the large cells 
of some algae, and several theories have been advanced 
to explain the movement of ions across protoplasmic 
membranes. For example, a carrier mechanism involving 
an electro-chemical gradient or a redox pump or reversible 
combination with proteins has been proposed; there is 
also the possibility of invagination at the ceil surface. 
There seems to be some connexion between protein 


- synthesis and ion absorption and there is no doubt about 


the effect of non-ionic organic molecules on absorption. 
Complications inevitably arise when the entire plant is 
considered for such matters as the behaviour of different 
parts of the root; the composition of the soil solution, the 
transport of ions through the plant into the shoot and 
their redistribution, transpiration and water loss are all 
involved. A great deal of research is still required to 
specify the optimum requirements of the plant under 
varying conditions. 


Natural History of the Buckingham Palace Garden 


THE garden of Buckingham Palace covers an area of 
39 acres. It is secluded, separated from the public world 
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by good walls and hedges, and entered by large numbers of 
guests on no more than & few days in the year. It is well 
furnished with varied habitats: extensive lawns, abundant 
trees and bushes, an attractive artificial lake; shady 
glades with open clearings. The garden was cut off from 
the surrounding countryside about one hundred and 
fifty years ago, and the present lay-out dates from about 
1820. Through the generous courtesy of H.M. The Queen 
a team of some 26 naturalists and taxonomic specialists 
in many groups of plants and animals were able to carry 
out a detailed survey of the garden during the years 
1960-63. Ther results have been published in the 
Proceedings and Transactions of the South London Entomo- 
logical and Natural History Society, which appeared in 
December 1964 under the general editorship of Mr. D. 
McLintock, who has himself written the botanical sections 
(Part 2, 1963. Pp. tv+140+8 plates. London: The 
South London Entomological and Natural History Society, 
1964, 20s.). The report is of great interest. The seclusion 
of the garden. does not exclude the deposit of the soot and 
tar and other dirt that settles on London and causes many 
of the evergreens to shed their leaves every year. But 
this precipitation is decreasing and it is surprising what 
a great range of both wild and cultivated plants are able 
to flourish. Cats are forbidden, so that the bird population 
is numerous and quite diverse in species. Insects are 
present in great variety, including several records new 
to the country. All the species of plants and animals 
observed have been listed in detail. 
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Institute of Mathematics and its Applications 


Tue first residential conference of the Institute of 
Mathematics and its Applications, on “The State of the 
Art in Numerical Analysis’, will be held in the University 
of Birmingham during July 18~21. The Institute has also 
arranged a symposium on “How to Teach the Art of 
Approximation” which will be held at the Imperial College 
of Science and Technology, London, on May 26, and will be 
repeated at the University of Strathclyde on July 1. 
The following lecture meetings will be held during 1965: 
London, “Some Recent Developments in the Theory 
of Wave Propagation” by Prof. D. S. Jones (April 21); 
“Mathematics applied to the Large Scale Dynamics 
of the Atmosphere” by Mr. J. S. Sawyer (June 23); 
“Higher Special ‘Functions (Matthieu, Lamé, etc.) 
and, Associated Boundary Value Problems? by Prof. 
F. M. Arscott (July 28); “Aortic Regurgitation” by 
Prof. B. Thwaites (September 29); “Application of 
Mathematics to Problems arising in the Electrical Manu- 
facturing Industry” by Mr. N. Kerruish (October 20); 
“Recent Applications of Integral Transforms” by Prof. 
I. N. Sneddon. (November 17); “Global Aspects of Elliptic 
Differential Equations” by Prof. M. F. Atiyah (December 
15); Manchester, “Satellite Orbits and their Geo- 
physical Uses” by Mr. D. G. King-Hele (May 5); “Group 
Velocity” by Prof. M. J. Lighthill (July 7); Birmingham 
area, “Some Aspects of Operational Research” by Prof. 
S. Vajda (May 10); “Mathematics applied to the Large 
Scale Dynamics of the Atmosphere” by Mr. J. S. Sawyer 
(May 20); Bristol, “The Boundary Layer” by Prof. K. 
Stewartson (May 7). Further information can. be obtained 
from Mr. W. G. Sherman, Institute of Mathematics and 
its Applications, 29 Gordon Square, London, W.C.1. 


Alfred North Whitehead 


Pror. Vieror Lowe has written to the Editor of 
Nature stating that he is préparing a biography of Alfred 
North Whitehead. This he is undertaking with the 
approval and encouragement of T. N. Whitehead, son of 
A. N. Whitehead. Prof. Lowe would appreciate any 
information concerning letters by and about Whitehead, 
other documents, and recollections of him. These should 
be sent to Prof. Lowe at the Johns Hopkins — 
Baltimore, Maryland. 
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University News: Aberdeen 


Dr. H. 8. A. Porrer has been appointed to the senior 
chair of mathematics. Dr. E. M. Patterson has been 
appointed to the:second chair of mathematics. The follow- 
ing appointments have also been made: Readerships, 
Dr. C. H. Gimingha (botany); Dr. P. Meares (chemistry); 
Dr. K. Walton geography) Dr. J. C. S. Richards (natural 
philosophy); Senior Lectureships, Dr. W. J. Bates- 
(natural philosophy); Lectureships, Mr. D. Webster 
(chemical pathology); Dr. J. L. Duncan, Dr. A. R. 
Forrester, Dr. J. M. Pearson, Dr. A. B. Turner, and Dr. 
D. G. Williamson (chemistry). 

Bristol 

Dr. M. C. Warme, Fellow of Pembroke College, 
Oxford, has been sppointed to the Alfred Capper Pass 
chair of organic chemistry, on the retirement of Prof. 
W. Baker. 

London 

Dr. J. C. ANDERSON, reader in electrical engineering at 
the Imperial College of Science and Technology, has been 
appointed to the chair of electrical materials tenable at 
that College. The fatle of professor of pharmacology has 
been conferred on r. H. C. Stewart in respect of his post 
The following 
readerships have aiso been announced: Dr. A. Wagner 
(pure mathematics, tenable at Queen Elizabeth College); 
Dr. B. Zacharov (experimental physics, tenable at Queen 
Mary College). A 


Announcements 


Sir EDWARD BULLARD, professor of geophysics in the 
University of Cambridge, has been selected to receive the 
Agassiz Medal of the U.S. National Academy of Sciences 
on April 26, during fhe annual meeting of the Academy in 
Washington. The award is being presented in recognition 
of his original contributions in oceanography, especially his 
significant investigations of the Earth from its surface to 
its core and his development of techniques to measure the 
flow of heat outward_from the interior of the Earth throu gh 
the ocean floor. 


Pror. S. F. Sinezr, dean of the University of Miami 
School of Environmental and Planetary Sciences, has been 
awarded the Gold Medal of the U.S. Department of 
Commerce, for his ingenuity, leadership and guidance in 
the development and implementation of a national opera- 
tional meteorological satellite system. 


Tue Secretary of State for Education and Science, Mr. 
Anthony Crosland, has appointed Sir Harold Bishop to be 
charman of the Science Museum Advisory Council, with 
effect from March 1, in succession to the Earl of Halsbury, 
who has held the post since 1951. 


Tne Cambridge Instrument Company has recently 
transferred its Medical Sales Department from London to 
premises adjacent to its factory and research laboratories in 
Cambridge. Its new address is, Medical Department, Cam- 
bridge Instrument Co., Ltd., 18 Carlyle Road, Cambridge. 


A. SYMPOSIUM on *‘Molecular Genetics” -will be held at 
Luton College of Technology during April 22-23. Further 
information can be obtained from Mr. R. A. Baker, 
Luton College of Technology, Luton, Bedfordshire. 


A CONFERENCE on. “Reproductive Biology and Taxon- 
omy of Vascular Plants”, organized by the Botanical 
Society of the Britisn Isles, will be held in the University 
of Birmingham, Edgbaston, during April 23-25; Further 
information can be obtained from Mrs. Mary Briggs, 
White Cottage, Slinfold, Sussex. 


A ONE-DAY colloquium on “Flame Stabilization’, 
arranged by the British Section of the Combustion 
Institute, will be held at the College of Aeronautics, 
Cranfield, on April 22. Further information can be 
obtained from Prof. W. G. Parker, Department of Chem- 
istry, College of Advanced Technology, Birmingham 4. 
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PHYSICS AND CHEMISTRY OF CERAMIC SURFACES 


N — and successful symposium on ceramic 
A surfaces was organized recently by the Basic 
Science Section of the British Ceramic Society. The 
meeting, held ın London during December 15-17, 1964, 
attracted scientists with diverse interests. Among the 
audience were research workers active in many different 
branches of ceramic science—porosity and texture of 
oxides, gas adsorption, electron microscopy, irradiation 
phenomena and the mechanical properties of solids, to 
mention but a few. The fact that such varied interests 
were represented, particularly at a symposium held just 
one week before Christmas, is surely a reflexion of the 
importance of surface physics and chemistry m ceramic 
research to-day. 

The symposium was opened by the honorary president, 
Sir Eric Rideal, and the introductory lecture was delivered 
by Prof. J. H. de Boer. Prof. de Boer’s theme was the 
change in pore shapes and pore systems brought about by 
sintering at temperatures well below the Tammann 
temperature. Such low-temperature sintering may be 
identified, and its nature characterized, from studies of 
nitrogen physical absorption isotherms, The method 18 
based on the observation that for all flat surfaces, free 
from capularies, the adsorption isotherm has a unique 
form. Hence a plot of gas adsorbed versus thickness (t) 
of the adsorbed film ıs linear, with a slope proportional 
to the surface area of the absorbent. Deviations from 
linearity are of two types. an upward bending of the plot 
indicates capillary condensation, while a downward 
curvature is interpreted as the filling of slit-shaped 
crevices by multi-layer adsorption on parallel walls. 
Prof. de Boer has applied this concept to the study of 
pore systems present in the dehydration products of 


hydrous ZrO, and two alumina hydrates (bayerite and. 


boehmite). For ZrO, there is conventional capillary 
condensation in very fine pores, beginning at a lower 
relative pressure than is indicated by the hysteresis loop 
in the isotherm. By contrast, well crystalline bayerite 
and boehmite dehydrate to n and y AlO, respectively, 
with particles which are pseudomorphic after the original 
crystals and consist of parallel, oriented lamellae, separ- 
ated by slit-shaped pores ~ 10 A wide. These pores are 
filed by multilayer adsorption in the pressure range 
P/P, = 0:1 — 0-4. From the change in slope of the ¢ 
plot the surface area is found to decrease abruptly as the 
pores are filled. Investigations of evaporated films of 
ionic salts (NaCl, CaF,, etc.) condensed on a cold substrate 
indicate that these too possess a similar lamellar structure. 

The seventeen contributed papers could be divided 
broadly into two groups: (1) those concerned with the 
structure of crystal surfaces and the experimental examina- 
tion of surfaces, and (2) those dealing with the adsorption 
of gases, particularly water. In the first group, Dr. W. J. 
Dunning (University of Bristol) gave an interesting treat- 
ment of erystal surfaces from a theoretical point of view. 
He considered a real surface as possessing certain idealized 
defects—vacancies, steps, kink sites and emergent disloca- 
tions. The adsorption of a foreign atom at these various 
sites leads to a change ın surface roughness. For a simple 
cubic, homopolar crystal, this change in roughness may be 
calculated knowing the interaction energy between the 
adsorbate atom and atoms in the crystal surface. Thermal 
fluctuations tend to restore the equilibrium density of 
imperfections in the crystal surface. For ionic crystals 
containing: transition metal ions, it is necessary to con- 
sider the influence of the asymmétiric crystal field at the 
surface on the d orbitals of the cations. In general, crystal 
field- forces-may ‘be expected to lead to a plesetions in the 
positions - -of:surface ions, ~~ ~ 


In an experimental investigation of the surfaces of 
alkali bromide crystals, L. W. Barr and D. K. Dawson 
(Harwell) have investigated the exchange reaction between 
inactive bromine vapour and labelled KBr crystals con- 
taimng Br- ions produced by neutron irradiation. The 
surface exchange reaction was readily distinguished from 
bulk phase exchange. There is some evidence that Br, 
10ons are formed as an activated complex. Electron micro- 
scopy was used by A. J. Forty and C. T. Forwood (Univer- 
sity of Bristol) in a study of alkali halides and by P. S. 
Maxwell and D. J. Harwood (General Electric Co., 
Wembley) in an examination of devitrified glass ceramics. 
Crystals of sodium chloride containing voids and pre- 
cipitates may be cleaved and the cleavage surface exam- 
ined using a decorated replica technique. Interesting 
and characteristic cleavage steps are observed ın the region 
surrounding inhomogeneities. These steps are produced 
by localhzed plastic deformations, induced by the travel- 
ling crack when impeded by inhomogeneities. This 
locahzed interruption of cleavage, with the consequent 
development of steps, affects the propagation of a crack 
through the entire crystal. The possibilty of ‘crack 
stopping’ by the incorporation of suitable inclusions 
clearly merits further investigation. The examination of 
devitrified glass ceramics, also using a rephca technique, 
revealed the presence of a high concentration of fine pores, 
up to 100 Ain size. These are believed to be present ım 
the glass before devitrification. The cleavage of poly- 
crystalline ceramics (‘brittle fracture’) was investigated 
optically by V. D. Frechette (New York State College of 
Ceramics), who illustrated the many possible modes of 
fracture for different ceramic materials. One is left with 
the impression that there is much to be learnt from a 
careful examination and analysis of fracture surfaces. 
Finally, in this group of papers, C. F. Cooper (Morganite 
Research, Wandsworth) discussed the surface behaviour of 
molten sihcates. In CaOQ-810, melts there is a preferential. 
concentration of silica at the surface. This may be mter- 
preted in terms of the Gibbs adsorption isotherm, with 
SiO, possessing a lower surface energy than CaO. 

Turning to the papers concerned with the adsorption 
of gases on ceramic surfaces, Prof. R. M. Barrer (Imperial 
College of Science and Technology) presented a compre- 
hensive review of surface flow phenomena in gases and 
vapours physically adsorbed on micro-porous, high- 
surface-area materials. Results for a wide variety of 
adsorbates and adsorbents were summarized, and it was 
concluded that measurements of surface diffusion can be 
related to the adsorption properties of a gas and, further- 
more, can provide information on the texture of a porous 
adsorbent. Another topic to be reviewed critically was 
the determination of specific surface areas by low-tempera- 
ture krypton adsorption. In this paper, K. S. W. Sing and 
D. Swallow (College of Technology, Liverpool) demon- 
strated that the shape of the isotherm depends on the 
uniformity and porosity of the surface and that the 
Brunauer—Emmett—Teller equation provides a reliable 
estimate of the surface-area only under specific conditions. 
One should, however, recall that in introducing the krypton 
surface area technique in 1945, Prof. Beebe limited its 
application to low-surface-area non-porous solids, for which 
its practical utility has since been amply demonstrated. 

Six papers altogether were concerned with water adsorp- 
tion on oxides. Two of these discussed the interaction of 
water with silica surfaces, a problem which has been 
extensively studied with only partial agreement being 
reached. W. K. Thompson (Unilever, Port Sunlight) 
reported infra-red absorption spectra for water physically 
adsorbed on porous silica; from his data he concludes that 
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the water is hydrogen-bonded both intermolecularly and 
to hydroxyl groups on the S10, surface. A new approach 
to this problem was provided by J. A. Hockey et al. 
(Manchester College of Science and Technology), who 
measured the heats of immersion of dehydrated silica in 
water. From the results they deduced that the distribu- 
tion of residual OH groups on a dehydrated silica surface 
depends on the conditions of outgassing; sintering in air 
facilitates redistribution of the OH groups to sites of 
lowest energy. Two other papers, both by P. J. Anderson 
and colleagues (Harwell), were devoted to water adsorption 
on magnesia, an oxide which has been much less studied 
in this context. Infra-red absorption measurements 
revealed the surface dehydration-hydration cycle not to be 
reversible; rather 1t seems that dehydration leads to a 
small change in the surface ionic arrangement such that 
subsequent rehydration occurs to form hydroxyl groups 
which are bonded differently. This general picture is 
confirmed and amplified by proton magnetic resonance 
studies of chemisorbed and physically absorbed water on 
MgO. These measurements suggest that hydroxyl 
groups on a partially dehydrated surface may form small 
clusters. The application of nuclear magnetic resonance 
to surface chemustry 1s of recent origin and promises to be 
a powerful analytical tool for selected problems in adsorp- 
tion. The remaining papers on water adsorption were by 
S. J. Gregg et al (University of Exeter) and by D. Hardy 
and N. J. Petch (University of Newcastle). Gregg pre- 
sented water adsorption isotherms for a number of oxides, 
Fo-Os, SnO., $10, and T10.. Silica is particularly inter- 
esting as it 1s hydrophobic after calcination at 900° C, 
but slowly regains 1ts hydrophilic nature during prolonged 
exposure to water vapour at 25° C. Hardy and Petch in 
their paper considered the lowering in the surface energy 
of y- and «-alumina brought about by water adsorption. 
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The experimental decrease in surface energy, calculated 
from adsorption.isotherms, is quite insufficient to account 
for the reduction ın fracture stress of AlO; observed in 
the presence of water vapour. 

The final afternoon session comprised three miscel- 
laneous papers each interesting ın its own way. R. A. 
Ross and A. H. Teylor (College of Technology, Belfast) 
extended their earlier work on ammonia adsorption on 
silica gel with a new study of ethylamine adsorption. 
R. L. Nelson et al. (Harwell) discussed the influence of 
irradiation on the chemisorption of oxygen on MgO 
and CaO. Electron spin resonance techniques were 
exploited to provide information on irradiation-induced 
surface defects and their role in chemisorption. Finally, 
J. K. Higgins (Harwell) provided a beautiful illustration 
of how a technologically oriented study may lead to results 
of considerable scientific interest. In an investigation of 
the reaction of alumina with caesium vapour, neutron 
irradiation was found to enhance the reaction considerably. 
The effect was attributed to minor cracking in the alumina, 
resulting from irradiation-induced lattice expansion. 

From the foregoing brief account it will be seen that the 
symposium, while directed towards a central theme, 
embraced papers which were concerned with a wide 
variety of experimertal techniques and with diverse types 
of ceramic material. This follows a pattern set by recent 
meetings of the Basic Science Section of the British 
Ceramic Society. Such meetings are especially valuable 
in fostering an exzhange of ideas between scientists 
drawn from different disciplines and industries but united 
by a common interest. From the lively discussion which 
developed, one may conclude that the present symposium 
succeeded in this aim. Much of the credit for this success 
must go to the organizer, Dr. P. J. Anderson. 

R. M. DELL 


ANIMAL AND PLANT TISSUE CULTURE 


SEMINAR. on animal and plant tissue culture was 

held at the Department of Biochemistry, M.S. 
University of Buroda, Baroda, India, under the auspices 
of the University Grants Commission and the M.S. 
University of Baroda, during January 21-28. Prof. ©. V. 
Ramkrishnan, head of the Department of Biochemistry, 
M.S. University of Baroda, was the director of the seminar. 
This was the secand conference on tissue culture to be held 
in India, the first having been held at the Department of 
Botany, University of Delhi, under the auspices of the 
Unesco South Asia Science Co-operation Office, New 
Delhi, in December 1961. The latter, however, has been 
confined to plant tissue culture. 

The present seminar was attended by about sixty 
delegates, drawn not only from different parts of India 
but also from overseas, and they included biochemists, 
botanists, zoologists and virologists. The overseas visitors 
included: Dr. C. R. Anderson (now at the Virus Research 
Centre, Poona); Prof. E. J. Ambrose (Chester Beatty 
Research Institute, London); Dr. Endo Hiroyoshi 
(University of Tokyo); Dame Honor B. Fell (Strangeways 
Research Laboratory, Cambridge); Prof. H. Katsuta 
(Tokyo University); Prof. J. Paul (University of Glasgow) ; 
Prof. M. D. Rosemberg (The Rockefeller Institute, New 
York); and Prof. C. H. Waddington (University of Edin- 
burgh). 

Dr. ©. S. Patel, vice-chancellor, M.S. University of 
Baroda, welcomed the delegates, and Dame Honor B. 
Fell delivered the inaugural address in which she outlined 
the history of the development of animal tissue culture 
studies. 

The seminar consisted of fifteen sessions: two for animal 
organ culture, seven for animal cell culture, two for 
virology, and four for plant tissue culture. In all, about 


43 papers were presented, of which 25 were review papers 
and the remainder reported original work. 

In the sessions on organ culture, special mention should 
be made of the two lectures given by Dame Honor B. 
Fell, one on the technique of organ culture and the other 
on the application of organ culture to medical and biologi- 
cal research. Other papers on organ culture included: 
ossification of chick embryo femur growing in liquid media 
(Prof. H. Endo et el.); incorporation of labelled phos- 
phorus in nucleic acids of human trophoblastic tumours 
in organ culture (Drs. M. Shee and J. R. Chowdhury); 
effect of steroid hormones on the chondroitin sulphate 
metabolism of chick ambryo femur growing in vitro (Drs. 
H. Endo and §. Murota); and biochemical studies on 
embryonic chick tibia cultivated en vitro (Drs. H. R. 
Chokshi and ©. V. Ramkrishnan). 

By far the largest number of papers were read at the 
animal cell culture sessions, of which the following general 
lectures were of special interest: animal cell culture in cell 
biology research (Prof. J. Paul), the growth of cells at 
saline-hydrocarbon interface (Prof. M. D. Rosemberg); 
carcinogenesis im tisstie culture (Prof. H. Katsuta); 
malignancy of tumour at the cellular level (Prof. H. 
Katsuta); messenger-RNA in animal cells (Prof. J. Paul); 
culture of differentiating amphibian embryonic cells 
(Prof, C. H. Waddington) ; cell contacts and cell movements 
using tissue culture end biophysical techniques, and the 
properties of the cell surface (Prof. E. J. Ambrose). 
Among the original papers presented at the cell culture 
sessions, mention may be made of the following: effect of 
steroid hormones on Hela cells (Prof. H. Endo); studies 
on normal and cancerous human cervix tissue maintained 
in vitro in synthetic medium (Prof. C. V. Ramkrishnan 
et al.); and rat thymus cells in culture (Prof. H. Katsuta). 
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In the virology sessions, the following review papers 
deserve special mention: cell systems for the production 
of viral vaccines (Dr. M. R. 8. Iyengar); application of 
tissue culture in mammalian tumour virology (Dr. J. R. 
Chowdhury); and plant viruses in plant and insect tissue 
cultures (Prof. 8. P. Raychowdhury). 

The plant tissue culture sessions included several review 
papers and also a number of original papers. Among the 
review papers may be mentioned: fertilization of ovules 
am vitro (Prof. P. Maheshwari and Dr. K. Kanta); 
chemical induction of polyembryony (Prof. B. M. Johri); 
morphogenesis in plant tissue cultures (Dr. H. Y. Mohan 
Ram); and the role of kinetin in the growth and differen- 
tiation of plant tissue and organ cultures (Dr. R. L. N. 
Sastri). Other papers described the culturing of phylloxera 
gall and crown gall tissues, leaf and callus tissues. 
Although Prof. H. E. Street (University of Swansea) could 
not be present at the seminar as expected, his address, 
entitled “Plant Tissue Culture in an Interesting Condi- 
tion”, was read. In this, Prof. Street pointed out that plant 
tissue culture investigations are at present entering a 
critical phase and made a powerful plea for the maximum 
exploitation of the potentialities of plant tissue cultures. 
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Profs. C. H. Waddington and H. Katsuta illustrated 
their papers by means of ciné films of living cell cultures 
which were of a high technical excellence and most 
instructive. Prof. J. Paul gave a course of lectures on the 
techniques and problems of tissue culture with special refer- 
ence to animal tissue culture, but those interested in plant 
tissue culture also found many points of interest in them. 

Anyone who.sat through all the sessions of the seminar 
would no doubt have gained the feeling that he had been 
presented with a broad cross-section of the important 
advances at present being made in the fields of animal 
and plant tissue culture. 

A somewhat novel feature of the seminar was the ad- 
vance circulation of mimeographed copies of the complete 
manuscripts of all papers, which facilitated the discussion 
following the presentation of each paper. The Proceedings 
of the seminar will be published shortly by Dr. W. Junk, 
Publishers, Netherlands. 

This report would be incomplete without recording 
the appreciation of the delegates for the excellent arrange- 
ments made by the reception committee, with meticulous 
attention to detail, and for the hospitality extended to 
them. R. L. N. SASTRI 


7 MANAGEMENT. STRUCTURE 


NDER the title Structure in Management, the National 
Institute of Industrial Psychology has issued a study 
by Isabel Blain of different forms and their effectiveness *. 
Besides a bibliography, the study includes a note on 
some earlier studies of management ın the United King- 
dom. The body of the report is based on an enquiry involv- 
ing interviews with the chief executives of 24 companies 
engaged in a wide range of activities and detailed question- 
naires completed by more than 1,000 managers at other 
levels. Generally the methods of description used; while 
tentative, appear to provide a possible basis for develop- 
ing empirical studies in this field, and the provisional 
analyses of the features which were observed and their 
relation to effectiveness as reflected in the views of 
managers have demonstrated several important points 
for the future development of such studies. 

Many factors likely to influence efficiency have been 
identified, ‘but their individual effects cannot be simple, 
and vary according to the ways in which they appear in 
combination. A wide span of control, for example, may 
be a handicap where there is little delegation, but appro- 
priate in some other circumstances; the importance of 
organization charts varies with the size and complexity 


* National Institute of Industrial ——— Por nia 17, Structurein 
iweness 


of the organization. Methods of classification developed 
for other purposes can be misleading if used uncritically 
in studies of particular problems of management organiza- 
tion. 

The operational practices within a company may be as 
important as structures strictly defined, and managerial 
posts within any company differ in their structural 
features—-for example, in level (nearness to the source of 
authority or decisions), in responsibility to one person or 
more, in sharing subordinate staff or not, and in the 
number of others with whom formal operation links 
must be maintained. Accordingly, Dr. Blain suggests 
that research could be developed along two lmes. First, a 
study could be made of the extent to which operational 
features are important, by comparing companies suffici- 
ently similar in size, number of levels, production systems 
and proportion of specialists, but differing in respect of 
organization charts, salary administration or procedures 
for communication. Secondly, comparisons could be 
made within particular companies having their own 
operational characteristics, between managerial positions 
that differ in their structural features, for example, in 
responsibility to one person or more. In such ways more 
intensive studies of comparatively small samples are 
likely to provide evidence bearing directly on these aspects 
of the organization of management. , 


| -ENDEAVOUR 


CRITICISM often levelled at British industry in the 
vital field of overseas exports is that not enough atten- 
tion is directed to the importance of making available tech- 
nical and ‘commercial literature in-the language of the 
country concerned, especially in Europe. In recent years, 
with increasing representation of British-made goods in 
overseas markets, especially at international trade fairs 
and exhibitions, there has been some improvement in 
publicity methods in this important matter, chiefly by 
the larger industrial organizations, but much more could 
be done to ‘put the message over’ to a wider audience of 
potential foreign buyers in their own language. 
To a lesser extent this stricture has in the past applied 
to scientific literature, but internationally modern educa- 
tional standards have determined at least a working 
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knowledge of three essential languages—English, French 
and German—and this makes possible intercourse and 
understanding on an ever-increasing scale in the fields of 
the arts and sciences as portrayed in many different 
countries in as many different languages. The growing 
availability of Russian texts and scientific literature in 
English and French is a welcome sign of these modern 
trends. 

A particularly impressive example of a multi-lingual 
scientific publication, one which has been in existence 
since 1942, is the journal Endeavour, published by 
Imperial Chemical Industries, London. This is a reviow 
of the progress of science, published periodically in five 
languages—Hnglish, French, German, Italian and Spanish. 
In Endeavour the emphasis is on British science, but 
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contributions are regularly commissioned from all parts 
of the world. The principal considerations governing 
acceptance of articles in this case are the intrinsic interest 
and importance of the subject and the established 
authority of the writer. The result is a publication of 
outstanding quality both in subject-matter and presenta- 
tion. 

In a recent issue of Endeavour (24, No. 91; January 

. 1965), the contents cover a wide range of subjects. The 
editorial discusses the centenary of Mendelism; solid- 
phase peptide syntheses are described by R. B. Merri- 
field; meristems and the effect of radiation on cells, by 
F. A. L. Clowes; two memory stores in one brain, by 
J. Z. Young; insect hormones, by Sir Vincent Wiggles- 
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worth; cell movements, by E. J. Ambrose; the Xanthidia, 
by W. A. S. Sarjeact; recombination of ions and electrons, 
by M. A. Biondi; the brittle fracture of steel, by L. 
Rotherham; and the ribonuclear acids in the nucleus 
and cytoplasm of animal cells, by H. Harris. A section is 
also devoted to book reviews covering an equally wide 
range of scientific subjects. 

This number is profusely illustrated with black-and- 
white, colour (especially noteworthy) and line diagrams. 
“No charge is mace for Endeavour, and it is distributed 
to senior scientists, scientific institutions, and libraries 
throughout the world. Within these Inmits, the Editor is 
always glad to consider the addition of names to the 
mailing list.” H. B. MINER 


A DIRECT TEST OF ANTIPARALLELISM IN COMPLEMENTARY SEQUENCES 
OF CALF THYMUS DEOXYRIBONUCLEIC ACID 


By Pror. ERWIN CHARGAFF, Dr. JERZY BUCHOWICZ, Da. HANS TÜRLER and 
Pror. HERMAN S. SHAPIRO 


Cell Chemistry Laboratory, Department of Biochemistry, College of Paysiclans and Surgeons, 
Columbia University, New York 


HEN a molecule of deoxyribonucleic acid is said to 

carry, or preserve, biological information, certain 
assumptions are made, often implicitly. The nucleic acid 
chain is, for example, likened to a text in which the 
individual nucleotide constituents play the part of letters. 
It is quite clear that, for a text to be meaningful, not only 
the arrangement of letters is important, but also the 
direction in which they are to be read. If the sequence of 
purines and pyrimidines in a DNA, held together by 
phosphodiester bridges linking the 5’-position of one 
nucleoside with the 3’-position of the adjoming nucleoside, 
1s read unidirectionally, as 1t1s not unreasonable to assume, 
then the direction of scanning could be 5’-nucleotide > 
5’-nucleotide or 3’-nucleotide —> 3’-nucleotide. No decision 
between these directions can be made; but it may be 
conjectured that such isomeric sequences as pCpApT and 
pTpApC are not synonymous. (For the sake of brevity, 
we designate the deoxyribonucleosides of adenine, guanine, 
cytosine, and thymine as A, G, C, T, respectively, the 
purine and pyrimidine deoxyribonucleosides as Pu and Py, 
and indicate esterified phosphoric acid by p, placed at the 
left of the symbol 1f it is linked to the 5’-hydroxyl of the 
nucleoside, at the right if it 1s on the 3’-hydroxy]l.) 

If the structural model! of DNA-——-two complementary 
strands forming a double helix—is accepted as the 
explanation of the base-pairing regularities?, the two 
strands could be regarded either as antiparallel, of opposite 
polarity, or as symparallel, of identical polarity. It is the 
first alternative that 1s usually considered as more 
plausible; and the analysis of the frequencies of ‘nearest 
neighbour’ base sequences in the products formed by the 
DNA polymerase of E. coli has been interpreted as 
demonstrating the antiparallel character of the comple- 
mentary strands*. Recent investigations of these products 
have, however, thrown some doubt on thew being com- 
plete replicas af the native templatest*®; and it remains 
to be seen whether the indirect conclusions based on the 
examination of the enzymatic product can be applied 
directly to the structure of the native DNA. 

We have sought a direct test of symparallelism or anti- 
parallelism in complementary sequences of native DNA. 
The work recorded here forms part of investigations of 
several aspects of the nucleotide sequence in nucleic 
acids in which this laboratory has been engaged for some 
time*®. A fuller account will, it is hoped, be published later. 
Fig. 1 will facthtate the description of our experimental 
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approach. It depicts an arbitrary segment of a DNA 
molecule, consistins of 24 specified nucleotides, in two 
forms: in A the complementary strands are antiparallel, 
in B they are symparallel. The consequences of these 
differences in the polarity of the chains are shown in 
Table 1, which lists the tracts of purine and of pyrimidine 
nucleotides that will be hberated from the DNA. segment 
in Fig. 1 through the alkaline degradation of the corre- 
sponding apyrimidinic acid?* and the acid degradation of 
DNAS‘. It will be seen that the homologous tracts, such 
as pAp, pApAp, ete., are formed from both structures to 
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Fig. 1. Segment of a DNA molecule. A, the cee oe aes strands are 
antioaratiel: B, the complementary strands are symparaliel. The 
fragments expected from a selective degradation are listed in Table 1 
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the same éxtent, but that the relative abundance of 
heterologous structures, such as pApGp, will be affected 
characteristically in all specimens of DNA in which the 
sequences pApGp and pGpAp, and also pCpTp and 
pTpCp, occur in unequal proportions. Whereas the 
investigation of all sequences will, consequently, be of 
value for the determination of the extent to which base- 
pairing prevails in complementary chains, the study of 
heterologous runs will be of additional umportance for a 
decision on; the direction of these chams. To take the 
simplest instance, the ratio pApGp/pGpAp will equal the 
ratio pCpTp/pTpCp, if the chains are antiparallel; it 
will equal ‘the ratio ——— if the chains are 
— 


Table 1. SINGLE AND COUPLED UNITS EXPECTED FROM — E DEGRADA- 
TION OF DNA SEGMENT SHOWN IN Fig. 


nee of single units Toone of — units 


cheme A Scheme B cheme A. Scheme B 

pAp 1’ I pApAp 7—8 8 

pGp 4’ 4” pApGp 2-3; 9-10 2-3; 9-10 

pCp 4 4 pGpa 5-6 5-6 

pIn 1 1 pPGpGp = 11’~12’ 11712” 
pOpOp 11-12 11-12 
pCp 2’~-3’, 9—10 Pam 7 
prpcp 5—8 27-3”; 97—10” 
pTpTp 7-8 7-8 


The numbers refer to the positions of the nucleotides in Fig 1. 


The work recorded here is hmuited, by necessity, to the 
investigation of short runs, namely, the isomers present 
as the mixed dinucleotides, since the longer isostichs are 
intractable owing to the large number of position isomers: 
there are six heterologous pyrimidine sequences of length 
3, fourteen'of length 4, thirty of length 5, etc. 


Table 2. COMPOSITION OF CALF THYMUS DNA AND OF APYRIMIDINIC ACID 


PREPARED FROM IT 
Moles per 100 g atoms of nucleic acid 


Preparation | phosphorus Molar ratios 
i Adenine to Thymine to 
Adenine Guanine Cytosine Thymine guamne cytosine 
DNA 287 21°5 21 2* 28 6 1:33 1:35 
Apyrimidinie | 
acid 281i 21-9 — = 128 — 


* This figure:includes about 1-2 mole per cent of 5-methylcytosine. 


The specimen of DNA used for the examination of 
purine and'pyrimidine sequences was prepared from calf 
thymus in the usual manner’; it had the composition 
shown in Table 2. For the isolation of the pyrimidine 
isostichs the procedures for hydrolysis (0-1 M sulphuric 
acid, 100°,:35 min) and the separation on a column of 
DEAE- cellulose described previously’ were used, and the 
fractions were desalted with the help of smaller columns 
of DEAE-cellulose. The homologous runs (pT'p, pCp, 
etc.) and the mixtures of isomeric heterologous runs 
{(pTpCp + pCpTp, etc.) were isolated by the two-dimen- 
sional chromatography’ on filter paper of each isostich 
(cf. also ref. 12). The isomer mixture pTpCp and pCpTp 
is not easily separable, though some separation of the 
corresponding nucleosido-nucleotides TpC and CpT has 
been reported’*. In our experiments the content of the 
two isomers was determined indirectly", namely, by the 
successive treatment with acid phosphatase (prostate) and 
purified phosphodiesterase (snake venom) and the quan- 
titative estimation of the resulting nucleosides and 
5’-nucleotides: thymidine and 5’-deoxycytidylic acid from 
pIpCp, deoxycytidine and 5’-thymidylic acid from 
pCpTp. The results of several experiments summarized 
in Table 3 yield a ratio of pCpTp to pTpCp of 1-27 with 
a standard error of 0-06. The same ratio was also found 
when the acid hydrolysate of DNA was subjected directly 
to two-dimensional chromatography on filter paper’ and 
several extracts of the area containing the isomer mixture 
(component 11 in Fig. 2, ref. 15) were combined for 
enzymatic analysis. 

The examjnation of the runs of purine nucleotides used 
apyrimidinic acid”: as the starting material. This product 
was prepared by the treatment of 100 mg of calf thymus 
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Table 3. PRODUCTS OF ENZYMATIO DIGESTION OF ISOMER MIXTURE pCpTp 
AND pIpCp 
Moles per 100 moles of 


Product pCpTp + pTpCp 
Peony cy adime 52 0 a 
41-2 (69 
Denkyeytidylid acid 39-4 9 
Thymidylic acid 50-4 (07 
Ratio C + pT/T + pe 127 (0:6) 


A solution of 0 65-0:2 umole of the isomer mixture in 015 ml. of 0 05 M 
acetate buffer of pH 65-2 was treated with 50 ug of phosphomonoesterase 
for 16 h at 37°, After the inactivation of the enzyme by heating and the 
evaporation of the neutralized ture, the solution of the residue in 0-2 ml. 
of 0 03 M tris buffer of pH 9-2, which was 0-01 M with respect to MgS0O,, 
was treated with 10 ug of phosphodiesterase in 25 wl. of the buffer for 8 h at 
37°. The products were separated by two-dimensional paper chromatography 
(aqueous butanol followed by isobutyrate) and estimated by spectro- 
photometry. The figures represent the mean values from six experiments 


with the standard errors in parentheses. 


DNA. with 1 ml. of anhydrous hydrazine at 60° for 4 h 
in a sealed tube. After the removal of the excess of 
hydrazine in a vacuum, the solution of the residue in 
50 ml. of 0:2 M borate buffer of pH 6-9 was stirred 
vigorously with 3 ml. of benzaldehyde for 15 h in the cold. 
It was then freed of benzaldehyde and benzalazine by 
extraction with ether and, after dialysis against 0:02 M 
borate buffer (pH 6-9) and distilled water, evaporated in 
a vacuum in the frozen state. The yield of apyrimidinic 
acid corresponded to 95 per cent of the expected value; 
l per cent of the DNA phosphorus was lost during the 
dialysis. The colour developed with diphenylamine’* was 
1-9 times that given by the equivalent quantity of intact 
DNA. The composition of the preparation is shown in 
Table 2. 

The degradation of apyrimidinic acid (usually 25 mg) 
with alkali (0-3 N potassium hydroxide, 100°, 35 min) was 
performed under conditions known to favour §-elimina- 
tion!’, as had been done previously in the case of apurinic 
acid!*, The purine nucleotide isostichs were separated on 
a column of DEAE-cellulose?-1*. The phosphorus contents 
and ultra-violet absorbancies of the eluted fractions were 
determined; they were then desalted and concentrated, 
each to a volume of 0-5 ml., and small portions were 
removed for spectrophotometry and the estimation of 
organic phosphorus, adenine and guanine. The rest 
served for the chromatographic separation of the homo- 
logous and heterologous runs of purine nucleotides. In 
Table 4, we show the fractionation of alkaline digests of 
apyrimidinic and apurinic acids mto the series of isostichs 
of purine and pyrimidine nucleotides of length 1-8; it 
will be seen that the degradation with alkali of apyrimi- 
dinic acid entails greater losses than is the case with 
apurinic acid. For the purpose of the present discussion 
we limit ourselves to the first two isostichs. 

The components of purine nucleotide isostich 1 were 
separated by descending chromatography on filter paper 
in the buffered ammonium isobutyrate solvent of pH 3-6, 
with pAp travelling twice as fast as pGp. The most con- 
venient procedure for the study of isostich 2, and also of 
the longer isostichs, consisted in the chromatographic 
separation, in the same solvent, of the components after 
the removal of terminal phosphate groups with phospho- 
monoesterase. The mobilities, relative to ApA, were: 
GpG, 44; ApG, 57; GpA, 64; ApA, 100. The sequential 
isomers ApG and GpA were identified through the frag- 
ments produced by phosphodiesterase. The separated 
spots were extracted with a 0-02 M solution of ammonium 
bicarbonate and the amounts were estimated spectro- 
photometrically in æ manner similar to that applied 
previously to the pyrimidine oligonucleotides!®, an ab- 
sorbancy coefficient Ess of 15-3 being taken for deoxy- 
adenylic acid, and of 11-8 for deoxyguanylic acid. 

The main results of our work are assembled in Table 5. 
The values observed and those corrected for total recovery, 
as derived from the figures in Table 4, are presented to- 
gether with the significant molar ratios. The ratio of the 
two heterologous isomer components of isostich 2—-the 
object of our immediate interest—was found in six 
determinations as pApGp/pGpAp = 1-33 with a standard 


=a, 


147 


No. 4980 April 10, 1965 NATURE 


Table +. “DISTRIBUTION OF ISOSTICHS IN THE APYRIMIDINIO AND THE APURINIO ACIDS FROL OELE THYMUS DEOXYRIBONUCLEIC ACID 










Apyrimidinic acid Apurinic acid 
Purines as moles per 100 g atoms of purine nucleotide Pyrimidines z3 moles per 100 g atoms of pyrimidine nucleo- 
phosphorus ide phosphorus 
























Isostich Calculated from Calculated from Calculated from Caleulated from 
No. organic phosphate ultra-violet-light absorption organics phosphate ultra-violet-light absorption 
1 + 
2 + 
3 13-9 
4 9 4 ⸗ 
5 6-3 
6 40 
7 3°5 
8 3-8 
9 + 30 
Total 80 2 


The fractions resulting from the treatment of the products with alkali (0-3 N KOH, 100°, 835 min) were collected by chromatography on a column of 
DEAE-cellulose’. The figures, expressed as g atoms of isostich phosphorus per 100 g atoms of purine nucleotide phosphorus and of pyrimidine nucleotide 
phosphorus, respectively, are shown as obtained and after correction for a 100 per cent recovery The values calculated from ultra-violet-light absorption 
were derived from the difference between the readings at 260 and 320 mu, with the extinction coefficients computed from the ratio of adenine to guanine in 
each {fsostich of apyrimidinic acid and for a mixture of 1:37 mole of pT and 1 mole of pO in apurinic acid. The figures based on organice phosphate take into 
account the contribution of one terminal 3 -phosphate per oligonucleotide. For isostich 9+, which includes «ll oligonucleotide tracts of length 9 and more, an 
average chain Jength of 11 was assumed. 


Table 5, COMPOSITION OF ISOSTICHS 1 AND 2 FROM APYRIMIDINIC AND APURINIC AOIDS 








Apynmidinis acid * 






Purines as moles pa 109 g atoms of 
_ purine nucleotide phosphorus 


Corrected 





Isostich Conrponent 
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pAp/pap 


pApAp/pGpGp 
pApGp/pGpAp 


Per cent of 
isostich 





i Apurinic acidt 
Pyrmidines as moles per 100 g 
atoms of p dine nucleotide 
phosphorus 
Corrected 


14°8 
8-2 








Per cent of 
isostich 





Component 













64 


pTp 
pOp + pMp 36 








pTp/pCp + pMp 


PT pT p/pCpCp 
pCpTp/pTpCp 







* The corrected values are based on the balances in Table 4 : for isostich 2, and the subsequent fractions not included here, the values calculated from 
ultra-violet-light absorption were used; for isostich 1, the values for organic phosphate, Between 6 and 9 estimations were carried out for the determination 
of each component; the standard error is indicated in parentheses. The components of isostich 1 were separated as the nucleoside 3’,5’-diphosphates; those of 
isostich 2, after treatment with phosphomonoesterase, as the nucleosido-nucieotides ApA, ete - 


t The corrections were applied as in the preceding footnote. The figures on the composition are taken from a previous study of the alkaline degradation 
of apurinic acid (Table? of ref. 12), with fhe values of the 3’,5’-diphosphates of deoxycytidine (pCp) and deoxy-5-methyicytidine (pMp) taken together in 
iwostich 1. The proportions of the position isomers pCpTp and piper, which were determined together, are derived from the results shown in Table 3. Th 


small amount (2-5 per cent of Isostich 2) of the mixed dinucleotide of 


error of 0-03. Itis thus nearly equal to its antiparallel 
counterpart pCpTp/pTpCp which, as will be remembered, 
was 1:27 + 0-08. Other experiments corroborated this 
conclusion. The separation by two-dimensional chroma- 
tography" of the components of isostich 2, which had not 
been treated with phosphatase, yielded the four con- 
stituents in proportions very similar to those listed in 
Table 5, namely (as percentage of the isostich): pApAp, 
31; pApGp, 30; pGpAp, 24; pGpGp, 15; the ratio 
pApGp/pGpAp was 1-26. A similar value was obtained 
for the ratio of deaxyadenosine to deoxyguanosine released. 
by the successive- treatment of the isomer mixture with 
phosphatase and diesterase, as has been described before. 

As for a decision on the extent to which base-pairing, 
characteristic of DNA in a macroscopic fashion, is matched. 
rigorously by the equipoise of all complementary sequences 
of purine and pyrimidine nucleotides, this will have to 
await the collection of much more complete information 
than could be provided here in Table 5. 

In summary, we conclude that the native DNA of calf 
thymus is arranged in such a fashion that its complemen- 
tary strands—or in any event those complementary 
sequences that could be examined—are antiparallel with 
respect to each other. 
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A NEW INTERPRETATION OF THE INTERNAL ANATOMY OF THE 
HETEROSTRACI (AGNATHA) 


By Dr. L. B. HALSTEAD TARLO* 
Nuffield Research Fellow in the Department of Geology and Mineralogy, University of Oxford 


AND 
Dr. H. P. WHITING 


. Department of Zoology, University of Bristol 


HE Heterostraci, which include such genera as 

Cyathaspis, Pieraspis, and Psammosteus, first appear 
in rocks of the Ordovician Period, and so are the earliest 
vertebrates at present known. Only the plates and scales 
of ther dermal armour have been found preserved, but 
there are impressions on the inner surface of the head 
plates, from. which the internal organization can to some 
extent be inferred. Such markings have been figured and 
interpreted by many authors during the past one hundred 
years, but, on any of these interpretations, the Hetero- 
straci appear as a surprisingly anomalous group considering 
their early appearance in the fossil record. In particular, 
the gill-pouches are described as extending so far dorsally 
that they lie adjacent to the brain, in the position normally 
occupied by the myotomes of the head somites. The 
complications resulting from such theories are of course 
serious, and we believe instead that a much simpler interpre- 
tation agrees better with the facts. It is therefore suggested 
that the head of the Heterostraci was organized like that 
of other vertebrates, except that it showed in the adult 
animal some primitive features which are otherwise known 
only in the embryonic stages of living vertebrates. 

Fig. 1 is a diagram of the inner surface of the dorsal 
plate of a cyathaspid. A deep pit, in the mid-line, un- 
doubtedly represents the position where the pineal organ 
projected, as first proposed by Woodward}. It lies between 
the orbital notches, although these are not visible in plan 
view. Behind and lateral to this pit are the impressions 
made by the vertical semi-circular canals of the auditory 
system, while medially behind the site of the pineal runs 
a groove which also may be safely identified. This repre- 
sents, more or less closely, the former site of the dorsal 
surface of the central nervous system. Very probably the 
midbrain and hindbrain lay in the positions indicated, 
but the identification of brain-regions will be discussed 
in a further work. Anteriorly, the pair of roundish 
impressions at the edge of the shield have been identified 
as the site of nasal sacs by Jaekel?, Kiaer and Heintz’, and 
Wills‘, while, lateral to these, small paired notches at the 
margin of the plate are identified as external nostrils, 
following Kiaer and Heintz, and Watson’. Stensid¢ 
interpreted this region differently, considering the medial 
part to be the site of a single bilobate pre-nasal sinus, and 
the lateral notches to have housed sensory tentacles. 
He contended that the Heterostraci were related to the 
hagfishes, with their single nasal sac, but further evidence 
has been provided more recently’?® to demonstrate that 
the Heterostraci possessed two nasal sacs. 

From the features so far discussed, the shield could 
belong to an animal as primitive as its early début might 
suggest. However, the dorsal plate also shows a paired 
series of roughly oval impressions which extend backwards, 
although they are fainter posteriorly. These markings 
have been wonsidered as evidence for a paired series of 
gill-pouches beneath these positions'-**, In further 

* Present address: Department of Geology, University of Reading, 


support of this theory, Stensid* suggested that longitudinal 
grooves which can be seen on the oval impressions might 
have been made by the gill-lamellae of the respective 
pouches, although Denison? has disputed this. On 
Stens16’s interpretation there is no space either behind the 
otic capsules or dorsal and medial to the gill-pouches, 
where post-otic myotomes could have existed. 

Watson? has drawn. such an animal, and while it can be 
visualized as functioning effectively, it would be morpho- 
logically improbable that so umquely specialized an 
animal should appear so early. This is particularly so 
since the organization of a vertebrate includes as a funda- 


- mental feature a series of myotomes extending the whole 


length of the notochord on each side, entirely separating 
the branchial pouches and similar visceral organs from 
the dorsal surface. Many observations in experimental 
embryology show how close is this relationship between 
notochord, nerve chord and segmental muscle, and, 
furthermore, in the adult lamprey all the post-otic myo- 
tomes are retained to their full extent (that is, even the 
most anterior, the fourth) while in other fishes the modifi- 
cations are of minor degree or only of topographical 
significance. 

It is also important to note that the dermal armour of 
the Heterostraci generally developed only at a post-larval 
stage or later. The unknown larval stage therefore, lacking 
a rigid head-armour, is likely to have resembled that of 
other primitive vertebrates fairly closely. Their post-otic 
organization is well known, and the relationship of the 
post-otic myotomes to the visceral and nervous systems 
can be seen very well in the young lamprey’. Clearly 
even the simplest explanation which would accord with 
interpreting these oval impressions as gill-pouches requires 
a wholesale and extraordinary reorganization of the 
heterostracan at its metamorphosis from the larval stage. 
Evidently, then, the simplest morphological explanation 
of the adult heterostracan head structure would be to 
interpret the oval marks as having been produced by 
successive head-myotomes, particularly when it is 
remembered that myotomal muscle primitively contracts 
in the longitudinal axis. If these head-myotomes can 
be taken as having functioned effectively in close prox- 
imity to @ fairly rigid head-shield, the remainder of the 
head can then be interpreted without recourse to difficult 
hypotheses. 

This simpler explanation is the basis of the interpretation 
given in Fig. 1. The head-myotomes could have carried 
out a normal locomotor function in the larva, although as 
the individual grew and its surface-to-volume ratio 
changed, the visceral system would have needed to become 
more efficient, or more probably, as in the metamorphosis 
of Amphioxus, more extensive. “It is suggested, also, that 
the head-myotomes, coming into closer and closer ‘contact 
with the visceral system, and impeded from contracting 
with the trunk muscles by the development of - head 
armour, would not have become vestigial, but (as in so 
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Fig. 1. Diagram of internal surface of cyathaspid dorsal plate showing impressions made 
by soft parts 


many examples in vertebrate evolution), would have 
developed a new function: in this case to assist or even 
take over the pumping mechanism of the pouches. 

On this basis, the faint longitudinal grooves, which 
Stensiéd supposed might indicate the position of gill- 
lamellae, become easier to understand. They could well 

resent the Impressions made on the connective tissue 
by the longitudinal aligned muscle units—most probably 
muscle plates—for such longitudinal marking is very clear 
in the trunk and head myotomes of living cyclostomes*:'’, 
As Denison® has also pointed out, it is difficult to believe 
that gill-lamellae would leave evidence of their existence 
on the dorsal shield, when the visceral muscle of the 
pouches which cempressed them presumably intervened. 
Equally, it is very unlikely that such muscle would leave 
longitudinal grooves on the shield, since, as an examina- 
tion of the dogfish will show, it is aligned in the embryonic 
vertebrate in the transverse plane. It does not alter 
appreciably from this arrangement even in modified 
visceral arches, such as the mandibular and hyoid in the 
adult. 


The ventral median plate bears a series of paired oval 
impressions similar to those on the dorsal plate, and these 
in are sub-divided by longitudinal grooves. This 
indicates that the myotomes extended ventrally to the 
visceral pouch system as they do in cyclostomes; a 
comparable topographic arrangement can be seen in the 
1,11, Presumably these more ventral divisions of 

the myotomes (hypobranchial musculature) also acted 
in support of the pouch-pumping mechanism. A change 
in the function of the hypobranchial muscle is, of course, 
known to have occurred in a similar way in gnathostomes, 
where the locometor function of this part of the series of 
head-somites is changed to one of expanding or opening the 
jaws and gill-arches. In that case, too, the hypobranchial 
muscle acquired its new function and its new neuro- 
muscular rhythm without changing its longitudinal 
direction of contraction. In the ventral median plate also, 
in some cyathaspids, is a longitudinal groove in the mid- 
line. This is to be expected, for the endostyle would have 
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lain im just this position. Anterior to this 
groove, there are two faint grooves at the 
antere-lateral margins of the plate, and 
two small pits near the mid-line. There is 
little evidence by means of which these 
can safely be interpreted, but they may 
represent the former position of some part 
of the velar pumping and filtering mechan- 
ism, which could be expected to occupy 
this general position. 

To return to the dorsal plate, there is 
here & second series of paired impressions 
latera! and slightly posterior to the medial 
set al-eady discussed, these lateral mark- 
ings »eing somewhat smaller than the 
first series and not sub-divided longitudin- 
ally. They are set more or less transversely 
and appear to bifurcate laterally, forming 
a curved ‘Y’. These impressions, which 
incidentally are not found on the ventral 
plate, have also in the past been inter- 
pretec as marking the site of former gill- 
pouches’. However, Watson® suggested 
that they had been produced by the 
excurrent ducts of the individual pouches, 
which led at each side into a single common 
branchial opening. This explanation was 
aceepted by Stensié*, but perhaps the 
‘Y’-shaped impressions are better inter- 
preted as marking the dorsal part of the 
visceral arches, with the position of the 
excurrent ducts of the branchial pouches 
in the open end of the ‘Y’. The most 
anterier of these lateral structures is 
likely to have been associated with the 
first functional gill->ouch, and if a direct comparison 
is made with living forms, one would expect this to be 
the hyoidean pouch, and the associated somite to be the 
hyoidean. 

However, since Stensié® considered that some of the 
early vertebrates, in particular the cephalaspids, possessed 
a functional pre-hyomlean gill-pouch, it is probably safer 
to identify the somite associated with the first functional 
gill-pouch in the Heterostraci merely as pre-otic. As 
can be seen in Fig. 1, the impressions of the somites 
associated with the first functional gill-pouches are found 
immediately anterior to the semi-circular canals, while in 
front of these impressions is a further pair of oval markings. 
These latter are not always present, and even when they 
are found they are invariably fainter than the others. 
In addition they have no associated ‘Y’ structures, and 
were presumably nos related to functional gill-pouches. 
The faint oval impressions have been variously inter- 
preted?—*:8; but it-seems probable that they also were made 
by muscle blocks, indicating the presence of at least two 
pairs of pre-otic som:tes. In the embryo of living verte- 
brates the anterior end of the notochord, the front of the 
midbrain and of the most anterior pre-otic somite all lie 
at the same transverse level, so that in adult hetero- 
stracans, at least twe pre-otic somites must have moved 
forward from this pesition. They would not, however, 
have moved so far as to reach the level of the extrinsic 
muscles of the eye of living vertebrates. 

It seems, then, thet in the Heterostraci the muscles of 
the head were retained as discrete units in the adult. In 
all other known vertebrates, whether living or fossil, 
three pairs of pre-otic somites normally migrate forward 
during development to become the extrinsic muscles of 
the eye. Since in the Heterostraci at least two pre-otic 
somites were obviously independent of the eye, and retained 
their serial arrangement, then this condition must be 
considered the most primitive yet found. It ig of interest 
to note that Stensié!*. too, has concluded that the Hetero- 
straci were without eye muscles, although from an entirely 
different point of view. 
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In the posterior part of the carapace, so far as can be 
ascertained from the fossils, the muscles were aligned 
slightly diagonally, as shown in Stensié’s restoration 
(ref. 6, 1958, Fig. 201) and no doubt they formed part of 
the main swimming muscles of the trunk. They appear 
to have been inserted on to the underside of the dorsal 
plate, behind the paired oval impressions, and their 
anterior limit is frequently marked by a sinuous ridge. 
Certain armoured  siluroids—teleosteans—also possess 
trunk muscles which attach to the equivalent of dorsal 
plates in an analogous fashion, the outline of the insertion 
of these muscles being like that known in the Heterostraci. 

The Heterostraci are thus seen to fit into the general 
vertebrate pattern, although their somatic organization 
is thought to be the most primitive example known. This 
is of some significance, for despite the fact that it has been 
generally accepted that the vertebrates must have passed 
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through such a stage in their history, it is only now 
apparent that this stage is actually preserved in the fossil 
record. 
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WITHIN THE SARCOPLASMIC 


RETICULUM 
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HE spaces between the myofibrils of muscle fibres 

contain two membranous systems, the T system and 
the sarcoplasmic reticulum. Most of the T system is 
oriented transversely between the fibrils. It has recently 
been shown that the 7’ system is continuous with the 
sarcolemma at the level of the Z band in fish and frog 
muscle'-*. In reptiles, birds and mammals the 7' system 
is located near the junctions of the A and I bands. The 
sarcoplasmic reticulum is oriented longitudinally between 
the fibrils. The terminal segments of the sarcoplasmic 
reticulum face the T system. Two terminal segments of 
sarcoplasmic reticulum and the tubular element of the 
T system between these segments have been called a 
triad*. The terminal segments have been called lateral 
elements to describe their position relative to the T 
system. They also have been called terminal cisternae 
because the sarcoplasmic reticulum, which is composed 
of relatively thin tubular structures at the A band-level, 
shows relatively large cistern-like structures in its terminal 
segments. In the work recorded here the T system is 
designated as T and the terminal segments of the sarco- 
plasmic reticulum are designated as R. 

Several electron-microscope investigations have noted 
opaque material in R. Porter® directed attention to the 
fact that the sarcoplasmic réticulum of amblystoma 
muscle fibres is in general apparently devoid of structural 
material, the notable exception being R. He* observed 
that R contains a condensation of finely fibrous material. 
Andersson-Cedergren® found R filled with an opaque 
material in mouse muscle fibres. Reger’ reported dense 
elements which appear to be granular or vesicular at the 
level of R in eye muscle fibres of Fundulus. Revel’ found 
a fine meshwork which he interpreted as a precipitate in 
the lumen of R in bat musele fibres. H. E. Huxley’ 
observed an amorphous-looking material in R of frog 
muscle fibres. The work recorded here is concerned 
with an attempt to obtain improved visibility of material 
within R of rat muscle fibres. 

For preliminary investigations small bundles of gastro- 
cnemius muscle fibres were fixed in osmic acid, embedded 
in ‘Epon’, and stained with Pb(OH),. The uranyl acetate 
staining technique used in the major part of this work 
was developed after lead staining alone was found to be 
unsatisfactory for observations on details of membrane 
density patterns. For examination of rat gastrocnemius 
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muscle small bundles of fibres, removed from animals 
anaesthetized with ‘Nembutal’, were tied to ‘Plexiglas’ 
stays and fixed with osmic acid by the Palade method as 
modified by Caulfield!®. The fibres were dehydrated for 
10 min in 50 per cent alcohol and then placed overnight in 
70 parts absolute aleohol and 30 parts saturated aqueous 
solution of uranyl acetate. After completion of dehydra- 
tion with 95 and 100 per cent aleohol, the embedded fibres 
were cut with a Porter—-Blum microtome and the sections 
were stained with Pb(OH), according to the Lever 
method", The sections were then sandwiched between 
carbon films for examination with a Siemens Elmiskop I. 
The section thickness was usually in the silver range. For 
work on rat cricothyroid muscle the larynx along with 
this muscle was quickly removed from the anaesthetized 
animal and fixed in glutaraldehyde by the method of 
Sabatini et al.'* slightly modified. The tissues were post- 
fixed with osmice acid. The cricothyroid muscles were 
removed during dehydration, as described here for 
gastrocnemius muscle. The cricothyroid muscles were 





Fig. 1. of a longitudinal section of rat gastro- 
segments of sarcoplasmic reticu- 
. The arrows point 


Lead 


Electron-microgra 
cnemius muscle fibre sho 
lum (R) and a tubule of the transverse system (7) 
toward opaque material within R. M, mitochondrion; Z, Z band. 
stain. (xe. 116,700) 
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Fig. 2. Longitudimal section of gastrocnemius muscle fibre showing & 

and T. The arrews point toward triple-layered membrane-like structures 

within R. J, one-half of J band; Z, Z band. Uranyl acetate and lead 
stain. (xe. 108,300) 


embedded in “Maraglas’ and prepared thereafter like fibre 
bundles from gastrocnemius muscles. 

Electron-microscope examination of muscle fibres 
fixed with osmie acid and stained with lead alone did not 
reveal details of membrane structure (Fig. 1). In the 
walls of T where the membrane stains more densely than 
in other parts ef the triad, a density pattern like that 
observed in fibre membranes stained with uranyl acetate 
could not be seen. However, opaque material within R 
could be seen tarrows in Fig. 1) and strands of this material 
are apparently eonnected with R membranes facing T. 

The material within R of gastrocnemius muscle fibres 
appears to be membrane-like in tissues stained with uranyl 
acetate during dehydration. It can be seen in Fig. 2 
that structures within R resemble the limiting membranes 
of R. For example, structures (arrows) within R that 
appear to be attached to the limiting membranes of R 
facing 7’ show the triple layer typical of cross-sections of 
membranes. Although membrane-like structures within 
R are recognizable in gastrocnemius muscle fibres stained 
with uranyl acetate, these structures and the limiting 
membranes of R are usually distorted. However, the 
membrane-like structures within R, as seen in Fig. 2, 
occupy positions similar to the positions of opaque 
material within R (arrows in Fig. 1) in fibres stained with 
lead alone. 

In some preparations stained with uranyl acetate and 
lead the membranes of mitochondria and the limiting 
membranes of 2 were intensely opaque, but the typical 
triple layers of the membranes could not be seen. The 
structures within R were also very opaque and they 
appeared to be similar to the membranes of mitochondria 
and of the limitmg membranes of R. In Fig. 3 the mito- 
chondria and Æ are shown especially well because the J 
filaments are stained very lightly. The structures within 
R appear to be connected with the limiting membrane at 
some points (arrows). The segment of R oriented parallel 
to the Z band can be readily distinguished from the mito- 
chondria which show paired membranes along their 
borders. Fig. 3 also shows densely stained membrane-like 
structures (stars) at the level of the Z band. The star 
at the bottom of Fig. 3 shows an area where R is poorly 
stained. Even so, densely stained lateral projections on 
the inside of the limiting membrane of R can be seen. 

In an attempt to reduce distortion of membranes and 
preserve the density pattern of membranes in fibres stained 
with uranyl acetate, modifications of fixing and embedding 
methods were tested. The procedures which proved to be 
most satisfactory have already been described here. 
Cricothyroid muscle fibres of the rat are especially suitable 
for examination. The R of these fibres shows relatively 
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intense staining. The centre of R is usually more heavily 
stained than the area immediately inside the limiting 
membrane. In cross-sections of muscle fibres the plane of 
the section is perpendicular to the longitudinally oriented 
sarcoplasmic reticulum. In cross-sections near the 
junctions of A and J bands the terminal segments of the 
sarcoplasmic reticulam (R) can be seen. An example 
of a cross-section which traverses the junction of the A 
and I bands is shown in Fig. 4. Six segments of R can 
be seen. The triple-layered single limiting membrane is 
revealed by close inspection (arrows). Well-defined 
triple-layered membranes cannot be seen within the cavi- 
ties of R. However. dense lines separated by less-dense 
areas can be seen at many points within the cavities of R. 
It is of interest to note that the distance between these 
dense lines is about equal to the distance between the 
dense layers of triple-layered membranes. The more 
densely stained centre of R seems to be connected at 
numerous points with the single limiting membrane of 
R. In contrast with R the mitochondrion shows paired 
membranes (star) along its borders. 

In some of the cress-sections near the junctions of the 
A and I bands it was possible to see long segments of R 
as shown in Fig. 5. Here the plane of the section is slightly 
oblique to an exact cross-section of the fibre. The plane 
of the section passes through an A band on the left side 





Fig. 3. Approximate longitudinal section of gastrocnemius musele fibre 
showing A and showing sarcoplasmic reticulum (stars) at the level of the 
Z band (Z). At the point designated by the lower star, membrane-like 
structures project from tac —— membranes although the interior of 
the sarcoplasmic reticulum is poorly preserved in this veryethin section. 
The arrows point toward lateral projections from the inside of the single 
limiting membranes of # Note the paired membranes along the border 
of mitochondria (M). J one-half of J band. Uranyl acetate and lead 
stain. (xe. 73,300) 





Fig. 4. Approximate cross-section of rat cricothyroid muscle fibre 

showing segments of R. The arrows point toward single triple-layered 

limiting membranes of R. Apparent connexions between the limiting 

membranes of R and the membrane-like structures within R can be seen 

at many points. The star indicates a point where the paired membranes 

along the border of the mitochondrion (M) can be seen. J, I band; 
A, A band. Glutaraldehyde fixation. (xe. 73,300) 


of R and through an J band on the right side of R. The 
limiting membrane of R is well defined at many points. 
At other points it is somewhat obscured by contacts with 
densely staining structures from the regions of the 
myofilaments. On the inside of the limiting membrane 
numerous membrane-like structures (arrows) appear to 
be continuous with the limiting membrane. Further- 
more, these membrane-like structures appear to be con- 
tinuous with the more densely stained membrane-like 
structures about midway between the two limiting 
membranes of R. A short segment of T is shown at the 
top right of Fig. 5. It can be seen that J filaments only 
are shown on both sides of this segment of T. This appear- 
ance of the I filaments indicates that the section of T 
is nearer the Z band than the section of R, which is par- 
tially surrounded by A filaments. If this is the case, the 
segment of R shown in Fig. 5 is on the A band side of T. 
Fig. 6 shows a high magnification of some of the struc- 
tures seen in the top of Fig. 5. At this magnification it is 
possible to see the density pattern of membranes reported 
by Sjéstrand**.* for membranes in mouse kidney cells. 
The density pattern shows two dense layers separated by 
a less-dense middle layer. Faintly stained thin bridges 
between the two dense layers span the field of the middle 
layer. The total thickness of the membrane is 60-80 A. 
However, the two dense layers are not uniform in thick- 
ness, Thick segments alternate with thin segments. 
This feature of the density pattern is seen with con- 
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siderable regularity in favourable sections of the limiting 
membranes (arrows). The periodicity of the thick seg- 
ments in the dense layers is about 40 Å. The transverse 
distance from centre to centre of thick segments in the 
membranes is about 40 A. The periodicity of cross- 
bridges between dense layers of the membranes is about 
40 A. Thus two thick segments, with a centre-to-centre 
distance of 40 A between them and with a thin segment 
connexion between them, may be considered as a charac- 
teristic of membrane density pattern produced by staining 
procedures used in this investigation. On the basis of 
this characteristic several points (stars) within the limiting 
membranes of R can be regarded as membrane-like. 
There are a few points (asterisks) where lateral projections 
on the inside of the limiting membranes show thick 
segments with approximately 40 A periodicity. These 
thick segments appear to be connected with the limiting 
membrane by thin segments. 

It is impossible to conclude that the membrane-like 
structures within R are indeed membranes. The possibil- 
ity that they are filaments with density patterns like 
those seen in membranes has not been ruled out. However, 
the fact that cross-sections of filaments in R have not 
been seen either in cross-sections or in longitudinal sections 
of R argues against this possibility. Regardless of the 
nature of the structures within R, it seems certain that 
these structures are connected with the limiting mem- 





Fig. 5. Section of cricothyroid muscle fibre slightly oblique to a cross- 

section showing a long segment of R and a short segment of 7. The 

arrows point towards projections of membrane-like structures from the 

inside of the single limiting membrane of R. Note the membranes 

along the border of the mitochondrion (M). A, A band; J, J band. 
Glutaraldehyde fixation, (xe. 80,000) 
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Fig. 6. A magnification of a region in the upper part of Fig. 5 

ofstructures in Rand 7. The arrows t towards a 

density pattern that is typical of membranes 5 with uranyl acetate 
during dehy ca, w t segments of density are connected 

thin The stars indicate areas within R that show this density 

ttern. asterisks indicate lateral ons from the inside of the 

membrane of R that show the density pattern of membranes 

The circle indicates a segment of R where the section passes 

approximately tangential to R. (xc. 166,600) 


branes of R. The evidence that such connexions do exist 
is based on the observation that units of density pattern 
characteristic of membranes project from the limiting 
membranes toward the centre of R. There is no obvious 
explanation for the great difficulty encountered in staining 
the structures within R. It is possible that the limiting 
membranes of R form barriers to the penetration of 

taining agents applied after dehydration. It is also 
possible that the membrane-like structures within R are 
somewhat different from the limiting membranes of R. 
Nevertheless, the results indicate that the opaque material 
observed when lead stain alone is used (Fig. 1) may be a 
part of the membrane-like structures revealed by com- 
bined uranyl acetate and lead staining. 

The possibility that location of membrane-like structures 
within R is only apparent should be considered. For 
example, it could be argued that spurious appearance of 
structures within the limiting membranes of R is seen 
because sections pass tangential to the limiting mem- 
branes. Now i is true that the planes of sections are 
tangential to the limiting membranes of R at some points. 


-The point indicated by the circle in Fig. 6 is a good example 


of a section passing approximately tangential to the 
limiting membrane of R. However, at points below the 
circle in Fig. 6 it is obvious that the plane of the section 
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is not tangential te the limiting membranes of R. The 
evidence for this is the numerous lateral projections from 
the inside of the limiting membranes with spaces devoid 
of membranes on either side of the projections. The 
possibility that the appearance of membrane-like struc- 
tures within R is spurious seems to be ruled out by the 
observation of these structures within R at all levels of 
sections passing through R. For example, the thickness 
of a fibril in rat muscle ranges from 5,000 to 10,000 A. 
In longitudinal sections of the fibre with section thickness 
near the grey range, it would be possible to cut within 
the limits of a single fibril 4-8 sections in which an end-on 
view of R like that shown in Fig. 2 could be seen. 

The presence of membrane-like structures within R 
markedly increases the structural surface to which 
enzyme systems might be attached and chemical sub- 
stances might be beund. These membrane-like structures 
within R could be of considerable importance to the role 
of R in the contraction-relaxation cycle and in certain 
metabolic processes. Numerous investigations have led 
to the suggestion that contraction and relaxation of 
muscle is produced by an increase and a decrease, respec- 
tively, of Ca++ in the myofibrils. It has been assumed 
that release of Cat+ from the sarcoplasmic reticulum 
brings about the increase necessary for contraction, and 
that binding of Ca*~ by the sarcoplasmic reticulum brings 
about the decrease ef fibrillar Ca++ concentration necessary 
for relaxation. A calcium-accumulating action of the 
microsomal fraction of muscle homogenate containing 
the relaxing factor has been observed!*-"*, An investiga- 
tion’® of mitochondrial and sarcotubular fractions of 
muscle homogenate led to the conclusion that the sarco- 
tubular structures constitute the active part of the relaxing 
factor system. Recent investigations' indicating that 
the tubular contens of the T system is continuous with 
extracellular fluid suggest that the relaxing factor is not 
localized in the T system. Electron-microscope examina- 
tion of relaxed frog skeletal muscle pretreated with 
glycerol and then treated with oxalate shows precipitation 
of Ca++ mainly in the lateral elements (R) of triads*. It is 
probable that R is specifically associated with Ca** uptake 
and with the relaxing factor. Various investigators*™ 
have proposed that Ca++ is released from the sarcoplasmic 
reticulum when the stimulus for contraction is conducted 
to the fibre interior, that the released Ca++ causes the 
fibril to contract, and that the muscle relaxes again when 
stimulation ceases because Ca++ again becomes bound to, 
or enclosed within, elements of the sarcoplasmic reticu- 
lum. On the bass of evidence’? for membrane-like 
connexions between T' and R, it has been suggested* 
that the excitatory effects of the self-propagating action 
potential are transmitted from T to R by electrotonic 
spread of current. It is possible that the membrane-like 
structures within Æ might function as additional path- 
ways for electrotoric spread of current. In turn, the 
electrotonic current might be involved in the release of 
Ca*+ bound to membranes and membrane-like structures. 

If a Cat+ pump functions in the removal of Catt from 
the fibrils and the storage of this ion in R, the site of action 
of the pump is prebably in the limiting membranes of 
R. On the other hend, the high calcium-storing capacity 
of R*®-18 could very well be implemented by membrane-like 
structures within R. It is of interest to note in passing that 
storage of Ca++ in R requires ATPase activity and that 
Ca++ storage ceases when ATP is removed from the 
medium, 

The membrane-like structures within R could provide @ 
structural framework for enzyme systems involved in 
certain metabolic processes. For example, these struc- 
tures might constitute a part of the matrix for the enzymes 
that bring about the synthesis of glycogen. There is 
good evidence" that the sarcoplasmic reticulum functions 
in connexion with glycogen synthesis. e 
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CHOLESTATIC DRUGS AND BILIRUBIN METABOLISM 


By Dr. TOM HARGREAVES 
Department of Chemical Pathology, St. George’s Hospital Medical School, London, S.W.| 


“HE difficulties involved in the recognition of drug 
hepatotoxicity and the distinction between a causal 
and a coincidental relationship of the liver disease to drug 
exposure together with the exclusion of coincidental viral 
hepatitis have been emphasized by Popper and Schaffner?. 
Although material has to be collected from individual case 
reports, it is possible to delineate several clinical syndromes 
of liver disease resulting from various hepatotoxins. 
These depend on the nature of the hepatic lesion, the 
patterns of hepatic dysfunction and the chief extra- 
hepatic manifestations. 

Therapeutic agents produce three main types of hepatic 
dysfunction. Hepatic parenchymal necrosis is produced 
by iproniazid and other monoamine oxidase inhibitors; 
the hepatocellular jaundice is similar to that of viral 
hepatitis, but the mortality rate of this variety of drug- 
induced liver damage is about 20 per eent., Some drugs 
cause primary intrahepatic cholestasis which simulates 
extrahepatic obstructive jaundice, the liver showing 
prominent bile stasis with an essentially normal paren- 
chyma. Drug-induced jaundice of a mixed type has both 
hepatocellular and cholestatic features. The basis of this 
classification is the degree to which patterns of hepatic 
dysfunction resemble viral hepatitis or obstructive jaun- 
dice. 

Drug-induced primary intrahepatic cholestasis mimics 
extrahepatic obstructive jaundice; there is usually no 
evidence of parenchymal hepatic failure and the prognosis 
for survival is good. The serum alkaline phosphatase- 
levels are usually high, but the serum transaminase-levels 
are only moderately elevated in contrast to the high 
levels found in the cases resembling viral hepatitis. 
Drug-induced intrahepatic cholestasis is often due to the 
phenothiazines, which are associated with extrahepatic 
manifestations, and C,, a-alkyl substituted steroids which 
have no extrahepatic manifestations. 

Chlorpromazine jaundice occurs in 1-5 per cent of 
patients receiving the drug. Almost all the patients who 
develop jaundice have received the drug for at least one 
week, but in some cases jaundice has oceurred after a 
single dose. In some patients the jaundice disappears 
despite continued administration of the drug. Re- 
administration of small doses of the drug results in prompt 
recurrence of hepatic dysfunction in about 70 per cent of 
patients who have had chlorpromazine jaundice. The 
jaundice is associated with fever, rash, chilliness and 
eosinophilia, together with abdominal pain, nausea and 
anorexia. The jaundice has been described as cholestatic 
because the alkaline phosphatase is elevated in almost 
all patients fnd liver biopsy reveals prominent cholestasis 
with minimal or no parenchymal necrosis. This is an 
over-simplified description of chlorpromazine jaundice; 


about half the patients could be described as having a 
cholestatic jaundice; the remainder, on clinical grounds, 
have a mixed hepatocellular-obstructive jaundice. Zelman? 
reported hepatic necrosis in liver biopsies of patients with 
chlorpromazine jaundice. Asymptomatic hepatic dys- 
function? and elevated serum glutamic pyruvic trans- 
aminase levels* have been reported with chlorpromazine 
therapy. Jaundice has also been reported with the 
administration of other phenothiazines, promazine’, 
prochlorperazine®, trifluoperazine’ and pecazine®. 

Cholestatic jaundice complicates therapy with certain 
steroids, having an a-alkyl group at C,,. Methyltesto- 
sterone was the first steroid found to cause jaundice’, 
Other steroids causing hepatic dysfunction include 17a- 
othyl-19-nortestosterone (norethandrolone)!*,  A!-17«- 
methyltestosterone (methandienone)'! and norethyno- 
drel!?, Norethandrolone caused the greatest bromsul- 
phthalein retention in a number of steroids investigated 
and also increased serum lactic dehydrogenase’. Car- 
bone, Grodsky and Hjelte! showed that methyltesto- 
sterone caused bromsulphthalein retention in plasma 
and this was predominantly conjugated bromsulphthalein. 
Marquardt, Fisher, Leevy and Dowben! could find no 
effect of methyltestosterone on bromsulphthalein excretion 
at the dosage used (30 mg/day). Norethandrolone 
(50 mg/day) produced hepatic dysfunction in 75 per cent 
of patients; impairment of bromsulphthalein excretion 
occurred in a few days; in some cases this decreased on 
long-continued administration of the drug!, Jaundice 
produced by steroids is different from chlorpromazine 
jaundice in that there are no extrahepatic manifestations 
and hepatic dysfunction occurs in almost all patients 
receiving C,, a-alkyl testosterone derivatives in the thera- 
peutic range. Liver biopsy shows normal hepatic paren- 
chyma, normal portal areas and prominent bile casts: in 
some cases there is necrosis of liver cells'4. 

Phenothiazines and steroids produce intrahepatic 
cholestatic jaundice; the clinical evidence suggests that 
the jaundice may be produced by their action on a site 
other than the conjugating enzyme. I have investigated 
the effect of these drugs on conjugation and bilirubin 
metabolism in animals to determine their site of action 
causing jaundice, 

The rate of bilirubin glucuronide formation was determ- 
ined in rat liver slices and rabbit liver homogenates and 
microsomes by the method of Lathe and Walker. 
o-Aminophenol conjugation was determined by the 
method of Stephenson and Dutton. The effect of pheno- 
thiazines and steroids on the maximum hepatic clearance 
of indocyanine green was determined in male Wistar 
rats, anaesthetized with ‘Veterinary Nembutal’ (Abbott). 
The maximum hepatic clearance of bilirubin” was determ- 
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med together with the amount of bilirubin in the liver 
after intraperitoneal injection of the drugs’. 

In vitro effect of phenothiazines and steroids on conjuga- 
tion. The addition of phenothiazines and most steroids 
lowered the rates of conjugation of bilirubin and o-amino- 
phenol in rat liver slices. The concentrations required to 
produce 50 per cent inhibition are given in Table 1. 


Table 1. CONCENTRATIONS REQUIRED TO PRODUCE 50 PER CENT INHIBITION 
GF CONJUGATION IN Rat LIVER SLICES 


Inhibitor 10‘ x cone. (M) 0o-Ammophenol Bilirubin 
Chiorpromazine 35 22 
Promazine 19 6 
Trifluoperazine 17 100 
Prochlarperazine 10 85 
Pecazine 5 10 
Norethandrolone 100 8 
Methyl testosterone 70 20 
Norethrnodrel No inhibition No inhibition 
Methandienone 07 0-3 


Norethynodrel did not mhibit conjugation. The trans- 
ferase stage of conjugation was examined in rabbit liver 
homogenates containing added uridine diphosphate 
glucuronic acid. The concentrations required to produce 
50 per cent inhibition of conjugation are shown in Table 2. 


Table 2. CONCENTRATIONS REQUIRED TO PRODUCE 50 PER CENT INHIBITION 
of CONJUGATION IN RABBIT LIVER MICROSOMES 
Inhibitor tD4 x cone. (M) o-Aminophenol Bilirubin 
Chlorpromazine 10 10 
Promazme 9 8 
Triflunoperazine 30 No inhibition 
Prochlorperazine 7 No inhibition 
Pecazine 7 10 
Norethandrolone 100 100 
Methyltestosterone 100 100 
Noretbynodrel No inhibition No inhibition 
Methandienons 50 15 


Norethynodrel did not inhibit conjugation ; trifluoperazine 
and prochlorperazine stimulated bilirubin conjugation; the 
other drugs mhibited conjugation. Hargreaves and 
Lathe!® suggested that some cholephils compete with 
bilirubin or bilirubin glucuronide for excretion at some 
point other than glucuronyl transferase. This was 
investigated by determining the amount of bilirubin in 
rat liver slices in the presence of varying amounts of 
inhibitor. The results of the five phenothiazines investi- 
gated were similar. Table 3 shows the result of a typical 
experiment using pecazine. When phenothiazines were 
added to the medium there was a progressive decrease of 
conjugated, bilirubin formed ın the slice and in the medium; 
the free bilirubin in the slice mereased ten-fold. Nor- 
ethynodrel did not affect bihrubin conjugation; the other 
steroids reduced the conjugated bilirubin in the medium 
but not that in the slice to the same degree. The results 
for methandienone which were similar to those obtained 
for norethandralone and methyltestosterone are shown in 
Table 3. 

In vivo effect of phenothiazines and steroids on biliary 
secretion. Table 4 shows the percentage depression of the 
maximum hepatic clearance of indocyanine green and 
bilirubin. The phenothiazines do not reduce the maxi- 
mum hepatic clearance of indocyanine green or bilirubin 
in the rat. It is possible that a metabolic product of 
chlorpromazine interferes with bilirubin excretion. This 
was examined by injecting chlorpromazine (3 mg/100 g 
body-weight) intraperitoneally daily for six days in a 
group of rats. The maximum hepatic clearance of bili- 
rubin was determined each day in representative animals; 
there was no reduction in the clearance. The steroids 
reduced the maximum hepatic clearance of bilirubin and 
indocyanine green. i 

When phenothiazines were injected into rats the highest 
concentrations were found in the lungs and liver ; more than 
50 per cent of that in the liver was in the microsomal and 
supernatant functions; it was probably protein bound??. 
The liver microsomes have been shown to be the main site 
of phenothiazine metabolism; the dominant metabolic 
pathway is aromatic hydroxylation, but the drugs also 
undergo sulphoxidation and N-oxide formation; they aro 
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Table 3. Rats OF CONJUGATION AND ACOUMULATION OF BILIRUBIN IN 
LIVER SLICES IN THI PRESENCE OF PECAZINE AND METHANDIENONE - 


Bihrubin in slice (ug/g) Rate of conjugation 
Conc. (mM) Conjugated Unconjugated (ug/e{h) 
Pecazine 
0 49 3 27 
001 39 16 3i 
O-1 41 28 24 
10 28 42 18 
10 19 101 0 
Methandienone 
0 2, 6 31 
001 48 2 18 
O1 42 8 12 
1-0 4) 2 8 
10 28 14 8 


Table 4. THE EFFECT OF PHENOTHIAZINES AND STEROIDS ON THE MAXIMUM 
HEPATIC CLEARAGOE OF INDOOYANINE GREEN AND BILIRUBIN 


Dose Depreasion of maximum hepatic excretion (%) 
(20 mg/100 g) BiN 


indocyanine green rubin 
Chlorpromazine 0 0 
Promazine 0 0 
Trifluoperazine 0 0 
Prochiorperazine g 0 
Pecazine 0 0 
(5 mg/100 g) 
Norethandrolone 20 67 
Methyltestosterone 24 73 
Norethynodrel 22 82 
Methandienone 85 7 93 


then excreted in the bile conjugated with glucuronic aeid?!. 
On. the basis of experiments with sulphur-35 it is probable 
that there is an enterohepatic circulation. The structure 


‘of the glucuronide is in doubt; there are probably both 


mono- and di-gluecuronides; the site of attachment of 
glucuronic acid is not yet known”. 

Because the drugs are excreted in the bile it is possible 
that they should complete with cholephilic substances for 
excretion in the bil; this is apparently not so in the case 
of indocyanine green and bilirubin. Eckhardt and Plaa?® 
have shown that cklorpromazine caused bromsulphthalein 
retention in rats and dogs, but there was no alteration in 
the amount of bromsulphthalein in the bile or the ratio of 
bromsulphthalein to conjugated bromsulphthalein; they 
suggested there was a decreased uptake of bromsulph- 
thalein and a decreased hepatic blood flow. Larger 
amounts of chlorpromazine decreased bromsulphthalein 
excretion in the isolated perfused liver and also decreased 
the bile flow. This may be the explanation of the results 
obtained here; the dose administered (20 mg/100 g body- 
weight) may have no effect on biliary excretion in vivo, 
but larger doses could not be given due to the depression 
of respiration produced by chlorpromazine. Clodi and 
Schnack?! reported depression of bromsulphthalein exere- 
tion in rats after daily administration of chlorpromazine 
for seven days. 

The phenothiazinss affect other enzymes in vitro as well 
as glucuronyl transferase. Chlorpromazine inhibited 
the oxidation of pyruvate, glucose and glutamate; 5 x 
10-4 M chlorpromazine produced 57 per cent inhibition of 
cytochrome oxidase™, 0-35 mM chlorpromazine inhibited 
succinoxidase by 25 per cent and oxidative phosphoryla- 
tion in liver mitochondria, by 50 per cent?*. ATPase was 
inhibited by chlorpromazine, as were 6-phosphogluconate 
and glucose-6-phosphate dehydrogenases?’. 

Judah?! showed that chlorpromazine and promazine 
altered cell permeability to potassium and decreased 
phosphoprotein turnover; this may be a factor in the liver 
slice experiments. Table 3 suggests that the phenothia- 
zines increase slice permeability for bilirubin and inhibit 
glucuronyl transferase; the enzyme may be inhibited by 
excess substrate. Chlorpromazine, promazine and 
pecazine inhibited conjugation in rabbit Hver homo- 
genates; trifluoperazine and prochiorperazine stimulated 
bilirubin conjugation in rabbit liver homogenates. Many 
drug enzyme inhibitors are capable of causing stimulation 
of enzyme activity; ib has been proposed that all, or nearly 
all, compounds stimulating hepatic microsomal drug meta- 
bolizing enzymes first act as inhibitors®®. 

The steroids inhibited glucuronyl transferase in vitro 
and decreased the maximum rate of hepatic bilirubin 
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clearance. Arias? concluded that, because conjugated 
bilirubin excretion was reduced’ similarly’ to bilirubin 
excretion in rats, conjugation was not affected by steroids. 
Hsia, Dowben and Raibov®! showed that a number of 
steroids inhibited glucuronyl transferase in vitro; the 
concentrations producing 50 per cent inhibition were less 
than those reported here. We found a greater suppression 
of bilirubin excretion than that reported by Arias®®; this 
was probably due to variation in the strains of rats. Nor- 
ethandrolone blocked the excretion of conjugated bili- 
rubin in the Gunn rat**, the steroids probably block the 
excretion of conjugated bilirubin'®*. Werner, Hanger and 
Kritzler® suggested that methyl testosterone competi- 
tively inhibited bile acid secretion and so produced a 
viscous bile which then caused intrahepatic cholestasis. 
Zimmerman’? suggested that the insusceptibility of 
experimental animals to the induction of hepatic dysfunc- 
tion by steroids may be related to species differences in 
the pattern of bile acid production. Methyltestosterone 
(10-20 mg/kg) and norethandrolone (10 mg/kg) daily 
did not produce bromsulphthalein retention in rats or 
dogs**, this, together with the results presented here, 
illustrates the difference between acute and chronic 
steroid administration on the liver. 

In human beings norethandrolone reduced the hepatic 
Tm for bromsulphthalein but not the storage, this is 
similar to the Dubin-Johnson syndrome”. Leevy, 
Cherrick and Davidson’! found that norethandrolone 
reduced the initial uptake and excretion of bromsulph- 
thalein, but not indocyanine green, in man. Kolbe, 
Kimbel and Schulze% examined the effects of steroids on 
the excretion of rose bengal labelled with iodine-131. The 
only steroid that did not impair excretion was 1-methyl- 
Al-androstene-178-0l-3-one-17-acetate; this produced 
bromsulphthalein retention but does not contain a 
17a-alkyl group. 

These experiments were designed to answer the question 
of why drugs cause intrahepatic cholestasis. At present 
it is not possible to answer the question fully. The 
phenothiazines and the steroids apparently inhibited 
glucuronyl transferase. In the liver slice experiments 
they reduced the conjugated bilirubin in the medium, 
but the steroids caused accumulation of conjugated 
bilirubin in the slice; the phenothiazines decreased the 
conjugated bilirubin but increased the unconjugated 
bilirubin in the slice. The steroids prevented the biliary 
excretion of bilirubin and indocyanine green, but the 
phenothiazines did not.. Other effects of phenothiazines, 
for example respiratory depression, may predominate 
before an effect on biliary excretion can be seen in the 
intact animal. The steroids prevent the excretion of 
conjugated bilirubin and indocyanine green by blocking 
& stage after conjugation; a conjugated hyperbilirubin- 
aemia would be caused by conjugated bilirubin diffusing 
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into the blood. The phenothiazines inhibit glucuronyl 
transferase and increase cell permeability to bilirubin; 
it is not clear how these effects produce a conjugated 
hyperbilirubinaemia in some patients. 

The effect of drugs on bilirubin metabolism is complex; 
understanding this problem may help in determining 
which drugs are potentially hepatotoxic and may also help 
in understanding the process of bile formation. 

I thank Joy McNicol] for her assistance, Profs. N. H. 
Martin and G. H. Lathe for their advice, and the British 
Empire Cancer Campaign for Research for financial 
assistance. Pure drugs were given by Ciba Laboratories, 
Ltd., May and Baker, Ltd., Q. D. Searle and Co., Ltd., 
Smith, Kline and French Laboratories, Ltd., William R. 
Warner and Co., Ltd., and John Wyeth and Brother, Ltd. 
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IDENTIFICATION OF PROGESTOGENS OF HIGH ACTIVITY FOR THE 
_ CONTROL OF THE OESTROUS CYCLE IN THE SHEEP 


By Dr. J. N. SHELTON : 


McCaughey Memorial Institute, Jerilderie, and Department of Animal Husbandry, University of Sydney, Australia 


HE principles involved in the effective control of 

oestrus and ovulation in the sheep have been outlined. 
by Robinson!. Thesé,include a continual intake of a 
highly potent progestogen with.a short duration of activity, 
the effect of which can be terminated suddenly and at will. 
The development of an intravaginal method of application 
was suggested to meet the latter requirement. The com- 
pound used for blocking and subsequent release of ovula- 
tion must, of necessity, be a progestogen since it requires 


the multiple characteristics of preventing ovulation during 
treatment, of permitting ovulation shortly after:cessation 
of treatment, and of aiding the expression of overt 
oestrus (‘heat’) at the time of ovulation??. 

Progesterone is a hormone with a relatively low speciic 
activity. The daily requirement to inhibit ovulation in 
the sheep is of the order of 10 mg when injected intra- 
muscularly. This, coupled with its low solubility in water, 
has prevented the development of an.implant which 
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Tabie 1. BEHAVIOURAL —— RESPONSE OF SPAYED EWES TO 
OESTRADIOL BENZOATE One) ae 12 DAYS PRETREATMENT WITH 
— 
(No. of ewes which responded) - 
Each comparison represents data podled from 2 — 


of OD 
Progestogen Dose of ODB {ee Total ( pee (with a 
pretreatment n 100 156 pa) Aduc ducial al Limits) 
(a) Comparison of SC-10368 with progesterone 
Progesterone 10 mg/day 28 3 26 48 127-143-161 
SC-10363* 0-1 mg ae. 28 2 ig 20 87  152-17-I1-192 


(yk Comparison of SC-9880 with Peer 
Progesterone 10 mg/day 20 12 20 187-197-232 
SC-9880 M4 mg/day 20 3 9 18 30 13:-5-15-6-18-1 


* ODB was administered 4 days after the last injection of SC~-10363, but 
2 days after progesterone and SC-9880. 

Note: — — oe (a) and (b) cannot be compared one with the other, as the 
were conducted at different times, and there is a seasonal variability in sensi- 
tivity to oestrogen®**, 
could be inserted into, and removed — an animal, and 
which would release sufficient hormone to have a clear 
physiological effect. 

Hence compounds have been — which, in the sheep, 
have physiological characteristics indistinguishable from 
those of progesterone, but which are more active, with the 
objective of developing a simple effective method of 
administration over a long period of time (at least one 
oestrous cycle-—-17 days) followed by accurate termination 
of treatment. 

Lhe principle used in this search has been the intéraction 
between progesterone and oestrogen on the exhibition 
of overt oestrus by the spayed ewe*. -This is extremely 
precise, and has been suggested as a possible tool for testing 
the duration of activity of progesterone given in various 
media’. Steroids of known chemical characteristics, and 
with progestational activities determined by the Clauberg 
test, have been supplied by G. D. Searle and Co., Chicago. 


A flock of 200 spayed Merino ewes, standardized ‘to oestra-. 


diol benzoate (ODB) following a 12-day treatment with 
progesterone, provided the experimental animals for the 
15 tests conducted. Up to 144 animals were used in a 
single test. Associated with these tests in spayed ewes, 
some progestogens were tested in entire ewes to measure 
their ability to block ovulation and to release it on cessa- 
tion of treatment, as well as their effect on subsequent 
fertility. 

Ten steroids were tested in spayed ewes.’ Of these, 
two (SC-10363—17a-acetoxy - 6-methylpregna-4, 6 -dien - 
3,20-dione; and SC-9880—17«-acetoxy-9«-fluoro -118 -hy- 
droxypregn-4-en-3,20 dione) had characteristics similar to 
progesterone and were much more potent (Table 1). One, 
SC-10363, appeared rather long-acting in that maximum 
response to injected oestrogen was not observed until the 
fourth day after cessation of treatment. This compared 
with 1-2 days after progesterone. The slope of the 
oestrous response to ODB was indistinguishable from that 
observed after progesterone, but rather fewer ewes 
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responded (P < 0-05). The other, SC-9880, had 25 times 
the potency of, and was indistinguishable from, pro- 
gesterone in the slope of the oestrous response to graded 
doses of oestrogen injected 2 days after cessation of 
progestogen treatment and, in fact, rather more ewes 
responded after SC-9880 than after progesterone (P < 
0-05). 

These two promising atrods were tested, together 
with progesterone and several others, in entire ewes 
in the breeding season. Interest here centres only on 
progesterone, SC-10363 and SC-9880. 

Table 2 shows tkat whereas all three progestogens were 
highly effective in blocking ovulation, release following 
the use of the relazively longer acting SC-10363 was less 
reliable than that following progesterone (P < 0-001) or 
SC-9880 (P < 0:01). SC-9880 at a dose of 0-4 mg/day 
was indistinguishadle from. progesterone in the blocking 
and release of oestrus and in subsequent fertility. Oestrus 
occurred 2-3 days after the last of 16 daily injections in 
both cases. 


Table 2. OVULATION/OESTRUS BLOCKING AND RELBASE AND SUBSEQUENT 

FERTILITY IN ENTIRE CxcLico EWES INJECTED INTRAMUSOULARLY FOR 16 

DAYS WITH Two DOSES oF EROGTSEVEONS, SC-10368 OR SC-9880 IN 
UT 


Pooled data from 2 tests 


Ewes in oestrus 


Type of Dose of Ewes During After Ewes lambed 


progestogen progestogen ‘treated treat- treat- Posalble* Actual 
(mg/day? ment ment 

Progesterone 10 24 0 22 11 6 
7 ©. 20 24 1 22 11 10 
SC--10863 0-4 24 1 10 - 6 2 
0-8 24 0 9 5 0 
SC~9880 O1 12 5 6 6 4 
0'4 12 0 10 10 6 


+ Ewes served and allowed to go to term, Remainder were laparotomized 
at 2-3 days for egg recoveries. 


These results show a complete correspondence between 
the spayed ewe test for effective progestogens and the 
results obtained in antire animals. This was true for all 
but one of the progestogens tested‘. 

Tables 3 and 4 show the results obtained following daily 
intravaginal deposition of progesterone or SC-10363 in 
peanut oil or propylene glycol, as compared with intra- 
muscular injection. Intravaginal treatment did not 
completely block ovulation with either progestogen, but 
SC-10363 was mor> effective than progesterone (P < 
0-001), particularly when administered in propylene glycol 
(Table 3). The vehicle of administration was particularly 
important. Oestrue was blocked in 62 of 96 animals 
treated intravaginaily with progestogen in propylene 
glycol as compared with 38 of 96 treated with oil solutions 
(P < 0:001). The release of oestrus following intravaginal 
treatment was less effective than following intramuscular 
injection (P < 0-001). S0O-10363 did not permit satis- 
factory release after either method of treatment (Table 4). 


Table 3. aaa QEBTRUN BLOOKING AND RELEASE AND SUBSEQUENT FERTILITY IN ENTIRE OYOLIO EWES TREATED FOR 16 DAYS “WITH PROGESTERONE 
SC-10383 ADMINISTERED BY THE INTRAMUSCULAR OR INTRAVAGINAL ROUTE IN PEANTT OIL OR PROPYLENE GLYOOL 


Progestogen _ 
Route of Vehicle of 
administratian Dose/day administration 
Type (mg) 

Intramuscular Progesterone 10-20 Peanut oil 
Prop. glycol 

SC-10363 04-08 Peanut ol 
Prop. giycol 

Intrayaginal Progesterone 20-40 Peanut oil 
Prop. glycol 

SC~10363 08-16 Peanut oil 
i Prop. glycol 


* Ewes served and allowed to go to term. Remainder were laparotomized at 2 to 3 days for egg recoveries. 





Ewes in oestrus Ewes lambed 
Ewes 
treated During After 
treatment treatment Posalble * Actual 
48 1 44 22 16 
© 43 2 40 18 8 
96 84 40 24 
11 2 
8 ] 
19 3 
1 1 
7 8 
8 7 
8 6 
6 4 
14 10 
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Table 4. EFFECT OF TYPE OF PROGESTOGEN AND ROUTE OF ADMINISTRA- 
TION ON THE PRRCENTAGH OF EWES IN OESTRUS AFTER CESSATION OF TREAT- 
MENT 


Ewes not Ewes Per- 
served served cent- 
Route of Progestogen Ewes during after age y? 
administration treated trest- treat- bia 
. ment (a) ment (b) 
Intramuscular eo 96 093 84 90 3 45 6t 
SC—10363 96 94 40 42.6 
Intravaginal — — 96 26 17 63 0 bat 
SC-10363 06 74 27 36-4 


*P<005. f P<0001. 


A preliminary test on intravaginal absorption of 
SC-9880 was not successful. This is a highly msoluble 
steroid and a method of intravaginal administration 
other than in propylene glycol is necessary. 

This work shows the existence of highly active pro- 
gestogens such as SC-9880 and SC-10363 which are 
capable of blocking oestrus and ovulation and of condi- 
tioning the sheep to respond behaviourally to physiological 
amounts of oestrogen. The high activity of SC-10363 
relative to progesterone could perhaps be explained by its 
relatively long activity, but this apparently is not true of 
SC-9880. This compound has an activity some 25 times 
that of progesterone but appears to be rapidly meta- 
bolized. Its high activity seems attributable to 1ts 9a- 
fluoro configuration. Huggins and Jensen® noted that 
9«-fluoridation of 118-hydroxyprogesterone resulted in a 
striking increase in its inhibition of oestrone-induced 
uterine growth in the hypophysectomized rat. Bush? 
claimed that 9-a-fluoro steroids are unusual in that them 
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increased biological activity cannot be fully explained 
by a reduced rate of elimination from the body. 

The work further shows that sufficient of some highly 
active progestogens to have a physiological effect can be 
absorbed from the vaginal mucosa, provided it is admini- 
stered in an appropriate vehicle. In 1953, Pincus and 
Chang’ suggested there was some absorption of progesto- 
gens from propylene glycol solutions deposited in the 
vagina, and Tyler? reported on the intravaginal route of 
administration in women. The combination of the use of 
a highly active progestogen such as SC-9880 and the 
development of a suitable means of intravaginal applica- 
tion offers hope for the effective control of ovulation in 
domestic animals. 

This work was carried out while I held a McCaughey 
Memorial research fellowship. I thank the trustees of 
the McCaughey Memorial Institute, Prof. T. J. Robinson, 
Dr. N. W. Moore and Mr. B. Carlin for their support and 
help in this investigation. 
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PROPOSED MODE OF ACTION OF CORTICOSTEROIDS ON THE 
CONNECTIVE TISSUE 


By Pror. J. C. HOUCK and Dr, Y. M. PATEL 


Biochemical Research Laboratory, Children’s Hospital, Washington, D.C., and Department of Biochemistry, 
Georgetown University Medical and Dental School, Washington, D.C. 


INCE the announcement by Hench et al: of the 
dramatic effects of adrenal corticosteroids on patients 
with ‘collagen diseases’, considerable interest has been 
expressed in the effects of corticosteroids on the collagen 
composition of the connective tissue. Chemical studies? 
have shown that the collagen concentration of at least one 
form of connective tissue (skin) was decreased 24 h after 
the animals received 3 mg/kg of cortisol subcutaneously. 
The saline-extractable, insoluble and total dermal collagen 
concentrations of the skin from cortisol-treated rats were 
reduced by 50, 25 and 20 per cent, respectively, from 
normal. Despite these significant losses of dermal collagen 
with cortisol administration the concentration of acid- 
extractable (citrate buffer) collagen was increased about 
three-fold above normal. This response of dermal 
collagen to cortisol administration was not demonstrated? 
in either aged rats or in young animals which had been 
pretreated with 5,5-biphenylhydantoin (‘Dilantin’). 
Four groups of 12 male Sprague-Dawley rats, each 


weighing about 200 g, and two groups of 12 similar rats* 


weighing about 480-550 g (aged rats) were employed in a 
study of the effects of intraperitoneal (I.P.) injections of 
steroids on the chemistry of the skin. One group of the 
younger animals were injected I.P. with 0-2 ml. of steroid 
solvent (provided by the Upjohn Co., Kalamazoo, Michi- 
gan) as a control; another group received the same volume 
of solvent I.P. containing 3 mg/kg of cortisol; the third 
group of younger rats received 3 mg/kg I.P. of 62,9«- 
difluoro-16«-methyl-prednisolone (fluoro-prednisolone), an 
extremely potent anti-inflammatory steroid derivative 
(provided by the Upjohn Co., Kalamazoo, Michigan). 

The last group of young rats were pretreated with one 
I.P. injection of 25 mg of ‘Dilantin’ 24 h before receiving 


I.P. 3 mg/kg of cortisol along with a second dose of 
25 mg of ‘Dilantin’. 

One group of the aged rats received the solvent alone 
and served as a control, while the other group received 
3 mg/kg I.P. of cortisol. Exactly 2 h after injection, all 
animals were killed by exsanguination under ether 
anaesthesia, and the abdominal skin of each animal was 
shaved and excised. After dissecting away the sub- 
cutaneous fat, fascia and muscle, the skin samples from 
each group of rats were pooled, finely minced, and divided 
into three equal pools of tissue. Each pool was extracted 
sequentially in the cold for 45 min with 10 ml./g of 0-15 M 
NaCl in a Serval ‘Omni-mixer’ at 10,000 rpm. After 
standing in the cold overnight, the supernatant was 
removed by centrifugation for 2 h at 25,000g. This 
residue was then re-extracted with 10 ml.j/g of 0-5 M 
NaCl in a similar manner, and the residue from this 
extraction was further re-extracted with 20 ml./g of 
0-5 M citrate buffer, pH 3-6. The final residue obtained 
after collecting the citrate buffer supernatant by centri- 
fugation was washed with dilute alkali and then auto- 
claved for 2 h in 20 ml./g of fresh citrate buffer. In this 
fashion the extracellular, extrafibrillar fraction, the 
salt-extractable collagen fraction, the acid-extractable 
collagen fraction and the insoluble collagen fraction may 
be quantitatively prepared’. Aliquots of all four triplicate 
fractions were hydrolysed in 4 N HCl for 9 h at 100° C 
and analysed in triplicate for hydroxyproline’, the signal 
imino-acid of collagen. The results were expressed as the 
mean and standard deviation of the pmoles of hydroxy- 
proline found in each extract per g of fresh, cleaned rat 
skin. 1 umole of hydroxyproline is about equivalent to 
1 mg of collagen‘. 
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Table 1. THE EFFECTS OF STEROIDS ON THE SALINE- AND AOID-EXTRAOTABLE 
HYDROXYPROLINE (uMOLE/G FRESH WEIGHT) AND INSOLUBLE HYDROXY 
PROLINE CONCENTRATIONS (MEAN AND STANDARD DEVIATION) OF RAT SEIN- 


Citrate 


extractable 
Compound Saline extractable (0 50M buffer, Insoluble 
156M 0 50 AL pE 3 6) 
Control 44403 1841-2 8408 180 10 
Fluoro-prednisolone 30403 JO+0 2242 185+8 
Cortisol 28402 9+1 2042 L40+7 
Cortisol + ‘Dilantin’ 39+0°3 16 +2 10+ 0-1 170+8 
Aged control 3:0+02 10+1 505 290 + 20 
Aged + cortisol 3103 81 6+0°5 270 +18 
Itahe means are significantly different from control (P <0 05) 


The remaming volume of 0-15 M NaCl extract repre- 
senting the extracellular, extrafibrillar compartment’ of 
the skin? was exhaustively dialysed in the cold against 
distilled water, and after centrifugation, to remove the 
precipitated euglobulins and whatever collagen had been 
extracted, the supernatant was lyophilized and stored. 

The results of the hydroxyproline analyses, presented 
in Table 1, indicate that within 2 h after the I.P. admini- 
stration of a moderate amount of corticosteroid to rats, 
the dermal concentration of insoluble collagen was reduced 
about 22 per cent below that of the control, while the acid- 
extractable callagen concentration was increased about 
three-fold above normal. Neither the aged rat nor the 
‘Dilantin’-pretreated animal demonstrated these changes 
in dermal collagen concentrations with steroid admuini- 
stration. 

The increased amounts of acid-extractable dermal 
collagen with steroid administration could result from an 
anabolic response of the fibroblast to make up for the loss 
of insoluble collagen from the dermis,’ thus producing 
rapid metabolic turnover of acid-extractable and insoluble 
collagen, as has been previously suggested’, Alternatively, 
the acidic extract could be removing more hydroxyproline 
from the skin as a result of the breakdown. of the insoluble 
collagen bundles. This extract would then contain newly 
extractable material derived from partially degraded, 
previously insoluble collagen. 

Therefore, three groups of 12 male Sprague-Dawley 
rats weighing about 200 g were all injected with 36 uc. of 
3-4 3H proline (33 me./mg) LP. Simultaneously one 
group received steroid solvent I.P. to serve as a control; 
the second group received 3 mg/kg I.P. of cortisol; and the 
third group, having been pretreated with 25 mg I.P. of 
‘Dilantin’ 24 h earlier, received a second dose of 25 mg of 
‘Dilantin’ along with 3 mg/kg of cortisol. After 2 h, these 
animals were killed and the cleaned skin excised, 
pooled and extracted sequentially in triplicate as described 
here. After acid hydrolysis of these extracts the hydroxy- 
proline was separated chemically from proline® and its 
radioactivity determined for 20-60 min in a liquid 
scintillation counter. Chemically, these animals demon- 
strated changes in their dermal collagen concentrations 
similar to those described in Table 1. The specific 
activity of each type of extractable hydroxyproline was 
calculated in c.p.m./yumole of imino-acid, and the results 
are presented as the mean and standard deviation of 
triplicate extracts of the pooled rat skin in Table 2. It is 
clear from these results that despite the increased amounts 
of acid extractable collagen found in the skin of rats 2 h 
after they had received cortisol, the specific activity of 
this extract was markedly reduced. The pool size of acid- 
extractable collagen was increased 300 per cent, while the 
specific activity was reduced about 500 per cent. Appar- 
ently the increased dermal concentration of acid-extract- 


Table 2. The SPEOIEIC ACTIVITIES OF SOLUBLE AND INSOLUBLE DERMAL 


OLINE MEASURED AS 0.P.NL/“MOLE IMYNO-AOID FROM 200 G 
— Rats 2 H AFTER RECEIVING STEROIDS 
Citrate 
tractabl 0. eres Tnsolubl 
a Saline extrac e . citra nsoluble 
—— 015 M 0-50 M buffer pH 3 6) 

450 + 40 92410 4537 6-742 
— 3365 +30 102 +10 78+2 <li] 
Cortisol + ‘Dilantin’ 437 +40 9549 355 48+1 


Italic means are significantly less than the control (P < 6°05). 
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able collagen in the rat with cortisol administration could 
probably not then have been derived from the accumula- 
tion of newly synthesized material. Rather, there 
appears to be a slight overall decrease in the anabolism 
of dermal collagen with cortisol. Therefore the increased 
concentration of asid-extractable collagen with steroid 
administration is probably a result of the insoluble collagen 
being rendered mors acid-extractable. This belief is also 
supported by the decreased specific activity demonstrated 
in dermal collagen after steroid administration, despite 
the decrease ın the pool size of this collagen compartment. 
Clearly, then, this - dissolution of insoluble ~ dermal 
collagen, 2 h after hormone administration, into some 
products which can diffuse away from the skin and into 
others which can be newly extracted by dilute acid; is a 
result of collagenolysis. It has been recently found’ in 
this laboratory that the extracellular, extrafibrillar com- 
partment of rat skin (extractablé with 0-15’ MNadcl) 
contained a collagenslytic activity in an inactrve zymogen 
form. This-enzyme. after limited proteolytic activation, 
could effect the solubilization from native insoluble colla- 
gen of both dialysasle and non-dialysable products. It 
would appear probable that as a direct consequence of 
steroid administraticn, this substance might be activated 
in situ, conceivably by the release of a protease by skin 
cells into the extracellular compartment, effecting the 
limited proteolytic aztivation of the collagenolytic zymo- 
gen already known t> exist in this same dermal compart- 
ment. Since Weissman et al. have shown that lysosomes 
are stabilized by cortisol, a cellular protease released by 
cortisol would probably not derive from lysosomes and 
hence would probably not have an acid optimal pH". The 
postulated protease should be found in the 0-15 M NaCl 
extract of the skin from cortisol-treated rats. Therefore, 
solutions of the dialysed, lyophilized materials, extract- 
able with 0-15 M Nal prepared as described, were made 
up in isotonic saline to a concentration of 10 mg/ml. 
Aliquots of these soluzions were mixed with equal volumes 
of denatured haemoglobin and the proteolytic activity 
on this substrate was determined according to Anson. 
The difference between the amounts of trichloroacetic 
acid-soluble peptides that could be determined using the 
Lowry procedure’? after 16 h incubation at pH 7:2 and 
32° C, and that demonstrated by zero incubation time 
controls, was expressed in terms of absorbance at 650 mu. 
Since one of the consequences of proteolytic activity 
appearing in the extracellular compartment of the dermis 
would be the simultaneous appearance of ‘free’ activated 
collagenolytic activity, aliquots of these solutions were 
also mixed directly with soybean trypsin inhibitor and 
an equal volume of 0-1 M acetate buffer (pH 5-5) contain- 
ing 20 mg/ml. of suspended, purified insoluble collagen. 
Other aliquots of these solutions of the 0:15 M NaCl 
extractable materials from rat skin were pretreated with 
l mg of trypsin at pH 5-5, and then, after limited proteolytic 
activation had occurred (20 min at 22° C), were also 
mixed with soybean. trypsin inhibitor and insoluble 
collagen, as was described® for the assay of the totai 
collagenolytic activity of this fraction (activated or ‘free’ 
collagenase plus zymogen). These results are expressed in 
terms of the percentags of the insoluble collagen substrate 
solubilized at pH 5-5 after 16 h incubation at 32° C. 
Finally, since the relpase of a cytoplasmic protease from 
the cellular into the extracellular compartments of the 
skin might well be associated with the parallel release 
of cytoplasmic ribonucleic acid (RNA), the RNA content 
of 10 mg/ml. of the isotonic saline extract of rat skin was 
measured both by ulsra-violet absorption and pentose 
determination methods". The validity of the ultra-violet 
absorption (260 my) method was suggested by the shift 
in the ultra-violet spestra produced by pretreatment of 
the extract with highly purified pancreatic ribonuclease. 
The results of such an analysis of the 0-15 M NaCl 
extracts of rat skin from animals which have received 
steroids are presented in Table 2. 
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Table 3. THE EFFECTS OF STEROIDS ON RNA, AND PROTEASE, AND ON 
FREE AND TOTAL COLLAGENASE CONCENTRATIONS IN THE 0°15 M. NaCl 
EXTRACT OF Rat SKIN 


RNA (us/10 mg) Protease Collagenase 
Compound (By ultra- (By By ab- 

violet} pentose) sorbance} Free Total 
Control 8- 58 0 06 0 10 
Fluoro-predmsolone 100 38 0-23 d 1g 
Cortisol 8-4 7-3 G-19 60 18 
Cortisol + ‘Dilantin’ 6-5 8-0 0-05 06 66 
Aged control 7-5 72 0 08 0-0 10 
Aged + cortisol 73 68 0 04 Od 8 


Italie means are significantly greater than the control (P < 0-05). 


The results indicate a marked increase, in the skin of 
young rats, in the amount of extracellular RNA (however 
measured), protease and collagenolytic activity as a result 
of steroid administration. However, the ‘Dilantin’- 
pretreated and the aged rats did not demonstrate similar 
increases with cortisol injection. It is noticeable that the 
appearance of protease in the 0-15 M NaCl extract of rat 
skin was always associated with the appearance of ‘free’ 
collagenolytic activity. Furthermore, comparison of these 
data with those of Table 1 suggests that the appearance 
of free collagenase in this fraction, in amounts sufficient 
to solubilize more than 1 per cent of the substrate, was 
associated with losses of insoluble collagen from the dermis 
and increases in the amounts of tissue hydroxyproline 
extractable at pH 3-6. 

Finally, although both steroids were shown to be 
capable of increasing the amounts of presumably cyto- 
plasmically derived materials found in the extracellular 
extract (RNA, protease, free and total collagenase) of 
the skin, cortisol was unable to effect a similar increase 
in the concentration of these materials in the 0:15 M NaCl 
extracts of rat skin from either ‘Dilantin’-treated or aged 
animals. Apparently, then, the ability of steroid to release 
cellular materials into the extracellular compartment is 
inhibited by ‘Dilantin? and is decreased markedly with 
ageing. 

The pH optimum of this ‘cortisol released’ protease was 
explored from pH 4-5 to 8-0 on denatured haemoglobin. 
The optimal pH for this proteolytic activity was pH 7-0- 
7-5, and no evidence for any acid optimal protease was 
found. Further, 1 mg of either crystalline soybean trypsin 
inhibitor or acetyl salicylate could inhibit 90 per cent of 
the proteolytic activity of the extracellular extract from 
the skin of cortisol-treated rats. On the basis of these 
properties of the protease, it would appear that this 
dermal protease probably did not derive from lysosomes", 
Therefore, this finding of a release of protease from cells 
with cortisol administration is not in conflict with Weiss- 
man’s findings concerning the stabilization of lysosomes 
by the same hormone?, 

The release of a ‘dermo-proteinase’ from the cells into 
the extracellular compartment of the skin with cortisol 
administration might be related to the ‘activation’ of a 
similar dermal proteinase (neutral pH optimum; inhibited 
by soybean trypsin inhibitor and salicylate) by exposing 
skin slices to 65° C as described by Ungar and Damgaard™. 
These slices were then extracted with 0-1 M phosphate 
buffer and proteolytic activity was observed. No protease 
was found without heating the skin first to 65° C. This 
elevated temperature might well increase the permeability 
of cell membranes to protease. In our opinion the 0-1 M 
buffer would not have lysed many of the cells in the skin. 
Either by hormone intervention or. perhaps, by thermal 
effects, a non-lysosomal proteinase appears to be released 
from the cells into the surrounding tissue. 

This protease, once released from the cell, might also 
digest some of the proteins in the ground substance which 
bind acid mucopolysaccharides in a manner similar to the 
action of papainis, In this manner the loss of acid muco- 
polysaccharides and ‘ground substance’ from the skin 
could be accomplished. Chemical evidence for this loss 
of ‘ground’ substance’ with cortisol administration has 
been presented previously?. Finally, these isotonic saline 
extracts of the skin of rats which had received cortisol 
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were found to be able to digest fibrin clots as well as 
denatured haemoglobin. It is possible that the cortisol- 
induced release of a fibrinolytic protease into the extra- 
cellular compartment of the skin may be related to the 
fibrinolysis of the fibrin thrombi which contributes to the 
microcirculatory insufficiency of wounds, and this may 
explain some of the initial anti-inflammatory effects of 
this hormone. 

A possible consequence of the solubilization of about 
10 per cent of the insoluble collagen substrate by activated 
dermal collagenase is that the remaining collagen may be 
rendered more soluble in acid than it was before collageno- 
lysis. Therefore, after incubation of insoluble dermal 
collagen with either proteolytically activated or inactive 
collagenase preparations from normal rat skin for 16 h 
at 32° C and pH 5-5, the insoluble residue remaining was 
washed twice with 0:15 M NaCl and allowed to stand over- 
night in 0-5 M citrate buffer, pH 3-6. The hydroxyproline 
contents of the supernatant buffers were then determined 
as described here, and essentially no hydroxyproline was 
found to have been extracted by acid from the insoluble 
collagen which had been treated with inactive dermal 
collagenase. The citrate buffer, however, did extract 
about 3-5 per cent (1-7 ymoles) of the insoluble hydroxy- 
proline from the residue which had been treated with 
activated dermal collagenase. This represents about 
one-third of the amount of insoluble collagen which had 
been solubilized by the activated enzyme. One-third 
of the amount of insoluble collagen lost from rat skin 
im vivo with cortisol administration (2 h) would be about 
13 ymoles/g. This amount, added to that already extract- 
able by citrate buffer (8 uzmoles/g), equals the approxim- 
ately 21 umoles of dermal hydroxyproline found to be 
extracted by this solvent after cortisol administration to 
the whole animal (see Table 1). 

This interesting numerical coincidence does not prove 
the postulated mode of action of cortisol on the connective 
tissue suggested here, but it does appear that most of 
the previously reported changes in dermal chemistry 
associated with cortisol administration? can be explained 
on the basis of: (1) a hormonally potentiated release of a 
cellular protease into the extracellular compartment of 
the connective tissue; (2) the limited proteolytic activation 
of collagenase zymogen by this protease; and (3) the 
digestion of insoluble collagen by the activated dermal 
collagenase. Finally, just as the dermal chemical re- 
sponses of rats to cortisol were inhibited by ‘Dilantin’ 
and by age, so was the ability of the steroid to effect the 
release of cellular protease into the ground substance. 

This work was aided by National Institutes of Health 
grant AM-—04066 and Office of Naval Research contract 
NR-105-325. Parts of it were reported before the annual 
meeting of the Arthritis and Rheumatism Association, 
December 4, 1964, Bethesda, Md. 
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INTERACTION OF ACTIN AND MYOSIN 


By Pror. S. V. PERRY and JENNIFER COTTERILL 


Department of Biochemistry, University of Birmingham 


VIDENCE has recently become available from a 
variety of approaches that the thiol groups of myosin 
associated with the centre concerned with ATPase activity 
differ from those involved in the interaction with actin to 
form the viscous complex, actomyosin. The groups 
associated with the two biological activities cannot be 
readily distinguished by direct treatment of myosin itself 
with thiol reagents’, but in the presence of actin the thiol 
groups required for actomyosin formation are to some 
extent protected, and those essential for enzymatic activity 
selectively combine with the reagent?:3. 

When myosin is degraded by chymotryptic digestion 
to heavy meromyosin, however, direct treatment with 
phenylmercuric acetate destroys the ATPase but leaves 
largely intact the property of interaction with actin as 
indicated by wiscometric assay*. The difference in 
behaviour between myosin and heavy meromyosin appears 
to be due to the fact that the thiol groups associated with 
the enzymatically active centre of the latter protein are 
more sensitive ta this reagent. For example, if the proteins 
are treated with lower concentrations of phenylmercuric 
acetate so that instead of the inactivation obtained at 
higher concentration, stimulation of the calcium activated 
ATPase occurs, the later effect is obtained in the case of 
heavy meromyosin with about one-third of the amount of 
reagent per mole of enzyme that is required to give the 
same effect with myosin (Fig. 1). This is despite the fact 
that heavy meromyosin has a relatively higher cysteine 
content than myosin. 

The existence of separate centres for the biological 
activities of myosin has important implications for the 
molecular basis of muscular contraction. Both centres 
are associated with sub-fragment J isolated by tryptic 
digestion of heavy meromyosin’:®, This fragment has 
a molecular weight in the range 160,000—100,000 (refs. 7, 8), 
the. precise size probably depending on the extent of 
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- Fig.1. Effect of phenyimercuric acetate (PMA) on the calcinm-activated 
ATPase of myosin and heavy meromyosin. Protein (1-6 mg/ml.) 
treated with reagent for 10 min at 0° in 0 3 M KCl, 25 mM fris-HCl, pH 
7:6. Enzymatic assay carried out in 0-2 MKCI,56mMsodiumATP,5mM _ 
CaCl, approx. 20 mM. tris-HCl, pH 7:6, for 5 min at 25°. @, myosin; 
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Fig. 2. Scheme showing interaction between the active centres of the 
actin monomers m the J flament and those on the thickened part of the 
myosin molecule protrudmg from A filament of the striated myofibril. 
A and B are the centres on the myosin molecule involved in enzymatic 
activity and actomyosin farma tion respectively, A’ and B’ are the centres 
on the actin molecule intluencing the e tic centre of myosin and 
involved in actomyosin formation respectively. Interaction BB’ 
which occurs only when the local ATP concentration is reduced to a low 
level will, when 1b occura simultaneously at a number of points, cause the 
T filament to move from rzht to sine sat is, towards the centre of the 4 
an 


digestion. This fragment is derived from-the globular 
head of myosin® and probably represents that part of the 
molecule protruding from the A filaments of the myo- 
fibril’, The special separation of the two kinds of 
biologically active centres could give a polarity to the 
myosin molecule of the type required to ensure, as. the 
sliding filament model demands, that the actin filaments 
in. the striated myoftbril are always pulled towards the 
centre of the A band (Fig. 2). It is assumed that the 
interaction responsib_e for the formation of the viscous 
complex when the two proteins are in solution-is the 
driving force of contraction, and that there is one active 
centre of each type pər myosin molecule. -In view of the 
evidence for sub-units of the myosin molecule the latter 
assumption may not be correct, but the existence of more 
than one centre of each type does not affect the argument 
so long as the two types of centre are asymmetrically 
arranged with respect to each other. The arrangement of 
the myosin molecule within the A filament so that the 
actin-combining centra is on the side of the globular head 
nearest to the A-I junction would then ensure that this 
interaction always pulled the actin filaments towards the 
centre of the A band. This mechanism has been discussed 
in detail elsewhere". 

Less information is available as to the nature of the 
centres on the actin molecule which are concerned in its 
interaction with myosin. Two aspects, however, can be 
distinguished, namely: (1) the formation with myosin of 
the actomyosin complex soluble at u> 0-3. which -pos- 
sesses high viscosity and which is dissociated by ATP; 
(2) the ability of actin to modify the enzymatic properties 
of myosin so that it becomes strongly activat8d by mag- 
nesium, which cation Aas little or no activating effect on 
myosin alone.. This property of actin is-of considerable 
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physiological significance, for it 18 very probable that in 
siiu magnesium is quantitatively the most important 
divalent cation. Certainly it is present ın muscle in 
higher concentrations than calcium}? which, in resting 
muscle at least, 1s bound to the sarcoplasmic reticulum and 
mitochondrial systems, both known to possess active 
calcium pumps?*-5, Furthermore, it 1s the special features 
of the magnesium-activated ATPase of natural acto- 
myosin systems which enable the hydrolysis of ATP 
during the contraction-relaxation cycle to be regulated 
by the release and withdrawal of minute amounts of 
cale1um by the sarcoplasmic reticular system. Contraction 
and the high rate of ATP hydrolysis accompanying ıt 
occurs when the free intracellular calcium reaches 10-5 
10-6 M (ref. 16), concentrations which in themselves are 
completely inadequate to activate the myofibrillar ATPase 
in the absence of magnesium. 

One explanation of the effect of actin on the enzymatic 
properties of myosin has been that the activation of the 
ATPase by magnesium was a property of undissociated 
actomyosin and that the conditions promoting dissocia- 
tion caused reversion to the enzymatic characteristics of 
myosin itself, that is, activation by calcium only*?-1§, If 
this is so, it follows that in situ the two proteins, which 
all the evidence would suggest are dissociated in the 
resting muscle, must interact in the classical sense before 
ATP can be split at a high rate under -the influence of 
the magnesium available and the trace of caleium liberated 
from the vesicles of the reticular system. 

This explanation would demand that the primary event 
in contraction is the formation of bonds between the 
actin and myosin and that this must occur before ATP 
can be hydrolysed. Davies!® has recently postulated a 
mechanism with such a sequence of events in which the 
role of calcium is to promote the actin—myosin interaction 
and hence trigger off indirectly the myosin ATPase. 
There is evidence, however, that actin does not have to 
interact with myosin in a way which leads to the formation 
of bonds, similar to those presumed to exist in the viscous 
actomyosin solutions, to confer magnesium activation on 
the myosin AT’Pase**. These findings have been extended 
by investigations of the acto-heavy-meromyosin system 
in which the rate of hydrolysis of ATP was determined 
and the interaction followed simultaneously on the same 
solution by the turbidity change measured at 350 my 
with a Beckman DB recording spectrophotometer. As 
Fig. 3 indicates, the change in absorption at 350 my due 
to increased light scattering strictly paralleled the vis- 
cosity change measured simultaneously on samples of the 
same solution with an Ostwald viscometer and can be 
taken as an index of the formation of the actomyosin 
complex of high viscosity. It is of interest that under the 
conditions of the experiment illustrated in Fig. 3, although 
when the ATP was hydrolysed the viscosity returned to 
values at least as great as those obtained before its 
addition, the absorbance returned only to 40-50 per cent 
of the original values; thereafter it remained constant or 
in some cases rose very slowly. On subsequent addition 
of ATP the cycle was repeated. During the period im- 
mediately after the addition of ATP, before the absorbance 
at 350 mp began to rise, that is, when conventional in- 
terpretation of the data would imply that actin and heavy 
meromyosin were dissociated, the triphosphate was split 
at a high rate with magnesium as the only added divalent 
cation (Fig. 3). When the ionic strength was low the 
rate of splitting was comparable to that obtained with 
calcium under similar conditions. The hydrolysis of 
ATP during the phase before the Hy, and viscosity 
increased show all the characteristics of the magnesium- 
activated ATPase of actomyosin systems, that is, sub- 
strate inhibition and a marked fall with increasing ionic 
strength in contrast-to the effects obtained with calcium 
as activatcr in an otherwise similar system. 

These results indicate that the influence of actin on the 
enzymatically active centre of heavy meromyosin to 
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Fig 3. Light scattering and viscosity changes accompanying hydrolysis 

of ATP by acto-heavy-meromyosin 03 ml of 60 mM éris-ATP added 

at zero time to 3 ml. of acto-heavy~meromyosin solution (15 mg/ml 

heavy meromyosin, 0-75 mg/ml. F-actin) in 54 mM iris-HCi, pH 7 6, 

5 mM MgCl, @, Liberation of inorganic phosphate from ATP: O, fow- 
time in Ostwald viscometer, A, Es 


enable magnesium to activate the hydrolysis of ATP, and 
its interaction with heavy meromyosin which causes light 
scattering and viscosity changes, are independent. In 
view of the fact that the biological activity of heavy 
meromyosin in general is very similar to that of myosin?®*!, 
it is not unreasonable to assume that the findings obtained 
with heavy meromyosin can also be applied to myosin 
itself. These facts, taken with the evidence for the 
existence for different centres on the myosin molecule 
concerned with enzymatic activity and actin interaction, 
strongly suggest that the part of the actin molecule which 
exerts its effect on the enzymatic centre of myosin is 
different from that concerned in the interaction with myo- 
sin which produces the light scttermg and viscosity 
effects (Fig. 2). This conclusion is supported by the fact 
that, although the sub-fragment J of myosin forms a com- 
plex with actin which can be separated by ultracentrifuga- 
tion, little activation of its ATPase by magnesium occurs 
in the presence of actin®. Experiments with mercaptide- 
forming reagents?! and selective tryptic digestion of 
F-actin?? on the interaction of the latter protein with 
heavy meromyosin also provide further evidence for this 
hypothesis. 

The specific effect of actin on the enzymatic properties 
of heavy meromyosin (or myosin) which occurs in the 
presence of ATP is of a subtle nature not yet understood. 
In view of its sensitivity to ionic strength it appears to 
possess, in part at least, some electrostatic character, and 
the link between the two proteins must be relatively 
weak in so far as the components can be separated by 
ultracencrifugation. 

‘ Extrapolation of these findings to the events im situ 
suggests that, although all the evidence indicates that no 
strong hnk such as gives rise to viscometric and light- 
scattering effects in actomyosin solutions exists between 
the actin and myosin filaments in resting muscle, inter- 
action can occur between actin and the centres of the 
myosin concerned with ATP hydrolysis. This interaction 
will enable magnesium activation of hydrolysis to take 
place with all the implications of control by release of 
traces of calcium from the reticulum without prior 
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formation of the relatively strong bond characteristic of 
undissociated actomyosin. 
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BINDING PROPERTIES OF A CHAINS OF PLASMA GAMMA-GLOBULIN 
By Dr. G. T. STEVENSON 


Department of Blochemistry, University of Oxford 


HIS article describes some findings which support an 

‘instructive’ mechanism of antibody formation!. The 
essence of such a mechanism is that the specific conforma- 
tion of an antibody site is acquired by its being moulded 
to a template of antigen. Experiments were conducted 
to investigate the binding, by the A peptide chains of the 
predominant human y-globulin (7S y-globulin), of some 
dyes in the size range of antigenic haptens*. These chains 
are heterogenscus in composition, but contain some 
structure in cammon’-’. Their analogues in other species 
have been shown to contain the antibody-combining 
site®»*, The work recorded here is concerned with chains 
from ‘normal’ y-globulin, that is, that in which no particu- 
lar antibody activity has been induced. 

Solutions of A chains were prepared by a modification 
of the method described by Fleischman et al.. Human 
7S y-globulin was reduced with 2-mereapto-ethanol at 
pH 7, and then put through a column of ‘Sephadex G100’ 
equilibrated with 0-5 M propionic acid. The A chains 
delivered by the column were transferred by dialysis into 
0:02 M acetate, pH 5-0. Analytical centrifugation of the 
resulting solutions showed that, at protein concentrations 
<2 mg/ml., most of the protein sediments as a single peak 
with Sow = 5:0 S. This probably represents a dimer 
of the A chains. There were always some accompanying 
low-order aggregates, which increased in amount with 
time, increasing concentration, and increasing tempera- 
ture. 

The method of equilibrium dialysis was used to study 
the binding of three dyes: ¢-2,4-dinitrophenyl-t-lysine (e- 
DNP-lysine), which has no net charge at the pH used; p- 
dimethyl -aminobenzene-p-azobenzenesulphonate (methyl 
orange), with a net negative charge; and di-(p-diethyl- 
amino)-triphenylmethane (brilliant green), with a net 
positive charge. The acetate buffer and a temperature of 
3° C were used throughout. Solutions of protein at concen- 
trations of 0-5-1-5 mg/ml]. (1-3 x 10-§ M) were placed in 


bags of 8/32” Visking cellulose tubing, and dialysed’ 


against a large volume of external solution containing a 
dye. Only the external solution was stirred. Molarities of 
protein and dye in a mixture of the two were calculated 
from absorbancies at 280 my and at the wave-length of 
maximum absorption of the dye; it was assumed that 
dye bound to protein has the same absorbancy as free 
dye. Solutions containing brilliant green were kept at 
25° C for 6 h before their absorbancies were read. 

After dialysis of whole y-globulin and its chains against 
10-5 M solutions of each of the three dyes for 72 g, binding 
to the extents shown in Table 1 was found to have occurred. 
It is apparent that free A chains have considerably more 
ability to bind the dyes than have A chains in combination 
with B. 


Table 1. BINDING OF DYES BY HUAN y-GLOBULIN AND ITS CONSTITUENT 
HAINS 


Moles.of dye bound per mole of protein * after dialysis 
for 72 h against 10~* M dye 


e-~-DNP-lysine Methyl orange Briliant green 
Whole y-globulin 0 02 0-04 <0 01 
A chains 0°06 0°25 0°18 
B chains «00l 0'04 0-05 


* Tn this and subsequens tables, moles of protein are calculated on the 
basis of single chams for the A and B chains, but single molecules (two 4 
chains plus two B chains) for the whole y-globulm. Assumed molecular 
weights: A chains, 50,000; B chains, 20,000; whole y-globulin, 140,000. 


An A chain solution concentrated six-fold, with a conse- 
quent increase in the proportion of aggregate present, 
bound slightly less methyl orange in 72 h than did the 
original solution. Aggregation of the protein therefore 
appears not to promote binding of the dye. 

Attempts were made to determine the minimum dura- 
tion of dialysis necessary to attain equilibrium between 
A chains and a dye. It was usually found that a rapid 
increase in, binding Curing the first 48-72 h was followed 
by a slow increase lasting for an indefinite period. Results 
of several experimenis are summarized in Table 2. In the 
cases of e-DNP-lysins and methyl orange, a plateau was 
not attained after four weeks with 10-5 M dye, nor after 
one week with 5xI9% M dye. Such slow progressive 
binding was seen consistently with these two dyes in 
concentrations up to 5x 10-5 M. It was detected only 
inconsistently with brilliant green, where relatively large 
random errors involved in measuring dye concentrations 
were troublesome. - 


Table 2. RATES OF BINDING OF DYES BY A CHAINS 


Moles of dye bound per mole of protein after 


Dye Concen- dialysis against dye solutions for the times given 
tration (M) in days 
7 l4 28 50 
, 10 0058 0063 0070 0-074 0075 0-077 
e-DNP-lysine | 5x10 015 017 0:20 0-23 
10-6 021 025 027 028 029 
Methyl orange { 5xjos 0605 ri 18 1-4 
o 10> 016 017 020 019 022 022 
Briliantgreen { o.5x103 030 033 082 032 


Attempts were next made to approach equilibria in the 
A chain-dye systems from two sides. The protein was 
dialysed against a given concentration of dye, both with 
and without having first exposed it to a much higher 
concentration. Exposure to the high concentration 
consisted of dialysis against 5 x 10-+ M dye for 8-10 days, 
after which the protein was transferred, by passage 
through ‘Sephadex G25’, to the required final concentra- 
tion of free dye. Figs. 1, 2 and 3 show the extents of 
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binding which occurred when exposed and unexposed A 
chains were dialysed simultaneously against solutions of 
10“ M dyes. It can be seen that after two days much 
more binding was present in the exposed chains than was 
ever observed in the unexposed. In the cases of e-DNP- 
lysine and methyl orange, large gaps remained between 
the extents of binding even after dialysis for four weeks. 
The curves suggest further that large gaps would have 
persisted for much longer periods. 

A chains were exposed to a high concentration of dye, 
as already described, and were then put through a column 
of ‘Sephadex G25’ equilibrated with buffer only—in effect 
exposing the protein-dye complexes for several hours to 
a free dye concentration of almost zero. All but a small 
residue of dye was removed from the protein (test solutions 
in Table 3). The A chains now exhibited a ‘transient 
binding state’, with an enhanced, ability to bind the dye 
to which they had been exposed. Table 3 shows the results 
of dialysing test and control preparations, differing only 
as regards previous exposure to the dye, against a 10-5 M 
dye solution for 48 h. Binding by the test preparations 
was 1-4-2-0 times that by the controls, the differences 
exceeding the differences in dye contents of the solutions 
after they had been put through the ‘Sephadex’ column. 


Table 3. TRANSIENT BINDING STATES OF A CHAINS 


r Moles of dye bound per mole of protein 
After passage through After dialysis 
Dye used Solution ‘Sephadex’ and before -~ for 48h 
p final dialysis against 10-5 M dye 
DNP SERA Bag 535 
Methyl orange {for a nes 
Brilliant green {grol ae ae 


‘Test’: dialysed against 6 x 10 M dye for 8-10 days. Then separated from 
the dye by passage through ‘Sephadex’. Finally dialysed for 48 h against the 
same dye at a concentration of 10 M, 

‘Control’: first dialysis — the dye omitted 

+ The test solution had to be put through the ‘Sephadex’ column twice in 
order to reduce the bound dye to 0'03 mole per mole, 


An approximate assessment was made of the stability 
of the transient binding state for methyl orange. Control 
and test solutions were prepared as before, but, after 
being put through the ‘Sephadex’ column and before 


2 
to 


Moles of S DRE yan bound per mole of A chains 
O pa 


a 
pok 





6 4 8 12 16 20 24 28 
Duration of dialysis (days) 


Fig. 1. Dialysis of 4 chains of human y-globulin against 10-* M s-DNP- 
lysin. @, Previously dialysed against 5 x 10~ M dye for 8 days; O, not 
previously exposed to the dye 
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Moles of methyl orange bound per mole of A chains 


0'1 





0 4 8 12 16 20 24 28 
Duration of dialysis (days) 
Fig. 2, pales of A chains of human y-globulin against 10~ M methyl 


orange. @, Previously dialysed against 5 x 10-* M dye for 10 days; O, 
not previously exposed to the dye 


Moles of brilliant green bound per mole of A chains 





6 4 8 12 16 20 24 28 
Duration of dialysis (days) 


Fig. 3. Dialysis of A chains of human y-globulin against 10 M brilhant 


reviously dialysed against 56 x 10~* dye for 8 days; O, not 


green. ©, 
previously exposed to the dye 


being dialysed against 103 M methyl orange, they under- 
went one of the following treatments: (1) nil; (2) standing 
for 24 days at 3° C; (3) standing for 5 days at 25° C; 
(4) standing for 4 h at 3° C in 0-5 M propionic acid, 
before being transferred back to the acetate buffer by 
passage through ‘Sephadex’. Results are shown in Table 
4: the enhancement of binding was diminished by each 
of these treatments, but was still clearly demonstrable. 
Finally, the effect of exposing the A chains to a dye 
and then recombining them with the B chains) was 
examined. Recombination occurred at pH 5 in the acetate 
buffer to give a product resembling the original molecules 
in sedimentation coefficient and antigenic structure. 


>, 
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Table 4, STABIMITY OF THE TRANSIENT BINDING STATE FOR METHYL 
ORANGE 





Dialysis for 48 h Moles of dye — 
against 10-5 M Solution bound per mole 
methyl! orange begun: of protein (r) T control 
Immediately — oe 1-50 
After 24 days at 3° a 03 1-41 
After 5 days at 25° {control — 1:20 
After exposure to 0 EM pro- Control 0 26), 1:36 
pionic acid for 4 h at 3° Test 0-36 


‘Test’: dialysed against 5x 10-* M methyl orange for 10 days, separated 
from the dye by passage through ‘Sephadex’, and then treated as described In 
the left-hand column. 

‘Control’: firstdialysis against the dye omitted. 


Aggregates of the A chains, however, would not combine 
with the B chains. The reconstituted product was separated 
from excess B chains, and then from aggregates of A 
chains, by passage through columns of ‘Sephadex G100’ 
and then diethylaminoethyl (DEAE)-cellulose. “Both 
columns were equilibrated and eluted with 0:025 M 
phosphate, pH 7:35; the DEAE-cellulose column was 
operated at a temperature of 45° C. The results in Table 5 
are of a set of experiments in which a two-fold molar 
excess of B chains was added to solutions of A chains 
which had undergone the treatments listed. In those 
cases in which the A chains had been dialysed against a 
dye, this was still present when the B chains were added; 
it was removed during the subsequent purification to the 
extent of <0-2 mole of dye/mole of y-globulin. The 
reconstituted molecules retained a considerable ability 
to bind the dye-to which the A chains had been exposed. 
This ability was not diminished by keeping the protein 
at 25° C for 4 days. The binding, however, did not approach 
the usual specificity of antibody activity, exemplified by 


` the rabbit antibody to ¢-DNP-lysine included in Table 


5. The specifictty was not improved by using a ten-fold 
instead of a two-fold excess of B chains. 


Table 5. BINDING PROPERTIES OF HUMAN yv-GLORULIN RECONSTITUTED 


FROM TIS 4 AND B CHAINS 


Moles of dye bound per mole of protein 
Treatment of 4 chain before after dialysis for 48 h against: 
recombination with B: 107 M 10° M 


e-DNP-lysine brillant green 

Nil 0-06 0-04 
Dialysed against 5 x 10“ M «-DNP- 

lysine for 10 days 0-35 0°26 
Dialysed against 5 x ID“ M brilliant 

green for 10 days 0°23 0°49 
Dialysed against 10° M brilliant 

green for 2 days 0-11 0-20 
Untreated human 7-giobulin 6-02 <O-01 
Rabbit antabody to e-DNP-lysine 13 <0°01 


The following hypothesis accounts for many features 
of the A chain-cdye reactions: slow binding, slow dissocia- 
tion in the presence of a lowered concentration of free 
dye, much more rapid dissociation in the absence of free 
dye, and the transient binding states. 

(1) To allow the binding sites to fit closely around the 
dye molecule, association is followed by a significant 
conformational change in the protein: 


A+ D—->A*tD 


where A is A chain, D is dye, and the asterisk implies 
some change in conformation. 

(2) The protein—dye complex dissociates to give free 
dye and a protem molecule retaining at least some of the 
alteration in conformation which was present in the 
complex: 

AD -> A* + D 


(3) A*, the transient binding state, can now bind D 
more rapidly than does A. 
(4) The decay of A* to A is slow. 
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Thus the overall reaction A + D = AD is supposed to 
be more fully represented by 


A + D 


ka A*D 
* 


A* + DZ 


* 


where, among the rate constants indicated, k, and k, are 
small, and k, > k,. On first exposure of the A chains to a 
dye, the slow rate of binding is a measure of k,. If the 
free dye is virtually completely removed, the rapid 
dissociation of protein-dye complexes is a measure of 
ko. If, on the other hand, the concentration of free dye 
is simply reduced from high to low: (a) the dissociation 
of A *D, and the slow conversion to A* to A, result in the 


x 
ratio (+) being higher initially than at equilibrium; (b) 


the rate constant fcr the overall reaction A + D— AD 
is therefore higher initially than at equilibrium, leading 
to a temporary persistence of a high concentration of 
complex. 

It is notable that a transient binding state for methyl 
orange largely survived exposure to 0-5 M propionic 
acid. So although it was acquired under conditions quite 
mild towards protein conformations, it afterwards with- 
stood fairly severe conditions. The mechanism underlying 
this is difficult to ervisage. 

These binding properties of the A chains support an 
instructive theory of antibody formation in two ways. 
First, they satisfy the requirement that part of the y- 
globulin molecule be able to combine with solutes in this 
size range. Secondly, they provide good evidence of subse- 
quent persistence of a conformation which favours binding 
of the particular solute, and is presumably complementary 
in shape to it. If the dye-binding does indeed mimic the 
mechanism by which antibody specificity is acquired, one 
would expect that: (1) the binding occurs at a potential 
antibody site; (2) the acquired conformation of A* 
represents the specific conformation required for antibody 
activity; (3) the reaction Á *—» A is prevented when the 
A chains combine with the B. 

Experiments are required to determine the relationship 
of the dye-binding sites to antibody sites; and to compare 
the transient binding states with the specific antigen- 
binding activities shown by A chains from antibody 
molecules®®, 

The experiments in which A and B chains were recom- 
bined suggest that transient binding states of the A chains 
can be retained and stabilized after union with the B 
chains. But the leck of specificity of binding by the 
recombined products represents an important difference 
from the behaviour of antibodies. It should be noted that 
y-globulin molecules with a single antibody specificity 
appear to possess only a limited selection of the many 
different types of B chains*. The possibilities therefore 
arise that a given eonformation of an A chain can be 
stabilized better by some B chains than others, and that 
the experiments failed to provide conditions for adequate 
selection of the B chains. 

If the suggested mechanism of antibody formation is 
correct, the conformation of A* can be stabilized by 
either bound antigen or union with a suitable B chain. 
It then follows, from the argument below, that the 
stability of the 4& union should be enhanced by the 
presence of bound antigen. When an antibody molecule, 
A *B, dissociates, say on exposure to propionic acid after 
reduction of its interchain disulphide bonds, part of the 
decrease in free energy could derive loss of the specific 
conformation of A*. Now in the presencé of a bound 
antigen, x, the antibody molecule can be made to dis- 
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sociate by the same manipulations'*; vA *B—+>«2A* + B. 
Here the free energy contribution due to loss of the specific 
conformation is absent, so the reaction should not proceed 
so far to the right. This has actually been observed by 
Metzger and Singer. 

Instructive theories become untenable if it can be 
shown that the conformations of y-globulin molecules 
depend solely on their amino-acid sequences. Experiments 
suggesting that this is so have been reported4-!*, These 
mvolved disrupting the native conformations, and then 
reverting to conditions favourable for these conformations; 
much of the original specific activities remained. However, 
questions remain about either the extent of disruption 
achieved'-'5, or the nature and specificity of the binding 
of antigen afterwards observed!®, Further evidence is 
required for a decision. 

I thank Dr. R. Cecil for his advice. 
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NUMERICAL TAXONOMY AND COMPARATIVE ELABORATENESS, 


a 


— 
A important focus for the present exciting and 
much-needed re-examination of the principles and 
practicabilities of taxonomy has been provided by the 
idea of achieving quantitative expression of overall 
similarity between different organisms by averaging their 
degrees of! similarity in all their observable separate 
characters.| This idea has been brought to prominence 
through the independent and simultaneous formulations 
by Sneath?, Mitchener and Sokal?, and Cain and Harrison?, 
culminating in the recent comprehensive review by Sokal 
and Sneath** under -the name ‘numerical taxonomy’. 
Central to,such an achievement is a satisfying set of 
answers to'the question: What is a separate character? 
and this problem has been discussed in some detail. There 
is, however, a related problem which has for some reason 
scarcely been discussed at all, the same solution having, 
1t appears, been regarded as more or less self-evidently 
appropriate by all the people concerned. This is the 
problem ofi applicable and non-applicable comparisons. 
It arises most obviously when one of the two organisms 
being compared lacks some feature which the other 
possesses and which can, be regarded as the bearer of a 
number of different. actually or potentially variable 
characters.' Elaborate specializations such as ornamented 
appendages and intricate behaviour patterns provide 
examples at the level of closely related organisms, while 
with decreasing closeness of relationship more and more 
fundamental features become involved, until in comparing 
organisms from, say, different phyla, most of the characters 
available for consideration are found to pertain to basic 
features such as limbs or shells which contribute to the 
make-up of only one of the two organisms being compared. 
In this situation, should comparison be made for all the 
observable characters of the organisms, and, for example, 
absence of red-pigment-on-the-shell in an animal from a 
phylum of non-shell-bearing organisms be scored as a 
difference from a red-shell-bearing animal? Or should 
comparison with regard to shell characters be considered 
non-applicable in a situation where one of the organisms 
being compared does not have a shell? The latter view 
is the one that has been adopted by most writers on the 
subject so far, and the purpose of this article is to offer 
some dissension from it. 
The wish #o do so is based on the view that the concept 
of non-applicability of comparison entails a formal ignoring 
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WITH A SPECULATION ON UNUSED GENES 


By KEITH A. REYNOLDS 
Department of Surgery, King’s College Hospital Medical School, London, S.E.5 


of entirely real and relovant and elaborate difference— 
difference which is, however, vaguely and informally 
taken into account in intuitive assessments of similarity. 
It directs that in the comparison of an insect and a 
molluse, for example, the great bulk of the characters of 
both which make them so obviously different—characters 
of shell, appendages, segmentation, organs of sight, and 
so on-——should be simply excluded from consideration; and 
while this ignoring becomes most clearly evident in such 
comparisons of organisms having widely different struc- 
tural plans—comparisons of a kind not, admittedly, ‘a 
major concern of present-day numerical taxonomy, which 
has so far been occupied mostly at genus and species 
levels—it may be expected, if only because of the con- 
tinuity of the evolutionary process through all taxonomic 
levels, that any principles illustrated by such comparisons 
will be relevant at the lower-category levels also, if only 
with small quantitative effect. 

The unshared elaborateness displayed by any two 
organisms can be distributed between them with inequality 
varying from slight to gross. In the case of insect and 
mollusc, both of which have notable elaborate features of 
their own, the inequality appears less gross than in the 
case of, say, Insect and flatworm, where it is immediately 
evident that the two organisms not only differ in features 
elaborated but differ markedly in overall elaborateness 
itself, rather than being elaborate to a similar degree in 
different ways. 

It is difference in degree of elaborateness of small 
numbers of shared features—in many cases, one might 
expect, only a single one—that is most likely to be 
encountered also in comparisons at species and genus 
levels. To whatever extent this is elaboration on unshared 
elaboration, it must be ignored according to the convention 
of non-applicable comparisons. An actual example of this 
kind of situation has been presented by Proctor and 
Kendrick®, who have, however, tended to confuse the 
issue somewhat by referring to their treatment of it as 
unequal weighting, whereas it in fact constitutes rejection 
of the convention of non-applicable comparisons and is a 
question of what to admit as a relevant character in the 
first place rather than of weighting a, character already 
admitted. Their example was provided by Fungi Imperfecti 
some of which lacked, while others bore, vesicles or setae 
showing varied characteristics. They considered, on 
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intuitivo grounds clearly similar to those expressed here, 
that each aspect of the ornamentation should be admitted 
as relevant throughout the group of organisms being 
compared, and should be scored as absent, rather than 
non-applicable, in unornamented forms, thus fully empha- 
sizing the dissimilarity. 

The extent to which dissimilarity may be emphasized 
or played down in numerical taxonomy by choice of 
categories of ‘relevant’ characters is an important feature, 
and so is the distinction which can consequently be 


drawn between absolute and relative similarity values. 


Absolute similarity, in a closed and totally analysed system 
permitting sueh a measure, would be that calculated by 
including all characters of all organisms in every compari- 
son, not only all those in which the two organisms differ 
but also those in which they do not differ and those which 
they resemble one another by not exhibiting at all. In 
this way all organisms could be compared on a single 
scale of similarity, but difference would be greatly diluted 
by the great similarity which any two organisms, however 
different, show in regard to what they are not. And such 
a procedure would be quite impracticable in the case of 
our actual world of organisms, not only because of the 
astronomical number of characters involved but also, more 
fundamentally, because of our lack of omniscience 
concerning the characters of all those organisms which 
are undiscovered or extinct or yet to be evolved. The 
absolute being unattainable, actual use of the technique 
of numerical taxonomy is necessarily confined to assess- 
ment of relative similarity, usually within small circum- 
scribed groups in the lowest taxonomic categories, where, 
as it happens, the most pressing problems of taxonomy 
are in any case encountered. There the labour is greatly 
eased, and the range of difference spread out to occupy 
the maximum numerical range, by ignoring thosecharacters 
in which all the organisms being compared do not differ 
and those which none of them exhibit at all. But to 
ignore characters of features which only some of the 
organisms compared possess, and in which they clearly do 
differ, is another matter entirely, for it produces not only 
an overall expansion or contraction of the numerical range 
allotted to the similarity range, but also a distortion 
operating unevenly within the confines of the investigation. 

is being so, it is necessary to enquire how the concept 
of non-applicable comparisons could so naturally arise in 
the first place. It seems possible that the basis may be 
essentially an unexpressed feeling that because one cannot 
study something which is not present one cannot have 
grounds for admitting it to consideration at all—a 
tendency to see organisms only as they in fact present 
themselves, and not also as they might conceivably be. 
A feeling, to provide an outrageously extreme example, 
that no contribution to the similarity of two butterflies, 
or a butterfly and a flatworm, is made by their both 
lacking spiralness of chloroplasts. This view is at first sight 
reasonable enough but, I would like to suggest, mistaken, 
the omitted consideration which makes it mistaken being 
that of conceivable elaborateness taken in conjunction 
with tho relative nature of similarity-—the fact that how 
different we think things are depends on how different 
we know things van be. While two things can be said to 
be different on the basis of simple point-to-point compari- 
son of them alone, there is a sense—the comparative 
sense—in which how different they are cannot be evaluated 
without a knowledge of wider possibilities, and this process 
of comparative or relative evaluation, rather than simple 
mensuration, is the essence of character-based (as opposed 
to history-based) taxonomy in general and numerical 
taxonomy in particular, both in delimitation of character 
states and of phenons. 

Considering haw things might be is the same as consider- 
ing how they are not, and some kind of recognition that 
things lack features shown by other known things is as 
natural, if perhaps less frequent, a part of considering 
them as is recagnition of their points of similarity of 
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features exhibited. Two flatworms may be for all practical 
purposes identical, and so may be two butterflies, but 
the butterflies, being more elaborate, are alike in a far 
greater number of exhibited respects than the flatworms 
are. Yet we do not claim that the two butterflies show 
more similarity than the two flatworms, nor do we try to 
express this differenze in our numerical rating of the two 
similarities. This in effect, if not in conscious intention, 
does perhaps amount to a tacit non-denial that part of 
the alikeness of the flatworms derives from their not having 
exploited all the possibilities for elaborateness which the 
butterflies have, and that in the same way the butterflies 
are alike in not having evolved greater elaborateness than’ 
they in fact have, for example in not having incorporated 
plant as well as animal devices in their structure (an 
omission of a kind remedied at second hand by those 
animals which harbour symbiotic algae). No organisms 
are quite as multiferiously elaborate as they might be, 
or might yet become through further evolution, but some 
appear clearly more elaborate than others, and that in 
itself is an important part of the observed difference 
between them which it is the role of taxonomy to 
record. 


Central to the foregoing point of view is the contention 
that not adopting = structural possibility is as much a 
character as adopting it. Such a contention is liable to 
evoke the irrelevant, but none the less engaging, question: 
to what extent could a lineage of organisms have adopted 
features other than those which it has? In the remainder 
of this article I shall explore in outline, as illustration, an 
imaginary basis for unused possibilities in organisms, 
probably quite out of accord with the facts of Nature 
but no less interesting for that, and probably not novel— 
though I have not traced its previous history. This 
imaginary basis (which I have, however, chosen to present 
as if it might be worth considerimg in relation to real 
organisms, rather than in an entirely fictional embodi- 
ment) is the conceivable retention in organisms of large 
stores of inherited bat at present unexpressed genes. 

It is habitual to think of the genes which geneticists 
detect and map (by virtue only of their phenotypic effects 
and allelic relationships) as being, or at least including, 
those which are directly engaged in synthesizing the 
enzymes or other proteins which constitute or contribute 
to the observed characters. But recent developments in 
thought about the ragulation of protein synthesis and of 
ontogeny have brought a great expansion of the idea of 
genes which serve only to regulate the activity of other 
genes. From this it is but a small step to ask first how 
many of the mappatle genes are in fact of this regulatory 
nature, and next whether they might not all be, the 
structural genes themselves remaining cryptic and un- 
mapped—as would be the case if organisms were always 
homozygous for all their structural genes. 

Such universal homozygosity and erypsis of structural 
genes would follow if all organisms, or at least all those 
capable of exchanging genes, had exactly the same set, 
despite their phenotypic differences from one another, 
each organism possessing the structural genes for all the 
various proteins found in organisms of its species, family, 
or some larger portion of the evolutionary continuum, but 
only actually using “or protein synthesis those for which 
it also has appropriate alleles of access-giving regulator 
or selector genes. For no organism do we have anything 
approaching an exhaustive catalogue for all the genes and 
what they each do, and in this situation such an idea, 
though far-fetched, cannot be definitely ruled out. In 
the only two cases where a mapped gene has actually 
been examined to discover if it is colinear with the protein 
product attributed tp it, evidence has been found that it 
is, but one case is provided by the tryptophan synthetase 
A protein of the kacterium Escherichia egli? and the 
other by the coat protein of T4 phage’, and the bulk 
of organisms remains entirely unexplored in this respect. 
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Universal possession of identical sets of structural genes 
could only persist with provision for dealing with muta- 
tions. The most straightforward solution would appear 
to be reduction of the mutation rate itself to zero for 
structural genes. Regulability of mutation rate has lately 
become a familiar concept, and it may not be unreasonable 
to question whether genes need be allowed to be irreparably 
mutable at all except when the mutability is of some useful- 
ness to the organism. If they need not, then a universally 
possessed diverse array of non-mutating structural genes 
with a mutable apparatus for choosing between them 
(and effecting evolutionary change) presents itself as a 
possible system. There is, however, a seemingly grave 
objection against such abolition of mutation. Not only 
does it not explain how the structural genes evolved in the 
first place, but it is also difficult to see what pressing 
factor in the economy of the organism would promote 
and maintain it, especially in circumstances where large 
numbers of the genes concerned were completely unused 
in a lineage and would seemingly not be missed if degraded 
or lost by mutation. It appears necessary either to propose 
evolution of an involvement of the precise perpetuation 
of the whole set of structural genes, used and ‘unused’ 
alike, m some other vital function, entailing an overall 
protection and monitoring system, of a kind of which 
we at present have no inkling, or else to propose that in 
the course of early evolution sets of structural genes were 
developed of such comprehensiveness that their further 
mutation lost all advantageousness, so that stocks develop- 
ing rigid systems for its prevention were favoured. 

There are numerous known phenomena which, while 
in no way providing positive evidence for such a genetic 
system. offer themselves as suggestive and compatible. 
Examples are parallel and convergent evolution, similarity 
of polymorphisms or other kinds of variant-array in 
related taxa, atavistic mutations, patchily widespread 
biochemical features, systems of multiple alternative 
substances such as antigens, phenocopies and genetic 
assimilation—any phenomena suggestive of latent possi- 
bilities sometimes realized, or of differentiation-like 
processes acting within lineages rather than within single 
ontogenies. Indeed, to resort again to the appeal to 
uniformity principles, if differentiation in multicellular 
organisms is but an elaboration of the potentialities of 
single cells for variation through selective limitation of 
use to part only of the total available genome, it would 
be surprising if such a mechanism does not also form part 
of the basis of variation in lineages of the unicellular 
organisms from which the multicellular are held to have 
evolved, and likewise in the unicellular germplasm lines 
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of the multicellular organisms themselves—albeit with 
adaptations to a longer-term stability, including use of 
mutation instead of environmental influence as a choosing 
device. 

Exhaustive colinearity investigations of genes and their 
presumed products will eventually provide or fail to 
provide evidence in favour of the existence of unused 
genes. Demonstrations using functioning cells or cell 
components are also conceivable and would have to 
consist of subjecting genes of one organism to purified 
selector gene products from another (or effective unmasking 
substitute treatments) and finding induced synthesis of 
protein which the gene-donor does not normally make, 
in circumstances where other explanations can be ruled 
out. One of the procedures proposed for obtaining informa- 
tion about the similarity of genomes is that of testing for 
homology of isolated DNA strands through their ability 
to match up and ‘hybridize’ in vitro®. If abundant unused 
genes in fact existed in organisms this would become 
apparent in such investigations by producing homology 
values higher than those expected from the overt dissimi- 
larity of the donor organisms, and such work might indeed 
provide the first indications of the prevalence of such 
Conversely, lack of overlap in the DNA-segment 
base-ratio distributions of different organisms evidently 
precludes their existence. Unused genes would also help 
to explain discrepancies which have been held to exist 
between the total amount of DNA which organisms possess 
and the amount which they would appear to need, 

Whether such a state of affairs is pure fantasy or not, 
the very conceivability of it should offer the taxonomist 
food for thought. Would he wish to concern himself with 
such a store of covert highly detailed and extensive 
genomic but not phenotypic similarity between related 
organisms, or only with their overtly expressed characters? 
if he did concern himself with it, would he regard it as 
making the organisms more similar in his formal taxonomic 
sense, or not? 
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DISCRETENESS OF CHARGE ON CLAY SURFACES 


— 


By Dr D. G. EDWARDS,* Dr. A. M. POSNER and Pror. J. P. QUIRK 


Department of Agricultural Chemistry, Waite Agricultural Research Institute, University of Adelaide 


HE repulsion of negative ions in dilute solution from 

@ negatively charged surface has been considered by 
Schofield! and Schofield and Talibudeen?, who, on the 
assumption of a smeared-out surface charge and a high 
charge density, derived an, equation which may be written 
for a 1: 1 electrolyte, thus: 


a 2A 44 (1) 
Pe Bo 

where V is the volume from which chloride is excluded, in 

mi./g of clay. 


* Pioneer Resgarch Group, United States Department of Agriculture, 
Beltsville, Maryland, U.S 


t Department of Soil — and Plant Nutrition, Institute of Agricul- 
ture, University of Western Australia 


A is the area of the charged interface from which 
chloride is excluded. 


8r F? 
B= 55 where ail the symbols have their usual 


physico-chemical significance (B= 1-06 x 104% cm/m.equiv. 
for water at 25° C). 


c is the bulk concentration (m.equiv./ml.). 


o is the surface density of charge of the clay surface 
(m.equiv./om?). 


A more complete treatment of the phenomenon of ion 
repulsion that still involves the assumption of a smeared- 
out charge has been given by Overbeek’. 
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An appropriate way of testing the foregoing equation 
is to compare the surface area measured by low-tempera- 
ture nitrogen udsorption with that obtained from chloride 
repulsion measurements. Confirmation of the agreement 
between surface areas measured by both techniques has 
been obtained to a limited extent by some workers! 3-8, 
It would thus appear that equation (1) is more or less 
satisfactory. However, it was considered that more 
extensive and detailed measurements of chloride repulsion 
from negatively charged surfaces were required. 

To meet the condition that the area available for 
nitrogen (B.E.T.) and water was essentially similar, 
measurements have been made on a, series of homo-ionic 
Fithian ilites (< 2 micron equivalent spherical diameter). 
This illite is a non-expanding mica-like material for which 
no evidence of interstratification has been found’. The 
stoichiometric surface density of charge is one charge per 
59 A®, Equation (1) applies to ideal solution conditions, 
hence measurements have been made at concentra- 
tions from 0-5 to 0-003 N. Exclusion of chloride was 
determined by electrometric titration, after weighing the 
supernatant and clay plus entrained solution. The results 
were expressed as a volume (V) of water from which 
chloride was completely excluded by the clay surface. 


2 
Fig. 1 shows a plot of V against —-=— for lithium, sodium, 
g P ag — 


potassium, rubidium and caesium illites. Excellent straight 
lines are obtained and these show a decreasing slope with 
decreasing cation hydration. The areas calculated from 
the slopes range from 80 m?/g for the lithium system to 
zero for the caesium system (Fig. 1). The nitrogen surface 
area, of the verious homo-ionic Fithian illites was in the 
range 105-118 m?/g. 
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Fig 1 Chilornde exclusion by homo-ionic Fithian iWites (number in 
parenthesis is the surface area in mig calculated from the slope of the 
ing 


The most interesting feature of these results ıs that for 
all the monovalent ions, Schofield’s equation gives a linear 
relationsmp even though the derived area deviates 
markedly from the nitrogen area. The possibility that ion 
association has caused a reduction in the overall surface 
charge density is eliminated because when the charge 
density is sufficiently low to cause deviations from 
Schofield’s equation, curvilinear plots, with slopes cor- 
responding to the B.E.T. surface area, are predicted. 

An alternative explanation is that the charge is reduced 
but is not smeared out over the whole surface. The 
results can then be satisfactorily explained in terms of 
independent sites of localized charge. The concept of a 
discrete charge has recently been used by several authors 
to explain such phenomena as colloid stability}? and 
electrode processes, The extent of exclusion from each 
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charged site should be the same as that for a large singly 
charged ion!®, that is, 2/K, where 1/K is the Debye- 
Huckel characteristic length. The latter is equivalent to 
applying Schofield’s equation to each charged site, since 
5 2 ; 
2/K is identical with — of equation. (1). 

It is suggested that ion pair formation with the surface 
occurs, so that the number (N) of charged sites will vary 
both with the concentration of electrolyte and also the 
nature of the cation. At those sites where ion pair forma- 
tion occurs the surface becomes effectively uncharged and 
ion exclusion from the uncharged surface does not occur. 
Thus the area from which exclusion takes place is: 


äs n(a) = Me (2) 


and the volume of exclusion is: 


v= un) (3) 


Elimination of N between equations (2) and (3) gives the 
first term on the zight-hand side of equation (1). Since 
the charge density in the vicinity of each charged site is 
large, the second term in the equation will usually be 
small. The Schofield plots, therefore, extrapolate approx- 
imately to the orizin. 

For any ion the charged area A (that is, the slope in 
Fig. 1) is a constant independent of electrolyte concen- 
tration, so that the number of charged sites must be 
directly proportional to the electrolyte concentration for 
equation (2) to hold so well. Thus, ion pair formation is 
not governed by the usual mass action consideration, 
since the degree af association in the present situation 
decreases with increasing electrolyte concentration. Such 
behaviour has been observed for polyelectrolytes*® and 
clays'4 by other tachniques and has been attributed to 
the fact that at low electrolyte concentrations the potential 
between the surface and the cation is so high that almost 
all the exchangeable ions lose their mobility. They are 
thus unable to take part in double-layer formation. As 
the electrolyte conzentration is increased, the potential is 
decreased and mors counter ions can take part in double 
layer formation dae to their increased mobility. This 
increase in the namber of ions balances the decrease 
in (2/K)?. 

Even for the most hydrated cation (lithium), the 
observed area is siznificantly less than the nitrogen area. 
Thus the number of charged sites on the clay surface 
over the concentration range examined would be only 
10 per cent or less of the exchange capacity. 

Provided the surface density of exchangeable cations 
was sufficiently high and the tendency to ion pair forma- 
tion was sufficiently low, ionic atmospheres should over- 
lap and the conditions pertaining to Schofield’s equation 
should hold: the nitrogen surface area would then be 
measured by ion exclusion. 

Chloride exclusion for the clay saturated with the 
divalent ions magnesium, calcium, strontium and barium 
has also been examined and only in the case of calcium 
is there any significant ion exclusion (A = 16m/g). Thus, 
there must be very strong association between the clay 
surface and the dcvalent ions. Some positive chloride 
adsorption. is evident for the magnesium clay, due,-it is 
thought, to hydro_ysis of the exchangeable magnesium 
ions. 

The results preseated are clear evidence for discreteness 
of charge on clay surfaces. Caesium illite represents the 
extreme situation in which all exchangeable ions are 
bound. Results obtained for caesium montmorillonite 
with a charge of one ion were 140 Å? and reveal that 
complete diffuse double layers form on the external surface 
of these crystals. 
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The experimental results reported here are part of a 
research programme on water adsorption at interfaces5~}”, 
A full account of the present work is in preparation. 
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MULTIPLE EQUILIBRIA IN ASSEMBLAGES OF METAL IONS AND 
COMPLEXING SPECIES: A MODEL FOR BIOLOGICAL SYSTEMS 


By Dr. D. D. PERRIN 


| Department of Medical Chemistry, Australian National University, Canberra 
| 


HE equilibria between metal ions (all of the same 

kind) and the molecules or ions with which they form 
complexes can be expressed quantitatively in terms of 
formation constants, extensive tabulations of which are 
available?. However, these figures cannot be used for 
direct calculations in the situation, so common in biology, 
where an aqueous solution contains several different 
kinds of metal ions and a range of complexing agents, 
and where each kind of metal ion must distribute itself 
among the ligands in such a way that all possible equilibria 
continue to be satisfied. In any given system, the major 
complexes that are formed, and their concentrations, will 
be determined by the stability constants of all possible 
complexes (including metal chelates), the pH. of the solu- 
tion, the-pKa values of the complexing species, and the 
total concentrations of each metal and each complexing 
species. 

Although such systems have considerable relevance to 
many biological problems and to quantitative aspects 
of analytical chemistry, they have received only limited 
and qualitative discussion. For example, Orgel? has 
made an “informed guess” about ligand preferences 
for sorne metal ions, and Williams’ has discussed, quali- 
tatively, the “most likely co-ordination partner for a 
given cation at pH 7-3” in a system in which there is 
an excess of every type of organic ligand competing for 
a limited number of cations, The limitations of ordin- 
ary desk calculators probably explain why quantitative 
mathematical analyses of multiple equilibria in assem- 
blages of metal i ions and complexing species have, appar- 
ently, not previously been, undertaken. However, the 
necessary operations are well within the capabilities of 
commercially available electronic digital computers. 
For this reason, a Fortran programme has now been 
written for an IBM ‘1620’ computer so that, given total 
concentrations and the relevant constants, the machine 
will calculate and record the equilibrium concentrations 
of the various free metal ions and free ligands, together 
with the concentrations of all the complexes that are 
formed. 

This programme, which will be described more fully 
elsewhere, begins by calculating the equilibrium concen- 
trations of metal ions and ligand for a system containing 
all the metal ions but only one of the complexing species. 
(This is done by first finding the free ligand concentration, 
using an incremental method to solve an equation con- 
taining this quantity | as the only unknown.) Hach of the 
complexing ispecies, in turn, is treated in this way, so 
that preliminary sets of values are obtained for free metal 
ion concentrations. These values are all greater than 
for the corrésponding multi-metal—multi-ligand system. 
Similarly, the initial estimates of the free ligand concentra- 
tions are all smaller than the final values. Subsequent 
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operations are designed to give a progressive, alternate 
lowering of these computed free metal ion concentrations 
and raising of the computed ligand concentrations, until 
all equilibria are satisfied simultaneously for the multi- 
component system. To achieve this, consider the case 
where there is only one specified type of metal ion in 
equilibrium with all the complexing species, each of 
which has its above-estimated free ligand concentration. 
We have: 


[M]r =, [M] + [MIL] + [M0] + ... + [MIR] + 
[MIS] + ... + [ME 21 + [M2] + ... ete. 


+ KIL] + KÌ) + + 
KIKIL + KVK(L’}? + 


where [M]r denotes total metal ion concentration, the 
suffixes relate to different ligands, and each K is a stepwise 
formation constant. Thus we can obtain a better estimate 
of the free metal ion concentration, [M], if we divide [M]r 
by the term in parentheses. Each metal ion concentration, 
in turn, is recalculated in this way, using approximate 
values of the free ligand concentrations. The process is 
carried further by using these new values of the concen- 
trations of all free metal ions and the total concentrations 
of each complexing species, taken one at a time, to 
improve the estimates of the free ligand concentrations. 
By continuing in this way, alternately improving estimates 
of the free metal ion and the free ligand concentrations, 
the system is rapidly brought to the point where all 
equilibria are satisfied, so that repetition of the cycle no 
longer alters the computed free metal ion concentrations 
by a significant amount. When this happens, the machine 
uses these values to calculate and print out the concentra- 
tions of each of the metal complexes. 

Refinement of the programme to include mixed complex 
formation, for example of the type MLaLb, presents no 
great difficulties. Although mixed complexes are un- 
doubtedly important, this has not yet been done, mainly 
because very few stability constants have so far been 
reported for such species. This is also true of complexes _ 
in which the metal ion is partially hydrolysed. 

The programme has been applied to calculate equilibria 
at pH 6:0 and pH 8-0 in mixtures containing cupric, zinc, 
and manganese ions, all at a concentration of 0-001 M, 
and ethylenediamine, glycine, glycylglycylglycine, and 
oxalic acid, all at 0-002 M. The pKa and stability constant 
values were taken from ref. 1 (first ed.) and, in most cases, 
relate to 26° and an ionic strength of 0-1. Results are given 
in Table 1. The often-dramatic effect of pH (ref. 4) is 
illustrated in the change from predominantly bisglycyl- 
glycylglycinato copper complex formation to the corre- 
sponding ethylenediamine complex as the pH is raised 
from 6 to 8. Similarly, there is a marked increase in the 


= [M](1 + 


.. otc.), 
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u. and theoretical points of view. 
> : iodine atoms generated by flash photolysis, in particular, 
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le I. PERCENTAGE DISTRIBUTION OF METAL IONS AMONG COMPLEXING 


SPECIES 
eae pH 6-0 ; 
- Metal En Gly GGG Ox 

Cu as Cau, 120% 478 2°36 1-09 

as Cully 1°82 12-44 75°39 1-46 
Zn as znb — 052 2-49 80-01 

as Zn fa — — 0-59 0-69 
Mn as Mus seen 0-02 O45 65°43 
s 33 Mni — — 62 

Free metal ions: Cu, 004%; Zn, 558%; Mn, 80-75%. 


Concentrations of free complexing — in mM, E 961, 1-690, 0-409, 


0-841, respectively. 
pH 8-0 


Gly GGG Ox 
Qu as Čuk 015% 0-09 — me 
—— as Cuis ROZ 18°69 1-05 —* 
ns A, ak Ani 045 13-89 6°94 56°49 
ei as Anis 0-02 8-20 11:27 O78 
Mn as Bint — 145 0-83 77°34 
as Moila — 0-02 ae 1-26 


‘Free metaljions: Cu, 1-0 x 10%; Zn, 196% h: Mn, 10-30%. 
7 Concentrations of free complexing species, in mM, O374, 1-315, 1-674, 
ees oot, respectively. 

e total concentrations of cach metal jon and complexing species were 
A metal complex is listed in the Table 
only if it contains at least 0- 01% of the total metal concentration., Abbrevia- 
tions are: En, ethylenediamine; Gly, giveine; GGG, glyevighyveyigiycine; 
Ox, oxalic acid. 


concentrations of the 1:1 and 1:2 complexes of zine 
with glycine and glycylglycylglycine, mainly at the 
expense of the 1:1 oxalate complex. The qualitative 
statement that “zine fhas aj fairly high affinity for 
amine... groups”? gives no guidance as to its distribution 
in these systems and, in fact, its major preference here is 
for oxalate ion, even although significant concentrations 
of the other ligands are available to it. 

Despite its present simple form, the programme appears 
to provide a useful model for examining the behaviour of 
metal ions im biological systems, using analytical data 
for total metal and ligand concentrations. In such 
systems, free metal ions exist, in general, in dynamic 
equilibrium with cell constituents (exceptions occur where 
metals are bound in ‘robust? complexes such as the 
- porphyrins, the cytochromes and vitamin B,,). Further, 

‘biological reactions take place in aqueous media. Hence 
it is probably permissible to apply to biological systems 
the stability constants obtained under purely chemical 
conditions ai the appropriate temperature and com- 
parable ionac strengths for complexing agents such as the 
amino-acids, peptides, carboxylic acids (including citric 
acid), phosphates, and nucleotides. 

This simplo approach is directly applicable to isolated 
biochemical preparations. In investigations with intact 
cells there is the difficulty that permeability barriers may 
restrict mevement of metal ions or ligands to different 
parts of the system, so that the use of the overall chemical 


< ; composition may not be justified. There is also some 


- yneertainty because of the presence in many biological 
systems. ‘of membranous and colloidal materials on 
which metal ions might be adsorbed by Van der Waals 
and other surface forces. This effect (which should not be 
confused with ordinary complex formation by small 







< groups such as terminal amino-acid residues that are parts 


of much larger molecules) can be expected to lower the 
_ free metal icn concentrations further. The magnitude of 
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the effect is not reedily caleulable, but it is probably. nal 
very great. — 

From recorded data giving the composition of biological l 
fluids and tissues it shus becomes possible to make approxi- 
mately quantitativə estimates covering such aspects asi — 

(1) ‘The concentrations of free metal ions in biological ` 
systems. . 

(2) The major complexes, and their concentrations, 
formed by the metal ions with such mixtures of complex- 
ing species. That is, the way metal ions distribute them 
selves in biological systems. This information is important- 
if metal-specificity of enzymes is to be understood. It 
is also likely to be helpful in interpreting the effects of 
other metal ions (by competitive complex formation) 
on the velocities ef reactions involving metalloenzymes. 

(3) The effects of pH changes on the distribution of metal 
ions among complexing species. 

(4) The effects ef metal deficiencies or metal excesses 
{including poisoniags} on the distribution of metal ions 
among complexing species. —— 

(5) The effects of variations in the concentration of => 
one of the complex-forming species. TRR 

(6) The effects of adding a complexing agent, for oxample 

a therapeutic substance such as 2,3-dimercaptopropanol |» 
or penicillamine which is intended to remove or lower 
the concentrations of undesirable cations (including: 
radioactive contaminants). This, in turn, provides a 
method of assessing the maximum possible effectiveness of 
substances proposed for use in this way, and of approach- ==) 
ing, from a different direction, consideration of the = 
desirable complex-forming properties of such substances =o __ 
if they are to function as selective removers of metals. 
(It must be borne in mind, however, that for effectiveness 
under biological eonditions any such therapeutic agents 
and their complexes must be able to pass into and out of 
the system. Possible biodegradation must also be con- 
sidered. ) 

This model is a flexible one which can be improved 
progressively as further information becomes available 
concerning other complexing species present in any given 
systems, including the natures and numbers of binding 
groups on constituent proteins. The usefulness of the 





stants are known for metal complexes with mixed ligands, 
especially in those cases which are believed to resemble- 
enzyme—metal-substrate complexes. Other refinements _ 
of the model should make it possible to examine the o- 
effects of oxidizing or reducing agents on the concentra- 
tions and distributions of different metal complexes and | 
also, perhaps, to take into account the rates of formation- 
and dissociation ef complexes and the rates of biochemical 
reactions in which metal ions are exerting catalytic effects. 

I thank Mr. P. Tindale for his assistance in writing the - 
Fortran programme. 
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Ma work has been carried out in recent years on 
atomie recombination from both the experimental 
The recombination of 


— has been the subject of many investigations, By 


this method, low pressures of iodine vapour in the presence 
of an excess pressure of a chernically inert diluent gas, 
required to remeve the energy of a recombining pair of 
atoms, are subjeeted to a high-intensity flash of light and 
the rate of atomic recombination is monitored continuously 
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by the return of the molecular spectrum followed photo- 
electrically. Good second-order plots for the decay of 
atomic iodine have been observed, the overall process 
being third order and described by the kinetic law 
— d{I}/d¢ = K,{1}*(M], where [M] is the concentration of 
the third body. These investigations have related to the 
recombination of ground-state iodine atoms (5p(*P,,,)). 
The photolysis of iodine with light of wave-length less 
than 4995 A gives rise to one atom in the ground state and 
one in the first excited state (5p(*P,),)). Photolysis at 
longer wave-lengths results in ground state atoms only. 
Strong et al.» examined the rate of recombination ,using 
light of different wave-length ranges for photolytic 
initiation, so producing different ratios of excited to 
ground-state atoms, and they obtained identical rate 
constants at all wave-lengths. Thus they concluded that 
excited atoms either recombine at the same rate as ground- 
state atoms or are deactivated before measurements are 
made. This article is concerned with the observation of 
the production and decay of I 5p(?P,;,) during the flash 
photolysis of iodine vapour in the presence of excess 
argon. 

The experiments were carried out using the flash photo- 
lytic technique? with kinetic spectroscopy in the vacuum 
ultra-violet. The photolytic flash giving rise to dissocia- 
tion was obtained by discharging a bank of condensers 
of total capacity 8 microfarads at a voltage of 16 kV 
(1,024 joules) through a quartz lamp. The spectroscopic 
flash, which was triggered photoelectrically to take an 
absorption spectrum at a known time delay after the 
photolytic flash? was of much lower energy (128 joules). 
The half-lives of the photolytic and spectroscopic flashes 
were 15 and 5 usec, respectively. Observations were 
made with a l-m grating vacuum spectrograph similar 
to that used by Thrush‘, and spectra, recorded on Eastman 
S.W.R. film, were photometered with a Joyce—Loebel 
double-beam microdensitometer (Mk. ITI). 

Ground-state and electronically excited iodine atoms 
were observed in absorption by the following transitions 
when a mixture of composition 0-03 mm of iodine 
was flash photolysed in the presence of 50 mm of argon 
(Fig. 1): 


MA) Transition 
1783 OR Pay a) 4 SPC Paja) 
1830 Bal Psra) — Spl Para) 
1799 Be Pir) <— Spl* Pir) 
1783 1799 1830 A 
BoA | 





| l EE 261 
iB ij * — 
| 2 
xX-M 0,2) seis) I(5 Ps) 
(0,1) Ss? ) 2 
XN P3 
Fig. 1 


. Production and decay of iodine atoms. P1,=0-03 mm; Par= 
50 mm; E = 1,024 joules 
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The large excess of argon was necessary not only to 
prevent the temperature from rising significantly above 
room temperature but also to pressure broaden all the 
atomic lines in order to observe and photometer the 
intensity of the transitions during the course of reaction. 
Under these conditions, a linear relationship between the 
plate density and the relative concentration of both 
excited and ground-state atoms was found. A semi- 
logarithmic plot of [I(?P,;,)] against time yielded a straight 
line indicating first order kinetic decay (Fig. 2). The 
excited iodine atoms can be observed well outside the 
duration of the flash and the decay is not complicated by 
initiation processes. Their life-time is, however, short 
compared with the time range within which recombination 
is generally measured by flash photolysis. Doubling the 
pressure of argon resulted in the same rate of decay for 
the excited atoms, indicating that the inert gas does not 
contribute significantly to the overall relaxation processes. 
The mean radiative life-time for the transition I 5p(?P,,.) 
—>I 5p(*P,),) is thought to be about 0-1 sec*, so that non- 
chemical removal of electronically excited atoms must be 
collisional. 


Logyel 1(5* Pua)] (arbitrary units) 
=) © 
to “ 


> 
— 





50 100 
Time (sec) 
Decay of electronically excited iodine atoms (5*P,),) a oy 


150 200 250 


Fig. 2. 
KSP arbitrary units) versus time (usec) Pl, =003 mm; 
OP ye) farata mm; @, Par= 100 mm; E= 1,024 joules 


The most plausible explanation appears to be deactiva- 
tion by molecular iodine in which some of the energy 
(21-7 keal) is transferred to vibration: 


ky 
I 5p(*Pyy2) + LXE” = 0) )— I 5p( Ps) + 
I,(X*Zj(v" = n) ) 


There is no known low-lying excited state to which the 
iodine molecule can be raised with this amount of energy. 
The concentration of molecular iodine during the period 
which the decay of the electronically excited atoms is 
observed remains essentially constant to better than 1 
per cent under the conditions of the experiment. This is 
supported by previous data on the third order recombina- 
tion rate constants with both argon and molecular iodine 
as third bodies. The concentration of iodine molecules 
after the flash was determined by measuring the reappear- 
ance of molecular iodine at long delay and e lating 
to the point in time corresponding to the end of photolytic 
dissociation, This was achieved by monitoring the 0,1 
band of the system MT piu < XIE which had been 
calibrated with known concentrations of iodine vapour. 
The 0,0 band was found to be unsuitable for photometry 
under the conditions of the experiment on account of plate 
saturation and the 0,2 band was too weak to photometer. 
Other transitions observed were compound bands of the 


M<X and N<X (Ig <— X+) systems which were 
not resolved with the instrument used. The value of the 
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third-order recombination rate constant resulting from this 
measurement was found to be kr(Ar) = 6-8 + 0:7 x 
10° 1.2 moles~® sec-! for the removal of atoms, in excellent 
agreement with previous work!. Thus the extent of 
photolytic dissociation was estimated to be 32 per cent 
of the initial iodine concentration. The value of the first- 
order rate coefficient for the decay of I(?P,;,) from Fig. 2 
of kf = 3:6 + 0-5 x 10 sec! combined with the value 
of the molecular iodine concentration during this period 
yields the second-order rate constant for the deactivation 
of the electronically excited atoms by molecular iodine. 
The value of this is given by k, = ky /[{T,] = 3-0 + 05 x 
10° 1. mole-4 sec~!,. This corresponds roughly to deactiva- 
tion by one collision in 15. Further, the growth of the 
concentration of ground-state atoms (Fig. 1), which were 
not being removed to any measurable degree during the 
period of observation, is in reasonable agreement with the 
decay of the excited atoms. 

Photometry of the 0,1 band up to about 500 usec after 
the photolytic flash leads to an erroneously high value for 
recombination by about a factor of one hundred greater 
than that expected. This fast rate of formation of the 
first vibrational level may well be the result of relaxation 
from higher levels; however, vibrational disequilibrium 
could not be observed directly on account of plate satura- 
tion by the 0,0 transition. It is possible that the high 
rate of formation of I, (v” = 1) is the result of vibrational 
exchange after the relatively fast electronic-vibrational 
energy transfer from the reaction discussed here, or from 
atomic recombination. The normal rate of formation of 
molecular iodine observed at long delay by absorption 
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from v” = I suggest= that vibrational exchange keeps 
pace with recombinaitz:on. 

Experiments on the calibration of the intensity of 
absorption of atoms in thermal equilibrium with molecular 
iodine are in progress end it is hoped to use this for further 
kinetic work. McLeod! has detected such thermal atoms 
with continuous radiation. This is particularly useful 
for investigating reactions in which the depletion of the 
molecular spectral intensity is not a direct measure of the 
atomic concentration, and will also provide a method for 
measuring the rate 3f atomic recombination directly. 
It is also intended to examine the effect of different 
gases in facilitating the decay of electronically excited 
atoms. 

We thank Prof. R. &. W. Norrish for his advice and for 
laboratory facilities. We also thank Dr. A. B. Callear for 
helpful discussion. Qne of us (R. J. D.) is indebted to the 
Department of Scientific and Industrial Research for a 
maintenance grant during the tenure of which this work 
was carried out. 
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ATMOSPHERIC DENSITY IN THE 120—190 KM REGION DERIVED 
FROM THE X-RAY EXTINCTION MEASURED BY THE 
U.S. NAVAL RESEARCH LABORATORY SATELLITE 
1964-01-D 
By M. LANDINI, D. RUSSO and G. L. TAGLIAFERRI 


Osservatorio Astrofisico di Arcetri, Via S. Leonardo 75, Fireaze, Italy 


HE density, fluctuation of density, and structure of 

the Earth’s atmosphere above 250 km are known in 
considerable detail through analysis of the drag effect 
in artificial satellites. In contrast, as pointed out by 
Jacchia}, satellite data for the heights below 250 km 
are scarce because of the low perigee heights. Measure- 
ments in a lower range of altitudes have been taken by 
rockets using different methods such as gauge pressure, 
mass spectrometer, X-ray and ultra-violet absorption, 
etc.".. The method of extinction of radiation by the 
atmosphere has been used to determine atmospheric 
density in the region 170-210 km by Byram et al.s and in 
the region 90-130 km by Hall eż ai.‘. 

We have used tle latter technique to obtain atmospheric 
density in the region 120-190 km by means of observa- 
tional data provided by the U.S. Solar Radiation Satellite 
1964-1-D., 

Satellite 1964-1-D, launched by the U.S. Naval Research 
Laboratory on January 11, 1964, is instrumented for 
detecting solar X-rays in the band 44-60 Å, 8-12 A and 
2-8 A. The solar aspect angle is provided by a detector 
sensitive to red and infra-red radiation’. 

Telemetry data. are monitored daily by the Arcetri 
solar X-ray group*. Atmospheric density has been 
determined from the 44-60 A X-rays extinction which is 
caused by the atmospheric layers as the satellite passes 
into and out of the Earth’s shadow’. Fig. 1 shows the 
conditions present when the satellite passes from darkness 


to sunlight. The time ¢, corresponds to the beginning of 
the sunrise as seen by the photocell (sensitive to visible 
and infra-red radiaticn) which gives the aspect of the 
satellite. The time ¢, corresponds, instead, to the begin- 
ning of the sunrise for the X-ray band 44-60 A. The 
signal from the X-rev detector gradually increases and 
at the time ?, the extinction produced by the Karth’s 
atmosphere becomes negligible. 

From the absorption curve of the X-ray signal it is 
possible to get information about the atmospheric density 
distribution between 2, and A, if the absorption cross- 
section of the air is known. 

At the Arcetri station the conditions suitable for carrying 
out the measurements occurred during the passes shown 
in Table 1. 


Table 1 
Revolution No. Day Time (u.t.}) Kind of event 

445 Februery 12, 1904 19h 07 m Sunset 
1,811 May 20 23 h OO m Sunrise 
1,825 May 21 23 h 08 m Sunrise 
1,839 May 22 28 h 17 m Sunrise 
1,852 May 23 21h 41m Sunrise 
1,866 May 24 21 h 50 m Sunrise 


The intensity I of radiation detected by the satellite 
is given by: 


I = I, exp (— fk nds) (1) 
8 
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| ae density values for February and May 1964 
Ss in Fig. 2, where the U.S. Standard Atmo- 
N sphere values?’ are also given for comparison. 
r; The accuracy of our density is +15 per 

t cent since the values are obtained onl 

; \ from the ratios of fluxes in the 44-60 
band measured at different times; there- 
| LPNS \ fore the errors are mainly produced by the 

— yo ımprecisions in the tracings. 

—— a — The accuracy in height is more difficult 
= to evaluate. Errors in timing and orbital 
| So data yield to a value of +5 km, but it 
SUN — —— E is necessary to point out that: (a) The 
— —— — — — aspect angle cell, a silicon wafer cell, is 


Fig. 1. Geometrical conditions as the satellite passes from the Earth’s shadow to the sunlight 


I, is the directly measured constant intensity of tho 
X-radiation outside the Earth’s atmosphere; k is the 
absorption cross-section (3x 10-1® em?) (ref. 8); n is the 
atmospheric number density and s is the varying X-ray 
path length. 

Equation (1) can be transformed into an Abel’s integral 
equation in order to evaluate numerically the density n, 
assuming that the atmospheric density has a spherical 
symmetry. 

The X-ray absorption in the 44-60 A is very useful for 
evaluating the total number density because the three 
main components of the atmosphere, O,, N, and O, have 
comparable cross-sections in this range of wave-length, 
that is, they contribute in about the same way to the 
X-ray extinction. We have plotted the average number 
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sensitive to the red and infra-red radiation?’ 
which is absorbed by the water vapour 
in the very low atmosphere. Therefore 
we have assumed, that for the visible wave- 
lengths the sunrise is delayed owing to 
the presence of an absorbing layer of 10 km 
in height#4. (b) The solar X-ray source is 
supposed. to be localized in the centre of the solar disk. 
A displacement of the source, of course, changes the 
evaluated height; for example, in identifying the 44-60 
X-ray sources with the plages observed at 9-1 cm (ref. 12) 
the measurements obtained in May must be given a 
height increase of 2 km. On the other days, the sources 
are disposed symmetrically around the centre of the 
disk and no correction has to be made. 

Under the geometrical conditions of our observations 
the number density shown in Fig. 2 must be attributed to 
a geographical latitude ranging between 55° and 60° N. 
for February and between 60° and 70° for May. The 
longitude is about 30°-40° W. and 10°-20° W., respec- 
tively. 

It appears that our values are systematically lower than 
those of the U.S. Standard Atmosphere for 1962 as shown 
by a comparison of the curves, which are, however, very 
similar in shape. Our values instead agree with those of 
the curves A and B proposed by Nier™*. The agreement 
between values determined from mass spectrometer 
measurements, such as those made by Nier et al., and 
those obtained from X-ray absorption is very significant 
in view of the different methods adopted. Both measure- 
ments were accomplished under very similar conditions 
of solar activity ; in fact, the 10-7 cm flux (in 10-7? W m-? 
sec-!) was 77 units on June 6, 1963; 73 units on February 
12, 1964; and 68 units during the period May 20-24, 
1964. ` 

We thank the U.S. Naval Research Laboratory which 
allowed us to carry out the X-ray flux measurements, 
and particularly Mr. Robert W. Kreplin for having 
supplied much detailed and basic information. We also 
thank Dr. G. Righini and Mr. G. E. Moreton for their 
advice. 
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LETTERS TO THE EDITOR 


ASTROPHYSICS 


Quasars and Antimatter 


Ir matter is being continually created from radiant 
energy in the Universe, so that the first step in the syn- 
thesis is a pair production of some sort, then one might 
expect equal amaunts of matter and antimatter to result 
from a synthesis which employs equal numbers of ele- 
mentary particles and antiparticles (probably electrons, 
positrons, neutrinos, and antineutrinos). The possible 
existence of antimatter is a common topic for speculation. 
The purpose of this note is to direct attention to what may 
be a close analogue to the evolution of ‘local pockets’ of 
matter and antimatter in the Universe. 

I refer to the asymmetrical evolution of optical isomers 
in naturally occurring substances. In the case of sub- 
stances which have an asymmetrical carbon atom in the 
molecule, synthesis in the laboratory always results in 
equal mixtures of the dextro- and laevo-rotatory forms, 
unless the conditions of the synthesis are made especially 
asymmetrical, for example by involving in the synthesis 
circularly polarized light or molecules which are already 
asymmetrical (that is, predominantly d- or l-rotatory). 
It has been found without exception that when a poten- 
tially active substance is synthesized from optically 
inactive materials the product is optically inactive. In 
fact, were it not for the ready availability of substances 
in the natural world which are predominantly either 
d- or l-rotatory, it would be very difficult to resolve 
externally compensated substances into their d- and l- 
components. On crystallization below the transition 
temperature, the d- and l-forms do separate into crystals 
containing only right- or left-handed molecules, and the 
crystals can be distinguished physically. But it is difficult 
to see how the asymmetry in naturally occurring sub- 
stances, which is-very general and may be either dextro- 
or laevo-rotatory depending on the species, can have 
resulted from such slight differences of physical properties. 
To quote from an excellent account of stereochemistry 
by J. Read!: “It has been proved that in natural processes 
the second form B not produced and then destroyed, but 
that its formation is entirely suppressed in synthetic 
operations known under the name of asymmetrical 
synthesis. Laboratory experiments have demonstrated 
that the presence of an optically active molecular nucleus 
in & chemical synthesis determines the spacial orientation 
of any new asynmmetrical molecular grouping which may 
be grafted onto the existing configuration. Hence, since 
asymmetry begets asymmetry in chemical synthesis, the 
problem is narrowed to determining how the first optically 
active substances:arose in nature. No satisfactory answer 
to this question has been given”. 

The fact that -we find in nature either one or other 
enantiomorph, but not equal mixtures of both, therefore 
teaches us that: (a) the parity of the original progenitor 
of a naturally occurring species determines the parity 
of the entire species, since parity is inherited from one 
generation to the next of asymmetrical molecules. 
(b) The evidence indicates that the parity of the original 
molecules, from which the molecules of the entire species 
have evolved, is determined by chance. For example, the 
piperitone which is found in the leaf oils of many species 
of eucalyptus is laevo-rotatory, while that found in the 
oll of a Himalayan grass is dextro-rotatory. Many other 
such examples might be quoted. 

There is much to suggest that the asymmetry between 
matter and antimatter whith we observe, at least in local 


regions of the Universe. arose in much the same way as 
the asymmetry in the naturally occurring optical isomers. 
I would conclude that: (a) the matter of the Universe has 
evolved, as have living species; (b) the non-equivalence 
of left- and right-handedness which is demonstrated by 
the non-conservation of parity in weak nuclear interac- 
tions is connected with the matter—antimatter asymmetry, 
so that in a region which contained antimatter we would 
expect the direction cf emission of B-particles relative to 
the imposed magnetic field to be reversed; (c) since pair 
production always yields equal numbers of particles and 
antiparticles, then matter must have evolved from a 
chance inhomogeneity in the particle-anti-particle distri- 
bution in space, anc presumably in regions where the 
antiparticle concentration outweighed the particle con- 
centration antimatter would evolve. 

If matter begets matter, and antimatter begets anti- 
matter, the time required for matter to assert itself over 
antimatter might be expected to be long compared to the 
time, R/c, where R is the radius of the Universe, in which 
case one is inclined to avour a cosmology which postulates 
at least a quasi-steady state (for example, thermodynamic 
equilibrium due to smatter—radiation—matter cycle’) ; 
but without knowing the detailed mechanism by which 
matter is synthesizec and without knowing the initial 
difference in the concentration of particles and antipar- 
ticles, such a conclusion is bound to be highly speculative. 

If the Universe contains pockets of both matter and 
antimatter, then occasional annihilations of, say, stars 
and antistars might ba expected. This might provide the 
energy source for quasars. Such annihilations might have 
been more common at the earlier epochs in the history of 
the Universe when. the matter-antimatter imbalance 
was not so great as at present. 


G. K. Gray 


5 Kenmere Grove, 
Manchester, 10. 


2 Read, J., Organic Chemistry, 358 (Bell and Sons, Ltd., 1948). 
£ Browne, P. F., Nature, 193, 1019 (1962). 


Mr. Gray has directed attention to a remarkable parallel 
between the evolution in living species of particular 
enantiomorphs or optical isomers to the complete exclu- 
sion of the other, and the evolution of matter in the 
Universe to the (apparently) complete exclusion of anti- 
matter. In both cases a particular parity is preferred, 
that in the latter caso being defined by a particular 
direction for the emission of 6-particles relative to an 
applied magnetic field in B-decay. Under the symmetrical 
conditions of synthesis in the laboratory, only inactive 
mixtures of equal quantities of the dextro- and laevo- 
forms are formed, as we would expect if the materials 
involved in the synthesis are optically inactive. In the 
case of matter synthesis, the materials appear to be sym- 
metrical, namely, equal numbers of particles and anti- 
particles produced by pair creation, yet the product is 
asymmetrical. As Gray points out, the large-scale asym- 
metry (either in the stereochemistry of naturally occurring 
molecules or in the creation of matter in the Universe) 
appears to have evolved from what was initially a very 
small-scale and chance asymmetry. 

I should like to make a few remarks concerning the scale 
of the ‘pockets’ of master and of antimatter. Might it not 
be that the Universe itself, defined as a regioy of finite 
dimensions (by the radius constant, Ryu) in an infinite 
Cosmos, constitutes & ‘pocket’ of matter, and that outside 
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the Universe there exist anti-Universes which will be 
‘pockets’ of antimatter. 

If the Universes and anti-Universes were assigned 
angular velocities of +c/Ru relative to the infinite Cosmos, 
then indeed the non-conservation of parity would be 
expected. Suppose that we view the Cosmos from a frame 
of reference which rotates with angular velocity, o =¢/Ru. 
A. clock which rotates at radius, r, will behave (so far as 
physical measurements in the rotating frame are con- 
cerned) as if its time intervals were lengthened by the 
factor (1—w*r?/c?)-1. Denoting this factor by y, its 
angular velocity will then appear to be slowed down by a 
factor, y-1, and we have to introduce two angular velocities, 
©, and ws which are related by: 

— = Os) o= See (1) 
(I= orter = Oo 5 = (Forte) 


Whereas œ is a function of r, œw, 18 a constant. Whereas 
wr—>-c as r—> 00, we see that a, 7—>0o as r-> 0. The difference 
is just the Thomas precession!?: 


w = o = (Y-I) = (1-7) o (2) 


What appears to happen, therefore, is that the centre 
of rotation moves in such a manner that the rotational 
velocity of distant matter can never exceed c. 

With regard to the nature of quasars, it would seem 
to me that they must be what they appear to be— 
stars within the galaxy—and that another explanation 
for the large red shifts must be found. Possibly we are 
witnessing a nova or flare-type outburst. 

P. F. BROWNE 
18 Oakdale Drive, 
Heald, Green, Cheshire, 


1 Thomas, L. H., Nature, 117, 514 (1926). 


* Thomas, L. H., Phil. Mag., 3, 1 (1927). e 


3pć-3p°3d Transitions of Fe IX and Ni XI 
in the Solar Spectrum 


Usine rocket spectroscopy, Hinteregger et al. obtained 
interesting new solar lines, the majority of which could 
not be classified up to now. Among these lines, two 
strong lines at 171-1 A and at 148-5 A have been seen. 
We have been able, using the technique of differentiation 
between different degrees of ionization?:*, to classify these 
two lines as the 3p° 1S, — 3p°3d +P, transition of Fe IX 
and Ni XI. This line was found to be very prominent 
in the isoelectronic sequence of A I (Table 1). The fore- 
going classification is based on the assumption of LS 
coupling. 


Table 1. 3p° 48,—3p'53d 1P,; TRANSITION LINES OBSERVED IN THE VACUUM 
ULTRA-VIOLET 


Ion AA 1/4 em" 
V VI 224-504 445,430 
Cr VII 202°826 493,030 
Mn VIII 185°459 639,200 
Fe IX 171-075 584,540 
Co X 158-780 829,800 
Ni XI 148-610 672,900 


This work was sponsored in part by the Aw Force 
Office of Scientific Research O.A.R. through the European 
Office, Aerospace, U.S. Air Force. 
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S. Hoory 


Laboratory of X-rays and Far Ultra-violet Spectroscopy, 
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i Hinteregger, H. E., Hall, L. A., and Schweizer, W., Astrophys. J., 140, 319 
? Fraenkel, P, S., J. App. Phys , 83, 2141 (1962) 


> Alexander, E., Feldman, U., and Fraenkel, B, S, J. Quant. Spect and 
Radiate Transfer, 4, 501 (1964). 
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Possible Secular Variation of the Flux and 
Spectrum of Radio Emissions of Source 
1934-63 


THE recently studied source 1934—63! is characterized by 
maximum spectral flux density at a frequency of vn 
~600 Mc/s. Recently, spectra of this type have been 
obtained for a number of sources, some of which are 
identified with quasi-stellar objects (for example, 3C—48). 
In none of the known sources of this type, however, does 
the frequency of the maximum reach such a high value as 
in the case of 1934-63. 

Slish explained such spectra by reabsorption of syn- 
chrotronous emission, and developed a method for evaluat- 
ing their angular dimensions from the observed frequency 
of maximum of spectral distribution of flux density, Ym, 
flux magnitude, F(v,.), and spectral index « (ref. 2). 
The dependence on magnetic field, H, is negligible. The 
formula by Shsh assumes the form: 

1 


— — 


1 20 * 5 
F (v) N gart tA 


1 
a a 10° |__—,- * 
6? s a +25 





Ym = 1-2 | () 


where 0 = angular dimension of the source vz > Ym; Z= 
I — red shift. For y < Ym, F(v)av**. Applying formula (1) 
to source 1934-63, for which «,>,,,,=0-1, yields peculiarly 
small angular dimensions: 8 = 0°:005. 

Such small angular dimensions justify the assumption 
that the linear dimensions of this relatively strong source 
are likewise small. Even if the distance to the source 
R = 3x 10° parsec, its radius r~ 20 parsec or 107° cm. 

Proceeding from the present general conception of the 
nature of radiogalaxies (cf. ref. 3), 1t may be assumed that 
we are here dealing with magnetized clouds of relativistic 
particles moving at a speed close to that of ight, which for 
some reason are ejected from spatially small regions (for 
example, galactic nuclei). In the course of this movement 
the clouds expand, the magnetic field in them decreases, 
and. the power of radio emission diminishes. Earlier we 
had developed‘ the theory of secular diminution of the 
flux of radio emission, as applied to the source of Cassiopeia 
A, and the predicted effect of secular diminution was 
discovered as a result of observations specially undertaken 
for this purpose (cf. ref. 5). According to my earlier work‘ 


‘the secular diminution of the radio emission flux is given 


by the expression: 


Fir) œ r-22a+1) (2) 

Proceeding from the linear dimensions of source 1934-63 
given by formula (1) and from the conception of the nature 
of such objects considered above we may draw the con- 
clusion that its ‘age’ is scarcely more than a hundred years 
(what we mean by ‘age’ is the time lapse since the cloud 
of relativistic particles was ejected). If so, the linear 
and, therefore, the angular dimensions of source 1934-63 
should also change rather quickly. For this reason both 
F(r) and vm will change. It may be easily demonstrated 
that the latter value changes with increasing r according 
to the law: 





(3) 


Here we have accepted an assumption that Har-?. 
Because the ejected clouds apparently are not retarded 
by the environment, but move with simultaneous expan- 
sion at a constant velocity close to C, in formulae (2) 
and (3) the dependence of F and vm on r may be substituted 
by a similar dependence on time, t. The annual variation 
of F and vm will be: 
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AF, _ =2(20+1) Aym _ —(4a+5) 
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where T = age of the source measured in years. In the 
case of source 1934-63 (ref. 1): 


r> ym = Ol 
Assuming T ~ 100 years: 
AF, 


— ree 


(v>ym) ~ 24%, Avm ~ 12 megacycles/sec/year 
* 

Note that for v < vm, F, will increase approximately 
proportionally to r. 

Naturally, one has to bear in mind the simphfying 
assumptions that were made in deriving expression (2), 
primarily the assumption that H œ r-. In reality, the 
relationship between H and r may be more complex. 
Furthermore, our estimate of the age of source 1934-63 
may be too rough. All this, however, does not alter our 
main conclusions : source 1934-63 is very young and, 
therefore, the secular diminution of its F and vm proceeds 
very rapidly and may be detected by specially arranged 
precision observations. 

J. SHKLOVSKY 
Laboratory of Radio Astronomy, 
Sternberg State Astronomical Institute, 
Moscow. 
1 Bolton, J., Gardner, F., and Mackey, M., Nature, 199, 682 (1963). 
*Slish, V, I, Nature, 199, 682 (1963). 
1 Shklovsky, L $., Vepeekhi Frzicheskikh Nauk, 77, 3 (1962) 
‘Shklovsky, I. &., Astronomucheskit Zhurnal, 37, 256 (1960). 
s Hogbom, J A., and Shakeshaft, J. R., Nature, 189, 591 (1961). 


METEOROLOGY 


Wind and Temperature Representations in 
the 26-month Oscillation 


Reed and Rogers! have presented amplitudes of the 
26-month zonal wind oscillation at various heights and 
latitudes. Elsewhere, Reed? has presented temperature 
amplitudes and phases and shown that meridional forces 
are in geostrophic equilibrium. The purpose of this com- 
munication is to present an analytical expression for the 
zonal wind oscillation which accurately describes the 
observations and which, through the thermal wind equa- 
tion, also leads to an accurate analytical expression for the 
temperature oscillation. These expressions should prove 
useful in theoretical investigations of the oscillation. 

The zonal wind disturbance is accurately described by a 
downward propegating and downward attenuating dis- 
turbance the latitudinal profile of which has the form of 
the normal probability curve: 


u = Upyehy*eaaz + i (ap2 + vt) (1) 
where ugm is the magnitude of u over the equator at a 
level where the height z is arbitrarily zero, e is the base of 
natural logarithms, k is a positive constant equal approxi- 
mately to 5 x 10-3 (lat. deg.)-*, y is distance northward 
from the equator, æa is a positive ‘attenuation’ constant, 
¢ is the imaginary unit, ap is a positive vertical wave 
number, v is the frequency, and ¢ is time. The wave 
speed, approximately 1 km mo~t downward, is given by 
c = dp v, where v = 27(26 mo)~}, 

The thermal wind equation which follows from geo- 
strophic equilibrium of meridional forces and hydrostatic 
equilibrium. is: 

Ou, g Or __ 

a2 * fray ~ ° 
where g is the acceleration of gravity, f is the Coriolis 
parameter, T is the undisturbed temperature, and + is 
the temperature disturbance. Substitution of (1) in (2) 
and partial integration with respect to latitude yield: 


(2) 
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where the disturbance has been assumed to vanish at 
latitude y,. Within about 20 deg. of the equator, f ~ 
2NQa-y, where Q is the Earth’s angular velocity and @ is 
Earth radius. Completion of the integration now yields: 


“coms OT (a? 4 ap) — — —— — e-k jug (4) 
gak 
where: 
o = arctan 2? (5) 
Xe 2 


and ug is the time and height dependent value of u over 
the equator. Hence the temperature disturbance pre- 
cedes the zonal wind disturbance by (13/7) months, 
has in meridional profile the shape of a normal probability 
curve, and is positive for y < Y, and negative for y > Yo. 
All these features are consistent with revised. temperature 
amplitudes presented by Reed’. The temperature profile 
is not so accurately known as the zonal wind profile, but 
it can readily be shown that an exponential, rather than 
probability, meridional profile of zonal wind leads, through 
the thermal wind equation, to a temperature profile which 
is difficult to adjust qualitatively or quantitatively to 
observations. 

In (4) if we set xa = ap = 27/26 km, T = 210° K, 
k = 5 x 10-3 (lat. deg.)-*, ugm = 20 msec and Yọ = 15 
lat. deg. (Reed®), the temperature amplitude over the 
equator becomes 2:7° C, a value in good agreement with 
Reed's»? results. The temperature phase precedes the 
corresponding wind phase by 3-25 mo. For oa = 0 
temperature phase precedes zonal wind phase by 6:5 mo. 
Both these values agree reasonably well with Reed’s? 
results. 

Equations (1) and (4) should prove useful either as the 
objects of a fundamental theory of the 26-month oscilla- 
tion or as reliable Cescriptions of the zonal wind and 
temperature disturbences which may be substituted in 


-the complete set of fundamental equations in order to 


obtain accurate descriptions of the weak meridional and 
vertical motion fields. 


D. O. STALEY 


Institute of Atmospheric Physics, 
University of Arizona, 
Tucson. 
1 Reed, R. T., and Rogers, D. G., J. Atmos. Sci., 19, 127 (1962). 
* Reed, R. J., Quarti. J. Roy. Meteor. Soc., 88, 324 (1962). 
* Reed, R. J., personal communication (1963). 


GEOPHYSICS 


Evidence for Wave Motions in the E-Region in 
the lonosphere 


THE measurement of ‘drift’ in the ionosphere using 
the changes of signa. strength of a radio wave reflected 
nearly vertically from the ionosphere and received by 
three antennae a fixed distance apart’ has often been 
difficult to interpret, and different methods of analysis 
appear to give different results. In an attempt to resolve 
some of these discrepancies it was decided to test the 
hypothesis that the scattering irregularities of electron 
density? were due to hydrodynamic waves travelling 
horizontally in the ionosphere, rather than the movement 
being a drift of the medium as a whole. 

A possible type of wave in the Æ region of the iono- 
sphere is the so-called ‘surface gravity wave’ originally 
examined by Helmholtz’. These waves corrgspond to 
water waves, except that in the case of water waves there 
is & sharp discontinuisy of density between the water and 
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Fig. 1. Theoretical dispersion curves. Hs is the vertical decay — of 
the waves. The pomts correspond to those shown in Fig. 2 
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the air, whereas`in the atmosphere density changes only 
gradually with height. For simplicity and for comparison 
with ionospheric observations, the case of waves travelling 
through a which may be itself moving with a constant 
horizontal velocity will be considered. If the waves are 
to be undamped at a certain height, there must exist a 
horizontal surface of discontinuity of velocity or density, 
and the wave amplitude will decrease exponentially in 
the vertical direction above and below the discontinuity. 
The velocity of such waves at about 110 km (using 
atmospheric parameters corresponding to this height) 
depends on wave- length in the manner shown by the 
full-line curves in Fig. 1. These curves are remarkable 
in that for each curve there is a broad maximum in wave- 
length, below which two velocities are possible for each 
wave-length. The position of the maximum depends on 
the vertical decay rate on either side of the discontinuity, 
measured. iby the ‘vertical wave number’ K, (the vertical 
decay distance then being 2n/Kz). Scorert has shown 
that such! waves do not require a sharp discontinuity, 
but may bo generated by wind shear, with a gradual 
variation of horizontal velocity in the vertical direction. 

Although these waves are gravity waves, they should be 
distinguished from the internal gravity waves discussed 
by Hines’, The properties of the above ‘surface gravity 
waves’ can in fact be deduced by inserting a purely 
imaginary, K: in Hines’s equations (14-18). Internal 
gravity waves of the frequencies to be discussed here 
cannot exist at a height of 110 km, 

A pure sinusoidal transverse hydrodynamic wave 
moving horizontally in the ionosphere would form a 
‘phase screen’! of the same spatial period as the wave, 
and the ‘depth’ of the phase screen would depend on the 
amplitude of the transverse wave. When this is small 
(‘shallow’|screen) the intensity of a reflected radio signal 
would vary sinusoidally with distance on the ground 
having twice the wave-length of the transverse wave, 
and moving with twice its velocity’. If the screen were 
rather deéper, a series of ‘harmonics’ would appear on the 
ground, of one-half, one-third, ete., of the ‘fundamental’ 
length. If the hydrodynamic wave were dispersive, the 
velocity would depend on the frequency, so that if a 
number of waves of different frequencies were present in 
the a each would produce a ground pattern 
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moving with twice the velocity of the corresponding 
ionospheric wave. The result would be a complicated 
ground pattern composed of the sum of the individual 
patterns. Fourier analysis of such a pattern would then 
permit the construction of a dispersion curve, and compari- 
son could be made with theory. 

Three receiving antennae placed at the corners of an 
isosceles right-angled triangle of hypotenuse 200 metres 
and @ sounding frequency of about 2 Mc/s, were used to 
obtain the usual fading curves. Fourier analyses of fading 
records (of 3-min duration) were made, and from the 
phase differences between the individual fading frequency 
components from different antennae, the velocity of each 
frequency component could be found. An internal check 
on the calculation showed that the velocity derived for 
some frequencies was not reliable, presumably because of 
lack of amplitude at that frequency, and these experi- 
mental results were rejected. The method of analysis 
used was based on Goodman, et al.*. The fact that signifi- 
cant differences of velocity were found for different 
frequency components seems to show that the pattern 
did not move as a whole. Indeed only 6 per cent of the 
70 records analysed showed anything resembling bodily 
motion. In about one-third of the records, the velocity 
varied almost linearly with frequency over a portion of 
the spectrum; Fig. 2 shows the most striking example 
of this kind. The relative amplitude at each frequency is 
also shown (dotted line) and it is seen that although there 
is relatively high energy at the very low frequencies, 
the coherence was low. This was, presumably, because 
only a few complete cycles of such low-frequency com- 
ponents occurred in the limited length of record. At 
high frequencies, amplitude is down to noise-level, so 
that points for frequencies greater than those shown were 
not significant. When the same results are displayed as 
wave-length against speed, the points shown in Fig. 1 
are obtained. It is seen that the change of wave-length 
with speed is very slow, indicating that the wave is 
probably going through a flat maximum, and the experi- 
mental points are a good fit to the theoretical dispersion 
curve for Helmholtz gravity waves at these heights 
(110 km). 

In Fig. 2, the arrows show the direction of movement 
with respect to geographic north. The fact that all the 
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frequency components seem to move in more or less the 
same direction lends validity to the wave hypothesis, and 
may be evidence that the waves are in fact produced by 
wind shear. 

It must be stressed that the results given in Figs. 1 
and 2, although typical of many occasions, are not 
universally observed. In many other cases the velocity 
of the Fourier components appeared to vary almost 
randomly with frequency, and it is assumed that in such 
cases the ‘shallow screen’ approximation did not hold. 

Scorer has examined the production of these surface 
gravity waves and has shown that they can be generated 
by large-scale velocity shears in the atmosphere. He then 
uses these gravity waves to explain the production of 
billow clouds. In billow clouds, as in the present case, 
one wave-length predominates. The fact that sometimes 
one wave-length predominates implies that the spatial 
correlation function should be periodic with distance in 
the direction of drift. A large array of nine antennae has 
been used to show that this is in fact so. 

It is concluded that ‘drift’ results may not always be 
interpreted as due to bodily motion of the ionospheric 
irregularities ‘blown’ by a wind. It appears probable that 
sometimes wave motion is the major factor in producing 
fading and it seems possible that these waves may be 
Helmholtz type surface gravity waves. 
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Convergence and Divergence in Gravity and 
Magnetic Interpretation 


THe term average radial gravity g(r) may be defined 
as the arithmetic mean of all the gravity values lying 
on the circumference of a circle of radius r. A similar 
definition holds good in the magnetic case also. This can 
be represented. as a series expansion in terms of the even 
vertical derivatives at the centre as: 


g(r) = Bo = Ar? + ar’ + Aer? 4 eee 


where @2, G4, @,... are closely connected with the even 
vertical derivatives at the centre by the relations: 


a2g 04 


Gee ~~ Aas Fea 


g ~ 3g 
7 = 64a, and 5 — 


— 2,304a, 
and @, approximates the gravity value at the centre. 
Assuming that the series converges rapidly (Peters 1949, 
Elkins 1951, ete.), the terms related to higher derivatives 
and therefore higher powers of r are omitted in the 
expansion for practical purposes. But it can be easily 
shown that the series is not always absolutely convergent 
and its convergence or divergence depends on, the radius 
of the circle chosen. The series is convergent only up to 
a limiting valus of r = R, in which case the sum of all 
the terms in the series tends to g(r). For values of r> R, 
the series becomes oscillatory and the sum of the terms in 
the series oscillates between + œ and — œ. On the other 
hand, if the series is equated to an expression of finite 
number of terms by omitting terms containing higher 
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powers of r, the sum-of the terms diverges from g(r), for 
values of r> R, and the direction of divergence depends 
on the number of terms included. 

A rigorous mathematical proof for the foregoing 
statement is, However, complicated and therefore only a 
qualitative technique has been adopted. As an example 
we can take the simple case of a sphere, for which the 
average radial gravity vertically above its centre can be 
given by: 


2 K 6Kr? 504057" 
I) = ae ~ get T B30" 


When only the first four terms are taken into account. — 

The foregoing expression will therefore converge if 
Lt An = 0 and each term is less than its preceding, 
H> 0 — 
or An/An-y<1; otherwise it diverges from g(r). Three 
ratios can be obtained in this case: 

As} _ (5) 
~ 6X2 


As so As a2) —— 
Aaya Ag aN , 

Each of the foregoing ratios and therefore the average 
of the three should be less than unity in order that the 
expression should converge to g(r). Taking the average 
of the ratios, the series is therefore convergent if 
(r/z)2< 36/47, or R = 0-88 Z. For all other values of 
R>0-88 Z, the series diverges. It can be clearly seen 
that the radius R = 0:88 Z, at which the expression 
begins to diverge, is linearly related to the depth. : 

Similar results are obtained in the cases of gravity and 
magnetic anomalies of other geometrical forms also. 
Similar theory applies for bodies of irregular shape and 
for points not lying above the centre. In such a case the 
theory is complicated. However, it can be safely concluded 
that the expansion is only conditionally convergent and 
diverges from a particular value ofr = R, which is related 
to the depth, the relation being dependent on the nature 
of the field, the number of the terms chosen and other 
factors. 
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. GEOLOGY 


Possible South-westward Continuations of the 
Cabot Fault 


RECENTLY, Wilson directed attention to the Cabot 
(Palaeozoic) fault through Newfoundland, the Bay of 
Fundy, and along the New England coast. He compared 
it tentatively with the San Andreas of California and the 
Great Glen of Scotland. My colleagues and I*-* have 
suggested similar faults of sub-parallel trend to the 
south-westward. 

This communication directs attention to the fact that 
some of these hypothecated features lie along possible, 
and even probable, south-eastward trends of the Cabot 
fault. I lay no claim to having detailed either the litera- 
ture or the field between these suggested features. I have, 
however, investigated available published, maps and 
think that a summary of my preliminary thinking may 
be of assistance to other workers in guiding future investi- 
gations. 

In the Gulf of Maine, there are three faults shown by 
Wilson!, the trends of which are not clearly enough indi- 
cated on his small-scale sketch map to permit choice 
with any degree of certainty at present (Fig. 1). I think, 
nevertheless, that it is desirable, at this time, to point 
out the possibilities that have occurred to me. In sọ 
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Fig. 1. Cabot fault continuation 


doing, I have assigned letters to the three branches of the 
fault as it reaches the Massachusetts coast. The northern- 
most I have called N; the southernmost, S; and the 
intermediate, M (Fig. 1). 

Fault N enters Massachusetts north of Cape Ann, near 
Newberryport. It appears to bend south-westward at a 
rate which should cause 1t to cross the Connecticut River 
into the triangle between Middletown, Winsted, and 
Waterbury. In so doing, it must cross the Connecticut 
Triassic basin in which there is a swarm of faults and 
dikes, some striking parallel with the Cabot (U.8.G.S). 

Fault M crosses the shore between Cape Ann and 
Boston. It bends more sharply southward to pass possibly 
along the Connecticut-Rhode Island boundary. If this 
trend is continued, the feature should pass around the 
eastern end of Long Island. 

Fault S crosses not far from Quincy, Massachusetts, 
and also veers toward south. Between Middleboro, Mass., 
and Providence, Rhode Island, it is lost in a Palaeozoic 
intrusive mass. Should the trend continue, the fault 
must cross the eastern end of Long Island South Sound 
near Block Island, Rhode Island. 

From the Boston area there are three possible routes 
deserving future investigation. Branch N, neglecting 
minor variations, could pass into the Newark Triassic 
basin (New Jersey) and intersect the Blue Ridge Fault® 
in the neighbourhood of Lancaster, Pennsylvania, and 
thence to Gainesville, Georgia (Fig.1). In considering this 
trace, it must be mentioned that White has suggested 
the possibility of post-Triassic, even post-Laramide, 
movement along his segment of the larger hypothecated 
Blue Ridge-Cabot trace. In this connexion, it should be 
recalled that the Long Range of Newfoundland has been 
suggested as a north-easterly continuation of the Blue 
Ridge’. 

After crossing Long Island Sound, fault M may turn 
sharply westward and follow the remarkably straight 
southern, shore of the island. This is on trend with the 
Martie fault or line, which ends northward near Trenton, 
New Jersey. In the vicinity of Westminster, Maryland, 
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the Blue Ridge and Martic intersect or are very close 
together and remain so to the neighbourhood of Leesburg, 
Virginia. The Martic has a sub-parallel, but divergent 
south-easterly, trend to its termination near Spartinsburg, 
South Carolina. Following south-westward to near the 
vicimty of Greensboro, Georgia, there is no map evidence. 
Near the latter place, however, one finds the Taledega 
fault, which continues to beyond Opelaka, Alabama. 
Sub-parallel with the Taledega, but terminating north- 
— south of Monticello, Georgia, is the Goat Rock 
ault. 

Along the south-westward trend of these two features 
one finds earthquake epicentres and physiographic 
features that take one into the Gulf of Mexico off Grand 
Island, Louisiana’. Continuing across the Gulf, it inter- 
sects the Mexican coast on trend with the Saltillo-Torreon 
fault. There the trace ıs some 150 miles south-east of 
Galveston, within 25-30 miles of a possible Appalachian 
continuation’. 

Cabot branch S trends sub-parallel with M southward 
across Long Island Sound. Off-shore it may strike into 
a deep re-entrant of the continental shelf that extends 
southward nearly to latitude 40° N. Its trend is or may 
be offset to the west about the same distance as the 
Newark (New Jersey) Triassic basin and the whole 
Appalachian system appear to have been dragged west- 
ward®19, If one inserts a westward bend to the feature 
between the mouth of Delaware Bay and Cape May, 
Virginia, the trace may be thought of as intersecting that 
of the Shaler line north of Cape Hatteras, North Carolina. 
This line has been continued?-> to the neighbourhood of 
Cape San Blas, western panhandle of Florida, where it 
enters in the Gulf of Mexico. Another westward curve 
would bring it into line with the Saltillo-Torreon fault of 
Mexico. 

I do not contend that these hypothetical continuations 
are supported by satisfactory evidence. I think, however, 
that the indications are sufficient to prompt the suggestions 
so that workers in the region may bear them in mind 
during future field investigations. 
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Comparison of Calc-silicate Bands from the 
Moine Schists of Inverness-shire with Similar 
Bands from Moine-like Rocks in Donegal 


To the south-east of Donegal Town (Eire) predomi- 
nantly psammitic meta-sediments, the Lough Derg 
Psammitie Group!, are flanked by Carboniferous rocks 
to the east and west. To the north they are structurally 
overlain by rocks which have been assigned to the Dal- 
radian Series! or possibly the Upper Moine®. The similari- 
ties in general lithology, mineralogy and texture between 
the Lough Derg Psammites and the Moine Schists of 
Scotland, described and commented on by Anderson}, 
are undoubtedly close but as yet no detailed lithological 
comparisons have been made. 








ork in the area some four miles east of Bally- 
n ar Lough Columbkille (Eire), has led to the 
ognition of calc-silicate bands which in mode of occur- 
rence, texture and mineralogy are very similar to calc- 
silicate bands ef the Moine Schists in the Morar-Lochailort 
_ areas of Inverness-shire**, In Donegal the cale-silicate 
_. bands have been found at two localities (Grid refs.: 
_ G942630 and @941629), where they occur among a group 
` of inter-banded psammitie and semi-pelitic schists which 
_ form. a@ distinct lithological horizon separating two much 
ker groups ef psammitic granulites. The rocks lie 
& kyanite zone of metamorphism?. The Lough 
übkille calesilicate bands are thin, varying in maxi- 
m thickness between 1-5 and 2 in., generally pale- 
toured and somewhat massive. They have a gritty 
spearance on their weathered surfaces. Within the limits 























not been recorded from calc-silicate bands in Morar 
Lochailort. If Flett’s contention that the cale-silicate 
ds are diagnostic of the Moine Series were correct, the 


ence of such bands in the Lough Derg area provides 
idence for the Moinian age of at least some of 
and establishes yet another link between the 


‘Scotland and Eire. 
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PHYSICS 


Tensile Creep Ductility of Neutron-irradiated E 
Alpha-uranium 


ALTHOUGH a great amount of data has been accumu- 
lated on the creep properties of g-uranium®?, the experi- 
mental difficulties associated with intense radioactivity: 
have usually precluded the determination of these proper- 
ties on the neutron-irradiated material. i 

In our work, tensile specimens 3-81 em gnuge-length 
and 0-2 em? cross-section were machined from a bar of 
reactor grade uranium which had been irradiated at about: 
400° C until 0-05 per cent of all uranium atoms were 
fissioned after about a year in the reactor. The material. 
contained 363 p.p.m. iron; 786 p.p.m. aluminium; 1,000. 
p-p-m. carbon. The tests were made using an Instron. 
machine adapted for remote operation, but strain rates. 
below 10-? h! (the lowest rate possible using the normal 
straining system) were obtained by dead weight loading. — 
The specimens were surrounded by a furnace having 3 - 
windings to minimize temperature gradients; cyclic 
temperature fluctuations were < + 0-5 deg C. 

Above 525° C and at strain rates <10-? h~, there was 
little evidence of any remaining irradiation hardening 
and the stress-strain curves were comparable with those 
of the non-irradiated material, but there was a dramatic 
drop in creep ductility. In contrast with the 30 per cent 
elongation of non-irradiated uranium, the irradiated 
material fractured at ~ 0-5 per cent elongation in all tests 
where the stress was greater than ~ 350 kg cm. Below 
this stress there was a marked restoration of ductility 
(Fig. 1), although the elongation reached was still below 
that of the non-irradiated material. 

The criterion for transition from low to relatively high 
ductility seemed to be determined by stress rather than 
strain rate or temperature, since material tested at slow 
strain rates at low temperature could be brittle equally 
with material tested at fast strain rates at high tempera- 
ture. 

It is suggested that the salient features of the effect of 
stress on ductility may be interpreted in terms of the 
growth and linking up of bubbles. of fission gas. Such 
bubbles, of radius r, situated on a grain boundary, can 
grow? under the action of an applied stress s if o > mie : 
where y is the surface tension of uranium (10° ergs “m-?). 

When the stress is just sufficient (~ 350 kg em-*) to 
induce brittle behaviour, the critical radius of a bubble 


1,000 | 


Stress (kg em-*) 





Hiongation (per cent) 


Fig. 1. ©, 525° C; A, 628° C 
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able to grow is ~ 2 x 10-5 cm, and the time to fracture 
calculated on such a model agrees with experimental 
results when bubbles of this size exist on the grain 
boundaries at a concentration of ~ 108 cm-?, which is of 
the order of that observed experimentally. 

As the stress is further increased, some increase in 
elongation is to be expected on this model, because of the 
decrease in time available for vacancy condensation. 
However, the Stroh criterion* for crack propagation is 
then fulfilled, and it has been confirmed metallographically 
that fracture occurs without significant void growth. 

To explain the ductile behaviour, it must be inferred 
that there is only a low concentration of bubbles which 
are able to grow (that is, of radius 4 x 10-*emto2 x 10- 
em according to the stress). Bubbles of such sizes could 
be formed by the coalescence of smaller bubbles which are 
swept“ as a consequence of the creep deformation. 
Using the same model of vacancy condensation, the times 
to fracture require a concentration of such bubbles of 
about 10° cem- on the grain boundaries. This concentra- 
tion corresponds with the spacing of large voids, often 
linked together, which are observed during microscopical 
examination of the sectioned material after fracture. 

The foregoing interpretation suggests that the ductility 
at low stresses should be reduced by annealing to allow 
bubble growth prior to test. This has been confirmed 
experimentally. 

The interpretation also implies that, since the mode of 
embrittlement is dependent on the tensile component 
of the stress, the phenomena would not occur under com- 
parable compressive or shear stresses. 
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Direct Observation of Dislocations in 
Alumina 


RELATIVELY littlo electron transmission microscopy 
has been performed on the harder ceramics (compared 
with that on metals and on the softer materials such as 
sodium chloride and talc). The work that has been done 
has mostly been confined to those materials that cleave 
readily; magnesium oxide, for example. Materials such 
as quartz and alumina have proved difficult to prepare 
in sections thin enough to be electron transparent. 
Drum? has thinned alumina by sputtering, but the process 
of annealing out the resultant surface damage appears 
to alter the dislocation configuration. 

We have developed a technique for thinning -bulk 
alumina for examination by direct transmission in the 
electron microscope. This consists in cutting a slice 
about 0-5 mm thick of the material, grinding by essen- 
tially petrological techniques, and finally thinning in 
boiling orthophosphorie acid. (Boiling orthophosphoric 
acid was used to thin alumina by Tighe*.) A number of 
other chemical thinning reagents have been tried but none 
proved so satisfactory. 

The alumina was obtained in the form of single crystal 
rods 5 mm in diameter and about 10 em long. The disloca- 
tion densify in the material, as received, was extremely 
low (an observation also made by Barber*), consequently 
these single crystals were bent to a radius of about 5 mm 
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in an oxy-coal-gas flame. The specimens were not annealed 
after bending. Some representative electron transmission 
micrographs taken on an ‘H#M6’ at 100 kV are shown in 
Figs. 1-3. 

A general, low magnification field is shown in Fig. 1. 
Dislocations can. be seen aligned in the basal plane against 
a background of extinction contours. In Fig. 2 are dislo- 
cations showing alternating black and white contrast at 
A, and zig-zag contrast at B (effects interpreted by 
Hirsch et al.4 as being due to dislocations near the surface 
of the foil), and possibly a node at C. Fig. 3 again shows 
alternating contrast with, in many cases, a bifurcated 
terminal region. This contrast effect 1s not yet understood. 
No contrast effects have been observed that can be 
unequivocally attributed to dissociation (Wachtmann, 
Barber and Tighe® similarly report that they have not 
observed dissociated dislocations in alumina) although 
Kronberg® has predicted, from structural considerations, 
dissociation into quarter partials. However, he has more 
recently suggested that separation into partials may only 
occur for certain modes of deformation’. 

Analysis of the results is proceeding and will be pub- 
lished in the near future. We thank Prof. K. M. Entwistle 
for the provision of facilities, and the Department of 
Scientific and Industrial Research for support for one of 
us (B. P. H.). 
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CHEMISTRY 


Entropy in Template-directed Polymerization 


AN analysis of the general attributes manifest by tho 
entropy in template-directed polymerization reactions is 
relevant to the nature of entropy in biological systems. 
Both the biosynthesis of proteins and replication of poly- 
nucleotides arp established examples of reactions in 
this category. Wolkenshtein and KEliasevich: have 
previously sought to define the conditions of equilibrium 
for polydeoxynutleic acid (DNA) replication. In their 
work, the mixmg entropy derived from polymeric nucleo- 
tides was neglected; it is, however, this component of the 
entropy that is the distinctive feature in the reaction and, 
accordingly, it is central to the present treatment. To 
simplify presentation, the communication has been 
confined mainly to DNA replication. The argument, 
nevertheless, retains its generality. 

DNA is a double helical molecule which appears to 
replicate semi-conservatively*?, parental nucleotide 
sequences being preserved during replication by pairwise 
complementation of adenine (A) and thymine (7), and 
guanine (G) and cytosine (C) between new and original 
strands. The reaction scheme suggested from Kornberg’s 
system’ is summed up in equation (1). 





«dGTP adGP 
N ad CTP} +DNA =] DNA- «dOP +2N PP (1) 
(l-a)dAT'P (l—-«)dAP 
(l-od PT P| (l-a)dT'P|N 





a is the fraction of G—C bonds in duplicated DNA. 


In the presence of DNA polymerase, nucleotide triphos- 
phates (NTP) are incorporated into DNA, in proportions 
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determined by complementation with the elaboration 
of pyrophosphate (PP). 

The reaction entrepy formulated by Wolkenshtein and 
Eliasevich! is presented in equation (2). 





[GTP] [CTP] 
AS, = aNk In 4 PPI + aNk Ing pp) + 
ATP TTP 


The term g refers to the entropy change in the nucleotide 
itself and 1s assumed to be the same for each. 
The equation is of a form appropriate for a series of 


Independent reactions with the novelty of a common pro- 


duct in pyrophosphate. There is no thermodynamic 
restriction against indefinite extension of the series, 
though, of course, stereochemical constraints would 
severely limit the variety of complementations permissible 
in a DNA duplex. A deficiency of equation (2) is that it 
treats polymeric nucleotides as a random mixture. To 
account for accurate copying of the parental nucleotide 
sequences, the formulation needs amending. It is neces- 
sary to consider the mixing entropy of polymeric nucleo- 
tides. The nucleotide mixing entropy of the system is 
initially of the form: 


4 N 4 2N 

mix = E Nk — + E Nik ln — 3 

mix Pas i N: — N; ( ) 
where the first term alludes to the entropy of a particular 
sequence of bases in DNA. Clearly, from complementar- 
ity, it is sufficient to specify the nucleotide sequence in 
one strand. Complementarity also permits specification 
of synthesized strands. There is, therefore, no increase in 
polymeric nucleotide mixing entropy on polymerization. 
It follows that the m=xing entropy decreases by the extent 
of mixing of free bases, which is given by: 


4 2N 
— © Nk In = 4 


The total entropy is obtained by combining equations 
(2) and (4). For CNA. of equal base composition the 
expression takes a particularly simple form: 


[NTP] 
AS = 2Nk Ing Tpp, — 2Nk In 4 (5) 
and in general: 


f 


N ` 
AS =} Nik In gK? — & Nik Ing-1=1,2,... (6) 
ĩ a i i 


K; are the respective equilibrium constants; N’ = & N:. 


a 
Copying flaws may be accounted for by associating with 
each complementation element of the template a 
conditional probability for each polymerized element. 
Whence an array of probabilities is obtained: 


Template Polymerized element 
element 1 2 3 n 
l Pu Pr Pi Pin F 
2 Pe Per Pes . (7) 
n P nl Pre Pn Pnn 


3 . h Š 
Pi = NNi Nu #0 


The modification to əquation (6) involves the eigen value 
spectrum (ps) of the matrix (7). Flawless copying is 
seen to be represented by an identity matrix, otherwise 
we have: 


(8) 


Clearly, the number of polymerized elements cannot 
exceed the number of corresponding elements in thè 


AS = ASqawless + 2 Nik In M 
i 
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template, ‘if they are to be assigned unambiguously. 
Moreover ‘a well-known result from communication 
theory asserts that no unique code representation of an 
ensemble of events can reduce their information measure*-§, 
Information. is measured in this context by use of the binary 
logarithm of probability, a particularly perspicuous form 
for mixing entropy. Thus, no uniquely determined 
polymer standard can exceed the orderliness of the tem- 
plate from: which it was synthesized—a result that is in 
accord with the second law of thermodynamics. 

A. significant feature of equation (6) to be accounted 
for is the theoretical consequence of subtracting a com- 
ponent of the mixing entropy in a series of independent 
reactions ftom the reaction entropies. It is to be observed 
that the relationship extends the domain of entropy 
from that!in classical thermodynamics and communica- 
tion theory; indeed it links the entropy of energy with 
pure configuration entropy. Since in theory the mixing 
entropy of non-interacting reactants can be increased 
arbitrarily; no natural limit exists on the magnitude of the 
entropy. Apparently the second law of thermodynamics 
is inapplicable to the overall change in entropy during. 
template-directed polymerization. However, as equili- 
brium is specified by the first term of equation (6) it may 
be deduced that the mixing entropy of the second term 
is not transmutable to free energy 

I thank|Dr. Paul Doty for the opportunity’to work in 
his laboratory. 
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Entropy of Activation of Viscous Flow in 
Dilute Solutions of High Polymers 


Ir has been previously shown"* that the entropy of 
activation: of viscous flow, AS, of dilute solutions of 
flexible chain high polymers decreases with increasing 
concentration c and molecular weight M of the polymer. 
In contrast, AS for dilute solutions of cellulose derivatives, 
the chains of which are stiffer and more extended in 
solution’, generally increases with increase of c and M 
(refs. 1, 2 and 4). An interpretation in terms of positive 
and. negative contributions to AS was tentatively ad- 
vanced®. ‘The positive contribution was assumed to be 
proportional to Q/T, where Q is the apparent activation 
energy of — flow of the solution and T the absolute 
temperatu The negative contribution was assumed 
to be not, ——— dependent on @ and to result from 
synchronization between movements necessary for a 
successful unit act of flow’. The effects of variation in 
cand M on Q are relatively small for dilute solutions of 
flexible chain high polymers and it was suggested that 
the negative contribution was the greater. The marked 
increases in @ with increase of C or M, observed with dilute 
solutions of ‘cellulose derivatives, led to the suggestion 
that in such cases increases in the positive contribution 
outweighed any increases in the negative one. 

The use of rate process theory as applied to the flow of 
high polymer molecules*:? may provide a clearer picture 
of the natare of these contributions to AS and a more 
precise interpretation of the variations of AS with ce and 
M. It is generally accepted that the flow of flexible high 
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polymer chains in polymer melts involves successive 
movements of chain segments each of which is 30-50 
carbon, atoms in length’. Kauzmann and Eyring? have 
given an expression for AS for a single chain that may be 
written in a general form: 


AS = « — yf(M) (1) 


where « and y are constants for a given flexible chain 
polymer and f{M) a function of its molecular weight. 
x, which depends on the size of a segment, represents the 
gain in entropy on activation of a segment and —yf(M) a 
loss in entropy arising from the necessity for co-operation 
between chain segments in order that the chain may 
move as a whole. Assuming that the movement of a 
single chain in the flow of a dilute solution is similar to 
that of a chain in the melt, equation (1) will represent the 
contribution made by the chain to AS for the solution. 
With flexible chain polymers containing many segments 
per chain, æ is likely to be small and will generally be 
exceeded by yf(JZ) as in the case of polymer melts*’. 
AS for the solution will therefore decrease with increase 
of c, increasing the number of chains, and M, increasing 
the number of chain segments. 

With stiff and extended cellulose derivatives the size 
of the segment acting as a unit in flow, and therefore x, is 
likely to be much larger. The activation energy of viscous 
flow is also dependent on segment size®? and the contribu- 
tions made by cellulose derivatives to Q are ten to a 
hundred times greater than those made by flexible chain 
polymers?; yf(M) should be much smaller and AS for 
the solution should therefore be positive. It is possible 
that with cellulose derivatives the unit in flow may be the 
whole chain rather than a segment of it and this would 
explain the fact that, for a given concentration of polymer, 
AS increases with both M and the degree of extension of 
the cellulose derivative chains. In such circumstances 
the negative contribution to AS may be zero or negligible. 
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Theoretical Study of Benzologues of 4-Thiapyrone 


‘-PoLycycxLic compounds containing the 4-pyrone nucleus 
occur in plants as the tannins and have been extensively 
studied, but their sulphur analogues have received much 
less attention. We are studying the chemistry of benzo- 
logues of 4-thiopyrone and report here some theoretical 
studies of six of them (I-VI) made by the simple MO- 
LOAO method using the Hiickel approximation, together 
with some correlations of the results with experimental 
data. The secular determinants were solved with the 
aid of an IBM 7074 digital computer using a standard 
programme, which was first tested with pyrene and pyri- 
dine for which results are already available in the litera- 
ture*. 

For each of the four compounds, two models, A and B, 
were considered. In model A, participation of the d- 
orbital of the sulphur was assumed’, and inthe B model 
it was ignored. In the approximation used, the coulomb 
integral of the hetero-atoms and of carbon directly bonded 
to a hetero-atom is given by the relation a¢g= e-+ dzBee, 
and the resonance integral of the bonds between carbon 
and hetero-atom by Bez= pexbee; the «’s are coulomb in- 
tegrals and the 8’s resonance integrals, and $ and pea are 
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semi-empirical constants whose values were adopted from 
the work of Zabradnik et al.*. Initially, Acs was taken 
as 0°6 Bee. 

Of the various parameters calculated, the total r- 
electronic energy (W), the energy of the NV, transition, 
and the energies of the highest filled (HF) and lowest 
vacant (LY) molecular orbitals are given in Table 1. 

The ultra-violet spectra of five of the compounds (VI 
has not yet been synthesized) have been determined in 
cyclohexane and in ethanol. The p-band, corresponding 
to the N-+V, transition, was identified, and its frequency 
is plotted in Fig. 1 against the calculated N—V, transition 
energy. A satisfactory straight line is obtained when data 
for the B model are used, but for the A model, correlation 
is poor. 

The bond order of the carbonyl C—O bond is close to 
that of a bond in benzene (0:57-0:63), so that there is 
some justification for considering the electrons in it as 
part of the delocalized z-electronic system. Now for any 
fully aromatic ring system, the polarographic half-wave 
potential obtained in aprotic conditions may be regarded 
as a measure af the energy required to bring one electron 
up from infinity and place it in the lowest vacant orbital5-’. 
We therefore plot in Fig. 2 the first half-wave potential 
(1 mM solutions in dimethylformamide, 0:1 N in tetra- 
butylammonium iodide) of the five compounds against 
the calculated LY orbital energies. A satisfactory plot is 
obtained for the B model, but again correlations for the A 
model is poor. The polarographic results will be reported 
in detail elsewhere, but ıt should be stated here that the 
character of the first wave of 1-thiochromone indicated 
that the mononegative ion is partially protonated by the 
solvent®. In these circumstances the true half-wave 
potential may be somewhat more negative (perhaps 0-01- 
0-03 volt) than the experimental datum’. 

The data of Zahradnik* show that for mononuclear 
4-pyrones containing endo- or exo-cyclic sulphur (or both) 
the correlation of theoretical quantities with experimental 
data is equally good for the A and B models, using a 
constant resonance integral of 0:6 Bee for both. A value 
of 0°8 Bee for the C-S integral was estimated by Longuet- 
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Fig 2. Correlation of first half-wave potential with calculated energy of 
lowest vacant orbital foz significance of plots; see legend to Fig. 1 


Higgins? from a stucy of thiophene, but Sunner®, using 
a different value for the experimental delocalization 
energy of thiophene, prefers a value of 0:6 Bee We have 
recalculated the data in Table 1 for the A model using 


Table 1. THEORETICAL AND EXPERIMENTAL QUANTITIES FOR 4-THILPYEONES 
All energy quantities are in units of 8 
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1-Thiochromone chromone Thioxanthen-9-one V VI 
A B A B A B A B 
18-9388 19-2068 246688 24-9398 24 8178 80-5284 307718 30-4948 30 7244 30-5442 30-7868 
1:1026 1°1192 0-989 1:0376 0 9071 0 9027 . 09504 0-9597 
1 0854 0-912 0:9653 
0-7904 07356 0:6792 0 8019 0 5805 0-6786 9:8557 
0:7434 0571 0°662 
~O0-3182 — 0-3836 — 03584 —0°3402 03422 -02718 — 03040 
~ § 3420 ~ 0°3052 ~~ 02828 — 0-302 


Note- A and B refer to the models with and without participation of the d-orbital of the sulphur respectively. (a) and (6) refer to the use of By-~=0°6 Beo 


and 0 88,, respectively. 
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a resonance integral of 0-8 Bec, and find that with this 
value correlation with both spectral and polarographic 
data 1s much improved, but is still not as good as when 
the d-orbital is ignored (see Figs. 1 and 2). One cannot, 
of course,: justify theoretically the use of two different 
values for B; the perplexity arises from the fact that the 
Huckel M.O. treatment of complex molecules is not very 
satisfactory. It is to be noted that we have neglected 
overlap integrals and the effect of bond length variations 
on resonance integrals; further, the possible effect of 
deformation of bond angle on exchange integrals is not 
considered. 

In spite of the over-simplification implicit in the calcula- 
tions, the results evidently have some practical value for 
characterizing the aromatic structures and for correlating 
structure with properties. The calculated bond orders and 
electron densities, which will be published in detail else- 
where, confirm that there is strong conjugation between 
sulphur and oxygen. 

This work was supported by the National Science 
Foundation and the Coal Research Board of the Common- 
wealth of Pennsylvania. 
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Performance of a Nickel Boride Fuel Cell Anode 
using Hydrogen and Ethylene 


Two factors have to be borne in mind in considering 
the possible widespread application of fuel cells, namely, 
the world supply and the cost of the catalysts. Slaughter 
and Gilvarry? have pointed out that only a few hundredths 
of 1 per cent of the world demand for power could be 
produced by hydrogen-oxygen fuel cells using the entire 
world production of platinum. Consequently, attempts 
have been made to find cheaper and more readily avail- 
able materials, even though platinum is a superior catalyst. 
Sintered powdered ‘nickel has been used, for example, by 
Bacon’, but a performance comparable to that of platinum 
at ambient temperatures can only be obtained at 200° C. 
Another variant, which eliminates the need to go to a 
higher temperature, is Raney nickel’. More recently ıt 
has been shown that a performance only slightly less than 
that of the noble metals can be obtained with ‘Teflon’ 
bonded nickel boride supported on a nickel screen*~?. At 
the same power-level and the same operating efficiency, 
the cost of these electrodes is only one-twentieth of those 
containing platinum. It is also interesting to note that 
cobalt molybdate® is almost as good as platinum black 
in catalysing the electrochemical oxidation of hydro- 
carbons such as propane and propylene. 

The purpose of the work reported here was to evaluate 
a sample of nickel boride electrode (containing 20 mg 
Ni,B/em?* supported on a nickel screen), which was sup- 
plied by Tyco Laboratories, Inc., with hydrogen and then 
ethylene, using 8 N potassium hydroxide immobilized on 
an asbestos matrix at 80° and 150° C. 

The cell used in this work has been described else- 
where®!°, The nickel boride anode (2:8 cm diam.) was 
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cut into two pieces which were then mounted adjacent to 
the asbestos matrix with a l-mm space between them. 
The smaller piece of the anode was unpolarized during 
the course of the measurements and was used as a refer- 
ence electrode’. The area of the working anode exposed 
to the fuel gas was 2:5 emê, whereas that of the oxygen 
electrode, which consisted of a catalyst-treated, sintered 
powdered nickel material, was 3-45 cm. After a steady 
open-circuit potential had been attained, the IR-free 
polarization of both the fuel and oxygen electrodes was 
measured against the unpolarized fuel reference electrode 
using a Kordesch-Marko 60-cycle current interrupter! at 
increasing and then decreasing values of the current 
density. The cell potential, including IR drop, was 
measured on & Sargent MR recorder. 

The potential of the hydrogen—oxygen fuel cell at open 
circuit was 0-98 V at 80° C and 1-0 V at 150° ©. The 
plots of cell potential (including and excluding IR drop) 
versus apparent anodic current density at 80° and 150° 
C are shown in Fig. 1. Shown also are the plots of hydrogen 
and oxygen electrode polarizations (electrode potential 
under load minus electrode potential at open circuit) 
versus apparent current density at 80° and 150° C. The 
sign of the oxygen polarization has been reversed for 
convenience. No results are-available on the particular 
nickel boride sample used here, so an exact comparison is 
not possible. However, a comparison can be made with 
data on other batches of nickel boride electrodes described 
in the literature. The IR-free cell potentials versus appar- 
ent current density at 80° and 92° C of Jasinski®* are shown 
in Fig. 1. Shown also is the polarization of an unsupported 
nickel boride powder anode versus apparent current 
density at 80° C (ref. 5). It will be seen that the results of 
the present work at 80° C are in good agreement with 
the literature values. 
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Fig. 1, Hydrogen-oxygen fuel cell polarization data Open symbols, 
80° C; closed symbols, 150° C, A, cell potential including JR drop (V) 
versus apparent anodie current density (m.amp/om’); V, cell potential 
excluding JR drop (V) versus apparent anodic current density — 
cmt); ©} polarization of hydrogen electrode (V) versus apparent curren 

density (m.amp/cm*), (7, polarization of oxygen electrode (V) versus 
apparent current density (m.amp/em*). Dashed hne, cell potential 
excluding IR drop versus apparent current density (m.amp/cm®) at 80° © 
(ref. 5); dash-dot-dashed line, cell potential excluding IR drop versus 
apparent current density (m.amp/em?) at 92° C (ref. 6), dotted Ime 
polarization of H,/Ni,B8 electrode (V) versus apparent current density 

m,amp/em?) at 80° C (ref. 5) 


o. asso April 10, 1965 


06 


Potential (V) 
© 
Ja 


02 





0 10 20 
Apparent current density (m.amp/cem*) 


Hig. 2. Kthylene-oxygen fuel cell polarization data at 150° C A, cell 
potential including ZR drop (V) versus apparent anodic current density 


(m.amp/em*); Y, cell potential excluding ZR drop (Y) versus apparent 

anodic current density (m.amp/cm"); @, polarization of ethylene elec- 

trode (VY) versus apparent current density (m.amp./cm*); Mf, polariza- 

tion of oxygen electrode (V) versus pppareni current density (m.amp./ 
om 


The highest temperature for which Jasinski® presented 
data is 92° C. Here a limiting current density of 240 
m.amp/em? was recorded. It was claimed®’ that 90° C 
was the optimum temperature for the operation of nickel 
boride anodes as further increases in temperature resulted 
in only a small improvement in the performance. The 
results at 150° C recorded here confirm that there is 
no increase in cell potential at current densities up to 
250 m.amp/cem?. However, much larger currents can be 
drawn-—for example, 720 m.amp/em*—at 0-59 V, ana the 
limiting current density is about 800 m.amp/em?. 

An interesting feature of the cell potential plots at 
150° C is that the curves including and excluding JF drop 
do not diverge wbove 300 m.amp/cm?’, as would be 
expected. The reason for this, apparently, is that the 
cell resistance diminished as a result of IR heating. In 
fact, the cell resissance was 0:1 ohm at 160 m.amp/cm* 
and 0:03 ohm at 720 m.amp/em®. On decreasing the 
current density to 160 m.amp/em?*, the resistance in- 
creased to 0-1 ohm. 

The potential at open circuit of the ethylene fuel cell 
was 0:8 V at 150° C. This compares favourably with the 
value obtained with an ethylene—oxygen fuel cell using the 
American Cyanamid Company’s electrode material AA1 
(ref. 12) and a 14-6 M phosphoric acid electrolyte im- 
mobilized on an asbestos matrix at 150° C (ref. 9). The 
plot of cell potential (including and excluding FR drop) 
versus apparent anodic current density at 150° C is shown 
in Fig. 2. Also shown are the ethylene and oxygen « lec- 
trode polarizatians versus apparent current density at 
150° C. The sign of the oxygen polarization has been 
reversed for convenience, as in Fig. 1. The ethylene 
electrode, as will be seen, showed very little polarization 
up to 20 m.amp/cm?. When the current density was in- 
creased above this value, however, the ethylene electrode 
polarized up to the potential of the oxygen electrode. On 
opening the circuitthe original open-circuit potential was 
recovered quickly. At this point the fuel cell would no 
longer support even a current of 1 m.amp/cm?, since the 
fuel electrode always polarized extensively. The decline 
in the performance of the nickel boride anode might be 
the result of an irreversible oxidation’. Other con- 
tributing causes might be partial blockage of the surface 
by a product from the ethylene oxidation and by pre- 
cipitated carbonate. 
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The resistance of the ethylene fuel cell, as calculated 
from the IR drop data in Fig. 2, was 0-8 ohm, which 1s 
considerably higher than that of the hydrogen cell. It is 
possible that this might have been due to a barrier layer 
which was formed on the nickel boride anode as a result 
of reactions involving ethylene at open circuit. Such 
reactions are possible as nickel boride is an effective 
hydrogenation catalyst! 14, 

It is evident from she hydrogen—oxygen fuel cell data 
that at high current densities there is appreciable local 
heating. This is undesirable because nickel boride begins 
to sinter at 200° C (ref. 5), resulting in a reduction of 
surface area. As a consequence, the chemisorption. of 
hydrogen is considerably reduced, and this is seen electro- 
chemically by the low spen-circuit voltage (0-4 V) attained 
by a hydrogen-oxygen fuel cell using a nickel boride anode 
that had been sintered at 500° C. In a fuel cell using a 
mobile electrolyte, the maintenance of a uniform tem- 
perature is relatively sasy, but this is far from the case 
when an immobilized electrolyte is used. 

An unfortunate property of nickel boride is that it is 
soluble in acids, which means, of course, that it is limited 
to use in basic solutions. The activity to hydrocarbons, 
which does not appear to have been‘reported in the 
literature, is therefore more academic than practical. 

I thank Dr. R. BR. Witherspoon, of the Research 
Laboratories, General Motors Corporation, for supplying 
the oxygen electrode used in this work. 
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Structural Transformation in Cuprous Selenide 
and Silver Sulphide Alloy Thin Films by Electron 
Diffraction 


In an X-ray diffraction study of Cu,Se, it has been 
found by Rahlf’s! that it has a face-centred cubic structure 
at room temperature with lattice spacing a= 4-7586 A. 
The structure with tkis lattice spacing remains stable 
up to 110° C, above which it transforms to face-centred 
cubic with lattice spacing a=4-85179A. A structural study 
of AgS in the bulk state has been made by Ramsdell* 
and others*:4, Ramsdell has pointed out that Ag,S has 
2 monoclinic structure et room temperature. But Kracek® 
later showed that the stable structure of Ag,S at room 
temperature is not monoclinic but orthorhombic with 
lattice spacings: a=4-759 A; b=7-124 A; c=6-888 A. 

The temperature of structural transformation of Ag.S 
has been reported as 179° C in the bulk state and the 
transformed structure as -body-centred cubic with lattice 
spacing a = 48898 A. 

With the intention of studying the structural transform- 
ation of thin films of these alloys I have made anextensive 
study by transmission electron diffraction. The thin films 
of these alloys were prepared by evaporation under a 
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vacuum of the order of 10-4mm of mercury on to KCl single 
crystal substrate maintained at room temperature, and 
were annealed for a few hours after evaporation to ensure 
the homogenization of the alloys. The thickness of the 
films varied from 200 A to 500 A. The electron diffrac- 
tion pattern of Cu,Se alloy is shown in Fig. la. Examina- 
tion of the diffraction pattern of the alloy showed face- 
centred cubic structure but on heating the alloy the trans- 


formation in structure could not be observed even up to 
300° C. : 








Fig. 1. Eleetron diffraction patterns of. a, Cu,Se alloy thin film at room 
temperature; b, Ag,S alloy thin film at room temperature; c, transformed 
phase of Ag,8 alloy thin film 


The diffraction pattern of Ag.S alloy thin film is shown 
in Fig. lb. Examination of the patterns showed that the 
room temperature structure of the alloy is orthorhombic 
with lattice spacings agreeing with the bulk values. When 
the films were heated inside the diffraction unit, it was 
observed that the structure transforms to body-centred 
cubic at a temperature of 218° C. Fig. le shows the 
transmission electron diffraction pattern of the trans- 
formed structure of AgS. The films were cooled inside 
the diffraction unit under vacuum at the rate of 2° C/min 
and the diffraction patterns were recorded while the temp- 
erature was decreasing. It was found that the original 
structure was retained at a temperature of 156° C; that 
is, the films showed the phenomenon of hysteresis. 

From the above observations it can be concluded that 
in thin films the temperature of structural transformation 
is increased to that observed in the bulk state. 

The results with Ag.S also confirm my earlier observa- 
tions5~? and those of others®:*. The phenomenon of hyst- 
eresis similar to that observed in Ag,S alloy thin film has 
already been reported in the case of Ag.Se and Ag,Te alloy 
thin films*:?, Paparoditis?® has also observed the pheno- 
menon of hysteresis in Ag,Te (in the bulk state) by 
electrical conductivity measurements. 

I thank Drs. P. K. Kichlu and R. Parshad for their 
advice, and Mr. G. L. Malhotra for his help. 
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Hydrogen: a Very Light Member of 
Group IVb 


Tue data presented by Dasht? in a recent article relating 
hydrogen to the halogen series could well be used to show 
a similar relationship to the carbon family: with hydrogen 
as with the elements of Group IVb the valence shell is 
exactly half filled (or half empty), and hydrogen has the 
highest boiling point in its horizontal row of the Periodic 
Table. Furthermore, its electronegativity is very close 
to the electronegativities of the carbon group elements. 

One need not stop here—by judiciously choosing specific 
properties of hydrogen, this element can be likened and 
related to any desired element or family of elements in 
the Periodic Table, if it is felt necessary or desirable to do 
so. It should be possible to do this without resorting to 
the procedure of comparing the slopes of lines drawn on a 
graph of atomic radius versus electron position, in which 
atomic radius is represented by the covalent radius for 
some elements and by the van der Waals radius for others. 

Unfortunately it has become common in many text- 
books to state the ‘atomic size’ of members of the rare 
gas family in terms of their van der Waals radii (the only 
one conveniently measurable) while for other elements 
covalent or metallic radii are used. This may lead to the 
erroneous concept of the rare gas atoms appearing to 
be considerably larger in size than the atoms immediately 
preceding them. 

It is unfortunate that the thesis of the previously cited 
article is based largely on this fallacy. 

Lorin L. Hawss 
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In reply to Prof. Hawes’s comments on my earlier 
communication], I would like to state that the only logical 
position for hydrogen in the periodic system of elements 
is 1s! as based on quantum mechanical considerations. 
My communication clearly made this point. The rela- 
tionships and regularities shown by the atomic radii 
and boiling-point graphs are functions of atomic structure. 
While such properties reveal the periodic nature of atomic 
structure, it nevertheless remains a fact that they are a 
consequence of the structure and not vice versa as Prof. 
Hawes seems to imply. 

The sources for the data were explicitly given. Only 
those radii cited for the atoms in the uncharged state were 
used in plotting the graphs. They should thus all be 
representative of covalent radii. In any event, even if the 
radii of a given series like the rare gas elements represent 
van der Waals radii, since these elements do not form 
homopolar covalent aggregates, the nature of their periodic 
relationships would remain unchanged so long as such 
radii were used for the entire series of rare gas elements. 
That this is so is quite evident from the graph shown in 
my communication in which the uniqueness of the first 
quantum shell is quite apparent. This same uniqueness 
would continue to remain apparent regardless of any 
reasonable correction that could be applied to the radii of 
the rare gas elements to bring them more into line with a 
covalent picture. 

I am sure Prof. Hawes would not wish to dispute the 
fact that hydrogen does form a stable negative ion (H-) 
similar to the halide ions. It is well known that the alkali 
hydrides are salts, conduct current in the fused state, and 
liberate hydrogen at the anode. This similarity of hydro- 
gen to the halides is explainable on the basis of atomic 
structure, and substantiates the main thesis of my 
communication, the uniqueness of the 1s! position. 

EHARRIMAN H. DAs 
Nassau Hospital, 
Mineola, New York. 
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Differential Thermal Analysis of Phospholipids 
For many years the melting points of both synthetic 


= and natural phospholipids have been measured, and 


recorded!-*, An examination of a given class of phos- 
pholipids reveals that these melting points are, to a large 
extent, independent of the fatty acid residues present. 
Thus, 2-oleoyl-3-stearoyl-L-1-phosphatidylcholine and 2,3- 
distearoyl-L-1-phosphatidylcholine both have recorded 
melting points? of 230°-231° O. The thermal transitions of 
phospholipids are difficult to observe with normal melting 
equipment, even when using a microscope. Occasionally 
some workers have observed ‘sintering points’, corre- 
sponding to thermal transitions, which occur below the 
normal melting point. However, the relevance of these 
points has never been demonstrated. 

Recently we showed experimentally that melting of the 
hydrocarbon chains of the phospholipid, as revealed by 
infra-red spectroscopic evidence, takes place at much 
lower temperatures than the recorded melting points‘. 
Furthermore, a feature of some biological interest is that 
the temperature required to melt the hydrocarbon chain 
decreases as the degree of unsaturation of the chains is 
increased. Above this transition temperature the material 
is in a liquid crystalline condition. ‘Dervichian has 
recently inferred that this behaviour might occur. 

Here we wish to point out the value of differential 
thermal analysis for detecting the thermal transitions and 
determining the transition temperatures. With modern 
differential thermal analysis equipment only small quanti- 
ties of. material are needed (some milligrams) and the 
technique is simple and rapid. Shown in Fig. 1 is an 
example taken from some of our recent investigations. 
This shows the differential heating curve for 2,3-dimy- 
ristoyl-pi-1-phosphatidylethanolamine {capillary m.p. 
207°). The large heat change observed at 115° C corre- 
sponds to the melting of the hydrocarbon chains, while 
the small heat change-observed near 214° C is perhaps 
related to the separation of ionic groups, or to the decom- 
position of the meterial. It can be seen that there is an 
additional transition at ~ 135° C and it is of interest to 
note that this is the temperature corresponding to a 
sintering point for this phospholipid. This transition 
probably corresponds to some lattice change and we are 
examining this with X-rays and nuclear magnetic reson- 
ance spectroscopy. ‘There is no apparent change in the 
infra-red spectra above and below this temperature. The 
differential thermal analysis curves for this phospholipid 
sometimes show an” additional transition near 100° C 
which we have shown corresponds to a polymorphic 
change. 

If the phospholipid is heated to a temperature just 
above 135° ©, cooled to room temperature and then 
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heated up again, the curve shown by the dashed line is 
obtained. The endothermic transition at 115° C is now 
not observed. This effect can be related to the unusual 
super-cooling which occurs with these molecules. The 
hydrocarbon chains remain in a liquid condition for a 
considerable length cf time unless the phospholipid is 
quenched to a low temperature. 

Using this technique of differential thermal analysis 
we have now examined a whole range of phospholipids, 
both synthetic and natural, including saturated and 
mixed-saturated/unsaturated phosphatidylethanolamines, 
phosphatidylcholines (including egg yolk lecithin) and 
sphingomyelins, as well as white and grey matter from 
brain. We shall discass the results in detail elsewhere. 
These results may help us to understand the reason why 
phospholipids in biolcgical tissues are associated with a 
particular distribution of fatty acid residues. 
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Uptake, during Absorption, of Free Fatty Acids 
by Phospholipids of the Intestinal Mucosa of Rats 


SEVERAL authors have suggested that the phospholipids 
may participate in the absorption of fats'-*. However, an 
examination of the 2P turnover in the phospholipids of 
the mucosa of dogs and rats led Zilversmit eż al.*> to 
conclude that these compounds are of little significance in 
this process. More recently, fromthe results of **P-turn- 
over in experiments with everted intestinal sacs of golden 
hamsters, Johnston and Bearden® have suggested that the 
phosphatidic acid might be an-intermediate in the trans- 
port of fatty acids during absorption: 
could not be confirmed by Gurr et al.’7, who studied the 
2P turnover of the intestinal phospholipids of living rats. 
It is clear that in all these experiments labelled **P was 
used and no attempt was made to investigate the uptake 
of free fatty acids by the mucosal phospholipids; we have 
found that the mucosal phospholipids rapidly take up the 
free fatty acid from tha lumen of the small intestine. 

The rats were treated and dosed as described earlier’, 
excepting that 5-0 uc. of 1-'C-stearic acid (22-7 mce./ 
m.mole) was mixed wita 0-5 g of each of the diets contain- 
ing 5 or 25 per cent groundnut oil. The animals were 
killed 1 h after the dose by bleeding under ether anaesthe- 
sia, after which the intestinal contents, mucosa and muscles 
were quickly separated’ and immediately transferred into 
conical flasks contaiming 10 vol. of chloroform : methanol 
(2:1). After 18 h the chloroform layer was separated 
and the aqueous layer, if any, was re-extracted with 
more chloroform. The mixed extracts were washed with 
0:2 vol. of water to remove the non-lipid materials and 
were then dried over enhydrous sodium sulphate. The 
samples were evaporated to dryness under vacuum ati 
temperatures kept belcw 35° C and the lipids were re- 
dissolved in a small amount of light petroleum ether. 
Separation ‘of the glycerides and phospholipids was 
effected by chromatography on silicic acid—‘Celite’ (2 : 1) 
columns. The glycerides along with the free fatty acids 
were first eluted with 200 ml. of ether, after which the 
phospholipids were removed’ by 200 ml. of Methanol. 
The ether eluate was further resolved into mono-, 1,2- 
and 1,3-di-, tri-glycerides and free fatty acids by thin-layer 
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IN THE SMALL INTESTINE OF RATS 


Table 1. — DISTRIBUTION OF THE FED 1-4C-STEARIG ACID BETWHEN THE GLYOERIDES PLUS FRER FATTY AOIDS AND PHOSPHOLIPID FRACTIONS 


5% Fat diet 


Glycerides plus free ~~ Phosphobpids “- 





| 25% Fat diet 


Glycerdes plus free % label in 


% label in Phospholipids 
fatty acids (c.p.m } {c.p.m phospholipids fatty acids (c.p.m ) c.p m. phospholipids 
Small intestine: 
Whole contents 8,280 1,820 7,726 2 2°77 
Whole mucosa 21,520 31,440 . 54,509 A 20 02 
Whole muscles 12,260 14, sity > i 22-88 








Tabie 2, RESOLUTION OF THE ETHER ELUATE OF EXTRACTS OF THE RESPEOTIYE TISSUES BY THIN-LAYER CHROMATOGRAPHY 


! 
| 






5% Fat diet 








lelycerides 






| 25% Fat diet 




















Components Mucosa %, Of total % Of total Mucosa % Of total Muscles % Of total 
} (0. p.m.) counts in tissue counts in tissue {ce p.m ) counts in tissue (c.p.m.) counts in tissue 
Monogly.cerides 1,305 2-5 280 2°43 
: 2-diglyceride 975 1:8 280 2-43 
8-diglycende 515 0-9 450 4:16 
Free fatty acids 1,680 3°2 780 6'76 
16,520 31-2 5,020 46:9 


Table 3. DISTRIBUTION OF THE LABELLED FATTY ACID BETWEEN THE GLYCERIDES PLUS FREE FATTY ACIDS AND PHOSPHOLIPIDS IN THE SUB-CELLULAR 
FRACTIONS OF THE MUCOSAL CELL 


5% Fat diet 


Glycerides 
plus free fatty % 


. * Phospholipids 
acids (¢.p.m.) | Incorporation 


(c.p m.) 


Nuclear and 
mitochondrial 

Microsomal 

a (a 


4,500 
8,040 
4,550 


7,510 
7,940 
1,810 


chromatography using silicic acid-calcium sulphate 


`” (85:15); as the adsorbent and a mixture of hexane: 


pee ee 


diethyl ether : ethyl acetate (30:6: 0-8) as the solvent. 
The glycerides were identified by exposing to iodine vapour 
against an authentic standard mixture supplied by Dr. 
F. H. Mattson. The corresponding spots were scraped 
out and ‘transferred to small chromatographic tubes, from 
which the lipids were eluted with 30 ml. of diethyl ether. 
The radioactivity was ‘counted as described previously®. 

Table|1 shows that the fed fatty acid was-rapidiy taken 
up by the intestine within ]-4-of the dose. With only 
5 per cent of fat i et there was a higher percentage 
of ¢ counts in the phospholipids of the mucosa and muscles 
tnan in the glycerides plus free fatty acids fraction, while 
with the higher fat contents in the diet the picture was 
reversed i in both mucosa and muscles. Resolution of the 
glycerides plus free fatty acids fraction of mucosa and 
muscles|/into mono-, dı- and tri-glycerides and free fatty 
acids by, thin-layer chromatography showed that the bulk 
of the radioactivity was present in the triglycerides, and 
there was only a small proportion in the free fatty acids 
in all cases. The label could be detected in both 1,2- 
and I ,3di- and in mono-glyceride fractions (Table 2). 

When the same experiments were repeated at 5 and 15 
min intervals, similar very rapid uptake of the fed free 
fatty acid by the mucosal phospholipids was noticed, while 
virtually no labelled free fatty acid could be found in the 
cell, ?! 

Table 3 shows that when the mucosal cell homogenates 
were fractionated into the nuclear plus mitochondrial, 
microsomal, and supernatant fractions®, and the fractions 
were extracted as described here, with both types of diets 
the bulk of the label was present in the particulate 
materials. However, an increase in the fat content of the 
diet from 5 to 25 per cent led to the appearance of relatively 
more counts in the supernatant fraction, as compared 
with the particulate materials. Resolution of the lipids 
of the cell fractions showed that while the counts of phos- 
pholipids were associated with the particulate materials, 
those of the glycerides were distributed between the 
particulate and supernatant fractions; 80 per cent of the 
radioactivity of the supernatant fraction was present in 

| Š 


% 
incorporation 





25% Fat diet 






Glycerides : 7 
Phospholipids 


plus free fatty %, % 

acids (c.p.m.)°| incorporation (c.p m. incorporation 
61: 38:4 
62 2 378 
96-0 40 


the triglycerides. It is most significant that of the total 
labelled free fatty acids present in the cell, only 15 
per cent could be detected in the supernatant fraction, 
while the rest was bound to the particulate materials. 

The work of Mattson and Beck! and of Savary and 
Desnuelle!! had shown that the product of hydrolysis of 
triglycerides by pancreatic lipase is mostly 2-mono- 
glyceride. It has also been shown that the 2-monoglycer- 
ide is absorbed unchanged and appears in the lymph as tri- 
glyceride with the fatty acid at position 2 undisturbed!®-**. 
More recent work by Hofmann and Borgstrom® has shown 
that 2-monoglyceride, along with free fatty acids and 
bile salts, exists in a micellar state in the lumen of the 
small intestine. These developments have led to a some- 
what significant picture regarding the absorption of 
triglyceride, in that, in the intestinal lumen, the triglyceride 
is hydrolysed to 2-monoglyceride, which is the actual _ 
species that enters the cell to be re- -esterified to the tri- 
glyceride. 

Attempts are now being made to investigate ‘the means 
by which the re-esterification of the 2-monoglyceride to 
triglyceride takes place inside the cell. Thus Clark and 
Hubsher!*, and Senior and Isselbacher?’!* have clearly 
demonstrated the direct acylation of 2-monoglyceride 
with fatty acyl CoA by the mucosal microsomal enzyme 
preparations; this seems to be a new mechanism for tri- 
glyceride synthesis, differing from the familiar phos- 
phatidic acid pathway’®. Various aspects of this new 
mechanism were discussed by one of us at a recent 
symposium’, where it was suggested that the phospho- 
lipids of the cell membrane might transport the fatty acids 
inside the mucosal cell. 

Our preliminary work has clearly shown that the free 
fatty acid of the intestinal lumen is rapidly taken up by 
the mucosal cells and that almost all of it is incorporated 
into the phospholipids and glycerides of the cells, while 
only traces of it can be found unesterified. It is equally 
important that the bulk of the unesterified labelled fatty 
acid was not present in the supernatant fraction of the 
cell homogenate, but was associated with the particulate 
materials. While the counts of the phospholipids were 
almost exclusively associated with the particulate 
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materials of the cell, those of the glycerides were dis- 
tributed between the particulate and supernatant frac- 
tions. It thus seems possible that yet another mechanism 
might operate where the free fatty acids of the intestinal 
lumen are taken up by the phospholipids of the cell 
membrane and are then made available for the re-esterifica- 
tion of the 2-monoglyceride on the endoplasmic reticulum ; 
it is envisaged that the triglyceride so formed is slowly 
released from the endoplasmic reticulum into the cyto- 
plasm of the cell for further transport. 

We thank Dr. F. H. Mattson of Procter and Gamble 
Co., Cincinnati, 39, Ohio, for a gift sample of mixed 
glycerides, and one of us (Dr. S. K. Murthy) thanks the 
University Grants Commission, New Delhi, for the award 
of a senior fellowship. 
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Compariscn of Methods for separating 
Blood Plasma Lipoproteins 


THE analysis of many samples of blood by both the 
ultracentrifugal! and by Cohn’s micro-method 10 (ref. 2) 
has led us to observe that the cholesterol in the 6-lipo- 
protein fraction (I + IT + III) exceeds that in the low- 
density fraction (d < 1-063 g/ml.) of the same plasma, by 
an average of 17 mg/100 ml. plasma (0-35 mg per cent). 
Moreover, the ‘high density’ cholesterol-level (HDL). 
was greater than that of the «-lipoproteins by a corre- 
sponding amount (Table 1). 

This result could. be ascribed to either of two causes, 
namely, the simple contamination of one fraction with 
another, or to the presence of the ‘high density 6-lipo- 
protein’ reported by Barclay et al.3, which was thought 
to 
tion but as an «-lipoprotein during ultracentrifugation. 
The investigation reported here was undertaken to decide 
which explanation is correct. 

The spectrum of lipoproteins in the different fractions 
was determined both by successive ultracentrifugation! in 
salt solutions of densities 1-063, 1:125 and 1-20 g/ml., 
and by chromatography on glass beads*. In both cases 
the cholesterol in the sub-fraction was éstimated® and 
used as a measure of the concentration of lipoprotein. 
Where possible, the lipoproteins were also characterized 
ultracentrifugally. For chromatography, it was necessary 
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behave like a §-lipoprotein on Cohn fractiona-- 
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to dissolve the plasma. cractions in pH 8'8, 0-62 M KACO, 
K,CO, buffer. This was done as follows. Fraction I + 
IT + IIL was dissolved in 0-9 per cent sodium chloride 
at 0° C and mixed with an equal volume of buffer before 
running on to the column. Equal parts of buffer were also 
added to the plasma and Sp 0-400 fractions, but HDL 
was diluted five-fold. Fraction IV + V + VI was dialysed 
against the buffer for 18 h at 4° C. 

‘When the Cohn fractions were sub-fractionated in the 
ultracentrifuge at d = 1-063 g/ml., it was evident from 
the patterns that the Sp 0-12 substances isolated from 
fraction I + O + IT invariably migrated more slowly 
than ‘those centrifuged directly from plasma. Moreover, 
they displayed the broadening of the pattern characteristic 
of denaturation®. - This point was apparently overlooked 
by Barclay et al. although they did observe that the level 
of Sp 0-10 substances in fraction I + IL + TIT was about 
12 per cent less than that in the original plasma’. In 
our experiments, however, the level of low-density sub- 
stances in fraction I + II + II clearly depends on the 
manipulative history of the fraction. Thus, if it was 
dissolved directly in a volume of sodium chloride solution, 
of density 1:063 g/ml., equal to that of the original plasma, 
the level of Sp 0-20 substances recovered on centrifugation 
was only 51 per cent of that found in the plasma. By 
contrast, if the fraction was first dissolved in 0-9 per cent 
sodium chloride or in 0:02 M sodium citrate, at 0° C, 
carefully neutralized with sodium bicarbonate and then 
adjusted so that d = 1-063 g/ml. by the addition of dense 
sodium chloride solution, the mean recovery of low-density 
lipoprotein rose to 96 per cent of the ‘plasma’ values, 
namely: Sp 0-12 = 105 per cent; Sp 12-20 = 69 per 
cent; Sy 20-100 = 87 pər cent; Sp 100-400 = 84 per cent. 
In both these experiments, lipoproteins of d > 1-063 were 


` found in the solution in amount approximately equal to 


the deficiency of 8-lipcproteins. However, little of this 
material was of densisy greater than 1:20 g/ml. By 
contrast, about 25 per cent of the B-lipoprotein cholesterol 
could be recovered from the fraction of d > 1:20 when 
I+ O + HI was firss dissolved in sodium bromide 
solution of d = 1-407 g/ml. and then diluted to d = 1-063 
g/ml. for ultracentrifugation. 

The solution of I + If + III in KHCO,—K,CO, buffer 
will also cause the formation of ‘«-lipoproteins’, as the 
experiment presented in Table 2 illustrates. Moreover, 
it can be seen that this treatment causes no re-distribution 
in either the original plasma or in the low-density fraction. 
Thus, neither the change of pH nor the increase in salt 
concentration will bring about denaturation of the native 
lipoprotein. 


Table 1. CONCENTRATION OF CHOLESTEROL IN PLASMA FRAOTIONS, 
EXPRESSED IN MG{100 ML. OF ORIGINAL PLASMA 
High- Low- a-Lipo- 8-Ilipo- Low- Hip 
density density protein protein density @ density 6 
Plasma fraction fraction (IV+V. (I+II d d 
HDL  Sp0—400 VNI) 4111) 10603) >1063) 
281 61 220 45 238 203 26 
209... 63 142 45 160 131 22 
262 83 194 48 216 183 22 
245 5b 182 46 200 74 20 
272 67 200 49 223 177 31 
868 83 283 67 $00 237 — 


Each line refers to the same plasma, The Cohn £8-fraction (col. 5) was 
dissolved in sodium chloride of d= 1-063 by the two-stage process described 
in the text before centrifuging at 80,0009 for 16 h, to give a high- and a low- 
density fraction. The cholestero+-level in these is given in cols. 6 and 7. The 
high salt concentration in the fraction of d > 1-063 made it necessary to extract 
the cholesterol by heating in ethenol : ether at 60° C for 40 min. 


Table 2. CHROMATOGRAPHY OR GLASS BEADS OF FRACTIONS FROM THE 
SAME PLASMA 


Total a-Lipoprotein B-Lipoprotein 
cholesterol cholesterol cholesterol 
Plasma 268 78 188 
HDL x 85 76 7 
Sp 0-400 185 0 183 
Cohn a (IV+V+VI) 72 3 68 2 
Cohn £ (1+ 1I+ ITT) 206 ‘ 47 - 45 


Each of the fractions mentioned in col. 1 was separated into a- and f-lipo- 
pran fractions by chromatography, the level of cholesterol in each of these 
emg given m cols. 3 and 4 as mg/100 ml. of originai plasma. 
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from the f-lipoproteins, with the formation of substances 

of higher density (compare Hayashi, Lindgren and $ 
Furthermore, it seems highly probable that p 

the ‘high-density ß-lipoproteins’, which were originally 

observed? during the sub-fractionation of I + II + IG, 

were also artefacts formed in this way. It also follows 

that the different results obtained by the ultracentrifugal 

and chemical techniques for separating lipoproteins must 

be ascribed to deficiencies in the methods and not to the 

presence of lipoproteins of bizarre properties. It may also 

be observed that the ‘high-density ßB-lipoprotein’ was 

suggested by-Lindgren and Nichols?’ to be evidence for 

different: lipoprotein spectra in fraction I + II + IM and 

in the low-density group. This postulate now appears 


Nichols), 


to be superfluous, at least in the case of normal plasma. 


These experiments suggest that, although the Cohn 
fractionation technique does not itself cause damage to 
the lipoproteins, it can potentiate unstable characteristics 
which become manifest during subsequent treatment. 
It is therefore not a good starting point for the preparation 


of intact lipoproteins, but may be a useful route to the 
preparations deficient in lipids which are required “for 
investigations of lipoprotein structure. 

We thank Sir Charles Dodds for encouragement, and 
- the British Heart Foundation for support. 
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Glycolyl-neuraminic Acid in Ox Brain 
Gangliosides 


In this communication we report the presence of 
glycolyl-neuraminic acid in sialic acids from ox brain 
ganghosides. Our method of analysis consisted of the 
following six steps: (i) gangliosides were extracted from 
ox brain grey matter and purified according to a method 
which we have previously described!; (ii) gangliosides so 
obtained were hydrolysed in 0-1 N sulphuric acid at 
80° © for 2 h, to split off sialic acid; (ii) sialic acid was 
purified on ‘Dowex’ 2x 8 column as acetate according to 
Svennerholm’?, and desalted on ‘Amberlite JR-120’; 
(iv) the solution was dried in vacuum and the residue 
was hydrolysed in 1 N sulphuric acid for 5 h at 100° © 
to obtain glycolic acid®; (v) glycolic acid was purified on 
‘Dowex’ 2x8 column as acetate and eluted with NaCl 
2M; (vi) the glycolic acid was identified by the Eegriwe 
reaction and by gas-chromatography. 

‘The following procedure was used ‘for the gas-chromato- 
graphic analysis: glycolic acid was extracted from the 
2 M NaCl solution by chloroform—methanol 7:3 (v/v). 
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From ‘this evidence we conclude that treatment of 
Cohn’s fraction I + II + HI with concentrated salt i 
golutions brings about the loss of some lipid components i 
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Fig. 1. Gas chromatogram of propylated glycolic acid. Solid line, pure 
glycolic acid (propylated); broken line, giyoouo acid from ganglioside 
stalic acid (propy ated) 


The solution was dried in vacuum and the glycolic acid 
contained in the residue was propylated by propanol 
saturated with HCl at 70° C for 10 minë. A standard of 
pure glycolic acid-(propylated in the same way) and the 
solution under analysis were then gas-chromatographed’. 
Good correspondence was obtained between the peaks of 
pure and extracted glycolic acid, as shown by the gas- 
chromatograms given in Fig. 1. The amount of glycolyl- 
neuraminic acid was calculated from the glycolic acid 
content (obtained by the Eegriwe reaction method) and 
found to represent 2-4 per cent of the total sialic acids 
contained in ox brain gangliosides. 

This work was supported by a grant from the Consiglio 
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Precipitation of Pertussis Immunogen with | 
Benzathene and Proflavine 


Two years ago I described a method for obtaining 
soluble preparations of pertussis mouse protective antigen 
(immunogen) by lysing the bacterial cells with sodium 
deoxycholate’. I now wish to report the partial purifica- 
tion of these extracts, using the organic bases benzathene 
and proflavine as precipitating agents. In a typical 
experiment with the former, deoxycholate lysate of 
pertussis derived from a cell concentration of 320 opacity 
units (OU) per ml. was treated dropwise at pH 7-4-7-5 
at room temperature with a 14 per cent (w/v) solution of 
benzathene (dibenzylethylene diamine acetate). The 
mixture was shaken continuously and its optical density 
monitored until maximum. density, indicative of maximum 
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Table 1. 


Samples 


1 
Benzathene-pertussis precipitate 5:0 
Supernatant of precipitate 50 -œ 
Reference Washington standard vaccine 25 


Tabie 2. 


Samples 


Washington standard 


Deoxycholate solubilized pertussis extract 
Washington standard 

Precipitate (proflavin—antigen complex) 
Soluble precipitate (nroflavine eluate) 
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ANTIGENICITY OF THE BENZATHENE-PERTUSSIS PRECIPITATE IN THE MOUSE PROTECTION TEST 


Dose ın OU equivalents per mouse ` 
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Ratio of No survived to No 
challenged Relative 95% 
— antigenic confidence 
3 potency h 

0/14 0-70 0-27-2°10 
0/13 <010 = 
2/17 1:0 — 


ANTIGENIOLTY OF THE PROFLAVINE-PER®YUSSIS PRECIPITATE AND ELUATE IN TEE MOUSE PROTECTION TEST 


Ratio of No. survived to No. challenged | Relative antigenic 
— ————— — poteney and 95% 
confidence limits 


Table 3, HISTAMINE-SENSITIZING FACTOR Test (HSFT) 









Samples 


Reference vaccine S-32 

Deoxycholate solubilized pertussis extract 
Precipitate (proflavine-antigen complex) 
Solubilized precipitate (proflavine—cluate) 





precipitation, was reached, after which 10 per cent excess 
of benzathene was added. There was an inverse relation- 
ship between the concentration of bacterial lysate and 
the amount of benzathene needed for maximum pre- 
cipitation. Thus 1-0 ml. of 40 OU/ml. of lysate required 
3°25 mg benzathene, 1-0 ml. of 160 OU/ml. needed only 
1-5 mg, 1-0 ml, of 320 OU/ml. needed 0:7 mg, and 1-0 mi. 
of 800 OU/ml. required 0-37 mg. After 2 h the precipitate 
was centrifuged off and resuspended in tris—chloride 
buffer. Table 1 shows the mouse protective activity?“ 
of the benzathene precipitate and of tho supernatant 
from the benzathene precipitation compared with a 
reference vaccine. It is clear that all detectable immuno- 
gen was in the insoluble fraction, which was found also 
to contain virtually all the histamine-sensitizing factor 
(HSF) and the pyrogen. Gravimetric estimations showed 
that the benzathene-pertussis precipitate represented 
7 per cent of the dry weight of the original live cells. 
Attempts to redissolve the benzathene—pertussis pre- 
cipitate in either acid or alkaline media gave only poor or 
inconsistent yields of soluble immunogenic material. 
Attention was therefore turned to another base, proflavine, 
to see if this difficulty could be overcome. Proflavine— 
pertussis precipitates were made from deoxycholate 
lysates as illustrated by the following: 10 ml. of 400 
OU/ml. deoxycholate lysate was well buffered by diluting 
with two paris of pH 7-5 0-05 M tris-chloride buffer. 


Theri 0-75-10 ml. of 1 per cent proflavine sulphate was 


added dropwise, with shaking, until precipitation was 
maximum (as judged by centrifugation and testing the 
supernatant with another drop of proflavine). The 
coloured precipitate was centrifuged off, homogenized 
for 1 min in a Waring blender in fris—chloride, pH 8-5, and 
dialysed with stirring, against two successive 6-8 I. 
batches of the same buffer, 16-18 h each. The initial 
precipitate redissolved_quite rapidly to yield a slightly 
hazy yellowish solution. This material, ‘proflavine 
eluate’, was found to have an immunogenic activity similar 
to that of NIH standard pertussis vaccine (Table 2), the 
two materials being compared on the basis of equal 
numbers of original cells. 

Table 3 shows that the proflavine eluate contained a 
lower HSF activity than might be expected from its high 
content of immunogen, indiéating that the two activities 
do not necessarily go strictly hand in hand. 


+ 












: | 
Ratio of No. survived to No. | 

challerged ponus Bb to 
antigenic confidence 

2 | 3 | “4 potency imits 

114 | s24 | isfie | I 

4ji5 3/14 14/18 2°3 1-11-4-71 
1/10 3/10 7/10 11 0-49-2°49 
3/10 7/10 8/10 0°56 0:25-1:23 


In the test in Table 3, the method described by N. W. 
Preston’ was used: male mice of 12-14 g were taken and 
3 mg histamine dihydrochloride was injected into each 
animal five days after vaccination. 

In terms of dry weight, the proflavine eluate represents 
about 13 per cent of the original cell mass. It contains 
13 per cent of the origmal cellular protein (Folin test), 33 
per cent of the original RNA (Dische-Schwartz) and 10 
per cent each of the original DNA (Dische) and hexose 
(Anthrone). 

Although the benzathene-pertussis precipitate and the 
profia4vine—pertussis ehiate are enriched in respect of 
immunogen, they are obviously far from pure and pro- 
bably, in themselves, possess no practical advantage over 
whole cell vaccine for the prophylaxis of whooping cough. 
Nevertheless, the easy precipitability of immunogen with 
organic bases may provide a useful stepping-stone in the 
sequence of purification steps which will be required for 
isolation of immunogen in a pure state. 

I thank Dr. A. Wardlaw for his advice, and Dr. S. Wilson 
and Mrs. L. Sasaki for part of the tests. i 
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Aldolase in Blue-green Algae 


Richter? and Fewson et al.? have both reported that 
fructose diphosphate (EDP) aldolase activity could not be 
demonstrated in blue-green algae, especially Anacystis 
nidulans. A peculiar steady-state growth condition 
induced by uric acid as sole nitrogen source and charac- 
terized as a severe nitrogen deficiency has been found in a 
marine species of blue-green algae: Agmenellum quadri- 
platicum, strain ‘PR-6’. In this condition 45 per cent, of 
the cell dry weight was a glucose polymer*.. Certain 
enzyme systems~in the uric acid grown cells of PR-b6 
were examined in an attempt to gain some idea of the 
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Fig. 1. — diphosphate split as measured by triose hydrazone 

formatio! . Anacystis extract; x x, 0430 mg protein/tube; 

O——0, 0:860 mg; @——-@, 1-2290 mg. Reaction mixture: 0°26 ml. 

005 M FDP; 0:25 ml. 0 22 M hydrazine, pH 8-3; 0 2 ml. cysteine (20 

umoles); enzyme extract and 0 1 M tres buffer, pH 8-1, to total volume 
25 mi. Reaction terminated by adding 2-0 mi, 10 per cent TCA 
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Fig. 2. | Alkali labile phosphate formed from fructose diphosphate. 
Anacystis extract; @——-@, 1-240 mg protein/tube, —— —* 
x , 2440. Assay: 02 ml. 0 025 M FDP, 0 02 ml. M NaGN, 0-06 
ml. cysteiné (7 wmoles), enzyme extract and 0'1 M tris buffer, pH 8-1, 
to total volume of 0°8 ml. One ml. 1 0 N NaOH added to stop reaction 
and incubated 15 min, NADH ——— within HCl and phosphate 
etermine 
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possible pathway for glucose formation. In the course of 
these experiments an active aldolase was found. This 
communication deals with the demonstration. and some 
characteristics of the aldolase found in crude extracts of 
Anacystis nidulans, with supporting data from ‘PR-6’ 
and one other blue-green alga. 

Anacystis nidulans was grown batch-wise in 200 ml. of 
Medi C (ref. 4) in large test-tubes at 39°, 400 ft.- 
candles.) The cell density at the time of collection varied 
from l to 3°5 mg cell dry weight/ml. Coccochloris elabens, 
strain 17a’, was grown in a similar manner on a slightly 
modified ASP-2 medium'.*, Agmenellum quadriplaticum, 
strain “PR-6’, was grown in a continuous-culture chamber 
at 39° on ASP-2 medium with nitrate replaced by 0-03 
per cent uric acid, filter-sterilized. 

To make cell-free extracts the cells were concentrated 
by centrifugation, pooled into 5 ml. of 0-1 M tris buffer, 
pH 8-1; with 11 g of ‘Virtis’ homogenizing beads, and 
broken,| using a Branson Sonifier, model LS-75, operated 
at maximum setting. The container used for sonication 
was a stainless steel cylinder 30 mm intern. diam. by 53 mm 
high cooled by a surrounding ice-bath. The cells were sonic- 
ated for three 45-sec intervals. The temperature in the 
sonication chamber at the start of sonication was 2°, it 
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rose to 20° during break-up and was rapidly brought back 
to 2° between each 45-sec sonication interval by manual 
mixing. The material recovered from the sonication 
chamber was centrifuged for 10 min at 7,000 r.p.m. The 
supernatant was used as the source of crude enzyme. 

Aldolase activity was measured by the Sibley and 
Lehninger hydrazone method as given by Beck’ with 
modification of 0:75 N NaOH in 30 per cent ethanol as 
colour-developing agent and by the labile phosphate 
method of Peanasky and Lardy! with phosphate determ- 
ined by the method of Taussky and Shorr’. All enzyme 
incubations were at 38°C. The enzyme was prepared and 
assayed in dim light. 

Sodium fructose-1,6-diphosphate and crystalline aldol- 
ase were purchased from Sigma Chemical Co. 
was determined by the method of Lowry’’. 

As originally assayed nothing was added to the cell- 
free supernatants from the blue-green algae other than the 
components of the reaction mixture, and aldolase activity 
was low, approximately 0-5 umole FDP split/mg protein/h. 
Stimulation of thé aldolase activity was attempted with 
various known activators. Cysteine-HCl and FeSO,- 
7H,O were found to be-strongly stimulatory, reminiscent 
of the clostridial aldolase reported by Bard and Gunsalus**. 
With the concentration of extracts used here in assaying 
activity the stimulation due to cysteine was about ten- 
fold, with FeSO,-7H,0 eight-fold; together they gave no 
additive effect. i Sie oe 

Preliminary measurements of the pH optimum for the 
Anacystis enzyme suggest a fairly narrow range of from 
8-0 to 8-5 for optimum activity with a 50 per cent decrease 
in rate at pH 6-8 and a 20 per cent decrease in rate at pH 
8-9, 

Fig. 1 shows the time course curves for three levels of 
the. crude enzyme from Anacystis. The reaction was 
proportional to extract concentration and roughly linear 
for 30 min. The rate of fructose diphosphate split was 
about 9-5 umoles FDP split/mg protein/h, which compares 
favourably with the activities found by Fewson? for other 
algae and for spinach. Loy 

The second assay by alkali labile phosphate of the 
fructose diphosphate aldolase activity in Anacystis is 
shown in Fig. 2. The activity was proportional to extract 
concentration and time and the activity was about 9-5 
umoles FDP split/mg protein/h. | 


Table 1. ALDOLASE ACTIVITIES IN ORGANISMS 17@ AND ‘PR-6’ 


Enzyme used Assay time umole FDP split/mg protein/h 
F (ml.) (min) Labile P assay Hydrazone assay 
Organism ‘17a’ f 
0-2 5 5'8 34 
` 0-4 5 51 5'2 
Organism “PR-6' ' a 
02 10 65 
05 10 7.95 


Table 1 presents the rate data found-for uric acid grown 
cells of ‘PR-6’ and for organism ‘17a’. Again the rates 
per mg protein of the crude extract are comparable with 
those of Fewson? and suggest an active aldolase in blue- 
green algae in general. The uric acid grown cells of “PR-6’ 
are best characterized as severely nitrogen-limited; 
chlorophyll is reduced to 10 per cent of normal, phyco- 
cyanin content is vanishingly small, and other nitrogenous 
components would be expected to be decreased propor- 
tionally. Therefore, the aldolase activity seen in ‘PR-6’ 
is considered to reflect a need for aldolase in blue-green 
algal metabolism. oa 

As a further check on the fact that the activity seen in 
Anacystis was due to aldolase and not some other 
enzyme(s) giving & triose phosphate from fructose diphos- 
phate, the. total alkali labile phosphate given by the crude 
enzyme and by crystalline aldolase when the reaction was 
allowed to go to completion was measured. The triose 
recovery with crystalline aldolase was 82 per cent and with 
Anacystis extract 74 per cent of the theoretical limit, 
based on two triose formed from the fructose diphosphate 
added by weight. The same experiment when performed 
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by the hydrazone method gave values of 68 per cent for the 
Anacystis extract and 65 per cent for the crystalline aldol- 
ase of the expected triose from fructose diphosphate 
added by weight. The above data indicate a ratio of two 
triose per one fructose diphosphate split and support the 
assumption that the enzyme activity seen is that of 
aldolase. 

All enzyme activity determinations were made with 
freshly made preparations. The aldolase activities from 
all three blue-green algae were very reproducible, with no 
instance of an inactive preparation. Stability of the 
crude enzyme from Anacystis was not examined except 
for an overnight storage of 4° C, when the loss of activity 
was less than 5 per cent. 

There is nothing in the observations made during this 
work to suggest why both Richter and Fewson failed to 
find aldolase activity with Anacystis, or with other blue- 
green algae. The data presented here support the thesis 
that aldolase is present in blue-green algae and in sufficient 
amount to allow tts participation in photosynthesis and 
also possibly in a glycolytic pathway of carbohydrate 
metabolism. Hawever, the facile demonstration in 
blue-green algae af certain of the enzymes of the hexose 
monophosphate pathway (refs. 1 and 2, and unpublished 
observations) suggests the operation of this pathway also 
and no decision as to the relative importance of the two 
pathways can be made at this time. 

This work was supported by National Science Founda- 
tion grant 19198. 
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Aldolase in Anacystis nidulans and 
Rhodopseudomonas spheroides 


Extracts of some Cyanophyceae!-*, and Rhodopseudo- 
monas spheroides** appear to lack significant amounts of 
fructose-1,6-diphosphate aldolase. These findings were 
unexpected, at least with respect to the blue-green 
organisms, for two groups of authors®:® found that the 
distribution of 1C in the products formed during photo- 
synthesis was similar to that obtained with Chlorella, an 
alga which contains aldolase. This manuscript is con- 
cerned with the partial characterization of aldolase in 
Anacystis nidulans and R. spheroides. A similar enzyme 
was also detected in extracts of Volypothri« tenuis and 
Anabaenopsis sp. 

A. nidulans was grown autotrophically in medium ‘O’ 
(Kratz and Myers’) and R. spheroides was cultured as 
described by Szymona and Doudoroff*. The cells were 
suspended at a concentration of 0-5 g wet weight per 10 ml. 
of 0-1 M iris, pH 7-5, and were disrupted in a Mickle 
apparatus at 4° for 10 min under an atmosphere of air or 
N.. Aldolase was assayed by the hydrazone procedure? 
in an environment simular to the one in which the cells 
were broken. 

The basic activity was markedly stimulated by N, 
cysteine or Fett when added as ferrous sulphate or as- 
ferrous ammonium sulphate (Table 1). Inhibition by 
ferric ammonium sulphate could be relieved by cysteine. 
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Table 1. ALDOLASE ASSAYS OF R. spherowdes AND A. nidulans 
„moles FDP split/mg protein h 


Organism Growth yateinc 
conditions Control Cysteine Fett and Fet+ 
, ir N, Air Na, Air N, Air X, 

R. spheroides Dark, 0:25% 
glucose 02 0 05 13 %O1 07 04 05 

Light, 025% 
ucose 10 08 30 88 38 47 50 99 
A, nidulans ithe 1% CO, 065 03 36170 34 11-4 655 130 


In a final volume of 2 5 rcl. the complete reaction mixture consisted of, 
100 umoles tris buffer, 140 «moles hydrazine sulphate, 20 wmoles cysteine, 
20 wmoles ferrous ammonium sulphate; extract cones 0-2 to 04 mg 
protein, and 5 wmoles fructose-1,6-diphosphate. nal pH was 7:65. 
After 20 min at 38° the reaction was stopped by addition of cold trichloro- 
acetic acid. Further details are given in ref. 8. 


BAL was able to replace cysteine while reduced gluta- 
thione was inactive. Frozen extracts prepared under air 
or N, and kept in the presence of cysteine lost roughly 
half their activity in 24 h. Rapid removal of cell debris 
after rupture of the cells was essential for obtaining high 
activity; this may account for the failure of others to 
detect the enzyme. p-Chloromercuribenzoate (10-* M), 
o-phenanthroline (10-* M), and a-a}-dipyridyl (10-4 M) 
were effective inhibitors. JTodoacetamide (10-* M) was 
ineffective. ; 

The maximal activicies obtained with A. nidulans and 
R. spheroides were mcre or less equal to those reported 
for higher plants? and for photosynthetic bacteria’. 
These findings indicate that aldolase of the Cyanophyceae 
and photosynthetic bacteria, in contrast to that of higher 
plants and green algae’, is a metallo-sulphydryl enzyme, 
or type IT according to the classification of Rutter’. 

This investigation was aided by grants from the National 
Science Foundation and the U.S. Air Force through the 
Air Force Office of Scientific Research of the Air Research 
and Development Command. 
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Lack of Uptake and Oxidation of Chylo- 
micron Triglyceride to Carbon Dioxide and 
Ketone Bodies by the Perfused Rat Liver 


Farry acids concerned with supplying the caloric 
requirements of the body are transported in the blood 
primarily as free fatty acids (FFA) or as triglyceride fatty 
acids (TGFA). The liver is thought to play a central 
part in the metabolism of both chemical forms. Investi- 
gations have shown that injected FFA labelled with car- 
bon-14 are taken up by the liver’, where they may be 
catabolized by $-oxidation to carbon dioxide or ketone 
bodies’, or be synthesized into TGFA, which give rise 
to the very-low-density (d < 1-006) lipoproteins of the 
plasma*. Chylomicron-TGFA labelled with carbon-14 
are also reported to be taken up by the liver‘ and to be 
oxidized to carbon dioxide or ketone bodies in certain 
experimental conditions’. However, previous experi- 
ments in vivo have demonstrated that the magnitude of 
ketogenesis in fat-fed rats is not related to the extent of 
the influx of chylomicrons’ but rather to the lewel of cir- 
culating FFA®. In perfused livers from fasted rats, Morris? 
found that 75 per cent of chylomicron-TGFA were removed 


196 


from the perfusate and more than 20 per cent oxidized to 
carbon dioxide and ketone bodies m 4 h. Similarly, 
Rodbell et al.” reported 25 per cent uptake and 2 per cent 
oxidation- of a triglyceride emulsion in 2 h. As these 
authors used heparin (a known activator of lipoprotein 
lipase) in.their standard preparations, the extent to which 
hydrolysis of the infused TGFA to FFA was responsible 
for these significant rates of uptake and oxidation remains 
unknown. 

We have compared the uptake and the catabolism of 
equivalent amounts of FFA and chylomicron-TGFA 
labelled with oleic acid-1-44C in isolated perfused livers 
from. fasting rats. Care was taken to exclude the use of 
heparin from both the liver donors and from the perfusate 
(Exps. 1-5). Livers from rats fasted 24 h were perfused 
with whole defibrinated rat blood by a modification of the 
technique of Miller et al.8. Labelled chylomicrons were 
prepared by cannulation of the thoracic duct of rats 
force-fed cream containing oleic acid-1-“C. The chylo- 
microns were collected overnight at room temperature 
and were washed by flotation through rat serum diluted 
with Krebs bicarbonate buffer. C-labelled FFA were 
prepared by complexing oleic acid-1-“C with bovine 
serum albumin at pH 8. The “C-labelled chylomicron 
TGFA or FFA were added to the perfusate as an infused 
priming dose (5 min) followed by a constant infusion over 
a total of 90 min. The extent of B-oxidation was determ- 
ined by measuring the radicactivity present in respiratory 
carbon dioxide and in total ketone bodies. The labelled 
lipid retained in the liver at the end of the experiments 
was determined from a lipid extract of whole liver. 

Table 1. UPTAKE AND OXIDATION OF “C-LABELLED FREE FATTY ACIDS 
AND CHYLOMICRON TRIGLYCHRIDE Farry ACIDS TO “COQ, AND “O-KETONE 


BODIES BY PERFUSED LIVERS FROM F'ASTED RATA 


¥, of total admin- 
— MO recov- 


% of total administered 
ered as lipid-“C 


Exp. 
No. Substrate infused 140 recovered as: 


140). Ketone in livers after 
MOO, bodies Total 0 min* 

1 “C-FFA 3-3 19:9 23°2 15°7 
2 MO-FRA 52 19-9 251 14-9 
3 C-Chylo-TGEA 0-2 0-0 02 A 0-9 
4 “C-Chylo-TGFA 

-+ unlabelled FRA 02 06 0:8 14 
5 **C-Chylo-TGFA 

+ unlabelled FFA 0-2 0-4 0-6 2-0 

6 uC Chylo- TOFA 

+uniabelled FFA 

+ ‘post-heparin’ 

plasma t 1-8 10-4 12°0 122 


* Corrected for blood contamination. t 3:4 units lipoprotein tipase, 


The results of six perfusion experiments are reported 
in Table 1. In two experiments (1 and 2), approximately 
150 mg of labelled FFA were infused during the 90-min 
period. In four experiments (3, 4, 5 and 6), approximately 
150 mg of labelled chylomicrons were infused. 50 mg of 
unlabelled FFA were infused simultaneously in Exps. 
4, 5 and 6.. In Exp. 6, 4:0 ml. of plasma obtained from a 
rat injected previously with heparin and containing 
3-4 units? of lipoprotein lipase were added to the per- 
fusate 5 min after commencing to infuse the substrate. 

The results show a substantial uptake and oxidation of 
infused #4C-FFA by the liver during the 90-min perfusion 
period. In marked contrast, there was a net uptake of 
only 2 per cent or less of an equivalent amount of infused 
4C.chylomicron-TGFA (Exps. 3, 4 and 5) and less than 
l per cent was oxidized to “CO, and +4C-ketone bodies. 
There was a net increase in the concentration of ketone 
bodies in the perfusate only in those experiments in which 
there was a simultaneous infusion of unlabelled FFA, no 
increase occurring in Exp. 3 in which only chylomicron- 
TGFA were infused. When ‘post-heparin’ plasma was 
added, as in Exp. 6, chylomicron-TGFA were readily 
taken up by the liver and oxidized to “CO, and 4C-ketone 
bodies. , To minimize, further the possibility that the 
chylomicrons were not in a physiological condition, 
we measured simultaneously the oxidation of the same 
chylomicron substrate injected intravenously into the 
intact fasting rat. In a 90-min period, nearly 30 per cent 
was recovered as respiratory “CO,. 
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Under the conditions of these experiments, it is clear 
that when fatty acids are presented to the liver in the form 
of chylomicrons, there is little net uptake, neither are they 
catabolized to any extent. In contrast, FFA added as 
such, or produced by the action of lipoprotein lipase, are 
taken up and oxidized rapidly. At present it 1s thought 
that chylomicron-TGFA have direct access to hepatic 
parenchymal cells and enter them as intact (unhydrolysed) 
triglyceride molecules!. Now we must consider the pos- 
sibility that FFA are the principal chemical form in which 
fatty acids traverse the cell membrane not only in peri- 
pheral tissues!* but in the liver as well. The fact that 
chylomicron-TGFA are rapidly oxidized in the intact 
organism is probably the result of their hydrolysis to FFA 
in peripheral capillary beds containing lipoprotein lipase, 
followed by utilization of the released FFA near the site 
of hydrolysis or after recirculation to other tissues includ- 
ing the liver", 

Thus, chylomicron-TGFA appear not to contribute 
directly to ketogenesis in the liver. They may, however, 
be indirectly ketogenic, the extent depending on the 
rate of release of the constituent fatty acids into the 
circulation. 
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Oscillographic Polarography as a Method for 
Continuous Measurements of Inactivation of 
Penicillins by Penicillinase 


THE penicillins are enzymatically inactivated by peni- 
cillinase, which splits the B-lactam configuration producing 
penicilloic acids!. This process has so far been followed 
indirectly by manometric®, alkalimetric’, polarimetric‘, 
iodometric® and lengthy microbiological methods®”’, 

This communication discusses a new ‘method which 
allows us to measure continuously and directly the 
cleavage of the $-lactam ring by oscillopolarography. 

Oscillographic polarography, originally devised by 
Heyrovsky*, has recently also been applied to biochemical 
and pharmaceutical problems?:?°, 

Heyrovsky also investigated the stability of penicillin 
against acid medium by oscillographie polarography. 
One of us (G. D.)" found that the alkaline hydrolysis of 
penicillin can be measured by oscillographic polarography. 
One of the depressions on the curves dH#/dt = f(E), the 
most negative, was found to diminish gradually in alkaline 
solutions in accordance with the known conditions of 
reaction kinetics. The velocity constant for the alkaline 
hydrolysis was counted by following the measurements of 
variation in depth of the depression. It was suggested 
that the depression was due to the $-lactam configuration 
of penicillin. 
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Fig. 1. a, Oseillograpnic curve dZ/dé=f(#) of 200 g of penicillin G (sodium salt) in 1 ml. 
phosphate buffer, pH-7-0; b, as in a, 30 sec after addition of penicillinase (“Neutrapen’, 

D., J if.). The negative depression due to the lactam is diminishing. 
The positive is due to penicilloic acid formed; e, as in b, 2 min after addition of peniolllinase. 


Riker Lab., Northndge, Calif.). 


The Inactivation is complete 


Now we have found that it is also possible to follow the 
catalytic enzymatic hydrolysis of penicillins in neutral 
media by penicillinase. In buffered solutions, for example, 
at pH 6-8 and also in unbuffered solutions of potassium 
or sodium. chlorids the unattacked penicillins show only 
one depression at Q-values of about 0-60-0-65 (at pH 7, 
for example, in phosphate buffer = 0-64). After addition 
of penicillinase, this depression began to diminish and a 
second, more positive, one formed (Q-value in pH 7 phos- 
phate buffer 0-22), belonging to penicilloic acids formed. 

The velocity of the variation allows direct and continu- 
ous measurement of enzymatic penicillin inactivation 
in vitro on the screen of the cathode ray tube. 

This new methad is a very specific one. An important 
advantage is the prompt and direct measurement of 
enzymatic inactivation. The method is particularly 
suitable for inactivation times ranging from 10 sec to 
some minutes. The convenient concentration of penicillin 
would be about 100-500 1.0. penicillin/ml. electrolyte. 

The method was also tested for semisynthetic 2,6- 
dimethoxyphenylpenicillin (‘Methicillin’), relatively re- 
sistant to penicillinase. i 

The new method will find practical application in the 
following problems: (1) Prompt standardization of peni- 
cillinase preparations. (2) Testing of new semisynthotic 
penicillins for penicillinase resistancy in vitro. (3) Determ- 
ination of penicillins by standardized penicillinase, which 
would be very prampt and highly selective. 
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PHYSIOLOGY 


Carbon Dioxide Production and Sodium 
Transport by the Toad Bladder 


In order to investigate further the relationship of 
cellular metabolism to active ion transport, we have 
correlated carbon dioxide production with sodium trans- 
port by the urinary bladder of the toad, Bufo marinus, in 
vitro. The toad bladder was mounted so as to separate 
the two halves of a glass chamber, and each side was 
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bathed with a phosphate Ringer’s solu- 
tion (Na 1153, K 1:88, Ca 1:78, Cl 
114:9, HPO, 4-0, and HPO, 0-1 m.equiv./ 
L, brought to pH 65 with iso-osmotic 
HCl). Carbon dioxide-free air was 
bubbled through the solutions at & rate 
of 40 ml/min. The effluent carbon dioxide 
was trapped in alkali and measured by a 
method described previously!. The half- 
time for efflux of carbon dioxide from the 
chamber was 4 min. Each period of collec- 
tion begen after equilibration for at least 20 
i min and lasted 1 h. Sodium transport was 
monitored by the short-circuit method’, 
using an automatic instrument designed and 
manufactured for this purpose by Mechrolab, 
Inc., Mountain View, California. 

The production of carbon dioxide was related to sodium 
transport by comparing the simultaneous changes in the 
production of carbon dioxide and short-circuit current 
({s.c.c.) which followed reducing and stimulating sodium 
transport in successive periods. The rate of sodium 
transport was reducel to nearly zero by changing the 
mucosal bathing mediam to sodium-free Ringer’s solution 
(choline replacing sodium). Transport was re-instituted 
by changing the mucosal medium back to sodium Ringer’s 
solution. The serosal bath contained sodium Ringer’s 
solution throughout. 

The results of five experiments, totalling 20 collection 
periods, are given in Table 1. The mean ratio of change 
of s.c.c. to change of carbon dioxide was found to be 
16-4 + 0-7 (S.H#.) pamp/ul. (STP). Assuming equivalence 
of s.c.c. and sodium transport’, an average of 13-6 + 0-6 
sodium ions was transported per molecule of carbon 
dioxide produced. 


Table 1. RATIO OF SODIUM TrANSPORT TO PRODUCTION OF CARBON DIOXIDE 


Exp. Period 8.c.c, (amp) CO, (ul.) A pamp/4 ul. 

a 1 -364 706 171 
2 0 493 158 
3 301 ` 68:3 18-2 
4 3 52°0 

b 1 554 51-4 20-0 
2 Li 24°2 179 
3 567 55°3 j 169 
4 11 22°4 

c 1 299 47°9 13:7 
2 15 273 13°8 
3 317 49-0 161 
4 20 34 8 

d 1 895 425 164 
2 28 201 192 
3 310 348 > 205 
4 3 19-8 

8 1 361 62-3 9-0 
2 0 22°38 161 
3 387 47°9 17:0 
4 0 251 

Mean 386 9 53:0 297 16-4407 (S.E.) 


Odd-numbered periods were carried out with the mucosal surface exposed 
fo sodium Ringer, even-numbered periods with the mucosal surface exposed 
to sodium-free Ringer. 


The mean production of carbon dioxide during the 
periods of sodium transport was approximately twice 
that which occurred when choline replaced sodium, 
indicating that half the carbon dioxide produced by the 
tissue was associated with measured sodium transport. 

The relationship of cellular metabolism to active sodium 
transport in anuran epithelial membranes is a subject of 
continuing interest‘. We are not aware of other investiga- 
tions in which the procuction of carbon dioxide has been 
measured quantitatively as a function of sodium transport. 
However, measuremenzs of consumption of oxygen as a 
function of sodium transport have been made in the frog 
skin by Zerahn®:* and Laaf and Renshaw”; these workers 
found that an average of approximately 18 equivalents of 
sodium are actively transported per mole of oxygen utilizéd.. 
In the toad bladder, based on mean values for gonsump- 
tion of oxygen measured in a Warburg apparatus, Leaf 
et al. calculated ratios of 16-5 (ref. 9) and 19 (ref. 10). 
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When these results for consumption of oxygen are 
compared with our figure for production of carbon dioxide, 
a respiratory quotient in the range of 1-2-1-4 is obtained 
for metabolism associated with sodium transport. 

Cohen! has reported a respiratory quotient greater than 
one for dog kidney. Since sodium reabsorption by the 
kidney has been closely related to consumption of oxygen 
in the dog!?? and manis, the results gained by Cohen 
suggest a respiratory quotient greater than 1 for metabolism 
associated with sodium transport. Cohen suggested that 
such a value, which is consistent with the conversion of 
carbohydrate to fat}4, was due to coupled anaerobic 
oxidation:reductions yielding carbon dioxide. Since 
previous investigations on the toad bladder have linked 
carbohydrate utilization to sodium transport‘, we consider 
it more likely that the respiratory quotient is in fact not 
significantly greater than 1. Simultaneous measurements 
of oxygen consumption and carbon dioxide production are 
now being made to resolve the question. 

This work was supported by a grant-in-aid from the 
American Heart Association and by U.S. Public Health 
Service grant AM-05678, and was carried out during 
the tenure of an established investigatorship of the 
American Heart Association (R. H. M.), and a traineeship 
under U.S. Public Health Service training grant 245021 
(C. A. C.). 
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Reciprocal Innervation through Interneurona 

| Inhibition 

Ir has recently been shown that L-3,4-dihydroxyphenyl- 
alanine (DOPA) depresses the short-latency reflex paths 
from the'flexor reflex afferents (FRA) and releases long- 
latency reflex paths from these same afferents, which give 
a prolonged intense activation of ipsilateral flexor and 
contralateral extensor motoneurones and a concurrent 
depolarization of Ia primary afferent fibres*?. In the 
normal acute spinal cat the long-latency paths are pre- 
sumably inhibited by the short-latency paths. 

Fig. 1 shows that after DOPA long-lasting activation of 
flexor (B) and extensor (A) motoneurones can be evoked 
by a short train of volleys in the high threshold muscle 
afferents of the ipsilateral posterior biceps-semitendinosus 
{iPBSt) nerve and the contralateral hamstring (coH) 
nerve respectively. The interaction of volleys from the 
two hindlimbs at different intervals in D-F reveals 
inhibition of extensor discharge during flexor activation 
from the ipsilateral side. However, when the ipsilateral 
volleys were weaker the flexor discharge was inhibited 
from the contralateral side, while the extensor discharge 
remained. 

Further experiments have been carried out to determine 
how reciprocal innervation under these conditions is 
achieved. Intracellular recording from motoneurones 
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shows that corresponding to the prolonged discharge there 
is a long-lasting excitatory postsynaptic potential (EPSP). 
Figs. 2 A-C are records from an extensor motoneurone 
after intravenous injection of DOPA. The EPSP in B 
is evoked from the contralateral FRA, A shows the effect 
from the ipsilateral FRA while on combined stimulation, 
C, ipsilateral volleys completely inhibit transmission of 
synaptic action from the contralateral side. Correspond- 
ingly, there was inhibition from the contralateral side of 
transmission to ipsilateral flexor motoneurones. There 
was often no corresponding postsynaptic inhibition in 
antagonist motoneurones of those receiving the long- 
lasting excitation. The declining inhibition in Fig. 2A 
is probably evoked via the short-latency FRA paths, 
but Renshaw inhibition may have contributed. 

Interneurones that may transmit the delayed long-last- 
ing EPSPs to motoneurones have been found in the dorso- 
lateral part of the ventral horn. In the interneurone of 
Figs. 2D--F, there 1s complete inhibition from the ipsi- 
lateral side of the discharge evoked from the contralateral 
FRA, while other interneurones were activated from the 
ipsilateral FRA and mbhibited from the contralateral 
side. 

The inhibitions described here occur when the condi- 
tioning-testing interval is so long that the primary afferent 
depolarization evoked by the conditioning FRA volleys 
in the contralateral FRA is over. Hence the inhibition 
must be exerted at an interneuronal level and the organiza- 
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Fig. 1. The discharges were recorded in an acute spinal cat (decerebrate 
and unanaesthetized) after intravenous administration of 100 mg/kg 
DOPA. In the upper traces recording is from the nerve to tenuissimus 
(flexor) and in the lower traces from the nerve to lateral gastrocnemius 
(extensor) Record C is without stimulation; note the resting discharge 
in y efferents in the tenussimus nerve. A and B show the effect of short 
train of volleys in the ipsilateral posterior biceps semitendinosus (iPBSt) 
and the contralateral hamstring nerve (coH) respectively. The discharges 
were evoked from high-threshold muscle afferents; group I volleys had 
no effect, In records D-~-# there 1s interaction of volleys from the two 
hindlimbs at different intervals 
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Fig. 2. 4-C are intracellular records from a gastrocnemius-soleus (G—S) 
motoneurone The cat was acute spinal and had been given DOPA, 
100 mg/kg The long-lasting EPSP in B is evoked by a short train of 
volleys in high-threshold afferents from the contralateral hamstring 
nerve (CoH) ‘The effect in A is evoked by a train of volleys in high- 
threshold afferents of the Ipsilateral posterior jomt nerve (7 joint). On 
combined stimulation in C there is inhibition of transmission from the 
contralateral nerve. D-— are from an interneurone located in the 
dorsolateral oar of the ventral horn and were obtained m another 
experiment also after 100 mg/kg DOPA ‘The cell 1s activated from the 
contralateral FRA (E) but not from the ipsilateral FRA (D). On com- 
bined stimulation m F the ipsilateral volleys completely inhibit trans- 
mission from the contralatcral FRA 
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Fig. 3. Diagram showing the organization of the neuronal paths givin 
long-lasting reciprocal activation of flexor (Flex ) and extensor (Ext 
motoneurones. In this diagram an interneurone may represent an mter- 
neuronal pool. Excitatory interneurones are indicated by open circles, 
inhibitory Interneurones by filled circles Termination of intubitory mter- 
neurones on cell bodies merely indicates inhibition and there is no com- 
mitment whether inhibition is postsynaptic on the cell bodies or pre- 
synaptic on the terminals of interneurones 


tion of the inhibitory interaction found is mdicated im 
Fig. 3. 

The neuronal organization of Fig. 3 seems eminently 
suited to subserve alternate rhythmic activation of 
extensors and flexors and may be the neuronal correlate 
of Graham Brown’s ‘half centres’*. However, true re- 
ciprocal innervation, for example with extensor relaxation 
during flexor contraction, requires that opposing reflexes 
should not operate at the same time. With most reflexes 
this is achieved through postsynaptic inhibition of anta- 
gonist motoneurones, but reciprocal innervation through 
the neuronal paths now disclosed does not seem to depend 
on postsynaptic inhibition of motoneurones. Hence 1b 1s 
of interest that ut the same time as reflex activation of 
motoneurones there is a primary afferent depolarization 
in la afferents so that during flexor contraction the Ia 
stretch reflex to extensors is not allowed to counteract 
the flexor movement. 
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Oxygen Requirements for Liver Cells 
in vitro 

OveR the past 50 years many workers have tried to 
maintain and multiply parenchymal liver cells in tissue 
culture without success. The following discussion indicates 
that inadequate oxygen supply may be the basis for 
this failure. The oxygen tension (pO.) of pooled venous 
blood is about 40 mm Hg while that of arterial blood is 
about 95 mm Hg. Therefore the pO, to which liver cells 
are exposed in vivo should be somewhere between these 


NATURE 


199 


values. Direct measurements of liver pO, in the dog 
gave a median value of 70 mm Hg’. Let us take 40 mm 
Hg as the lowest tension in which liver celJs can survive. 

Assume that we wish to grow a sq. cm of a mono- 
layer of liver cells on glass over which there is a stationary 
layer of fluid. Our problem 1s to determine the maximum 
thickness of the fluid phase which can maintain a pO. 
of 40 mm at the cell surface. The equation will be: 

Yo —Y 
b=k = 
where b is the distance in em from the gas/fluid interface 
to the fluid/cell mterface, k is the diffusion constant of 
Krough? for water at 37° ©, y, is the O, pressure in atmo- 
spheres at the gas/fluid interface, y is the O, pressure at the 
fluid/cell interface and a is the rate of oxygen consumption 
by the cells in ml./min. 

For water, k=3-4x 10-5, y,=0-21, y=0-05 (40 mm Hg 
for the limit of accepsable oxygen tension converted to 
atmospheres). Liver calls use a great deal of oxygen, the 
value for rabbits beirg about 83x10 ml. O./gm wet 
wt./min?. Since liver contains about 1-3 x 10° cells/g 
(ref. 4) the consumptior_/cell is 6-4 x 10-!°ml. O,/min. From 
the number of cells/g we can compute that a hver cell 
is about 20 u? and œe sq. cm will therefore contain 
2-5 x 10° cells using 1 6x 10-4 ml. O,/min, the value of a. 
Substituting these values in the equation, we find that 
to maintain a monolayer of rabbit liver cells in vitro in 
air there should be a fiuid overlay not greater than 0-34 
mm thick. If oxygen were used, this distance could be 
increased to about 1-7 mm. These values are very similar 
to those calculated by Hill in 1928 for the depth of oxygen 
diffusion into muscle’. The tissue culture systems in 
which liver is usually cultured expose the cells to greater 
depths than these; it is impossible to control pH without 
doing so. These values probably represent maximum 
depths; it is hkely that multiplication of liver cells will 
require an even greater pO,. 

Trowell® has made the most sophisticated attempts to 
supply adequate oxygan using liver cubes above, but 
wetted by, the medium. However, his tissues used only 
a fraction of the oxygen used in vivo. He stated that 20 
explants, each approximately a 2-mm cube, used about 
1-5 ml. of O, daily. This represents 7 x 10-* ml. O./g/min. 
The in vivo O, consumption by the liver of 60-g rats 1s 
about 1:7x 10-1 ml. O./g/min®. Hence these liver cells 
in vitro were obtaining only 4 per cent of then require- 
ment and degenerated rapidly. It is therefore clear that 
liver cells cannot obtain she energy needed for maintenance 
and division in tissue culture from aerobic respiration. 
Those cells which do grow well in tissue culture have high 
anaerobic glycolysis; for example, cancer cells, foetal cells 
and fibroblasts. In contrast, liver has extremely low 
anaerobic glycolysis? and cannot obtain adequate energy 
in this way. 

I thank Dr. Joseph Engelberg for assistance with the 
diffusion aspects of this work, which was aided by grants 
from the National Institutes of Health and the American 
Cancer Society. 
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Car di ovascular Effects of Hypothermia in 
| the Chicken 


Durie hypothermia the arterial blood pressure of the 
chicken has been reported to decrease pari passu with 
the diminution in body-temperature’. However, it is 
not known whether the decrease in blood pressure is the 
result ofja diminution of the cardiac output or of the total 
peripheral vascular resistance. The purpose of the experi- 
ments reported here was therefore to obtain data on the 
cardiac outputs and blood pressures of chickens during 
hypothermia. From such data the total peripheral 
resistances could be calculated. 

Experiments were performed on six adult White Leg- 
horn hens. Their mean body-weight was 1,806 g + 162 
(S.H.). |The birds were cooled by immersion up to the 
neck in a tank of stirred water at 18°-22° C. Before and 
during the immersion, measurements were made at 
approximately 10-min intervals of cardiac output, blood 
pressure, rectal temperature and respiratory rate. The 
techniques used in this investigation have been described 
elsewhere*. 

The effects of hypothermia were similar in the six birds. 
A record of the results obtained in one of the birds is given 
in Fig. I. When the birds were first immersed in the water 
bath, there was a transient increase in cardiac output, 
following which the cardiac output diminished continu- 
ously throughout the remainder of the period of hypo- 
thermia. The central blood volume?, like the cardiac 
output, | increased at first during hypothermia, and later 
decreased. The heart rate also decreased during hypo- 
thermia but the stroke volume increased. The blood 
pressure was maintained during the first 20 min of the 
period jof hypothermia but thereafter it decreased. 
Initially, while the cardiac output was increasing and the 
blood — was maintained, the calculated total 
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peripheral resistance decreased. Later, when the blood 
pressure and cardiac output were both decreasing, the 
peripheral resistance increased. Shivering, accompanied 
by an increase in respiratory rate, was observed at first 
during hypothermia. However, the increased heat pro- 
duction which presumably resulted from the shivering 
was not sufficient to prevent the rectal temperature from 
decreasing, and as the rectal temperature decreased further 
the respiratory rate diminished also. The results for five 
of the six birds from which complete data were obtained 
are given in Table 1. 


Table 1. MEAN (+S. a VALUES BEFORE AND AT THE END OF THE PERIOD 
F HyrormerRma (5 BIRDS) 


Before End of 
hypothermia hypothermia 

Time (min) wm 10 9+9 
Rectal temp (°C) 409+0 2 27:0 +0 9* 
Respiratory rate (respirations/min) 2142 10+2* 
Cardiac output (mi./min) 857 + 71 187 + 47 * 
Heart rate (beats/min) 329+18 101+9* 
Stroke volume (ml.)} 11403 1-8+0°4* 
Cardiac work (kg m/min) 0 588 + 0°122 0-316 + 0-058 * 
Mean blood ue om Hg) 11548 88+11* 
Pulse pressure (mm H g) 3244 302 
Total perpheral resistance (dynes y 

sec cm) 30,146 * 6,727 50,196 + 13,350 
Central blood volume (ml.) +6 31+6* 


* Significantly different (P < 0-05) from control values before hypothermia. 


It is quite clear from these results that the diminution 
of blood pressure in chickens during hypothermia is the 
result of a decrease in the cardiac output because the 
peripheral resistance increased. The decrease in the 
cardiac output was the consequence of a reduction in 
heart rate, since the stroke volume of the heart increased. 
The diminution in heart rate, following the initial increase, 
was related logarithmically to the decrease in rectal tem- 
perature as predicted by the Van’t Hoff-Arrhenius effect 
of temperature on reaction rates®. The diminution in 
heart rate, cardiac output and blood pressure appears 
therefore to result directly from the lowered temperature 
of the heart itself. However, a reduction in the blood 
volume might also have contributed to the decrease in 
cardiac output’. 

The increases in cardiac output, heart rate and respira- 


tory rate, which occurred when the chickens were first 


immersed in the water, were probably related to the 
shivering which was observed at this time and to the reflex 


effects of cooling the skin. Similar effects have been ~ 


recorded in the dog during hypothermia’ *®. It seems 
reasonable to assume that the increase in the total peri- 
pheral resistance during hypothermia was the result in 
part of an increased viscosity of the blood. The lowered 
temperature of the blood and the haemoconcentration 
which occurs in the chicken during hypothermia*:® could 
both have contributed to an increased viscosity of the 
blood’. 

From the results of this investigation it is apparent 
that the responses of birds to hypothermia are qualita- 
tively similar to those of mammals. 

This work was supported by the United States Public 
Health Service grant HH-04279. 
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Slow Muscle-contracting Substances 
formed in Egg Lecithin on Incubation 
with Human Plasma 


Ir has been previously reported that incubation of egg 
lecithin with human plasma produces on the guinea-pig 
ileum a slow contraction which is, in many respects, 
indistinguishable from the slow contraction produced by 
the original plasma’. The slow contracting substance, 
which is formed in the plasma on incubation with lecithin, 
can be extracted with alcohol, can be adsorbed on kaolin, 
and can be precipitated by calcium. It is interesting to 
note that the amount of egg lecithin which doubles the 
slow muscle-cantracting effect of dialysed plasma is about 
250 mg per cent of the plasma, a concentration which 
roughly corresponds to the concentration of the naturally 
occurring choline-containing phospholipids in human 
plasma. This observation suggested an attempt to 
separate the lipid-soluble slow muscle-contracting sub- 


-stances from human plasma and from the lecithin— 


plasma incubate which contains 0:25 per cent egg 
lecithin. 

A. modification of the isolation procedure of G acid? 
was applied to a 100-ml. portion of sterile plasma incubated. 
for 6 h at 37°C and a 100-ml. portion of lecithin—plasma, 
(0-25 per cent lecithin) which was incubated for the 
same time at 37° © under aseptic conditions. Both 
portions were separated from the same plasma pool. 
To each portion 150 ml. of 96 per cent ethanol was added, 
the mixture was thoroughly stirred and left at room tem- 
perature overnight. The protein precipitate was removed 
by centrifugation and the filtrate evaporated below 40° C 
under reduced pressure to give 1 ml. of a fatty emulsion. 
To the concentrate thus obtained, 10 vol. acetone was 
added. The mixture was shaken, stirred at room tempera- 
ture for 30 min and kept at 1°-2° C overnight. The 
insoluble material was removed and the clear, light 
yellow supernatant solution evaporated to dryness 
under reduced pressure and below 40° C. The wet 
residue was partly dehydrated by recovering it from 
solution in butanol, by distillation in vacuo. The dry 
solid was dissolved in about 0-2 ml. of absolute methanol 
containing 10 per cent anhydrous acetone, and applied 
to a column (Sevory and Moore) of alumina (5 em x 
0-5 cm) previousiy washed with absolute methanol con- 
taining 10 per cent acetone and developed with 20 ml. 
of the same solvent mixture. The active substance was 
eluted from the column by 50 per cent aqueous methanol, 
the first 5 ml. of the eluate being discarded. The following 
15 ml. of effluent were evaporated to dryness under 
reduced pressure. This was dissolved in a small volume 
of distilled water, acidified with hydrochloric acid, and 
extracted with ether. The ether extract was then con- 
centrated under reduced pressure. 

The active substance was separated from the ether 
extract on Whatman No. 1 paper, with the following 
solvent system: 96 per cent ethanol (80), ammonia 
solution (4; density, 0°88), and water (16), according to the 
technique of paper partition chromatography developed 
by Long et al”. The ether extract obtained from incu- 
bated plasma and the ether extract obtained from the 
lecithin-plasma incubate were spotted each along a line 
(5-10 cm) and dried in a cool air stream. Both lines were 
allowed to move on paper for 16 h, and the two areas 
of paper corresponding to Ry value 0-80 were cut and 
extracted for 1 h with 5 ml. of 0-3 N sodium hydroxide. 
About 5 ml. of 0-3 N hydrochloric acid were added drop- 
wise until the solution was opalescent but not turbid, 
and the total volume was made up to 10 ml. with distilled 
water. The pH. of the final solution was about 8-0 in 
both cases. In case of lecithin-plasma, 0-5 ml. of this 
solution gave a response of the isolated guinea-pig ileum, 
which was nearly equivalent to the response produced by 
1 ml. of the solution obtained from the plasma to which 
no lecithin was added. The latter response was equivalent 
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to the response obtained with 3 ml. of incubated plasma 
or 20 ug of purified & acid. 

This result suggests that the slow muscle-contracting 
lipid-soluble acids, which are formed in normal plasma 
and in the lecithin-plasma incubate, arise from lecithin 
or from another similar precursor, presumably by enzym- 
atic hydrolysis of esterified fatty acids. Vogel and Zieve‘ 
observed that the rate of release of fatty-acids in incubated 
plasma or serum is adequately accounted for by the 
conversion of lecithin to lysolecithin. This observation 
may explain the role of lecithin in the development of the 
slow muscle-contracting activity of human plasma. 


YOUSRY GABR 
Blood Products Unit, 
Medical Research Institute, ` 
Alexandria, Egypt. 
? Gabr, Y., Nature, 208, 765 (1964). 
* Gabr, Y., Brit. J. Pharm. Chem., 11, 98 (1956). 
‘Long, A. G., Quale, J. R., and Stedman, J., J. Chem. Soc., 2197 (1951) 
+ Vogel, W, C., and Zieve, L., Proc. Soc. Exp. Biol. and Med,,111, 538 (1962), 


Non-shivering Thermogenesis and Brown 
Adipose Tissu2 in the Human New-born 
Infant 


WHEN new-born rabbits are exposed to cold or infused 
with physiological amounts of noradrenaline, there is a 
substantial increase in O, consumption without shivering}. 
Recently, local heat production has been demonstrated 
in the large mass of brown adipose tissue found in the 
interscapular region in the newborn rabbit®. Removal of 
brown adipose tissue abolishes the increase in O, consump- 
tion on exposure to cold or infusion of noradrenaline’. 
Heat production is accompanied by a four-fold rise in 
plasma glycerol] and a barely significant rise in plasma- 
free fatty acids’. Since brown adipose tissue has no glycerol 
kinase this rise in plasma glycerol is an indication of 
lipolysis of triglycerides‘. The small rise in plasma-free 
fatty acids suggests that fatty acids are being oxidized 
locally in brown adipose tissue, with the production of 
heat. Brown adipose tissue is a very rich source of oxidative 
enzymes® and co-enzymes® and in the new-born rabbit 
has an in vitro O, consumption higher even than that of 
cardiac muscle‘. 


Table 1. THE Errects oF COOLING ON O, CONSUMPTION AND BLOOD 
CHEMISTRY IN HUMAN NEW-BORN INFANTS 
Results are given as mean + — E. (n=10) 
Environ- Plas Blood Blood 
mental tem- Cay eet ——— free fatty glucose lacta 
perature consum glyce acids (mgj/100 (mg/i00 
¢° C) (mi. rep ia} nm —— ) dn. pa /I.) ml.) rmil.} 
34-35 48+016 01740-0266 0384002 3144 2742 
25-26 8&2+029 0-26+0:030 0844003 3544 2943 °~ 
P <0 0601 < 0-001 N.S. N.S. N.S. 


The human new-born infant possesses deposits of brown 
adipose tissue’, and he can increase his QO, consumption 
without shivering or exposure to cold! or infusion of 
noradrenaline’. We have examined changes in plasma 
glycerol and free fatty-acids-during mild cooling in ten 
healthy new-born infents weighing 1-2-3-8 kg, with gesta- 
tions ranging from 32 to 40 weeks, at 6 to 30 h after 
birth. No differences in response were observed between 
mature and premature babies in the parameters measured. 
Oxygen consumption was measured in a closed-circuit 
apparatus. Blood samples were obtained from a catheter 
in the umbilical artery. Glycerol was determined by the. 
method of Vaughan", free fatty-acids by the method of 
Duncombe", glucose by the method of Huggett and 
Nixon” and lactate by the method of Barker and Summer- 
son, Table 1 shows the results obtained after 30 min 
at an environmental temperature of 34°-35° C (in the 
neutral range) and aiter 20 min at 26°-26° C. During 
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this time the rectal temperature dropped 0-1°-0-5° C 
and O, consumption almost doubled. In every instance 
there was.a rise in plasma glycerol on cooling, but because 
of the wide scatter in initial values there was some overlap 
between values at 34°-35° C and values at 25°—26° C. 
Examination by the method of paired comparisons showed 
that the increase was highly sigmficant. No significant 
changes were observed ın plasma-free fatty-acids, blood 
glucose or blood lactate. These results strongly suggest 
that heat production occurs in brown adipose tissue 
when the human new-born infant is exposed to cold. The 
demonstration that the nape of the neck in the human 
new-born infant is warmer than any other skin area during 
cold exposure is also consistent with heat production 
in underlying brown adipose tissue. 

The expenses of this investigation were met by funds 
generously provided by the Sir Willam Coxen Trust. 
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IMMUNOLOGY 


Streptococcal Red-cell-sensitizing Antigens 


IN previous communications the occurrence in strepto- 
coccal cultures of a total of 5 serologically distinct red 
cell sensitizing antigens has been reported’-°. A further 
two such antigens have now been identified. These are: 

(1) An antigen produced by but not exclusively associ- 
ated with streptococci of Lancefield Group D. (This 
antigen is being made the subject of a more extensive 
report.) , 

(2) An antigen produced by streptococci of Lancefield 
Group O and also by pneumococci. The distribution of 
this antigen has been particularly examined in extracts 
of whole ‘streptococcal cells prepared by autoclaving m 
saline for 20 min at 115° C. The antigen was produced 
by the NCTC Group O strain 8029, by 9 Group O strains 
isolated from upper respiratory tract sources and by 
eight strains of pneumococci. The latter included one 
strain of each of Types 2, 14 and 16 and five laboratory 
isolates of unidentified type. The antigen was not produced 
by representative strains of each of Lancefield Groups 
A-Q, with the exception of Group O, nor by nine serologic- 
ally unclassified viridans strains. 

The identification of strains as belonging to Group O 
was based in the first place on positive tube precipitin 
tests, using autoclaved saline extracts as antigen source, 
with a commercial (Burroughs Wellcome and Co.) Group 
O antiserum. This identification was confirmed by the 
demonstration of reactions of identity, using the Ouchter- 
lony plate technique, between trypsin-treated saline 
extracts of the strain under test with a similar extract 
of the definitive Group O stram NCTC 8029. Positive 
tube predipitin tests with Group O serum and reactions 
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of identity with NCTC 8029 were also given by the eight 
strains of pneumococci examimed. In view, however, of 
the antigenic heterogeneity previously shown in acid 
extracts of 8029 by the Ouchterlony technique‘ the identi- 
fication of a strain as belonging to Group O must, pending 
a more precise serological definition of this group, be 
regarded as provisional. 

The parallelism found between the results of the haemag- 
glutination and precipitin tests suggested that they might 
in fact be due to the same antigen. That this was not 
the case, however, was shown by the finding that absorp- 
tion of saline extract of NCTC 8029 with red blood ceils 
so as to remove the sensitizing antigen failed to effect a 
significant reduction in the titre of the precipitating anti- 
gen. It remains possible, however, that though they may 
occur in the bacterial cell as components of distinct 
molecular species the sensitizing and precipitating 
antigens nevertheless possess the same serological speci- 
ficity. 

The finding that Group O streptococci and pneumo- 
cocci share common red cell sensitizing and precipitating 
antigens is of interest in that it indicates a close relation- 
ship between these two groups of organisms, a relationship 
also indicated by the general resemblance between them 
in haemagglutination patternt and by the fact that their 
cell walls differ from those of most other streptococe: in 
lacking the characteristic streptococcal cell wall sugar 
rhamnose*, 

This work was supported by the Medical Research 
Council of Ireland. 
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Number of Immunologically Competent Cells 
and the Type of Immunological Reactions 


THE purpose of the work recorded here was to determine 
whether, in regard to a given antigen, there exists a qualita- 
tive difference between two populations of immunologi- 
cally competent cells, quantitatively identical, deriving 
from two types of donors, which have been subjected 
previously to antigenic stimulation, quantitatively ident- 
cal, by the same antigen, but at moments when their 
respective populations in immunologically competent 
cells were quantitatively different. 

The mice that were used were F, (DBA/2 x Cd7BL/6) 
hybrids, aged 3 months. For the antigenic stimulation, 
human albumin was used: 4 intradermal injections in 10 
days of 0-1 ml. of a solution containing 10 mg/ml. The 
test for immunization was the clearance of albumin labelled 
with radioactive iodine (30 ue. per mouse), 10 days after 
the last ummunizing injection. The radioactivity of 0-1 
ml. blood was examined daily, and expressed as a percent- 
age of the value measured 12 h after the injection of 
labelled albumin, the mean percentages for each group 
being plotted in a semilogarithmic curve’. 

The conditions of the irradiation were as follows: 
whole-body irradiation; 950 rads; 12 m.amp; 50 cm dis- 
tance; 0:5 aluminium; 0-5 copper. 

First experument. (1) One hundred mice were divided at 
random into 5 groups of 20: A, non-irradiated and immun- 
wed; B, non-irradiated and non-rmmunized; O, D and E, 


irradiated with a dose of 950 rads and given, immediately | 


after the irradiation: C, 10° medullary cells and 2-5 x 
107 lymph-node cells, D, 10° medullary cells and 10° 
lymph-node cells; W, 10° medullary cells from normal 


fi 
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Fig. 1. Clearances of labelled albumin (first experiment) 
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A B 
Fig, 2. Clearances of labelled albumin (second experiment) 


isogenic donors. The groups C, D and E were treated 
with the human albumin, starting on the day following 
the day of irradiation. 

(2) Fifty mice were divided at random into 5 groups of 
10 mice: A’, non-irradiated and immunized; B’, non- 
irradiated and non-immunized; O’, D’ and E’, irradiated 
with a dose of 950 rads and given, on the day of irradiation: 
10° medullary cells: and 2-5 x 107 isogenic lymph-node 
cells, deriving, for C‘, from donors of group 0; for D’, from 
donors of group Ds; for E’, from donors of group E. 
C’, D’ and E’ were treated with human albumin on the 
day following the day of irradiation. 

Second experiment. (1) One hundred and fifty mice 
were divided at random into 5 groups A, B, C, D and E 
and treated as the corresponding groups of the previous 
experiment. 

(2) Eighty mice were divided at random into 4 groups 
A’, B’, C’ and D’; A’, B’ and O’ were treated similarly 
to the corresponding-groups from the previous experiment. 
Group D’ were given 10° medullary cells and 2-5 x 10? 
lymph-node cells from a pool deriving in equal parts from 
donors of groups D and E. Groups OC’ and D’ were 
treated with human albumin on the day following the day 


of irradiation. Allagenic skin grafts from AKR donors ` 
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of the same sex were transplanted on to 10 
6 7 8 normal F, (DBA/2x C57BL/6) mice, 10 mice 
from group A’, 10 mice from group C’ and 10 
mice from group D’. 

The two experiments gave comparable results. 

First experiment. (1) The clearances of 
labelled human albumin in the 6 groups, 
A, B, C, D, and H,’are shown ın Fig. 1. Group 
C is immunized, groups D and E are not 
immunized. 

(2) The clearances of the 5 groups A’, B’, 
C’, D’ and it’ are shown in Fig. 1. Group C’ 
is immunized, groups D’ and E’ are not 
immunized. 

Second experiment. (1) The clearances of the 
labelled albumin are shown in Fig. 2. Group C 
is immunized, groups D and E are not 
immunized. 

(2) The charances of the 4 groups A’, B’, 
C and D’ are shown in Fig. 2. Group C’ is 
immunized, group D’ is not immunized. 

The mean tolerances for the allogenic 
skin grafts are for the control group: 11:1 
days + 0-9; for group A’: 109 days + 0-9; 
for group C: ILI days + 0'8; for group 
D’; 11:5 days + 1:7. There are no statistically 
significant diiferences between these tolerances. 

The following considerations can be based 
on. the findings obtained: 

(1) In irradiated adult mice the capacity to 
respond to an antigenic stimulus depends on 
the number of grafted lymphoid cells. The 
immunization is normal, or only slightly less 
than normal, for 2:5 x 10’, nil for 105, or 0, 
lymph-node cells. The implication of these 
findings is an agreement with the results 
obtained by Howard and Michie? and by 
Michie and Woodruff’. 

(2) The number of lymph-node cells (2-5 x 
107) which 13 sufficient to ensure a normal 
immunization if the cells originate from normal 

o donors or from previously irradiated donors, 

i restored with the aid: of 2-5 x 107 isogenic 

lymph-node cells and treated with human 

albumin, is not capable of bringing about an 

immunization against the human albumin if the 

cells derive from previously irradiated donors, 

restored with 10° lymph-node cells or smaller 

numbers of such cells, and treated with human 
albumin in idsntical doses. 

There is not general immunological -in- 
sufficiency involved, be2ause the same animals that are 
incapable of developing immunity against human albumin 
become immunized narmally against an allogenic skin 
graft. 

It appears, therefore, that the induction of an imbalance 
in the ratio of antigenic stimulus and number of immuno- 
logically competent cells by a sufficient decrease of the 
denominator provokes, at the cellular level, in an adult’s 
organism modifications that are permanent, transmissible 
by grafting and specific. 

This work was supported by Euratom. 
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HISTOCHEMISTRY 


Cytophotometric Determinations of Basic 
Proteins of Cell Nuclei with Basic Dyes 


Unti now only alkaline fast-green staining! has been 
used to any extent for the histochemical detection of 
basic nuclear proteins. For the determination of DNA, 
the Feulgen reaction as well as gallocyanin chromalum 
(GC) staining have proved successful’. The amino and 
guanido groups of proteins react stoichiometrically with 
metaphosphoric acid®*. After pretreating cells with 
metaphosphoric acid it is possible to bind a basic dyestuff 
like GC indirectly to basic groups of proteins. By com- 
paring biochemical and histochemical data, it can be 
shown that fast-green staining at pH 8-2 as well as the 
GC-metaphosphate technique give closely similar results 
for histones. 

Bull sperm, calf thymus lymphocytes, trout erythro- 
cytes and chicken erythrocytes were fixed in 96 per cent 
ethanol for 1 h. Fast-green staining was done according 
to Alfert and Geschwind!. For GC-metaphosphate stain- 
ing, slides were treated with 5 per cent TCA at 90° C for 
16 min, then incubated in 0-1 M metaphosphorie acid 
(Merck, Darmstadt) at 20° C for 1 h, followed by gallo- 
cyanin chromalum according to Sandritter et al.2. The 
Barr and Stroud integrating microdensitometer was used 
for the ¢ytophotometric measurements (570 my for the 
Feulgen. reaction, 600 mu for fast-green staining, 500 mu 
for gallocyanin chromalum staining). 

With the alkaline fast-green staining for determining 
basic proteins, a relationship is found between the 
measured values of bull sperms, calf thymus lymphocytes, 
trout erythrocytes and chicken erythrocytes as 1: 1-9: 
1:4: 0:75. There is a similar ratio with the metaphos- 
phate-gallocyanin chromalum technique (1: 1-9: 0-8: 
0'6). The trout erythrocytes showed the only deviation 
(decrease of fast-green staining). The cause of this 
deviation is not quite clear. 

After ;|deaminating the NH, groups of proteins with 
HNO, (5 per cent at 20 min, 20°) one may expect to 
obtain. a selective staining of the guanido groups of argin- 
ine. As shown in Table 1, both staining reactions (fast- 
green staining pH 8-2 and metaphosphate-gallocyanin 
chromalum staining) show identical results after deamina- 
tion, only the ratios differing slightly. The values corre- 
spond very well with the arginme values obtained by 
biochemical determinations“! (see Table 1, columns 2, 4). 
In the same way the DNA/arginine proportion (Feulgen/ 
arginine —see Table 1, columns 3, 5 and 6) is the same for 
both staining reactions and also corresponds with the 
biochemical data. 

These measurements demonstrate that with histo- 
chemical techniques in connexion with cytophotometry, 
it is possible to make semi-quantitative determinations of 
basic nuclear proteins. Two staining methods involving 
totally different techniques produce similar results and 
are in agreement with the biochemical data. 


Pretreatment and staining 
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The metaphosphoric acid technique, as outlined here, 
may also be used with other basic dyes (that is, toluidine 
blue) including fluorescent dyes (that is, acridine orange, 
rivanole). , 

This work was supported in part by a grant to one of 
us (W. S5.) from the Deutsche Forschungsgemeinschaft. 
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PATHOLOGY 


Modification of X-ray Survival Curves of 
Stem-cells by Different Doses of Erythropoietin 
A. PREVIOUS study of stem-cell response to erythropoietin 
in the polycythaemic mouse after 150 rads showed an 
initial depression to values between 5 and 15 per cent of 
unirradiated controls'. Gurney’, however, in an earlier 


publication, reported an erythropoietin response after a. - 


single dose of 150 rads of about 30-40 per cent of control. 
The experiments were similar except for the dose of 
erythropoietin used: in our experiments about 0:5 unit 
(M.R.C. Standard ‘A’)® and in Gurney’s 6 units Armour 
Company erythropoietin (~ 10 units M.R.C. Standard “A’), 
We therefore decided to investigate whether or not the 
dose of erythropoietin influences the apparent radiation 
effect in this system. 

In the present study two different doses—0-6 unit 
Armour Company erythropoietin (wil unit M.R.C. 
Standard ‘B’) or a 10-fold concentration (#10 units 
M.R.C. Standard ‘B’)—-were used. Polycythaemia was 
created by exposing (C,H x AKR)F, hybrid mice to 
half an atmosphere of air for 10 days (ref. 4), and then 
giving a singlo intraperitoneal injection of 0-8 ml. of 
washed red cells suspended in 0-2 ml. saline. On the 5th 
day after the transfusion mice were irradiated in groups of 
eight (four from each erythropoietin dose group) with dif- 
ferent whole-body doses of X-rays (300 kVp., ‘Resomax’, 
half value thickness of 1-9 mm Cu at a source to surface 
distance of 70 cm and a measured dose-rate of 60 rads/ 
min). Erythropoietin was injected intraperitoneally in 
0-5 ml. saline immediately after irradiation and animals 
were afterwards housed in colony cages. Fifty-two hours 
after erythropoietin, 1-5 ye. **ferric citrate (specific activity 


Table 1 * 


| 
Bull sperm AU Calf thymus AU Trout erythr. AU Chicken erythr, AU 
| Feulgen reaction (DNA) 18+11 (n=100) 3741-6 (n= 150) 28+ 1-4 (= 100) 16+ 0 79 (n=100) 
i TCA +deamination+metaphosphoric acid + 
| gallocyanin chromalum (arginine) 1141-6 (2 =150) 1021 (n= 200) 8 + 1-6 (n= 100) 5+0 72 (n=100) 
Ratios Arginine GG 17 87 A 4-7 B-4 
, Proportion a 1 26 2-9 2-3 
' TCA + deamination + fast green pH 8-2 (arginine) 7+0 8 (n=150) 5+1°1 (n= 200) 3+1:5 (n= 100) 2+1°5 (n= 100) 
Raton e 
Arginine FG 26 7-4 9-0 80 
aimee or 1 2:8 3-5 3-1 

6 H Ratlo (ref, 6) 
| Arginine 15 ~ fe 43 4-9 4-4 
| Proportion 1 | 2-9 3:3 2-9 
l 


* Data ja columns 1, 2 and 4 expressed as mean dye content per nucleus and standard deviation. 


| 


“we 


* 


à 
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Table 1. MEAN WHOLE BLOOD a oe (EXPRESSED AS PEROENTAGE OF INJECTED DOSE) = STANDARD ERROR, IN GROUPS OF 8 —~ 14 


ADIATED POLYCYTHAEMIO MICE GIVEN Toy 






0 
10 Units 
Experiment I 
Experiment IT 


1 Unit 


18 3+ 2-00 
20°7 + 0:98 


6°12 + 0°45 


Experiment I 
Experiment IT 


25 po./ug; Oak Ridge National Laboratory, Tennessee, 
U.S.A., supplied through the Radiochemical Centre, Amer- 
sham, Buckinghamshire) was injected intraperitoneally in 
0-5 ml. saline. Three days later individual blood samples 
were obtained under ether anaesthesia. Samples with 
haematocrit values lower than 52 were discarded: 0:2 ml. 
of each sample was plated out on to an aluminium planchet, 
and after air-drymg the radioactivity was measured with a 
scintillation counter. The mean whole blood radioactivity 
of groups of at least 8 mice was expressed as the percentage 
incorporation of the injected dose of **Fe according to 
the following formula: Percentage **Fe incorporation = 


c.p.m. of whole blood volume x 100 
c.p.m. injected 


of the polycythasmic mouse was shown in a preliminary 
study to be about 9 per cent of body-weight’. Standards 
were prepared by diluting the measured injected dose in 
10 ml. of blood. The radioactivity of 0-2 ml. samples of 
the standard was then determined. l 

Table 1 shows the results of two experiments giving the 
mean percentage incorporation of **Fe in irradiated and 
sham-irradiated anrmals. The 10-fold increase in dose of 
erythropoietin gave an approximately 2-fold increase in 
Fe incorporation in the sham-irradiated controls; how- 
ever, a greater increase was seen in the irradiated groups. 
Fig. 1 shows these results on a semi-logarithmic plot of the 
mean values for **fe incorporation of irradiated groups 
expressed as a percentage of the respective sham-irradiated 
control values against radiation dose. The lines were 
fitted by the methal of least squares. The lower dose of 
erythropoietin (1 unit M.R.C. Standard ‘B’) gave a D, 
value of 75 rads with an extrapolation number (n) of 1-5. 


The blood volume 


Percentage of control 


`Ţ 
N Dom 90 rads 
Do = 75 rads N 
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Fig. 1. Decreased stem-cell response in the irradiated polycythaemic 
mouse given two different doses of erythropoietin. Experiment 1: 
1 unit, G; 10 units, @. Experiment II: 1 unit, (]; 10 units, I 


+ 





O DIFFERENT DOSES OF ERYTHROPOIETIN 


-Ray dose (rad) | 
thropoietin Ray o 
— dose 


When the test dose was increased 10-fold the shoulder of 
the curve was lengthenad, giving an extrapolation number 
of 2-1; D, was 90 rads. 

These results suggest that the difference between 
Gurney’s results and cur own earlier results was indeed 
due to differences in dase of erythropoietin used. 

An explanation is neəded for the apparent difference of 
radiation effect when different doses of erythropoietin 
were given. In kinetic models of the erythron it has been 
suggested®? that thera are two maturation pathways 
available for the maturing red cells: (1) the normal 
pathway, which involves 4-5 cell divisions before the 
capacity for further cell division is lost; and (2) a short-cut 
pathway during which only 3—4 divisions may be needed 
before loss of capacity jor further division. 

It has also been suggested’ that the regulation of these 
two pathways may be related to cytoplasmic haemoglobin 
concentration. A high concentration of erythropoietin 
conceivably stimulating haemoglobin synthesis may push 
an increased proportion of cells to the shorter pathway’. 
(Higher concentration of haemoglobin being achieved 
more quickly would result in more mature cells after 
fewer cell divisions.) 

It is known that celb sterilized by moderate doses of 
radiation may undergo a limited number of divisions 
before they die’. In the polycythaemic mouse a certain 
dose of radiation is expected to sterilize a certain propor- 
tion of the stem cells. Erythropoietin given immediately 
after irradiation is presumed to induce differentiation in a 
certain proportion of the stem cells whether they are 
sterilized or not. The sterilized cells, however, are expected 
to die in one of the cell cycles during maturation, but it 
must be appreciated that any sterilized cell which can 
perform five cell divisions may still appear in the peri- 
pheral blood as a reticulocyte. Any process which increases 
the proportion of cells following the short-cut pathway, 
such as a high dose of erythropoietin, would enable a 
higher proportion of sterilized cells to ‘survive’ by demand- 
ing a reduced number of cell divisions before emergence 
into the peripheral blood as reticulocytes. In a **Fe- 
labelling experiment these reticulocytes would contribute 
to the radioactivity of the sample. 

It is noteworthy that in a system where more than five 
cell divisions are required for the measurement of stem cell 
survival, such as that o7 Hodgson’, in which a relatively 
small graft of bone-marrow cells is given to supralethally 
irradiated animals, a D, slope of 71 r. was reported. This 
value is lower than that cbserved here after the higher dose 
of erythropoietin but similar to the figure of 75 rads 
obtained after the lower dose. Although D, and extra- 
polation number cannot be derived with any great degree 
of accuracy in the polycythaemic mouse system (where 
depopulations can be measured over only one or two 
decades of the logarithmic scale), these findings suggest 
that the radiation sensitivity measured from such survival 
curves will be slightly underestimated. After high doses 
of erythropoietin (and even, to some extent, after relatively 
low erythropoietin doses) radiation-damaged cells may 
follow the short-cut pathway and be counted as survivors, 
whereas in a more rigorous test of reproductive integrity 
they would not. The differences reported here are real 
enough to constitute a potential error in estimating radio- 
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sensitivity if dosage of erythropoietin is not taken into 
consideration. 

We thank Mrs. Kathleen Hughes for assistance with the 
experimental work. i 
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Haemorrhage in Ehrlich Ascites Tumour 


Taz presence of blood in Ehrheh’s ascites tumour has 
been described!-*, but only Hartveit? reported quantita- 
tive data regarding the effect of the blood content on the 
survival of tumour-bearing mice. Because no information 
was found in the literature concerning the progressive 
development of haemorrhage in this tumour, an experi- 
ment was performed to determine the effect of tumour 
implantation in intra-abdominal organs on the blood 
content of the ascites. 

Twenty-one female Swiss Webster mice were injected 
intraperitoneally with 0-4 ml. of slightly haemorrhagic 
ascites obtained from a carrier mouse. The moculum 
contained 2-24 x 108 Ehrlich tumour cells, 0-74 x 108 
red blood cells and 0:75 x 10° white blood cells. Ran- 
domly selected groups of three animals were marked 
before inoculation and killed 3, 4, 5, 6, 7, 8 and 10 days 
after injection. The ascites were withdrawn, the volume 
was measured and the percentage of tumour cells and of 
white and red blood cells, and the concentration of tumour 
cells, were calculated. If the blood content is expressed 
as the fraction of red blood cells (RBC) divided by tumour 
cells plus white blood cells, ascites containing 0-16 RBC 
or less — straw coloured, that containing more 
than 0-16 and less than 0-32 RBC appeared pink or blood- 
streaked, and that with 0-81 RBC or more was red. At 
autopsy, tissue specimens were obtained from the site of 
injection, from the peritoneum and mesentery, and from 
tumour nodules over liver, pancreas and intestine. Table 
1 shows the results of the examination of the histological 
sections as related to the time of death and to the blood 
content; of the ascites. Three animals had less than 0-1 
c.c. of ascites or none at all, and they are not included 
in Table 1. The data indicate that the development of 
massive haemorrhage in the ascites is associated with 
invasion of viscera by the tumour. 

Hartveit® found the survival of mice to be prolonged and 
the amount of haemorrhage to be decreased after admini- 
stration of cortisone to tumour-bearing mice, and he con- 
chided that haemorrhage in the ascites is due to a Shwartz- 
man-like phenomenon expressing the immunological 
response of the host to the tumour. On the other hand, 
Goldie and co-workers’ have been able to demonstrate that 
the number of intraperitoneal nodules and the amount of 
ascitic fluid of sarcoma 180 ascites tumour were decreased 
after administration of cortisone. They postulated that 
this was due to decreased capillary permeability. A 
similar! effect of cortisone on mice bearing the Ehrlich 
ascites tumour may be assumed, although the inhibition of 
tamon cell growth by steroids is probably due to a more 
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Table 1, BLOOD CONTENT OF ERRLICH ASCITES TUMOUR AND TUMOUR 
NVASION 


RBC=red blood cells; WBC=white blood cells; TC=tumour cells, + = 
present; 0= absent 


Days Amountof Total No. Invasion of 
after ascites BBC RBC in aseites Peritoneum and 
moculation  (t.¢.) WBC+TC `° (x 10°) injection site Organs 
3 19 0-18 1-6 + 8 
3 08 010 10 + 0 
4 20 0°04 7-4, + 0 
4 1-0 0 04 <01 + 0 
4 03 0-14 8-4 + 0 
5 20 0 04 50 + 0 
6 30 005 15 + 0 
6 3-0 1°56 574 + + 
6 3:6 109 306 0 + -+ 
7 $4 0-05 153 + 0 
7 60 296 1,865 0 + + 
7 24 0 31 93- + + 
8 80 36-00 3,000 + + 
8 4-5 m¥5-00 471,500 + + 
8 25 0-82 820 0 + + 
10 70 1 06 520-0 + + 
10 60 5:00 32,000 + + 
10 4°5 097 438°0 + + 


complex mechanism in view of the direct cellular effect of 
the drugs described by Rivera and others*. The results 
of the last two mentioned experiments, and the present 
investigation, indicate that the decreased blood content 
after cortisone administration may be due, at least in part, 


to a decrease in number, rate of growth and invasive 


property of tumour nodules. This in turn may be due to 
a decreased amount of ascitic fluid because of reduced 
capillary permeability and a direct effect of the steroids 
on the tumour cells, A host immune reaction may form 
part of the mechanism of haemorrhage; its relative impor- 
tance, however, remains to be determined. 

This work was supported by the Michigan Cancer 
Foundation. i 
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5-Hydroxytryptamine Content of Cerebro- 
spinal Fluid in Leprosy 


Tse presence of 5-hydroxytryptamine (5-HT) in 
cerebrospinal fluid (CSF) in varied neurological disorders 
has been reported/-*. Proved cases of leprosy admitted 
to the local leper hospital provided the samples of CSF 
for the estimation of the CSF content of 5-HT in leprosy. 


- All cases had some peripheral neuropathy associated with 


the disease. The 5-HT estimation was done biologically 
using the oestrogen-primed rat uterus method‘. Control 
values of 5-HT were obtained in CSF collected from 48 
normal individuals. Results of 5-HT levels in normal and 
leprosy cases are given in Table 1. A significantly elevated 
level of 5-HT was found in all cases of leprosy. 


Table 1 
Type of No. Mean concentration Significance 
patient patients} of5-HET (x 10- yzg/ml.) of difference 
Control 48 10 38 +1-9 
Leprosy 17 111:2 + 18-03 P <0-001 


Eight pools of 100 ml. CSF each obtained from 30 
patients with leprosy were examined chromatographically 
for indoles by the method of Jenson’. In the chromato- 
grams, tryptophan, 5-HT and 5-hydroxyindole acetic 
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acid could be detected. The chromatographie spot of 5-HT 
was eluted and the amount of 5-HT per ml. of CSF was 
again estimated by biological assay. A level of 95-4 x 
10-1° g was found_in the eluate as compared to the mean 
value of 111-2 x 10-°g obtained by individual estima- 
tions. The significance of the elevated 5-HT level in CSF 
cannot be stated. 
Our thanks are due to Dr. R. N. Gupta for the clinical 

material, and Dr. 5. S. Parmar for help in chromatography. 
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RADIOBIOLOGY 


Radiation Prctection by an Auxin Analogue, 
6-2,4,5-Trichlorophenoxyethanol, in C57BL/6J 
Mice exposed to Cobalt-60 Gamma Radiation 


Ouer previous studies!* have demonstrated that certain 
analogues of plant growth regulators kill free cells of the 
Ehrlich ascites carcinoma, both in vitro and in vivo. 
The specificity of the chemical structure of the auxin 
analogues for this cytocidal action suggests the possibility 
that the neoplastic transformation of an initially normal 
mammalian cell consists of its reversion to the primitive 
type of growth-control that is characteristic of a plant 
tumour cell. Ifthis is indeed the case, ıt might be possible 
for auxin analogues to influence the rate and/or magni- 
tude of responses of animals to ionizing radiation. Accord- 
ingly, we designed_experiments to test the ability of such 
compounds to delay or prevent the death of mice subjected 
to normally lethal doses of y-radiation from a cobalt-60 
source. These experiments have shown that a 150-mg/kg 
dose of §-2,4,5-trichlorophenoxyethanol (2,4,5-TOH), 
an analogue of the selective herbicide 2,4,5-trichloro- 
phenoxyacetic acid (2,4,5-T), administered shortly before 
irradiation, affords a high degree of protection to 
C57BL/6J mice. 

The auxin analogue 2,4,5-TOH, prepared to our order 
by Cyclo Chemical Corporation, 1922 East 64th Street, 
Los Angeles 1, California, was tested for purity by thin- 
layer chromatography and by infra-red spectrophoto- 
metry. Injectable suspensions of this compound in dis- 
tilled water consisted of 2,4,5-TOH at 0-6 per cent w/v. 
gum arabic at 1 per cent w/v, 1,2-propanediol at 2-5 
per cent v/v and glycerol at 2-5 per cent v/v. The sus- 
pension was injected intraperitoneally as a single dose 
containing 2,4,5-TOH at 150 mg/kg of body-weight, 
gum arabic at 250-mg/kg, 1,2-propanediol at 625 mg/kg. 
glycerol at 625 mg/kg, cysteine at 75 mg/kg and glucose 
at 1,500 mg/kg. The vehicle (cysteine, glucose, propane- 
diol and glycerol), at the foregoing doses, has no radiation- 
protective action (Fig. 1), but was given as a possible 
adjuvant to 2,4,5-TOH. 

Male C57BL/6/ mice, 14 to 16 g in weight, were obtained 
from the Roscoe B. Jackson Memorial Laboratories, Bar 
Harbor, Maine. A ‘Lucite’ radiation chamber, 1 in. high 
and 8 in. in diameter, was used to restrain the mice within 
the geometrical limits of a homogeneous 9-in. circular 
field of y-ray flux emanating from 100 ©Co point sources, 
arrayed above and below the radiation cavity. Measure- 
ments of the integrated radiation dose were made in tripli- 
cate by Landsverk roentgen chambers (model ‘Z-128’) in 
conjunction with a Landsverk roentgen meter (model 
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‘L-64’), Equal numbers of drug-treated and control 
mice were placed in the chamber and irradiated simul- 
taneously at a y-dose rate of 100-130 roentgens per min. 
Mice which had been irradiated together were housed 
together during their survival period post-irradiation. 

Each experiment was repeated at least once or twice, 
with 20 mice per condition. Therefore, each of the curves 
in Figs. 1-3 represents data on the post-irradiation sur- 
vival of a group of 40-60 mice. 

Fig. 1 demonstrates that a single injection of 2,4,5-TOH. 
gives an impressive magnitude of protection against both 
early and delayed death of C57BL/6J mice subjected to 
an 860-roentgen dose of ®Co y-radiation. This dose 
probably represents at least an LDss3% for the untreated, 
non-injected controls. Some mice died 6 days p.i. (post- 
irradiation), and none of the mice in the control group 
lived beyond 15 days p.i. In contrast, the 2,4,5-TOH- 
treated animals all lived for at least 15 days p.i., and 75 
per cent of them were apparently given absolute protec- 
tion by the treatment. These mice were still alive 180 
days p.i. 

All the mice used to obtain the data in Fig. 1 were given 
chlorinated drinking water ad lbitum to suppress the 
transfer of Pseudomonas aeruginosa. Since death within 
4-9 days p.i. is characteristic of irradiated mice that 
harbour such potentia ly pathogenic intestinal bacteria*-‘, 
we selected mice from the same colony at random and 
checked for Ps. aeruginosa according to the method of 
Flynn’, which is basec. on the ability of these bacteria to 
produce the blue-green pigment pyocyanin. Samples of 
the drinking water from the mice cages and samples of 
heart blood from irradiated mice were used to inoculate a 
glycerol-broth medium. This medium was subsequently 
incubated for at least 72 h at 37° C. The samples were 
considered to contain Ps. aeruginosa if the medium turned. 
blue-green during the incubation period or if pyocyanin 
pigment could be subs=quently extracted from the medium 
with chloroform. In addition, samples of heart blood 
were streaked on to e blood-agar medium and checked 
for the development cf bacterial colonies. Identification 
of Ps. aeruginosa was considered positive if those bacterial 
colonies that haemolysed blood consisted of Gram-negative 
rods and produced pyozyanin when cultured in a glycerol- 
broth medium for 72h at 37°C. In this way, it was found 
that approximately a taird of the mouse colony harboured 
this Pseudomonas. 

By monitoring the drinking water, as described, it was 
possible to select groups of Pseudomonas-free and Pseudo- 
monas-infected (latent! mice for our radiation studies. 
The resultant data are given in Figs. 2 and 3. Pseudo- 
monas-free controls subjected to 800 r. consistently lived 
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Fig. 1. Effect of ip. injeation of §-2,4,5-irichlorophenoxyacetic acid 

(2,4,56-TOH) in reducing mortality of C67BL/6J mice exposed to an 860-r. 

dose of cobalt-60 y-radiation. O——O, non-injected controls, š 

vehicle controls injected with cysteine (75 mg/kg) and glucūse (1,500 

mg/kg); A- A, controls Injected with physiological saline solution; 

O drug-treated animals injected with 2,4,5-TOH at 150 mg/kg, 
cysteine at 75 me‘kg, and glucose at 1,500 mg/kg 
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Fig. 2. Effect of Lp. injection of Sg 4 a enloropheno z kira acid 
(2,4,5-TOH) in reducing mortalit seudomonas-free C57 BL/6J mice 
exposed to an 800-r. ee e cobalt-60 y-radiation 
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Fig. 3. Effect of i.p. injection of B-2,4,5-trichlorophenoxyacetic acid 


(2, a 5-TOH) in reducing mortahty of (5 BT BL] 6J mice harbouring Ps. 
aerugunosa, exposed to 800-r. dose of re y-radiation 


longer than Pseudomonas-infected controls, Pseudomonas 
in the irradiated controls changes the survival time 
(ST50) from 29 to 6 days p.i., and also has the effect of 
converting the 800 r. dose response from an LDg 42. to an 
LDoj14 Treatment with 2,4,5-TOH delays the onset of 
early death p.i in the Pseudomonas-infected group and 
converts the 800 r. dose response from an DDy,, to an LDegp. 

The appearance- of impressive radiation-protective 
benefits from 2,4,5-TOH in Pseudomonas-free mice (Fig. 3) 
indicates that the action of this auxin analogue is not 
exclusively tied to the Pseudomonas-host relationship. In 
Pseudomonas-free mice, 2,4,5-TOH converts the 800 r. 
dose response from an DD,, to an LD., Thus an absolute 
protection against radiation death is exhibited both in 
the presence and in the absence of Ps. aeruginosa. 

The two main families of compounds the radiation- 
protective effects of which approach the magnitudes 
reported in this communication are: (1) thiol compounds 
related to cysteine and cysteamine, and (2) amino com- 
pounds related to histamine, serotonin, and other pharma- 
ecologically very active amines’. The compound 2,4,5- 
TOH, which has neither a thiol nor an amino group, is, 
nevertheless, a potent radiation-protective agent. 

At present we are left ~with the following perplexing 
set of clues to the possible mechanism of the radiation- 
protective action of 2,4,5-TOH: (a) the compound is an 
analogue of the selective auxin-type herbicide 2,4,5- 
trichlorophenoxyacetic acid (2,4,5-T); (b) the auxin 
analogue 2,4,5-TOH is lethal at 50 ug/ml. to free cells 
of the Ehrlich ascites carcinoma in vitro, whereas the 
herbicide 2,4,5-T has no such cytocidal activity; thus, a 
compound which is apparently able to protect cells of a 
normal mouse from both acute and chronic effects of 
ionizing ‘radiation is lethal to certain neoplastic cells; 
(c) at the 150-mg/kg dose that is used for radiation pro- 
tection, 2,4,5-TOH acts as both an hypnotic and general 
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anaesthetic agent in the mouse for a period of about an 
hour following intraperitoneal injection. This dose reduces 
the normal oxygen consumption by the animal to a value 
somewhat less than that during sleep. However, a dose of 
sodium pentobarbital that reduces oxygen consumption 
by a similar amount afforded no measurable radiation 
protection, according to preliminary tests. The last 
observation, however, does not rule out the possibility 
that a localized reduction of available oxygen in certain 
tissues is responsible for at least part of the radiation- 
protective action of 2,4,5-TOH. ‘This possibility is being 
explored. 
We thank Dr. BR. A. Willis for the diagnosis of Pe. 
aeruginosa and for the medical management of the animal 
colony. 
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A Fast Neutron Source for Radiotherapy 


Iw recent discussions!-* the use of 15-MeYV neutrons 
resulting from the D-T reaction has been suggested for 
the radiotherapy of tumours. As pointed out by Fowler’ 
in this respect, two opposing factors play a part in estimates 
of the possible value of neutrons of various energies, 
namely, their penetration into tissue and their oxygen 
enhancement ratio (OER). 

The depth dose characteristics of 15-MeV neutrons are 
favourable, even in comparison with 8-MV X-rays. 
Furthermore, although it has been suggested that collima- 
tion of these neutrons might be difficult?, recent measure- 
ments by Greene’ and ourselves on broad beam attenuation 
of 15-MeV neutrons have shown that adequate collimation 
is feasible. 

With regard to the ‘biological’ advantage of 15-MeV 
neutrons, which may be described by the gain factor 
defined by Alper® as the ratio of the OER values obtained 
for X-rays and a different type of radiation, to our know- 
ledge experimental data for the survival of mammalian 
cells have not been reported. 

Using an established line of heteroploid cells derived 
from human kidney we have now measured oxygen 
enhancement ratios for various radiations, including g- 
particles and deuterons of different energies®, 250-kVp. 
X-rays and neutrons of different energies. The cell 
culture technique and the irradiation conditions have been 
published previously?!. The experimental results concern- 
ing the oxygen effect for various types of radiation with 
different linear energy transfers (LET) will be published 


. in detail elsewhere, but the data obtained with 15-MeV 


neutrons are relevant to a discussion of the possibilities 
of fast neutron therapy. 

The OER of 15-MeV neutrons was measured for our 
system as equal to 1-6 + 0:2, while in the same experimental 
conditions the OER of 250-kVp. X-rays was 2-5 +02. 
This latter value agrees within experimental errors with 
the factor of 2-6 determined earlier under slightly different 
conditions’. For neutrons in this energy range such a 
relatively low OER was not expected*. In general we 
have found that the OER’s for neutrons are much lower 
than the OER’s for directly ionizing particles of compar- 
able LET. From the experimental data the gain factor can 
be calculated as 1-5 for 15-MeV neutrons. This value shows 
that these neutrons have a significant advantage over X- 













with regard to killing of anoxic cells in a tumour, 
lly if these tumours are deep-seated. 

e application of these 15-MeV neutrons to radio- 
rapy is still hampered, however, by insufficient investi- 
gation of two important factors. So far as the biological 
effects are concerned, the effects of fractionation schemes 
employed in clinical applications should be measured for 
both normal and tamour tissue, and compared with frac- 
tionation effects observed with X-rays or fast electrons. 
“Concerning the physical and technical problems, 
adequate output and increase of target half-life, although 
under active investigation, have not been obtained so far. 
‘From dose measurements with tissue equivalent ionization 
chambers it may be estimated that a dose rate of 20 rads/ 
‘min at 50 cm distance may be obtained for a total emis- 




























sion of 10% neutrons/sec. The 3-MV positive accelerators 


‘commercially available at present have a maximum 
neutron yield of abeut 2x 10" neutrons/sec. According to 
‘Lomer and Greene’ an output of 10 neutrons/sec should 
be practicable for their sealed-off neutron tube. This 
output implies for their 150-kV generator a deuteron 
‘beam current between 10 and 20 mamp and an energy 
dissipation of 3,000 W in the titanium target loaded with 
tritium. With our 400-kV positive accelerator a deuteron 
beam current of 150 pamp can be attained, resulting in a 
target half-life of maximum 20 h. Apart from the diffi- 
eulty of constructing a neutron generator able to produce 
“a beam current as high as 20 mamp, it appears that such 
a large energy dissipation of 3,000 W will require quite 
different. targets if a half-life in excess of 30 min is to be 
obtained. 
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BIOLOGY 





-pigment of Polycelis 
i ogumental pigments of some invertebrates? 
ved not to be closely related to the very insoluble 

















unental pigment of other groups. 
ypical form of Polycelis nigra it is distinctly 
k, both in situ and in solution, in contrast to 
n-black of typical melanins, and of some of the 
hromes when in situ?. Unlike the melanins it is 
le in dilute Irydrochloric acid (4 per cent), and it 
les the ommochromes in being particularly soluble 
janol-hydroehloric acid. Considering the thinness 
ody and absence of protective exoskeleton, the 
dissolves out rather slowly and probably is in 
form in vivo. This might explain the beneficial 
thanol on the extraction. It is completely 





extracted in a few days, leaving the carcass white, except 
for the eye-spots, which no doubt have a different pigment. 

Reducing agents, sich as sulphite, dithionite and 
borohydride, have little effect on the colour of the pigment 
in solution, whereas exidizing agents such as hydrogen 
peroxide cause a series of irreversible changes through 
purple, red and yellow to almost colourless. There is 
probably a slow oxidation of extracted pigment even in 
the air, and some of the colour-variants of the animal’* | 


may be due to the pigment in intermediary stages of 
oxidation. The pigmert is yellow in alkaline solution—a 


rather brighter yellow when oxidized than when reduced. 

The absorption spectrum, in the visible range, of a 
solution of the pigmesat in methanol—hydrochloric acid 
(10:1 v/v) is shown im Fig. 1A. Apart from the peak 
in absorption at 410 my, the outstanding feature is the 
very uniform absorpticn throughout much of the range. 
This may be significant not only for camouflage, since 
melanic pigments usually show a monotonous decline in 
absorption with increase in wave-length, in this range, 
The bluish tinge is explained by the trough about 460 my 
and the sustained absorption towards the red end of the 
spectrum. 
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The peak around 410 my recalls the Soret band of: 
porphyrins, and in fect uroporphyrin, with traces of 
others, has already been recognized in Dugesia and other. 
genera’. Uroporphyria has solubility properties rather. 
different from those of other porphyrins and very similar. 
to those of the Polyce/zs pigment. Solutions of the latter- 
in hydrochloric acid er in methanol-hydrochloric acid. 
were found to show the brilliant erimson to vermilion 
fluorescence, in ultra-violet light, which characterizes. 
free porphyrins, and @ leading question is whether the. 
pigment itself is a porphyrin. Like the pigment, uropor- 
phyrin is released from a bound form by denaturing. 
agents® such as methanol, and both are destroyed by- 
exposure to light. MacRae’ found a light brown pigment 
associated with her perphyrin preparations, but this is, 
consistent with the lighter body-colour of Dugesia, and 
with the alkaline extractant she mainly used. 

However, it is possible to separate the pigment more. 
or less completely frem the crimson fluorescence by 
extracting the latter first, using: (1) 5-25 per cent 
hydrochloric acid; (2) a methanol-glacial acetic mixture. 
(9: 1 v/v); (3) an ether-glacial acetic mixture (5: 1 v/v). 
changed repeatedly. The solution has the pale, greenish- 
yellow colour typical of porphyrins. The black pigment 
may then be extracted by methanol-hydrochloric acid 
(10 : 1 v/v) or by methanol-acetie (1 : 1 v/v). Hydrochloric. 
acid alone will extract a considerable amount, if an organic. 
mixture is used for the first stage, and a degree of,separa-. 
tion can be effected using methanol—hydrochloric acid. 
only, the early changes containing mainly porphyrin and. 
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. the later ones the black pigment, which has a dull green 
fluorescence in ultra-violet light. The absorption-spectra 
of the two components are {shown in Fig. 1 B and C. 
The porphyrin (Fig. 1B) absorbs relatively little visible 
light except in the Soret band, whereas the black pigment 
absorbs uniformly through most of the range, apart from 
the trough at about 460 mu. 

The porphyrin is said to be concentrated in the rhab- 
dites, and in their formative cells®, whereas the black 
pigment is in fairly orthodox asteroid cells, in granules 
which can aggregate in the cell body (Fig. 2). The cells 
are less profusely branched than those of Crustacea and 
Vertebrata, but more so than would be expected in a 
muscle cell®. 





Fig. 2 


The pigment extracted from Dugesia lugubris (Schmidt), 
after preliminary extraction of porphyrins, is violet to 
purple in colour, owing to a higher transmission towards 
the red end of the spectrum, and it may differ in other 
essentials from that of Polycelis. Both have also a very 
pale yellow pigment (maximal absorption around 460 myu) 
with a brilliant lemon—yellow ultra-violet fluorescence; it 
is extracted by preliminary treatment with methanol, 
ethanol or pyridine. The fluorescence is destroyed by acid. 

The dark body-pigments of some leeches also are soluble 
in methanol—hydrochloric acid, and some are associated 
with porphyrins, as well as with a yellow pigment having 
bright yellow ultra-violet fluorescence and solubility in 
neutral alcohols. There is considerable variety among the 
pigments of leeches and it is hoped to deal with these in 
more detail elsewhere. 

A. E. NEEDHAM 

Department of Zoology, 

University of Oxford. 

{Sehwink, I., Zool. Anz.,19, Supp., 71 (1956). 

* Needham, A. E., and Brunet, P. C. J., Experientia, 13, 207 (1957). 

` Cloudsley-Thompson, J. L., Nature, 166, 294 (1945); 157, 342 (1946). 

* Reynoldson, T. B., Nature, 162, 620 (1948). 

* MacRae, E. K., Biol. Bull. Wood's Hole, 110, 69 (1956); Science, 134, 331 
(1961); Experientia, 19, 77 (1963). 

* Skaer, R. J., Quart. J. Micro. Sci., 102, 295 (1961). 


Leaping Locomotion by an Insect-parasitic 
Nematode 


INVESTIGATIONS on the use of nematodes of the genus 
Neoaplectana for the control of pasture insects have led 
to studies on the behaviour of an unnamed species! 
referred to as ‘DD 136° (ref. 2). When infective-stage 
juveniles of DD 136 were mixed with soil they migrated 
to the surface and were observed to move in either of 
two ways, by ‘bridging’ or by ‘leaping’. In the former 
the nematode assumed an erect position and waved its 
anterior end until it came into contact with another 
portion of the substrate, thus bridging the gap. The 
posteriot end was then drawn up. If no ‘bridge’ was 
achieved, the waving motion eventually stopped and the 
nematode remained immobile in an erect position adhering 
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Fig. 1. Stages in leaping behaviour: A, Nematode vertical, attached by 


‘tail’ (¢) to soil surface; ‘head’ (A) waving in air; B, Nematode forms a 
loop; anterior point of adhesion (a) and ‘tall’ adhesion to soil (6); C, Loop 
starts to open; D, loop opens, head swings upward; restraining force of 
adhesion at tail (P) opposes vertical component (Mv) of momentum (4), 
horizontal component = M y, O is the centroid of the nematode; E, Mv 
being greater than P, the nematode ‘takes off’ and, F, straightens out 


to the soil by its bent ‘tail’ which lay along the soil surface 
(Fig. LA). It would periodically form a loop by bending 
the anterior three-quarters of the body until contact was 
made near the posterior end, where a drop of water formed 
(Fig. 1B). From this position nematodes were observed 
to project themselves through the air for distances up to 
about 10 mm (Fig. 10—-F). 

So far as we know, this type of movement has not 
been deseribed in nematodes. From our observations we 
suggest that the mechanism of leaping can be explained 
as follows: When a nematode forms a loop, bending 
couples are formed by the contraction of the longitudinal 
muscles on the inside of the loop opposed by the internal 
hydrostatic pressure on the cuticle. 
the body adheres to the posterior end by a water droplet 
at the point of contact. On attempting to open the loop 
the longitudinal muscles on the inside of the loop relax, 
those on the outside contract and the hydrostatic pressure 
also contributes to the straightening process. The adhesion 
of the water droplet opposes this process, causing the loop 
to come under tension like a bent spring (Fig. 1C). The 
water drop eventually breaks under the increasing tension 
and the potential energy of the bent nematode is trans- 
formed into kinetic energy as the loop flies open. The 
anterior end of the nematode now has an angular accelera- 
tion and so develops a momentum acting through the 
centroid of the nematode (Fig. 1D). As the head swings 
upward the vertical component of the momentum in- 
creases until it is greater than the force of adhesion at the 
tail and the nematode is then released from its substrate 
(Fig. 1E, F). 

No measurements have been made of the factors in- 
volved, but observations suggest that there is an optimum 
soil moisture content for maximum trajectory which is 
intermediate between a wet and dry soil. On a saturated 
soil the nematodes do not adopt the erect position; in a 
dry soil, a loop is formed but the anterior water drop is 
very small. The anterior end springs away, but there is 


The anterior end of ~ 
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no propulsion. These observations do not contradict the 
hypothesis that leaping can only occur if sufficient momen- 
tum is achieved at the anterior end, and to do this a water 
drop of the kind illustrated in Fig. 1 appears to be neces- 


sary. 


E. M. REED 
C.S.LR.O. 
Division of Entomology, 
Canberra, A.C.T. 
H. R. WALLACE 
C.S.LR.O. 


Horticultural Research Section, 
Glen Osmond, Adelaide, 
South Australia. 


i Dutky, S. R., and Hough, W. S., Proc. Ent. Soe, Wash., 57, 244 (1955). 
2 Welch, H. E., and Briand, L. J., Canad. Ent., 93, 759 (1961). 


Vascular Supply of the Pituitary Gland in 
Channa punctatus Bloch 


THE median eminence and the true portal system of the 
higher vertebrates have not been observed in the teleost 
pituitary, although the blood vascular supply of the 
teleost pituitary has been described by Bretschneider and 
de Witi, Green? and Barrington? in some detail. It is 
often reported that the pituitary gland in teleosts receives 

^a direct blood supply from the internal carotid arteries 
and that the neurohypophysis and the adenohypophysis 
share a common vascularization. On this basis Green? 
homologizes the neurohypophysis of the fish pituitary 
with the median eminence of the higher vertebrates. 
Barrington? has attempted to show some degree of re- 
semblance between the richly vascularized portion of the 
infundibulum of the minnow and the median eminence 
of Rana. However, he denies the existence of a true 
portal system in the minnow as most of the blood enters 
the gland directly through a ‘ring vessel’. 

The vascular supply of the pituitary gland in Channa 
punctatus shows some peculiar features. It has been 
studied in serial sections of 22-mm fish. The pituitary 
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Fig. 1. Transverse section through the pituitary region of 22-mm fish 
x70). BE, buccal epithelium; CA, cerebral arteries; HV, head vein; 
B, inferior lobe: J. infundibulum; JC, internal carotid artery; P, para- 

sphenoid bone; PT, pituitary = Richly vascularized region is shown 

y arrow 
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gland is fully formed at this stage‘. The pars intermedia 
is richly vascularized end the blood capillaries are seen 
mostly in close relation to the finger-like nerve processes 
of the neurohypophysis. The pars distalis has a meagre 
blood supply. Recomstructions from serial sections 
indicate that the internal carotid arteries entering the 
hypophysial fenestra grve rise to cerebral arteries which 
vascularize that region of the hypothalamus which is 
in close contact with the infundibulum (Fig. 1). This 
region is also in contact with head veins through the 
pituitary veins. There are indications that the richly 
vascularized hypothalamic region of the brain is in close 
contact with the pituitary gland through blood capillaries 
which are sometimes continuous and sometimes discon- 
tinuous. These blood capillaries travel by the sides of 
the infundibulum median to the inferior lobes and pass 
down into the pituitary gland. 

From this account it appears that the pituitary has no 
direct blood supply but is dependent on the hypothalamus. 
The blood circulates through the capillary network of this 
region of the diencephalon and then passes down into the 
pituitary gland. This richly vascularized region of the 
diencephalon thus appears to be functionally comparable 
with the median eminence of higher vertebrates, as 
evidenced by the distribution of the neurosecretory 
fibres in this region. It seems, therefore, that the pattern 
of the blood vascular system in C. punctatus bears some 
resemblance to that foand in higher forms. 

I thank Mrs. A. Belsare for her help in reconstructing 
the course of the blood vessels from serial sections, and 
Prof. H. Swarup for his advice. 

D. K. BELSARE 
Post-Graduate Department of Zoology, 
Nagpur University, 
Nagpur, India. 


1 Bretschneider, L. H., and de Wit, J. J. D., Sexual Endocrinology of Non- 
Mammalian Vertebrates (Amsterdam, 1947). 


? Green, J. D., Amer. J. Anat. 88, 225 (1951). 
3 Barrington, E, J. W., Proc. Zool. Soe, Lond., 135, 551 (1960). 
* Belsare, D. K., J. Morph., 131, 151 (1963). 


Precise Localization of Renshaw Cells with 
a New Marking Technique 


For some years Renshaw cells in the spinal cord have 
been extensively investigated. While their physiological 
and pharmacological properties are relatively well known, 
knowledge concerning their location in the spinal cord is 
only approximate and is mostly derived from electro- 
physiological observations' and indirect anatomical 
evidence’. From all this work it has been concluded that 
Renshaw cells are located in the ventral horn medial to 
motoneurones. For accurate localization of these and 
other cells within the central nervous system, however, it 
is necessary to record the electrical activity with micro- 
electrodes which have satisfactory electrical properties, 
and then to indicate the location of the electrode tip by 
making, while causing a minimum of damage to the area, 
a small and easily identifiable mark. A number of tech- 
niques have been used for locating the position of micro- 
electrode tips in nervous tissue®. However, most of these 
techniques require spezial histological procedures, may be 
unreliable, or can only be used at the end of an experiment. 
While the method of Galifret and Szabo* needs no special 
histological procedure and can be used several times in an 
experiment, it makes rather large marks (several hundred 
u) and has not proved completely reliable. We have there- 
fore developed a new technique for routinely making 
precise, easily located marks and have used this technique 
in localizing Renshaw cells. 

Acute decapitate cats were prepared in the usual man- 
ner, and, after lumbosacral laminectomy, Renshaw cells 
were located and the characteristic discharge 8f single 
units identified as previously described'-*. The electrodes 
used for recording and marking were prepared by filling 
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electrode the resistance of which was 4 megohins 
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glass micropipettes (tip diameter l-24) with hot distilled 
water under reduced pressure; the distilled water was then 
replaced, by diffusion, with a solution of 2 M sodium 
chloride which had been saturated with fast green FOF 
(National Aniline Division, Allied Chemical Corporation, 
U.S.A.). This solution was prepared by shaking an 
excess of the dye with warm 2 M sodium chloride, cooling 
to room temperature and then filtering. Electrodes with 
resistances of 3-8 megohms were selected for extracellular 
recording. Using such electrodes it was possible to record 
electrical activity of single Renshaw cells which differed 
in no visible way from the activity recorded by means of 
conventional glass electrodes filled only with sodium 
chloride; and it was possible to record activity in various 
por of the central nervous system for extended periods 
of time. 

Once a cell was found and its physiological character- 
istics examined, a current of about 12 pamp was passed 
through the electrode for 5-10 min, the electrode being 
negative with respect to an indifferent electrode. It was 
found advisable to monitor the current continuously with 
a microammeter, as an occasional electrode proved unable 
to carry this current for the necessary time. This pro- 
cedure could be repeated several times with the same 
electrode over a period of hours. At the end of the experi- 
ment the appropriate segment of the spinal cord was 
removed, fixed in formalin, dehydrated with alcohols, 
infiltrated with methyl salicylate, embedded in paraffin 
and sectioned serially in the usual manner. Before stain- 
ing, the sections were examined under a dissecting micro- 
scope, the small green spots being easily identified. 
Selected sections containing spots were then usually 
stained with thionin; after such a procedure the small 
(30-50 diameter) intense green spots stood out sharply 
from cellular material . The marks could also be seen 
easily in material stained by the Weill method. The area 
around the spot showed no obvious sign of damage except 


NATURE 


April 10, 1965 VoL. 206 





ie — 


k made after recording from Renshaw cell in the middle of the seventh eid segment oy pues 12 pamp for 5 min through an 

. Section, cut at 254, was stained wi onin pho phed 

—— poe at —— of one side of the — cona, 
is Gan in the 


th thi togra with a red filter. A 

The eine Ib Teak LST Caer ao calls on iha Weis ante OF 

ter. B, eee SS en Ow 9 of the area within the rectangle 
Mark is indicated by an arrow 


that spots made several hours before the end of the 
experiment were surrounded by numerous cells with small 
nuclei, apparently phagocytes. 

A typical mark, made late in an experiment, is shown in 
Fig. 1. The location of the mark in the spinal cord is 
illustrated in Fig. 14, while Fig. 1B shows in detail the 
area in the vicinity of the mark. Since there are, in this 
case as in others, several cells in the vicinity of the mark 
and therefore of the electrode tip, it is not possible to be 
certain which cell in particular was being recorded from. 
The location of sixteen marks, made in the L7—S1 area 
of four cats, is illustrated in Fig. 2; and as shown there the 
spots are concentrated in a fairly small area quite ventral 
and medial in the ventral horn. It can be concluded that 
Renshaw cells are usually located more medially than the 
most medial motoneurones and are near the ventral root 
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Worthington Histones 
as Research Tools 


Four more highly purified histone sub-groups (f1, f2(a), f2(b), £3) are 
available. Isolated as described by E. W. Jahns, Biochemical Journal 


92, 55 (1964). Qualitative comparisons are made on every prepara- 


tion by means of paper chromatography and disc gel electrophoresis. 
Photographs of the results are supplied with each order on request. 


ii —L Write for information: 


11 a a “ > u 
„mio Worthington Biochemical Corporation 
| Freehold 19, New Jersey 
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(hitherto handled from London}—will henceforth 
be dealt with from Gerrard House. From these 
new laboratories we shall be operating a far more 
extensive service. 





We shall be happy to see both old and new cus- 


tomers et GERRARD HOUSE. ! DERRITRON precision testing instruments include Bridges, 
Standards, Potentiometers, pH Meters and Electrodes of advanced 
design in their wide Doran range. Giving the high accuracy of 
LONDON laboratory apparatus they are invaluable for laboratory and 
industrial use. 

Send for illustrated literature about any or all of as á 
ments, eal 


For customers’ convenience we are retaining our 
London Office and Showroom at 4 Angel House, 
where a representative selection of our products 
may be seen. 


London Office & Showroom Laboratones, Showroem & 


4 Angel House, Eenronville Offices 
Road N.I. Gerrard House, Worthing Road, 
{Angel Tube Station 3 mun.) Fast Preston, Nr. Littlehampton 


Tel: TERminus s00¢ Tei: Rustington 4151 (PBX) 
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progress in purity 1915 to 1965 


| > 
Fifty years ago a 'List of Reagents for Analytical Purposes’ was published in Great Britain by 
the Institute of Chemistry and the Society of Public Analysts. lt contained ‘notes indicating 
the standards of purity regarded as necessary for analytical work’ relating to 89 chemicals. 
Chemicals meeting these standards were designated by the letters ‘A.R.’ 
Thirty years ago ‘AnalaR' specifications were introduced, describing more precise methods 
of testing and interpreting the tésts in terms of maximum permitted limits of impurities. 
The first (1934) edition established standards for some 240 reagents. 
Four more editions have been published since—a sixth edition is in preparation—extending 
the range of ‘AnalaR' reagents to 289, and successively incorporating, with advances in 
analytical methods, more rigorous procedures and more exacting standards. 
Against the demands of specialised and instrumental methods of analysis still more highly 
purifi led reagenis have been made available, as for spectroscopy and for micro-analysis, 
and for a number of specific individual applications. 
The’ most recent introductions of very highly purified chemicals however, have been 
concerned not directly with analysis but with radar and electronics, in the BDH 
‘Electronic Grade’ acids, for example, impurities are measured in terms of one or two parts 
per thousand million. These materials are available for analytical purposes. As other 
substances of comparable purity are needed, in the laboratory or out of it, BDH will apply 
itself to the job of supplying them. 
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exit zone. While it is possible that celis may also be found 
ın more lateral and more dorsal locations, it must be noted 
that the marks shown in this diagram were made during 
systematic searching with the microelectrode in an area 
much more extensive than that in which evidence of 
activity of single Renshaw cells was found. 

The area in which we have found cells appears to be 
considerably more restricted than that described by Willis 
and Willis* on the basis of large lesions made by means 
of the method of Galifret and Szabo*. The location 
demonstrated by our experiments is the same as that 
described on the basis of electrophysiological data! and 
that suggested by Szentagothai as a result of his degenera- 
tion experiments?, and appears to correspond to the ventral 
part of Rexed’s lamina VII (ref. 7). There thus appears 
to be good agreement on the location of Renshaw cells. 

This marking method has been used successfully in the 
brain stem as well as in the spinal cord, and we have been 
able to find, in sections, all the marks made during every 
experiment., The possibility of the use of related dyes of 
different colours, and of intracellular marking, is at 
present under investigation. 

We thank the National Aniline Division of the Allied 
Chemical Corporation (U.S.A.) for providing samples of 
numerous dyes. This investigation was supported in 
part by grant NB-02619 from the National Institute of 
Neurological Diseases and Blindness, U.S. Public Health 
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FORESTRY 


Creep of Wood: Role of Water and Effect of a 
Changing Moisture Content 


THE creep of wood which is maintained under load 
during a change in moisture content has been reported on 
in two recent papers?*. The object of this note is to 
suggest an explanation in terms of a dynamic interaction 


~between water and wood substance, and the contribution 


of hydrogen bonds to the strength of wood. 

The changes in the deflexion of a beam under a constant 
load, and after removal of the load, during cyclic changes 
in moisture content, are illustrated in Fig. 1. Hearmon 
and Paton? have shown that the magnitude of the addi- 
tional deflexion increases with the applied load and with 
the magnitude of the change in moisture content, and 
that there is a small increase with increase in temperature. 
The rate of deflexion follows closely the rate of adsorption 
or desorption and the rate of sorption does not appear to 
affect the final deflexion. The results obtained with small 
beams?, where the rate of water vapour diffusion does not 
limit the rate of sorption, indicate that differential 
swelling due to moisture gradients is not responsible for 
the effect. It was observed that an unstressed beam had 
the same value of Young’s modulus when loaded to one- 
quarter maximum fibre stress as one which had been bent 
by loading and cycling through a number of moisture 


> content changes*. 


These data indicate that the additional deflexion ob- 


a . « ‘ . . ¢ 
served in successive cycles has its origin not in a change in 


the elastic moduli but in changes that take place during 
the processes of adsorption and desorption. It is suggested 
that these changes could result from the continual making 
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Fig. 1. Deflection of loaded beech beams. Curve 4, specimen main- 
tained at R.H. 93 per cent: Curve B, specimen loaded and then 


‘cycled’; curve C, rena leaded at R.H. 98 por cent and then ‘oycled’. 
Solid line, R.H. zezo; broken line, R.H. 93 per cent 


and breaking of hydrogen bonds through the movement 
of water during the approach to a new equilibrium moisture 
content. 

It is first necessary to consider wood as a hydrogen- 
bonded structure. The major components of wood are 
cellulose and other long-chain polysaccharides (65-72 
per cent) and lignin (25-28 per cent); for simplicity, the 
following discussion will be in terms of cellulose only, 
although much of the discussion will apply to the other 
polysaccharides and possibly also to lignin. 

Current theories suggest that at some points the mole- 
cules are arranged in a well-ordered, closely packed. crystal- 
line array, while at others a looser, more open amorphous 
arrangement is found: one molecule may pass through a 
number of regions of each type. The adjacent cellulose 
chains are thought to be held together by hydrogen bonds; 
the strength of such bonds (5-8 kcal/mole) is much less 
than covalent linkages, and they will therefore be the 
bonds mainly affected at low applied stresses. 

Such bonds can, in the case of cellulose, be formed 
between the hydrogen atoms of hydroxyl groups and 
suitably situated oxygen atoms in an adjacent chain, 
or they may involve the hydrogen atoms of water mole- 
cules; in this case, water may form a bridge between two 
cellulose chains. Such a link will be weaker than one 
not involving water. The crystalline regions of the 
cellulose are thought not to be accessible to water. 

The large effect of water in reducing the strength and 
stiffness of wood, together with the accumulated body of 
evidence on wood pulp and cellulose, make it probable 
that hydrogen bonds play an important part in determin- 
ing some of the mechanical properties of wood, particu- 
larly at low stresses. Nissan? has developed a theory 
covering the mechanical properties of isotropic hydrogen- 
bonded structures, anc has examined its application to 
paper sheets in which the importance of hydrogen bonding 
has long been acceptec. He has used as evidences of its 
applicability a number of criteria, two of which can be 
calculated for wood: 
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(1) -Pog should: lie between 21 x10- and 6-3 x 10-2 


for cellulose; 
(2) loge(Ew/Eo) = — W, where Hy and Eg are Young’s 
moduli at water to solid ratios of W and O; 


this should hold approximately in cases where up to 
one-third of the hydrogen bonds are broken. 

With! a highly anisotropic material such as wood, one 
would not expect these equations to apply very rigidly. 
However, values of these two ratios have been calculated 
from data given by Hearmon‘: The values obtained lie 
within the prescribed (rather wide) limits for the tempera- 
ture effect, but the effect of changes in moisture content 
is not as required by the‘theory. The agreement is, 
however, better than is obtained when these calculations 
are made for nylon or silk. 


| din E (50° to 100° ©) 
1. Beech | Er, 30% R.H ~ 1558 x 10° 
EL 80% REH ~ 959 x 10-3 
: Ex, 30% RE. ~ 28x 107 
Er, 80% R.A ~ 8-26 x 10" 


(EL and ER are Young's “moduli in longitudinal and radial directions 
respectively. R.H.: relative humidity.) 


2. Sitka Spruce — m.c.) 
T. 


i In (Ew/Eo) = —0:609. W = 02 
i EL. in(fw/EFo)= —0116. W = 02 
i Ee. In (EwjEG) = --0:416. W = 0-2 


The results are inconclusive, but the values for wood are 
surprisihgly close to those required by Nissan’s theory, 
and add to the circumstantial evidence available from 
other sources on the importance of hydrogen bonding. 

One would expect, from thermodynamic considerations, 
that at a constant temperature and moisture content, 
the number and energy distribution of hydrogen bonds in 
a single piece of wood would be constant. The constancy 
of the Young’s modulus before and after cycling a loaded 
beam? suggests the concept of a physical or spatial redis- 
tribution of hydrogen bonds rather than a difference in 
the number of bonds existing at the same moisture content 
before and after cycling. 

Wood is in a dynamic equilibrium with water under any 
given equilibrium condition in that there is a continuous 
process 'of adsorption and desorption of water. During 
the course of a change in moisture content, some water 
will move through the wood by vapour phase diffusion 
alone, but much of it will be adsorbed and desorbed many 
times during the approach to equilibrium, the water 
molecules moving through the wood by ‘hopping’ from 
one adsorption site to the next: Barrer® has shown that 
the concentration gradient of adsorbed vapours on a 
surface will be greater than that in the vapour phase. 
Many hydrogen bonds will be affected during such a 
change,| and some may be broken and re-formed on 
several occasions. During adsorption, new bridges may 
be formed between molecules where no bonding existed 
before, or existing bonds may be broken and replaced by 
bridges ‘involving water molecules. During desorption, 
some bridges between chains will be removed, and in a 
proportion of these cases hydrogen bonds not involving 
water will form. 

Sepall and Mason® have studied the exchange of water 
labelled with tritium between various types of cellulose 
(including wood cellulose) and water vapour, and showed 
how the tightness of binding of the exchanged water 
varies with the treatment of the cellulose. In particular, 
they have shown that during a change in moisture content, 
many hydroxyl groups which are inaccessible to water 
vapour under constant conditions enter into an exchange 
reaction! with water vapour, and that the amount of 
exchange increases with increase in the number of wetting 
and drying cycles, the extent of the increase depending 
on the conditions. They conclude that during a wetting/ 
drying*cycle, changes in tho hydrogen bonding arrange- 
ments take place which result in a measure of interchange 
between those areas which are accessible to water vapour 
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Time (min) * 
18 46 


100 156 236 


5°0 


25 


Tangential swelling (per cent) 





0 19 25 
Water adsorption (per cent) 
Fig. 2, The increase in swelling and water adsorption with time (data 
from ref. 7) 


and those which are not. The rate of exchange at equili- 
brium is only slightly affected by relative humidity but 
is temperature dependent. 

The importance of a changing moisture content in creep 
follows from the continuous exchange of water between 
wood and water vapour and the contribution of hydrogen 
bonding to the strength of wood. Its importance is 
greatest at low applied stresses where the weaker bonds 
will be mainly affected. The effects of creep at low stresses 
produced by this mechanism should be completely recover- 
able provided the wood is dried to a sufficiently low mois- 
ture content at some stage. 

Every temporary break of a hydrogen bond will give 
rise to a temporary weakening of the piece of wood and a 
slightly increased strain in response to a fixed applied 
stress. 
tion. 
recovery of the strain against the applied load. 
suggested that the energy for this is provided by. the 
exothermic heat of adsorption from the vapour phase 
which varies from 0 to 15 keal/mol according to moisture 
content, and which in the experiments quoted? is many 
times the energy required to raise the beam against the 
applied load. Some of this energy will be used up in 
overcoming attractive forces between groups—that is, in 
swelling; some will be dissipated as vibrational energy. 

Data on the relation between rates of tangential swelling 
and water adsorption in thin wood specimens are avail- 
able’? and they are plotted in Fig. 2. The relationship 
suggests that during re-wetting the rate of deflexion, 
which closely follows the rate of adsorption, may be 
causally connected with rate of swelling and, further, 
that the recovery takes place because of a spatial redistri- 
bution of cellulose chains with respect to each other as a 
result of swelling, leading to the formation of hydrogen 
bonds in new positions such as to result in a stiffening of 
the beam. 

Considering the recovery of a beam which has been bent 


During adsorption of water, there is a partial 


as a result of cycling through a number of moisture content™ 


changes, and then unloaded (see Fig. 1), the initial recovery 
is the elastic part of the strain, and the very large and 
rapid recovery on re-wetting is considered to be due to 


This is the phenomenon observed during desorp-- 
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the loosening of many bonds through water movement and 
to the elastic stresses in the bent beam. 


E. J. GIBSON 
Forest Products Research Laboratory, 
Princes Risborough, 


"~ Aylesbury, Bucks. 
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ENTOMOLOGY 


Hormone determining the Black Pupal Colour 
in the Silkworm, Bombyx mori L. 


In general the pupal colour of normal strains of the 
silkworm, though slightly varying in shade, is amber; 
it can be easily distinguished from that of black pupa 
strains. The exocuticle of the black pupa contains much 
more black pigment than that of the normal pupa. From 
the fact that the pigment dissolves in alkaline solution, 


-but not in acid, it is supposed to be melanin. In the silk- 


worm, two kinds of black pupae are known. One is 
controlled by ths bp gene, which is located on the XI 
chromosome, and the other is controlled by the so gene, 
which has no linkage with the bp gene!-*. 

If prepupae of the black pupa strain are kept at a low 
temperature during the temperature-sensitive period from 
the end of spinning until pupation, they become black 
pupae. On the other hand, prepupae of this strain which 
are kept at high temperature during this period do not 
manifest the black colour, but become normal-coloured 
pupae*-§, Such temperature sensitivity differs consider- 
ably among strains. In the BT strain, black pupae are 
manifested by the bp gene. All the individuals of this 
strain become black pupae when they are kept at 20° C 
during this critical period, but if kept at 30° C they become 
normal-coloured pupae. The manifestation of the black 
pupa is controlled by the hormonal mechanism in the BT 
strain. The complex of brain-thoracic ganglia secrete the 
black-pupa-determining hormone. If the temperature 
is kept at 20° C during the critical period, the brain is 
activated and gives a stimulus to thoracic ganglia, so that 


the black-pupa-determiming hormone is secreted and the 
~black pupal colour is manifested. On the other hand, if 


the temperature is kept at 30° C, the brain does not stimu- 
late the thoracic ganglia and the normal pupal colour is 
manifested!)5. 


Table 1. THE ACTIONS OF THE Exrracts IN ISOLATED ABDOMENS 
No, of isolated abdomens 
howin 


No, of g 
Bleck 


sho 
Normal 


Series abdomens 
tested pupal colour pupal colour 
Methanol extracts, wafer fraction 10 3 7 
Methanol extracts, ether fraction 10 10 0 
Control, distilled water 10 10 0 
Control, olive oul 10 10 0 


In order to clarify the mechanism of the manifestation 
of black pupae we first attempted to extract and purify 
the thoracic ganglionic hormone as described here. As 
the starting material, we used 6,000 thoracic ganglia, 
which were, within 24 h after spinning, stored in 50 ml. 
methanol. These ganglia were homogenized in methanol 
and centrifuged. The same extraction was repeated three 


times with the residue. The extract was concentrated and 


“eee 


„dried in vacuo. The final residue was a yellow substance 
that dissolved in 5 ml. of distilled water plus 5 ml. of 
ethyl ether. After shaking, the ether layer was removed 
and the water layer was washed three times with ether 
and concentrated to 2 ml. in vacuo. Throughout the whole 
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treatment the temperature was never allowed to rise 
above 30°C; 0:005 ml. of this water fraction (equiva- 
lent to 15 ganglia) was injected into each of 10 isolated 
abdomens of the BT strain. The ether layer, which was 
also dried in vacuo, yielded a very small amount of yellow 
substance. This substence was dissolved in 1 ml. of olive 
oil, and 0-01 ml. of this solution (equivalent to 60 ganglia) 
was injected into isolated abdomens of the same strain. 
As shown. in Table 1, an active substance affecting the 
pigmentation of pupal colour exists in the water fraction 
of the methanol extracts but not in the ether fraction, 
suggesting that the hormone controlling the manifestation 
of the black pupa is of protein or peptide composition. 
Tsuromu HASHIGUCHI 
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Flower Basking by Arctic Insects 


Durine observations on insect—flower relationships at 
Lake Hazen, Ellesmere Island (81° 49’ N, 71° 20’ W) we 
were struck by the fact that both males and females of 
the mosquitoes Aedes nigripes Zott. and Aédes impiger 
(Walker) spent up to [3 min at a time in the flowers of 
several plants, but espacially Dryas integrifolia M. Vahl, 
although we know from other work that they could feed , 
to repletion on nectar in 2-3 min. Noting, too, the almost 
paraboloid shape of these and some other flowers that 
face the Sun throughcut the 24 h, we postulated that 
this habit had a thermal significance?. 

A thermocouple-potentiometer circuit was set up to 
measure temperature differences between points approxi- 
mating the principal foci of the parabolic corollas of D. 
integrifolia and of the arctic poppy, Papaver radicatum 
Rottb., and similar points unmediately outside the corollas. 
Although the poppy secretes no nectar, mosquitoes have 
been seen sitting in she corollas. The thermocouple 
junctions were painted dull black, flowers were shielded 
from wind, and their sexual organs were removed. 
In sunlight, temperatcre differences up to 6-5° F were 
recorded for Dryas fiowers and up to 10-5° F for 
Papaver, a larger flower. These differences decreased 
markedly when the thermocouple was moved laterally 
away from the principal focus and when the Sun was 
obscured; they decreased somewhat when sunlight was 
diffused by light cloud. A smaller effect was measured in 
Cerastium alpinum L. 

It is suggested that the turning habit and parabolic 
corolla form were selected for in these flowers by virtue 
of the contribution made by this thermal effect to the 
ripening of the germ cells. The basking habit of mosquitoes 
and other insects is presumably derived from nectar or 
polien feeding. In an environment where the season is 
short and every calorie counts, it must have survival value 
in accelerating the ripening of the insect germ cells. 

We are indebted to the Entomology Research Institute, 
Canada Department af Agriculture, and the Defence 
Research Board of Canada for the opportunity to carry 
out this work; a fuller sccount will be published elsewhere. 


B. HOCKING 
C. D. SHARPLIN 
Department of Entomology, 
University of Alberta, 
Edmonton. 
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"Influence of Bacterial Cell Age on Phenol 
Action 


Ir hag been suggested that the bacterial cell may vary 
in its response to antiseptics with age (Chick!, Sherman 
and Albus’, Hinshelwood’, and Jacobs‘), Until recently, 
it has been customary to describe bacteria as old or young 
according to the length of time for which the cultures 
have been incubated. If an individual cell is regarded as 
new-born the moment it has separated from its parent/ 
sister and old-aged the moment before such separation 
occurs, it 1s clear that in any randomly growing culture 
there will always be present cells of all ages. 

In such cultures the length of incubation time will 
determine not the age of the majority of cells but to some 
extent the proportion of cells which are actively dividing. 

The principle of synchrony (Scherbaum and Zeuthen" 
and Hotchkiss*) which enables bacterial cultures to be 
prepared so that all the cells will divide at the same time, 
and therefore be of the same age, makes possible the 
assessment of the effect of cell age on resistance to anti- 
septics. 

A synchronous culture of Escherichia coli was prepared 
by a modification of the method described by Yanagita 
and Kaneko’. Two samples were taken from the culture 
at 5-min intervals for 120 min. One sample served as a 
control,| while the other was treated with 0-5 per cent 
phenol for 5 min. Viable counts were performed on all 
samples by a modification of the method of Miles and 
Misra® and the results are shown in Fig. 1. The anti- 
bacterial effect of the phenol was stopped by diluting the 
sample 2 ,000 times with distilled water. 


| x 107 cells/ml. 


Untreated 
(control) 


Phenol-ireated 
vivors (per cent) ~ 





Surv 


Fig. 1 , Synchronized culture of Escherichia colt showing the effect of 
phenol treatment on cells of different ages 


It will be seen that in the first 50 min of the experiment 
(lag period) the proportion of surviving cells after phenol 
treatment declined to 72 per cent, and that the control 
showed ‘no increase of viable organisms. At the filty-fifth 
minute, examination of the control showed that the cells 
were at the dividing stage and there was a dramatic decline 
to 14-9. per cent in the surviving cells in the phenol- 
treated sample. During the next 25 min the cells aged but 
did not' increase in number. During this period the per- 
centage’ of cells surviving phenol treatment rose to 79-9 
per cent at the seventy-fifth minute. At the next cell 
division the cycle was repeated, the survivors in the phenol- 
treated culture falling to 20 per cent by the eighty-fifth 
minute. 

This experiment demonstrates conclusively that Escher- 
whia coli cells are most sensitive to the action of phenol 
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at the time of division and that their resistance increases 
with increasing age. 
A fuller account of this work will be published else- 
where. 
R. B. SRIVASTAVA 
R. E. M. THOMPSON 


Bland-Sutton Institute of Pathology, 
Middlesex Hospital, 
London, W.1. 
? Chick, H., J. Hyg., Camb., 8, 92 (1908). 
2 Sherman, J M., and Albus, W. R., J. Bact , 8, 127 (1923). 
7 Hinshelwood, O., Nature, 167, 666 (1951). 
t Jacobs, $. E J. Pharm. Lond., Supp., 12, 21 T (1960). 
€ Scherbaum, O., and Zeuthen, E., Hap. Cell Res , 6, 221 (1954). 
€ Hotchkiss, R., D., Proc. U.S. Nat. Acad. Sct., Wask., 40, 49 (1954). 
? Yanagita, T., and Kaneko, K., Plant and Cell Physiol., 2, 443 (1961) 
e Miles, A. A., and Misra, 8. 8., J. Hyg., Camb., 88, 732 (1938). 


AGRICULTURE 


Solubilization of Copper and the Mode of 
Action of Bordeaux Mixture 
Since the discovery of Bordeaux mixture over 80 


years ago the question has often been posed as to how the 
copper reaches the fungal cell in toxic concentrations when 


the solubility of dried Bordeaux deposits in water is so ™ 


low. Of the three possible agencies for solubilizing copper, 
namely the atmosphere, the spore, and the host plant, 
the last two have been regarded as the most important 
and it is established that spore}? and leaf*-* exudates can 
dissolve copper from Bordeaux spray deposits. The 
assumption from this work is that a soluble copper com- 
plex is formed, possibly with the amino-, hydroxy-, or 


dicarboxylic acids in the exudates, and this complex 1s 


accumulated by the fungal cell where it may dissociate 
to give free cupric ion. However, most workers have 
shown that the copper complexes which could possibly 
be formed with leaf or spore exudates are much less toxic 
than. the free ionſs-io, In fact, under conditions of high 
spore/copper ratios, copper can stimulate germination by 
leaking growth factors in the spore exudate'?2, 

It is well known that fungal conidia can accumulate 
large quantities of metallic ions against a concentration 
gradient! and recently quantitative determinations have 
been made of the uptake of copper by spores from aqueous 
solution*. No determinations have been made, however, 
of the accumulation of copper by spores in a three com- 
ponent system, spores/leaf/Bordeaux deposit, and it is 


-h 


implicit in the solubilization hypothesis that spore and ~ 


leaf exudates should increase copper uptake. We have 
therefore measured the solubilization of Bordeaux deposits 
on leaf surfaces bathed ın dense suspensions of Neurospora 
crassa, macroconidial wild-type Hm 5297a, conidia, using 
the techniques previously described’. Dried spray deposits 
of 10:12:56: 100 Bordeaux mixture were immersed in 
30 ml. of glass-distilled water or N. crassa suspension 
at 100 million spores/ml., and gently agitated for 24 h 
at 25°C. The liquid was centrifuged and the copper content 
of the supernatant and of the spores (washed once) was 
determined after acid digestion. 


Table 1. COPPER DISSOLVED FROM BORDEAUX DEPOSITS AND ACCUMULATED 
BY Neurospora crassa SPORES 


Spore suspension 
Surface Supernatant Spores 


Water 
(ag Cufml.) 


(ug Cufml } (ug Cu/million) 
Glass 0'4 183 85 
Broad bean 13 9-9 53 
Laurel 09 10-9 4:8 
Potato 07 13-2 37 


The results in Table 1 show the usual increase in soluble 
copper when a glass surface is replaced by a leaf, although 
to a lesser extent than previously reported’. In the pres- 
ence of the spore suspension there was a large increase in 


ve 
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dissolved copper, but it is significant that the amount of 
copper retained by the spores was greatest in the absence 
of leaf substrate. Similarly, the supernatant concentration 
of copper was highest over glass, which suggests that the 
soluble copper complexes formed from the Bordeaux 
deposit by leaf and spore exudates are competitively 
retained by the leaf. At the conclusion of the experiments 
the spores were washed and their germination capacity 
determined. Spores which had been incubated with the 
leaves gave consistently higher germination (65-75 per 
cent) than did the spores from the glass surface (55-65 
per cent): 97 per cent of the untreated conidia were 
viable. 

Solubilization of copper by the leaf therefore reduces 
both spore uptake and fungicidal activity. The influence 
of spore exudates is more difficult to determine directly ; 
when the Spores were made up to a final volume of 
30 ml. with spore exudate instead of distilled water 
there was a reduction in the copper accumulated by the 
spores, particularly on a glass surface (Table 2). Similar 
effects were given by potato leaf exudate. 


Table 2. EFFEOT or POTATO LEAF AND SPORE EXUDATERS ON THE ACOUMU- 
LATION OF COPPER BY Neurospora crassa SPORES 


i ore upt 
Surface Spore oppe 


Solution (eg Ou/million) 

Glass ‘Water 85 

* Leaf exudate 53 

t Spore exudate 40 

Potato Water 37 

* Leaf exudate 2H 

` t Spore exudate 3°4 
* Fourteen potato leaves shaken in 120 ml water overnight and 29 ml. of 
the supernatant added to 1 ml. of N . crassa suspension containing 3,000 


lion spores, 
Spores at 500 million/ml. shaken overnight and 29 ml. of the supernatant 
adder to 1 ml. of N. crassa suspension containing 3,000 million SPORER, 


The evidence is that tho formation of copper complexes, 
from the reaction between leaf or spore exudates with a 
Bordeaux deposit, reduces the uptake of copper by the 
spores. This suggests that these water-soluble complexes 
are less effective in penetrating the spore than is the free 
cupric ion. Thus, there is no necessity to invoke the 
solubilization hypothesis to explain the fungicidal action 
of copper in Bordeaux mixture; the simple accumulation 
of ionic copper" is sufficient explanation. 

I am indebted to Mr. R. J. Pring for experimental 
assistance. 

E. SOMERS 
Long Ashton Research Station, 
University of Bristol. 
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PSYCHOLOGY 


Serial Choice Reaction-time as a Function of 
Response versus Signal-and-Response Repetition 


In serial self-paced choice reaction, reaction times (RTs) 
i 3 to & signal identical to the 
immediately preceding one, are shorter than RTs to new 
signals, that is, to a signal different from the preceding 
one, provided the time-lag separating the onset of each 


NATURE 


217 


signal from the end of the previous response is short. 
This was shown in tasks involving either two signals and 
two responses! or four signals and four responses’, 
where repetition of the response was, except for the very 
rare errors, obtained only through repetition of the signal. 
The present letter reparts a first trial to distinguish the 
effort of signal repetition, not confounded with that of, 
response repetition, by considering a task where more than 
one signal is associated with each response. In such a 
situation, the relationship of a cycle to the preceding cycle 
can be one of ‘identity’ (same signal), of ‘equivalence’ 
(different signal but same response) or of ‘difference’ 
(different response). By comparing RTs on cycles belong- 
ing to the first two categories, one could then examine if 
repetition of the signal has an effect per se. 

The apparatus, which has been described earlier’, 
provides a two-responses self-paced task. It was slightly 
modified in order to give four different signals. The 
display was a Nixie numerical indicator. The subject 
responded by pressing one of two keys with one of the 
two index fingers. The display went off when one of the 
keys was depressed, end the following signal came 60 
msec after it was released. The apparatus stopped auto- 
matically after 50 responses. ` 

Four male subjects, aged 17-26, did 20 runs of 50 
responses on each of four sessions, 10 under each of two 
conditions, In condition 24-57, the experimental condi- 
tion, the four digits 2, 4. 5, 7 could be presented, the correct 
response being left for 2 and 4 and right for 5 and 7. 
In condition 2-5, only the digits 2 and 5 were used. This 
control condition was introduced to provide a measure 
of the ‘repetition effect in the usual two-signal situation. 
Under both conditions, signals appeared with equal 
frequencies in random order. The order of presentation 
of the two conditions was alternated from session to 
session. 

The last 5 runs of session 4 were recorded with a pen 
recorder, which gave ETs to the nearest 25 msec. The 
first RT of each run and those corresponding to false 
reactions were excluded from the sample. Medians for 
the different transition categories were calculated by linear 
interpolation within measurement intervals, and are shown 
in Table 1 together with error percentages. 


Table 1. MEDIAN CORRECT REACTION TIMES AND PERCENTAGE ERRORS 
FOR THE DIFFERENT TRANSITION CATEGORIES 


t Transition Subjects 
Condition category I 2 8 4 
2-5 Different (Pp) 513 (6-3) 525 (8-0) 482 (10-7) 453 (11-7) 

Identical (7) 415 (0) 405 (08)  880(08) 348 (3-9) 

D-I 98 120 102 105 
24-57 Different (D) 493 (7:5) 535 (11-7) 485 (13 0) 483 (5-5) 
Equivalent (H) 382 (0) 418 (20) 403 VAA 413 (5'8) 

Identical (7) 373 (0) 405 (1°6) 380 (0) 378 (0) 

-E 116 117 82 70 

E-I 4 13 28 35 


The first numbers are RTs in msec. Those between parentheses are 


error percentages, Theoretical sample size is about 61 for categories E 
and I of condition 24-57, 123 for all other categories. Real sample size is 
reduced by the number of errozs. 


The usual repetition effect, shown by the difference 
between RTs on different and identical cycles, is observed 
under condition 2~5. Under condition 24-57, a difference 
of the same order of magnitude is observed between RTs 
on different and on both equivalent and identical cycles. 
RTs to identical signals are slightly shorter than RT's to 
equivalent signals. The difference, tested by Mann- 
Whitney’s U test, is significant for subjects 3 (P < 0-02) 
and 4 (P<0-001), not for the other two. The repetition 
of the signal, apart from that of the response, can thus 
exert some effect. It is c:ear, however, that in this situation 
the main effect is linked to the repetition of the response. 

Under both conditions, the vast majority of errors are 
observed on ‘different’ cycles, that is, they consist of 


repeating the response when the other response is required 


instead. This phenomenon has been observed, although 


not reported, in all previous experiments on the subject. 


It is interesting to note that the two subjects who react 
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significantly more slowly to equivalent signals also make 
erroneous responses to these signals. 

This work was partly supported by the Belgian Fonds 
national de la Recherche scientifique, under the form of 
a Crédit aux Chercheurs. 

PAUL BERTELSON 
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Effect of Verbal Context on Latency of 
Word Selection 


GOLDMAN-EISLER!? found that low transition prob- 
abilities between words were associated with the occur- 
rence of pauses in speech, both for the original speaker 
selecting words spontaneously and for subjects guessing 
missing words from the same verbal context. We can 
assume that differences in latency reflect, however crudely, 
something of the search or word retrieval system used in 
selecting words. Oldfield and Wingfield? have recently 
used it to throw light on object naming, using a range of 
objects the names of which varied in frequency of occur- 
rence in the language. They found a linear relation 
between latency of naming and the logarithm of the fre- 
quency of occurrence of the object’s name. A comparable 
investigation is reported-here on latencies for guessing 
words removed from a number of different verbal contexts 
the redundancy of which varied from that of random 
words to a passage of coherent prose. 

The passages used were a set of statistical approx- 
Imations to English‘ constructed by the method described 
by Miller and Selfridge’. Two passages of normal prose 
were also used, one very simple extract from a children’s 
story about camping and the other a more difficult 
passage from Joseph Conrad’s novel, Lord Jim. Two 
samples of ten words each were removed from the 
passages, each sample being guessed by a different group 
of thirty-five subjects. One set consisted of the seventh 
and succeeding tenth words of each passage and the other 
of the fifth and succeeding tenth words, so that each 
group of subjects would have available a context of up 
to nine consecutive words on either side of the word he 
was trying to supply. The probabilities of these missing 
words in their verbal contexts had been estimated from 
their frequencies in a set of 100 guesses made by another 
group of subjects given the same set of passages with 
missing words’. The mean information content of the 
missing words was calculated (log, p) and so was the mean 
entropy of the distribution of guesses for each blank 
{Xp log. p). These values are given in Table 1. 


Table 1. ESTIMATES OF THE PROBABILITY, INFORMATION CONTENT AND 
DISTRIBUTION ENTROPY OF MISSING WORDS IN THE RXPERIMENTAL PASSAGES 


Prose 
Prose (Con- 16th Sth 6th 4th 2nd Ist 
feasy) rad) order order order order order order 


Mean probability of 
correct word 0:667 0-405 0-350 0320 0191 0-128 0-072 0-009 
0-064 6-090 0081 0075 0053 0037 0-006 0 004 


Mean information in 
correct word 1:09 260 232 333 357 891 484 921 
0-55 041 059 044 040 0-64 


E. 022 

Mean entropy in all 

first choice guesses 1°74 305 2°98 332 423 446 503 5-87 
S.E 0-25 034 030 015 012 020 


023 036 
Subjects were asked to read each passage to themselves 
and as they came to each blank to decide on a word which 
would fit the context and make a good approximation to 
coherent English, taking into account the succeeding as 
well as 'the preceding words. When they had chosen the 
word, they were to say it aloud, then read on and repeat 
the precedure with the next blank. A recording was made 
of the experiment and the time between each spoken 
choice was measured. 
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Possible models for word retrieval systems can be 
grouped into two main classes: (1) non-informational 
models; and (2) information-processing models. Some 
examples of non-informational processes for word retrieval 
are: (a) a linear search in which words in the store are 
first ordered in decreasing order of probability and then 
examined in succession; (b) a random search through all™ 
possible words in succession—the least efficient method; 
(c) a simultaneous search in which a multi-channel system 
might generate all possible words simultaneously. An 
information-processing system can be either: (a) simple, 
generating one word only for each verbal context; or 
(b) complex, generating a sample of possible words from 
which the final single choice is made. What light do the 
results throw on these possibilities ? 

(1) Non-informational models. (a) Sequential search in 
rank order of probability: on this hypothesis subjects 
search through all the words in decreasing order of prob- 
ability, taking an extra unit of time for each word. The 
difference in latency between a high and a low probability 
word depends on the number of words in the intervening 
ranks, and one would expect a wide range of average 
latencies for word ensembles of different sizes. This was 
found in the results, as discussed hereafter. However, the 
model predicts that any word which is clearly more + 
probable than all others in its ensemble will have a 
latency independent of its absolute probability; words 
with a probability above 0-5 would share the same} 
latency. The mean latencies for words which ranked first 
in guessing frequency over the group of 100 subjects (and 
at least 7 per cent above their nearest competitors) were 
averaged over the different passages. They came to 5:5, 
6-2, 7:2, 7-6 and 7:9 sec at mean probabilities of 0°85, 
0-65, 0-45, 0°30 and 0-20, respectively. These latencies 
do not differ from the means for words of equivalent 
probabilities. Although this is not a rigorous test, since 
subjects may differ somewhat in their rank ordering of 
words, it certainly provides no support for this hypo- 
thesis. (b) Random search, and (c) simultaneous pro- 
cessing: with both these strategies the latency would be 
independent of the word’s information content and of the 
distribution entropy. The random search should give 
long delays in some cases and a large variance, while 
simultaneous processing would show no differences in 
latency between different words for any given subject. 
Both models are excluded by the results. The graph in , 
Fig. 1 shows the regression of latency on information” 


= 


L=0 9214496 
{rate of gain=11 bits /sec } 


Latonoy (sce) 





ty 


0 1 2 8 4 5 6 7 
Word information in bits 


Fig. 1. Relation of guessing-latency to word information 
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content for all words in all passages averaged over the 
70 subjects. The linear regression is highly significant 
(P < 0-001) and the fit is good, showing that the latencies 
are neither random nor uniform. There was a wide 
variation in the latencies of different words for any one 
subject: the mean coefficient of variation was 58-4, which 


vis greater than that between subjects (39-6). 


However, the latencies shown in Fig. 1 include not only 
the decision time for making the guess, but also the time 
taken to read the context. If we take this context as 
extending at most over eighteen words (the nine words 
between the word to be guessed and the nearest blank on 
either side), the maximum difference the reading time 
could make to the latency for words from the highest and 
the lowest order passages (the mean information differed 
by eight bits) would be 2-4 sec, since the rate of gain of 
information in reading these psssages aloud is approx- 
imately sixty bits per sec (plus a constant, for all words, 
of 0-28 sec per word®; this constant in the reading time for 
the eighteen words of context could account completely 
for the intercept of 5 sec in the present experiment). The 
information-processing time involved in reading the 
context would, in fact, affect the present graph by con- 
siderably less then 2-4 sec, since the guessing latencies for 
words of different information content are averaged over 
words from all passages. Thus, even assuming that 
reading and guessing times are quite independent (which 


-*geoms unlikely), we are still left with most of the variation 


nant of performance when it is available. 
frimination is difficult (as in masking or threshold 


£ 


a 


in latency (a minimum slope constant of 0:55) to explain. 

(2) Information-processing models. (a) On. the simple 
model generating one word only, the words in the ensemble 
would be successively dichotomized into equi-probable 
groups until the chosen word was reached, and the latency 
would directly reflect its information content. The results 
support this prediction, since the latency is linearly 
related to the information in the word selected. Theo rate 
of gain of information in selecting the missing word lies 
between 1-1 bits per sec and a maximum of 1-8 bits per 
sec (if the maximum contribution of reading time is sub- 
tracted). This is a much lower rate than in any task 
where the word itself is given as an external stimulus 
together with the context, as, for example, in reading or 
repeating®. Two explanations are possible: first, one could 
argue that in tasks where an external stimulus is given, 
the information determining a subject’s response can bo 
transmitted by either of two channels, one dealing with the 
direct input and one with the verbal context. The first 
is likely to have a higher capacity and transmission rate 
than the second and will therefore be the main determ- 
Where dis- 


conditions) and the channel capacity for the external 
stimulus is effectively reduced, or when the stimulus is 
absent altogether, the information will be taken primarily 
from the verbal context. The sensory information from 
the external stimuli will not vary between passages with 
different contextual probabilities, so that the differences 
in latency will be much less in reading or repeating than 
in guessing missing words. : 

(b) Complex or two-stage information model: an 
alternative explanation for the low rate of gain of in- 
formation in this experiment is that subjects may process 
more information than they finally transmit. They may 
first generate a sample of words from the ensemble of 
possibilities and then select one for their overt response. 
Latency in this case will be a function of the distribution 
entropy as well as of the information in the word selected, 
and the rate of gain in the regression of latency on word 
information will be misleading. 

The effects of word information and distribution entropy 
were separated by examining the variation in latency 


produced by each when the other was held constant. 


Fig. 2 shows the results. It is clear that the distribution 
entropy has at least as much effect on latency as the 
information in the particular word chosen, which also 
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Latency (sec) 
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Bits of information in word selected Entropy in distribution 


Fig. 2. Effects on guessing-latency of word information and of distribu- 
tion entropy. Left, mean distribution entropy: ©, 5:5; @, 4°G; A, 3-0; 
A; 1:5. Right, mean word wformation: O, 60; @,40; A, 26; A, 08 


plays & part. Thus system (2b) gives the simplest and 
most plausible account of the latencies in word selection. 
It could be tested further by asking subjects deliberately 
to speed up their guessizg. This should reduce or eliminate 
the first stage of generating a sample of words to be 
considered before making the final selection, so that the 
latencies should become independent of distribution 
entropy and determined only by word information. 

Many questions are still unanswered. The informational 
model for word selection implies that subjects make suc- 
cessive dichotomies of the ensemble into equi-probable 
groups of words, but it tells nothing of the features which 
determine these groups, whether they are semantic, syn- 
tactic or some other type of verbal association, nor how 
subjects can know their probabilities without considering 
the individual words themselves. 


Anne M. TREISMAN 


Medical Research Council 
Psycholinguistic Research Unit, 
Institute of Experimental Psychology, 
University of Oxford. 
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Two Dimensions for Reaction Time 
Distributions 


THE question of the ‘best’ statistic to use in describing 
the results of experiments on reaction time has received 
little attention, considering the long history of these 
experiments. Most reseerch workers accept the arithmetic 
mean reaction time as the most useful and valid measure 
of performance, especially as its sampling characteristics 
are so easily calculated. The median, the mode, and the 
geometric mean have sometimes been used as substitutes, 
but the common object has been to obtain a measure of 
‘average’ performance. Tn the many papers which followed 
Hick’s! application of information theory to choice reaction 
times, there are few references to any other properties 


‘of reaction time data but the means. More recently, 


experiments in which tne total time for execution of a 
repetitive self-paced task (such as card-sorting) is the 
only measure taken have become a popular, even a 
standard, method of investigation in this field. ~ 
With the emergence of models of latency based on 
stochastic processes®, the importance of the average 
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latency declines somewhat, since the average value of a 
probability distribution has no uniquely valuable proper- 
ties. Indeed, as a sole measure, it may be almost useless. 
Reaction times are necessarily measured from overt 
stimulus to overt response, and include some time over 
which central mechanisms (whether probabilistic or not) 
exert no control. Unless this time is known, the mean total 
reaction time can give no information about the latency 
mechanism. ; 

For intervals which are only partly determined by a 
variable-time process capable of having zero duration, 
the part of each interval not so determined corresponds 
to the minimum value of the distribution of intervals. 
The simplest possible assumption about such a minimum 
value in reaction times is that it 1s physiologically determ- 
ined, and more or less invariant. However, the most 
cursory glance at distributions of choice reaction time 
reveals, that in complex situations a ‘physiological’ 
minimum, value (about 100 msee) is not even approached. 
Typically, a choice response made with an average latency 
of. say, 500 msec is never made, in hundreds of trials, in 
less than about 300 msec (unless the subject is making 
pre-arranged guesses, in which case he is wrong on an 
appropriate proportion of occasions). Clearly, minimum 
values may have a component which is central in origin. 

Formal statistical estimation of the extreme values of 
distributions is a very difficult problem, as Kendall? 
points out. As a statistical estimate, the minimum value 
of a sample is highly biased with respect to the ‘true’ 
population value, that is, it is in error to a degree inversely 
related to the size of the sample. An empirical method 
may be, used to obtain an idea of the magnitude of this 
error. In a sample of reaction times the difference between 
the mean and the minimum value is obtained. The sample 
is then split into successively smaller samples, and the 
same measure taken for each. The means of the samples 
are unbiased estimates of the population mean; thus the 
mean-minimum differences, plotted against sample size, 
reflect the bias in the minima. An investigation of some 
reaction time data by this method showed that the mean- 
minimum. differences became asymptotic for sample sizes 
over about 50 (Fig. 1); thus the minima of distributions 
of this size are reasonably unbiased estimates. Comparisons 
of minima, of smaller samples may often be made, provided 
that the samples are of the same size. 

It was found in preliminary investigations that certain 
experimentally induced effects on mean reaction times 
are reproduced by the minima with considerable fidelity. 
Among these are the number of response alternatives in 
choice situations of the ordinary kind. In a comparison 
of 2- and 4-choice responding, a group of eight subjects 
gave means of 500 and 602 msec respectively, and corre- 
sponding minime (taken in samples of 18) of 354 and 441 
msec. On the other hand, some effects seen in mean reac- 
tion times are absent or much reduced in the minima. 
The minima were found to be much less sensitive to indi- 
vidual differences than were the means. Subjects with 
quite dissimilar mean reaction times often gave practically 
indistinguishable minima. In several experiments involv- 
ing factorial designs, the variance due to subjects was 
always reduced by taking minima of samples instead of 
means, a five-fold reduction being quite typical. A 
striking example of the invariance of minimum reaction 
times in different states of arousal is seen in ref. 4, p. 31 
(data of Kennedy and Travis). 

The different behaviour of means and minima suggests 
that a ‘single parameter (traditionally the mean) is an 
insufficient description of reaction times. The possible 
sufficiency of two parameters was tested by attempting 
to predict from the mean and minimum a third parameter, 
the standard deviation, in samples of reaction times 
obtaingd iù a choice situation. The situation was a complex 
one, and all three parameters varied systematically with 
experimental conditions. It was found that the mean- 
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Fig. 1. Relationship of mean-minimum differences to standard deviation 
and sample size. Ten samples of 48 reaction times contribute to cach 
point. @, Subject 1; Bi, subject 2; A, subject 3 


minimum difference tended to be about 1-4 standard 


deviations in magnitude, whatever the conditions. Data — 


from three subjects are shown in Fig. 1, which also shows 
the effect of sample size on the minima. eemont 
between the subjects is good, in spite of the fact that they 
showed marked differences in performance. Representa- 
tive values for the three subjects are shown in Table 1, 
where these differences are clearly seen. It appears that 
at least over the range of conditions studied, two para- 
meters provide an adequate description of reaction time 
samples. The choice of the two parameters is arbitrary; 
but the minimum and the variance could be recommended 
on the grounds of maximum mutual independence, and 
compatibility with probabilistic models. It seems likely 
that factors known to affect reaction time do so mainly 
by affecting one or other of these two parameters, and 
not both. 


Table 1. TYPICAL DATA FROM THE THREE SUBJECTS IN FIG. 1 


(msec) Mean Manimum S.D 
Subject 1 588 397 134 
Subject 2 466 346 77 
Subject 3 876 510 262 


Most existing models of reaction time processes easily 
yield predictions of the behaviour of minima and variances, 


For example, a theory of choice responding based on \ 


repeated random selection would predict that success 
would sometimes occur on the first trial, regardless of the 
number of alternatives; thus the latter would affect the 
variance only. On the other hand, the number of alterna- 
tives in a dichotomizing-choice model such as Hick’s* 
would principally affect the minimum. Some interesting 
results relevant to a wide range of response processes 
should be obtained by considering two parameters instead 
of one. Many experiments, some first performed in the 
last century, may on repetition still yield information 
relevant to contemporary investigations. 

This work was carried out as part of a project on 
presentation of information in skill situations, supported 
by the Department of Scientific and Industrial Research. 

D. H. TAYLOR 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, April 12 


INSTITUTION OF EERECTRONIC AND RADIO ENGINBERS, JOINT I.E.E.- 
LER. COMPUTER GROUPS (at the Institution of Electrical Engineers, 
SAVOY — London, W.C.2), at 5.30 p.m.—Mr. N. Miller: “Solid Circuits in 

mputers”. i 


SOCIETY OF CHEMICAL INDUSTRY, PESTICIDES GROUP (at 14 Belgrave 
Square, London, S.W.1), at 5.30 p.m.—Annual General Meeting, followed by 
Dr. ©. G. Butler and Dr. R. K. Callow, F.R.S.’ “Honeybee Pheromones”. 


ROYAL GEOGRAPHICAL SOoorETY (at 1 Kensington Gore, London, S.W.7), at 
6 p.m.—“The Cocaine Eaters” (colour films with commentary by Mr Brian 
J. Moser and Mr. Donald B. Taylor). 


INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND STUDENT 
SLOTION (at Savoy Place, London, W.C.2), at 6.30 p.m.—Mr. R. J. Weeks: 
e TONDE of a Nuclear Power Station” (Silvanus P. Thompson 

ecture). 7 - 


Monday, April 12—-Tuesday, April 13 


SOCIETY oF CHEMICAL FNDUSTRY, LONDON SECTION (at the School of 
Pharmacy, 29-39 Brunswick Square, London, W.C.1), at 2.15 pm. on 
——— and 915 am. on Tuesday—Symposium on “Inorganic Single 

ryatals”, 


Tuesday, April !3 


BRITISH SOCIETY OF SOI Sorence (in the New Lecture Theatre, London 
School of Economics, Houghton Street, Aldwych, London, W.C.2), at 10.30 
a.m.-~Meeting on “Pesticides in the Soil”. 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (joint 
meeting with the Science and General Division, at Savoy Place, London, 
W.C.2), at 2.30 pm. and 5 p.m.—-Colloguium on “Problems and Develop- 
menis in Electron Tinear Accelerators and Associated Radio-Frequency 

alves”, 


ZOOLOGICAL SOCIETY OF LONDON (at the Zoological Gardens, Regent’s 
Park, London, N.W.1), at 6 p m.—Scfentific Papers. 


ROYAL INSTITUTION OF NAVAL AROHITECTS (joint meeting with the Insti- 
tute of Marine Engineers, in the Memorial Building, 76 Mark Lane, London, 
H.C.3), at 5.30 p.m.—Mr. A. T. Willens, Mr. D. R. Murray-Smith, Mr. P. 
Nash and Mr. L. A. Ashton’ “Fire Fighting and Fire Protection in Ships”. 


INSTITUTION OF MECHANICAL ENGINEERS, AUTOMOBILE DIVISION (at 1 
Birdcage Walk, Westminster, London, S.W.1), at 6 p.m.—-Mr. G. Huebner: 
“The Chrysler Gas-Turbine Car”, 


ROYAL AERONAUTICAL Soorery, ASTRONAUTICS AND GUIDED FLIGHT 
SEOTION (at 4 Hamilton Place, London, W.1), at 6 p.m.—Dr..A. W. Lines: 
“Design of Spacecraft for Experiments Ín the ESRO Scientific Programme”. 


Wednesday, April 14 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIvIston (at 
Savoy Place, London, W.C.2), at 5.30 p.m.—Mr. H. S. Leman: “Acoustics 
and pa ie Transmission~-—Examples of the Problems of Human Judge- 
ment”, 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, TELEVISION GROUP 
(at the London School of Hygiene and Tropical Medicine, Keppel Street 
Gower Street, London, W.C.1), at 6 p.m.—Mr. R. N. Jackson, Mr. K. E 
J — and Mr. B. J. Rogers: ““B.R.E.M.A. Colour Television Home Viewing 

ests”. 


INSTITUTION OF MECHANICAL ENGINEERS, NUCLEAR ENERGY GROUP (at 
1 Birdcage Walk, Westminster, London, S.W.1), at 6 p.m.—Mr. W. Rizk 
and Mr. D. F. Seymour: “Investigation into the Faflure of Gas Circulators and 
Circuit Components at Hinkley Point Nuclear Power Station”. 


SOOIETY OF CHEMICAL INDUSTRY, FOOD GROUP—NUYTRITION PANEL (at 
14 Belgrave Square, London, 8.W.1), at 6.15 p m.—Annual General Meeting 
followed by Dr. L. Golberg: “The Dangers of Natural Foodstuffs”. 


Om. AND COLOUR- CHEMISTS’? ASSOCIATION, LONDON SECTION {at the 
Oriterian-in-Piccadilly, London, W.D, at 6.30 p.m.— Annual General Meeting. 


Soctery oF CosMEtICO CHEMISTS OF GREAT BRITAIN . the Royal Society 
of Arts, John Adam Street, Adelphi, London, W.O0.2), at 7.30 p.m.—Sir 
Edward Charles Dodds, M.V.O., F.R.S.: “The Hormonal Background of the 
Skin” (First Annual Medal Lecture), 


> 
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APPOINTMENTS VACANT 


APPLICATIONS are Invited for the followlng appointments on or before the 
dates mentioned: 

RESEAROH ASSISTANT (with a first degree or Dip.Tech. in physics or 
applied physics and preferably a good understanding of classical wave 
optics) IN THE DEPARTMENT OF PHYSICS, to join a team working on theories 
of image formation under Dr. G. L. Rogers, Reader in Wave Optics—The 
Staff Officer, College of Advanced Technology, Gosta Green, Birmingham, 4, 
quoting Ref. 404/2 (April 14). 

LECTURER IN ABNORMAL/CLINIOAL PsyoHoLoagy—The Registrar, The 
University, Leicester (April 17). 

PRINCIPAL (with high academic qualifications and considerable experience 
in university and/or technical college administration) or THE WEST HAM 
COLLEGE or TRrounNoLocy—Chief Education Officer, Education Department, 
95 The Grove, Stratford, London, 6.15 (April 17). 

SENIOR LECTURER, a LECTURER, and an ASSISTANT LECTURER IN THE 
rene a OF PsycHOoLoaY-—The Secretary, The University, Aberdeen 

ri Š 

ASSISTANT LECTURER (preferably with special Interests in the field of 
social stratification) IN THE DEPARTMENT OF SocloLOGy-—The Secretary, 
University of Exeter, Northcote House, The Queen’s Drive, Exeter, Devon- 
shire (April 20) . 

ASSISTANT LECTURER IN PaILosopHy—The Registrar, The University, 
Sheffield (April 21). 
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LECTURER or ASSISTANT LECTURER (man or woman graduate, preferably 
With interests in ecology) ny ZooLoGy—The Registrar, The University, 
Leicester (April 21). ‘ 

LEOTURER/SHNIOR LECTURER (with Interests in either fundamental genetics 
or the application of genetics to animal breeding) IN THE GENETICS SECTION 
OF THE SCHOOL OF RURAL SCIENCE, University of New England, Armidale, 
New South Wales, Australia—The Association of Commonwealth Univer- 


-Sitiea (Branch Office), Marlborough House, Pall Mall, London, 8.W.1 (Aus- 


tralia and London, April 22). 

ASSISTANT LECTURERS or LEOTURERS (2) IN THE DEPARTMENT OF 
PSYOHOLOGY—The Registrar, The University, Keele, Staffs (April 23). 

LECTURER (with industrial and/or academic research experience, and 
qualified in a branch of physical science or materials technology) IN MATERIALS 
$018 (al oa) SCIENCE—Th2 Governors, Woolwich Polytechnic, London, 

SENIOR LECTURER (Grade I) IN MATHEMATICAL STATISTIOS WITHIN THE 
DEPARTMENT OF MATHEMATIOS-—The Registrar, University Senate House, 
Tyndale Avenue, Bristol, 2 (April 23). 

ASSISTANT LECTURER IN PURE MATHEMATICS—The Secretary, The 
Queen’s University, Belfast, Northern Ireland (April 24). 

ASSISTANTS (2) IN GEOGRAPHY; a LECTURER IN SURVEY AND PHOTO- 
GRAMMETRY IN THE DEPARTIIENT OF GEOGRAPHY; and a LECTURER IN 
ae —— of the University Court, The University, Glasgow 

TEOTURER or an ASSISTANT LECTURER IN APPLIED Prysics—The Regis- 
trar, THe University, Hull (Aoril 24). 

LECTURER or ASSISTANT LECTURER IN APPLIED MATHEMATIOS—The 
Registrar, The University, Léizester (April 24). 

LECTURER (preferably organie chemist) IN THE DEPARTMENT OF OHEM- 
ISTRY, to organize the’chemistry course for medical students and to partici- 
pate in the teaching—The Seeretary, The University, Aberdeen (April 24). 

RESEARCH ASSISTANT (with a degree in chemistry or equivalent qualifi- 
cation, or expecting to graduate shortly) IN THE DEPARTMENT OF CHEMISTRY, 
for duties which will include both experimental work and literature searching 
in the — rubber field—?Prof. Q. M. Burnett, The University, Aberdeen 


(April 24). 

BENIOR LECTURER IN PHYSIOLOGY with emphasis on histology—Secretary 
of the University Court, The University, Glasgow (April 24). 

SENIOR LECTURER, LEOTURER, and an ASSISTANT LECTURER IN THE 
DEPARTMENT OF MATHEMATICS (an applied mathematician is needed for one 
of the posts)—The Secretary, “he University, Aberdeen (April 24). 

ASSISTANT LECTURER (preferably with an interest in some aspect of 
chemical thermodynamics) YN PHYSICAL CHEMISTRY~The Secretary, 
aie heal od Exeter, Northecte House, The Queen’s Drive, Exeter, Devon- 
shire (Apri E 

LECTURER/ASSISTANT LECTURER (preferably with research interests in 
algebra) IN THE DEPARTMENT OF TIcsS—The Secretary, University 
a Northcote House, The Queen’s Drive, Exeter, Devonshire (April 

Assistant (with qualifications in either historical geography or environ- 
mental archaeology) IN ARCHAROLOGY—Secretary of the University Court, 
The University, Glasgow (April 30). 

CHAIR OF APPLIED CHENESTRY at the University of Singapore—The 
Secretary, Inter-University Counoil for Higher Education Overseas, 33 
Bedford Place, London, W.O (April 30). 

CHAIR OF MATHEMATICS——Ihe Registrar, The College of Aeronautics, 
Cranfield, Bedford (April 30). 

— oF PsycHoLoay—The Secretary, The University, Aberdeen (April 

CHAIR OF ZOOLOGY—The Registrar, University of Newcastle upon Tyne, 
6 Kensington Terrace, Newcastle upon Tyne, 2 (April 30). 

LECTURER IN PURE MATHEMATIOS—The Registrar, The University, New- 
castle upon Tyne, 2 (April 30). 

LECTURER IN THE DEPARTMENT OF CLINICAL CHEMISTRY -The Secretary, 
University of Edinburgh, Old College, South Budge, Edinburgh, 8 (April 30). 

LECTURER (with an honours degree or the equivalent) IN THE DEPARTMENT 
OF PHILOSOPHY, University of Melbourne, Australia—The Association of 
Commonwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, 8.W.1 (April 30). 

LECTURER (with special qualifications and interests in microbial genetics) 
IN GENETIOS—The Secretary, The Queen’s University, Belfast, Northern 
Jreland (April 30). . 

PROFESSOR OF EDUCATION~~The Principal, Brunel College, “Woodlands 
Avenue, London, W.8 (April 30). ‘ 

Proressor (with high azademic attainments, appropriate teaching, 
research, or industrial experience, and interested in recent developments in 
materials science and technology, and their impact on metallurgy) OF METAL- 
ear soe Principal, Brunel College, Woodlands Avenue, London, W.3 

p . " 

RESEARCH DEMONSTRATOR (preferably with qualifications or an interest in 
physical optics or optical diffractometry) IN THE DEPARTMENT OF PEYSICS— 
The Professor of Physics, University College of South Wales and Monmouth- 
shire, Cardiff (April 30). 

SENIOR DEMONSTRATOR IN JNORGANIO CHEMOSTRY—~The Registrar, 
University of Melbourne, Parkville, N.2, Victoria, Australia (April 30). 

SENTOR LECTURER or LECTURER — with an interest and experience 
in tropical tree crops and crop ecology) IN THE DEPARTMENT OF CROP HUS- 
BANDRY AND HORTICULTURE, University of Ghana—The Assistant Registrar, 
Higher Education Section, Ghana High Commission, 15 Gordon Square, 
London, W.C.1; or The Regiszrar, University of Ghana, P.O, Box 25, Legon, 
Accra, Ghana (April 30). 

CHAIR OF PURE MATHEMATICS AND MATHEMATIOAL Statistics—The 
Registrar, University College: of South Wales and Monmouthshire, Cardiff 
(May 1). 

ae (Grade II) IN GOMPARATIVE PHYSIOLOGY; and an ASSISTANT 
LECTURER (Grade ITI) IN Enxorron MIOROSCOPY IN THE DEPARTMENT OF 
YooLoGy—The Registrar, University Senate House, Tyndale Avenue, 
Bristol, 2 (May 1). { 

POSTDOOTORATE RESEARCH.ASSISTANT IN THE DEPARTMENT OF OHEMISTRY, 
for work on free radical reactions of fluorinated compounds in collaboration 
with Dr. K. R. Jennings—Tks Registrar, The University, Sheffield (May 1). 

LECTURERS and ASSISTANT LECTURERS (men or women graduates) IN 
SoctoLoay, SOCIAL ADMINISTRATION OR SOCIAL STATISTICS IN THE DEPART- 
MENT OF SOCIOLOGY, SOCIAL STUDIES AND Eoconosncs—~The Secretary, 
Bedford College (University of London), Regent’s Park, London, N.W.1 

y 


LECTURER or ASSISTANT LOOTURER (with qualifications and e&perience to 
teach for honours degree courses in mathematics, statisties and various 
technological subjects) IN MATHEMATICS OR MATHEMATICS AND COMPUTATION 
~The Registrar (Ref. 92Y/E), Bradford Institute of Technology, Bradford 
(May 5), © 
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LECTURER (Grade II) (mathematician) IN THE DEPARTMENT OF THEO- 
RETIOAL MECHANICS (Faculty of Engineering)—The Registrar, University of 


Bristol, The Senate House, Bristol, 2 (May 7). 
LECTURERS or PROBATIONARY ASSISTANT LECTURERS (men or women 


graduates) IN THE DEPARTMENT OF GEOGRAPHY—The Secretary, Bedford 
College (University of London), Regent’s Park, London, N.W.1 (May 8) 

READER IN MATHEMATICS (Pure or Applted)}—The Secretary of Faculties, 
University Registry, Broad Street, Oxford (May 8). 

SENIOR) LECTURER, LECTURER or ASSISTANT LECTURER (preferably with 
training and/or experience in (æ) economics and economic geography and (b) 
biogeography including soils) IN THR DEPARTMENT OF GEOGRAPHY, Ahmadu 
Bello Untversity, Northern Nigeria-—The Secretary, Inter-University Council 
for Higher Education Overseas, 33 Bedford Place, London, W.O 1 (May 10). 

SENIOR) LECTURER or LECTURER IN PATHOLOGY at the University of 
Singapo The Secretary, Inter-University Council for Higher Education 
Oversens, 33 Bedford Place, London, W.C.1 (May 10). 

ASSISTANT LECTURER (preferably with an interest in X-ray crystallography 
or mass-spectrometry) IN ORGANIC CHEMISTRY—The Registrar, University 
College of|South Wales and Monmouthshire, Cathays Park, Cardiff (May 14). 

SIs! LECTURER (with special qualifications in inorganic chemistry) 
NC TRY—The Registrar, University College of South Wales and Mon- 
mouthshire, Cathays Park, Cardiff (May 14). 

CHAIR OF OLINICAL MEDICINE at the University of Singapore---The 
Secretary, Inter-University Council for Higher Education Overseas, 33 
Bedford Place, London, W C.1 (May 15). 

UNIVERSITY DEMONSTRATOR (with interests in biogeography and/or 
climatology} IN THE DEPARTMENT OF GEOGRAPHY—Dr. I. D. Muir, Depart- 
ment of Mineralogy and Petrology, University of Cambridge, Downing 
Place, Cambridge (May 15). 

CHAIR OF BIOCHEMISTRY at St Salvator’s College—The Secretary, Univer- 
sity of Sti Andrews, College Gate, St. Andrews, Fife, Scotland (May 17). ~ 

CHAIR OF CHEMISTRY at the University of Cape Town—The Secretary- 
General, ociation of Commonwealth Universities (Branch Office), Marl- 
borough-House, Pall Mall, London, S.W 1; and The Registrar, University 
of Cape Town, Private Bag, Rondebosch, Cape Town, South Africa (May 21). 

Seperate bal OFFICER (graduate with an honours degree in a biological 
subject ov in chemistry, and preferably with research experience in bio- 
chemistry) IN THE SOIL MICROBIOLOGY DEPARTMENT, to study the carbo- 
hydrate metabolism of legume root nodules—The Secretary, Rothamsted 
Experimental Station, Harpenden, Hertfordshire (June H- 

LECTURER/SENIOR LECTURER (with a suitable, preferably higher, degres 
in scence or agricultural science, and experience in the fleld of plant physiol- 
ogy) IN AGRONOMY (Plant Physiology) IN THE FAOULTY OF AGRICULTURE 
AND HORTICULTURE, Massey University of Manawatu, Palmerston North, 
New Zealand—-The Association of Commonwealth Universities .(Branch 
Office), Iborough House, Pail Mall, London, 8.W.1 (New Zealand and 
London, July 31), 

ASSISTANT LECTURER (Demonstrator) (preferably candidate wishing to 
take up an academic career in some branch of human biology or cytology) 
IN THE DEPARTMENT OF HUMAN BIOLOGY AND ANATOMY—Prof. R. Barer, 
The University, Sheffield, 10 

ASSISTANT LECTURER IN AGRICULTURAL ECONOMICS AND FARM MANAGE- 
MENT, anf an ASSISTANT LECTURER IN CROP HUSBANDRY¥Y—The Principal, 
Essex Institute of Agriculture, Writtle, Chelmsford, Essex. 

ASSISTANT LECTURERS or LECTURERS (preferably with research interests 
in algebraic geometry, topology, functional analysis, numerical analysis, 
probability theory or statistics) IN MATHEMATIOS—The Assistant Registrar 
(Establishment), University of Sussex, Stanmer, Brighton, Sussex. 

DEMONSTRATOR IN PLANT PATHOLOGY at the Imperial College Field 
Station, Silwood Park, near Ascot, Berks-——Prof. R. K. S. Wood, Impertal 
College, London, 8.W.7. i 

ENTOMOLOGIST (national of the United Kingdom or the Republic of Ireland, 
with an hdnours degree in zoology or a relevant subject plus two years post- 
graduate study in agricultural entomology) In Uganda, to carry out surveys 
and conduct research into pests of crops and stored produce, especially 
cotton, coffee and cocoa, and to advise on control measures~—The Appoint- 
ments Officer, Room 301, Ministry of Overseas Development, Eland House, 
Stag Place, London, 8.W.1, quotin~ Ref. RO 218/183/07. - 

GEOLOGIST (male, national of the United Kingdom or the Republic of 
Treland, with a first- or good second-class honours degree in geology, prefer- 
ably with| experience of geological mapping or metamorphic terram) m 
Malawi, tolundertake geological mapping, geological surveys, investigation of 
mineral deposits and possible water supply investigations—-The Appoint- 
ments Officer, Ministry of Overseas Development, Room 301, Eland House, 
Stag Place, London, S.W.1, quoting Ref. RO 218/184/02. 

GROPHYSIOIST (actively interested in pursuing research, and preferably 
with expetience in rock magnetism, palaecomagnetism or gravimetry) IN 
THE PHYSICS DEPARTMENT—Head of the Physics Department, Memortal 
University| of Newfoundland, St. John’s, Newfoundland, Canada 

LECTURER (preferably with an interest in generies or cytology) IN ZOOLOGY 
—Clerk to| the Governing Body, Northern Polytechnic, Holloway, London, 


N.7. | 
LEOTUR (2) and ASSISTANTS (2) (graduates in electrical engineering, 
physics or physical chemistry) IN THE DEPARTMENT OF ELECTRICAL ENGIN- 
BERING-~—Secretary of the University Court, The University, Glasgow. 
MASTER (with an honours degree) to teach chemistry to open scholarship 
spar ate i Headmaster, City of London School, Victoria Embankment, 
ndon, 4. 


REPORTS and other PUBLICATIONS 


(nal included in the monthly Books Supplement) 


| Great Britain and ireland 


| 

British Antarctic Survey. Scientific Reports No. 38. Antarctic Lichens. 
1: The Genera Usnea, Ramalina, Himantormia, Alectorva, Cornicularia.- By 
Dr. I. Mackenzie Lamb Pp. 70+9 plates. 45s. net. No. 40° Analysis of 
Auroral Observations, Halley Bay, 1960. By J. R. Blackie. Pp. 47+ 
5 plates. 24s. net. (London. British Antarctic Survey, 1964.) [71 

Chemistry in Britain, Vol. 1, No. 1 (January, 1965). Edited by Dr. F W. 
Gibbs, with Diana P. E Boatman. (Incorporating the Proceedings of the 
Chemical Soctety and the Journal of the Royal Institute of Chemistry) Pp. 
1-46+xxvi. Subscription rate per annum: 100s. Single copy 10s 
(London: ,The Royal Institute of Chemistry, and the Chemical Society, 
1965. Subscnptions to the Chemical Society. Editorial and Advertisements 
to the Royal titute of Chemistry.) 71 

Heinemann’s Statistical Tables. (A set of four sheets containing the five 
basic tables required for most introductory statistics courses.) (London. 
Heinemann Educational Books, Ltd., 1958.) 2s. [71 


NATURE 


* 


- April 10, 1965 VOL. 206 


Building Research Station Digest (Second Series), No. 54: Damp-Proofing 
Solid Floors. Pp. 4. (London: H.M., Stationery Office, 1 4d, [141 
Government of Northern Ireland: Ministry of Agriculture. Leaflet Br. 
(revised) Brucellosis. Pp.8. (Belfast: Mimstry of Agriculture, 1964.) [141 
Colonial Office. Fishery Publications, No. 21. A Pr 
Bottom Tithing- on the North Kenya Banks. By Dr. J. F. ©. Morgans. 
Pp. ni +91 -+8 plates. (London: H.M. Stationery Office, 1964.) 3802. net. [141 
The Scothsh Horticultural Research Institute. Eleventh Annual Report, 
April 1963-—March 1964. Pp. 87. (Invergowrie, Dundee and Auchincruive, 
Ayr: The Scottish Horticultural Research Institute, 1964.) [141 
Proceedings and Transactions of the South London Entomological and 
Natural History Society, Part 2, 1963. Pp. 1v+140+8 plates. (London: 
The South London Entomological and Natural History Society, M 
141 


208, 
Cosmic Mechanics and the Atom: a New Model. By J. R. Haldane. 
Pp. 24. (Glasgow: J. R. Haldane, 1 Devonshire Gardens, 1964.) 141 
The Systematics Association. Phenetic and Phylogenetic Classification: 
a Symposium. Hdited by Dr, V. H. Heywood and Dr. J. MeNeill. Pp. xi+- 
164. (Publication No. 6.) (London: The Systematics Association, 1964. 
Available from B. W. Classey, Lid., 353 Hanworth Road, Hampton, Middx.) 
158.; 2.50 dollars. f {141 
Studies an Speleology, Vol. 1, Part 1. Published annually. Pp. 74+ 
11 plates. (London: The Association of the Pengelly Cave Research Centre, 
1964. Available from M. A. Rennie, 40 Bradley Gardens, Ealing, London, 
W.13; and E. Taylor, 142 Lloyd Avenue, Pittsburgh, 18, Pennsylvania, 
U.S A.) 263; 3.75 dollars. {14} 
Nottingham and Nottinghamshire Technical Information Service. 
NANTIS Handbook and Directory of Resources, 1964-65. - Mdited and 
compiled by J. E. Toon. Pp. 64. (Nottingham. Nottingham and Notting- 


hamshire Technical Information Service, The Central Jabrary, 1964.) 
i 


12s. 6d. ~ {14 
Other Countries 


Transactions of the Royal Society of New Zealand. Geology. Vol. 2, 
No. 13 (September 23, 1964). Tectonic Rehef in South Kanto, Japan. 
By S. Laneko. Pp. 187—204 -+2 plates. Zoology. Vol. 5, No. 4 (September 
15, 1964): Further Evidence for a Histolytic Process in the Seasonal Growth 
of the Reproductive System in Hyla aurea. By L. B Richardson. Pp. 
59-62. Vol. 5, No. 5 (September 24, 1964): The Echinoid Genus Caenopedina 
in New Zealand. By David L. Pawson. a 863-68 + 1 plate. Vol. 5, No. 6 
{September 24, 1964): A New Cidaroid from New Zealand Waters. By 
David L, Pawson. Pp. 67~70+1 plate, Vol. 6, No. 7 (September 23, 1964)’ 
Kiels and Hel-Larvae of the Tur Oceanographic Cruise, 1962, to the South 
Fijt Basm, By P. H. J. Castle. Pp. 71-84. Vol. 5, No. 8 (September 24, 
1964}: A Redescription of Glovopotes hutiont (Thomson, 1889), with a Key 
to the Species of the-Genus. By G. C. Hewitt. ' Pp. 85-96. Vol. 5, No. 9 
(October 15, 1964): The Arthropod and Helminth Parasites of Red Deer 
(Cervus elaphus L.) in New Zealand, By J. R. H. Andrews. Pp. 97-122. 
Vol. 5, No. 10 (October 15, 1964): A New Species of Caligus (Copepoda) on 
a Species of Tripterygion from New Zealand. By G. C. Hewitt. Pp. 123-130, 
(Wellington, The Royal Society of New Zealand, 1964.) | (141 

Annuaire du Bureau des Longitudes pour 1965. Fp. viii -t+ 776. (Paris: 
Gauthier-Villars et Cie., 1964) Broché 50 francs; Cartonné 55 francs. [141 

Indian Forest Records (New Series)-—-Silvicalture: Vol. 11, No. 3: General 


` -Volume Tables for, Picea smithiana (Wall.) Boiss. By S N. Dabral, M. M. 


Singh and D. S. Rawat. Pp. 59-70. Rs. 2.60 nP.; 68s. 1d. Vol 11, No. 4: 
Standard Volume Tables for Syzygium cumini. By S. N. Dabral, P. K, 
Bhattacharya and P. S. Payal. Pp. 71-78.' Rs. 155 nP.; 3s. 8d. (Delhi: 
Manager of Publications, 1964.) , i [141 
Comptes Rendus des Travaux du Laboratoire Carlsberg. Vol. 34, No. 12: 
Studies on Rennin, IX: On the Limited Proteolysis of A-Rennin and the 
Proteolytic Activity of Chromatographically Purified Fractions of Rennin. 
By B Foltmann. Vol. 34, No. 13: Studies on Rennm. X: Gn the Proteoly- 
tac Specificity of Rennin. By V. Bang-Jensen, B Folfmann and W. Rom- 
bauts. Pp, 319-345. 5 kr. Vol. 34, No. 14: Hanseniaspora pijperi (Van 
der Walt et Tscheuschner) Nov. Comb. By Esben Ditlevsen and Aase 
Hiort. Pp. 347-358 +2 plates. 2kr. Vol. 34, No. 15: Studies on the Mechan- 
ism of Crossing Over. 1: Theoretical Considerations. By M. Westergaard. 
Pp. 359-405. 8 kr. (Copenhague: Danish Science Press, Ltd., 1964.) [141 
Comité International des Poids et Mesures. Comité Consultatif pour la 
Définition. de la Seconde--3° Session—1963 (3-5 Décembre). Pp. 72. 
(Paris. Gauthier-Villars et Cie., 1964 ) i * [141 
Colony of Mauritius. Annual Report of the Meteorological Department 
1963. Pp i+18. Meteorological Observations and Climatological Summaries 
1963. October. Pp. 37. November. Pp. 37. December. Pp. 39. (Port 
Louis. Government Printer, 1964.) ; [141 
New Zealand. Department of Health: National Radiation Laboratory. 
Fallout in New Zealand—Quarterly Report, July-September 1964, Pp. 20. 
— No. N.R.L.-F.14.) (Christchurch: National Radiation AO 
4. 141 
Canada: Department of Mines and Technical Surveys. Bulletin No. 117: 
Canadian Fossil Ostracoda: Some Silurian Species. By M. J. Copeland. 
Pp 20+2plates. 1.25 dollars. Paper 63-43: Two Aquifer Tests'in Winnipeg 
and Brandon Map-Areas, Manitoba. By J. E. Charron. Pp. 51. 75 cents. 
Paper 64~17 (Part IT): Age Determinations and Geological Studies. Part IT: 
Geological Studies. Fourth Report on Structural Provinces, Orogenies, and 
Time-OClassification of Rocks of the Canadian Precambrian Shield. By 
O. H. Stockwell. Notes on the Orogenic History and Isotope Ages in Bot- 
wood Map-Area, Northeastern Newfoundland. By H. Williams. Pp. iv+29. 
75 cents. Paper 64-53: Foraminiferal Study of East Bay, Mackenzie King 
Island, District of Franklm (Polar Continental Shelf Project). By G. Vilks. 
Pp. 26. 75-cents. (Ottawa: Queen’s Printer, 1964.) [141 








Editorial and Publishing Offices of “‘NATURE’’ 
MACMILLAN (JOURNALS) LIMITED 


ST. MARTIN’S STREET, LONDON, W.C.2 
Telephone Number: Whitehall G03!. Telegrams: Phusis London W.C.2 





Annual subscription: Inland £13, Overseas £13 I5s., payable 
in advance, postage paid to any part of the world. 


` Advertisements only should be addressed to 
T, G. Scott & Son, Ltd., I Clement’s Inn, London, W C.2, 
Telephona Number: Holborn 4743 


Registered as a newspaper at the Genera] Post Office 


Copyright © Macmillan (Journals) Limited, April 10, [965 


eluminary Survey of 


ro 
. 


= 


April 17, 1965 


No. 4981 


NATURE 


223 


AUTOMATION AND SOCIAL ADJUSTMENT 


ROF G. A. MILLER’S Granada Lecture, “Computers, 
Communicatmon and Cognition”, was delivered in 
London about a month before Sir Leon Bagrit began his 
Reith Lectures, “The Age of Automation”. Prof. Miller’s 
Lecture has now been published in The Advancement of 
Science (21, 417; 1965); it was, in fact, published just 
before the Reith Lectures appeared in book form*. Prof. 
Miller and Sir Leon cover much common ground, but they 
aretosomeextent complementary. Prof. Miller, forexample, 
begins by disposing of any idea that there is a resemblance, 
or anything more than a superficial analogy, between a 
computer and the brain, and continues his psychological 
approach to elucidate the relations between man and 
machines so as to indicate just where computers can best 
be of service to man. Mechanical intelligence, he observes, 
will not ultimately replace human intelligence, but rather, 
by complementing our human intelligence, will supple- 
ment and amplify it. We will learn to supply by mech- 
anical organs those functions that natural evolution has 
failed to provide. 

This is exactly what has been happening in the natural 
sciences over the past four centuries. Prof. Miller suggests 
that by classifying man ever more accurately with respect 
to his capacities end incapacities for processing informa- 
tion, by discovering more about the general system that 
he exemplifies, an increasingly deeper insight will be 
gained into how best to use computers to perform func- 
tions that are difficult for man. He is hopeful that this 
general strategy of research will prove valuable in all 
areas of the biological, psychological and social sciences. 
However, he adds a warning against excessive optimism 
before finally discussing briefly the human problems 
involved in adjusting ourselves and our society to the 
new world ahead of us, though he believes that fear of 
future technology is based on two assumptions, both of 
which are dubious if not demonstrably false. Rejecting 
the prophecies af doom, of automation leading to mass 
unemployment and demoralization, he rightly insists that 
computers will continue to amplify our intelligence for 
just the same reason that engines continue to amplify our 
muscles. They enable us to undertake tasks which could 
never before haves been undertaken, no matter how many 
unskilled workers were set to work. The question is not 
whether we should or should not have computers, but how 
we can make the most humane and intelligent use of 
them. 

The two assumptions on which anxiety or despair is 
unsoundly based are, first, that the amount of work to 
be done in the future is finite, and secondly, that any- 
thing that man can do, machines can do better. Of the 
first, which is far alder than the age of computers, Prof. 
Miller remarks thas there is little reason to believe that 
the total amount of future work is limited. The amount 
of work involved merely in achieving full automation of 
industry is enormous, and for centuries to come no one 
- who can contribute to it will need to go unemployed. 
Moreover, this enterprise will almost certainly be supple- 
mented by the further development of new products and 
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new technologies. What automation does mean, however, 
is @ redistribution of our working force into new occupa- 
tions with all the attendant social stress that such shifts 
always generate, 

This is the real point behind the Prime Minister’s 
remarks in his address to the Parliamentary and Scientific 
Committee on February 18 (see p. 230 of this issue of 
Nature) and in his address on television on February 24. 
In the former address, Mr. Wilson referred particularly 
to the demands whick would be placed on our educational 
system and to the need to plan for them immediately. In 
his broadcast, Mr. Wilson emphasized the need for Britain 
not simply to modernize her traditional industries but 
even more for a change in national attitudes and outlook, 
including a different sense of priorities in some professions. 
In his broadcast on February 24, which was outstand- 
ingly non-controversial and free from Party polities, the 
Prime Minister made many such points which all too often 
are obscured by the cut and thrust of Party controversy. 

The second basis fer anxiety rests on the equally un- 
realistic assumption that there is no real difference between 
human intelligence and mechanical intelligence, so that 
as the level of mechenical intelligence rises all but the 
most intelligent élite among human beings will find them- 
selves redundant. Hore it should be remembered. first 
that computers are expensive, and, given the economic 
realities we expect to persist, labour-saving devices offer 
no advantage over a human employee unless they can do 
the job equally well az a lower total cost-—this condition 
will often be difficult to satisfy. Prof. Miller suggests that 
this may be one explanation of the relative lag in com- 
puter technology in Great Britain, where labour costs 
have been lower than in the United States and conse- 
quently computers have been a less profitable investment. 
This situation has its dangers, and he suggests that Britain 
should consider the possibility that she is, in fact, moving 
too slowly. The plans announced in the statement which 
the Minister of Technobgy made in the House of Commons 
on March 1 should diminish if not remove this danger. 

Prof. Miller comments that at present the machines 
are best at those highly routine operations and decisions 
that must be performed repeatedly according to explicit 
rules and criteria. In the future, machines may be able 
to perform more subtle kinds of intellectual work, but it 
does not follow that it would be economically realistic to 
use them in this way on a large scale. Emphasizing again 
that there are some things that machines do better than 
man and others that man can do better than machines, 
he anticipates that in she future we will be increasingly 
able to use machines to supplement our own competencies. 
He recognizes that thers are real problems, and points out 
that we will need all our imagination and goodwill to 
ensure that these new machines serve the public interest. 
Moreover, it will be necessary to modify our social, 
economic and educational institutions to harmonize with 
this future. 

He points out that the gap between men and machines 
has narrowed not by degrading man but by enriching his 
conception of a machine, and he specifically emphasizes 
the service that computers can render in the field of 
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planning. However, it is curious that he does not mention 
the vital contribution they can make in providing a basis 
for decisions to be taken on a factual analysis of the 
situation which would never be possible in time if we 
had to rely on human effort alone. This point is well 
stressed by Sir Leon Bagrit, who, in his fourth Lecture, 
emphasizes that the work of Government would be more 
effective and acceptable if its techniques could be refined 
in this way. While computers do not remove the need 
for judgment, they could provide administrators with so 
much detailed and up-to-date information that their 
judgments and decisions would be made more accurately 
and wisely, and with a far greater knowledge of their 
probable effect. 

In this Lecture, which deals with some political con- 
sequences of automation, Sir Leon welcomes the estab- 
lishment of a Ministry of Technology, as an indication 
that the Government recognizes the urgency of the 
situation. The specific steps announced by the Minister 
on March ł should go far to meet the needs at least in 
the economic and industrial fields. That of education is 
another matter, though it will be noted that in making 
his statement Mr. Cousins admitted that this must be 
largely a responsibility of the Ministry of Education and 
Science. The Ministry of Labour is also involved so far as 
industrial training or retraining is concerned, but just 
because at least three Ministers are involved it does not 
diminish the need for swift and effective action in what 
is really the key problem if Britain is to utilize the oppor- 
tunities of the age of automation and not fall hopelessly 
behind. It is not simply a matter of appropriate education 
for the scientist, for the technologist, for the administrator 
and for the manager, or of seeing that all who enter 
industry or commerce are equipped to change skills or 
acquire new skills as required; it is above all, as Sir Leon 
wisely remarks, the state of public opinion which will 
ultimately decide the rate at which we can introduce 
automation and the safeguards we enforce. 

In this Lecture, Sir Leon goes into much more detail 
than Prof. Miller was able to do, but, as in his following 
Lecture on the industrial and economic consequences, he 
covers much common ground, making throughout the 
point that automation is an extension of our powers. Sir 
Leon points to some of the tasks which the Minister of 
Technology is already tackling, and suggests, for example, 
a body for co-ordinating research in this field, including 
activities concerned with guidance systems and other 
military techniques, and desiderates a policy which would 
encourage the introduction of the most modern and 
sophisticated ideas into every aspect of our lives while 
safeguarding the paramount human values. He gives 
little indication, however, how he would tackle this 
primary task of educating the public understanding. Even 
his third Lecture, which deals with education for an age 
of automation, does not really face this issue: it is con- 
cerned, indeed, with the supply ‘of men and women able 
to understand the significance of the past, who are in 
the stream of current ideas and who can make use of 
them, and who have the quality of imagination that is 
capable of foreseeing and welcoming the future. Essen- 
tially this 1s directed to the appropriate education of our 
future leaders in Government, industry and commerce, to 
ensuring that the Government of the nation is in the 
hands of broadly educated people trained to appreciate 
and eValuate new developments. 

That is a formidable enough task, but by itself it will 
not suffice. While Sir Leon himself would not appear to 
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underrate the interest and latent intelligence of the mass 
of the people, he has nothing to say on how to overcome 
the inertia and prejudice that still block, for example, 
the introduction of liner trains or the modernization of 
our ports. A genuine breadth of education and a sense 
of social and human responsibility are indeed first priorities 
in higher education but not these alone, and Sir Leon 
Bagrit does indeed recognize that our whole system of 
education requires thinking out afresh in terms of this age 
of automation. Pertinently he observes: “You do not 
educate masses, you educate people, individuals”. 

The Reith Lectures themselves may rightly be con- 
strued as a contribution to this process of educating the 
public mind, in so far as they are a real contribution to 
the national debate on automation and technology. More- 
over, they are pregnant with a real and deep concern to 
preserve human values and individuality. While the 
effects of automation may well be much less in the direct 
or personal service sector of our economy, as Sir Leon 
suggests, and while his suggestions regarding retirement, 
particularly retirement resorts, seem sometimes to raise 
more problems than they settle and to run counter to 
some experience, they are none the less stimulating. They 
raise issues that have to be faced imaginatively and con- 
structively and with deep concern for the real needs of 
the individual. 

This new era of technological advance and scientific 
knowledge must be matched by an increasing under- 
standing of the importance of human values and en 
increased responsibility of Government for the general 
welfare. Moreover, Sir Leon insists, automation and the 
changes it brings must be related, above all, not to the 
conditions of to-day but to the totally new social and 
industrial conditions in which it will eventually develop 
and establish. It is with the demands that those con- 
ditions will bring that we are concerned and the foresight 
and imagination that are involved in doing so are prob- 
ably even more difficult to find than the greater recep- 
tivity to change that is also required. 

In this context Sir Leon is rightly impatient of some 
political attitudes, and when he urges that a political 
approach is needed which is concerned to serve the whole 
of society rather than a section of it he has the support 
of many scientists and technologists. As he justly observes, 
Party politics based on old clichés are becoming increas- 
ingly irrelevant to the present situation as well as dis- 
tasteful to many. This is especially so in the case of 
scientists and technologists who by training and tem- 
perament are more likely to be interested in the most 
practical and rapid ways of achieving results than in the 
satisfaction of dogmas or ideologies based on an earlier 
stage of economic development. We have indeed begun 
to nibble at the task of re-training, but without acknow- 
ledging its full magnitude: that of re-education at any 
level we have scercely even faced. 

To the importance of all this the Reith Lectures 
bring especially a new note of urgency, although Sir Leon 
is too realistic to suggest that any drastic shortening of 
working hours is imminent. It is encouraging to find Sir 
Leon Bagrit and Prof. Miller expressing essentially the 
same opinions on the whole subject, and it is interesting 
to note that the broad thesis is also supported in a com- 
ment by D. Dubarle in the Winter 1965 issue of Minerva 
on Dr. A. M. Weinberg’s second article on “Criteria for 
Scientific Choice”. Like Sir Leon, he insists that, while the 
function of science is to improve the welfare of the whole 
human race, it is not its function to serve the interests 
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of particular, limited sections or communities. With the 
liberating power inherent in science as a spiritual force, 
clashes and tensions arise which may limit our freedom 
of choice and action, and this gives the greater strength 
to the contention here, as in the Reith Lectures, that not 
merely the coming of automation but the whole tendency 
of the age challenges us to a primary and determined 
effort of broad education in human values at every level. 


EVOLUTION ILLUSTRATED 


Atlas of Evolution 
By Sir Gavin de Beer. Pp. 202+16 plates. (Edinburgh: 
Thomas Nelson and Sons, Ltd., 1964.) 90s. 


HIS large copiously ilustrated book, beautifully 

designed and printed in Holland, may suffer the same 
fate as some of its recent biological congeners and be 
treated by trade and public alike as a ‘coffee-table’ offering. 
But modern syntheses of wide biological subjects, to be 
effective scientifically, educationally and as general 
stimuli to further reading and enjoyment, must almost 
invariably come to resemble ‘still’ television programmes. 
The best ones nearly all do; and Sir Gavin de Beer’s 
Atlas, unique, pithy, lucid and scholarly, is almost straight 
from Channel Two and just the sort of performance which 
gets (or entirely merits) a late-hour repeat on Channel 
One. It is a tour de force, in fact, of adult education; and 
should (indeed must) also become prescribed sixth-form- 
level reading for all schools who oan afford it, or whose 
education authorities encourage adventures with books 
outside mainstream text-books. It is a pattern, indeed, 
for the text-book of the future. 

In the century of the acceptance and refinement of 
Darwin’s law of the process of evolution by natural selec- 
tion few could have brought so much to a synthesis from 
about seven spheres of authority as de Beer. Ever since 
his presidency of the fifteenth, Darwin centennial, Inter- 
national Congress of Zoology, Sir Gavin has obviously 
belonged to the exclusive kennel of Darwin’s pedigree 
prophet-bulldogs, with the Huxleys, Sir Ronald Fisher, 
Simpson, Mayr and a very few others. A polymath of 
evolution, he has distilled for us its philosophical history, 
and the understandings of its process which derive from 
ecology, systematics, palaeontology, genetics, biochemistry 
and, embryology. The book is arranged under the severe 
logic of: What is the situation? How does it work ? 
What do we learn fromit ?; and culminates in a beautifully 
balanced and up-to-date account of the evolution of man 
and his mind. 

More than two-thirds of de Beer’s Atlas is occupied 
by the atlas part; that is to say, pictures, maps and 
captions. ‘The planning and integration of such work, 
two of the most difficult tasks in the world of serious com- 
munication, have been magnificently done, and reflect 
what was obviously a very close and fruitful relationship 
between the writer and his designer, Mr. J. van den Bos. 
The frequent and effective use of dramatic images and 
presentations has never been allowed to loosen the book’s 
discipline. Some of the atlas material, however (and its 
captions), show less precision than the text: I guess that 
some pictures and maps were commissioned, together with 
the research behind them, from, outside sources——not very 
up to date. 

The choice af basic map-projection, though highly 
ingenious, is not the most suitable one. I can find no 
explanation in the text of its source or system, though it 
appears to be an equal-area projection. It rends the region 
at present occupied by the holarctic fauna untimely 
between Greenland and Iceland—not even down the 
middle of Greenland, which is the natural boundary of the 
present nearctic and palearctic sub-faunas. South 
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America ends up practically as far away from Africa and 
Australia as it could be: this never should be if the present, 
or indeed Tertiary, Cistributions are to be understood at 
a glance. Zoologists have quite enough problems with 
continental drift wishout adding to it. Better would 
have been (for example) a Fawcett equal-area map based 
on a London-centred. hemisphere with the land masses of 
the opposite hemisphere in petals—-alroady widely and 
usefully adopted for global distribution plots of terrestrial 
taxa, 

As an atlas merits unusual care in the selection of 
projections to fit its material, I offer this as a serious 
adverse criticism, and at the same time my respects to 
de Beer for the fact that it is the only one I can make of 
an otherwise almost perfect work of science and art, hand 
in hand. Other criticisms are minor, and may refer partly 
to material of when de Beer may not have had full 
control. In maps of relict distributions all fossil localities 
should surely have been spotted and not, as many are, 
indicated as largish hatched areas. On p. 130 the ratite 
map misses many opportunities of clarity and accuracy. 
The tapir map could have been made much less sketchy; 
it evidently pinpoints but a small sample of fossil sites 
of the genus Taprus (some shown as Pliocene are surely 
referable to early Pleistocene) and would have been much 
more exciting and informative had it also shown known 
localities of bones which have been referred to the genus 
in, for example, Barneo (prehistoric); Florida, Missouri, 
South California, Oklahoma, Arizona, Buenos Aires, 
Argentina, Holland, Italy and Sumatra (Pleistocene); 
California, Argentinas, Poland, Italy, Jugoslavia and 
Szechuan (Pliocene); Germany (Miocene); and France, 
Germany and Switzerland (Oligocene). ‘There is also a 
Tertiary fossil tapir site in Bolivia. 

Although it does not exactly say so in the caption, the 
puffin distribution and variation map which demonstrates 
Bergmann’s ecological rule (Plate 10, near p. 120) gives 
the impression of a kreeding distribution which, if so, is 
false. The figures (p. 109) appear to derive from a text- 
book published nearly half a century ago. Far better and 
more up-to-date maps and discussions were offered by 
Salomonsen (includmg an account of an important 
‘dwarf-mutation’ in some populations) in 1944 and by 
Lockley in 1953. On the same page opportunities are 
missed, through over-simplification and range distortion, 
of demonstrating thas the gull-chain of Larus argentatus 
and its allies has probably given rise to not two but five 
valid species since the retreat of the last Pleistocene 
glaciation—a situation, incidentally, picked up in fine 
detail on the same scale, by another ‘coffee-table’ book 
lately published. 

This review is written by an ornithologist, and all 
specialists can pick on special points in the most careful 
books of wide scholarship. In such books it is probably 
wise to follow the consensus of established opinion, to 
which Sir Gavin de Beer himself has contributed so much 
and so wisely. However, I find a little disappointment in 
his uncritical quotation of ‘‘the cave-paintings of Lascaux, 
dated by carbon-14 aralysis as 15,000 years old” (against 
a caption on the same page “painted about 20,000 years 
ago’). In fact, what was dated (Chicago University 
test 406, 15,516 + 900 years B.P., see Libby in 1963) 
was charcoal taken from an occupation-level in the cave 
by Breuil and Blane in 1949. The paintings are of no 
fauna which could have lived in that part of France then, 
though only the late F.E. Zeuner (and, following him much 
later, myself) seem to have suggested that it (and there- 
fore its painters) may have lived in an interstadial period, 
perhaps as much as 100,000 years B.P. 

Doubtless some mex projections and presentations, and 
some facts and opinions, will be re-assessed in future 
editions of this worx of scholarship and thoughtful 
synthesis. It is bound to become prescribed reading, in 
its succeeding editions, for more than a generation of rising 
biologists. JAMES FISHER 


226 


ARCHIMEDES AND MEDIEVAL 
SCIENCE 


Archimedes in the Middle Ages 

By Marshall Clagett. Vol. 1: The Arabo-Latin Tradition. 
Pp. xxix +720. (Madison: University of Wisconsin Press, 
1964.) 12 dollars. 


T is undoubted that the discoveries of Archimedes, 
“the greatest mathematician of antiquity whose funda- 
mental work affects every branch of science”, had a most 
important influence on medieval science and its exponents. 
For example, Galileo praised and quoted him frequently, 
as did Leonardo da Vinci. In this scholarly volume Prof. 
M. Clagett, by sedulous care, study and exhaustive 
research pursued over many years in the libraries of 
Europe, has assembléd seventeen texts in Latin, all 
medieval versions of the works of Archimedes and his 
followers. They include previously unpublished texts 
discovered by Prof. Clagett, or new versions of earlier 
attempts based on more intensive study, or wider collation 
of manuscripts. All the texts are translated into English 
for the first time, the translation and the original Latin 
version being printed on facing pages. The book, therefore, 
substantiates its additional claim to rank as a standard 
source of reference for scholars of the period who are 
interested in textual problems. These Archimedean texts, 
first translated by learned Arabs from Greek into Arabic, 
were in turn translated from Arabic into Latin by medieval 
scholars, for example, Plato of Tivoli (probably) and 
Gerard of Cremona. To this statement Prof. Clagett makes 
one exception. He considers that the Latin fragment, 
Liber de curvis superficiebus, by one Johannes de Tinemue, 
a mathematician, which spread knowledge of Archimedes’s 
De sphaera et cylindro in the Latin West before 1269, 
was translated from the Greek, although it has been 
included with the translations from the Arabic, as is 
explained in Chapter 6. 

Prof. Clagett in an introductory chapter to his book 
considers the impact of Archimedes on medieval science; 
then come the two translations of the De mensura circuli, 
and six emended versions. Next the Verba filiorum of the 
Bani Mūsāä; this was composed by the celebrated Arabic 
mathematicians of the ninth century, the Bani Misa ibn 
Shakir, three brothers who contributed greatly to Islamic 
mathematics. Additional versions of the De mensura 
circuli follow, while the next chapter surveys various 
texts and fragments based on Archimedes’s De sphaera 
et cylindro. The final chapter considers the Arabo-Latin 
tradition of Archimedes in retrospect. Six appendixes are 
devoted to additional medieval citations and a commentary 
on Archimedean mathematics. Here the author points 
out that medieval mathematicians had a somewhat 
elementary knowledge of geometry based on Rucdlid's 
Elements. They were, therefore, constrained to paraphrase 
and elaborate the terse and more mature mathematics 
of Archimedes. Furthermore, the Arabo-Latin translations 
are imperfect in so far as they make available only a 
portion of the corpus of Archimedes. Probably this was 
because only limited Byzantine Greek texts were available 
to Arabic scholars. 

In 1269 the Flemish Dominican, William of Moerbeke, 
translated most of the corpus of Archimedes from the 
Greek text.. His translation, the complete version of 
which exists in only one codex, a Vatican manuscript, 
included all the texts now known, with the exception of 
the Sandreckoner, the On the Method, the fragmentary 
Stomachion and the brief Bovine Problem. It also included 
two of the three known commentaries of Eutocius, only 
the commentary on the Measurement of the Circle being 
missing. In a second volume Prof. Clagett will consider 
the Meerbeke translation and the use made of it by 
medieval mathematicians. He observes, however, in this 
first volume that more use continued to be made of the 
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more elementary and incomplete Arabo-Latin works than 
of the Moerbeke translation. 

Finally, it may be noted that although some of the 
writings of Archimedes have been lost, our knowledge of 
his work is more complete than that of the medieval 
schoolmen; for, like other Greek men of science, in the 
solutions of his problems he gave the final results and 
his proofs, but did not explain how he arrived at them. 
It was known that Archimedes had written a treatise On 
Method, but the manuscript appeared to be irretrievably 
lost for centuries. Then in 1906 Heiberg found in a 
library at Constantinople a manuscript prayer book of 
the twelfth century written on parchment which had been 
previously used. The original writing had been erased. 
Heiberg deciphered the palimpsest and found it to be the 


long-lost treatise On Method. It revealed how Archimedes. 


in his work applied integration and the experimental use 
of mechanics as a preliminary to mathematical demonstra- 
tion, and was dedicated to his friend and fellow scientist 
Eratosthenes, the erudite librarian of Alexandria, whom 
he had first known during his visit to Egypt. Indeed, it 
was at the request of Eratosthenes that Archimedes 
explained his method of procedure and thereby benefited 
posterity. F 

Prof. Clagett’s book will be appreciated and valued not 
only by physicists and mathematicians but by all readers 
who are interested in the history of science. We look 
forward to his second volume. ARTHUR MAONALTY 


PERTURBATION METHODS IN FLUID 
MECHANICS 


Perturbation Methods in Fluid Mechanics 

By Milton Van Dyke. (Applied Mathematics and 
Mechanics: an International Series of Monographs, Vol. 8.) 
Pp. x+ 229. (New York: Academic Press, Inc.; London: 
Academic Press, Inc. (London), Ltd., 1964.) 56s. 


HIS well-written book deserves, and will I have no 

doubt get, an appreciative reception. Perturbation 
methods have long been in use as a means of dealing with 
the non-linear equations which arise in many physical 
problems, and fluid mechanics is no exception in this 
respect. Some problems can be solved by straightforward 
techniques involving expansions by successive approxima- 
tion in terms of a parameter which is physically small. 
In many other problems such techniques, in their most 
elementary form, break down because the expansion so 
obtained is not uniformly valid. Broadly speaking, this 
difficulty arises from the occurrence of a singularity. 
The first approximation, in an attempted successive 
approximation approach, usually brings out the existence 
of a singularity, but the second approximation then pro- 
duces a singularity of higher order and so on, the expansion 
becoming more and more singular as one proceeds. Such 
a straightforward technique leads to a series which has 
zero radius of convergence at the singular point of the 
first approximation. This approach fails because the first 
approximation displaces the singularity from its correct 
position and, to quote Van Dyke, “in the higher order 
approximations it is spuriously intensified rather than 
being corrected”. 

Two main methods have been developed for dealing 
with such singular perturbation problems. The first is 
associated with the names of Lighthill and Whitham (and 
earlier with Jeffreys and Poincaré). The second was 
introduced by Prandtl, who was followed by Friedrichs 


and then by Lagerstrom, Kaplun, Cole and Van Dyke, -. 


who collectively have formalized it. In this book the 
author refers to the former as the method of strained 
co-ordinates and to the latter as the method of matched 
asymptotic expansions. 
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In the strained co-ordinate technique, as its name 
suggests, the singularity which gives rise to the difficulty 
1s allowed to shift towards its true position by ‘straining’ 
an appropriate co-ordinate. In this way it avoids the 
difficulty which the straightforward successive approxima- 
tion technique experiences when applied to such a problem, 
the straining being so chosen that higher approximations 
are no more singular than the first. In the method of 
matched asymptotic expansions, again as its name suggests, 
two expansions are developed—one proceeding from the 
singularity outwards and the other from the outer region 
inwards, the two being matched in a region where they 
overlap. Even here it is convenient to use affine transform- 
ations of the variables in one or other of the two 
regions. 

Fully successful applications of the strained co-ordinate 
technique appear as yet to be confined to ordinary 
differential equations and to partial differential equations 
of hyperbolic type. Lighthill (Ludwig Prandtl Memorial 
Lecture, 1961) has said in this context that “difficulties 
have almost always been met in applying the technique 
to elliptic differential equations for which I cannot, in 
fact, recommend its use. It is probably because the typical 
isolated singularity of an elliptic equation is really the 
point of intersection of two singular imaginary characteris- 
ties”. 

Convergence proofs have been given in some cases for 
the strained co-ordinate technique, but, these on one side, 
mathematical justification of the two procedures is, 
as Van Dyke says, in its infancy. With this in mind the 
method adopted by the author is an admirable one and 
almost entirely comprises applications to particular 
problems, for a few of which exact solutions are known. 
The problems as a whole, as the title indicates, are drawn 
from fluid mechanics, but the book should also be wel- 
comed by readers interested in other subjects since the 
methods have much wider applications. 

If the book is open to criticism it is that, although 
natural enough in view of his own interests, the author 
devotes less space than is desirable to the method of 
strained co-ordinates. This method has great potentialities 
for hyperbolic equations and, since the exposition is by 
examples, more applications of this technique (which gives 
an expansion valid over the whole field) would surely have 
been warranted. 

Chapter 10 is something of a miscellany and perhaps an 
anticlimax, particularly the section on improvement of 
series. The author admits that such improvements have 
usually to be applied arbitrarily and blindly and with 
no understanding of the mechanism involved. Unless one 
knows (and one seldom does) where the appropriate 
singularities are, any such method must surely be treated 
with reserve. 

Despite these criticisms there is no doubt that this is a 
book that no one whose interests lie in fluid mechanics or 
in mathematical techniques generally can afford to over- 
look. 


TURBULENT DRAG AND HEAT 
TRANSFER IN HIGH-SPEED GAS 
FLOWS 


Turbulent Boundary Layers in Compressible Gases 

By S. S. Kutateladze and A. I. Leontev. Translated 
from the Russian by Prof. D. B. Spalding. Pp. xxu+170. 
(New York: Academic Press, 1964.) 68s. 


VER the past 50 years the attention of many scientists 

and engineers has been directed towards accurate 

and rapid methods for the estimation of the frictional drag 
and. the rate of heat transfer for the flow of a turbulent 
compressible fluid past a surface of arbitrary shape. Such 
problems have arisen frequently in many branches of 
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engineering and technology, including such extremes as 
aircraft at high flight speeds and nuclear reactors. 

The aerodynamic drag and the rate of transfer of heat 
and mass arise from transport processes in the boundary 
layer close to the surface. When the flow is turbulent 
these processes are not well understood and their formula- 
tion is largely empirical. Nevertheless, when the fluid is 
incompressible, or the speed of the gas flow is small 
compared with the speed of sound in the gas, adequate 
methods have been ceveloped for the accurate estimation 
of the frictional drag and the rate of heat transfer for an 
arbitrary distribution of the gas velocity outside the 
boundary layer around the body surface. However, the 
extension, by a number of authors, of these methods to 
problems where the flow is compressible have been less 
successful, and have resulted in significant discrepancies 
between the calculations obtained from the different 
theories. In any event few authors have attempted to 
produce a completely general theory valid for all values 
of the wall temperacure and the rate of mass transfer 
at the surface. This, then, is the background to the work 
of Prof. Kutateladze and Dr. Leont’ev in the U.S.S.R. 
as described in their monograph first published in 
1962. 

This translation by Prof. Spalding of the original 
monograph brings to the attention of engineers and scien- 
tists outside the U.S.S.R. a significant work relating 
to this calculation of the rate of heat transfer and the wall 
shear stress under a wide range of conditions of wall 
temperature, pressure gradient and mass transfer. 

Although the metizods proposed by Prof. Kutateladze 
and Dr. Leont’ev for solving the momentum and energy 
integral equations cdo not differ greatly from those 
currently ın use, the inspired form of the background to 
these methods and their comprehensiveness will have a 
striking appeal to most workers in the field. The approach 
used avoids where passible the arbitrariness of the present 
empirical theories of shear flow turbulence and concentrates 
on certain limiting farms of the wall shear stress and heat 
flux ratios found when the characteristic Reynolds number 
of the boundary layer flow tends to infinity. It is then 
shown that over a wide range of conditions these limiting 
ratios can be used even when the Reynolds number is 
finite, since their dependence on it is weak. Thus to 
include a unified treasment of the bulk properties of the 
compressible turbulens boundary layer over a wide range 
of Reynolds number, Mach number, wall temperature 
ratio and mass transfer is an achievement of outstanding 
merit. The examples quoted and the comparison with 
experiment, although limited, are sufficient to portray 
the extensive applicatzon of the methods proposed. 

In order to assist the Western reader, Prof. Spalding 
has, with the authors’ permission, changed the original 
notation into one which is commonly used by himself 
and his co-workers. He has also fortunately included 
extensive footnotes ard discussions on the methods used 
by Prof. Kutateladze and Dr. Leont’ev. Many of these 
footnotes describe in some detail how the conclusions 
reached by the origmal authors were obtained or can 
better be justified, but in some the original work is 
criticized as not being sufficiently rigorous, and alternative 
results are presented. However, these suggested alterations 
in no way undermine the unified treatment of the original 
authors. The discontinuities in reading the translated 
text could have been prevented by collecting these foot- 
notes together in an appendix, but no doubt some readers 
will prefer the page-tc-page annotation as presented by 
Prof. Spalding. 

Happily the monograph 1s largely free from errors, and 
when these do occur the corrections are usually obvious. 
This does mean some care must be exercised with the 
use of Prof. Spalding’s translation and it is not recom- 
mended that formulae as quoted in the text are used 
without first executing a careful appraisal of their accuracy 
and the precise definitions of the terms appearing therein. 


228 


The time spent in these intellectual exercises will, however, 
be amply rewarded by the knowledge gained in the degree 
of approximation afforded by the methods of Prof. 
Kutateladze and Dr. Leont’ev. 

It is hoped that this monograph will attract the attention 
of a wide audience and by so doing will encourage the 
few to consolidate and extend the methods of Prof. 
Kutateladze and Dr. Leont’ev as well as to perform the 
very necessary experimental verifications of these methods 
over as wide a range of conditions as is possible. Prof, 
Spalding’s timely translation has given Western engineers 
and scientists the opportunity to study at first hand a 
significant development in both the theoretical and applied 
treatments of the drag and heat transfer in high-speed 
gas flows. G. M. Lintey 


A RUSSIAN VIEW OF PARTIAL 
DIFFERENTIAL EQUATIONS 


Partial Differential Equations of Mathematical Physics 
By 5. L. Sobolev. Translated from the third Russian 
edition by E. R. Dawson. English translation edited by 
Prof. T. A. A. Broadbent. (International Series of 
Monographs in Pure and Applied Mathematics, Vol. 56.) 
Pp. x+430. (London and New York: Pergamon Press, 
1964.) 100s. not. 


rT HIS is an excellent translation of a modern Russian 

book dealing with the theory of partial differential 
equations. from an advanced, vigorous and refreshing 
point of view. The type is well laid out. The whole book 
is well constructed and easy to read. The book is very 
expensive for its size. In view of its general nature and 
its obvious slarit towards the advanced student, the book 
would be a useful addition to most university science 
libraries. It will also be of interest to research workers 
interested in establishing rigorously the existence and 
properties of solutions, and is worth examination by 
university teachers before preparing courses on partial 
differential equations. The precise conditions under which 
results hold, even though the proof may be difficult, are 
here clearly stated. 

It is always interesting to meet unusual names attached 
to familiar theorems and identities.- In the present case, 
for example, the divergence theorem becomes Ostrograd- 
ski’s formula (1831) and Schwartz’s inequality becomes 
Bunyalkovski’s inequality. The translator has effectively 
identified these for the Western reader. 

Instead of chapters, the book is divided into thirty 
lectures, some of which appear to be rather long. Apart 
from an initial assumption that the divergence theorem 
is known, and other references to elementary calculus and 
analysis, 'the lecture course is self-contained. The requisite 
theorems in Lebesgue integration are developed as part 
of the course, which could be given to third-year honours 
mathematicians, or as a postgraduate course. No student 
exercises are given, probably because heavy emphasis is laid 
on the rigorous solution of theequationsencountered, rather 
than the method of solution. Operational calculus is not 
used explicitly and numerical methods are not mentioned. 

The theory is developed within the framework of the 
Lebesgue integral, established early in the book. Partial 
differential equations of specialized kinds are essentially 
treated by means of Green’s functions. However, an 
acquaintance with the various types of special equations 
(Laplace’s equation, Poisson’s equation, the heat equation 
with source function and the wave equation with source 
function) and their properties is generated first. Rigorous 
solutions and existence theorems are developed. The 
method of separation of the variables is given (Fourier’s 


method) with a treatment of the eigenvalue and eigen- . 


function expansion problems which arise. The partial 
differential equations are formulated and solved as integral 
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equations. The necessary theory of integral equations is 
established. Finally, the solutions of Laplace’s equation 
and the wave equation in cylindrical and spherical polar 
co-ordinates are obtained by separation of the variables. 
The material presented by Prof. Sobolev is certainly 
avaiable in other tracts. However, the special nature of 
the book, as an alternative presentation which is both 
interesting and original, makes it a welcome addition to 
the book list. A student attending such a course would 
obtain a formidable knowledge which would stop short 
at the obvious omissions mentioned earlier (and mentioned 
by the author himself). It is significant and promising 
that recent research has resulted in constructive existence 
theorems which permit the actual numerical computation 
of solutions. P. C. Kenpars 


THE ARACHNIDA 


Arachnida 
By Theodore Savory. Pp. viii+291. (London: Academic 
Press, Inc. (London), Ltd.; New York: Academic Press, 
Inc., 1964.) 60s. 


— ables is @ revision of an oarlier book by 
Mr. Savory which was published in 1935. The present 
volume has the same general arrangement of material 
but has been expanded and re-organized into & more 
comprehensive and concise account. 

As a very readable introduction to a diverse subject, 
it should be of particular value to sixth-form pupils and 
undergraduates. One of the objects of the author has 
been to maintain a balance between the numerous orders 
in the class so that the largest groups do not get a dispro- 
portionate share of the space. This is a formidable task 
with a class which includes more than 53,000 species in 
11 orders, and probably no two authors would agree an 
what to leave out. . 

Chapters 2-11 are an expanded version, including a 
good deal of new material, of the first three chapters of 
the 1935 book dealing with general characteristics, habits 
and behaviour, and evolution and classification. These 
vary in value and quality, so that some, for example those 
on ethology and ecology, do not appear to have interested 
the author as much ag other subjects. The descriptive 
sections (Chapters 12-27) on the 16 (including extinct) 
orders of the class follow the earlier pattern and include 
many of the original figures and maps, the latter brought 
up to date. Two chapters are allocated to brief accounts 
of the Pycnogonida and the Merostomata. 

Chapters 30-40 which follow discuss briefly a number 
of related topics including a useful summary of events 
in arachnological history from 1665 until 1964 and an 
explanation of arachnophobia, in which we learn that 
large size, a black colour and long legs are the main factors 
which contribute to our fear of spiders. We also read again 
the story of the mythical species Gibbocellum sudeticum, 
the systematic position of which aroused some zoological 
controversy in the 1880’s before it was shown to be 
entirely fictitious. During the past thirty years, a great 
deal of published work on the Arachnida has appeared; 
but my impression of this book is that a number of 
important advances have been excluded from the text 
or else overlooked. This is perhaps a reflexion of the fact 
that only 53 of the 163 titles quoted in the references are 
of works published after 1935—-approximately 1:3 per 
chapter. 

Mr. Savory is unusual in being able to bring considerable 
talents as a classical scholar to his scientific investigations, 
and consequently his style makes the text remarkably 
easy to read compared with most text-books of this type. 
There is a bibliography of general works, references in 
the text, and subject, author and species indexes. 

; E. Durrey 
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Man in Society 

Patterns of Human Orgamzation. Editorial Board: Dr. 
Mary Douglas, Sir Gerald Barry, Dr. J. Bronowski, 
James Fisher and Sir Julian Huxley. (The Macdonald 
Illustrated Library.) Pp. 367. (London: Macdonald and 
Co. (Publishers), Ltd., 1964.) 55s. net. 


HIS book is a large one and is profusely illustrated, 

usually in colour. The style is that of a popular 
encyclopaedia of social knowledge with two page sub-units 
for the treatment of each topic. Printed in Italy, the book 
is handsomely produced, and the price makes it good 
value for money. Historic treatments of myths and 
customs, totem and taboo, to modern theories of social 
organization, are given. 

The publishers are to be congratulated for not having 
forgotten the fundamental importance of an examination 
of society at a global level, ın their science series. It is all 
too easy to present the physical and biological sciences 
with little or no reference to their social implications, 
now a matter of abundant life or squalid death to humanity 
at large. 

Man in Society is the sixth volume of a library of 
knowledge suitable for the general reader. It is a study 
of social science in the language of the layman. 

The opening chapters of the book assess how far the 
investigation of Man’s prehistory helps us to understand 
social behaviour and to what extent his physical differences 
may affect that behaviour. The greater part of the book 
deals with present-day social relations. Separate chapters 
are devoted to different aspects of society—tfamily, war, 
play and so on. Two facts constantly appear: the first 
is that the variety of human customs and belief is appar- 
ently endless, and the second is that, even so, social 
behaviour and social situations are everywhere basically 
the same. The final chapters deal with social change and 
progress and with theories about society. The field is so 
wide and the number of subjects touched so great that 
the treatment is often slight and leaves a desire for more. 
It is well that there is a comprehensive, systematic 
reading list and a glossary of terms. Each of the contribu- 
tory authors is an expert in his or her own field and has 
been able to write in simple non-technical English. If 
fifth- and stxth-formers have bed-side books, here is a 
most attractive example. W. L. SuMNER 


Hochschulfuhrer (Die Zeit Bucher) 

Herausgegeben von Petra Kipphoff, Thomas von Randow 
und Dieter E. Zimmer. Pp. 478. (Hamburg: Nannen- 
Verlag Gmbh, 1964.) n.p. 


HE editors, three prominent writers on education 

and sociology and members of the staff of Die Zeii, 
have assembled in Hochschulfihrer a unique set of essays. 
These include a survey of general (Dahrendorf) universities 
in the German Democratic Republic (Eastern Zone), 
by R. W. Leonhardt, and the view of an ‘outsider’, Prof. 
L. Forster of the University of Cambridge, perhaps one 
of the best experts on German universities in Britain. 
Following these comprehensive analyses, which alone 
would merit translation and a deeper study by all members 
of academic staffs, is provided concise and up-to-date 
information on German universities. This includes, of 
course, German colleges of advanced technology which, 
after all, are some 150 years older than their counterparts 
in Britain but which, like the latter, developed from former 
polytechnic institutes. 

It would be going too far to give details of the interest 
in which this book abounds. Certainly it makes one 
wonder why our own excellent Commonwealth Universities 
Yearbook has no such introductory studies prefacing the 
statistical and information sections. Likewise, an academic 
glossary provides guidance through the labyrinth of 
university terminology, and a statistical section has much 
to prove the theses proposed in the three essays which 
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open the book. Of special importance in the glossary 
section are the paragraphs on “Academic Freedom” and 
“Academic Jurisdictian’’, but no doubt every reader will 
find much food for thought, and in many cases envy or 
consolation. 

This review is not mtended to be exhaustive, but only 
to arouse interest in its publication. However, I am 
convinced that Hochschulfihrer is a book which should be 
in the possession of every university department and 
every Civil Service cffice concerned in any way with 
universities. Moreover, here are the best points of guid- 
ance for choice of a German department for students of 
German in the United Kingdom, for provisions of grants 
from the Federal Government (Honeff Model) and for 
special scholarships to research students. J. HORNE 


A Manual of Physical Methods in Organic Chemistry 
By F. L. J. Sixma and Prof. Hans Wynberg. Pp. xii +342. 
(New York and London: John Wiley and Sons, Inc., 
1964.) 66s. 


AË physical and instrumental methods of analysis 
grow in importance in industrial and analytical 
laboratories, so there i3 a greater need for these techniques 
to be taught at university and technical college level. 
F. L. J. Sixma and Pref. H. Wynberg’s Manual of Physical 
Methods in Organic Chemistry is an expanded and revised 
translation of the text used for this purpose in the Univer- 
sity of Amsterdam. It is written very much from & 
practical point of view, containing only such theory as is 
essential, and gives full details for many experimental 
exercises. 

This volume ıs divided into seven parts, the first and 
largest being devoted to chromatographic and allied 
techniques. Following a discussion of the relative proper- 
ties of adsorption and partition separations, including 
counter-current distributions, experiments in paper, 
thin-layer and gas chromatography are described. The 
latter subject, divided into gas-liquid and gas-solid 
modes, is fairly comprehensively covered in 20 pages, 
although the very sensitive electron-capture detector is 
not mentioned. Chapters on the uses of ion-exchange 
resins and paper electzophoresis conclude this section. 

Part 2 covers the theory and some practical applications 
of distillation, crystallization and sublimation, including 
such subjects as vacuum and molecular distillation, 
freeze-drying and zone-refining. The second largest section 
(89 pages) deals efficiently with optical and spectroscopic 
methods, including spsctropolarimetry and nuclear mag- 
netic resonance spectroscopy together with the more usual 
ultra-violet, visible and infra-red spectrophotometry. 
This section is particularly tied to a description of the 
uses of the various commercial instruments depicted, 
although the experiments are widely applicable. 

Electrochemical methods include potentiometry, con- 
ductometry and polarography, but the treatment of this 
section is rather sketchy; coulometry is neglected. The 
book ends with threa short sections on miscellaneous 
topics such as semi-micro boiling-point determinations, 
molecular weights, tracer techniques, using carbon-14 
and deuterium, and a brief note on reaction kinetic 
studies, 

Each chapter contains a short but up-to-date list of 
references for further reading. The Manual as a whole 
forms an excellent guide around which an instruction 
course for undergraduates, technical students or laboratory 
assistants could be built, and its usefulness is by no means 
limited to those instruments deseribed therein. Unfortu- 
nately its excellent presentation in terms of clear 
type-face, well-set-out pages and ample illustrations is 
somewhat marred by the ‘paper-back’ type of binding 
which would certainly not stand up to the repeated 
laboratory usage that the text requires and deserves. » 

D. C. ABBOTT 
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SCIENCE, INDUSTRY AND GOVERNMENT* 


By THe Right Hon. HAROLD WILSON, O.B.E., M.P. 


Prime Minister 


HE Parliamentary and Scientific Committee is a 

unique institution. It brings together those who are 
concerned in the conduct of Government or Parliament, 
or in the more active fields of science and technology, in 
industry, in higher education and in research institutions. 
The recent meeting in Vienna has shown that this concep- 
tion is being increasingly followed by other countries. 
The present membership, with 70 from the House of Lords, 
129 from the House of Commons, 131 from scientific and 
technical organizations and 10 honorary members headed 
by the Duke of Edmburgh, shows the great interest in its 
combined operation. 

What leading members of this Committee have been 
saying for many years has now become the accepted 
commonplace of political interchange. Science and 
technology need to be given a far higher priority in 
all aspects of our national life than has so far been the 
case. 

In the events which followed the formation of the new 
Government I have to confess to @ number of actions 
disruptive to the Committee’s work. One of its vice- 
chairmen. went to the Ministry of Housing and Local 
Government. Two or three weeks ago the chairman, 
Austen Albu, became Minister of State at the new Depart- 
ment of Economic Affairs. This was, I think, a significant 
appointment showing the need in all our economic planning 
to give full recognition to what can be achieved by science 
and. technology. The president of the Committee, Lord 
Halsbury, who more than anyone else was responsible 
for the great success of the National Research Development 
Corporation, which, greatly daring, I set up seventeen years 
ago, has just accepted an invitation to serve on the new 
Science Research Council: and more and more of the 
Committee’s industrial members are being brought in, 
whether on a full-time or part-time basis, to the new 
technological drive. 

What we need to do is, I think, recognized by all of us 
as the result of the Increasing tempo of scientific and 
political debate on these questions. The challenges facing 
us are these: (1) in education; (2) in the promotion of 
well-chosen research and research development and in 
the organization of the machinery of Government to that 
end; (3).in the management and modernization of indus- 
trial processes. 

Our education system must be able to produce in 
growing numbers not only the pure scientists, not only 
the top-level technologists and engineers, but also tech- 
nicians and research assistants capable of speeding Great 
Britain into this new scientific age. This means not only 
facilities for higher education: it means a far greater 
equality of opportunity so that every boy or girl capable 


* Substance of a speech delivered at the Parliamentary and Scientific 
Committee luncheon on February 18, 


of benefiting by a scientific education—-or any other kind 
of education—has an equal chance of getting to the top. 
The big argument against ‘eleven plus’ selection in Britain 
is not only that it ıs unfair, but also that the nation cannot 
afford to neglect the educational development of a single 
child by taking decisions about his or her educational 
future at far too early an age. 

A year or more ago there were great arguments about 
the location of responsibility for education and science. 
There were those who argued that you should not separate 
education in the schools from higher education—and they 
were right. But equally there were those who argued 
that you should not separate Governmental responsibility 
for the universities from Government responsibility for 
financing research—and they were right. For a university 
which is conceived of as a purely teaching machine is 
sterile. Teaching and research must be obverse sides of 
the same medal. We have had further authoritative 
emphasis to this view in the statement on mathematics 
teaching presented last week by the Oxford Mathematics 
Faculty to the Franks Committee. 

I do not apologize for having first suggested in the 
House of Commons the federal structure which the previous 
Government accepted and which we have continued to 
develop. For, just as the functioning of the schools is 
affected—many would say prejudiced—by the examination 
requirements of the universities, so equally the number and 
indeed quality of the students coming along to take advan- 
tage of university opportunities is very much in the hands 
of the schools and those who teach in them. Last year, 
we were told, there were a thousand scientific and tech- 
nological places in our universities that were not filled: 
we ought to know more about the factors conditioning 
(perhaps at too early an age) a young student’s choice 
between science and the arts. 

If we are now moving towards closer co-operation 
between curricular needs and university entry require- 
ments, we have also—both Parties—over the past year 
helped to bring more closely together university require- 
ments for teaching and for research. 

No one pretends the solution to all these problems in 
education is going to be easy or quick. We face a prodi- 
gious shortage of teachers. Within that shortage we face 
some very special problems such as the shortage of teachers 
of mathematics; and here I cannot help wondering whether 
we need prejudice our future supply of mathematicians 
by insisting that everyone who is going to be qualified 


„to teach mathematics must be capable of the Einsteinian 


rarefications which a modern faculty of mathematics 
rightly demands. 

We face a formidable problem with school buildings, as 
the recently published—if long delayed—report on the 
conditions of our schools has emphasized. So, if we are 
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going to get a real equality of opportunity starting in our 
schools, we have a tremendous job ahead of us. I will not 
go into the field of higher education to-day except to say 
first that the conception announced a year ago, with the 
Minister of State responsible for higher education within 
the federally organized Ministry, is, I think, the right one 
and is going to work. I must say also how successful I 
felt the gathering was at 10 Downing Street recently when 
representatives of the Vice-Chancellors’ Committee, the 
University Grants Committee and the Ministers concerned 
all jomed in a free and frank discussion about the problems 
of higher education. The University Grants Committee 
has done and is doing a wonderful job for British education. 
But I sometimes wonder if the conception of the Com- 
mittee as a buffer state (or even, some might think, a 
cordon sanitaire) has not in the past prevented the 
three parties from meeting. Now I understand the 
Downing Street precedent is going to provide a useful 
pattern for the future. 

Now I turn to the second requirement—the organiza- 
tion of research both pure and applied. The Research 
Council system which has been the main basis of our general 
civil research effort for more than forty years will continue 
to carry the greater part of the rapidly increasing research 
load. Besides the older Councils, Medical and Agricultural 
Research, two new Councils are being established; one, 
the National Environmental Research Council, operating 
in the field of environment sciences, both physical and 
biological, and the other, the Science Research Council, 
covering all the other sciences. We are still, of course, 
waiting for the recommendations of the Heyworth 
Committee before we can formulate policy in the field of 
Social Science Research. All these Research Councils will 
be financed by the Secretary of State for Education and 
Science and in this he will be advised by the new Council 
on Scientific Policy. 

But the big new development of recent months has been 
the increased emphasis we are placing both on techno- 
logical research and development and on the application 
of the results of this work to industry. The creation of a 
Minister of Technology does not imply a ‘separation’ of 
pure from applied science. The Research Councils, for 
example, will certainly be concerned with financing some 
applied science: to take one case, the Science Research 
Council will make research grants to university engineering 
departments. Equally, the Ministry of Technology will 
be carrying out and placing contracts for the basic research 
that is needed for the long-term solutions of industrial 
problems. For example, the National Physical Laboratory 
is becoming part of the Ministry of Technology because its 
main function is to carry out research of interest to indus- 
try; but there is no intention of preventing it from continu- 
ing with its fine record of achievement in basic science. 
The two Ministers in fact primarily concerned with science 
and technology will regard themselves as partners in a 
joint enterprise helped by the fact of interlocking member- 
ship of the Advisory Committees serving the two Depart- 
ments. 

But it has long been recognized that encouragement of 
research is not enough. In so many fields Britain has long 
led the world in pure research. In far too many cases the 
results of our research have been appropriated by nationals 
of other countries who were quick to see the industrial 
possibilities, who were able to clothe them with the 
industrial ‘know how’ that they required and who ended 
up by exporting the resulting products to us or charging us 
a royalty for manufacturing goods which began in our 
own. laboratories. 

This is why we have a Minister of Technology, charged 
with the responsibility for guiding and stimulating a 
major national effort to bring advanced technology and 
new processes into British industry. It is not in dispute 
that our general rate of technological advance is unsatis- 
factory in relation to some of our leading competitors, and 
in a situation where the Government provides half the 
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money spent on izciustrial research and development in 
Britain, and one-third of the annual national investment, 
it is relevant to consider how such expenditure can best 
be used to promote the efficiency and progress of British 
industry. There ars three main elements in the Minister 
of Technology’s responsibilities. 

The first is a concern for general technological advance 
in the economy and factors which promote or impede it. 
This is a wide remiz, shared on particular matters with 
other Ministers, and can be taken to include such things 
as forging closer links between industry, Government 
establishments, and the universities in ideas, in people, 
and in research; enesuraging more talent into the techno- 
logical discipline; Cisseminating information on techno- 
logical developments; and exploring the impact of fiscal 
incentives in promoting innovation in industry. These 
matters are essentisl background to any plans to put 
Britain firmly among the technological leaders in the 
decades ahead. 

The second element is a responsibility for certain 
activities in the Gcvernment sector which are closely 
related to advanced technological research and de- 
velopment: the Atomic Energy Authority; the 
National Research Development Corporation; the 
relevant Governmens Research Stations; and contacts 
with some fifty (autonomous) Industrial Research 
Associations. We are examining how best to use some 
of the considerable resources of skill and talent of the 
Atomic Energy Authority to stimulate civil research and 
development. 

The Science and Technology Bill now in the House of 
Lords will, among other things, give the Minister of 
Technology powers tc direct the Atomic Energy Authority 
to undertake research and development in non-atomic 
matters. For the Aushority have extensive experience in 
many fields going beyond atomic research—such as 
materials research, magnetic bearings and _ scientific 
instruments—-which. ean generate new research projects 
and ultimately new industries. 

As a result of the Minister of Technology’s responsibility 
for the Atomic Energy Authority, the Research Stations 
(ex Department of Scientific and Industrial Research) 
and the National Research Development Corporation, 
this new Ministry will be directly responsible for controlling 
and stimulating the work done by many thousands of 
scientists and technalogists, men and women of outstand- 
ing ability whose talonts have not been fully mobilized 
for our national industrial advance. The Miunistry’s 
responsibility for the National Research and Development 
Corporation, to which I have referred, will give the 
Corporation a key role in research and development. 
When tho National Research and Development Corporation 
was set up, what we had in mind was that inventions or 
discoveries in some of our national institutions, or in 
our universities or in private work, could be developed 
at any rate to the pilot plant or test stage, after which 
they could be taken over for full industrial production. 
The National Research and Development Corporation 
has made more than a thousand licence agreements and 
has sponsored more than 120 development projects, some 
of them, of course, extremely minor. But when it is 
considered that they covered the ‘Hovercraft’, several of 
the early commercial slectronic computers—based partly 
on the work done at the University of Manchester, a new 
development in fuel cells, to say nothing of many very 
valuable medical developments including, for example, 
a vaccine for trachoma, the money advanced to 
the National Research and Development Corporation 
on behalf of the taxpayer has been well and wisely 
spent. 

Tho new Bill before Parliament will increase the 
Corporation’s financial resources from £10 million to £25 
million, will improve the terms on which the Corporation 
obtains advances from the Ministry and will give it 
greater powers to manage civil development contracts, 
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a field up to now largely devoted to purely military 
projects. 

While the Ministry of Technology will have the right 
and duty of encouraging technology in all sectors of 
industry, no matter what Government Department may be 
primarily responsible for each of them, in three important 
industries the Ministry is itself made the parent Depart- 
ment. The choice of these three is interesting, Two of 
them, electronics and computers, are potentially among 
the greatest growth industries of the next thirty years. 
In both of them we held an unrivalled position at the end 
of the War, and in both we have allowed other nations 
to catch up and in many respects to leave us standing. 
This we cannot afford, and it will be among the first 
duties of the Minister and his colleagues to seo that all 
the help is given which is necessary to re-establish these 
industries. and to enable them to capture the primacy which 
our industrial traditions and our native skill should make 
possible. The other industry is machine tools, one of our 
oldest established industries, an industry in which for 
the greater part of the century we led the world. I do 
not intend to depreciate the magnificent work done by 
some of our firms or their success in capturing abroad 
export markets, for example in the eastern world, when I 
say that, taking the industry as a whole, research, particu- 
larly technological research, is still at a discount, when 
I say that we have not kept pace with the needs of many 
advanced industrial markets abroad, and when I say 
that we are as a nation importing far too many machine 
tools, particularly those of a highly sophisticated kind 
which with our skill and native ability we ought to be 
perfectly ‘capable of making on a competitive basis for 
ourselves. 

Finally I turn to the problem of encouraging scientific 
and technological advances in British industry. Again, 
as in so many fields, be it exports, be it innovation, the 
record of our best firms is unexcelled; the record of our 
worse and too many of our middling firms is not good 
enough. What needs to bedone? The partnership between 
Government and industry can do a great deal—the Indus- 
trial Economic Development Councils, the specialized 
research bodies in technology and more widely the 
Research Stations, the Industrial Research Associations, 
the National Research Development Corporation, will, 
with direct Government help, do everything in their power 
to encourage new industrial processes, new industries 
indeed. As with the National Research and Development 
Corporation over these past years we have no ideo- 
logical bars to any form of industrial development that 
will get results. What we are looking for is a partnership 
between Government and industry. In some cases, as 
with certain of the National Research Development 
Corporation’s greatest successes, a Government-sponsored. 
project will be licensed to industry on s royalty basis: in 
others there can be a direct partnership whether 60/50, 
51/49, or 49/51 or any other permutation capable of 
adding up to 100. It does not matter provided the job’ 
is done and provided that we have the right to insist that 
where the community has sponsored a particular type of 
research it has the right to share in the profits arising from 
the application of that research. 

No one who contemplates the economic position 
Britain is facing will have any doubt of the size or nature 
of the challenge we are facing. Let us, to-day at least, 
not argue about who was responsible for the size of the 
physical trade gap that Britain faced last October. We 
can take and have for the past few years taken short- 
term measures designed to prevent & serious trade deficit 
from becoming critical. Measures—some of them, how- 
ever necessary, regrettable—such as the import surcharges 
which by their very nature can only be temporary; 
measures such as high interest rates which may be and 
indeed gre relevant to a particular financial situation but 
which long-term can have serious inhibiting results not 
only for social progress but also for industrial advance. 
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The solution to our problems in the last resort lies not 
in the monetary or financial field—though no one will 
underrate the great importance, whether of monetary 
policies, the invisible earnings of the City, or the need for 
& modernized tax system not least in the relation between 
taxation and modernization. But in the last resort 
Britain’s successes, her ability to raise the living standards 
of our people whether through social progress or personal 
income, and above all our influence in the world, will 
depend not on financial but on physical factors—on how 
much we produce, on what we produce, on the relevance 
of what we produce to the needs of export markets and 
to the need for strengthening our industrial base at home, 
and on our success in selling abroad the goods that we 
do produce. 

It is for this reason that we have now a powerful 
Department of Economic Affairs dedicated to industrial 
planning and to the strengthening of those sectors of 
the economy which can win exports and on a competitive 
basis save imports. That is why, as I have said, we have 
set up a Ministry of Technology with the powers and 
functions I have described. This is going to require what 
I believe is well within the capacity of this nation—its 
Government servants, its scientists, its technologists, its 
industrialists: a decision to accept and to welcome change. 
Politics apart, I believe the nation last year gave us— 
politicians, scientists, industrialists—a mandate for change. 
The pace of scientific and technological advance is so 
rapid that unless we keep up with it and ahead of it we 
can be left behind in a matter of years—or in some 
fields even months. But the change we need is not only 
in our scientific thinking or our technological development. 
Above all we need a change in attitudes: and the first 
change is to realize that the world does not owe Britain 
a living. There may be some who think that Britain has 
done so much for the world that we should live for ever 
on the world’s gratitude. However that may be, the world 
does not think that way, and we can base neither our 
standard of living nor our influence on nostalgia for the 
greatness of an age that is past. The second attitude we 
have got to get rid of is the idea that we shall somehow 
muddle through; that it will all be all right on the night; 
that what was good enough for grandfather is good enough 
for us; that when times are bad we cannot afford to 
modernize and when times are good we do not need to; 
that if you have written off a piece of machinery so that 
it stands at a penny in the firm’s books you do not need 
to do anything about it; that in an age of industrial 
modernization we can still fill up our top positions on 
the basis of social or family connexions and deny to our 
best scientists and technologists the chance of getting to 
the top; that Britain can afford an argument about which 
of two men is going to bore a hole in a particular piece of 
metal, when we are facing competitors abroad who are 
not concerned with these arguments, and when standing 
in the wings you have automative hole-borers whose 
designers will not have programmed them to indulge in 
niceties of demarcation disputes; that anyone in Britain 
in any capacity, at any level in industry, can serve the 
nation by giving less than a full day’s work for a full day’s 
pay. 

All this is going to mean a very different approach. All 
this is going to mean new thinking by a lot of our most 
venerable organizations on all sides of industry. The 
nation is getting impatient, and it is the Government’s 
job to express that impatience and to generate it for the 
purpose of getting results. This we shall do and we are 
not afraid to face unpopularity from those who think that 
providence gave them a vested interest in resisting change. 

In this work, all of us—industry, our universities, our 
research establishments, the Government—have a part 
to play, and in highlighting the part each of us has to play 
the Parliamentary and Scientific Committee has a very 
special and vital role to fulfil in the months and years 
which lie ahead. 
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THE SCIENTIFIC FOUNDATIONS OF SCIENCE POLICY“ 


By Pror, DEREK J. DE SOLLA PRICE 


Avalon Professor of History of Science, Yale University 


N 1942 I heard Sir Lawrence Bragg make a statement, 
in the Royal Institution, which seemed curiously 
intriguing. In the course of a discussion on the training 
of physicists! he remarked that Britain was producing 
about one good physicist per million of the population per 
annum. <As a physicist newly graduated that year, I 
suppose there was room for me to feel personally involved 
with the rarity of the commodity to which I aspired, but 
more what caught my fancy was the sudden recognition 
that we could think about physics with the same powerful 
methods that we use to think in physics itself. If one 
could make numerical guesses about orders of magnitude, 
it could lead to accurate quantitative theory, and if that 
were possible one might explain qualitative phenomena 
with all the power and objectivity of science. It struck 
me then that, just as economics was a scholarly discipline 
that provided an overview of all the commerce and finance 
and distribution of goods in the world, so one could do the 
same for science and thereby satisfy the curiosity I was 
feeling for why science worked the way it did. 

This was only a couple of years after J. D. Bernal had 
published his book on The Social Function of Science, 
which introduced many of us to the several types of issues 
involved, and proposed a number of radical solutions. In 
the great “Planning of Science” debate which was then 
raging we heard such issues discussed, often by able 
scientists, but almost always as if they were political or 
doctrinal questions to be argued from inner convictions 
and on the basis of obvious truths about science-——over 
which they, however, seemed to disagree heatedly among 
themselves. We did not realize then that whichever way 
the debate went it was to be settled out of court within a 
few years by the emergence of the modern high technology 
of atoms and space, which gave nations new attributes of 
prestige and real power, and by the burgeoning of modern 
science to the point where in sheer manpower and expendi- 
ture it has become one of the largest sectors of activity in 
the most developed countries. There is force to Herbert 
Butterfield’s observation? that the new growth of science is 
now sweeping the world so as to affect whole continents 
and the lives of their peoples in a way much more drastic 
than even such powerful historical determinants as those 
of democracy or Christianity. 

As science became as important as this it involved the 
taking of decisions, often at considerable expense and of 
great complexity. During the past 20 years there has 
grown up a conventional wisdom, a body of expertise, 
which has slowly emerged as a consensus of opinion among 
the makers of technical decisions about science and its 
place in society. In the United States and perhaps in the 
U.S.S.R., too, as well as in Europe, there are men who have 
the benefit of some two decades of experience. They have 
learned science policy perhaps as an experimental art, 
and the consensus is by no means complete; but it is 
sufficient to indicate that the issues are mostly more 
complex than one might think, and much more dependent 
on the nature of science itself than on any one nation’s 
special concerns. Many of the decisions which were once 
supposed to be obvious now turn out to be rather deep, 
and eostly mistakes are often made when innocents of 
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science or of politics are trusted with this process of 
making decisions. 

To continue the analogy with economics, it is clear that 
the era of big business has automatically resulted in many 
successful business organizations and a considerable 
apparatus for the national organization of business. There 
is much empirical wisdom about what is good and what is 
bad in science, but still little of a theoretical understanding 
to satisfy our curiosity about why science works as it 
does, how it reacts with society, and how this understand- 
ing might provide a key to more efficient science 
policy. 

It is towards this end that I relish the opportunity and 
honour given me by the Science of Science Foundation®. 
In accepting this invitation to deliver its first lecture, I 
hope to be able to help it in its formidable task of 
drawing together and promulgating this understanding 
we need so badly. Let me emphasize that the universal 
need is for a scientific basis for knowledge about science 
and technology; the need is not primarily for a collection 
of policy statements, however wise, or for opinions of 
scientists, however well informed. Instead, we need 
studies of such things as the statistics of growth in man- 
power, the economies of pure and applied research, the 
distribution of effort, geographical locations of research, 
commuting habits, prestige mechanisms, historical pre- 
cedent, and communication problems of science. We need 
a special body of scisntific knowledge which can be a 
basis for whatsoever policies, governments and citizens 
may request. Without such knowledge we might well 
flounder from one ad hoc decision to the next, and squander 
resources by adopting impossible ends or inefficient 
means. ‘ 

Such understanding as we have convinces me that we 
are on the edge of a dramatic change in the social relations 
of science, and that by the very nature of the change we 
must begin to work tc quite different ground rules before 
we have properly undarstood the old ones. It is possible 
that the new changes will grossly affect the balance of 
power of nations even more than did the changes of the 
past half-century, and I'am therefore much concerned 
that we gain sufficient understanding to avert crises and 
even to turn the forces of change to our advantage. It is 
my feeling that Britain may have great hidden resources 
of strength if only thay be properly deployed in science 
and technology, and that this strength might well 
replace previous advantages of Industrial Revolution 
and of Empire whick were once pre-eminent but now 
declined. - 

The analogue of economics still has no formal structure 
and no Lord Keynes or Harold Laski to guide it, no 
London School of Economics to house it, and few posts for 
its practitioners. It has, however, been baptized, some- 
what unhappily and reluctantly, as the “science of 
science”, though duplicate names have gone a little out 
of fashion since Galileo Galilei, and most people would now 
agree that it is not a single science but many, perhaps 
together with several modes of humanistic enquiry as well: 
Raiding parties have gone out from economics, history, 
sociology, psychology and political science to survey the 
territory after their own fashions, and they have returned 
with results which now begin to impinge on each other. 
It is this coherence that makes us optimistic about -the 
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task of stimulating further scientific enquiry, so that the 
Foundation might well be the means of making the bases 
so firm we can bear the load of engineering of science 
policy. My own concern has chiefly been that of an 
historian of science, attempting to examine its character- 
istics by pinning ancient pathological cases to the dis- 
secting board, and partly along the less-conventional line 
of quantitative estimate suggested to me by that chance- 
heard remark of 23 years ago about the number of 
physicists in Britain. Let me rehearse some main lines 
of these latter findings. 

Thanks to the tendencies of official organizations, 
government agencies and libraries to account for their 
findings in reports full of vital statistics, there is now 
available for several countries and for the world at large 
a considerable corpus of numerical information about 
scientific manpower and quantities of scientific literature. 
From such data, though they are not always given in 
uniform style, and though they often count heads without 
telling just what sort of heads are being counted, there 
emerges one stark fact about science, an empirical observa- 
tion the mportance of which cannot be over-estimated as 
a chief determinant of subsequent theory. All crude 
measures, however arrived at, show to a first approxima- 
tion that science increases exponentially, at a compound 
interest of about 7 per cent per annum, thus doubling in 
size every 10-15 years, growing by a factor of 10 at least 
every half-century, and by something like a factor of a 
million in the 300 years which separate us from the 
seventeenth-century invention of the scientific paper whon 
this process began. 

First it should be noted that this is an alarming rate, 
much faster than any population explosion, much faster 
than growth rates of industry; those are standing still in 
comparison. To illustrate the burgeoning we may do a 
simple calculation. Let us suppose there exist now 
scientists aged 20-65, a span of three doubling periods. 
For every scientist who had been produced before the 
first doubling period there was another one during it, for 
in the period the total had to double. Then from the 
second period there are two, from the third there are 
four. Thus out of every eight scientists who had ever been 
produced there are seven alive to-day. We may miss 
Newton and Rutherford, but happily most of the team 
are still with us. As Gerald Holton‘ remarked at a Wash- 
ington meeting on the history of modern physics: ‘To-day 
we are privileged to sit side by side with the giants on 
whose shoulders we stand”. By a similar calculation one 
may show that most scientists are young, since half of 
them, for example, have come into being only in the past 
decade or so. What is more, one can see that these states 
of affairs are surprisingly not the result of any recent 
burgeoning, but necessarily hold for the centuries we have 
supported this uniformly compound interest. Faraday and 
Davy could remark also that most of their science was 
modern and most of their scientists young. For more 
recent history, it comes as a shock to many people to 
learn that in crude size of manpower and published work 
the post-war size and growth of science is simply an extra- 
polation of the same centuries-old trend. All kind offers 
notwithstanding, one needs no special pleading of a new 
utility of atom physics, electronics, computers and space 
research to account for any sudden new growth. These 
fields are just those which have been used preferentially 
by the same old growth force. 

Next. one must recognize that the statements just made 
apply only to the total of all sciences for all countries. Any 
particular science or country has its ups and downs, and 
doubling periods can run as slow as 20 years or as fast as 
10 or even less, so that the balances of nations and subjects 
change, but only gradually within the general rise which is 
so rapid, and also, incidentally, surprisingly regular. In 
generale new fields and new nations grow most rapidly and 
old ones most slowly. Typically, once a new country sets 
about the serious business of a general scientific expansion 
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and reaches a take-off point, it acts as if it were expanding 
into a vacuum, and, the later a country starts, the higher is 
the ambient world pressure of science and the faster it can 
seem to expand. Thus Britain’s expansion from the first 
few scientists to the order of hundreds of thousands took 
300 years, that of the United States took 150, Japan about 
60, and the U.S.S.R. about 30. China and the next new 
nations will be even quicker. The way in which the world 
is filing up with science is reminiscent of a handicap race 
in which the first starters are the slowest runners. It would 
seem that during this next generation we shall stand at the 
finishing post as all the runners come home much at the 
same time, and rather rapidly we shall emerge into a new 
situation where at least most of the population masses of 
the world have some considerable quota of science. 
Throughout previous history we have been accustomed to 
& situation in which for many fields an absolute majority 
of the scientific effect could be held by one nation or by a 
small combination of nations. Suddenly the most-favoured 
nations can no longer be the scientific aristocrats they 
once were. 

It is precisely with these most-favoured nations that 
there is now & new problem. There seems to be a con- 
siderable body of evidence to suggest that the habitual 
growth rate of the past is ceasing to apply to the United 
States and U.S.S.R. and that there are now severe limita- 
tions In manpower, in money, and in abilities to organize 
such a large state of science. After all, with manpower itis 
reasonable to suppose that one cannot continue for ever 
to multiply the scientific population by 10 at every half- 
century without eventually using up everyone in the 
country. Nobody quite knows the incidence of abilities 
and motivations towards science, but one may make 
reasonable guesses, and my own estimate, which is less 
sanguine than that of other analysts, but consistent with 
the observed rapid decline in growth rate, leads me to 
suppose that at present the United States is within a factor 
of four of exhausting manpower resources of anything like 
the present calibre and availability. As some confirmation 
of arising limitation of supply which is now occurring 
it must be noted that there is in that country a cycle of 
professional manpower crises, ın which, for example, 
entries to engineering schools drop and must be boosted 
by increase of fellowship and other means; when this rises 
a little there 1s an outcry from the starved medical schools, 
and if this ıs then cured it produces a depression in the 
entries into teaching and so on. If this theory is right itb 
would indicate that for the United States and U.S.S.R. 
within the next decade there must be a decline in growth 
rate so that the scientific population increases by only half 
of that to which it has become accustomed. That is 
to say, instead of a doubling in the next 10 years there 
will be an increase of only something hke 50 per cent. 

Certainly such shortages will cause extreme nervousness 
since much of the innovation that produces industrial 
growth depends on the new man coming into science at 
the habitual rate at which old knowledge has always pro- 
duced new. The shortages will be tempered, of course, by 
more efficient use, better deployment of resources, and 
higher motivation to attract even the marginally qualified. 
But the shortages will still exist, and if a stop is not made 
here it must be made nevertheless in the near future—and 
not all the brain-drain from Europe will be able to halt it. 

Thus the process that started in the mid-seventeenth 
century must come to an end within the next few decades 
for the older scientific nations, and not too long thereafter 
for some of the younger ones. World science looks as if it 
can grow for a much longer time, but the present scientific 
powers seem destined to take fairly rapidly a lesser part. 
One might well suggest that the most immediate inter- 
national problem of science is not that of the under- 
developed nations, but that of the few over-developed 
nations; they have to end a long era of continued scientific 
adolescence and settle down to some sort of maturity. 
Lest it be thought that I am crying ‘doom’, let me hasten 
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to add that I do not believe that this maturity through 
saturation marks any stagnation of the world. I am 
optimistic about it and think it has some parallels with the 
way that the Middle Ages died on its feet just before the 
birth of the Renaissance. It is by no means the end of 
science and technology, for we can expect them to increase 
boundlessly and inconceivably, but it is the end of the 
social system af science and technology and the conditions 
of research to which we have become accustomed after 
300 years of a tradition that seemed changeless. The 
Middle Ages or adolescence of science will cease first in 
those places where growth has been most active, but 
nobody knows the areas or the means that will see the 
birth of the Renaissance state of maturity when presum- 
ably nations will be involved with science to a permanent 
maximum and concerned chiefly with questions of tactics, 
strategy and efficiency. 

What are the ground rules for such maturity? Surely 
they are rather different from anything we now know. If 
we cannot do everything we must be able to choose and 
to make the choice effective. We must develop what 
Alvin Weinberg calls the criteria of scientific choice, and 
we must be able with some statistical success to place 
men in & chosen field of activity and move them from 
unwanted areas to wanted ones without destroying the 
mainsprings of creativity. 

To discuss such problems we must consider what is 
known of the economics of science and of the sociology 
and psychology of scientists, but first some digression is 
needed to consider an important aspect of the cumulative 
natures of science and of technology, and to dispel a 
dangerously naive but common misapprehension about 
the relation between science and technology. 

Science is a particular form of scholarship, and scholar- 
ship consists basically in laying down new knowledge, 
most usually in the form of papers printed in the scholarly 
periodicals or in books. In general, each new contribution 
does not start afresh from the beginning but takes off from 
certain previous publications, these often being included 
in the works cited in the footnotes to the paper. Science 
differs from non-scientific scholarship chiefly in the fact 
that contributions once laid down have a certain per- 
manence and security, a sort of finality—at least tem- 
porarily. Thus, in science one paper can be laid on top of a 
set of papers, then another paper over that, and so on. 
Because of this property it is quite common to regard each 
scientific field as a sort of pyramid of bricks. To use 
another analogy, depicting the connexions between 
papers, the cumulating structure of science has a texture 
full of short-range connexions like knitting, whereas the 
texture of a humanistic field of scholarship is much more 
of a random network with any point being just as likely to 
be connected with any other. It happens that such con- 
siderations are most important in current research on the 
structure of scientific information systems, particularly in 
the new radical tool of citation indexing; and in the course 
of attempts to solve one of the central practical problems 
of ‘big science’, we have begun to find out rather interest- 
ing things about the nature of cumulation. It appears, for 
example, that quite simple properties of the network and 
of the way in which knowledge is clumped lead to the 
inevitable conclusion that the large-scale behaviour must 
show exponential growth of just the sort observed; and 
because of this inner mechanism we can now begin to see 
that the properties observed in crude and empirical head 
counts must necessarily behave in that way. This type of 
consideration may take us from the stage similar to 
that of Kepler’s Laws to one rather near to that of 
Newton. 

Now the growth of science and its cumulation are clearly 
paralleled closely by those of technology. There is, how- 
ever, the considerable difference that although. there is a 
great deal of technological literature it does not in general 
cumulate by knitting in the same way as does science.. 
Papers are not the end-product of technology, but only an 
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epiphenomenon. ‘There is, however, an end-product of 
technology in the form of a machine, a drug, a process or 
an artefact, and there cumulates not a literature but 
rather a ‘state-of-the-art’. There have been very few 
studies to indicate the exact way in which technology, as 
distinct from science. cumulates, but it is evident that for 
the most part new technological capacities grow from old 
ones, so that, like science, 1t 1s its own sweet beast. Inter- 
actions between science and technology provide the 
dramatic paradigm-breaking exceptions rather than the 
rule, and it is particularly evident on analysis that in no 
clear sense can technology be regarded as ‘applied science’ ; 
it does not happen that technology is a sort of fruit hang- 
ing from twigs of a scientific tree. Technology is another 
tree of a different sort, but both trees are necessary if 
either is to grow, and the delicate symbiosis that keeps the 
growths in step app2ars to derive from the educational 
process that supphes scientists with a feeling for the 
ambient technology, and technologists with a feeling for 
the ambient science of their student days. Fortunately 
most researchers are young, so that science has available 
technology that is little more than a decade old, and, 
conversely, technology can operate with quite recent 
science. 

Let us look next ai the matter of the motivations and 
psychology of scientists. Here, the outstanding fact 
is that science is an enormously competitive activity 
and that people must have rather special inducements 
as well as abilities to go into it in the first place, and 
even more special cnes to succeed. The fierceness of 
the competition is such that the 7 per cent per annum 
rate of increase seems to come about through some- 
thing like a birth rate of 17 per cent and a death rate 
of 10 per cent each year. This makes science behave 
much like a primitive village with maximum fecundity 
but a horrible morality. Such a village consists of 
relatively few adults who carry most of the work, 
together with an enormous number of children who are 
just, so to speak, passing through this existence. In con- 
formity with this model, the distribution of scientific 
effort is such that a very small core of good scientists, 
long-lived in their efforts, is responsible for the vast 
majority of scientific work, leaving only a minority of work 
to be performed by the large bulk of lesser researchers, 
whose existence is, however, essential to that of the core. 
Similarly, a very small selection of the 30,000 scientific 
journals in the world carry the bulk of the published 
archive and an even greater share if it be weighted by any 
measure of importance. In another variation on this 
theme it has been pointed out by Robert Merton’ that 
excellence in science seems to obey a sort of Matthew 
principle: ‘Unto him that hath shall be given”. So that 
the rich get richer and the poor poorer in scientific attain- 
ments, and science is led to a distribution similar to that 
which existed in States with the greatest economic in- 
equalities, where most of the wealth is in the hands of a 
small hierarchy of millionaires, and most of the population 
are nearly minimal >easants. Several investigations in 
different countries now suggest that this extreme 
inequality of science manifests itself in the distributions of 
people, of institutions and of fields, and follows from a 
built-in cybernetic reaction of science in its production of 
new knowledge from old, rather than from any response to 
the wishes or characceristics of the society. Just as the 
population of a country tends to cluster in a few big cities 
rather than to spread out uniformly, so science clusters 
round big people, big institutions, and big fields. Without 
very mich more knowledge than we have, it is virtually 
impossible to run counter to this trend—cities have this 
property, and so does science—-and, therefore, science must 
continually play from strength and cluster round con- 
stellations of excellence. 

Now most of the social mechanisms of science, and the 
psychological characteristics of scientists have been 
occasioned by this intense drive to concentrate excellence 
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and by the workings of the Matthew principle. It is some- 
thing that has changed in interesting ways in the post-war 
transition from a ‘little science’ to a ‘big science’. In the 
old days society, needing but few scientists, traditionally 
dared one to be a scientist if one must, and let science itself 
provide its own rewards and therefore its motivations. In 
that situation the normal reward of a scientist was the 
recognition by his peers that scientific new knowledge had 
been created; and paradoxically securing this private 
property of discovery by publishing it openly, he was 
rewarded [by acknowledgment and, at times, by the 
eponymic fame of becoming Boyle of the Law or Planck 
of the constant. One can see how strong were the emotional 
pressures by the violence with which disputed claims were 
contested in priority quarrels. 

This system had the merit of producing very good 


scientists at very low cost and using them very cheaply. ‘ 


Slowly, however, during the latest ten-fold increase of the 
insatiable growth of science it required more manpower 
than could be had from this easy social system and, by 
calling on the excitement and the utility of modern science, 
society began to demand men to be scientists if they 
possibly could. This is costly, for the highly unequal 
distribution of scientific excellence makes any production 
of good scientists yield also an even greater number of 
lesser achievers. Roughly speaking, it can be shown that 
the total scientific manpower must increase as the square 
of the number of good ones. Furthermore, the amount of 
facilities and auxiliary services per man in big schemes is 
larger than small ones, so that the cost of science increases 
as at least the square of the scientific manpower and, 
therefore, as the fourth power of the number of good men— 
who are those doing half the work. This is, of course, a 
dismal prospect of decreasing returns, and it is the rapid 
increase in cost as much as the limitation in able man- 
power that is causing the problem of the over-developed 
countries. 

Very significantly the change from a dare to a demand 
has produced new social mechanisms for the scientific life 
so that one may already discern some difference in tem- 
perament land motivations and, indeed, a change in the 
methods of work between the under-thirties and the over- 
forties in ‘science. Assisted perhaps by the special war- 
time circumstances that taught scientists to work together 
in large groups in an intimate contact bereft of outside 
communication, and spurred by a literature crisis of flood 
proportions that prevented us from knowing all that was 
going on in even a limited field, the social state of science 
regressed |to an earlier condition. Before the formal 
organization of the Royal Society, the scientists of London 
met in an informal group known as the Invisible College— 
the visible one was Gresham College (which failed to be- 
come the University of London). In each really active 
field of science to-day there is now in being something 
which we call the ‘New Invisible Colleges’—the group of 
everybody who is anybody in the field at that segment of 
the research front; an unofficial establishment based on 
fiercely competitive scientific excellence. They send each 
other duplicated preprints of papers yet to be published, 
and for big things they telephone and telegraph in 
advance. : They collaborate in teams of joint authorship, 
almost as; a mode of close communication, even in cases 
where there is no big machine that needs a team for its 
operation; By substituting the technology of trans- 
portation for that of publication they keep warm the 
seats of jet-planes and commune with each other at small 
select conferences and seminars throughout the world. 
The institution that is lucky enough to own such an 
eminent character does not have him around this year, 
for he is: working with a colleague in another place, 
perhaps in another country. ` 

These ‘New Invisible Colleges’ have a rather critical size 
in the rgnge of a hundred people, give or take a factor of 
two. They live by taking in each other’s washing, and with 
too few people there is not enough to keep any one person 
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occupied so that he is still tied to other parts of the 
information circuit. With too many people he becomes 
overloaded and the group shows a tendency to fission and 
the budding off of a new sub-field. Again, we know little of 
the structure of such ‘New Invisible Colleges’, but detailed 
investigations by the American Psychological Association’ 
have now clearly proved that much of the communication 
of research results is done long before formal publication. 


: Ifhe is not a party to the great commuting circuit, the man 


in Timbuktu who sits and reads the current journals has 
no chance of doing significant work, for by the time 1b 
reaches him his peers on the circuit have already squeezed 
all the juice from that choice piece of research. And it 
does not have to be Timbuktu; it can happen almost as 
readily at home, and in spite of the very self-conscious 
efforts of ‘New Invisible Colleges’ not to be a closed and 
exclusive group. This is their only way of solving an 
information crisis. Certainly such a change makes mockery 
of any ideal of an external and permanent archive of 
science; it is probable in spite of all protestations that this 
was never much more than a useful and rather Victorian 
moral mythology, for science has customarily grown from 
its research front rather than its archive. Scientists believe 
in it enough to want to publish even when they do not want 
to read. Those who think they want to read—though the 
documents were not written for them—are the tech- 
nologists who feel they should look for useful knowledge to 
apply. But the technologists, though they want to 
read, do not want to publish—they want to produce 
artefacts and processes. This is perhaps the paradoxical 
conflict which has made much noise over an information 
crisis. 

I would suggest an explanation at another level for the 
new form of organization. The old-style scientist was 
typically a person for whom inter-personal interaction 
was distasteful. He was often the lonely child who 
preferred things and books to people. He wrote for the 
impersonal record of faceless posterity, and social relations 
of science were for him something unpleasant and even 
intolerable. It is from this, rather than lofty ideals of 
objectivity, that we derive the superstition and bad style 
of scientific prose in which the personal pronoun and the 
active- voice of verbs are unclean and a little blasphemous. 
Now scientists are tremendously conservative and tradi- 
tion-bound—it is their natural counterpart and safeguard 
against the flood of mad juxtapositions and associations, 
the wild and far-out theorizing that is the mainspring of 
their creativity. That is why the normal reaction to a new 
idea is ‘it is not true; if it is true it is trivial; if it is not 
trivial I could have done it better this way ...’. With 
this conservatism, it would not do to throw out any of the 
tradition of science. When science grew so that it could 
not be completely supplied by those with the rather 
special motivations of yesterday, it was modified by the 
addition of a superstructure which involved personal 
approbation from a group of real persons, and thus 
science was, so to speak, made safe for relatively normal 
people. 

Please do not mistake the glibness of an abbreviated 
presentation for any conceit of certain knowledge. I 
need to have room for the drawing of science policy from 
such theoretical bases, but if I appear first to have stated 
firm theories with over-bold strokes it is because I know 
that each bit of knowledge of this sort must be challenged 
and examined properly until we do have the firm sys- 
tematic study. My statement must therefore be construed 
as @ sort of shopping list or a programme of study for the 
first round of enquiry that must underpin science policy 
investigations of greater complexity and more direct 
application. 

Tentatively, then, I must proceed to some conclusions 
and to more desiderata of pieces of the science of science 
which we shall need in order to make an adequate science 
policy. The prime conclusion I draw is that, with a con- 
sistent world movement increasing so rapidly, the numbers 
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of scientists, and shortages already setting in for the over- 
developed countries, no nation once embarked on & road 
of science and technology can wilfully turn back or 
under-develop its manpower. Each country must get as 
many scientists as it can possibly afford to train and main- 
tain, for other countries are doing that and, since the 
coinage of science is international, the strength of a 
nation will be measured by the reserve of ingenious and 
able men it can muster. I hope it is not just pious patriot- 
ism if I believe that Britain can be especially rich in this 
particular natural resource because of 1ts long history of 
scientific prowess and its advantage as a large and rela- 
tively well-educated population in a small country with 
ready intercommunication. We do not, it seems, have the 
political choice to proceed from any alleged or estimated 
needs of the country for scientists. We must rather 
get all that we can, and direct our attentions to 
providing as many needs as we can to use them most 
efficiently. 

Further to this reversal of a common opinion, I would 
like to submit that the whole progress of modern tech- 
nology is one of productivity shifting from the least-skilled 
people to the most, and ultimately to the scientific 
strength of the nation. Moreover, it shifts the bases of a 
country’s wealth from its more obvious and visible natural 
resources of wheatlands and coal and iron, to the invisible 
ones of sophisticated technology: In a state of intensive 
scientific advance there is a tendency for all nations to 
become Switzerlands, for science and technology have 
become together a direct productive force as well as a 
major occupation of our most talented manpower. Science 
and technology were once the condiments of our civiliza- 
tion. More recently they have been regarded as vitamins, 
tiny quantities of which could prevent stunted growth 
and enable us to absorb our industrial nourishment. Now 
they must be reckoned as the very meat and potatoes of 
our economy. Since science is international and com- 
petitive, the way in which it grows is dictated almost 
entirely by the present state of knowledge and scarcely at 
all by the wishes of nations or the needs of society. One 
has therefore no significant choice for a science policy 
except to support all ongoing research front activity to 
the very maximum of money that can be spent and of 
the talent that can be squeezed from the population. 
Artificially to support a lobe of science beyond the pro- 
portion of its size is wasteful folly, though to determine 
objectively the proportions in the natural world flow is 
one of the desiderata of the science of science. It is 
perhaps interesting to reflect that the gigantic conspicuous 
expenditures of space programmes, huge accelerators and 
other euphoric hardware might be regarded as an effort 
insidiously to create jobs so that scientists and high tech- 
nologists can be supported. It is necessary to have this 
small and expensive group with high pay and prestige if 
society is to produce also the larger by-product of a supply 
of good teachers, doctors, engineers, and other prac- 
titioners. If this is the role of the big facilities, over and 
above the mere fact that they are needed for research, 
then British scientists should be encouraged to use all the 
foreign facilities to which they can get access, and next 
time a new sort of facility is mooted Britain should be 
quick off the mark to be first in this stimulation, without 
thought of direct return. For example, if the next big 
event should be the chance to understand the mechanism 
of the brain by means of vastly expensive computer 
machinery and some new-fangled biological electronics, 
the spending of several tens of millions of pounds in this 
direction might give us, too, the same availability of a 
large-scale and versatile computer industry that missiles 
did for the United States. This would promptly alter the 
entire basis of automation in industry and produce a 
fantastic multiplication of the mathematics profession, 
providing good education as well as new industries and 
new products. Such is the nature of ‘spin-off’, rather than 
any spectacular new discoveries. 
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At this point it must be added that technology, unlike 
science, is policy-prone. Society must decide what it wants, 
and. then perhaps the scientist of science can tell (in part) - 
how that may be achieved. Some of the difficulty here is 
the lack of expert knowledge, and it is apparent that 
many countries, notably Bntain, make far too little use 
of their experts who might be capable advisers. We shall 
not get sensible decision-making in technology until a 
much larger group than exists now has a ready access to 
the policy-makers in the same stimulating fashion as 
occurred in Washington under Kennedy. In preparation. 
for such a widening of the Establishment to include the 
new moguls of science we shall need to find out many 
basic things about science and technology. At the most 
fundamental level, as I have pointed out, we have 
very little deep understanding to replace present 
superstition about the relation between science and 
technology. 

It was indeed again in the Royal Institution in 1809 
that Humphry Davy tried to put his finger on the nature 
of the problem. ‘The progression of physical science is 
much more connected with your prosperity than is usually 
imagined. You owe to experimental philosophy some of 
the most important and peculiar of your advantages. It 1s 
not by foreign conquests chiefly that you are become great, 
but by a conquest of nature in your own country’’®. What 

_he claimed in the discourse of thanks for the then extra- 
ordinary provision of funds to buy the first really huge 
voltaic battery, was that you should look after science and 
then technology, given adequate opportunity, would look 
after itself. He had good reason in this example, for it was 
his own electrochemistry which filled out the table of 
chemical elements and made scientific order possible, and 
it was this same field that gave rise to a great deal of 
chemical and electrical industry. Perhaps the British fault 
has been in following the lead of Bacon too closely by hav- 
ing too much naive faith in what the United States calls 
mission-oriented research. That is, a technological con- 
centration towards & particular end. It is not especially 
dangerous if there is ample opportunity to go wherever the 
state of the art leads, but such missions tend to become 
crystallized and workers are left behind in unproductive 
pockets sequestered and then excreted from the research 
front. With only a fragmentary knowledge of the relation 
between science and technology it can be seen that transfer 
occurs through peop:e much more efficiently than books, 
and there must therefore be means of encouraging a high 
mobility of persons from group’ to group within science 
and technology and from one to the other. There must 
always be so much growth in new scientific jobs that 
people get jolted out of their old stability to new places 
and new fields. The static and secure scientist or tech- 
nologist is dead. 

Mobility and transfer cannot occur if, on one hand, 
science is located principally with the teaching of scientists 
and technologists, while, on the other hand, technology is 
based principally in the mission-oriented establishments of 
industries and government. For high productivity one 
needs ali the modern devices of research establishments at 
graduate and post-doetoral colleges within the universities, 
and of institutes for advanced study and for special fields 
of research where the ‘New Invisible Colleges’ might 
commute and reside—perhaps turning some of Britain’s 
stately homes into appropriately prestigious palaces for 
what must become the ‘New Establishment’. Given such 
residential accommodation, Britain might well turn her 
‘brain drain’ to some advantage by offering short fellow- 
ships, having no strings attached, to persuade émigrés on 
circuit in a foreign ‘Invisible College’ to communicate with 
their colleagues at home and thereby renew acquaintance. 
For industry we should also attempt to spread the 
sort of commercial research institute like Rand Corpor- 
ation or A. D. Little that attaches itself sto the 
neighbourhood of a great university and nourishes it 
parasitically. 
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The essential thing seems to be the need for creating 
a large number of new scientific posts and centres of 
various sorts, and doing it in such a way that shuffling 
occurs with as much frequency as can be without undue 
violence toja certain minimum of security and stability, 
and to the tune of as much prestige and inducement and 
excitement 2s can be engineered. Such a policy must needs 
cost a great deal; how can the funds be found? To some 
extent they should come from the redeployment by 
government.and by industry of unproductive researchers, 
especially from those institutions which have missions that 
- do not seem to achieve results of the highest calibre for 
new science or new technology. Unfortunately, here 
again, we know only enough to realize that the prevalent 
superstitions about the dependence of growth on research. 
investments in particular industries have little basis in 
fact. We need much more — of the calibre of Carter 
and Williams’. 

Further funds could come directly from industrial 
investment: by grant and contract to research establish- 
ments around and in the universities. The universities 
might protest at the use as a service station, subverting 
their education autonomy and intent, but it should be 
possible to: evaluate American and Soviet practice and 
get some of their good effects without all of their dis- 
advantages; 

As yet another line, I have been much impressed by the 
money that flows into American colleges by virtue of 
an income-tax loophole which makes gifts to non-profit 
making organizations a deductible expense. Through a 
mysterious'mechanism I do not presume to understand, 
many wealthy individuals and corporations find it both to 
their credit, and to some extent to their advantage, to 
make such'a gift directly instead of through the central 
government. In fact, again I find it rather mysterious if 
not downright incredible, there is a strong impression that 
the universities gain rather more than the government 
loses. There is little doubt that this sort of funding 
encourages! more direct contact between science and the 
rest of society, and, if government be worried about 
their loss of planned control, this might always be used to 
deploy smaller state funds to redress any eventual 
imbalances or shortsightedness. 

For the Invisible Colleges the chief problems are those 
of communication, formal and personal. I think the 
colleges are here to stay, and that the policy must be to 
aid them and to attempt at the same time to neutralize 
only their| disadvantages. Modern scientists need the 
special sort of mobility to bring them in contact with their 
colleagues in the rest of the world. Paradoxically, Britain 
would lose'less scientists if she sent more back and forth 
to the United States; at the least one might make a new 
Commonwealth of Science by giving special encouragement 
and traveljaid for commuting in both directions between 
Great Britain and the Commonwealth. In formal com- 
munication we need some means whereby the several ‘In- 
visible colleges’ ean be brought in contact with each other. 
I would suggest that the pioneer job of the journal Nature 
be now e — to the new conditions, and that some 
publisher make himself a fortune by instituting in Great 
Britain a daily scientific newspaper, for the professionals, 
containing’ the latest abstracts and the indexes to them, as 
well as the technical news in a field-by-field breakdown, 
and, like the American journal Science, a good admixture 
of the social and political news of current science and 
technology. As I see it, the time is quite ripe for such a 
scientific analogue of the Financial Times, and, though it 
is more practical i in the United Kingdom than in a large 
continental. country, I imagine a transatlantic edition 
would also sell like hot cakes and be & considerable boost 


to the prestige of the country. How very comforting and - 


salutary to have an important scientific journal which 
could be scanned and thrown away each day. It might 
help, too, in the far too weak public relations of science. 


The coming political decisions about the future of a — 
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technological and scientific society can only be faced in a 
democracy by a public educated in these matters, and 
education must imply not only the glamour of science but 
also a deep public esteem of it that gives it the prestige to 
attract our very finest and most creative minds. If it is 
now slightly ‘non-U’ to want to be an engineer, it must be 
made highly ‘U’ to want to be a research worker in the 
élite spearhead of the New Establishment that advances 
the country. Britain is fortunate in having at its disposal 
an institution which was devoted to just such public 
relations, and in its time achieved more than perhaps any 
other in the world. . The Royal Institution still does noble 
service in its residual capacity as a grand scientific salon, 
as well as in its other job of managing a research labora- 
tory; but surely the time has come to extend the use of 
this prime site for a central place of scientific conferences 
and public meetings, for a central public relations unit for 
things scientific and for a research news service. 

I cannot well stand here as ‘a drained brain’ without 
saying- something more about the phenomenon which 
causes many European countries to lose 15-25 per cent of 
their scientific manpower, and makes poor Taiwan get 
back less than 10 per cent of the students it sends out to 
train®. We know fairly well now that these people do not 
leave for more salary but for greater scientific opportunity 
and challenge. They leave because their own establish- 
ments cannot lend them the prestige conditions which 
enable them to find excitement in their creative works. As 
John Strachey once said, “They do it, madame, out of 
chagrin at not being included in the Eton cricket eleven’. 
Apart from the techniques I have suggested to raise a New 
Establishment, I can offer only the consolation that even 
the United States, as saturation conditions set in, must 
necessarily suffer a similar brain drain to centres of 
excellence elsewhere in the world. 

Finally, I must speak again to the problem of raising a 
science of science which should do for this new sector of 
our society that which economics did for the world of 
business and finance. As an invisible college with branches 
in Sweden, France and India, as well as in the United 
States and U.S.S.R. and in international organizations as 
O.E.C.D. and Unesco, we need a good home in Britain for 
the efforts that have already been making headway in 
several university departments. People must be encour- 
aged, to take on more and more research, fundamental as 
well as applied, and they must be brought to interact with 
each other and with the organs of decision-making in 
government. Government itself contains much unused 
expert knowledge here, for in our diplomatic and foreign 
service we have many people who have been in contact 
-with the vast American administrative machinery of 
science who could be brought back frequently and used as 
part of an ‘Invisible College’ in the science of science. It 
would be, I think, an excellent idea to send back and forth 
many more such persons so as to gain from the experience 
of other countries rather than duplicate their findings and 
their mistakes. This knowledge of how best to make 
research and how best to use it we shall need crucially, 
however much or however little science we can ultimately 
squeeze from our manpower. Assuredly what we do not 
know about science is going to hurt us bitterly; what we 
might find out may be the key and the vehicle to 
prosperous life as a pre-eminent nation. 
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OBITUARIES 


Prof, J. B. S. Haldane, F.R.S. 


JouN Burpon SANDERSON Harpans died in India on 
December 1, 1964, at the age of seventy-two. Educated 
at Eton and New College, Oxford, where he obtained first- 
class honours in mathematics and Greats, he served during 
the First World War in the Black Watch, returning to 
Oxford after the War to a fellowship of New College. In 
1922 he joined the Department of Biochemistry in the 
University at Cambridge, where he later became a reader. 
In 1927 he moved to become head of the Department of 
Genetics in the John Innes Horticultural Institution, and 
in 1930 to become Fullerian professor of physiology in the 
Royal Institution. In 1933 he moved to University Col- 
lege, London, where he was to stay until his retirement in 
1957, first as professor of genetics and then, from 1937 
onwards, as professor of biometry. On his retirement 
he moved to India, becoming a citizen of that country in 
1960; he worked first at the Indian Statistical Institute, 
and finally as director of the Genetics and Biometry 
Laboratory in Bhubaneswar. 

From his boyhood he had taken part, both as experi- 
mental subject and scientific collaborator, in the researches 
of his father, Prof. J. S. Haldane, on the physiology of 
human respiration. While at Cambridge, he continued to 
organize teamwork on human physiological and bio- 
chemical processes, with himself as the chief experimental 
animal. Still remembered with awe by those who took 
part were the prolonged investigations of acidosis following 
massive doses of ammonium chloride and other salts, 
during which the subject becomes “‘less equable’’. 

Haldane’s biochemical work was mainly theoretical. 
The most notable were his contributions, with Briggs, to 
enzyme kinetics and his monograph on Enzymes published 
in 1930. In his garden on the outskirts of Cambridge he 
and Miss Winton carried out elaborate genetic studies on 


Primula sinensis, which supplied data for his mathematical 


work on the measurement of genetic linkage. At Cam- 
bridge also he made a brilliant start in 1924 as a popular- 
izer of science with his book Daedalus, or Science and the 
Future. 

In a series of papers starting in 1924 Haldane worked 
out the consequences of Mendelian genetics for the theory 
of evolution. The conclusions which emerged from 
these investigations included estimates of the rates of 
change of the frequency of dominant and recessive genes 
under various types of selection; the possibility of stable 
equilibria with intermediate gene frequencies when the 
heterozygote is the fittest of the three genotypes; the 
effects of. selection on a character influenced by many 
genes; the relative importance of selection and mutation 
in determining the rate and direction of evolution; and 
the possibility of estimating spontaneous mutation. rates 
from observations of the frequencies of harmful dominant 
or sex-linked genes in natural populations. This last 
conclusion led him to an estimate of the mutation rate at 
the haemophilia locus, and so to the first estimate of a 
human mutation rate. During the same period, between 
1924 and 1932, Sewall Wright and R. A. Fisher were 
carrying out, largely independently, investigations into 
the same general problems; between them, these three 
men became the architects of the mathematical theory 
of population genetics. Haldane continued to publish 
papers in this field throughout his life, and at the time 
of his death was working on the problem of ‘selection 
with replacement’, in which it is supposed that a female 
bears an additional child if one of her children dies young 
for genetic reasons. His paper on ““The Cost of Natural 
Selection”, published in 1957, was the starting point 


of the present widespread interest in the concept of 
‘genetic loads’. 

While at University College, through his association 
with the Galton Laboratory, Haldane became increasingly 
interested in hurtan genetics, and he continued this 
interest after moving to India, where he stimulated a, 
number of young seientists to exploit the peculiar advan- 
tages of that country to a human geneticist. His own 
contributions were mainly mathematical. He developed 
methods of measuring linkage in human pedigrees, and, 
with Julia Bell, determined the first map distance in man, 
between haemophilia and colour blindness. He developed 
statistical techniques to allow for the bias in estimating 
segregation ratios in human pedigrees. Perhaps most 
important, he gave continual encouragement to the appli- 
cation of biochemical methods in human genetics. His 
book Heredity and Politics, published in 1938, is probably 
still the most balanced discussion of what measures are 
and are not likely to be effective or desirable in the field 
of eugenics. 

His influence on. the development of human genetics 
is typical of his influence on the development of biology 
as a whole. He xad two convictions which persisted 
throughout his scientific career, and which, together with 
his formidable inzelligence, determined his scientific 
behaviour. The first was that, if you are faced by a 
difficulty or a controversy in science, an ounce of algebra 
is worth a ton of verbal argument. This attitude was 
displayed, for example, in his calculations on the relative 
importance of selection and mutation, or in his demon- 
stration of the comparative ineffectiveness of the steriliza- 
tion of the unfit on eugenic grounds. Such an outlook 
has been charactezistic of physics since the time of 
Newton; if it is to-day becoming characteristic of biology, 
this is to a significant extent due to Haldane’s influence. 
He did not confine this attitude to science; his book 
A.R.P., published curing the Munich crisis in 1938, was 
one of the first, and. most successful, attempts to treat an 
essentially military problem quantitatively. If Haldane 
could write dispassionately about subjects which arouse 
strong emotions, it was not because he was a man without 
feelings, but because-he had learnt to discipline his passions 
with mathematics. In politics, as he would probably 
have admitted himself, his judgment was less reliable, 
perhaps because political problems are not as yet readily 
amenable to mathematical treatment. 

Haldane’s second continuing conviction was that a 
physiological or biovhemical explanation is more funda- 
mental than a morphological one. From the first he was 
convinced that genetics must receive a biochemical 
interpretation. He himself lacked the technical skills 
and the facilities to do for biochemical genetics what he 
had done for mathematical genetics. But through his 
books and lectures, end through personal contact, he gave 
the impetus to many of those who have turned his con- 
viction into @ reality. 

Haldane contributed to many branches of science 
outside biochemistry and genetics, from cosmology to 
animal behaviour and from telepathy to the physiology of 
diving. He was also perhaps the most gifted popularizer 
of science of his time. This last gift may seem unexpected 
in one whose papers were full of algebra, but in fact the 
gift for popularization was merely another aspect of his 
gift for turning biology into mathematics. Haldane was 
by no means a great mathematician, although he was a 
very energetic and courageous one, but he did have a 
genius for taking a complex biological problem and 
simplifying it to the stage at which it could be posed in 
mathematical form, without at the same time distorting 
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it out of recognition. It was this same gift for simplifying 
without distortion which he used in his essays, and in his 

weekly articles in the Daily Worker. 
In The Causes of Evolution, Haldane wrote: “Intense 
selection favours a variable response to the environment. 
.. Were this not so, the world would be much duller than 
is actually the case’. For his friends and colleagues, 
the world has been a duller place since last December. 

JOHN MAYNARD SMITH 


Mr. R. E. Garrod 


RALPH EDDOWES GARROD, who died on September 25, 
1964, was the second son of H. B. Garrod, barrister-at-law 
of Hampstead, and grandson of Sir Alfred Garrod. He 
was born on March 29, 1889, and was educated at Oundle 
and at Clare College, Cambridge. A schoolboy contem- 
porary at Oundle was E., K. Rideal (later Sir Eric Rideal, 
professor of colloid science, Cambridge). At Cambridge 
Garrod was a running Blue, and it is of interest to recall 
that one of his duties in this capacity was to award colours 
to A. W. Tedder (now Marshal of the Royal Air Force, 
Lord Tedder). After taking a double first in science, he 


- carried out’ chemical research on aldol bases under the 


direction of H. O. Jones. The work was described in two 
papers contributed to the Transactions of the Chemical 
Society (101, 1376, 1389; 1912). 

Garrod then entered industry as a chemist in the fur 
dressing and dyeing factory of Messrs. C. W. Martin and 
Sons, Ltd., London, the leading company in this business 
whose activities dated from 1823. With the chief chemist, 
J. P. Millington (a former scholar of Christ’s College, Cam- 
bridge), he carried out investigations on the application 
of the oxidation type of dyestuff recently introduced by 
Erdmann in Germany. These dyestuffs, based on p- 
phenylene diamine and aminophenols, were replacing the 
mordant-wood colours which had been used from the 
Middle Ages. Mulington and Garrod must have been two 
of the earliest chemists to enter this craft industry whose 
activities on the fur dressing side stretch back into the 
mists of pre-history. 

Durng the First World War he combined work at 
Martins (largely concerned with processing of goat skins 
for the troops) with censorship duties at the War Office. 
In 1928, “R. E. G.’’, as he was known to his colleagues, 
took over sole responsibility for the technical side of 
factory operations and was to continue in charge, as chief 
chemist and later as technical director, until his retirement 
in 1955. 
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Chief Scientific Officer in the Cabinet Office: 
Mr. F. H. Allen 


Mr. F. H. ALLEN, until recently director of the 
Hydraulics Research Station of the Department of 
Scientific and Industrial Research, has been appointed 
Chief Scientific Officer in the Cabinet Office. He will act 
as principal assistant to Sir Zolly Zuckerman, whose 
appointment as Scientific Adviser to the Cabinet Office, 
in addition to his duties as Chief Scientific Adviser in the 
Ministry of Defence, was announced in October 1964. 
Mr. Allen graduated with first-class honours in engineering 
‘from Trinity College, Dublin, in 1943 and then joined a 
consortium of consulting engineers in London engaged on 
the construction of umts of Mulberry Harbour for the 
invasion of Normandy. After the Second World War he 
was assistant engineer to a firm of civil engineering 
consultants, Sir Cyril Kirkpatrick and Partners; and 
early in 1949 he was appointed by the Port of London 
Authority to take charge of research into siltation in the 
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His work carried the unmistakable imprint of a keen 
intellect finely disciplined by scientific method. His 
personal integrity, his wide knowledge of men and affairs, 
and his shrewd judgments won him the respect and 
affection of all his associates. He played an outstanding 
role in the technical successes of his firm, and his influence 
is still to be felt in the standards he set which continue to 
guide his successors. 

Although he retired as an executive director in 1955, at 
the request of his co-directors he remained a member of the 
board and continued in this capacity until his death. He 
was a member of numerous scientific and technical socie- 
ties. For many years he was a member of the London 
Section Committee of the Society of Dyers and Colourists, 


‘and also served on the Publications Committee of the 


Society. 

He was a very modest man, and many of his non- 
professional colleagues and associates were unaware that 
he represented the third generation of outstanding scienti- 
fic ability ın his family. His grandfather, Sir Alfred 
Garrod, was a distinguished clinician and pioneer in the 
application of chemistry to medicine. It was he who first 
demonstrated the increased concentration of uric acid in 
the blood of patients with gout. His uncle, Sir Archibald 
Garrod, a physician at St. Bartholomew’s Hospital and 
later Regius professor of physics, University of Oxford, 
was the undoubted pioneer of human biochemical genetics. 
In his famous work, Inborn Errors of Metabolism, published 
early in the century, he developed a series of new con- 
cepts about the character of inherited deviations in human. 
biochemistry which are now accepted as part of everyday 
thought on these matters. His younger brother, whom 
he predeceased by only a few months, was Air Chief 
Marshal Sir Guy Garrod. 

Raiph Garrod possessed in fine measure ‘the enquiring 
and analytical mind which characterized the earher 
scientific members of his family. He not only applied it in 
his professional capacity, but also after his retirement it 
found scope in his interest in local government affairs. 
He took up residence in Winchelsea, became a Freeman 
and Jurat of this Cinque Port, and at the time of his 
death occupied the office of Mayor. At his memorial 
service high tribute was paid to the invaluable service 
he had rendered on committees and in his work for the 
town. 

He is survived by his widow, and by the six children of 
his first marriage. The family scientific and medical 
tradition is continued by his elder son, who is a consultant 
physician. J. L. STOVES 
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Thames estuary—under the general supervision of the 
newly-formed Hydraulics Research Organization of the 
Department of Scientific and Industrial Research. Mr. 
Allen joined the Hydraulics Research Station at Walling- 
ford as assistant director in 1952, and was concerned in 
particular with research into problems ın tidal hydraulics. 
He was appointed director in 1958. As part of his duties, 
he travelled extensively in connexion with overseas prob- 
lems in crvil engineering hydraulics, and in 1961 he was 
elected vice-president of the International Association for 
Hydraulic Research. Mr. Allen is a member of Council 
of the Institution of Civil Engineers, and was awarded 
the Institution’s Telford Gold Medal in 1957. He took up 
his new duties in the Cabinet Office on January 18. 


University of Bristol : 
Prof. J. E. Harris, C.B.E., F.R.S. 


Pror. J. E. Harris, professor of zoology in the 
University of Bristol, has been appointed Vice-Chancellor 
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of that University from August 1966, succeeding Sir 
Philip Morris. He has been appointed Deputy Vice- 
Chancellor and professor of animal biology from August 
1965. From the City School, Lincoln, where he founded 
the School Scientific Society, John Harris gained a State 
scholarship, and an open scholarship to Christ’s College, 
Cambridge; he began by reading chemistry, physics and 
mathematics. He gained a first-class honours degree in 
zoology in 1931. Stimulated by Dr. (later Prof. and Sir 
James) Gray, his first research was on the dynamics of 
fish locomotion. Holding a Commonwealth Harkness 
scholarship at Columbia University from 1933 until 1935, 
he studied aerodynamics under Prof. Klemin in New 
York, using models in wind-tunnels, and studied living 
fish in the Tortugas at the Carnegie Laboratory. In 1939 
he was appointed to a Messel research fellowship of the 
Royal Society. Durmg the Second World War he worked 
on the fouling of ships by marine organisms, at Mullport, 
for the Marine Corrosion Sub-Committee of the Iron and 
Steel Institute: this work was important in enabling 
vessels to maintain higher speeds. In 1944 he was 
appointed to the chair of zoology in the University of 
Bristol. His successful and intensive research includes 
studies of nervous organization and early movements of 
vertebrate embryos, palaeozoic sharks, vertical migrations 
of plankton, the physical structure of protoplasm, and 
functional morphology in Ascaris. Prof. Harris has served 
on the Advisory Committee on Fisheries, the Water 
Pollution Research Board, the Advisory Committee on 
Nuclear Safety, the Committee on Biological Problems 
(Non-Medical) of Nuclear Physics, the Hale Committee 
on University Teaching Methods, the Commonwealth 
Scholarships Commission and the Agricultural Research 
Council. In 1956 he was elected a Fellow of the Royal 
Society, and he served on the Council during 1960-62. 
In 1961 he was made a Commander of the Order of the 


British Empire. 
Prof. G. M. Hughes 


By the appointment of Dr. G. M. Hughes to the profes- 
sorship of zoology, in succession to Prof. J. B. Harris, the 
University of Bristol not only gains a zoologist of dis- 
tinguished promise but also one whose research and out- 
look on biology carry on the tradition of Harris and Yonge 
before him. After distinguishing himself as an under- 
graduate and research student, Dr. Hughes became a 
Fellow of Magdalene College, Cambridge, and demonstra- 
tor and then lecturer in the Department of Zoology. His 
strong interest and perspicacity in researches on the 
nervous system of invertebrates, particularly on the mech- 
anisms of co-ordination in arthropods and molluscs, led 
him to new views on the old concept of ‘plasticity’ m the 
nervous system. His research work naturally led him to 
the laboratory of Dr. C. A. G. Wiersma in California, with 
whom a most fruitful co-operation has undoubtedly 
influenced his ideas. He has also worked, particularly 
with Dr. Tauc, at the Marine Station of Arcachon. In 
addition to his work on comparative neurophysiology, 
Dr. Hughes has worked on the respiration of fishes and 
especially the mechanism of gill ventilation in bony and 
cartilaginous fishes. He has written a book on the Com- 
parative Physiology of Vertebrate Respiration, and as 
honorary convenor of the Society for Experimental 
Biology edited the recently published symposium on 
Homeostasis and Feedback Mechanisms. His interests, 
however, have by no means been confined to his research 
school. He has taken a very active interest in the problems 
of biological training in schools and the teaching problems 
which confront us at every level at this time of rapid 
educational change. 


Physiology in the University of Manchester : 
Prof. W. Schlapp 


PROF. WALTER SCHLAPP joined the University of Man- 
chester from Edinburgh in 1930 and in 1946 was appointed 
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to succeed Prof. E. S. Raper in the Brackenbury chair of 
physiology. He retires at the end of this session. During 
the difficult years of the Second World War Schlapp’s 
interest became drected towards the application of elec- 
tronic equipmert to physiological problems, and he 
designed and mad» apparatus for evoking and recording 
biolectric potentiels. This enabled him to investigate 
problems of conduction in peripheral nerves which were 
subjected to pressure or had their blood supply disturbed, 
and later led to tke studies of conduction through spinal 
reflex pathways which became one of the main branches 
of research in his Department. Few are his equal as a 
teacher: the loge of his approach and the clarity of 
thought displayed throughout his teaching, no less than 
the vivid and sametimes unconventional ymagery and 
choice of words, heve been a powerful stimulus to under- 
graduates and postgraduates alike. Of Schlapp’s many 
interests outside physiology, which include ornithology, 
photography, geology and Roman archaeology, music has 
clearly provided for him the most intense and sustained 
satisfaction. Colleagues in the Departments of Physiology 
and Medicine at Manchester remember with great pleasure 
social occasions when they were jointly entertained by 
the string quartet in which their professors so skilfully 
performed. During more than half of Schlapp’s time as 
professor he concurrently served as Dean of the Medical 
School—in itself an onerous office recogmzed in some 
Schools as requiring full-time attention. He was for a 
time Dean of the Faculty of Music, and for four years 
Pro-Vice-Chancellor. He accepted the inevitable diversion 
of energy from his own Department reluctantly and only 
under heavy pressure. That sufficient pressure was 
exerted bears witness to the high value placed on Schlapp’s 
outstanding qualities as an administrator in the Univer- 
sity. His counsel will be sorely missed. 


Prof. J. N. Mills 


Dr. J. N. Mozxs, wader in physiology in the University 
of Manchester, has been appointed to succeed Prof. 
W. Schlapp as Bracxzenbury professor of physiology and 
director of the Physiological Laboratories, University of 
Manchester, as from October 1. Dr. Mills entered New 
College, Oxford, in 1933 and was awarded the degree of 
B.A. with first-class honours in the Honours School of 
Natural Science (Physiology) in 1936. He was also 
awarded a senior scholarship at Christ Church. During 
1936-37 he was a demonstrator in the Department of 
Physiology in the Uriversity of Oxford and was awarded 
the degree of B.Sc. in 1937. From 1987 until 1939 he 
studied in the University of Birmingham and graduated 
in 1939 with the degree of B.M., B.Ch. (Oxford), after 
which he was engaged in general medical practice for two 
years. From 1941 until 1946 he was lecturer at New 
College, Oxford, with responsibility for the supervision of 
medical students. Hə was awarded the degree of D.M. 
(Oxford) in 1946 and on becoming a Fellow and lecturer 
at Jesus College, Cambridge, in that year, he was awarded 
an M.D. (Cambridge) degree. He was appointed lecturer 
in human physiology i in the University of Manchester in 
1950, senior lecturer in 1955, and in 1959 reader in 


physiology. 


Science in Parliament: 
Research for the Benefit of Developing Countries 


In a written answer in the House of Commons on 
March 24, the Minister of Overseas Development, Mrs. B. 
Castle, stated that the £1,612,267 provided in 1964-65 for 
research for the benefit of developing countries was used 
to support research, 20th in Britain and overseas, on 
problems impeding th» social and economic progress of 
the developing countries. Much of the support is for 
long-term. programmes at permanent research insfitutions. 
Mrs. Castle gave as resent examples of practical success 
the large increase in production resulting from the control 
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of cotton pests in Central Africa; the discovery in East 
Africa of umproved vaccines for control of rinderpest in 
cattle in the tropics; increased banana production in the 
Windward Islands from new fertilizer treatment; and 
effective agronomic and pest control work on cocoa in 
Sabah. In medicine, progress had been made in field 
trials on trachoma vaccines; work on schistosomiasis in 
East Africa pointed to the possibility of a pilot control 
scheme; and study of the epidemiology of a tumour 
prevalent among children in Uganda had aroused wide 
interest among workers on cancer research. Studies by 
the Road Research Laboratory had led to an improved 
method for designing roads in the tropics offering savings 
of up to 20 per cont in construction costs. 


Barrage Schemes in Britain 


Is answering questions in the House of Commons on 
March 22, Mr. W. Rodgers, the Joint Under-Secretary of 
State for Economic Affairs, announced that, after con- 
sidering all information at present available about the 
economic and social benefits which the Morecambe Bay 
Barrage project and other barrage schemes might create 
and about their likely costs, the Government had con- 
cluded that no final assessment of these ambitious and 
imaginative proposals could be made without further 
technical investigations. The work already done had 
shown that the justification for a barrage across More- 
cambe Bay or the Solway Firth rested primarily on the 
conservation of water on a scale large enough to meet the 
long-term needs of north-west England and south-west 
Scotland: any advantages for communications, generation 
of power and amenity would be subsidiary. The Govern- 
ment had decided to commission further technical work 
with the view of determining the feasibility and probable 
cost of constructing barrages, and more precisely the 
quantity and quality of water each scheme might make 
available. The Minister of Land and Natural Resources 
was asking the Water Resources Board to take charge of 
these investigations, and the Scottish Office would work 
jointly with the Board on the Solway project. 

The Government welcomed the initiative which local 
authorities in the area had already shown in initiating 
investigations into the possibility of constructing a new 
crossing of the lower Dee estuary which might take the 
form of a barrage. They were considering, in consultation. 
with the Dee and Clwyd River Board and the Cheshire 
and Flintshire County Councils, whether the hydraulic 
examination of such a crossing already commissioned by 
the River Board might usefully be widened in scope. 
Such a scheme, by substantially improving communica- 
tions between Merseyside and North Wales, might allow 
part of the conurbation’s future population and industrial 
growth to be accommodated in Flintshire, and some land 
reclamation might be possible. All three schemes were 
expensive, and long-term proposals and subsequent steps 
would be decided in the light of the feasibility investi- 
gations, which would take some time to complete. The 
first results of the Morecambe Bay and Solway studies 
were expected within two years. 


Natural Resources 


In a written answer on March 25, Mr. F. Willey, the 
Minister of Land and Natural Resources, stated that he 
was appointing a Committeso, with Sir Dudley Stamp as 
chairman, to advise on problems associated with the 
availability and use of natural resources in Great Britain. 
In agreement with the Secretary of State for Education 
and Science, the new Committee would take over and 
continue 'the work of the Natural Resources (Technical) 
Committee of which Sir Solly Zuckerman had been chair- 
man. Profs. J. N. Black, W. Ellison, Neville George, 
F. H. Hare, O. R. McGregor, G. P. Wibberley and B. R. 
Williams, Lord Llewelyn-Davies and Dr. A. A. L. Caesar 
had agreed to serve as members. 


NATURE 


April 17, 1965 von. 206 


Registrar General’s Quarterly Return for England and 
Wales ` 


The Registrar General’s Quarterly Return for England 
and Wales for the third quarter of 1964, which has recently 
been published, shows no slackening in the upward trend 
of the birth rate (Pp. 28. London: H. M. S. O., 1965. 2s. 6d. 
net). ‘The total number of births during the year is 
hkely to have been of the order of 875,000, or 20,000 higher 
than in the previous year. The seasonally corrected live 
birth rate for the third quarter was 18-7—an increase of 
0-7 over the corresponding quarter of the previous year. 
Mortality in the first three-quarters of 1964 was low, deaths 
numbering 40,000 fewer than in the corresponding period 
of the previous year. An interesting now feature of the 
Return is an account of the occupations of long-term 
migrants to and from the United Kingdom in 1963, based. 
on 280,000 interviews with inward and 500,000 with 
outward migrants, long-term migration being defined as 
lasting for more than a year. It is estimated that 2,000 
doctors emigrated but 1,700 immigrated to Britain; the 
net loss bemg of the order of 300. Surprisingly, physicists 
and metallurgists show a small net gain (400 physicists in, 
300 out, the corresponding figures for metallurgists being 
500 and 200, respectively). There was a net loss of 600 
professional engineers, and a net loss of 6,100 in the total 
category “professional and technical workers’. The 
total net emigration in 1963 was 58,200. It is to be hoped 
that this most interesting analysis will be continued 
permanently. 


The Gulbenkian Foundation 


THe second report of the Chairman of the Gulbenkian 
Foundation covers the years January 1, 1960-—December 
31, 1962 (Pp. xx+203+37 photographs. Lisbon: 
Calouste Gulbenkian Foundation, 1964). Despite the 
restricted distribution policy adopted by the Board, the 
scale of distributions rose considerably during that period, 
averaging more than 60 per cent annually. Of grants 
totalling some £7 million distributed during the period, 
just less than £800,000 was in science and rather more than 
£1-4 million in education. Grants made to the United 
Kingdom and British Commonwealth totalled £863,941. 
The main distribution of £2-9 million was in Portugal, 
where a Gulbenkian Institute of Science has been created. 
At present this consists of three research centres dealing 
with agricultural economics, computer studies and biology, 
of which the first two are already in operation and the 
last-mentioned is being organized. In accordance with 
the recommendations of the Foundation’s Science Com- 
mittee, constituted in January 1961, the objectives of the 
computing centre are research into pure and applied 
mathematics, assistance to outside non-commercial 
research and assistance to teaching institutions. The 
biology centre will include departments of microbiology, 
of experimental pharmacology, of physiology and of 
cellular biology. A report on Grants 1956-62 (Pp. 134) 
and a report of the Accountancy Checking (Pp. 23) Com- 
mission for 1963-are issued separately. Grants to the 
United Kingdom and British Commonwealth included 
£2,000 to the University College of Rhodesia and Nyasa- 
land for the equipment of a radiocarbon dating laboratory ; 
£50,000 for the endowment of Gulbenkian scholarships 
for students from overseas for Churchill College, Univer- 
sity of Cambridge; £4,500 to the Science Masters Associa- 
tion for revised syllabuses for science teaching in schools; 
£2,500 to the Institute of Community Studies for an 
investigation into educational research; £10,000 to the 
Centre for Educational Television Overseas for research 
on the television needs of newly developing countries and 
provision of material. 


Smithsonian Institution, Washington 


Tae annual report of the Board of Regents of the 
Smithsonian Institution for the year ended June 30; 1963, 
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is, as usual, a large volume (Pp. xii+595+100 plates. 
Washington, D.C.: Government Printing Office, 1964. 
4.25 dollars). It includes original papers by members of 
the staff and others, in addition to the usual statistics. 
Such papers include one on the Solar system by Sir 
Bernard Lovell, another on the use of the electron micro- 
scope in the examination of fossils, and also one on the 
future of underwater archaeology. The most notable 
development during the year was the progress made in 
the completion of the great new Museum of History and 
Technology building. It will contain 50 exhibition halls, 
and space has been set aside for the extensive reserve 
collections of the Institution. 


The Wellcome Historical Medical Museum and Library 


ForLowine the completion of the reorganization of the 
Wellcome Historical Medical Library, plans are now being 
prepared for a great expansion of the Wellcome Historical 
Medical Museum. The Trustees have ensured that the 
Museum shall have all the accommodation required to 
fulfil the aims of its founder and (for the first time) make 
all its collections on the history of medicine and science 
generally available for study and research. New ex- 
hibitions and study galleries now being planned include 
a synoptic exhibition on the history of medicine from 
earliest times to the present day, and an exhibition about 
medicine in art which will be concentrated on the art 
objects from the Museum’s collections. In addition to 
these new permanent sections for the Museum, adequate 
space has been allocated for temporary special exhibitions 
in which individual topics of particular medical or 
scientific importance will be dealt with. 


Publications of the World Health Organization 


Tue World Health Organization publishes a number of 
periodicals, and in addition a number of reports at irregular 
intervals. The former include the Bulletin of the World 
Health Organization, WHO Chronicle and the International 
Digest of Health Legislation. The latter include the WHO 
Technical Report Series and the WHO Monograph Series. 
A. bibliography of all these publications has been published 
for the years 1947-57, and recently that covering the years 
1958-62 appeared (Pp. 125. Geneva: World Health 
Organization; London: H.M.8.0., 1965. 12 Sw. francs; 
20s.; 4 dollars). It classifies the articles under separate 
headings, first the technical articles and then administra- 
tion and general articles. There is also an author index 
and an index of countries. We can thus now have fairly 
up-to-date information of what it is that the World 
Health Organization has been publishing; one sometimes 
feels that it would be an even greater boon if one could 
have easier access to some of the publications themselves. 


Benzene Centenary 


AN outstanding contribution to organic chemistry came 
100 years ago with F. Kekulé’s conception of the ring 
structure of benzene. In the Bulletin de la Société 
Chimique in 1865, Kekulé, a pupil of Liebig while at 
Giessen, published his thesis “On the Constitution of 
Aromatic Compounds’’, in which he put forward the idea 
of a hexagonal structure of carbon atoms—thus explaining 
the fact that no aromatic compound contaims less than 
six carbon atoms. He referred to six “unsatisfied affinities” 
in the structure, and suggested the well-known ‘Kekulé 
ring’ with alternate single and double bonds in the 
hnking. Kekulé made many predictions on the basis of 
his theory, rather like Mendeleev, who kept on fore- 
casting new elements from his Periodic Law. Thus, after 
referring to the benzene ‘nucleus’ and to ‘side-chains’, 
Kekulé showed how homologues of benzene were possible 
when the number of side-chains or their lengths were 
increased. Accordingly, he maintained that there should 
be three dimethylbenzenes and one ethylbenzene. In 
deducing the number of possible substitution products in 
the case of the dibromonitrobenzenes, for example, he 
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enabled Korner to formulate his orientation scheme. 
Later, Erlenmeyer extended Kekulé’s structure to the 
constitution of nephthalene, while Dewar extended the 
‘aromatic’ theme to include pyridine and quinoline 
structures. The benzene theory substantiates Kekulé’s 
claim to a niche in chemical history: seven years pre- 
viously he had laid a foundation to this claim with his 
“Theory of Molesular Structure’ in the Annalen der 
Chemie of 1858, with his conception of linkmg between 
quadrivalent carbon atoms to form chains. 


Soil and Pasture Research in Australia 


Tae Northern Tablelands of New South Wales form 
one of the natural regions of the Great Dividing Range, 
comprising some eight million acres in the north-east of 
New South Wales, lying in the summer-rainfall zone and 
of average elevation 2,500 ft. A freely illustrated publica- 
tion prepared by the Commonwealth Scientific and 
Industrial Research Organization, in co-operation with 
the New South Wales Department of Agriculture, gives 
an account of thea establishment and maintenance of 
pastures on the Tablelands for the feeding of four million 
sheep and 300,000 cattle (Soil and Pasture Research on the 
Northern Tablelancs, New South Wales. Pp. 81. Moel- 
bourne: Commonwealth Scientific and Industrial Research 
Organization, 1964). There is a frost-free period of about 
six months, but the native grasses are checked and are 
unpalatable during the winter. The total rainfall is a 
little more than 30 in., but 60 per cent falls in the summer, 
and does not maintain an adequate supply of water for 
plant growth. Tke deficiency, however, is usually not 
large and may be overcome by fallowing, constructing 
contour banks or by irrigation. The important broad 
groups of soils are solodic with alkaline clay sub-soil and 
podsolic with neutral or acid sub-soil, both on sedimentary 
or granite, and black earths which are dark-coloured clays 
derived from basalt. More than 80 per cent of the species 
of native pastures consist of perennial grasses and are 
unable to provide winter feed; sown pastures of grasses 
and clovers, on the other hand, have a high production 
potential. Experimental evidence indicates that the 
major nutrients lecking are nitrogen, phosphorus and 
sulphur; of the trace elements, boron and molybdenum 
are deficient in some soils. The introduction of clovers is 
highly desirable, but there are problems concerning 
locality and nodulation that still have to be solved. In 
the meantime, it seems that ‘strategic grazing’ would be 
the most effective policy. 


Problems of Cooley’s Anaemia 


Tue wide interest displayed in the problems of ‘Cooley’s 
anaemia’ is reflected by the recent publication of the 
transactions of a three-day conference held in New York 
(Annals of the New York Academy of Sciences, 119, 
Article 2: Problems of Cooley’s Anemia, by Harold Fink 
and 76 other authers. Pp. 369-850. New York: New 
York Academy of Sciences, 1964. 8 dollars). There 
are papers by geneticists, biochemists and clinical scient- 
ists and the volume gives a comprehensive view of the 
latest advances in this area of research. The number of 
theories advanced to explain the various findings in this 
disease shows that we are still some way from an explana- 
tion. of what has gone wrong, but a great deal of informa- 
tion on different aspects of this disease is collected in this 
symposium which should be of considerable value to 
workers in. this field. 


University News: Oxford 


THE Committee appointed by the Hebdomadal Council 
to make detailed proposals for the closer integration of 
university teaching and research with the college system 
at the University of Oxford has now reported (Pp. 10. 
Supplement No. 1 so the University Gazette, Movember 
1964, Oxford: The University, 1964. 6d.). Concluding 
that there must be a clear definition of university posts 
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carrying entitlement to a fellowship, a statutory obliga- 
tion to provide fellowships for all holders of such posts, 
and enough new fellowships to provide for them all, the 
Committee recommends that entitlement to a fellowship 
should be limited to titular professors (by decree), 
assistant professors and readers, the holders of certain 
official posts| to be enumerated, and full-time university 
lecturers and senior research officers appointed by the 
general board as soon as their appointments have been 
confirmed until retiring age. The new colleges, like the 
existing colleges, should be empowered to elect to fellow- 
ships a limited number of those eligible but not entitled 
to them, and there should be some university posts the 
holders of which should become entitled to a college 
fellowship on appointment, as well as others of which the 
holder should be assured of eventual entitlement. Some 
160 members of staff are concerned, and the Committee 
recommends that the University should make available 
an annual sum sufficient to provide grants for the existing 
colleges for up to 50 fellowships. Grants of £300 each are 
suggested. Preliminary estimates indicate that a sum of 
some £35,000-£50,000 would be required for capital 
expenditure on the new colleges, and it is estimated that 
for some years to come each college would need to be 
assured of an annual income of £12,000. Four of the 
richer colleges have already provided a capital grant of 
£29,000 and an annual grant for ten years of £18,000. 
The Committee also recommends that the procedure for 
allocating or electing Fellows to the new colleges should 
be reviewed at the end of five years, and it thinks it is 
of the highest importance that professorships should be 
permanently allocated to the new colleges, but it does 
not recommend a professorial allocation of readerships. 


Imperial College of Science and Technology 


THE 107th annual report of the Governing Body of the 
Imperial College of Science and Technology, London, 
covers the year ended July 31, 1964. During the year the 
College accepted the invitation to become a ‘Special 
Institution’ and proposed an increase in the number of 
undergraduates over the next 4 years, mainly in mathe- 
matics, physics and engineering, building up to an in- 
crease of 450 in 1967-68. Proposals submitted to the 
University ‘Grants Committee for the College’s long-term 
expansion provide for a further expansion of the College 
by 1973-74 to a total of 4,700 students. This -would 
comprise 1,840 postgraduates, 2,460 undergraduates and 
400 architects, on the assumption that the School of the 
Architectural Association would be incorporated in the 
College and the necessary current and capital finance 
provided. | During the year, the number of full-time 
students rose to 2,979, undergraduates increasing to 
1,824 and! ‘postgraduates to 1,155. The academic staff 
totalled 516 at the end of the session. In December 1963, 
IBM (United Kingdom), Ltd., offered the College an 
IBM 7 090) computer and associated equipment free on 
loan for 5 years. This is being installed in the Electrical 
Engineering Building and will be available equally to the 
College, to other universities within the United Kingdom, 
and to IBM, on a shared time basis. During the session, 
745 degrees—including 223 higher degrees—were awarded 
by the University to students of the College. Degrees in 


technological subjects accounted for 56 per cent of the ` 


total. In|October, as part of the Cambridge Television 
Week, a | two-way closed-circuit television link was 
established between the University of Cambridge and the 
College, and used for joint seminars between physics and 
metallurgy staff and research students, and for a discus- 
sion on laboratory work in teaching undergraduate engin- 

eers. The experiment is described as markedly successful. 

The Rector’s report includes brief reports of research 
in the various departments; lists are also appended of 
publications during the year and of special lectures ang 
addresses. 
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The Night Sky in May | 


NEw Moons occur on May 1, 12h v.t., and May 30, 21 h, 
and full Moon occurs on May 15, 12 h. There is a total 
eclipse of the Sun on May 30, but it is visible only in the 
Southern Pacific Ocean. The following conjunctions with 
the Moon occur: May 3, 00 h, Jupiter 0°-5 N.; May 9, 
20 h, Mars 4°8.; May 24, 15 h, Saturn 4° N. Mercury is 
unfavourably placed for observation. Venus sets at 
19 h 45 min, 20 h 35 min, 21 h 15 min, on May I, 15, 31 
respectively—it will therefore be visible just after sunset 
towards the end of the month. Mars sets at 3 h 05 min, 
2 h 10 min, 1 h 20 min at the beginning, middle and end 
of the month respectively; its stellar magnitude is + 0-3; 
its distance from the Earth on May 15 is 92 million 
miles and is in Leo. Jupiter sets at 21 h 20 min, 20 h 
40 min at the beginning and middle of the month respec- 
tively, becoming too close to the Sun for observation 
towards the end of the month. Saturn rises 3 h 05 min, 
2 h 10 min, 1 h 10 min at the beginning, middle and end 
of the month respectively; its stellar magnitude is +1-3; 
its distance from the Earth is 934 million miles and is in 
Aquarius. The following occultations of stars brighter than 
magnitude 6 take place, observation being made at 
Greenwich: May 10, 19 h 46-7 min, v Vir (D); May 13, 
l h 18-1 min, 74 Vir (D); May 13, 19 h 66 min, x Vir (D). 
D refers to disappearance. The 7 Aquarid meteors are 
active during the period May 1-8. Conditions of observa- 
tion are favourable with maximum occurring during May 
5. The radiant ıs at 336° R.A., 0° Dec. 


Announcements 


Prov. J. H. VAN Vusck, professor of physics at Harvard 
University, has received the first Irving Langmuir Award 
in chemical physics, sponsored by the General Electric 
Foundation. Prof. Van Vleck received the award in 
recognition of his investigations of the magnetic proper- 
ties of chemical systems, in particular of rare-earth ions in 
crystals and of oxygen and nitric oxide clathrates. It 
was presented to him by the American Physical Society on 
March 25, during the March meeting held at Kansas 
City. This annual award of 5,000 dollars, honouring the 
late Dr. Irving Langmuir, Nobel Prize winning scientist 
of the General Electric Research Laboratory, is ad- 
ministered jointly by the American Physical Society 
and the American Chemical Society, each selecting the 
recipient in alternate years. 


A symposrom on “Radiation and Terrestrial Eco- 
systems”, sponsored by the U.S. Atomic Energy Commis- 
sion and Battelle—North-west, will be held in Richland, 
Washington, during May 3-5. Further information can be 
obtained from Dr. F. P. Hungate, Biology Department, 
Battelle—North-west, P.O. Box 999, Richland, Washington. 


AN international symposium on ‘‘Cell Differentiation”, 
organized by the Agricultural University of Wageningen, 
will be held at Wageningen during April 26-29. Further 
information can be obtained from Miss F. Quak, Institute 
of Phytopathological Research, Binnenhaven 12, Wagenin- 
gen. A 


Ax international conference on “Continuous Casting 
of Ferrous and Non-ferrous Alloys”? will be held in the 
Department of Industrial Metallurgy, University of 
Birmingham, during April 28-30. Further information 
can be obtained from the Organizing Secretary, Depart- 
ment of Industrial Metallurgy, the University, Edgbaston, 
Birmingham 15. 


A symeosrum on “The Chemistry of Polymerization 
Processes’, organized by the Plastics and Polymer Group 
of the Society of Chemical Industry, will be held at the 
Institution of Electrical Engineers, London, during 
April 29-30. Further information can be obtained from 
Dr. W. R. Moore, Department of Chemical Technology: 
Bradford Institute of Technology, Bradford. : 
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THE NATIONAL RESEARCH DEVELOPMENT CORPORATION 


HE fifteenth annual report of the National Research 

Development Corporation* covers the year ended 
June 30, 1964, in which there was a striking increase in 
business transacted. More than 30 new development 
projects, representing an initial investment of £85,000, 
were undertaken, compared with 12 in the previous year, 
and 71 licence agreements with industry were completed, 
compared with 45. 

Of 934 inventions communicated to the Corporation 
during the year, 287 were from Government Departments 
and Research Councils. 125 from universities, 2 from 
nationalized industries, 6 from industrial research 
associations and 458 from private firms and individuals 
in the United Kingdom. Of 184 patent mghts assigned 
to the Corporation during the year, 110 were from Govern- 
ment departments and Research Councils and 59 from 
universities. At the end of the year the Corporation held 
399 United Kingdom patent applications and 599 granted 
patents as well as 935 overseas patent applications and 
1,277 granted patents. A further 108 United Kingdom 
patent applications and granted patents were held by the 
Corporation’s subsidiary development companies, as well 
as 790 overseas patent applications and granted patents. 
Besides the 71 heence agreements completed in the 
United Kingdom during the year, 561 such agreements 
were in force and 1,170 United Kingdom patents and 
patent applications are the subject of exploitation. 
Present-day development projects at the end of the year 
number 60. Six projects, on which £172,689 had been 
expended, were discontinued. External expenditure on 
development was £457,366 with forward contractual 
commitments totalling £1,365,000. 

The range of new projects, a third of which are joint 
ventures with industry, is illustrated by their descriptive 


* National Research Development Corporation. Report and Statement 
of Accounts for the year July 1, 1963, to June 30, 1964. Pp. 31. (London: 
H.M.S.O., 1964.) 2s. 3d. net. 


titles: actinonin (an antibiotic); air warehouse for the 
tropics; anti-coagulant from snake venom; attenuation of 
radiation; automatie foundry plant; automatic racking 
and packing equipment; averaging computer; cheese 
curd torsimeter; detection of foreign bodies in milk 
bottles; Diesel engine development; differential thermal 
analysis equipment; fish finder; floating breakwater; 
granular separator; 2rassland reseeding machine; hydro- 
static transmission (Metal Industry Research Association 
Gear); incontinence device; photo-typesetters; salmonel- 
losis vaccines; two-speed single-winding induction motor; 
and vegetable harvesser. Of existing projects the develop- 
ment of the hovercraft remains the largest ın terms of 
financial and administrative assistance, while the anti- 
biotic cephalosporin O continues to show promise. Work 
on the automatic oil-well drilling rig was delayed by 
fire. 

Cumulative investment in external expenditure - on 
developments now amounts to £6,041,114. More than 100 
potential projects were still under consideration at the 
end of the year, and the Corporation continued its inves- 
tigations concerning a basis for decisions as to whether 
programmes of worx should be supported to meet 
identified targets in civil, chemical and cryogenic engin- 
eering, and the mechanical aspects of the solid-state 
sciences. Under contract from the Department of Scienti- 
fic and Industrial Research, a study was undertaken of 
the implications for economic growth of the results of 
research on new materials. Discussions also continued 
with industry and with the Department of Technical 
Co-operation, the Tropical Products Institute, the Pest 
Infestation Laboratory, and the National Institute of 
Agricultural Engineering about projects which would 
benefit the underdeveloped territories as users and the 
United Kingdom as manufacturer, initially at least, of 
equipment derived from development work. 


FOREST GENETICS AND TREE IMPROVEMENT 


N August 1965 a World Consultation on Forest Genetics 
and Tree Improvement was held in Sweden, and this 
must count as an important meeting for all tree geneticists 
and also for all those in any way concerned with afforesta- 
tion and reforestation work. The Proceedings, with more 
than 100 papers, have been published by the Food and 
Agriculture Organization, but a special double issue of 
UNASYLVA (18 (2-3), Nos. 73~74. Rome: Forestry and 
Forest Products Division, Food and Agriculture Organiza- 
tion, 1964) is devoted to the recommendations made and 
to eleven articles which were revised and rewritten by 
their authors to incorporate the results of the discussions 
which took place in Sweden. 

It can truly be said that these articles range very well 
over the subject of tree genetics and their scientific value 
and literary style are extremely good. They include 
chapters on cytogenetics, population genetics, hybridiza- 
tion between species and races, provenance research, seed 
production and seed, certification. A suggestion made by 
one author 1s that research on the improvement of exotic 


~ trees should be carried out both in the country of origin 


and in the country of planting. Surprise is expressed 
that so little attention has been directed to the physiology 
of root growth in trees in view of the great practical 


importance of this subject. Two interesting chapters on 
breeding for resistanca to disease and to insect attack 
end with pleas for international co-operation so that real 
progress may be made. Great skill has been used to 
present these subjects in such concise fashion and to 
show the reader what has been achieved and what is 
needed. Each article ts well supported with appropriate 
references. : 

In meeting the request of the Director of the Forestry 
and. Forest Products Division of the Food and Agriculture 
Organization to propose a programme to co-ordinate the 
development and spread of knowledge concerning forest 
genetics and tree improvement the participants at the 
Consultation addressed a series of recommendations to 
Governments and jointly to the Food and Agriculture 
Organization of the United Nations and to the Inter- 
national Union of Forest Research Organizations. Those 
addressed to Governments point out the great urgency 
for developing planned programmes of forest genetics and 
tree improvement in tropical countries, the need to 
include forest genetics as a subject in forestry education 
at all levels, the importance of directing attention bo seed 
sources and provenance trials in countries concerned, with 
afforestation and reforestation, the advisability of estab- 


246 


lishing seed collection offices and of making avaiable 
experimental lots of seeds of native forest tree species to 
other interested countries and the necessity of promoting 
effective schemes for the certification of tree seeds and 
plants both in internal and external trade. 

Sixteen recommendations were made to the Food and- 
Agriculture Organization and the International Union of 
Forest Research Organizations. They include the sugges- 
tion that the Food and Agriculture Organization should 
explore the possibility of setting up an advisory and 
information unit on the introduction of forest trees with 
actual or potential use as exotics, that the International 
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Union of Forest Research Organizations should establish 
æ special working group on tree physiology, and that 
further work should be encouraged on tree cytology and 
on the interactions between genotypes. The various 
recommendations underline the fact that the forest 
geneticist dnd the tree breeder are concerned with the 
forests of the world and with fellow scientists everywhore 
even if the particular problem is relative to a small area 
only. Thus co-operation is the key to the work, and such 
a useful conference as took place in Sweden and which was 
attended by 155 registered participants from 34 countries 
should do a great deal to achieve this. ©. J. TAYLOR 


EXCESS FUNCTIONS IN MOLTEN SALTS 


ONE-DAY discussion on excess functions in molten 

salts was held under the auspices of the Faraday 
Society, in the Department of Chemical Engineering and 
Chemical Technology, Imperial College of Science and 
Technology, on February 25. The chairman was Prof. A. R. 
Ubbelohde. There were four invited contributions. 

Molten halides. Dr. E. R. Buckle (Imperial College of 
Science and Technology) presented recent work on the 
excess volumes of mixing (V¥)y of thallium halides with 
alkali halides. (VE)m in certain cases is very large (5 per 
cent or more, for example, potassium bromide—thallium 
bromide). Most systems show a change from a negative 
excess volume at low-melting temperatures (about 650° O, 
depending on the liquidus of the mixtures) to relatively 
large positive deviations at higher temperatures (about 
750° C), for example. thallium chloride—potassium. chloride. 
Some systems, at intermediate temperatures, show both 
positive and negative excess volumes. By contrast, 
mixtures of rubidium bromide—thallium bromide are 
nearly ideal with deviations only just outside the limits 
of experimental error (+0-1 per cent). Dr. J. L. Holm 
(Trondheim) spoke about various theories for calculating 
and correlating excess data in molten salt mixtures. 
For regular solutions the Flood and Forland modifications 
of the Temkin theory seemed to be most successful, and 
enable one to calculate free energies of mixing from phase 
rule data. Kleppa’s calorimetric data for the excess heats 
of mixing could be fitted by means of adjustable para- 
meters to the modified conformal solution theory developed 
by Reiss, Katz and Kleppa. Using cryoscopic data, and 
the modified Temkin regular solution theory of mixing, 
the calculated free energies of mixing, GE, of alkali 
fluorides showed both positive and negative deviations 
from ideality. It was suggested that the positive deviations 
were predominantly caused by the relative unscreening 
of the cations due to the small size of the anions. Excess 
enthalpies of mixing for lithium fluoride-sodium fluoride 
and lithium fluoride—potassium fluoride mixtures were 
negative. Excess entropies of mixing of lithium, sodium 
and potassium chlorides and bromides were in the range 
—0-02 eu. to —0-11 e.u. + 0-05 eu. Errors in the 
estimates of oxcess entropies were primarily due to 
inaccuracies in calculations of the free energies of 
mixing. 

In discussion, various postulates such as: complex-ion 
formation, packing modifications and changes in the ionic 
character of the cation were put forward to account for 
the complex excess volume changes in the thallium halide 
systems. No definite conclusions were reached, and it is 
obvious that further accurate thermodynamic data and 
new techniques for examining localized interactions in 
molten salts are needed. Vapour pressure methods might 
be suitable for this purpose, though there are difficulties 
in specifying the molecules in vapours from salts. 

It was pointed out that theories developed for molecular 
liquids are not strictly applicable to molten salt mixtures, 


since cations polarize the anions, inducing dipoles, and 
these also interact. Systems containing a common cation 
and several anions might behave more like mixtures of 
molecular liquids. There is need for an agreed definition 
of a ‘complex’ in molten salts: Is it just a statistical 
grouping of ions, or is it a long-lived entity? If ‘com- 
plexes’ exist as a long-lived entity in the system, a useful 
technique for revealing their presence might be their 
Raman spectra. 

Melis with polyatomic anions. Dr. E. Rhodes (Imperial 
College of Science and Technology) presented fresh 
information about excess volumes of mixing of alkali 
and alkaline earth nitrates. In contrast with halide 
mixtures, these show zero excess volumes of mixing (to 
an accuracy of +0-1 per cent). Extrapolation of the 
molar volume/composition isotherms and thermal expan- 
sion/composition plots gave identical values for the partial 
equivalent volumes of any one alkaline earth nitrate in 
any alkali nitrate. This finding, coupled with the fact 
that the equivalent volumes of calcium nitrate and 
magnesium nitrate are identical at their respective freezing 
points, suggests the applicability of a model for molten 
nitrates based on a plasma. of nitrate ion spheres in contact, 
arranged as in a cubic close-packed crystal lattice. The 
total solid, volume occupied by cations in a 50: 50 equiva- 
lent per cent mixture of potassium. nitrate—-calcium nitrate 
is only 14 per cent of that occupied by the nitrate anions, 
so it is only to be expected that the volumes of mixing 
are practically ideal. These ideal volumes of mixing are 
in sharp contrast with the large excess enthalpies found by 
Kleppa ef al. (up to 5 keal). However, spectroscopic 
evidence indicates that cations are closer to the anions 
in these mixtures than would be expected if the cations 
occupied their correct positions on & crystalline lattice 
as postulated in the Temkin regular solution theory. 
The resulting increased polarization of the anions could 
contribute large excess energy terms to the heat of 


mixin 

Dr. 5b. do Nooyer (Amsterdam) presented recent work 
on the measurement of free energies of mixtures of silver 
nitrate with alkali nitrates. An electromotive force cell 
was used in which the anode was a NO,- electrode, thus 
eliminating unknown transference effects. The stability 
of the nitrate electrode was +1:5 mV or about +365 cal. 
The overall reaction is: 


Ag + NO, + 340, — Agt + NO, 


Using the usual formulae, the excess free-energy of mixing, 
GE, could be calculated from the ideal and real electro- 
motive force of the cell. Kleppa’s calorimetric excess 
enthalpies for mixing silver nitrate with various alkali 
nitrates are all positive. The newly determined excess 
free-energies are positive for lithium nitrate or sodium 
nitrate mixed with silver nitrate, and negative for 
potassium nitrate or rubidium nitrate. Entropies of mixing 
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are all negative. Electrical conductivities of molten salt 
mixtures containing lithium ions showed definite devia- 
tions from additivity. 

A description was given by Prof. M. Chemla (Paris) of 
measurements on diffusion and electrical mobility of 
cations in various halide or nitrate melts containing 
lithium, sodium, and potassium. The Nernst—Hinstein 
relation was not obeyed, and relative mobilities of the 
ions changed with mereasing temperature. The results 
suggested formation of complexes or incipient clusters, 
the size of which decreased and number increased with 
increasing temperature. Queries were raised about the 
validity of the method used (counter-current electro- 
migration) in determining relative ionic mobilities, and 
about the strict applicability of the Nernst—Einstein 
relation to molten salts. 

The importunce of measurements of the temperature 
dependence of the excess heats of mixing was emphasized. 
Direct experimental values of excess functions would be 
more helpful than indirect measurements. Any statistical 
theory would give the excess free-energy, GE, as a function 
of temperature, T, pressure, P, and composition, æ. 
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Since critical points cannot be determined, the theory of 
corresponding states is not applicable to melts. Lattice 
theory applied at constant pressure tends to be uninfor- 
mative, but constant volume measurements ought to be 
more useful. Experimental methods are now available 


_ for obtaining both first and second derivatives of GE, but 


there is no satisfastory theory for GF itself. This is 
unfortunate since it is very difficult to construct sensitive 
partition function theory for liquids based on second 
derivatives. 

It was reported that the heat of solution of water 
molecules in lithium, sodium, potassium nitrate mixtures 
had been found to te about 14 keal. If the greater part 
of the solution energy is due to ion-dipole interaction, the 
experimental results are in good agreement with theory. 
Finally, various speakers urged the need for an effort to 
correlate and asses3 the relative accuracy of various 
thermodynamic data available on molten salts. At the 
present time, thermodynamic data of increasing accuracy 
is gradually becoming available, but a satisfactory 
theoretical description of excess functions of molten salts 
is still lacking. A. R. UBBELOHDE 


PLANT WAXES AND CUTINS 


ONE-DAY meeting on “Plant Waxes, Cutins and 

Associated Compounds” was organized by the 
Phytochemical Group at the School of Pharmacy, London, 
on January 7. The object of the meeting was to review 
the progress that has been made in this field since the 
thirties when Prof. A. C. Chibnall and his colleagues 
separated and identified the odd- and even-numbered 
long-chain fatty acids in plant waxes. The chairman, 
Dr. G. S. Hartley (Chesterfield Park Research Station, 
Saffron Walden), in his opening remarks, referred to the 
very considerable complexity of leaf surfaces and to the 
importance of knowing more about them, since much of 
present-day agriculture depended on the successful 
application of herbicides which would penetrate the 
leaves of weeds, leaving crop plants undamaged. 

A very elegant but simple method for obtaining close-up 
pictures of intact leaf surfaces has recently been developed 
by Dr. B. E. Juniper (University of Oxford), who gave the 
opening paper. He showed electron-microscope photo- 
graphs of the many different and complex crystalline 
patterns of the waxes that coat the leaf surfaces of most 
plants and described how leaf waxes provide a mechanism 
in pitcher plants for the retention of insects by preventing 
them from climbing out. In the second paper, Dr. G. E. 
Eglinton (University of Glasgow) reviewed the chemistry 
of leaf surface waxes, mentioning that besides the well- 
known, n-alkanes and their alcohol, aldehyde and acid 
derivatives, long-chain §-diketones, alkenes and branched- 
chain alkanes had recently been found. Besides the 
intrinsic interest of these substances as wax constituents. 
there were indications, according to Dr. Eglinton, that 
alkane derivatives were of taxonomic value. Though 
there was much qualitative and quantitative variation in 
the chain-lengths of these hydrocarbons, their identifica- 
tion, by gas-phase chromatography, had become a 
routine matter. 

Another technique that has been developed in recent 
years for separating leaf waxes is thin-layer chromato- 
graphy, and in the third paper Dr. E. V. Truter (University 
of Leeds), the pioneer in this field, described the use of 
thin-layer chromatography for the separation and analysis 
of the leaf waxes of the cabbage. Of the twenty-nine 
compounds present, the most important were nonacosane 
and its related primary alcohol, acid and esters. The 
related ketones, ketols and secondary alcohols, which 
were also present, were characterized by oxidative 


fission and identification of the chain fragments by 
thin-layer chromatography on damp kieselguhr. 

The plant cuticle, the non-cellular membrane which 
covers the epidermis, appears to be chemically distinct 
from. the wax above it. This is so, for example, in the 
apple fruit, which has been extensively investigated by 
Dr. J. T. Martin of the Long Ashton Research Station, 
Bristol. While the wax contains the usual range of 
hydrocarbon derivatives and also the triterpenoid, ursolic 
acid, the cuticle consists almost entirely of esters of 
10,16-dihydroxyhexadecanoic and 9,10,18-trihydroxy- 
octadecanoic scids. Dr. Martin also found tannins, 
quercetin glycosides and other phenols in the cuticle, but 
commented that they did not appear to participate directly 
in the cutin complex. The next paper, by Dr. P. Mazliak 
of the Sorbonne, Paris, dealt with the metabolism of apple 
fruit waxes. Radioactive acetate was supplied to growing 
apple peel and the waxes were later saponified and 
analysed by gas chromatography. To his surprise, Dr. 
Mazliak found that, a:though the alcohols and acids such 
as linoleic and oleic acids were labelled as expected, there 
was no radioactivity in the paraffins. He obtained the 
same result with mature peel and could only conclude 
that the paraffins were synthesized by a separate pathway 
from the other wax constituents. 

The final paper, by Dr. D. F. Meigh (Ditton Laboratory, 
Maidstone), was concerned with the relationship between 
apple waxes and storage disorders. He described his own 
investigations of superficial scald, the most important 
cause of wastage in the stored apple crop. Although 
the condition is controlled by wrapping apples in oiled 
tissue, its cause is as yot undetermined. Attempts to 
correlate the rise in concentration of linoleic acid in the 
apple skin at maturity with the incidence of scald have 
failed. Dr. Meigh dil have some evidence that the 
paper wraps reduced tne concentration of carboxyl com- 
pounds in the apple wax; another possibility was that 
volatile substances wer involved. It was clear from this 
and other papers that much more information is needed 
before practical problems involving leaf surfaces can be 
solved. As Dr. Hartley pointed out in his closing remarks 
to the meeting, besides its main purpose as a skin to 
protect the plant from its immediate environment, the 
plant surface presumably has to fulfil a range of other 
functions, about which we are still very ignorant. 

J. B. HarBorne 
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SEISMIC ARRIVALS FROM THE EARTH’S UPPER MANTLE 
By Pror. G. L. CUMMING and Pror. E. R. KANASEWICH 


Department of Physics, University of Alberta, Edmonton, Alberta, Canada 


HE International Upper Mantle Project was initiated 

as a result of suggestions by Prof. V. Beloussov, at 
the 1960 meeting of the International Union of Geodesy 
and Geophysics in Helsinki, its major purpose being the 
study of the upper part of the Earth’s mantle and its 
relation to the crust. 

The methods of seismology provide some of the best 
data for investigating the region involved, which, under 
continental areas, lies between 30 and 500 km or more 
below the surface. For refracted elastic waves to penetrate 
to these depths, source to receiver distances must be as 
great as 2,500 km. Investigations in this distance range 
normally utilize earthquakes! or buried atomic explosions 
of considerable size? in order that detectable signals may 
be recorded. This communication deals with the recording 
of signals from very much smaller energy sources, ranging 
in size from 2,000 to 20,000 lb. of high explosive. 

In October 1964, the U.S. Geological Survey detonated 
a group of charges on the bottom of Lake Superior. 
Several of these shots were recorded 1,800 km away in 
the vicinity of Edmonton, Alberta. Fig. 1 shows the 
recording locations occupied by us. The site south of 
Edmonton is a permanent earthquake observatory 
equipped with 3-component short-period and 3-component 
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Fig, 2. Waves recorded at Edmonton Seismological Observatory from a 
20,000-lb. shot in Lake Superior 
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Fig. 3. Waves recorded with mobile sersmograph unit from a 12,000-Ib. 
shot in Lake Superior 





long-period instruments. Fig. 2 shows the short-period 
recordings of one of the 20,000-lb. shots at a distance of 
1,785 km. The other locations were occupied by mobile 
units using Texas Instruments very-low-frequency seismic 
recording apparatus with 2 c/s S-36 vertical seismometer 
arrays and a three-component Electrotech 2 e/s cluster. 
Fig. 3 1s a section of the field recording obtained for a 
12,000-lb., at a distance of 1,677 km. The bottom three 
traces are the 3-component cluster, while the remaining 
traces are the array of vertical geophones. 

On many of the recordings two P-motion events are 
evident. The first of these is smaller in amplitude than 
the second and is considered to be the arrival from immedi- 
ately below the Mohorovičić discontinuity. This event is 
marked Pn on Figs. 2 and 3. The second P event is from 
greater depth within the mantle and is characteristically 
followed by a third arrival Sv, having a large radial 
horizontal motion. Presumably this Sv event is a converted 
phase from a layer immediately under the detector loca- 
tions. This P—S» pair of events is sufficiently consistent 
from record to record to make correlation convincing. 

Table 1 lists the arrival times, distances, shot names 
and charge sizes from those events detected in the Edmon- 
ton area. Distances were computed on the Clarke 1866 
ellipsoid by means of the Canadian Geodetic Survey 
Inverse IV programme which, is accurate.to better than 
0-5 km for distances as large as 5,000 km (ref. 3). The 
data are plotted as reduced travel-time curves in Fig. 4. 
The reduction velocity used is 10 km/sec. 


Table 1. TRAVEL Toms OF P WAVES BETWEEN LAKE SUPERIOR AND 
EDMONTON 
Record Distance Py P Shot Shot size 
No. (km) (sec) (sec) name (Ib.) 
1 1,877 208-4 210-0 45 Delta 12,000 
2 1,682 208°9 210-4 46 Alfa 12,000 
3 1,737 215°6* 46 Alfa 12,000 
4 1,750 217-6* 45 Echo 20,000 
5 1,761 218:8 219-8 45 Echo 20,000 
6 1,762 218-7 220-1 45 Delta 12,000 
7 1,768 218-7 220:0 45 Charlie 6,000 
8 1,768 219°1 220 2 46 Alfa 12,000 
9 1,773 220-5 * 49 Alfa 20,000 
1 1,775 220 2 47 Alfa 6,00 
11 1,778 220-1 3 Alfa 4,000 
12 1,785 2208 222:8 49 Alfa 20,000 
13 1,828 220-4 * 227-7 73 Alfa 4,000 
14 1,878 232 4 45 Echo 20,000 
15 1,897 235°3 49 Alfa 20,000 


* Times uncertain due to low signal-to-noise ratio. 


The method of least squares has been used to determine 
the slopes of the lines in Fig. 4. The first Pn event has a 
velocity of 8-4 km/sec, in good agreement with some other 
measurements for the central part of the continent’. 
The second event has a velocity of 8-7 km/sec. At these 
distances this later arrival would have a velocity only 
slightly greater than P,. According to the Gutenberg? 
or Jeffreys‘ travel-time curves this velocity should merease 
rapidly with distance. Most of the scatter in the data is 
considered to be due to variations at the shot points, since 
large changes in depth to the Mohorovičić are known to 
occur under Lake Superior. The records contain a large 
number of later arrivals with horizontal motion. It may 
be possible to use these to map crustal structure. 

The data are not sufficient to make a detailed interpreta- 
tion of upper mantle structures, but do appear similar in . 
general form to the results for nuclear explosions presented 
by Lehmann?*. A low-velocity layer is indicated by the 
termination of the Pn branch at a distance of about 
1,850 km. The top of such a layer would occur at approxi- 
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Fig. 4. Reduced travel times of P, Lake Superior to Edmonton. W, 
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mately 120 km below the surface. Assuming & velocity 
of 7-95 km/s, the thickness would be of the order of 30 
km. A more definitive interpretation would be possible 
if more data were available at both greater and lesser 
distances. 

In view of the large amplitude signals recorded from 
the Lake Superior region, this location would appear ideal 
for long-range studies. It seems worth while to carry out 
moré experiments of this kind since good data can be 
obtained at large distances with relatively small cost. 
It would be advantageous if future shots were in the 
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same location so that variations under the shot were 
eliminated. In this series the largest amplitude was 
obtained for a shot where the water depth was 88 fathoms 
(Shot 49 Alfa). ü ; 

The surface-waveAnvestigations of Brune and Dorman‘ 
have shown that there are significant differences in upper 
mantle shear velocities over various portions of the conti- 
nent. Lehmann’s work’ utilizing data from nuclear 
explosions supports & similar conclusion regarding longi- 
tudinal waves. This article indicates that it is possible to 
obtain useful informacion regarding the upper mantle with 
moderately sized chemical explosions. The results are of 
particular significance for tectonic and gravity studies 
since it appears that large-scale variations occur in the 
properties of the subcrustal rocks. This implies that ideas 
such as those of isostasy must take into account material 
below the Mohorovitit discontinuity. 

This work was supported by a contract with the U.S. 
Advanced Research Projects Agency, Project Vela- 
Uniform and by a grant from the Defence Research 
Board of Canada. We thank the Crustal Studies Branch, 
U.S. Geological Survey, who supplied the relevant shot 
point times and locations. 
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LOCAL THERMODYNAMICS AND THE UNIVERSE 


By Dr. W. DAVIDSON 
Department of Mathematics, Battersea College of Technology, Landon, S.W.H 


— years ago’ I found it necessary to derive a general 
formula, not previously given in the literature, for 
the integrated intensity of radiation (photons, and other 
particles of zero rest mass such as neutrinos) emitted 
from all space in any homogeneous isotropic world model. 
— models have a space-time metric of the general 
orm: 


R2(t){dr? + r?d0? + r? sin?0 do*} i 
(1 + kr/4)2 (1) 


where ¢ is the cosmic time, R(t) an arbitrary function of t, 
k the curvature index (taking one of the possible values 
1, 0 or — 1), and the co-ordinates (r, 9, 9) form a spatial 
co-ordinate system co-moving with the material of the 
model. If t) is the present cosmic epoch, then the formula 
derived gave in particular I (to) (ergs em~* sec), the total 
intensity of background radiation registered by any co- 
moving observer at time ¢. This took the form of a 
double integral with respect to the cosmic time of emission 
¢ and the frequency of emission v: 


ds? = oꝛ de? — 


© by 


Ly, = I(t) = zaalév| —— E (vt) R*(t) dé 
0 iy 


Here R = R(t). The function a (v,t) is the averaged rate 


of emission per unit frequency at frequency v from all 
sources in unit volume of space at epoch 7. The time t, 
is the earliest moment at which radiation can be emitted 
to reach the observer at epoch tẹ» Finally, the function 
A(yv,¢,¢)) represents the proportion of radiation, of emission 
parameters v,t, that is not absorbed by intervening 
matter on the way to the observer. 

In this article it will be sufficient to deal with a single 
integral formula, in which integration with respect to v 
has first been effected. Thus: 


(2) 


to 
| P(t,to) S(t) R*(t) dt 
te 





I, = (3) 


oO} 
where S(t) = f E (v;& dv is the total rate of emission of 
0 ; 


radiation energy from unit volume of space at time t, 
and P(t,t)) is the proportion of that energy which sur- 
vives (is not absorbed) to reach the observer at time to. 
One may then write Gown! the energy density p(é,) and 
pressure p(t) of the background radiation in accordance 
with local thermodynamics: 


Po = p(to) = 3m = 4I,/c 
to 


l 
= zl P(i,to) S(t) RA) dt (4) 


It is emphasized that the equation (3), or (4), was 
obtained by direct mtagration of the contributions from 
each and every emitting element of space, up to the world 
horizon of the observer, taking account of the relativistic 
kinematics of the expanding universe. More recently, 
variants of this general, formula have been derived 
independently by MecYittie®?, by Whitrow and Yallop® 
and by Bonnor‘. The-case of neutrinos has been specially 
considered by Weinberg’. In each case the result was 
obtained by the method indicated here, that is, by 
integration of the time-retarded red-shifted contributions 
from all space. 

In a recent paper®, I found it necessary in another con- 
nexion to consider again the intensity of radiation emitted 
from sources in a universe of metric (1). By this time, 
however, it had occurred to me that in such models, 


+ 
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because of the homogeneity and isotropy of space, if one 
allowed for absorption in unit volume of space simul- 
taneously with emission, a differently expressed but equally 
valid result for J, or p, should follow. Thus, instead of 
considering the emission function S(t) multiplied by the 
survival function P(t,t)), consider only a function E(t) 
representing the excess of actual emission over absorption 
in unit volume of space at time ż Then the allowance 
for absorption in an element of space must automatically 
account for the depletion of radiation passing through 
the element to the observer from points of space beyond 
it. For this reason H(t) does not depend on é, (although 
t must enter via the limits of integration), whereas 
P(é,é9) necessarily does so, being associated with the sur- 
vival of radiation in the interval t,-t. Thus, an equivalent 
expression for pọ should be: 


bo 
l 
Po = ga | BORA 


{* 

This result was stated without proof in equation (6-2) 
of my earlier paper’, where its relation to the local energy 
equation was briefly indicated. 

In establishing the foregoing result here it is the main 
purpose of this article to show that the density of radia- 
tion in the universe follows merely by integrating the local 
equation expressing the first law of thermodynamics for 
cosmic radiation. 

Consider an element of space in a world model of metric 
(1) at epoch ¢. Let the boundaries of the element expand 
with the universe and let its proper volume be v at time t. 
Then the ‘net gain of energy in the form of radiation by 
this element in time dż, allowing for emission and absorp- 
tion by quantum processes, will be: 


dQ = E(t)jvdt 


where E(t} is the function defined above. In accordance 
with the first law of thermodynamics, this gain must be 
reflected in the change in the total radiation energy 
content, taking account of the work done by the radiation 
pressure in the expansion of the element in time di. 
Hence, omitting the argument ¢ in all functions: 


d(pv) + pdv = E vdt 


(5) 





do 4 1 dv 
“hae Bo gy 
Now, since va R?, 
deo 40 4R 
“dit Ra = 6) 
Hence, integrating between t = tą, t = ta one gets: 
to 
[pry = | BR: 
te 
if R,‘ 
; p 
that is, po = a [BRA + Ra (7) 


te 
where suffix * denotes quantities evaluated at t = t,. 

It is interesting to note that the result (7), as well as 
justifying the projected expression (5), reveals a significant 
omission in (5) (and also in (4)). The extra term in (7) 
evidently takes account of ‘source free’ radiation already 
present in the universe at epoch ¢ = t}. The subsequent 
partial or total absorption of this radiation is, of course, 
taken account of by the first term in (7). 

It is also interesting to observe that, neglecting source- 
free radiation, the first term in (7) could be justified 
similarly to (4), by dropping the function P(é,t,) and 
regarding any absorption of radiation as simply an emis- 
sion of ‘radiation’ of negative energy, obeying the 
kinematics of the expanding universe as it proceeds in 
the same straight line as the original energy, so cancelling 
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the original energy at all points of its subsequent path. 
It is reassuring that the equivalence of the two results, 
derived by such different methods, confirms the inner 
consistency of relativity physics. 

One might go further and remark in passing that, since 
absorption of radiation is associated with an increase in 
proper mass of the matter absorbing it, or in special 
circumstances by actual creation of mass particles, then 
the creation of matter ‘out of nothing’, without neces- 
sarily postulating a ‘steady state’, would be acceptable 
in the above context if ‘radiation’ of negative energy were 
emitted simultaneously to give net conservation of energy. 
In this way a negative component of energy in the uni- 
verse might be conjectured as having a real existence 
(cf. McCrea®, Pirani’). 

Reverting to the discussion of ordinary radiation, to 
calculate pọ one must, of course, be given the function 
E(t). In turn, one must know the rate of absorption A(t) 
in unit volume, in accordance with the relation: 


E(t) = S(t) ~ A(t) (8) 


In his interesting paper, already mentioned, Bonnor‘ 
(cf. also Weinberg’) has considered absorption in the 
universe from the point of view of equation (4). Bonnor, 
in fact, evaluates the function P(t,t,) on the basis of 
certain simplifying physical assumptions. These are that 
the absorption of radiation occurs in galaxies only, which 
are assumed to be spheres of radius a(t), of luminosity 
L(t), and which absorb a fraction a(t) of all radiation 
incident on their surfaces. On this basis, by considering 
the probability of survival of radiation along elementary 
sections of the path, Bonnor obtained for P(t,t)) the 
expression : 


fo 
P(t,te) = exp{— J ana®ncdz} 
t 


where n (=n(t)) is the spatial density of galaxies at epoch 
t, the argument ¢ having been omitted in all functions. 
Bonnor’s reduction of formula (4) therefore leads to: 
te fo 
Po = Fa | MER exp — | zcatandi}at (9) 
te t 
As I have pointed out to Prof. Bonnor (private com- 
munication), his equation (9) must be equivalent to my 
result (7), apart from the consideration that Bonnor’s 
expression does not take account of source-free, primeval 
radiation (which may possibly be a component of the 
However, it may not be 
at all obvious why, apart from the specified difference, (7) 
and (9) are in fact equivalent under Bonnor’s physical 
assumptions. This will now be demonstrated. 
Referring to (8), since the value of A(t) under Bonnor’s 
assumptions will be: 


A = nanat 


where J is the total intensity of radiation at epoch £, it 
follows that 


E = nb — 4nxa°nel 


= nD — ena'nap (10) 


where p = 4I/e is the energy density at epoch ¢. The 
equation resulting from substitution of (10) into (7) is 
evidently an integral equation for p. It is more direct, 
however, to proceed from first principles. Thus, equation 
(6) becomes for the present case: 


d 4p dR 
= 4 FT = nL — erænap 


that is: 
d 4 dR 
= -+ GS + enana) p = nb 
The integrating factor of this equation is: 
t 
R* exp J ena*nadt 


“> 
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so that. 
3 


: [pF exp [ona*nadt = nL oxp] ena*nade 
Hence, integrating between t = tą and t = tg: 
Pokig! a0 cra’nadt — py Ryt —— 
* nLBexp | cra*nadt}di 


to Ly 
1 
Po = z\| nLR*t{exp — | cnatnadi}as + 
6 


te i 
ty 


exp — | ozana (11) 
bn 
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In the absence of source-free radiation occurring at 
t = t, the second term would vanish, and the result is 
then seen to reduce to that obtained by Bonnor. 

Note added in prcof. After this article was submitted 
a discussion of Olbers’s paradox by E. R. Harrison 
appeared in Nature®. Although Dr. Harrison also omits 
the contribution by source-free radiation, his ideas on the 
application of the energy equation to the background 
radiation are evidently in agreement with those adum- 
brated earlier by m=* and now elaborated here. 
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DISTRIBUTION OF SOME TRACE ELEMENTS AND THE ISOTOPIC 
COMPOSITION OF STRONTIUM IN HAWAIIAN LAVAS 


By Dr. E. I. HAMILTON 
Department of Geology and Mineralogy, University of Oxford 


ECENT investigations into the origin of basalts*~’ 
have proposed that the alkaline basalts are derived 
from. a deeper level in the mantle than those of tholeiitic 
affinity. The work recorded here was undertaken to see 
whether or not some selected elements together with the 
isotopic composition of strontium could be used to illus- 
trate such an origin. 

A sequence of the main Hawaiian basalts, kindly pro- 
vided by Prof. G. A. Macdonald, was selected for this 
investigation as it seemed certain that these basalts 
would not be contaminated by the addition of sialic 
material. 

Uranium? and potassium were determined by neutron 
activation. analysis and rubidium and strontium by X-ray 
fluorescence. The distribution of the total «-radioactivity 
was determined by quantitative nuclear emulsion tech- 
niques*?° and the isotopic composition of strontium by 
mass spectrometry. The observed ®’Sr/**Sr ratios have 
been normalized to 0:1194 and at the 95 per cent con- 
fidence level the results are quoted to an error of + 0-001. 
In all cases analyses were made on whole rock samples. 

The hand-specimen of the quartz dolerite from the 
Palolo quarry consisted of a granophyre vein about 0-5 in. 
wide traversing homogeneous dolerite. Sample No. 1 was 
taken from the margin of the vein, and sample No. 2 
from the centre. 

(2) Uranium. The highest uranium contents found in 
the alkali basalts are comparable with those found in 
many granites; the lowest were found in the tholeiitic 
basalts. These results are similar to those obtained by 
Heier, McDougall and Adams"! for other Hawaiian basalts. 

The distribution of radioactivity, given in Table 1, is 
a measure of the total amount of uranium and thorium 
present in the sample. Analyses were only possible 
on three samples, the remainder were far too cloudy or 
fine-grained to allow recognition of the constituent 
mineral phases. The distribution of radioactivity is very 
similar to that found in most igneous rocks: with a 
predominance criginating from micro-inclusions in the 
major minerals, and from inter-crystal areas. The lack 
of any homogeneous distribution of radioactivity in the 
major minerals illustrates the inability of both uranium 
and thorium to enter the lattice by substitution for a 
major or minor element. The ratio urantum/potassium 
in the nepheline and melilite basalt suggests a preferential 


Table 1. DISTRIBUTION O27 a-PARTIOLH ACTIVITY IN HAWAIIAN ROCES 
Total a-tracks 

Mineral phase Nephelins Quartz 

Trachyte basalt dolerite 
Feldspar 37 17 2 
Inclusions in feldspar 103 47 10 
Pyroxene — 12 4 
Quartz — — 4 
Inter-crystal in groundmass 11 79 41 
Inclusions in groundmass 59* 14* — 
Inter-crystal 19 31 — 
Brown accessory mineral 19 — — 
? Zircon 14 — — 
Opaque minerals 16 18 — 
Total a/em?/hr, 038 0:30 0-17 


*? Zircon or sphene. 


enrichment of uramum relative to potassium. In both 
these basalts a very sporadic and rare occurrence of 
inclusions of a highly radioactive mineral was observed. 
In a preliminary examination similar inclusions have also 
been observed in ths sample of hawaiite. The inclusions 
tend to be equi-dimersional, less than lu in diameter, and 
have only been recogmized by virtue of their radioactivity. 
The crystal form, birefringence and refractive index 
suggest that they ara either zircon or xenotime. The 
presence of a zirconium-rich phase will pose a sampling 
problem in determining the total zirconium, uranium and 
thorium content and the isotopic composition of lead in 
oceanic basalts. 

The relatively high activity from the opaque minerals 
is unusual and suggeszs either the presence of radioactive 
inclusions or the adscrption of uranium and thorium on 
to the outer surfaces. The «-particle activity is at least 
a minimum, reflexion of the total uranium and thorium 
content; ib is possiblas that some loss may be incurred 
during the preparaticn of the thin section, but this is 
not considered to be significant. 

(b) Potassium, rubidium. From the analyses given in 
Table 2, apart from the trachyte, the potassium/rubidium 
ratio for the remaining rocks does not show any significant 
variation. Lessing, Decker and Reynolds! have sug- 
gested that the lower potassium/rubidium ratio for the 
trachytes is a reflexion of contamination by the assimila- 
tion of marine sediments. I do not agree with this 
explanation and consider the trachytes to represent 
extreme differentiates of the ‘basalt magma’. A decrease 
in the potassium/rubidium ratio has been observed for 
late stage pegmatites™ and in residual liquids produced 
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Table 2, TRAOE ELEMENT DATA AND THE ISOTOPIC COMPOSITION OF STRONTIUM IN SOME HAWADLAN ROCKS 












252 
1 
No. ‘Rock type * Locality 

1 uartz dolerite Palolo Quarry, Honolulu, Oahu 0 25 
2 ein In quartz dolente Palolo Quarry, Honolulu, Oahu 0:30 
8 | Alkali olivine basalt Keauhov Beach, Hawa 0-75 
4 | Ankaramıte i Gulch, Mauna Kea, Hawali 0°32 
5 | Hawaihite opo Gulch, Mauna Kea, Hawaii| 080 
6 | Tholente 1881 Flow Mauna Loa, Hawaii 0:12 
7 | Nepheline basalt Honolulu Volcanies Series, Oahu 1:86 
8 | Melilite nepheline basalt | Molliih, Honolulu, Oahu 2°29 
9 Trachyi e Puu, Anakulu, Hawaii 3-22 





R sr No. of 
U/K | (p.pm)} K/Rb| (p.p.m.) |*’Sr/**Srf | analyses | °7Sr/**Srt 





Toa 6-1 0°7047 ‘3 — 
0-50 6-0 0-7041 4 — 
0 80 9-4 0-7038 2 0:7040 
061 07044 2 — 
164 4:9 0-7040 2 0:7043 
0'34 3°6 0:7048 2 0:7041 
1-40 33 0:7023 4 0°7031 
1-58 4:5 0-7030 4 0-7030 
4-18 TI 0 7048 2) 0-7043 





! * Samples donated by G. A. Macdonald. f Average analyses, corrected to "*Sr/**Sr=(°1194. f Analyst, Powell (ref, 17). 


through the extreme differentiation of alkali rocks, In 
addition, 'it is considered that the marine sediments 
surrounding the Hawaiian volcanoes would consist of 
basalt debris and would not contain any appreciable 
quantities of rubidium. Contamination by mixing with 
sea-water, or minerals (that is, calcite, dolomite, gypsum) 
precipitated from sea-water would not appear to be 
plausible by reason of the total chemistry of the rocks 
and the very low rubidium content of such material. 

(c) Stronttum. As shown in Fig. 1, the analysed speci- 
mens can be divided into two groups according to their 
strontium, contents. The sequence ankaramite—alkali 
olivine basalt—-quartz dolerite—tholeiite-trachyte contain 
64-500 p.p.m. strontium, while the remainder contain a 
minimum, of 1,250 p.p.m. strontium. This distribution, 
shown in Table 2, is supported by the results of Lessing 
and Catanzaro’. If the total amount of strontium is 
taken as an index of differentiation the small quantities 
found m: the trachytes suggest that these rocks are 
extreme differentiates, which is supported by the potas- 
sium/rubidium ratios and uranium content. In the case 
of the nepheline—melilite basalts and hawaiites, if the 
high uranium content indicates that the rocks are products 
of a differentiation process, the large quantities of stron- 
tium suggest that these rocks have not reached the same 
stage of ‘differentiation as have the trachytes. If the 
nepheline and melilite basalts were to be further differ- 
entiated such that strontium was removed by co-precipi- 
tation with the major minerals, the resulting magma 
should give rise to an alkali rock containing substantial 
amounts of uranium and thorium. 

While such rocks are apparently not present in the 
Hawaiian sequence it is tentatively suggested that they 
may be represented by the alkali rocks present in con- 
tinental areas. Alternatively, uranium and thorium may 
be removed at some stage from the magma by the 
precipitation of zircon. 
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Fig. 1. The relation between the total strontium content and wotopic 
| composition of strontium in some Hawaiian rocks 
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(d) Isotopic composition of strontium. Apart from the 
nepheline and melilite basalts, no significant variations in 
isotopic composition have been observed. In Table 2 
my results are compared with those obtained indepen- 
dently by Powell!” on the same rock types, although 
different samples were used. In Fig. 1 the isotopic com- 
position of strontium is related to the total strontium 
content of the sample. Lessing and Catanzaro have 
observed a consistent inverse relation between the 
§7Sr/*Sr ratio and the potassium/rubidium ratio. They 
suggest that this is a reflexion of contamination by the 
assimilation of marine sediments which has had an 
influence on the petrogenesis of the Hawaiian rocks. I do 
not consider that this is likely for reasons stated in the 
discussion of variations in the potassium/rubidium ratios. 
In addition!*°, measurements of the isotopic com- 
position of sea-water indicate a *Sr/*Sr ratio of about 
0-709. Differences in the ratio ®*’Sr/**Sr for the Hawaiian 
rocks have been tentatively correlated by Faure, Hurley 
and, Powell!* to an origin from two mantle sources. 
While this idea is interesting and should be further 
investigated, the errors in the mass spectrometric measure- 
ment are possibly still too large and any apparent differ- 
ences could only be satisfactorily proved if the data 
could be treated in a statistical manner. At present there 
is not a sufficient number of analyses measured by one 
laboratory on petrologically described basalts from 
Hawaii to make this possible. 

The uranium content of the alkali rocks suggests that 
they represent extreme differentiates produced by differ- 
entiation of basalt magma. However, the strontium 
content of the trachyte and nepheline melilite basalt are 
clearly different. The enrichment in uranium and deple- 
tion in strontium for the trachyte suggests a normal 
differentiation process that could have occurred in a 
small, high level, magma chamber. The high strontium 
and uranium. content of the undersaturated basalts would 
not appear to be compatible unless these rocks have been 
produced from a different source region or through a 
completely different petrochemical process. 

Variations in the ratio *’Sr/®*Sr are not considered to 
be due to natural fractionation in nature. This point has 
never been proved and the ratios *’Sr/**Sr aré normalized 
to a *Sr/*Sr ratio of 0:1194 which is assumed to be 
invariant in nature. Any natural fractionation of strontium 
isotopes cannot be easily examined by mass spectrometric 
methods, as isotopic fractionation occurs during thermal 
ionization from the filament. However, it may be possible 
to investigate any natural fractionation of strontium 
isotopes by neutron activation analysis. At present the 
feasibility of this method is being examined by using the 
activity ratio of the 2-7 h ®’Sr(y,J7,e-) to either the 
54d8*Sr(8 no y) or 65d"Sr(yK) by conventional and low- 
background counting methods. 

Conclusions. (1) A relatively high radioactive mineral, 
possibly zircon, has been observed in a nepheline, melilite 
basalt and hawaiite from “Hawaii. The high uranium 
content found in these rocks is not normally associated 
with oceanic basalts. 

(2) Variations in the potassium/rubidium ratio are not 
regarded as being a result of contamination by marine 
sediments. 








‘low ®Sr/**Sr ratios for the undersaturated 
are taken to indicate an origin from a deep mantle 
ë, then, while the high strontium content may be 
accepted, the high uranium content requires further 
explanation. It should be noted that carbonatites are 
derived from great depth in continental areas and do 
contain large amounts of calcium, strontium, uranium 
and thorium. A primitive rock such as a garnet peridotite 
or amphibolite by partial or complete melting could be 
- expected to give rise to a liquid significantly enriched in 
uranium, as the element is not contained within the 
-- lattice of the major rock-forming minerals. 
=o (4) I-do not consider that the work recorded here can 
be used to support or deny an origin of the undersaturated 
lavus of Oahu from a deeper part of the mantle than 
those of the tholeiite type. The basalts of Oahu also 
include the quartz bearing dolerite which has a *Sr/**Sr 
- ratio similar to that found for the tholeiites. 
_ In my opinion, variations in trace element abundance 
-.. and isotope ratios for the Hawaiian rocks must be eare- 
- fully evaluated in terms of current petrological investi- 
_. gations. The most abundant and primitive lavas of 
. Hawaii are of the tholeiitic suite; alkali lavas are far less 
abundant, while in the field, contact. relations between 
~  tholeiitic and alkali lavas show all stages of intergrading. 
Further, Macdonald and Katsura?* have described the 
local differentiation of tholeiitic magma undersaturated 
in silica that accumulated in the Kilauea-Iki crater to give 
rise to a basalt of the alkali type. If variations in trace 
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element and isotope abundances are to be used to illustrate 
that the alkali basalts have been formed from a deeper part 
of the mantle than the more common tholeiite type, 
further research is necessary. Any original and diagnostic 
differences that existed may have been modified by 
crystal settling, oxidation reduction and the passage of 
volatiles. 
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EXPERIMENTAL ALLERGIC UVEITIS: HOMOLOGOUS RETINA AS 
UVEITOGENIC ANTIGEN 


By Pror. WALDON B. WACKER and Pror. MURRAY M., LIPTON 


Department of Microbiology, University of Louisville, School of Medicine, Louisville, Kentucky 


< ATTEMPTS to elucidate the mechanism of certain 
4 A types of uveitis in man have been handicapped by 
lack of an experimental animal in which the syndrome 
may be produced. Auto-immunity was postulated as one 
of the mechanisms, and was tried experimentally with 
», Unsuccessful results in several animal species (for review, 
_ See refs. 1 and 2). Recently, however, uveitis has been 
produced in guinea-pigs following injection with homo- 
-logous uveal tissue?-*. The lesions were associated with 
 & response to an organ-species specific antigen present 

= in the uveal tract’. 
oo. extension of these investigations, to be reported 
_ here, revealed uveal lesions in guinea-pigs immunized 
< with homologous retina similar to those produced by 
immunization with homologous uvea. Although the 
_ antigens involved in auto-immune uveitis have historically 





been sought in the uvea, our results suggest the possible 
‘role of retinal antigen in the production of uveitis. 
‘Hartley strain guinea-pigs, weighing 400-500 g, were 
ected at 0, I, 2, 5, and 8 weeks with a 10 per cent 
sion of homologous retina emulsified in Freund’s 
lote adjuvant. The retinas were obtained by dissec- 
freshly removed eyes of either normal albino or 
ed guinea-pigs and stored frozen at — 50° C. Each 
ceived 0-2 ml. of this emulsion at a time, the 
tion being administered intradermally into both 
foot-pads, and the remainder of the series given intra- 
euarly. The total weight of retina each animal 
ived was 50 mg over the course of 5 injections. Control 
a-pigs received similar injections of saline or homo- 
uvea, lens, vitreous, or optie nerve, prepared and 
sified as above. Animals were bled, killed and exam- 
previously described‘. 
esults in Table 1 show a high incidence of uveitis 
ea-pigs immunized with homologous retina, as did 






















control animals injected with homologous uvea. Animals 
receiving other homologous ocular tissues or saline in 
adjuvant were negative for histopathological uveal 
changes. Small accumulations of inflammatory cells were 
seen in the ciliary region of the anterior uvea in one each 
of animals receiving lens or vitreous, but involvement of 
other parts of the uveal tract was not apparent. Minimal 
lesions in these two animals were of doubtful significance. 
Four of six animals given optic nerve developed experi- 
mental allergic encephalomyelitis, but the five survivors 
failed to show any remarkable uveal changes. 


Table 1. INCIDENCE OF UVEITIS IN GUINEA-PrIGS IMMUNIZED wrru HOMO- 
LOGOUS OCULAR TISSUES 
Immunizing material Incidence * 
Guinea-pig retina 5/6 
Guinea-pig Uven 6/8 
Guinea-pig lens 1/6+ 
Guinea-pig vitreous WSF 


Guinea-pig optic nerve 0/5 
Control emulsion 


* Numerator is the number of animals with lesions: denominator is the 
number of animals injected. N 
+ Minimal lesions of doubtful significance, 


In Table 2 is shown the distribution of lesions in the 
three parts of the uveal tract. The choroid and ciliary 
body were more frequently involved than was the iris, 
which was inflamed in only one severe case. The 
choroid was more severely involved than was the ciliarv 
body, even though lesions were found more frequently 
in the latter. Lesions were always bilateral and usually 
limited to the uveal tract. However, in severe cases, 
inflammatory cells were observed in the vitreous and 
aqueous fluids and in the limbus. Although guinea-pigs 
received retinal tissue, the retina itself appeared normal 
in four animals; in two others this tissue appeared to 
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. Histological lesions in the uveal tract of guinea-pigs immunized with homologous retina. A 


April 17, 1965 vou 206 
Sas oR a — 


4 





, plasma cell infiltration in cillary body 


1 
( xc. 127); B, section showing (a) retina, (b) sclera, and (c) thickened posterior choroid densely packed with plasma cells ( x c. 20); C, inflammatory 
I 


liary bod 


y(x ¢. 20); D, inflammatory response in anterior choroid showing heavy infiltration with (a) plasma cells, (b) nodule of 


neutrophilic granulocytes, and (c) disorganized retina (x e. 20. 


be involved only as an extension of a severe inflammatory 
response in the choroid. 

The cells making up the inflammatory response were 
predominantly mononuclear in type. They were most 
readily identified in the ciliary region and in less heavily 
inflamed portions of the choroid as plasma cells (Fig. 14). 
In more heavily infiltrated areas, plasma cells were also 
found in abundance, but were often outnumbered by 
immature forms which could not be readily identified. 
These cells resembled transitional or immature plasma 
cells which are currently thought to be involved with 
antibody production. These indeed may be immunologic- 
ally competent cells attracted to the natural site of uvea- 
retinal antigens to which the animal was sensitized. In 
more severe lesions also large and small lymphocytes, 
macrophages, and neutrophilic granulocytes were observed. 
The type of lesions appeared to vary with the severity 
of the reaction. In mild to moderate reactions, infiltration 
of the ciliary body and choroid with plasma cells occurred 
without marked structural disarrangement of the tissues, 
even though thickening of the choroid was ap nt. 
This reaction in the choroid occurred particularly in the 
anterior region near the ora serrata, but in more severe 
eases involved whole sections of the choroid (Fig. 1B). 

The most severe changes observed are shown in Figs. 
IC and D. The ciliary body was severely involved and 
heavily infiltrated with plasma cells which spilled over 


Table 2. DISTRIBUTION OF UVEAL LESIONS IN GUINEA-PIGS IMMUNIZED 
WITH HOMOLOGOUS 


Location of uveal lesions 


Animal No Choroid Ciliary body Iris 
11-24 + — — 
11-29 + + o* 
11-19 + Ga 0 

. 1-9 0 = 0 
11-4 0 7 0 
11-14 0 0 0 


* 0=no lesions seen. 


into the anterior vitreous (Fig. 10). The entire choroid 
was markedly thickened and infiltrated with cells. Near 
the ora serrata, the choroid was approximately 10 times 
its usual thickness and was densely packed with plasma 
cells surrounding a nodule of neutrophilic granulocytes. 
The adjacent surface of the retina was disorganized 
(Fig. 1D). This animal on clinical examination near term- 
ination of the experiment was thought to be blind. 

Preliminary serological examination by the complement 
fixation test revealed high levels of circulating antibody 
reactive with guinea-pig retinal tissue. Specificity of this 
response is under investigation. Since we have found, 
however, that anti-uveal guinea-pig sera are reactive with 
both guinea-pig uvea and retina, and fail to react with 
other ocular or heterologous tissues’, it is possible that 
these two tissues share a common antigen. 

It was of interest to us that lesions in these animals were 
observed in the uvea, and only secondarily in the retina. 
Since the uvea is a highly vascularized tissue, lesions here 
are reminiscent of the orientation of lesions around blood 
vessels of neural tissue in experimental allergic encephalo- 
myelitis. Orientation around individual vessels in the 
uvea, however, was not observed. 

This work was supported by U.S. Publie Health Service 
research grant NB-04747 from the National Institute of 
Neurological Diseases and Blindness and Career Develop- 
ment Awards (5—K3—AJ-6649-03 and 2-K3-AI-14,920- 
04), 
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LDEHYDE mutase, a soluble enzyme from liver 

_ which catalyses the dismutation of acetaldehyde to 

| | ethanol and acetic acid!:*, was for long considered? to be 

... identical with aldehyde oxidase. In 1937, Dixon and 

 Lutwak-Mann‘* obtained mutase preparations free from 

xidasc. activity, and showed conclusively that the two 

enzymes were quite distinct. They carefully considered 

. the possibility that the mutase reaction, which requires 

-o pieotinamide-adenine dinucleotide (NAD) as coenzyme, 

-oo resulted from the coupled activity of two NAD-linked 

— dehydrogenases, the alcohol dehydrogenase already 

= recognized in liver tissue (Z,) and a hitherto unrecognized 
aldehyde. dehydrogenase — 









E 
R.CHO + NADH,—->R.CH,OH + NAD 


_ Since the separate activities of these two enzymes could 

not be detected in their mutase preparation by reduction 
of methylene blue on addition of acetaldehyde or ethanol, 
they rejected this explanation and concluded that alde- 
hyde mutase is a single, distinct: enzyme. 

Shortly afterwards, diaphorase was discovered as the 
enzyme necessary for hydrogen transfer from NADH, to 
methylene blue, and in the presence. of diaphorase, alcohol 
dehydrogenase activity was detected in the aldehyde 
mutase preparations’, Although no aldehyde dehydrogen- 
ase activity could be demonstrated with aldehyde, dia- 
phorase and methylene blue, it was argued® that it could 

be present because the reverse aleohol dehydrogenase 
reaction might re-oxidize the NADH, so rapidly that no 
significant reduction of methylene blue could occur. In 
>= ia comprehensive review? of aldehyde mutase, Dixon 
- considered this explanation unconvincing, and main- 
tained the one-enzyme theory. He pointed out that if the 
mutase reaction were due to coupled aldehyde and alcohol 

* dehydrogenases, NADH, must dissociate from the former 
“enzyme and combine with the latter, and with sufficient 
= diaphorase present some reduction of methylene blue 
=. should occur. On the other hand, if both reactions were 
_... catalysed by a single enzyme, the coenzyme could remain 
_...... bound to it throughout the reaction, and failure to detect 
free. NADH, by methylene blue reduction was under- 





















1948, -Bonnichsen and Wassén® crystallized liver 
cohol dehydrogenase, and in the following year Racker’ 
partiall r. purified ‘@ distinet NAD-linked aldehyde de- 
—— from liver. The hitherto unrecognized 
aldehyde dehydrogenase having been found, it seemed 
at the activity of the mutase of Dixon and Lutwak- 
i was entirely due to the coupled activity of these 


s Abeles and Lee presented convincing 
ce that crystalline liver alcohol dehydrogenase 
th NAD, catalyses the dismutation of formalde- 
Ve confirmed this with crystalline enzyme of 
purity, prepared by a method which includes 
graphy on carboxymethyl-cellulose, and effects 
» separation of alcohol dehydrogenase and alde- 
_ dehydrogenase". These results imply that the 
hol Sache hie gee also possesses aldehyde dehydrogen- 
ity, and apart from the intrinsic interest of the 
sam, call into question recent detailed interpreta- 
kinetic studies of the reverse alcohol dehydro- 
action with acetaldehyde and butyraldehyde as 
331218, We have examined the mechanism of the 
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mutase reaction and its quantitative relation to the 
alcohol dehydrogenase reaction by initial rate measure- 
ments with these two substrates. 

The results in ‘Fable 1 with acetaldehyde and butyralde 
hyde confirm the stoichiometry of the reaction establis} 
with formaldehyee!*. The reaction goes to complet: 
with small concentrations of NAD, and automatic titratio 
at constant pH, and subsequent distillation and dichromat: 
oxidation, show that 1 mole each of acid and alcohol are- 
formed from 2 moles aldehyde. 


Table 1. STOICHIOMETRY OF THE eee MUTASE REACTION AT 24° 
AT: J 
Tnitiglalde- Initial NAD Finalacid Final alcohol- 
hyde concen- concentra- concentra- concentra- 
tratica (mM) tion (4M) tion (mM) tion (mM) 
Acetaldechyde TAS 206 76 7i 
: 208 206 148 14-7 
G6 206 29-1 317 
Butyraldchyde 1 103 40 42 
* z3 103 8-0 85 
Sz 103 158 14-6 
ta 103 3&6 378 


Initial rates of dismutation were estimated from records 
of small pH changes" in weakly buffered solution (2-5 mM 
phosphate). Maximum specific rates (turnover numbers) 
and Michaelis constants for the two aldehydes are com- 
pared in Table 2 with analogous parameters obtained 
earlier!®)13 for the:reverse alcohol dehydrogenase reaction 
with these two substrates, and for the direct alcohol 
dehydrogenase reaction with ethanol and butanol. The 
maximum rates of dismutation, in contrast to those of the 
alcohol dehydrogenase reactions, are significantly different 
with the two substrates, and are quite large, larger indeed 
than those for alcoho! dehydrogenation. The Michaelis 
constants for dismutation are very large, and permit 
three conclusions. First, with aldehyde concentrations 
up to ten times the Km values for the reverse alcohol 
dehydrogenase reaction, the rates of dismutation will 
be negligible, and therefore earlier investigations of the 
reverse alcohol dehydrogenase reaction would not be 
complicated by that reaction. Secondly, it is unlikely 
that the aldehyde- dehydrogenase activity of this enzyme 
plays a significant part in the dismutation of these alde- 
hydes in liver tissue; the Km value for acetaldehyde in the 
reaction catalysed by the liver aldehyde dehydrogenase of 
Racker’ is smaller‘than 10 uM. Thirdly, in their work on 
‘aldehyde mutase’, Dixon and Lutwak-Mann‘*? used 
acetaldehyde concentrations up to 50 mM without achiev- -~ 
ing saturation, and remarked on the feeble affinity of the -= 
enzyme for its substrate. It seems likely that they were, 
as they claimed, examining the activity of a single 
enzyme, namely, acohol dehydrogenase. The possibility 
that alcohol dehydrogenase might. be responsible for both 
the aldehyde dehydrogenase and reverse alcohol dehydro- 
genase steps of the mutase reaction had indeed been 
suggested", but, as Dixon remarked’, if the one-enzyme 





Table 2, MAXIMUM Speoreto Rates AND MICHAELIS CONSTANTS FOR THE 
ALDEHYDE MUTASS ANP. ALCOHOL DEHYDROGENASE — or LIVER 
ALCOHOL DEHYDROGENASE, pH 7, 23-5° 





Reaction Pa Pie imin’) Km substrate (mM) | 
Cy C Cs O. 
(1) Mutase : . . 
(RCHO+NAD) a ]/d 750 2,400 100 16 
(2) Reverse alc. 
payürogenase ' 
(RCHO -+ NADH) ~—d[NADHidf 7,500 7,500 odi p0? 
(3) — 


(RCH,OH + +NAD) ANA DH ]/dt 160 160 














tter of — preference whether i one — 
dismutation as a special phase of alcohol dehydrogenase 
<o aetivity, or the alcohol dehydrogenation as a special 
property of aldehyde mutase’’. 

"We were unable to detect free NADH formation during 
the mutase reaction catalysed by alcohol dehydrogenase, 
by sensitive fluorescence measurements; this agrees with 
previous observations that no NADH is available for 
pyruvate reduction with lactate dehydrogenase™, or 
in the case of “aldehyde mutase’, for methylene blue 

_ reduction with diaphorase’. Evidently the coenzyme 
-undergoes successive oxidation and reduction, #.NADH 
‘formed in the aldehyde dehydrogenation being used 
directly in the succeeding reverse alcohol dehydrogenase 
step-—the coenzyme behaves as a prosthetic group. The 
disroutation will, in fact, proceed with catalytic quanti- 
ties of coenzyme. Thus this enzyme with its substrate 
lone constitutes a cycling system by which small con- 
centrations of NAD or NADH might be estimated, 
for example, by pH-stat titration, analogous to the coupled 
dehydrogenase method of Lowry, Passonneau, Schulz 
and Rock®, 
. T A satisfactory mechanism for the mutase reaction must 
account for the absence of free NADH and variation of the 
io maximum rate with the nature of the aldehyde, and must 
also reconcile initial rate data for the overall mutase 
reaction with that for the alcohol dehydrogenase reactions. 
Experimental data for all these reactions are consistent 
with an initial rate equation of the form": 


Pi P, Ore 
v ta ea 








+ (1) 
= where z and a represent coenzyme and substrate concentra- 
tions respectively. Experimental values for the kinetic 
coefficients in this equation for the mutase reaction 
(which will be denoted by pp, ete.) were estimated in the 
usual way** from plots of the reciprocal initial rates of 
proton production against reciprocal coenzyme and 
substrate concentrations. The values are shown in Table 3, 
together with kinetic coefficients reported previously?" 
for the alcohol dehydrogenase reactions. 
It has been shown that, provided pure coenzymes are 
used, Initial rate data for the alcohol dehydrogenase 


; : aH] _ 


—— J 


reactions conform to all the requirements of the Theorell- 
Chance mechanism, that is a compulsory order mechanism 
m men ternary complexes do not limit the maximum 

rate * | 


Py = Dy + 


ela 


fa + ky Pa 
l-a 


: ky 
E + NADH ==2#.NADH (K, = k-.,/k)) 





Rey 
i gi ks — 
 E.NADH+ RCHO+ HCÆAMRXVS R.CH,OH+ 
l k~s ky 
E.NAD (I) 
kla 
E.NAD => =E + NAD (K? = kijki) 
: k 


* Some dation exists regarding the connotation of the term “Pheorell~ 
o hance mechanism’. Ternary complexes were not represented in the reaction 
. géheme as written by Theorell and Chance’, but their probable existence as 
essential intermediates in rapid steps was recognized'*. Any number of 
ternary complexes does not alter the form of the initial rate equation, and 
therefore mechanism J with one or more ternary complexes that are not rate- 
limiting is best described as the Theorell~Chance mechanism. However, 
some workers’*" reserve the term for the unlikely mechanism in which 
ternary complexes are not formed. Appropriate steady state rate data will 
show whether such complexes are rate-limiting or not, but will not reveal 
their number. They are therefore grouped together as a single complex 
EXY in mechanism i. The rate constants k- and k'a will be functions of 
the rates of interconversion of — complexes such as E.NADH.RCHO and 
ENAD RCH, OH. 


= -|aa 4 + [09 (a + by G2) + — + Kilę (a + k-19) 4+ 920] 


ternary compl E: olimiting, that is, if 
ke. > ki, ‘unde i, > * then ma kinetie coefficients in 
equation (1) for the forward reaction as written (the reverse 
alcohol dehydrogenase reaction) are (ref. 16) 9, = lki, 
Qi = Lkr a= (keg t kla)/ka kla and Qi™ kikat kia)/ki 
ka kla = K,o,. In accordance with this mechanism, 
acetaldehyde and butyraldehyde give the same values 
for ọ, and 9, in the reverse alcohol dehydrogenase reaction, 
and in the direct reaction ethanol and butanol give the 
same values for the corresponding parameters 9, (= l/k-:) 
and oj (= l/kj), as shown in Table 3. 
Table 3. KINETIC COEFFICIENTS FOR Tavern ALCOHOL DERYDROGENASE, 
IN THE INITIAL RATE EQUATION gilam pt Qae + Qala + Digita, WHERE 


g= COENZYME CONCENTRATION AND a = ACETALDEHYDE (A) OR BUTYRALDE- 
HYDE (B) CONCENTRATION 


pH 7, 23°4° 
: Pa Fas Sis Fisles 
Reaction Pe (sec) (aM, sec) (uM, sec) (uM* sec) (uM) 
(1) Mutase A 0-08 1-4 8,000 26x10 33 
B 0-025 0-6 400 15x10" 38 
(2) Reverse alechol <A 068 0-4 33 i4 O4 
dehydrogenase B 0-008 0-1 it 004 O24 
(3) Aleghol A G37 tL €6 7,200 110 
dehydrogenase B 0°35 Li 4 360 90 


The simplest hypothesis for the mutase reaction is 
coupled aldehyde and reverse alcohol dehydrogenase 
reactions as follows: 


* 





k 
E + NAD— =E.NAD 
i, 

ls Log 
E.NAD + RCHO + H,O = EX’Y’ =RCOO™ + 

ee ly 

2H+ + E.NADH (ID) 
k-i 
E.NADH — + NADH 

Ke kla 
E. NADH + RCHO + Ht == EXY >R .CH,OH + 

hug ki 

E.NAD 


Steady-state treatment of this reaction sequence gives 
the following initial rate equation for the mutase reaction : 


— 2k- 1 C1 Pal Ce 


Sera inane meth Awane Rene name fe tye AA dt RM a pe na Nr aana — 


(2) 


where Kj = k!,/kj and 9, = (k-a + k.)/k, kta as before, 
and of = (LL, + layl- Thus, 9, is a kinetic coefficient 
for the reverse alcohol dehydrogenase reaction according 
to mechanism (I), and 94 is the corresponding parameter 
for the aldehyde dehydrogenase reaction, a function of 
velocity constants in step (ii) only of mechanism (II). 
Squation (2) simplifies to a linear reciprocal form. if 
a> 2k_,9,, and it can be shown that this must be so with 
aldehyde concentrations large enough for a significant 
rate of dismutation. From the values of 1/9, = k, and 
9, in Table 3, 2k.,9, = 18 uM for acetaldehyde and 0-9 
uM for butyraldehyde. Since the Km values for these two 
substrates in the mutase reaction are 100 mM and 16 mM, 
respectively (Table 2), 2 k-19, will be less than 0-02a for 
aldehyde concentrations greater than 0-01 Km, and may 
be neglected. The physical significance of this inequality 
is that, in mechanism (II), #.NADH is rapidly converted 
into the ternary complex HAY in step (iv), and no 
significant dissociation of free NADH can oceur in step 
(iii), in accordance with experimental observation. 
With this inequality, equation (2) reduces to the form of 
equation (1), with oF = Ik, + Ik. gf = 0. ef = 
(p3 + P2) and pie = Ay (p7 + 92). 
Thus, mechanism (II) requires that 97,/o; = Ki. the 
dissociation constant of #.NAD. Both — do give 


— 
pone 


VOl. 206 




















me value for this ratio (Table 3) within the experi- 

al error; but it is significantly smaller than that 

btained from the aleohol dehydrogenase reaction. This 

- may be attributed to the different phosphate concentra- 

tions, 25 mM in the mutase reaction and 50 mM in 

5 the alcohol dehydrogenase reaction. In brief fluorimetric 
investigations of the alcohol dehydrogenase reaction in 
5 mM phesphate, we found K; = 9},/9; = 40 uM, in 
good agreement with 9},/9%. 

From the results in Table 3, 97 > 9, and therefore 

P; = 92, that is, with low aldehyde concentrations step 
o (li) in mechanism (II) is rate limiting, and not step (iv). 
_ Consistent with this is the striking fact that while the 
> absolute values of gf, 9, and gj for corresponding sub- 
_ strates differ greatly, each of these parameters is close to 
20 times lagger for the O, substrate than for the C, sub- 
strate. This means that the overall reactions of butyralde- 
hyde with F.NAD and #.NADH, and of butanol with 
H.NAD, are each 20 times faster than the corresponding 
reactions of acetaldehyde and ethanol, and supports the 
physical interpretation of ọ7 in mechanism (II). 

Different maximum rates of dismutation with the two 
aldehydes are to be expected from mechanism (IT), 
since they are determined by the rates of intramolecular 

reaction and dissociation of ternary complexes HX’ Y’ 
and EXY. By contrast, the maximum rates of the 
-alcohol dehydrogenase reactions are the same for the two 
pairs of substrates, since they are determined by the rates 
of dissociation of binary enzyme-coenzyme complexes 
(mechanism (I) ). Further, since k2, must be greater than 
the maximum rate of the reverse alcohol dehydrogenase 
reaction, itis also much greater than the maximum rate 
of the mutase reaction (Table 2), which must therefore 
be determined by the ternary complexes of the aldehyde 
dehydrogenase reaction, HX’Y’. The initial rate equation 
from mechanism (IT) therefore simplifies to: 


€ l ọọ; Kip: 


with gz = (kay + i2,)/L,l}. 

A term 9,/# is basent from this equation; according to 
mechanism (IT) there should be no variation of rate with 
coenzyme concentration at very large aldehyde concentra- 

* tions, since with catalytic quantities of coenzyme the 
reaction should cycle through steps (ii) and (iv). Experi- 
mentally, a finite value of of is obtained, however. This 
suggests that coenzyme can dissociate from a ternary 
complex without prior dissociation of substrate, a path- 

Way not included in the compulsory order mechanism (II), 

| he fact that different values of 9” are obtained with 
acetaldehyde and butyraldehyde (again in contrast to 












the alc 1 dehydrogenase reaction) supports this inter- 
. pretation. Since it has been deduced that, in the presence 


of excess aldehyde, the enzyme will be largely in the form 
=o of ternary complexes of the aldehyde dehydrogenase 







‘HE present hypothesis on oxygen toxicity is centred 
‘out the oxygen inactivation of sulphydryl groups 
hydrogenases!-*. These observations. were extended 
ain in vitre’> and to a wide variety of materials*~*, 
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reaction, it appears that dissociation of NAD. from 
E.NAD.RCHO can occur. e 
Recently, Silverstein and Boyer”! found that isotope 
exchange between NAD and NADH persisted at a signi 
cant rate in the presence of liver alcohol dehydrogenase 
and very large, equilibrium concentrations of acetaldehyde 
and ethanol. As in the present experiments, if a strict 
compulsory order mechanism were followed, with satura 
ing substrate concentrations the enzyme would be entire 
in the form of ternary complexes and the exchange NAD = 
NADH would be blocked. It was recognized?*:*! that 
dissociation of coenzyme from the abortive compl 
E.NADH.C,H,OH, and not from the active tèrna 
complexes of the alcohol dehydrogenase reaction, might 
be responsible for the exchange. The existence of this 
abortive complex is indicated by substrate inhibition with — 
ethanol. The present work shows that the analogous but” 
active ternary cemplex, #.NAD.RCHO, is also formed 
with large aldehyde concentrations, and suggests that this 
complex can dissociate NAD. It seems possible that this. 
might be responsible for, or contribute to, the exchange 
rate observed by Silverstein and Boyer, and the oceurrence 
of the aldshyde dehydrogenase reaction might also explain 
the slow shift of equilibrium observed in their experiments. | 
The aldehyde dehydrogenase reaction should also result © 
in substrate inhibition of the reverse aleohol dehydro- 
genase reaction, # the rate of NADH disappearance is = 
measured with sufficiently large aldehyde concentrations, 
since the reactions of mechanism (I) should be sueceeded 
by step (ii) of meehanism (II). This prediction has been 
realized with butyraldehyde concentrations greater than 
| mM, and detailed studies should afford an additional 
means of estimating kinetic parameters and investigating 
the mechanism. Such investigations, together with kinetic 
studies of inhibition by iodoacetate, are in progress. 
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A specific locus of activity on the «-ketoglutarate system 
has been more recently proposed!*, Even the most 
recent investigations. of the kinetics of enzyme inactiva- 
tion in vivo and in vitro (Jamieson, D., and Chance, B., 
in preparation) fail to indicate a sufficiently rapid time 
course of the effects tc explain a much more rapid incidence 
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Fig. 1. Apparatus for fluorometric observation of changes of the steady- 

state oxidation-reduction level of reduced pyridine nucleotides in suspen- 

sions of mi and * trie $ apparatus are given in the 
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of convulsions, a point reviewed in detail by Davies and 
Davies", where they conclude generally that none of the 
“enzyme-inactivation hypotheses” provides an adequate 
explanation for the physiological effects of high oxygen 
pressures. 

More recently, Wood and his co-workers"- have 
observed that y-aminobutyric acid (GABA) is involved in 
protection against brain damage at high oxygen pressure. 
Their explanation is based on observations of Thomas?’ 
of the inhibition of the «-ketoglutarate dehydrogenase step 
requiring increased utilization of GABA. 

The results presented here afford a biochemical basis for 
the short-term toxic effects of oxygen in terms of its 
influence on the intracellular oxidation-reduction states!?»1* 
of reduced pyridine nucleotide in general and on the 
energy-linked pathway for pyridine nucleotide reduction 
in particular’, 

Rat liver and pigeon heart mitochondria, prepared as 
described elsewhere*", were suspended in mannitol sucrose 
tris medium, usually in the presence of endogenous sub- 
strate. Similar effects were observed in the presence of 
. glutamate. Energy-linked reduction of pyridine nucleo- 
tide was studied in pigeon heart mitochondria with endo- 
genous intermediates (X ~ J) or with added ATP as the 
energy source*?. The reaction is also studied with ATP 
as the energy source in sub-mitochondrial particles**-** 
(thanks are due to Dr. Sanadi for preparations). Baker’s 
yeast cells were prepared for these investigations by 
aeration for approximately 24 h; ascites tumour cells 
(Ehrlich Lettré diploid) were grown in mice in the usual 
manner**, Animals prepared for these investigations 
were anaesthetized with 1 g/kg urethane injected intra- 
peritoneally, and the organ in question was exposed for 
fluorometric examination. 

Fluorometric measurement of redueed pyridine nucleo- 
tide was found convenient for these investigations as it 
was suitable for operation through a single window as is 
available in simple pressure tanks. A wave-length of 366 
mu excited fluorescence emission at 450 mu. This method 
is applicable to mitochondria*® and to cells and tissues**. 

An apparatus for the measurement of the steady-state 
oxidation-reduction level of reduced pyridine nucleotide 
in cell suspensions of mitochondria is indicated in Fig. 1. 
The fluorescence excitation light (366 myu) passes through 
the window of the pressure cell on to the liquid sample of 
70-ul. volume held in a small cup with a small magnet 
in the bettom which is rotated rapidly by an exterior 
magnet in order to provide rapid equilibration of the 
liquid phase with the high pressure oxygen. The liquid 
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layer is 1-2 mm deep and is less than this with rapid 
stirring. It has been found possible to aerate adequately 
mitochondrial preparations of 20 mg/ml. protein in 
state 4 with endogenous substrate. As indicated in Fig. 1, 
this small cup is held in a cap which screws into the bottom 
of the pressure chamber. The fluorescence emitted by the 
sample is collected and i on the photomultiplier 
(not shown at the top of Fig. 1). The chamber is 
provided with valves at each end so that flushing with 
oxygen at atmospheric pressure prior to compression is 
possible. Quick opening and closing valves allow rapid 
pressurization of the chamber in order that fast changes 
(1-2 see) of the oxidation-reduction state may be accur- 
ately followed. 

A similar apparatus has been constructed which allows 
simultaneous measurement of fluorescence and absorbancy 
changes. The apparatus has been attached to the double 
beam spectrophotometer** so that steady-state levels of 
cytochrome ¢ and pyridine nucleotide are measured 
simultaneously (Chance, B., and Legallais, V., in prepar- 
ation). 

Oxygen sensitivity of energy-linked pyridine nucleotide 
reduction. The critical dependence of DPN reduction in 
isolated mitochondria on the energy source is clearly 
indicated by the small concentrations of uncoupling 
agents required to inhibit the reaction*® and by the need 
for ATP in substrate-depleted heart mitochondria under 
aerobic conditions and particularly in respiration-inhibited 
mitochondria”. Very similar properties are observed 
in the reduction of added DPN by sub-mitochondrial 
particles*?:*? and in the reduction of TPN as well*®'-**. 
Experimental evidence for the extremely high sensitivity 
of the energy-linked pathway for DPN reduction to hyper- 
baric oxygen is indicated in Fig. 2. Charts A and B 
represent experiments with pigeon heart mitochondria 
where intra-mitochondrial pyridine nucleotide is reduced ; 
charts C and D represent experiments with sub-mito- 
chondrial particles where added DPN is reduced. In the 
experiments with intact mitochondria, the reaction is 
started by the simultaneous addition of succinate and 
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Fig. 2. Inhibition of energy-linked DPN reduction under hyperbaric 
conditions in Intact mitochondria with in 


mitochondrial particl z 

sulphide inhibits DPNH oxidation; no inhibitor is needed in 

dria. 80 mM f¢ris chloride buffer, 0-25 M mannitol and 0:07 M sucrose 

present in mitochondrial pH 7-4 experiment. Mitochondrial protein 
9 mg/ml., SMP protein 1-5 mg/ml. (392b 3, 4-1V, 394a, 9,10-1V) 
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Fig. 3. Examples of the response of the steady state of reduced 
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Steady-state changes in mitochondria. In 
a number of experimental situations it is 
not possible to assay for the activity of `- 
pyridine nucleotide reduction via the- 
energy-linked pathway as in Fig. 2; as an 
alternative, it is possible to measure the 
effect of hyperbaric oxygen on the steady- 
state oxidation-reduction level of reduced’ 
pyridine nucleotide, under metabolic con- 
ditions where the majority of the reduced 
pyridine nucleotide is under control of the: 
energy state of the mitochondria. Fig. 3 
ulustrates typical responses of rat liver’ 
and pigeon heart mitochondria. The- 
former contain adequate reserves of endo- 
genous substrates, and the latter require 
a supplement; in this case, 10 mM 
glutamate is added. In both experiments 
the transition from the aerobic (1 atm./in.?) 
state to the fully reduced state is caused 
by passing nitrogen through the pressure 
chamber. On re-oxygenation by flushing 
with 1 atm./in.? the level approximating _ 
to that before the anoxic interval is z 
obtained. Increasing the pressure to- 
ll atm./in.? in the chamber causes a : 
further oxidation of reduced pyridine 
















Fig. 4. Typieal responses. of reduced pyridine nucleotide components of intact cells 

to r ascites tumour cells. Baker’s 

o PH 4-5 at a concentration of 152/100 ml. Ascites tumour 
cells suspended in Krebs-Ringer phosphate, Temperature 23° (383b, 3806-B481V) 


erbaric- oxygen. Fig. 44, baker's yeast: Fig. 4B 
: yeast cells suspended in KH,PO 


` ATP leading to an initial slow rate of DPN reduction 
which accelerates after 0:5 min and reaches a plateau 
value in. which independent assays show that nearly all 
the mitochondrial pyridine nucleotide is reduced. Respira- 
tion of sub-mitochondrial partacles is inhibited by sulphide 
and they are supplemented with ATP and succinate 
© (chart C) for 1-5 min; DPN is added thereafter and the 
. reduction starts smoothly and reaches a plateau in about 
coed ai ete me difference in the time-scale in charts A 
In charts B and D, the experiment is repeated except 
that. the preparations are equilibrated with oxygen at 
17 atm./in.? pressure for 80-90 sec; the reactions are 
started by addition of succinate and ATP in chart B and 
zo by DPN in chart D. ‘The initial rates decreased by a 
_ factor of approximately 10 in charts B and D ; similar 
results are obtained when the internal high energy inter- 
mediates (X ~ J) are derived from the addition of gluta- 
< — mate instead of ATP to the mitochondria. “More detailed 
_ experiments with sub-mitochondrial particles indicate 
that approximately 30 sec at 12 atm./in.* and 23° causes 
60 per cent inhibition of the DPN reduction rate. 


=o Once the reduction of DPN has started, the reaction 
~ apparently proceeds without noticeable inhibitory effects 
_» for about I min: ` Thereafter, it comes to a halt and cannot 
be reactivated by further additions of the components of 
the reaction. The site at which the inactivation may occur 
discussed below, It is apparent from the nature of the 
-linked reduction of TPN"! that when DPN 
on is inhibited by hyperbaric oxygen, the energy- 
it. TPN reduction would be inhibited as wel. 
















conditions; on adding DPNH to sub-mito- 
| particles, a slow oxidation of DPNH is observed 
yrnoles/mg protein/min at 22° (see also ref, 33)). 
rate is doubled at 17 atm./in.*, This increase is 
compared with the degree of inhibition of DPN 
tion indicated in Fig. 2. Furthermore, it is not clear 
his reaction occurs at all in intact mitochondria, 


intra-mitochondrial pyridine nucleotide may not 
cessible to antimycin and sulphide-insensitive 


on reactions, 


“living cells. Fig. 4 shows responses of baker’s yeast and 


nucleotide well beyond the level obtained = 
with 1 atm./in.?...\The diagram indicates. 
that the rate is somewhat greater in = 
pigeon heart than in rat liver mitochondria. —— 
The further oxidation of reduced pyridin 
nucleotide beyond the level obtainable at 1 atm./in.Z isa. 
response that is not expected of cytochrome oxidase; it is _ 
completely saturated by oxygen at only 0-01 atm.4:55, 
Other experiments at lower concentrations and with a 
platinum electrode monitor indicate that oxygen con- 
centrations adequate to saturate cytochrome oxidase were 
present prior to increasing the pressure to 11 atm. /in.*, 
It is apparent that this shift in the steady-state level is 
closely related to the inhibitory processes illustrated in — 
Fig. 2. It is furthermore a much more rapid effect than = 





that which might have been predicted on the basis of. ee 


dehydrogenase inactivation!2:4:5-9, z 
The steady-state level of reduced pyridine nucleotide is 
highly sensitive to hyperbaric conditions; pressures of | | 
2-3 atm/in.* give a readily detectable change. — 
The reversibility of the effect can be demonstrated in pi 
pigeon heart mitochondria; in the particular experiment ©. 
(Fig. 38) flushing the suspension with nitrogen for several 
minutes nearly gives the same reduction of pyridine 
nucleotide as was obtained in the experiment illustrated, 
although the reaction rates are slower. Only partial 
reversal of the changes in rat liver mitochondria are 
observed. rae 

In order to correlate these results with those of Fig. 2, 
we have compared the rate of change of the steady state 
under conditions similar to those of Fig. 3 with those that 
are observed if the mitochondria are pretreated with an 
inhibitor of cytochrome oxidase (such as sulphide) or of 
electron transfer from cytochrome b to cytochrome ¢,, 
such as ‘Antimycin A’. In both cases, the rate of change | 
of the steady state is greatly accelerated, for example, — 
by 400 per cent in the case of sulphide. Energy utilization 
in the pyridine nucleotide reduction pathway thus stabil- 
izes the oxidation-reduction level of reduced pyridine. 
nucleotide against hyperbaric conditions; DPNH oxidation _ 
in oxidative phosphorylation is essential to maintain 
DPN reduction. 

Steady-state changes in living cells: ascites tumour and 
baker's yeast. While the mitochondrial experiment 
identifies a site of oxygen sensitivity with mitochondria, 
it is important to know the reaction can be observed in 





ascites tumour cells. The procedure is essentially that 
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O valges of the abscissac are oxygen partial pressure in atm./in.* or in 

-i5 gensoles 1. The ordinate is the percentage oxidation of reduced pyridine 
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. » which has been used for the mitochondria; in each case, 
the chamber is flushed with nitrogen to obtain the fully 
-reduced level of pyridine nucleotide, then flushed with 
oxygen at l atm. and compressed at 11 atm. In the case 

: of the baker’s yeast the amount of endogenous substrate 

remaining after starvation for 18 h was small, so that 2 min 

elapsed after flushing with nitrogen before an increase 
of fluorescence due to DPN reduction was observed. 
(Actually, 9 min would have been required for the yeast to 
have expended the oxygen dissolved in an air-saturated 
reaction medium.) A plateau of DPN reduction is reached 
at 2-5 min; the chamber is then flushed with oxygen for 
I min. DPNH is rapidly oxidized by the cytochrome chain 
-and a plateau is approached. The oxygen pressure is 
increased to 11 atm./in.?. The response of aerobic cells to 
hyperbaric oxygen is as great as that of the anaerobic 
cells to a low concentration of oxygen. 
eee The right- hand portion of Fig. 4 indieates similar results 
«for ascites tumour cells, which became anaerobic in 1 min 
after flushing with nitrogen, due to endogenous substrate. 
< Oxygen at 1 atm./in.? brings the oxidation- 
_ reduction level to approximately the same 
value as prior to flushing with nitrogen. 
Compression at 11 atm./in.? oxygen causes 
A rapid change of the steady state in the 
direction of oxidation. The magnitude of 
the change is comparable with that 
observed in the yeast cells. 

A quantitative evaluation of the effects 
of pressure on the steady-state cells indi- 
cates that approximately 2 atm./in.? gives 

© half maximal response in baker’s yeast, 
= while in the case of ascites tumour cells, a 
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toa second plateau. level which is 
arbitrarily taken as 100 per eent. For the first time, 
a complete oxygen characteristic for reduced pyridine 
nucleotide in baker’s yeast cells is available. Similar 
curves have been obtained for the brain in vivo (see 
below). 

Steady states in vivo. Since the response of the steady 
state to hyperbaric oxygen may be more clearly related 
to the toxic effects observed in vivo than previous phe- 
nomena", it seemed important to apply the fluorometer to 
various organs of the anaesthetized rat** under hyperbaric 
conditions. For this purpose, a small pressure tank was 
borrowed (thanks are due to Dr. C, J. Lambertsen), and 
the fluorometer was imaged on the exposed organ of the 
rat through the observation window of the chamber. 
Under our experimental conditions, pressure may be 
applied to the animal relatively rapidly, and a change of 
the oxidation-reduction state may be measured. Addi- 
tional experimental difficulties were involved; for example, 
the relatively high fluorescence of the glass window during 
pressurization. By modifying the fluorometer design?” so 
that the excitation and emission optical paths were 
separated, the fluorescence in the glass window became a 
less serious factor. However, in certain experiments, 
movements in the glass window caused artifacts which 
were controlled by observation of signal variations during 
the pressurization of a fluorescence standard. 

Typical experimental results for rat liver and rat 
brain are indicated in Fig. 6. In rat liver, the tank is 
initially filled with air, and, as the arrow indicates, flushing 
with 100 per cent oxygen causes no measurable change 
of the steady state of reduced pyridine nucleotide as 
measured in the livet. Application of 2-7 atmospheres 
pressure causes a deflexion upwards to the plateau as do 
successive increments of pressure up to 9 or 10 atm./in.?. 
The total decrease in fluorescence is approximately 70 
per cent of the change observed in this rat in the aerobic- 
anaerobic transition. 

The right-hand portion of Fig. 6 indicates responses from 
the rat brain (a 2-mm area in the central portion of the 
cortex). In this case the procedure is similar to that 
with ascites tumour cells, the animal initially breathing 
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higher oxygen pressure is required. 
— Complete oxygen characteristic for yeast 
cells, In other experiments!* we have 





Fig. 6. Effects of hyperbaric oxygen in vivo; urethane anaesthetized rat placed in pressure 
ehamber described in text and compressed with oxygen at the values indicated in the 


graph (atm./in.). Fig. 6.4, rat liver; Fig. 6B, rat brain. The fluorescence calibration is 
indicated as a percentage of the aerobic signal (378-IV, 373.B-41) 








plotted the relationship between oxygen 
concentration and oxidation-reduction level 
of reduced pyridine nucleotide for the low 
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steady state occurs up to I atm./in.*, 
the cytochrome oxidase system being 
completaly saturated with oxygen. 
_ the hyperbaric region a shift of the 
type indicated in Fig. 4 brings the 
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Fig. 7. ‘Titration curves’ for rat kidney, rat liver and rat brain with hyperbaric oxygen. 
The decrease of fluorescence is given as a percentage of the acroble~anaerobic fluorescence increase 
(8756-835, 3786-839, 3738a-B40) 
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Fig. 8. Schematic diagram of forward and reversed processes in electron 
transport and energy transfer (MD 188m) 


air. The pressure tank is filled with nitrogen and anoxia 
ensues after a minute; the animal stops breathing (labelled 
‘stop’). The animal is artificially respirated with air 
and starts breathing (after an intermittent stop). After 
- recovery for 1 min the tank is flushed with 100 per cent 
oxygen which causes no change in the oxidation-reduction 
state. However, compression with 7:7 atm./in.? causes a 
distinct change in the oxidation-reduction state in the 
direction of oxidation. 

Summary of results in vivo. Fig. 7 summarizes the 
response of kidney, liver and brain to hyperbaric oxygen. 
It is seen that in each case the fluorescence decreases with 
increasing oxygen concentration. In both kidney and 
brain a plateau is reached and the relationship between 
the extent of oxidation of reduced pyridine nucleotide 
and oxygen pressure appears hyperbolic. In liver, a 
plateau is not reached at the pressures available in 
this tank. The ordinates indicate the magnitude of 
the effect in terms of the aerobic—anaerobic fluorescence 
change. 

In each experiment, pressurization is repeated after 
injection of 25 mg of ‘Amytal’ into the femoral vein of the 
animal. This amount of Amytal' is sufficient to impair 
the animal’s respiration, and artificial ventilation is 
provided. The tank pressure is then increased as before. 
It was found that the decreases of fluorescence were con- 
siderably smaller in the presence of ‘Amytal’. 


Discussion 


Mechanism of action. An understanding of the site and 
mechanism of action of oxygen at high pressures on the 
respiratory chain requires a consideration of the mechan- 
ism of electron transport and oxidative phosphorylation. 
Fig. 8 indicates the two main oxidative pathways of the 
respiratory chain that begin with the directly linked 
dehydrogenases, such as succinate dehydrogenase and the 
DPN-linked dehydrogenases such as malate dehydrogen- 
ase. The components of the respiratory chain follow in 
the sequence which is based largely on kinetics and inhibi- 
tor investigations®’, In addition we have particularly 
emphasized the sites at which metal atoms are postulated 
to interact with the respiratory chain®*. Sites of energy 
conservation are indicated by the point at which the 
electron transport chain interacts with hypothetical 
intermediate compounds (~ J). Other intermediates 
(X ~I) and (X~ P) are also indicated. The pathways of 
reversed electron transport from succinate and other 
flavin-linked substrates to DPN and TPN are emphasized 
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because of their roles in the hyperbaric response. Since 
this pyridine nucleotide pool may be compartmentalized** 
the flavoproteins of this pathway are shown as being 
separate from those of the forward electron transport. 
Furthermore, oxidat:on of DPNH and TPNH by hydrogen 
acceptors such, as fatiy acids in general, or «-ketoglutarate 
in particular, are mudicated. ni 

The diagram indicates five reactions by which the oxida- 
tion-reduction state of pyridine nucleotide may be 
affected under hyperbaric conditions. In the electron 
transport chain, am inhibition of dehydrogenase activity 
or an activation of oxidase activity would lead to the 
observed oxidation of reduced pyridine nucleotide. A 
similar effect would be observed in the reversed electron 
transfer pathway dus to inhibition of electron flow from 
succinate or activafion of reduced pyridine nucleotide 
oxidase activity by »-ketoglutarate, for example. Finally, 
oxygen at high pressures may interfere with the formation 
and participation of the intermediate X ~ I-in the energy- 
linked reduction of pyridine nucleotide. 

Mechanisms by which the transport of electrons into 
pyridine nucleotide might be inhibited have been deseribed 
in some detail by other workers in, this field, namely, the 
oxidation of sulphyd-yl groups to disulphide as appears to 
be the case in pyruvate oxidase!*, «-ketoglutarate oxid- 
aso", and DPNH. deaydrogenase and lactate dehydrogen- 
ase (cytochrome ba) ¢refs. 39 and 40). Enhanced oxidase 
activity could be cased by any of the components of the 
respiratory chain under hyperbaric conditions. While’ 
all the haemoproteins are auto-oxidizable in theory, the 
cytochromes are found to be relatively unreactive! *. 
Components which might produce unexpected effects 
are the free metals and quinols of the respiratory chain. 
It should be added that these considerations apply not 
only to increased activity in the electron transport path- 
way through cytochromes, but also to the dehydrogenases 
which oxidize the reduced pyridine nucleotides in the 
energy-linked pool. i 

Factors which would affect the transfer of the high- 
energy intermediate (X ~I) with the energy-linked path- 
way are unknown ai present, but since it is likely that 
protein components are involved", effects on sulphydryl 
groups may also be involved here. 

Of the five possibilities which had been considered, 
some have been eliminated by the experiments of previous 
workers in the field and by the experiments of this article. 
First, a generalized increase of oxidative capacity of the 
respiratory chain under hyperbaric conditions is not 
observed; the respirasory activity is constant or declines™. 
A recent experiment on this point is provided by a con- 
tinuous recording af the steady state of cytochrome c 
of rat liver mitochcndria under hyperbaric conditions 
(Jamieson, D., and Chance, B., in preparation) and 
indicates no increasad electron transport through the 
cytochrome chain under hyperbaric conditions for an 
interval of 10 min ab 12 atm./in.? at 23°. It is indeed 
remarkable that ths respiratory chain does not ‘leak’ 
electrons to oxygen at a significant rate at any point except 
the terminal oxidase. However, the possibility that the 
reaction with electron acceptors such as «-ketoglutarate 
may be activated under hyperbaric conditions remains 
untested. 

The aforementioned continuous recordings of the steady 
state of reduced cytochrome ce under hyperbaric condi- 
tions in the presence of succinate as a substrate further 
indicates very little inhibition of electron flow from 
succinate into the respiratory chain in the first 10 min 
at 12 atm./in.? and 23°. This would seem to eliminate the 
possibility that succinate dehydrogenase inhibition is 
responsible for the observed effects on reduced pyridine 
nucleotide. The sensitivity of purified DPNH cyto- 
chrome c reductase (Mahler preparation) has been 
pointed out by Dixon et al.. This interesting reaction 
does not seem to ba a significant factor here. If it 
were, the DPNH oxidation would be inhibited and 
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DPNH reduction would be enhanced under hyperbaric 
conditions. 

In summary there appears to be little evidence that in 
intact mitochondria, the activation of DPNH oxidation 
or the inhibition of dehydrogenase-linked DPN reduction 
occurs rapidly enough to explain the rapid changes in the 
steady-state level of reduced pyridine nucleotide. At this 
point, it becomes necessary to consider the possibility of 
similar processes that inactivate DPN reduction or 
activate DPNH oxidation in the energy-linked pathway. 
In general, our knowledge of the details of the pathway 
is incomplete, and the representation of Fig. 8 may be 
regarded to be of preliminary nature. One of the difficul- 
ties in elucidating this pathway is based on a possible 
difference in intact mitochondria where the pathway 
involves a sensitivity to ‘Antimycin A’ (ref. 42) while, 
in sub-mitochondrial particles, the pathway appears to be 
insensitive to ‘Antimycin A’ (ref. 22). In addition, the 
function of quinone in the pathway requires more serious 
consideration than in the past‘*. Furthermore, since this 
pathway is an energy-requiring one, the possibility of 
hyperbaric oxygen interfering with the reaction of 
X ~I with the flavin-DPN couple is also involved. In 
summary, we can at present only identify in a pre- 
liminary fashion the area of the reversed electron 
— chain that may be involved in the hyperbaric 
effect. 

It is possible, however, to distinguish between an 
inactivation of DPN reduction and an activation of DPNH 
oxidation in the reversed electron transfer chain, based on 
experiments with intra-mitochondrial DPN and mito- 
chondria and DPN added to the sub-mitochondrial 
particles. Even in times as short as 80-90 sec, a ten-fold 
inhibition ‘of the rate of the ATP-driven DPN reduction 
was observed; longer exposures reduced the activity to a 
negligible level. In addition, inhibition of the energy- 
linked reduction appears much more significant than 
does the activation of DPNH oxidation in the sub-mito- 
chondrial particles, a reaction which cannot be clearly 
demonstrated to exist in intact mitochondria. Thus, we 
prefer the conclusion that hyperbaric oxygen inhibits 
the use of high-energy intermediates in energy-linked 
DPN reduction. It further follows that if the energy- 
linked reduction of DPN is inhibited, the transhydrogenase 
reaction involved in the reduction of TPN will also be 
affected. The actual enzyme and the functional group 
in the active centre of the enzyme altered by hyperbaric 
oxygen is not known at present, but there is every reason 
to believe that oxidation of sulphydryl groups will also be 
found to be affected at this hyperbaric site. 

Significance of the energy-linked reaction in general. The 
existence and function of the energy-linked pathway have 
been demonstrated in a wide range of materials and under 
a number of experimental conditions** by interruption of 
electron flow from succinate by malonate, or depletion of 
the high-energy compounds in mitochondria with the 
addition of uncoupling agents. However, the hypothesis 
of a competition in the respiratory chain for hydrogen 
from succinate or DPN-linked substrates has been pro- 
posed by Krebs**:4® as the explanation for DPN reduction 
on addition of succinate, based largely on studies of homo- 
genates of rat liver, sheep heart and pigeon breast mito- 
chondria.. A number of experiments suggest that this 
competitive reaction mechanism for the control of the 
steady-state of reduced pyridine nucleotide may be over- 
simplified*®-** and it is actually inconsistent with experi- 
mental data on isolated mitochondria (for a summary 
see ref. 44). The single experimental observation reported 
here (under hyperbaric conditions), that the DPNH level 
shifts in the direction of oxidation 400 per cent more slowly 
when the chain can oxidize succinate and DPNH-linked 
substrates than when this is prevented by sulphide and 
Antimf¥cin, presents an even more serious obstacle to the 
present form of the competitive reaction theory for the 
control of the DPNH level##-45. 
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Metabolic state in hyperbaric oxygen. A site of action of 
hyperbaric oxygen in the energy-linked reduction pathway 
leads to possible applications as a reagent; no other reagent 
acts on the energy-linked reduction pathway without 
appreciably inhibiting electron transport and energy 
transfer in the respiratory chain. This highly oxidized 
state of reduced pyridine nucleotide in an actively phos- 
phorylating system represents a novel metabolic state, 
similar to state 2 (ref. 47) in respect to the oxidation- 
reduction state of pyridine nucleotide, but differing in the 
substrate and energy (X~J) levels. This “hyperbaric 
state” would be enumerated state 7 (state 6 is a respira- 
tion-inhibited state induced by cations‘). 

Two types of experiment using state 7 have so far been 
outlined. The first is the evaluation of the pool size of 
energy-linked pyridine nucleotide. The fact that hyper- 
baric oxygen mobilizes an amount of pyridine nucleotide 
equal to that mobilized in the aerobic—anaerobic transition 
in atmospheric conditions suggests that at least half the 
total reduced pyridine nucleotide in ascites tumour cells 
and in yeast is in the energy-linked pool. Smaller but 
highly significant figures are obtained for the liver, kidney 
and brain. This method may be used to evaluate the 
magnitude of the energy-linked pool in a variety of 
biological materials. 

A second approach which may be of considerable impor- 
tance is the examination of cell and tissue metabolism 
under conditions where the reduced pyridine nucleotide 
pool is more highly oxidized in hyperbaric than under 
aerobic conditions. The impact of the highly oxidized 
state of both DPNH and TPNH on metabolic control 
would be of considerable interest in a number of systems. 
While the hyperbaric condition is eventually deleterious 
to the cell, due to irreversible inactivation of dehydro- 
genases, & considerable interval for studies of the oxidized 
states of pyridine nucleotides is available. 

Protection. These results indicate that the energy- 
linked pathway is protected by high-energy intermediates 
and by DPNH; the state of the cell most resistant to 
hyperbaric oxygen is the resting state—state 4 (ref. 47). 
It is further to be expected that the dehydrogenase 
inactivation is slower in the highly reduced state 4 (cf. 
ref. 40). Unfortunately, the resting state 4 is inconsistent 
with essential physiological functions of many cells, 
particularly neurones, but may be approached by condi- 
tions of minimal activity and, as suggested by these data, 
by substances blocking the reoxidation of DPNH, such as 
‘Amytal’ (Jamieson, D., and van den Brenk, H. A. S., per- 
sonal communication). Adequate substrate levels are 
essential; the protective action of y-aminobutyric acid 
may be re-interpreted?*-!5 to the point that GABA pro- 
vides an adequate succinate concentration and hence 
provides electrons and high-energy intermediates for 
maintaining pyridine nucleotide in a more reduced state. 

Time-sequence of reactions. ‘The time-sequence of 
reaction under hyperbaric conditions is apparently the 
change of steady-state of reduced pyridine nucleotide 
observed here as an immediate effect followed by convul- 
sive activity in about 5 min, terminating in severe lung 
damage and death in 20 min (under our conditions), In 
vivo the change of steady state is a reversible effect, and 
therefore it is consistent with the fact that the convulsive 
response is also reversible. The time separation between 
the two is of interest. The biochemical changes in the 
cortex which occur in the interval between increased 
pyridine nucleotide oxidation and the incidence of con- 
vulsive activity are not clear, and it is a matter of hypo- 
thesis that the two are phenomenologically related. It is 
apparent, however, that the time-interval is not that 
required to shift the steady-state level; it is more likely 
to be the consequence of the shift in the level of a critical 
metabolic intermediate, possibly related to the path- 
ways for metabolism of y-aminobutyric acid?*-**, 

We thank T. Yoshioka for assistance with mito- 
chondrial preparations and Dr. L. Salganicoff for 
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ISOLATION OF VIVOMYCIN AND BORRELIDIN, TWO ANTIBIOTICS 
WITH ANTI-VIRAL ACTIVITY, FROM A SPECIES OF Streptomyces 
- (C2989) 


By Dr. M. LUMB, Dr. P. E. MACEY, J. SPYVEE, J. M. WHITMARSH and R. D. WRIGHT 
Boots Pure Drug Co., Ltd., Nottingham 


N a screening programme based on the examination of 
streptomyces isolated from soils, a culture designated 
Streptomyces C2989 was found which produced two anti- 
viral antibiotics. The first solid obtained possessed only 
m vitro activity and was afterwards identified as bor- 
relidin by Anderton and Rickards', while the ‘second, 
a polysaccharide of high molecular weight, was active 
only in vivo and has been named ‘vivomycin’. The 
anti-viral activity of these two antibiotics was detected 
by Dickinson et al.“ who have also carried out all the 
antiviral tests involved in this investigation. 

The culture, Streptomyces C2989, was isolated from a 
sample of soil obtained from a caravan site at Mable- 
thorpe in Lincolnshire. The organism grew well on a 
number of solid media and produced abundant spores 
which were borne in short flexuous chains; no spirals were 
observed. The organism was non-chromogenous, and it 
reduced nitrates to nitrites. From these observations 
and from consideration of the colour of the aerial mycelium 
on various solid media, the organism was considered 
to be closely related to Streptomyces griseus, and this 
was confirmed by direct morphological comparisons of 
Streptomyces C2989 with strains of S. griseus obtained from 
Prof. S. A. Waksman and the Northern Regional Research 
Laboratory at Peoria. 

Differences in sporophore morphology, in the colour of 
the vegetative mycelium on solid media, and in carbon 
utilization were noted between Streptomyces C2989 and 


S. rochei, the organism producing borrelidin and described 
by Berger et al.'. 

Tests by Spooner* indicated that C2989 brews were 
inactive against most bacteria and fungi, but were 
slightly active against some species of Bacillus and very 
active against members of the genus Corynebacterium. The 
hypothesis that this antibacterial activity was due to the 
substance responsible for the anti-viral activity was 
supported by the fact that bioautograms obtained from 
paper electrophoresis strips placed on plates of agar seeded 
with C. xerosis indicated the same movement of the 
active component (slowly towards the anode at pH 7, 
none at pH 5) as had been found for the anti-viral com- 
ponent. 

On the basis of this a cup plate diffusion assay was 
developed using C. zerosis. Arbitrary units were used 
defined as 1 unit == IC ug of the provisional standard solid 
(batch LAB1) which was later found to be c. 15 per cent 
pure. The highest potency solid obtained assayed at 
660 units/mg. The assay gave a straight line response over 
@ wide range. Solutions containing 0-2—4 units/ml. were 
normally used. 

At an early stage in this investigation, C2989 liquors 
were found to show good activity against encephalomyo- 
carditis (EMC) virusim mice. It was tentatively assumed 
that this activity was due to the substance responsible for 
the activity in vitro, but discrepancies were soon observed 
between the activity 7 vitro and in vivo of various samples. 
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However, because of the difficulty of assaying in mice, it 
was decided to concentrate on the isolation of the sub- 
stance active in vitro, and then determine whether it was 
active against EMC virus in mice. 

A suitable medium for the growth of the organism 
C2989 and the production of the in vitro activity in both 
shaken and stirred aerated forms of submerged culture 
was one containing 1-5 per cent corn starch, 0-5 per cent 
glucose, 0-1 per cent v/v corn steep liquor, 1-0 per cent soya 
flour, 0-2 per cent calcium carbonate and 0-5 per cent 
sodium chloride made to volume with tap water and 
adjusted to pH 6-5-6-7 before sterilization. Activity was 
detected after 48 h fermentation, but did not usually 
reach a peak until 96 h, by which time the liquors usually 
contained between 70 and 90 units/ml. 

C2989 brews were usually collected at 96 h and they were 
filtered at pH 5-5-6. Tho filtrate was extracted with 
about a quarter of its volume of butanol or, better, methyl 
isobutyl ketone, and the extract was concentrated at 
reduced pressure in a climbing film evaporator. The 
concentrate was stirred with methanol and the solution was 
decanted from the insoluble fat and concentrated at re- 
duced pressure. Addition of light petroleum precipitated 
the crude antibiotic, usually 10-20 per cent pure, in a 
yield of c. 0-5 g/l. of brew. 

Solids produced by this method had high activity against 
C. xerosi3 and viruses in vitro, but none was active against 
EMC virus in mice. 

Thin-layer chromatography of the crude solids using 
chloroform—acetic acid (10:1) and carbon tetrachloride— 
chloroform—dioxane-toluene—acetic acid-water (5:3:3: 
1:2:3) (ower phase) on thin layers of ‘Kieselgel G’ 
showed a: number of spots with different-coloured fluores- 
cence in ultra-violet light after spraying with 15 per cent 
phosphoric acid in ethanol and heating for 15 min at 
105° ©. Bioautograms using C. xerosis showed that the 
activity was associated with a yellow fluorescing spot 
with Ry c. 0'5 in both solvent systems. 

Bioautograms of descending chromatograms using 
benzene-ethyl acetate (10 : 1) on Whatman No. 1 paper 
indicated the presence of two active zones, Ry 0 and 0-2, 
but when material from either of these was rechromato- 
graphed it gave the same two zones again and it was con- 
cluded that the two zones represented different forms of 
one component. 

The crude solid described here had a characteristic 
strong absorption maximum at 258 mu. It was purified 
by countercurrent extraction in the system water- 
methanol—methyl isobutyl ketone—ligroin (5:5:2: 8), 
the water being replaced by McIlvain’s buffer at pH 3 in 
the tubes to which the sample was added. After 200 
transfers the component with the ultra-violet absorption 
at 258 mu, the activity against C. xerosis and the character- 
istic behaviour on thin-layer chromatography, was located 
in the middle tubes. Concentration and precipitation with 
light petroleum gave a colourless solid, m.p. 98°-105° C, 
containing 640 microbiological units/mg. Crystallization 
from chloroform + carbon tetrachloride gave colourless 
hexagonal plates of solvate. 

At this stage it became necessary for us to discontinue 
work on this substance because we had become sensitized 
to it, and handling it, even with stringent precautions, 
resulted in severe skin irritation. It was identified by 
Anderton and Rickards as borrelidin, an antibiotic 
described by Berger et al.? in 1949, but not previously 
reported to be active against viruses. 

When. crude and purified borrelidin samples were found 
active against viruses in vitro but not in vivo, while the 
waste aqueous liquors were active in vivo but not in vitro, 


it became clear that a second component was involved, 


and this was named ‘vivomycin’. The separation of 
vivomycin and borrelidin was complicated by the fact 
that very low levels of borrelidin potentiated the action of 
vivomycin against EMC virus in mice so that at certain 
stages an apparent loss of activity occurred on separation. 
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Further investigations of the fermentation brews of 
02989 from shaken and stirred aerated vessels were under 
taken, and ıb was found that the same fermentation 
conditions could be used for producing vivomycin as for 
borrelidin but that the former was produced earlier with a 
peak activity at 48-60 h. 

By acidifying 02989 brews with hydrochloric acid and 
filtering at pH 2 the amount of borrelidin in the liquor 
could be reduced to less than 10 units/ml. (that is, about 
15 mg/l.). This residual amount could be removed by 
washing with butanol or methyl isobuty] ketone; freeze- 
drying the neutralized aqueous solution then gave very 
crude, but borrelidin-free, samples of vivomycin. Samples 
free from most of the inorganic electrolyte were obtained 
by adsorption of the antibiotic on charcoal (‘Norit SX’ 
with about 5 g/l. of brew filtrate), eluting with 50 per cent 
aqueous acetone at 50°, concentrating and freeze-drying. 
The solvent wash was found to be unnecessary because 
the borrelidin remaining in the filtrate was adsorbed on 
the carbon and not eluted. Crude batch PAI, which was 
active against EMC virus in mice at 100-400 mg/kg, was 
typical of the crude vivomycin obtained by the foregoing 
process. 

The crude vivomycin solid could be separated into a 
number of components by circular thin-layer chromato- 
graphy on plates of ‘Kieselgel @ made up with 0:2 M 
boric acid. The solvent system was butanol-acetic acid— 
water (12:3: 5), and after development the plates were 
sprayed with anisaldehyde-sulphuric acid—acetic acid 
(1:2: 97) and heated for 15 min at 110°. Partial separa- 
tion of these components by various forms of column 
chromatography showed that the antibiotic was the 
fraction giving & green zone at the origin in the thin-layer 
chromatography. This could be separated further by 
thin-layer chromatography using ¢ert-butanol—acetic 
acid—water (8:2:5). Two of the components separated 
in this system were shown to be active against EMC 
virus ın mice, the main one which remained at the origin, 
the subject of all further work, and a less active one with 
R FC. 0-4. 

The crude solid was dissolved in water saturated with 
chloroform, heated at 60° for 20 min to pasteurize it, 
cooled and poured on to a column of G25 ‘Sephadex’. It 
was eluted with water saturated with chloroform and cuts 
were examined by thin-layer chromatography. Freeze- 
drying the fractions containing the origin component gave . 
an almost colourless solid, designated P1, active against ^ 
EMC virus in mice at 25 mg/kg. This was further purified 
on a column of G75 ‘Sephadex’, the separation being fol- 
lowed by means of the ultra-violet absorption at 215 mu. 
Absorption was plotted against volume of eluate and the 
material corresponding to the first peak was freeze-dried 
to give a fibrous white solid, P2, active against EMC 
virus in mice at 0-4-1-5 mg/kg. 

Paper chromatography of acid hydrolysates (N-sulphuric 
acid at 100° C for 16 h) of crude vivomycin solids indicated 
the presence of at least five amino-acids and three carbo- 
hydrates identified as arabinose, galactose, and glucose. 
Hydrolysis of fractions from G25 and G75 ‘Sephadex’ 
columns indicated that, as the activity was increased by 
taking higher molecular weight cuts, the proportion of 
amino-acids fell almost to zero, while the proportion of 
arabinose increased. The arabinose content was de- 
termined by spraying the paper chromatograms with 
alkaline triphenyltetrazolium chloride solution, eluting the 
red spots with pyridine—conc. hydrochloric acid (9 : 1), and 
comparing the colour of the eluate with that of a standard. 
Analysis of the hydrolysate of P2 material by this method 
indicated an arabinose content of 8 per cent, but a control 
experiment with arabinose showed that more than 50 per 
cent was lost or destroyed in this method. 

Lowe and Dickinson® subjected vivomycin solids 
to further separation on G100 and G@200 ‘Sephadex’ 
columns, following the course of elution by continuous 
monitoring by ultra-violet absorption in a flow-cell. They 
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showed that the most active material had a molecular 
weight of more than 100,000, but obtained no evidence of 
& single active component of definite molecular weight. 
Crampton and Henry? subjected fractions from P2 on a 


G200 ‘Sephadex’ column to methanolysis, trimethylsilyl- ` 


ation and gas chromatography, but feiled to show any 
correlation between arabinose : glactose : glucose ratios 
and molecular weight or activity. The fraction with the 
highest molecular weight (P2/D1), active against EMC 
virus ın mice at 0-4 mg/kg, yielded 48 per cent of arab- 
inose, 21 per cent of galactose and 31 per cent of glucose. 
Schrager? analysed the same fraction by hydrolysis, tri- 
methylsilylation and gas chromatography, and obtained 
the results: arabinose, 55-5 per cent; galactose, 16-8 per 
cent; glucose, 22-5 per cent; 2 per cent of amino-sugars 
were found. A colour test for sialic acid on P2 matenal 
indicated a mucoprotein content of c. 5 per cent. 

Vivomycin solids were subjected to electrophoresis at 
voltages up to 800 in a pH 10 borate buffer (0-005 M) on a 
40-cm column of ethanolized cellulose. Samples of eluate 
from this column were examined by electrophoresis on 
thin layers of ‘Kieselgel @ and by ultra-violet absorption 
at 215 mu. 

Solid Pl was separated into two anionic fractions, a 
fast one moving at c. 5 em/h, givimg a blue colour with the 
anisaldehyde reagent, and a slower one giving a green 
colour. Samples of these, freed from buffer on a small 
column of G25 ‘Sephadex’, were both active against EMC 
virus in mice at 25 mg/kg. In solid P2 only the slow 
component was found and was not separated further by 
more prolonged electrophoresis. In the eluates from a 
column in which P1 had been fractionated by chromato- 
graphy on @'75 ‘Sephadex’ the fast component was found in 
increasing amounts after the P2 fraction had been collected. 

In recent years there have been various reports of anti- 
viral, anti-tumour, or non-specific anti-infectious activity 
in substances of high molecular weight produced by micro- 
organisms. However, the properties of vivomycin appear 
to distinguish it from all those described previously. The 
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anti-viral agent, helenine®, from Penicillium funiculosum, 
was believed to be a ribonucleoprotein. Statolon®, from 
Penicillium stoloniferum, active against viruses and 
tumours, was described as a polyanionic polysaccharide 
composed of galacturonic acid, galactose, galactosamine, 
glucose, arabinose, xylose and rhamnose. Actinogan’*7}, 
an anti-tumour agent of high molecular weight from a 
species of the genus Streptomyces, was reported to be & 
glycopeptide. On hydrolysis ıt yielded glucose, rhamnose, 
hexosamine, and several amino-acids. Extracts of the 
organism producing actinogan (ATCC 13748) were inactive 
against EMC virus in mice*. Antiviral activity in & 
bacterial polysaccharide was reported by Horsfall and 
McCarty. Other authors have observed similar activity 
in tissue culture, in eggs and in mice. 

The action of vivomycin in stimulating host defence 
mechanisms is similar to that of the endotoxins from the 
cell walls of Gram-negative bacteria which have been 
described by many authors. Vivomycin is distinguished 
from these by being produced by a species of Streptomyces, 
by being found in tke culture liquor, by its chemical com- 
position, and by being less toxic to mice. 

We thank the technical staff of the Antibiotics and 
Fermentation Division for their help. 
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ANTI-VIRAL ACTIVITY OF TWO ANTIBIOTICS ISOLATED FROM A 
SPECIES OF Streptomyces 


By Dr. LOIS DICKINSON, A. J. GRIFFITHS, C. G. MASON and R, F. N. MILLS 
Boots Pure Drug Co., Ltd., Nottingham 


ULTURE liquors from micro-organisms isolated from 
soil samples may be tested for anti-viral activity by 
means of a plaque inhibition test, based on Dulbecco’s 
method! for titrating cytopathic viruses. This report 
deseribes the behaviour of two anti-viral factors isolated 
from culture liquors of a member of the genus Streptomyces, 
C2989, which was selected by this test. The organism, 
and the isolation and properties of the two antibiotics, are 
described by Lumb eż al.?. 

One of these factors was responsible for the inhibition of 
virus plaques and is highly active against many viruses in 
tissue culture but also very toxic to growing cells. It has 
been identufied® as borrelidin, a toxic antibiotic described 
in 1949 by Berger et al.4, who found it active against 
experimental Borrelia infections, but no reports of its anti- 
viral action have been published. The organism described 
by these workers, Streptomyces rochei, is not the same as 
C2989 which produces the antibiotics described here. The 
other anti-viral factor, which we have called ‘vivomycin’, is 
not significantly active in any tissue culture systems, but 
is of particular interest because it is active against en- 
cephalomyocarditis virus (EMC) in mice, with a thera- 
peutic index of at least 100, and has some action on 
influenza, virus infections in mice. Vivomycin seems to be a 


new antibiotic and the evidence suggests that it stimulates 
the host defence mechanisms of the mice. 

Selection of organism and preliminary tests on culture 
liquors. For the detection of effects against cytopathic 
viruses, 80-100 liquors were spotted on to 9 in. x 9 in. 
squares of filter paper. which were then sterilized by 
ethylene oxide or “Co irradiation and placed on an agar 
medium overlying virus-infected cells. After a suitable 
time (2-3 days) the cells were stained by neutral red; 
virus plaques remained unstained. Zones of anti-viral 
activity appeared as red areas of live cells whereas toxic 
zones were usually clear and unstained. In the work on 
C2989 liquors, anti-viral activity was shown against 
influenza virus (WSNF strain), Newcastle disease virus 
(NDV) and vaccinia virus (Salaman strain), all of which 
were grown on monclayers of chick embryo cells. Large 
zones were also obtained against EMC virus growing on 
suspensions of Krebs ascites tumour cells in agar. In 
each case the medium consisted of Harle’s solution with 
Difco agar, plus 2:5 per cent calf serum when monolayers 
were used as host cells. 

The liquors were inactive in vitro against a wide range 
of bacteria, except some species of Corynebacteria, such 
as C. xerosis. The activity in the plaque test paralleled 
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activity against C. xerosis which was later used to assay 
borrelidin. | 

One active liquor was tested against EMC virus in mice. 
The virus was given intraperitoneally (i.p.) and the liquor 
was given either by the same route or subcutaneously 
(s.c.), starting the day before infection. Only 2/10 un- 
treated mice survived after 7 days whereas 9/10 and 8/10 
treated (i.p. and s.c. respectively) still survived at 14 days, 
although treatment stopped after 6 days. 

In view of these results the work was continued on a 
larger scale and it was decided to isolate the plaque- 
inhibitory factor first and to see whether 1t was responsible 
for the activity in vivo. There were, of course, other 
possibilities. The activity in vivo might be due to non- 
specific toxic effects of the liquor, even though the mice 
appeared healthy, or the drug might act on the host 
defence mechanisms (specifically anti-viral or general). 
Another possibility was the conversion im vivo into a 
specific anti-viral agent which might be shown to act in 
tissue culture. All these possibilities were investigated. 

Plaque-inhibitory factor (borrelidin). Pure borrehdin 
was used for the work described here. It was prepared as a 
l per cent ‘solution in acetone and diluted into distilled 
water when required, in order to obtain stable suspensions; 
these were'kept at +4° C. Borrelidin was highly active 
in the plaque-inhibition tests against NDV, influenza, 
vaccinia and EMC viruses, and gave active zones at levels 
as low as 1-10 ug/ml., using fish spine beads to apply the 
solutions. | It was, however, inactive against EMC virus 
muce at doses up to the maximum tolerated daily dose 
(1.p.) of 1 mg/kg. It was also inactive against influenza 
virus and ectromelia virus infections m mice. 

Borrelidin is hghly toxic to growing cells and prevents 
cell division at concentrations of about 1 ug/ml., but 
suspended icells withstand much, larger amounts for 24 h 
or more. Even 20 ug/ml. is not toxic to suspended un- 
infected cells; chick embryo cells grow and Krebs cells 
produce tumours in mice when the drug is removed. 
The growth of, for example, WSNF strain of influenza 
and EMC viruses in suspensions of chick embryo cells 
and Krebsiascites cells respectively is completely inhibited 
at concentrations above about 1 ug/ml. and usually at 
0-1 ug/ml. for as long as the drug is present. The activity 
in the plaque-inhibition test probably depends on the fact 
that the cells in monolayers under agar are not infected 
until after the cells have formed the layer and that when 
the borrelidin is applied the cells are not actually growing 
under the! agar medium. 5-Iododeoxyuridine prevents 
plaque formation by DNA viruses in a similar test and it 
is also highly toxic to growing cells. 

The anti-viral action of borrelidin in suspended cells 
will be described elsewhere. It does not affect virus 
adsorption’ but prolongs the latent period by roughly the 
tıme for which ıb is present, provided ıt is not added later 
than about half-way through the normal latent period. 
If added later it may reduce the yield of virus. In these 
experiments with suspended cell cultures in Hanks’s 
solution, single cycles of infections were used for WSNF 
strain of influenza virus on chick embryo cells (latent 
period about 4 h) and EMC on Krebs ascites cells (latent 
period about 7h). Borrelidin was used at concentrations 
of 0-16 ug/ml. and 0:8 pg/ml. respectively (see Figs. 1 
and 2). | i 

It should be noted that borrelidin -is a most potent 
sensitizer to the human skin and even if it had been active 
in vivo itsitoxicity would limit its use. 

In vivo factor (vivomycin). Since culture liquors were 
active in vivo whereas borrelidin was not, obviously some 
other factor was responsible for the activity im vivo. 
The isolation of this factor (vivomycin) depended on 
animal assays, well known to be inaccurate and slow. 
Since the active liquors had very little anti-bacterial 
activity, contamination of samples after collecting the 
liquors Was a problem. Steaming for 15-30 min was 
shown. to have no adverse effect on the activity in vivo 
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Fig. 1. Action of borrelidin (0-16 ug/ml.) on Influenza virus (WSNF) in 
suspended chick embryo cells. Single cycle growth experiment in 
Hanks’s solution. Growth assessed by haemagglutination, expressed as 
reciprocal. x -=-~ x, control; ©, drug present 0-8 h; O, drug present 
1-4 h; A, drug present 1-2 h; å, aruy present 3-5 h, C], drug present 
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Fig. 2. Action of borrelidin (08 #g/mi.) on BMO virus in suspended 
Krebs ascites cells Single-oycle growth experiment m Hanks’s solution. 
Growth assessed by haemagglutmation, expressed as reciprocal. @, 
Present from 0, 2 or 4h, A, present from 6h, x, added at 8 h (control) 


and it also eliminated local toxicity, which sometimes 
occurred when liquors were injected s.e. This method of 
‘partial sterilization’ was used until purified material was 
available. 

The assays were standardized as far as possible and the 
mice or cages were randomized; male mice, weighing 
18-20 g, were used. The EMC virus was kept at — 65° as 
stock suspensions of mouse brain and normally 0-2 ml. ofa 
10-* dilution was used in the tests. 02 ml. of a 10- 
dilution given i.p. usually killed all or most of a group of 
10-20 mice and a 10 dilution usually killed some mice. 
Treatment (0-2 ml. i.p. in most tests) started the day 
before infection and was continued daily. In later assays 
the drug was given twice on day 0, that 1s, 3 h before and 
3 h after infection, but equally good protection was 
obtained by the s.c. route and even when treatment was 
started after infection. The tests were usually terminated 
when all the control mice were dead, or at 6-7 days, but 
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in some cases mice were left to see whether the disease 
flared up when treatment ceased. Results were calculated 
statistically on the numbers of survivors (using tables for 
four-fold contingency tests) and average survival times. 
For the latter, the ranking method of White? was used. 
Except where supplies of material were limited, several 
four-fold dilutions of samples were tested. This enabled 
the therapeutic ratio of samples to be followed. At later 
stages of the work a standard of known activity was 
included in the tests. 

The work described here relates to a crude solid, FA), 
which was available in large amounts from a 3,000-gallon 
fermentation, and to a purified preparation P2, derived 
from FAI. FAI was active against EMC in mice at 
100-400 mg/kg and sometimes at lower doses; it contained 
less than 0-0025 per cent borrelidin. P2 was active at 
0-1—1-5 mg/kg and contained no detectable borrelidin. 
Details of the preparation and properties of these solids 
are described by Lumb et al.?. 

The most active material obtained (P2) was a white 
amorphous solid, very soluble in water. Although 
chromatographic changes could be demonstrated on heating 
there was no detectable loss of activity within tho limits 
of the assays (four-fold dilutions) after steaming or auto- 
claving at 10-lb. pressure for up to 30 min. Possibly 
there was some loss at higher temperatures (see Table 1). 
The solutions could be sterilized by filtration through 
membrane filters, although this was difficult with concen- 
trated P2 solutions. Solids could be sterilized by ®Co 
radiation and in several tests there was no detectable 
differences in activity after these various procedures. 


Table 1. ACTION OF VIVOMYCIN ON EMC VIRUS IN MICE LP. INFECTION 
BY 10-100 ZD,, 


Treatment from day before infection and then daily to end of test except 
where stated 


Daily Test 
Sample fase Route Survivors read 
mg/kg (days) 
FAI 400 1. P. to 10/10 tT 4 
(filtered) 100 day 3 6/10* 
25 4/10T 
2/10 
Control 0 0/10 
FAL 400 ip. 11/20 8 
(steamed) 400 8.0. 
400 Oral 1/20 
400 Lp. 10/20 + 
starting 
+3h 
Control 0 0/20 
P2 Filtered Autoclaved 
(comparison of filtered 25 Lp to 8/10 { 7/10* 6 
solution with one auto- 6 ay 4 8/10 8/10} 
claved at i5 1b.j/20 min 1-5 0/10T 6/10 
0-37 8/10+ 5/10 
001 . 6/10t 4/10 
Control 0 1/10 
Significance *P<0-05 TP <0-01 


t Significant only when calculated on survival times®. 


Experimental results on vivomycin. Table 1 gives typical 
examples taken from many experiments carried out with 
FAI and P2, all giving similar results. It shows that 
vivomycin was active both i.p. and s.c., but not orally, 
against i.p. infection by EMC. No toxic symptoms were 
observed with #Al. The therapeutic index for P2 was at 
least 100, toxic symptoms sometimes being observed at 
100 mg/kg although this dose was not lethal. The table 
also illustrates that rather flat dose response curves were 
obtained, using either numbers of survivors or average 
survival times. In some tests there was a definite plateau 
effect and generally results were expressed as the lowest 
dose (mg/kg) which gave significant protection. Even 
when significant numbers were not totally protected, the 
average survival time was often significantly lengthened. 
A. single dose of drug given 1 or 2 days before infection 
sometimes protected mice, but results varied. Treatment 
after infection was only effective if given before the virus 
entered the brain and this could occur within a few hours 
after infection. 
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Fig. 3. Effect of vivomyvem on EMC virus in mice (1-5 malig i daily i.p. 
from day —1 to day +4). x, Controls; @, trea 


In some treated mice virus was apparently eliminated 
from the body and the mice survived for many weeks. If 
challenged, they were susceptible to EMC virus. In other 
animals, the disease flared up when treatment ceased. 
These results suggested that the disease process was 
slowed down by the drug, but if sufficient virus remained 
it could later multiply. Fig. 3 illustrates a typical result 
for P2. Relapses can be expected with any virostatic 
drug (even with the effective tetracyclines against mem- 
bers of the psittacosis virus group) and antibody produc- 
tion is important to prevent this. 

Vivomycin was inactive when the infection was by the 
intracerebral route, suggesting it could not pass the blood- 
bram barrier, or that it was active only against peripheral 
multiplication of the virus. Details of the effect of vivo- 
mycin on the pathogsnesis of experimental EMC infections 
will be published e:sewhere, but the evidence suggests 
that it acts by stimulating the host defence mechanisms, 
with consequently more efficient removal of infecting 
organisms (virus or bacterium). EMC virus and Pseudo- 
monas aeruginosa were cleared more rapidly from the 
peritonaal cavity of treated mice. Organs of treated mice 
had a much lower virus content than those of control mice, 
proving that vivomycin did not act by preventing entry 
into the brain. No evidence was obtained for conversion 
in vivo to any substance which would prevent the growth 
of HMC virus in tissue culture, or that borrelidin was in 
any way involved in its activity. 

Vivomycin was tested against several viruses in, tissue 
culture, eggs and animals. Except at high doses of drug, 
low doses of virus ard with pretreatment of cells in some 
tests, it was inactive in all the tissue-culture systems 
tested. These included plaque-inhibition tests with EMC, 
herpes, vaccinia, NEV and influenza strain WSNF, and 
dilution tests with monolayer or suspension cultures with 
the same viruses. It was not significantly active against 
influenza virus (strains P#8, WSNF and Asian), Rous 
sarcoma, sheep abortion or vaccinia viruses in eggs. It 
was inactive against actromelia in mice and Rous sarcoma 
virus in chicks but was significantly active in some tests 
against influenza (mcuse-adapted PR8) in mice. In these 
tests groups of 20 randomized mice were infected with 
about 10° #ID,;, virus intranasally under anaesthesia. 
This-dose was sufficient to infect all the mice and to kill 
some within 7-10 days. Treatment was either i.p., as in 
the EMC tests, or intranasally (one dose before infection). 
Results were assessed statistically on numbers of survi- 
vors® and average lung score® at 8-10 days (0—4 for pul- 
monary consolidation, 5 for a death). Some results are 
given in Table 2, but high doses of drug were necéssary for 
activity. Influenza tests are not very satisfactory because 
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Table 2. ‘ACTION OF VIVOMYOIN ON INFLUENZA VIRUS IN MICH 
No. lungs 
Treatment Survivors Average with — ve 
at 8 days lung score Beores 
P2: 1 dose © 2 mi. 4% solution 
i.n. at—1 0/20 9 gt 
As above and daily Lp. at 25 mgjkg 18/20 1-55 * 4 
oe make Lot i720 Dy 3. 
P 
Nil 17/20 2°3 0 
FA1: dose 4% Ln. at — 1 day 19/20 1:68 4 
400 mg/kg ip. 14/90" a8 2 
100 mg/kg i.p. 12/20 32 0 
Nil 10/20 35 1 


Significance r=? <005 t= P<0 01. 


of the great variation in lung scores of control mice, ‘but 
vivomycin | was significantly active in several tests, 
although not in all. The fact that activity was found even 
when the drug was given intranasally is not necessarily 
inconsistent with an action on host defence mechanisms 
because the drug (like the virus) reaches the lungs of mice 
and could therefore be absorbed. 

Both the EMC and influenza tests in mice are very 
artificial models of actual clinical infections. The same 
objection applies to almost any virus—host system used in 
experimental chemotherapy, but influenza and various 
Picorna viruses, particularly Coxsackie viruses, could be 
considered jas most relevant for clinical trials. Unfor- 
tunately, suitable tests using adult mice are not available 
for Coxsackie viruses, and suckling mice must be used. 
For these tests animals were kept in their litters and litter 
mates were used as controls. Allocation of treatment to 
individual mice was randomized and the lowest dose of 
virus which would kill all control mice was used ; mice were 
infected at| ages of 2-5 days. P2 was inactive against 
EMC in suckling mice at the maximum tolerated dose of 
25 mg/kg and it was also inactive against Coxsackie A2 
and A21. These results were not surprising as presumably 
the host defence mechanisms of suckling mice have not 
developed. 

Although two antibiotics are present in culture liquors 
of (2989 there is no evidence to support the attractive 
— — the two are related structurally or bio- 
genetically, and their appearance in the same liquors may 
be fortuitous. However, it is interesting that when small 
amounts of borrelidin (less than the maximum. tolerated 
dose of 1 mg/kg) are added to sub-optimal doses of vivo- 
mycin, synergism occurs. Table 3 illustrates this for 
EMC using material similar to, but less active than, P2. 
Synergism probably explains the good results which were 
sometimes obtained with liquors; these contained varying 
amounts of borrelidin and vivomycin. Synergism also 
occurred in tests against Krebs ascites tumour in mice 
(Table 4). | Vivomycin itself was inactive against ascites 
tumour in mice, but borrelidin sometimes showed activity 
as might be expected from a potent cytostatic agent. The 
two together were markedly active in suppressing tumour 
growth, but the tumour grew when treatment ceased. 
Similar synergism was shown against influenza (PR8) 
in eggs, in which test system vivomycin is quite inactive. 
Borrelidin showed some action against low doses of virus 
(10 EIDs)| only, but the two together showed actitivy 
against 1,000 HID,, virus. Synergism could not be 
demonstrated in tissue culture. Previously, borrelidin 
had been found to enhance the anti-syphilitic action of 
penicillin G in vivo™s, 

Vivomycin stimulates the host defence mechanisms 
in a similar manner to the endotoxins. Although it is 


Table 8. EFFECT OF BORRELIDIN ON THE ACTIVITY OF VIVOMYOIN AGAINST 
EMO VIRUS IN Mice 


Lp. — iby 10-100 EDs; treatment daily ip. from the day before 


ection. Results expressed as number of survivors/total 
Borrelidin pivomyen date (mg/kg) a 
(mg/kg) 25 
| 025 32/39 * — * 
o 22/40 11/40 1/40 


Signifieange) *P<005. tP<0-01. 


The results' of two experiments, each giving similar results, have been 
pooled in this table. The significance refers to the increased protection i in the 
presence of © 25 mg/kg borrelidin at given dose of vivomycin. 
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EFFECT ON MIXTURES OF VIVOMYCIN/FAl AND BORRELIDIN 
AGAINST KREBS ASCITES TUMOUR IN MICE 


Mice were implanted i.p. with 5 x 10° cells and randomized. Dally i.p. treat- 
ment for 8 days Mice weighed daily. Drug controls, treated similarly, but 
not implanted, showed weight gains — to 2°75 8 compared with 375 for 


Table 4. 


Dose Average wt. 
Drug (mg/kg) gain or loss Remarks 
FAL 400 +72 
50 +82 
Borrelidin 0-1 +119 
05 +8°5 
PAL+ 400 +39 1/10 died 
Borrelidin 0-01 
FAL+ 100 +1-1 Tumours grew after 
Borrelidin 01 treatment stopped 
F Al + 50 + 56 a 12 
Borrelidin O:1 
FAIL + 50 + 1 = 1 +? 
Borrelidin 0-5 (1/10 died) 
Nil +128 2/10 died 


much less toxic to mice than known endotoxins it re- 
sembles them in many ways. Of coursa, it is not a typical 
endotoxin, a term usually reserved for the lipopolysac- 
charide component of the cell wall of Gram-negative 
bacteria, since vivomycin is found in the culture medium, 
not in cell wall preparations. Mr. A. B. Spicer supplied 
cell wall preparations of C2989 and of Escherichia colt. 
Those from C2989 were inactive but one from E. colt was 
active against EMC. Although about 100 times more 
toxic than vivomycin the therapeutic ratio was high. 
Like vivomycin, it increased the clearance rates of EMC 
virus and Ps. aeruginosa from the peritoneum. 

The antibacterial action of endotoxins has been known 
for many years, but the mechanism is not clear. They 
are active only if given before infection of the mice. 


. Dr. D. F, Spooner and Mr. L. J. Hale (personal com- 


munication) found that vivomycin protected mice and 
rabbits against certain bacterial infections if given before 
infection but was inactive in vitro. 

There have been few reports on the anti-viral activity 
of endotoxins and variable results have been reported. 
Either increased or decreased resistance to virus infections 
may occur’-4, Vivomycin has been consistently active 
against EMC in mice, but its possible usefulness in other 
species can only be decided when further trials, and detailed 
toxicity work, have been completed. Preliminary results 
indicate that vivomycin, like endotoxin, is much less 
toxic to mice than to other species, particularly dogs and 
rabbits. Dr. B. Lessel (personal communication) has 
shown that P2 is emetic in dogs at doses of 10 ug/kg 1.v. 
and has a pyrogenic action in rabbits at similar doses. 

The question of how substances which act on the host 
defence system of mice exert their anti-viral action is of 
general interest, and several mechanisms, apart from 
effects on clearance rates, may be involved. 

We thank Mrs. P. Bestwick, Mrs. W. Ward, Mr. 
Cooling and Mr. H. Robinson for their help. 

Dr. J. S. Porterfield, of the National Institute for 
Medical Research, has found that borrelidin is also active 
against several arboviruses. In a diffusion test carried 
out in chick embryo monolayer cultures, 8 ug/ml. of 
borrelidin gave large zones (3-5 em) of plaque inhibition 
against Semliki Forest, Sindbis, West Nile, and Bunyam- 
wera, viruses. 
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SOME STRUCTURAL FEATURES OF BORRELIDIN, AN ANTI-VIRAL ANTIBIOTIC 
By Drs. K. ANDERTON and R. W. RICKARDS 


Department of Chemistry, University of Manchester 


Tc isolation from fermentation media of Streptomyces 
C2989 of material, Amax 258 mp, with high activity 
in vitro ageinst Corynebacterva and viruses, has been 
described by Lumb et al.'. Purification of this substance 
by fractionation with alkali and chromatography on silica 
gel afforded a crystalline antibiotic C,,H,,NO,, m.p. 
146°~148°, [«]2 — 28-8° (in ethanol), Amaz 258 my (log £ 
4-54, in ethanol). These properties agree with those 
recorded for borrelidin, m.p. 145°-146°, [«]7 —28° (in 
ethanol), Amaz 256 mu (E!% 550, in isopropanol), an 
acid with anti-borrelia activity’ isolated by Berger, 
Jampolsky and Goldberg’ from S. rochei and suggested 
to have the formula C,,H,,NO,. Diazomethylation of 
our acid gave a methyl ester, m.p. 155-5°-156:5°, which 
was identical (mixed m.p. and infra-red spectrum) with 
authentic borrelidin methyl ester’, m.p. 153°-154°. 
Acetylation of our ester gave a methyl ester diacetate, 
m.p. 190°-192°; the corresponding borrelidin derivative? 
has m.p. 190°. 

The previously suggested formula, C.,H,,NO,, for 
borrelidin itself was confirmed by the present micro- 
analytical deta, and by high-resolution measurement of 
the mass-to-charge ratios of the molecular ions in the 
mass spectra of borrelidin methyl ester (found, on 120 
scale: 503-3236 + 0-002; Clas NO; requires 503-3247) 
and its diacetate (found, on 170 scale: 587-3444 + 0-004; 
C.3H,,NO; requires 687-3458). We thank Dr. M. Barber, 
Associated Electrical Industries, Ltd., for these spectra, 
which were obtained with an MS9 double- focusing spectro- 
meter. 

Borrelidin has no carbonyl activity, and the oxygen 
functions clearly comprise a carboxylic acid, a lactone or 
ester, and two hydroxyl groups. Thus borrelidin methyl 
ester lacks the dominant carboxyl absorption {v max in 
‘Nujol’ 3,500-2,500 and 1,730-1,700 em-') present in the 
infra-red spectrum of the parent compound, and shows two 
hydroxyl peaks (vmax in ‘Nujol’ 3,500 and 3,400 cm~) and 
two saturated ester-type maxima (Vmax 1,738 and 1,720 
em). Conversion into the methyl ester diacetate removes 
the hydroxylic absorption, while the four ester-type 
carbonyls are now unresolved (Ymax in ‘Nujol’ 1,735-1,725 
em), 

The lactone or ester function of borrelidin terminates 
on a secondary carbon atom (as in —CO,CH< ), giving 
rise to a multiplet (1H) centred at + 5-1 in the proton mag- 
netic resonance (p.m.r.) spectrum of borrelidin methyl 
ester. P.m.r. spectra were recorded at 60 Me/sec for 
deuterochloroform solutions containing tetramethylsilane 
as internal reference, except where otherwise stated. 
Further broad absorption (2H) between rt 5-8 and the 
methoxyl singlet (3H) at + 6-3 is due to protons attached 
to hydroxyl-bearing carbon, and undergoes a paramag- 
netic shift to + 4:7-5-2 on mild acetylation, indicative* of 
secondary aleachol systems. Confirmation of the secondary 
nature of both hydroxyl functions in borrelidin was 
obtained from the p.m.r. spectrum of the methyl] ester in 
dimethyl sulphoxide’. In this solvent, the strongly 
hydrogen-bonded hydroxylic protons appeared as doublets 
at + 4:65 and 5-68 (J = 3-8 and 4-5 c/s respectively), 
which were rapidly removed by deuterium exchange. 

The ultra-violet absorption of borrelidin (Amax 258 mu, 
log c 4-54) is unchanged by the addition of aqueous sodium 
hydroxide, by methylation alone (Amax 258 my, log £e 4°50), 
or by methylation and acetylation (Amax 259 mu, log e 
4-55), indicating that the carboxyl and both hydroxyl 
functions are isolated from the chromophore. Hydrogena- 
tion of borrelidin methyl ester over palladium-charcoal 


rapidly afforded a dihydro derivative, Amex 214 my (log € 
4:09), whereas acter extended reduction tetrahydro- 
borrelidin methyl ester, showing end absorption only, was 
obtained. These compounds represent successive stages 
in the reduction of a conjugated diene-nitrile system. Thus 
trans, trans-sorbonitrile® (Me:CH=-CH-CH=-CH:-C=N) 
has Amax 254 mu (log = 448), trans-a-mothyl- 
crotononitrile? (Ms-CH=CMe-C=N) has Amax 208 my 
(log € 4-02), while saturated nitriles! are transparent in the 
near ultra-violet. In agreement, the sharp absorption 
due to conjugated T=N in the 2,220-2,170 cm! region of 
infra-red spectra of borrelidin and its simple esters is 
retained in the dikydro methyl ester (Ymax In CCl, 2,195 
em~), but shifts t> 2,240 cm~ (in CCl,), corresponding? 
to saturated C=N, in the tetrahydro-derivative. Tetra- 
hydroborrelidin methyl ester also lacks the olefinic 
absorption betweer. 1,645 and 1,630 cm~! which is present 
in the less saturated derivatives. Alkaline hydrolysis of 
borrelidin yields ammonia, as expected. 

The p.m.r. spectrum of borrelidin methyl ester shows 
three protons attached to the conjugated olefinic system 
(multiplets, t 3-0-3-9), whereas the dihydro ester has only 
one (quartet, t 3-51). In conjunction with the formation of 
glyoxal on oxonolysis of borrelidin, together with the 
absence of allylicmethyl p.m.r. absorption, this evidence 
necessitates that the dienenitrile chromophore must be 
substituted as in ʻI), with system (II) as the dihydro 
chromophore. 

C-C 


| 
C-C-CH=CH-CH==C-C=N 
C-C 


| 
C-C-CH,CH,-CH=C-C=N (11) 


Hydrogenation past the tetrahydro stage over a 
platmum catalyst resulted only in reduction of the 
nitrile group itself. There is thus no evidence for addi- 
tional olefinic bonds in borrelidin, and from the formula 
C.,H,,NO, the artibiotic must then be bicyclic. One 
ring must be carbocyclic, while the fragmentation patterns 
observed in mass spectra of borrelidin derivatives indicate 
the presence of a lactone ring, rather than a simple ester 
function. Growth of Streptomyces C2989 on a medium 
containing sodium [2-“C] propionate afforded labelled 
borrelidin (0-2 per cent tracer incorporation) with little 
randomization of isctope. Thus borrelidin is probably an 
antibiotic of the macrolide type, although possessing 
structural features which are unique among this group. 

We thank Drs. M. Lumb, P. E. Macey, and their eol- 
leagues, of Boots Pure Drug Co., Ltd., Nottingham, for 
supplies of borrelid'n; Dr. L. M. Jampolsky, Hoffman— 
La Roche, Inc. , Nuty, New Jersey, for authentic borreli- 
din samples. 
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HUMORAL regulation of erythropoiesis has been 

firmly | 'established!-*, Thus it is now accepted that 
anoxia, the fundamental stimulus for erythropoiesis, 
operates through the production of the circulating erythro- 
poiesis-stimulating factor (ESF), also known as erythro- 
poietin‘. Increased quantities of this factor appear in the 
blood and urine of animals and humans with anaemia‘5-° or 
exposed to lowered barometric pressures’’*", Other agents 
which influence erythropoiesis include the sex and adrenal 
cortical steroids!!-*, Interest in these substances has 
been stimulated by the demonstration of testosterone- 
induced remissions in some patients with aplastic 
anaemia’. (The question arises as to whether these steroids 
operate directly or indirectly on red cell forming processes. 
The present experzments provide evidence for a mediation. 
of the action of testosterone through ESF production. 

The influence of male sex hormone on plasma ESF 
levels was determined i in four species, mouse, rat, rabbit 
and tamarin (a primate). The latter animal has recently 
been shown to produce and respond to the ESF”. 

Plasma donor animals. 396 adult female Ha/ICR 
Swiss mice (25-30 g) were injected intramuscularly once 
every seven: days with 5 mg long-acting testosterone cyclo- 
pentylpropionate (TCP) (‘Depo-testosterone’, Upjohn Co.) 
in 0-25 ml. suspending medium, 210 adult female Sprague— 
Dawley rats (250-300 g) and 105 adult female tamarins, 
Tamarinus nigricollis (250-300 g) received intramuscular 
injections of 12-5 mg TCP in 1 ml. suspending fluid once 
every seven days. Groups of these donor animals were 
exsanguinated at the various intervals shown in the 
Tables. Other groups of mice, rats and tamarins were 
given the schedule of TCP injections deseribed here, and 
were exposed to hypoxia (10 per cent oxygen?) for 30 h 
before they: were killed. At the end of the experimental 
periods, the animals were exsanguinated, the blood was 
heparinized, and the plasmas corresponding to the different 
groups were pooled and frozen and stored at — 20° C. 

Twenty-four adult male New Zealand rabbits (2-5- 
3°6 kg) were injected subcutaneously daily for seven days 
with doses of testosterone propionate (TP) ranging from 
2 mg/kg to 16 mg/kg. The hormone was dissolved in 
sesame oil and injected in 1:0 ml. quantities. Plasma was 
obtained from the heparinized blood of these rabbits on 
the day after the last injection and stored at — 10° C until 
used. 

Assay of! plasmas. Adult female Ha/ICR Swiss mice, 
rendered polycythaemic by intraperitoneal injections of 
homologous red cells’’, were used to determine the erythro- 
poietic activity of the plasmas from the androgen-treated 
mice, rats and tamarins. Six mice were used to assay 
each plasma sample. Each test mouse received subcutane- 
ous injections of 0-5 ml. of plasma daily for three succes- 
sive days. : On the fourth day they were injected intra- 
venously with l we. of iron-59 in 0-5 ml. saline. 24 h 
later, the mice were bled from the dorsal aorta and the 
radioactivity of the blood sample was measured in a 
Nancy Wood well-type scintillation counter. The per- 
centage incorporation of radioactive iron into the arculat- 
ing red cells was then calculated'*. Mice with haematocrits 


| 
1 
| 
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lower than 60 per cent at the end of the experiment were 
discarded. 

Plasmas from the androgen-injected rabbits were 
assayed in adult female C#—1 mice rendered polycythaemic 
‘by exposure to lowered barometric pressures’®. Six mice 
were used to test each plasma sample. Each received 
0:75 ml. of plasma intraperitoneally on the third and 
fourth days after cessation of hypoxia; 0-25 uo. iron-59 
was administered intravenously on the fifth day and the 
blood radioactivity was measured 24 h later. 

To determine whether the effects of the donor rabbit 
plasma might have been due to residual testosterone, 
groups of polycythaemic mice were injected intraperitone- 
ally with TP in amounts of 0-02 and 0-1 mg in two divided 
doses on the third and fourth day after interruption of 
hypoxia; 0-25 uc. of iron-59 was injected intravenously 
on the fifth day and blood radioactivity was measured on 
the sixth. It was thought that this range of androgen 
dosage sufficiently explored the maximal residual levels 
of androgen in the plasma of rabbits treated chronically 
with testosterone. 

The effects of plasmas derived from mice, rats and 
tamarins given TCP, with and without exposure to 
hypoxia, on radio-iron incorporation into circulating red 
cells of the test mice are shown in Tables 1, 2 and 3. 
It will be noted that erythropoiesis-stimulating activity 
was observed in the plasmas of the donor mice and rats 
(Tables 1 and 2) as early as the second to third day after 
administration of this androgen. Maximal activity was 
detectable between the sixth and ninth days. It then 
tended to decrease with time with markedly lower values 
on the twelfth day (five days after the second injection of 
TCP) in mice and on the twenty-fourth day (three days 
after the third injection of TCP) in rats. Plasma obtained 
from TCP-injected tamarins seven days after the first 
injection displayed erythropoiesis activity (Table 3) 
which, was, however, not as pronounced as that noted in 
comparable plasmas from TCP-treated mice and rats. 
Activity of the plasma from TCP-injected tamarins was 


Table 1. EFFEOT OF PLASMA OF MICE GIVEN TOP* AND/OR EXPOSED TO 
FLYPOXIA ON RADIO-IRON INCORPORATION INTO RED CELLS OF POLY- 
OYTHAEMIO MICE 


Day plasma % Radio-iron uptake 

Group obtained Mean + S.E.M. 
Experiment 1a' 0 0-19 +0 034 
Donor mice given 2 0-48 + 0 044 
CP only 4 3°40 +0 589 

8 4°12 +0:595 

8 3 97+0 491 

10 0 84+0 058 

12 0-60 + 0 049 

Experiment 1b. 2 518 + 0-391 
Donor mice given 4 8:18 + 0-554 

ae TCP and hypoxia 8 10 97 +0 833 
12 18°45 + 0-983 

Donor mice given. 2 0 62+ 0-108 
TOP only 4 2 19 +0454 

8 4°13 + 0-420 

12 1-08 + 0 129 

Donor mice given 

hypoxia only 4-09 + 0-450 

_ Untreated mice 015 +0 023 


* TCP, testosterone cyclopentylproplonate. 
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Table 2. EFFECT or PLASMA OF RATS GIVEN TCP* AND/OR EXPOSED TO 
HYPOXIA ON RADIO-TRON INCORPORATION INTO RED CRLIES OF POLY- 
OYTHAEMIO Mion 


Day pia — % Radio-iron u ae 
Group mean + S.E. 
Experiment 2a: 0-26 +0 083 
Donor rats given 2 1:47 + 0-625 
TOP only 3 3-77 + 0-366 
6 5°38 + 0 483 
9 7-010 266 
12 3 89+ 0:279 
15 3°90 + 0-795 
18 1-68 4+ 0-166 
2i 1-43 £ 0-158 j 
24 0:98 + 0'020 
a ey 2b: 3 7-89 4 0-308 
onor rats given 6 10-09 + 0-270 
TOP and hypoxia 9 13-20 + 0-829 
12 14:91 4 0 962 
15 12°45 +0712 
18 6 95 + 0-804 
21 3°79 + 0-741 
24 8°56 + 0°787 
Donor rats given 3 2°87 + 0-129 
TOP only 9 6-41 + 0-392 
18 21140191 
24 1°13 + 0-104 
Donor rats given 
hypoxia only 32140516 
Untreated mice 0 2846 049 


* TOP, testosterone cyclopentylproplonate. 


Table 3, EFFECT OF PLASMA FROM TAMARINS GIVEN TCP * AND/OR EXPOSED 
TO HYPOXIA ON RADIO-IRON INCORPORATION INTO RED CELLS OF POLY- 
OYTHAEMIO MIOR 


Day plasma % Radio-iron u ake 
Group obtained Mean + S.E. 
Donor tamarins given 7 1a 59 + 1:666 

TOP and hypoxia 14 9 7741-291 
Donor tamarins given 7 1:93 +0 304 

TCP only 14 1°64 + 0-683 
Donor tamarins given 

hypoxia only 461+ 0-875 
Untreated mice 013 + 0-012 


* TOP, testosterone eyclopentylpropionate. 


also low at fourteen days (seven days after the second 
injection of androgen). 

Tables 1—3 also indicate that, in the TCP-injected mice, 
rats and tamarins which were exposed to hypoxia 30 h 
before exsanguination, significantly greater plasma activity 
occurred than would be expected from the additive 
effects of TCP and the hypoxic stimulus given separately. 
In mice, this synergism was noted especially in the later 
periods of the various experiments at a time when, in the 
groups given TCP alone, the effects of the androgen in 
evoking erythropoietic stimulating activity in the plasma 
had waned. 

Table 4 presents a summary of the results with plasma 
from groups of rabbits given seven daily injections of 
varying amounts of TP. These experiments were per- 
formed three times at the 2-mg/kg level and twice at the 
4 mg, 8 mg, and 16 mg/kg levels. Significantly elevated 
erythropoiesis-stimulating activity of the rabbit plasma 


Table 4. EFFEOT OF PLASMA OF RABBITS GIVEN VARYING DOSES oF TP* 
ON RADIO-IRGN INCORPORATION INTO RED CELLS OF PoLYCYTHABING MICE 


Amount of TP given to donor % rarely A upake 
rabbits (mg/ke/day/7 days) Mean 
2 2°42 + os 290 
2 3°30 +0745 
2 2°85 + 0497 
4 2°37 +. 0:820 
4 1°67 +0100 
8 1:26 + 0:196 
8 0:58 + 0-075 
16 0°69 + 0-201 
16 0°97 + 0'255 
Control mice 
Saline (1 ml.) 0°62 +0125 
Saline (1 mil.) 0-88 + 0-098 
Saline (1 ml.) 0:67 + 0-085 N 
Segame oll (1 Ai mi.) 0-68 + 0'098 
Sesame oll (1 mi.) 0-59 + 0-235 
TP (6 02 mg) 0-66 + 0-155 
TP o 02 mg) 0:87 + 0:202 
TP (0-10 mg) 0°68 +0 


* TP, testosterone propionate. 
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was observed in the groups given 2 mg/kg or 4 mg/kg. 
The ‘8 mg/kg’ values were of borderline significance 
and those from animals given 16 mg/kg were not signifi- 
cantly different from those of the controls. Table 4 also 
indicates that sesame oil and doses of 0:02 and 0-1 mg TP 
administered directly to assay mice evoked responses in 
radio-iron incorporation not significantly different from 
those obtained with saline. 

Previous experiments have shown that androgens 
affect erythropoiesis; thus, a slight to moderate anaemia 
develops after castration!® and in eunuchoid men”, 
Injections of androgens exert an ameliorative influence on 
the anaemia of castration? and that which follows 
hypophysectomy'-. Moreover, male rats regenerate red 
cells more rapidly than females after loss of blood, and 
regeneration occurs more quickly in spayed females than 
in orchidectomized males*!. Mirand eè al.1* made the 
suggestion that sex hormones alter the levels of endogenous 
ESF. This was based on their observation that testo- 
sterone tended to augment, and oestrogen to decrease, the 
incorporation of radio-iron into red cells of rats exposed 
to hypoxia!*. Ths present experiments lend support to 
this hypothesis in showing that injections of androgens 
cause the appearance of erythropoiesis-stimulating activity 
in the plasma of two rodents (mouse and rat) and in the 
rabbit, and in @ primate (tamarin). That this activity 
is not due to residual androgen in the plasma is suggested 
by several facts: (1) The plasma of mice and rats shows 
diminishing erythropoiesis activity with continued injec- 
tions of androgen; (2) large doses of testosterone are less 
effective than smaller ones in evoking erythropoiesis- 
stimulating activity in the plasma of rabbits; (3) doses of 
testosterone (0°02 and 0-1 mg), which probably represent 
maximal levels achieved in plasma as a result of admini- 
stration of testosterone to the donor animals, are clearly 
ineffective; and (4) the recent demonstration’? that 
amounts of testosterone less than 0-5 mg fail to induce 
increases in radio-iron incorporation into the circulating 
red cells of hypertransfused plethoric mice. 

It seems probakle that the increased erythropoietic 
activity of the plasma of animals receiving androgen is 
due to the ESF. The polycythaemic mouse assay is 
probably the most specific and sensitive now available for 
detecting this principle. These animals have so far been 
demonstrated to respond only to the ESF and to hypoxic 
stimuli (for example, haemorrhage, lowered barometric 
pressures, cobalt) which act by engendering the production 
of the ESF. It appears that androgens should now be 
added to his list. On the other hand, oestrogens depress 
erythropoiesis+1-46.19-23,24 and overcome the stimulatory 
effects of hypoxia on erythropoiesis'*, presumably by 
competing with the ESF in its action on the primitive 
precursor cells**, and, possibly, by inhibiting the produc- 
tion of the ESF (unpublished observations). 

It is now generally acknowledged that the kidney is the 
principal site of production or activation of the ESF)?6, 
Since androgens are known to produce renal hyper- 
trophy?™?8!, ıt is possible that these steroids exert their 
erythropoietic action in this way. 

The apparent synergistic action between testosterone 
and hypoxia in augmenting the erythropoiesis activity of 
plasma, shown in this work, is similar to that recently 
reported in rats. 

Referring the values for the radio-iron incorporation 
into red cells to ESF tnits in our standard log-dose response 
curves?®.2® indicates even more emphatically that a 
synergism does indeed exist. Thus, for example, in 
Exp. le (Table 1), tha sum of the radio-iron incorporation 
values for plasma obtained from mice four days after 
androgen injection and that for mice exposed only to 
hypoxia was 6:28 per cent (2-19 plus 4:09 per cent). 
Reference to the standard curve?! shows this to represent 
approximately 0-3 ESF units. The radio-iron “value for 
the plasma obtained from mice given both stimuli was 
8°18 per cent, which eorresponds to about 0:6 ESF units. 
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This obviously raises the question as to whether the actions 
of hypoxia and androgen on erythropoiesis are brought 
about solely through alterations in ESF production. It 
may be that androgens, through an effect on metabolism, 
perhaps in the kidney, result in the production of more 
ESF under hypoxic than under normal conditions. An- 
other possibility is that androgens stimulate the production 
of a precursor of the ESF which is activated more effec- 
tively by the kidneys of hypoxic than of unexposed 
animals. Finally, it is possible that the combination of 
hypoxia and androgen activates the adenohypophyseal— 
adrenal cortical axis more effectively than hypoxia alone, 
resulting in the appearance of increased quantities of 
corticosteroids, which have recently been demonstrated 
to intensify the effects of the ESF in hypophysectomized 
rats?!, These hypotheses are being investigated. 
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ORPUS allatum transplantation and extirpation in 

insects cause many physiological responses which 
have been ably reviewed in recent years! *. The inter- 
relations among these various manifestations are not well 
understood; but the present biological evidence has failed 
to establish the necessity for postulating more than one 
active secretory principle?. ‘The most conspicuous and 
thoroughly investigated effect of the corpora allata is seen 
in immature insects, where extirpation of the glands 
brings abovt precocious metamorphosis, while implanta- 
tion prevents metamorphosis but does not interfere with 
moulting and hence favours continued growth of immature 
tissues?. This striking feature led to the now commonly 
accepted designation of ‘juvenile hormone’ for the agent 
secreted by the young or adult corpora allata which 
impedes the development of the latent imaginal charac- 
ters®. 

Ether extracts of the abdomens of adult male Hyalo- 
phora cecropia L.” continue to be one of the most bountiful 
sources of juvenile hormone so far uncovered. ‘The 
hormone 1s likely to be a secretory product of corpus 
allatum, because it is absent from the lipoids of the abdo- 
mens of allatectomized adults?*, The active cecropia oil 
regulates the developmental stages of insect growth in 
the presence of the sterolic® moulting hormone ecdysone. 
The primary actions of ecdysone and perhaps also of 
juvenile hormone may well take place in the cell nucleus 
or nuclear membrane as evidenced by characteristic 
puffing patterns in giant chromosomes of Diptera?®. The 
following effects of cecropia oil also commonly associated 
with surgical manipulations of the corpora allata have 
been demonstrated so far: (1) The oil exhibited gonado- 
tropic activity when. injected into allatectomized female 


American cockroaches (Periplaneta americana)". (2) It 
showed prothoracotropic activity in brainless pupae of 
several Lepidoptera!?15, (3) It led to an increase in the 
amount of chromhaematoxylin staining material in neuro- 
secretory cells of the brain of adult male cockroaches". 
(4) It temporarily stimulated respiration in allatectomized 
female Colorado potato beetles (Leptinotarsa decem- 
lineata) and in previously chilled cecropia pupae®. (5) 
Injected into yellow larvae of Locusta reared in a dense 
population, the oil induced in a number of individuals the 
distinct green pigmentation characteristic of the solitary 
phase (Joly, P., private communication). 

Whether or not these effects are the result of one or 
more constituents of the oil is at present conjectural and 
must eventually be settled in chemical terms. The same is 
true regarding the identity of the juvenile hormone from 
cecropia oil (which is derived from adults) with the larval 
secretion of corpora allata, although biological inter- 
changeability between adult and young glands has been 
demonstrated in various species! including Lepidoptera®:15, 
Further circumstantial evidence suggesting similarity of 
larval and imaginal secretion comes from the recent finding 
that farnesol derivatives—though undoubtedly differing in 
structural composition from the active principle of 
cecropia oil—under certain conditions mimic the normal 
metamorphosis-suppressing effect as well as the gonado- 
tropic action of the oil!!17, These observations indicate 
that in nature the two effects are mediated by structurally 
similar or even identical substances. 

Insect juvenile hormone activity has also been encoun- 
tered in other insect extracts and natural sources from 
micro-organisms to man, and in synthetic compounds of 
lipoid natureë:®?, Farnesol in particular (and its deriva- 
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tives) has received a great deal of attention, and intima- 
tions concerning its identity with juvenile hormone have 
been made!!. The biological significance of this bewildering 
array of substances 18 even more puzzling than the 
exceptional storage capacity of juvenile hormone by the 
male cecropia abdomen. 

The juvenile hormone activity has been evaluated in 
test msects by two types of assays: (1) Injection of active 
preparations into insects prior to a moult causes effects 
which are evident in the body parts far removed from the 
site of injection. Well-investigated test insects have 
included, pupae of Lepidoptera (H. cecropia’, Antheraea 
polyphemus**), pupae of the coleopteran Tenebrio molitor™, 
and fifth-stage larvae of the hemipteran Rhodnius pro- 
licus??. Species belonging to other orders respond also to 
the hormone. (2) Topical application to abrasions or 
wounds in the integument of insects prior to moulting 
leads to the laval secretion of a second pupal cuticle in 
pupae or a new larval cuticle in larvae. Test insects have 
included pupae of Lepidoptera (A. polyphemus, Galleria 
mellonella wax test’), pupae of Tenebrio (abrasion* or 
puncture*?), and last-stage larvae of Rhodnius*? and 
Pyrrhocoris apertus™ (abrasion). Specificity of the assays 
can be enhanced by focusing on the responses of par- 
ticular tissues**.23 or by applying the agents in appropriate 
ways®1?, 

When different substances with hormonal activity are 
compared in various assays, sometimes the results do not 
agree with one another. Thus, in two modifications of 
the topical Tenebrio test farnesol was found to be just as 
potent as cecropia oil’, or a little more so. This small 
discrepancy may be due in part to variations in the 
commercial mixtures of farnesol or to the differences in 
absorption rate because of the mode of application or the 
solvation vehicle (‘Cellosolve’ and olive oil, respectively). 
On the contrary, in the Galleria wax test (vehicle peanut 
oil-wax) farnesol was considerably less potent than 
cecropia ol’. This latter result seems to reflect a true 
species difference’in behaviour of these agents. 

When concentration of juvenile hormone activity from 
a specific source is undertaken, any assay should give a 
consistent response permitting comparison between the 
success of different purification schemes. The evaluation 
may be complicated by the presence of inhibitory and 
potentiating endogenous substances in the source material 
or the introduction of such factors during a purification 
procedure. The overall effect of these substances can be 
determined by changes in the dose-response curve, 
but such elaboration for each fraction would be very 
tedious indeed. In our experience with cecropza oil, the 
interfering substances did not ordinarily alter assay 
results by more than a factor of two and were often 
difficult to recognize with certainty. Farnesol, which 
appears to be present in extracts of normal as well as 
allatectomized cecropia moths*®*6, might be one of the 
natural potentiators; in fact, in our assay systems, 
admixture of this chemical to cecropia oil often produced 
an enhanced juvenile hormone effect. 

A. number of attempts at concentrating the juvenile 
hormone activity from cecropia have been undertaken. 
The highest purity reported to date, a two-hundredfold 
enrichment of the hormone activity, was attained by 
processing the crude oil through two consecutive counter- 
current distributions?’. A similar degree of purity was 
probably reached by other methods*®. Less-refined prep- 
arations were obtained by column chromatography on 
silicic acid"! and on alumina”’, or by thin-layer chroma- 
tography on silica gel G°. 

In our purification work, the Galleria wax test and the 
A. polyphemus injection assay were used to gauge hor- 
monal activity. Washed cecropia oil, prepared from 
7-day-old adult male silk moths*®* and stored at — 20° C, 
was the readily reproducible reference. It proved con- 
venient to standardize the bioassays so that the number 
of units (henceforth designated as juvemile hormone units) 


NATURE 273 


Table 1. PURIFIOATION DF JUVENILE HORMONE FROM cecrapia OIL: STEP V 


4:600 mg of purified ceercma oil from step IV with an activity of approxim- 
ately 210 x 10° (105-420 » 10°) juvenile hormone units were chromatographed 
on a 55 g alumina column of 0-6 x 18-6 em, an eluent fraction of 16-0 ml. 
percolated through the column under slight mtrogen pressure in 45 min 


Estimated Residue 
Fraction Eluent bioactivity weight 
No. (units x 107) (mg) 
1-15 Heptane with increasing amounts of 
benzene 1260 
18 36% (v/v) berzene in heptane 0 0225 
17 40% (v/v) berzene in heptane 0 0'170 
18 40% (v/v) beczene in heptane 90 
19 44% (v/v) berzene in heptane 00| 0725 
20 44% (v/v) beczene in heptane 40 
21 48% (v/v) berzene in heptane <02 0:540 
22 48% (v/v) berzene ın heptane 0 0:940 
23-28 55% (v/v) benzene in heptane followed 
by benzene, then isopropanol 0 845 


corresponded to the hormonal activity manifested by the 
same number of milligrams of washed cecropia oil. The 
enrichment factor is then equal to the number of units per 
milligram of the examined fraction. Both bioassays gave 
reasonably well-matching specific activities for the 
fractions of a five-step purification sequence. 

In this article, only the end-result of this effort will be 
discussed. The fourth step of the sequence, a zinc car- 
honate chromatography, has been described elsewhere”. 
In the last step, tha activity was eluted from an alumina 
column in a single narrow zone (Table 1). The six-fold 
concentration effected in this efficient adsorption chroma- 
tographic step was unexpectedly low since up to 250-fold 
activity enrichmerts have been realized earlier with 
various crude and purified cecropia oils??. This could 
indicate a high purity of this final preparation. The 
fraction had an activity of 3 x 105 (1-5 — 6 x 105) 
units/mg purified hormone. In other words, injection of 
3-3 ng of the above fraction diluted in 50 ul. of peanut oil 
into chilled polypkemus pupae (3:6 — 4-4 g) produced 
at 25° C the same pupal—adult intermediates as did 1-0 mg 
of washed cecropia oil under the same conditions. It takes 
about four times the above quantity of hormone to cause 
a polyphemus pupa to moult into a complete super- 
numerary pupa!®, Since the average single male cecropia 
abdomen yields 200 mg of lipoid material, it can thus 
contain at most 0-€6 (1:3 — 0-3) ug of juvenile hormone. 
These data certainly exclude as the juvenile hormone of 
cecropia oil any compound with hormonal activity thus 
far listed in the present literature®:9:17,20,24, 

An aliquot (1/1459) of the purified fraction was examined 
by gas-liquid chromatography. As can be seen from the 
effluence curve in Fig. 1, a dozen different substances 
were detected. The biological activity was, however, 
localized in only one segment of the chromatogram, in the 
effluent comprising peaks E-B. This chromatography was 
then repeated on a larger scale and the record of the 
experiment is shown in Fig. 2. It corresponds with the 
first analysis except for the minute peak C and the 
shoulder-like peak D that were not resolved in the pre- 
parative run. The affluent was collected in six fractions. 
Again, the bioactivity resided almost exclusively in Frac- 
tions 3—5 which comprise roughly 75 per cent of the total 
peak area shown in the graph; the main peak B covers 
about 60 per cent. The potency of each of these three 
fractions was of a similar magnitude (0-75 — 3 x 105 
units/mg) as the applied juvenile hormone after purifica- 
tion step V. The relative retention time confines the 
molecular weight oZ these compounds to the neighbour- 
hood of 300; at ths same time, this figure indicates the 
minimal size of the hormone molecule from cecropia oil 
and corroborates deta from molecular distillation experi- 
ments. 

When, in their turn, 0°5-ug samples of Fractions 3-6 
were analysed, chromatograms qualitatively similar to 
the one depicted in Fig. 1 resulted. For illustrative pur- 
poses, the chromatcgraphic records of two such analyses 
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are reproduced in Figs. 3-and 4. Compared with the 
first chromatogram, Fraction 3 was distinguished by the 
absence of peak B, whereas peaks Æ and D reached their 
relative maxima; accordingly, the biological activity was 
found in the: combined effluent collected from peak Æ to 
the location of peak C. In Fraction 4, however, the effluent 


of peak B contained the main activity; peak H was much ` 


diminished. | In the chromatograms of Fractions 5 and 6, 
peak Æ was altogether missing. As could be expected, 
peak A reached its relative maximum in the chromatogram 
of Fraction 6 and peak B was small. Remarkable through- 
out the series was the consistent absence of peak H which 
therefore appears to represent a genuine contamination 
(less than 10 per cent) present in the original purified 
hormone fraction and eliminated by the preparative gas 
chromatography. Since all the examined fractions from 
the latter gas chromatogram including the largely inactive 
Fraction 6 produced similar effluence \ patterns, it was 
inferred that many of the substances were artefacts, 
among them peaks A and D. 

This gas chromatographic analysis is the ‘first one of 
purified opia oil thus far reported and demonstrates 
the labile — of the complex of substances one is 
dealing wit As a matter of fact, during the many 
attempts to purify juvenile hormone, particularly after it 
was freed from the bulk of accompanying lipoids, its 
instability was a persistent encumbrance. Therefore, it is 
reasonable to conclude that peaks B and H—which account 
for nearly all the recovered activity and are the only ones 


to appear in some, but not all, analytical chromatograms— 
are directly associated with the juvenile hormone. It 
seems likely that these two peaks represent primary 


pyrolytic products of the purified hormone rather than 





5 lñ 20 285 30 40 
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5 35 20 30 40 50 60 
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Fig. 1, 3, and 4. Tracings of gas chromatograms (1) of juvenile hormone 
after punfi on step Y, (3) of Fraction 3, and (4) of Fraction 4. Dry 
sn injec directly on to glass columns (0°3 x 180 cm), all packed 
diatomaceous support coated with 8 per cent Awiw) —— 
— — (terminated). Column temperature 160° C, argon carrier 
flow 6 min, small argon detector"! operated at 1,020 y: ‘band width 
of poise —— Peaks were identified 1 py their relative retention 
times (accuracy +1-5 per cent); methyl ae almitate (mol. wi. 270 5) or 
_ methyl stearate — wt. 298 5) were the standards of reference and their 
retention t from the immediately preceding chromatograms are 
— by a. Height equivalent to a theoretical plate of peak B in 
Fig. 1, 0 — of corresponding methyl stearate tp ,970 mm. Note: 
The hormona activity was also effectively recovere from columns coat- 
ed with the following liquid-phases: the polyester neopentyl ihe 
sebacate, the polyglycol carbo-wax 1,500, the silicone gum ‘GE : S#-~-30 
the coma: ‘DC: QF-1-0065), and the cyanoothylsilicone aE 
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Fig. 2. Reproduction of preparative gas chromaiogiaim of 597 ug of 


juvenile hormone after purification step V. Conditions similar to those 


above, modified as follows: substance dissolved in 90 ul. of benzene, 


column with an internal diam. of 06cm. Column temperature 155° 
, argon carrier flow 240 ml./min, small argon detector operated at 255 V. 
The lower numbers (1 to 6) on abscissa mndicate the termination time of 
the collection of the particular fraction. Height equivalent to a theoret- 
ical plate of peak B, 19mm 


true hormone molecules because the subsidiary inactive 
conversion products, which are apparently identical with 
those of the original chromatogram, are present in much 
greater quantities in the chromatograms of Fractions 3—5. 
The- occurrence of so many reactions on the chromato- 
graphic column. in these experiments makes rationalization 
somewhat involved, and the tentative conclusions arrived 
at need to be substantiated by spectroscopic evidence. 
Moreover, an alternative, less likely, possibility that the 
hormone is still a minor constituent of the purified fraction 
of step V should be kept in mind. In that case, the 
hormone would appear to have singular affinities to the 
labile companion compounds. 

In summary, then, juvenile hormone of cecropia oil, a 
labile neutral material of lipoid nature, has been enriched 
3 x 10°-fold. Because of its high potency, the effective 
principle must be different from any other compound 
with hormonal activity listed in the present hterature. 
The preliminary gas chromatographic evaluation.of the 
preparation can. be interpreted to indicate that its purity 
is about 90 per cent and reveals two biologically highly 
active species which have in all likelihood a close struc- 
tural relationship with the hormone. The investigation 
had to be interrupted at this auspicious stage due to 
external circumstances. Much painstaking work lies 
ahead to clear up the mentioned uncertainties and define 
the structure of the juvenile hormone. 

The purification work was carried out at the Schering 
Corporation, Bloomfield, New Jersey, which supported 
this work through the intermediary of Drs. P. L. 
Perlman and I. I. Tabachnick. Subsequent support came 
from grants of the U.S. National Institutes of Health. 
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GLOBULIN ON CELLS OF CANCER PATIENTS 
By HONOR M. ANTHONY and MARJORIE PARSONS 


Department of Experimental Pathology and Cancer Research, University of Leeds 


N 1957, Green! reported that the erythrocytes of cancer 
patients showed a greater number of weak positive 
antiglobulin reactions than did controls from other 
pationts, and that the difference was more marked when 
the controls were from healthy persons. This has been 
confirmed by Betts et al., who found that antiglobulin 
serum which had not been mactivated gave a greater 
number of positive results. This has not been our experi- 
ence, although we have found that the efficacy of older 
samples of antiglobulin serum has declined while the 
antiglobulin titre with anti-D sensitized cells has remained 
unaffected. Gelhorn* found a negative antiglobulin test 
in most patients with cancer when a broad spectrum 
antiglobulin serum was used, but found greater agglutina- 
tion of the erythrocytes of cancer patients by an antiserum 
prepared against the a, fraction of serum of cancer 
patients. In contrast, we have found partial or complete 
inhibition of the agglutination of the erythrocytes of 
cancer patients with IgM or IgG globulin from normal 
human serum. purified by ultracentrifugation, electro- 
phoresis and chromatography (from Immunology, Inc., 
Chicago). The precise nature of the globulin on the 
erythrocytes of cancer patients remains to be elucidated. 
It has been reported that the erythrocyte sedimentation 
rate (E.S.R.) is commonly raised in cancer. A globulin 
fraction of the serum of cancer patients has been shown 
by Ruhenstroth-Bauer' to cause normal erythrocytes 
to sediment at an increased rate, in the presence of 
supplements present in normal serum. It seemed to us 
that these two properties (weak antiglobulin reactivity 
and increased sedimentation rate) might be due to the 
same alteration of the erythrocyte in cancer patients. 

To test this possibility, the antiglobulin test and the 
E.S.R. were performed simultaneously in a series of 
twenty-four cancer patients with a wide range of malig- 
nancies (4 pre-operative, 3 post-operative, 6 Inoperable, 
11 other treatments) and 25 control patients (4 pre- 
operative, 16 post-operative, 5 investigations). 

The results are shown in Table 1. 

A weak positive antiglobulin reaction occurred in 12 of 
24 cancer patients (60 per cent) and 3 of 25 other patients 
(12 per cent). The E.S.R. was raised (more than 7 mm in 
the first hour) in 21 of 24 cancer patients (87 per cent), 
and 18 of 25 other patients (72 per cent). Both the 
average level of the raised E.8.R.s and the highest level 
were greater in the cancer series. Fourteen cancer patients 


Table 1. -COMPARISON CF THE E S.R. IN CANCER AND OTHER — WITH 
POSITIVE AKD NEGATIVE ANTIGLOBULIN REACTI 


(Normal E.S.R.: men—1-5 mm; women—8~7 mm in the first hour) 
_No. of patients mie mm 
S 


c normal, ẽ 
E.S.R, raised Average High- 
7mm S.R. ofrawed eat 
or less E.S.R. 
Cancer peuents Pomtive AHG 12 1 11 47 102 
24 cas Negative AHG 12 2 16 44 130 
Other pa — Positive AHG 3 1 2 | 28 65 
25 cases Negativs AHG 22 6 16 


gave E.S.R.s of 3G mm or more in the first hour. In the 
surgical series, the E.S.R. was regularly raised (mostly 
between 10 and 40 mm in the first hour during the post- 
operative period. This did not account for the raised level 
in the cancer series, only 3 of which were tested post- 
operatively. 

The results showed no correlation between positive 
antiglobulin reactivity and degree of increase of the 
sedimentation rate. We therefore concluded that a 
single alteration at the erythrocyte surface in cancer 
patients is not responsible for the findings in these two 
tests. 

The presence of globulin on the surface of cells in cancer 
patients is not limited to the erythrocytes. In their 
paper on the latter, Betts et al. mentioned the finding 
of globulin on tumour cells and on tissue cells of the 
tumour-bearing host by means of an antiglobulin con- 
sumption test. Autologous globulin has not been demon- 
strated on tumour cells by immunofluorescence, but 
this may be because of the relative insensitivity of this 
method. Tumour cells (hepatoma in rats) have been 
shown to take up heterologous and homologous globulins 
into the cytoplasm‘. 

We have applied the antiglobulin consumption test 
{after Steffen’) to mormal tissues and tumours of human 
and rat origin, and to leucocytes from human cancer 
patients, and from patients suffering from other diseases. 
The tissues and tumours were prepared by passage through 
progressively finer stainléss-steel gauzes. The brei was 
washed 5-10 tımes in large volumes of saline until the 
supernatant washing saline showed no globulin activity in 
inhibition tests. Antiglobulin serum was prepared in 
doubling dilutions. Tube absorptions of two drops of 
each dilution of antiglobulin serum with two drops of 
20 per cent suspension of brei were carried out at room 


276 


Table 2, ANTIGLOBULIN CONSUMPTION TESTS WITH WELI-WASHED BREI 
AND LEUCOOYTES 


No. of 

— tests Negative + Positive % Posilave 

a 

Normal tissues 21 17 3 1 4°5 

Solid tumours 35 1 6 28 80 

Non-sohid tumours 8 2 5 1 * 
Human beings 

Normal tissues ' 

(autopsy) ` 11 5 5 1 9 

Tumours , 19 — 1 18 95 
W.B.C.8, other patients 28 19 7 2 7 
W.B.C.s, cancer patients 38 11 il 16 42 


* Not calculated owing to small number, 


temperature. The absorption and subsequent centrifuga- 
tion was complete in 3 min. The absorbed antiglobulin 
sorum was titrated on a tile against sensitized cells and 
compared for titre with dilutions ‘absorbed’ with saline 
alone. The indicator cells in the human system were 
group ‘O’ cells sensitized with strong anti-D antibody. 
In the rat system, rabbit cells were sensitized with rat 
incomplete antibody (immune) to rabbit erythrocytes. 

All tests were performed immediately after the last 
wash. Centrifugation was slow, to minimize damage. 
Tissue was normally tested on the day of death, but it was 
found that the freezing of unprepared tissue did not affect 
the results. 

Rat tumours were of all kinds available, and included 
transplanted, induced and spontaneous tumours. Ascitic 
forms of tumours and white cells of leukaemic rats have 
been included in the results as ‘non-solid’ tumours. 

Human tumours included a wide range of types of 
malignancy from autopsy. Human normal tissues were 
those that appeared normal macroscopically at autopsy. 

Leucocytes were prepared from the blood of human 
cancer and other patients, with no history of pregnancy 
or blood transfusion, by the method of Dausset®, immedi- 
ately after withdrawal of the blood. They were washed 
repeatedly and tested as above. 

A reduction of the titre of the antiglobulin serum by 
one dilution step (for example, from 514 to 256), as com- 
pared with the control dilutions, occurred occasionally 
after absorption with normal tissues and is of doubtful 
significance. A reduction of titre by two or more doubling 
dilution steps has been considered positive. The results 
are shown in Table 2. 
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Globulin was consistently detected on human and rat 
solid tumours (80 per cent rat, 95 per cent human) and 
on very few normal tissues (45 per cent rat, 9 per cent 
human). Globulin was detected on the leucocytes of 
42 per cent of cancer patients and 7 por cent of other 
patients. 

The antiglobulin consumption test detects only globulin 
antigenically identical with, or capable of cross-reaction 
with, the globulin used to sensitize the erythrocytes. In 
both the human and rat systems this was predominantly 
an IgG (7s) globulin. The globulin detected must have 
been situated on the surface of the cell or particle in order 
to react during such a short period of absorption. 

Treatment of the suspended tumour brei by the Land- 
steiner method of elution resulted in eluate which reduced 
the titre of antiglobulin serum and eluted brei which did 
not. The activity of the eluate was directly related to the 
activity of the brei from which it was derived. It was not 
feasible to prepare leucocytes from cancer patients in 
sufficient quantities for elution experiments. The fact 
that globulin was freed from tumour bret under conditions 
classically used to dissociate antibody from particulate 
antigen does not indicate that the globulin is an antibody 
directed at the tumour cell, though it is compatible with 
this view. It is also compatible with the absorption of 
antigen-antibody complex through the antigen moiety 
and possibly also with non-specific absorption of globulin. 

This demonstration of globulin on tumour cells and on 
the leucocytes of cancer patients raises many questions. 
Is the globulin on the erythrocytes identical with that on 
the leucocytes and with that on the tumour cells ? What 
is the origin of the globulin? Is it an antibody and, if 
so, what is its specificity, and why is it found at these 
different sites? The relationship of the cancer patient 
to his tumour is of immense importance. It is hoped that 
further investigations will answer some of these questions 
and help to throw light on these relationships. 
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CYTOCIDAL ACTIVITY OF PLANT AUXIN ANALOGUES AGAINST THE 
EHRLICH ASCITES CARCINOMA 


By Dr. ROBERT D. SCHULTZ and Dr. DAVID NORMAN 


Life Sciences Department, Space and Information Systems Division, North American Aviation, Inc., Downey, California 


HE word ‘auxin’ is a generic term for compounds 

characterized by their hormone-like ability to induce 
elongation of the shoot cells of plants. Previous reports!? 
have described the cytocidal action of certain auxin 
esters and the protective action of related auxins (such as 
indolyl-3-acetic acid (IAA)* or naphthyl-l-acetic acid 
(NAA) ) on the free cells of the diluted Ehrlich ascites 
carcinoma in vitro. The present report contains in vitro 


* To save space, the following basic abbreviations are used: [AA =indolyl- 
3-acetic acid, NAA=naphthyl-l-acetic acid. IAR and NAR denote alkyl 
esters of these compounds, where the alkyl group, R, is designated as Me = 
methyl, Et=ethyl, Pr(n)=N-propyl, Bu(n)=2-butyl, Ba(i)=isobuty}l, Pe(n) 
=m-pentyl, BHp(n)=N-heptyl, De(n)=n-deeyl POR=phenoxyalkanoic 
acid, where POA = phenoxyacetiec acid, POPr(n) = phenoxy-n-proplonic acid, 
etc. POAEt=ethyl ester of POA, POAPr(n)= n-propyl ester of POA, etc. 
POEtOH = f8-phenoxyethanol. B%Z=benzoic acid. <An=anisole. GA= 
gibberellic agd, GAMe= methyl ester of GA. Substituents of a phenyl ring 
are indicated in the usual manner, so that 2,4-dichlorophenoxyacette acid is 
abbreviated as 2,4-ClyPOA, or shorter, as 2,4-D, 


data on such cytocidal action by a variety of compounds 
derived from, or related to, other well-known plant 
auxins such as 2,4-dichlorophenoxyacetic acid, 2,4-D. 
These data were obtained under conditions intended to 
approximate more nearly to the conditions im vivo during 
intraperitoneal administration of the drugs. We have 
tried to learn something about the specificity of the 
molecular structure for this cytocidal activity and about 
the nature of the intracellular receptor site for these 
compounds. Our results indicate that, on entering the 
tumour cell, the cytocidal auxin esters interact with a 
biochemical system that is similar to, if not identical 
with, a system involved in the growth control of plant 
cells. The synergistic and temperature effects related 
to this cytocidal action have led us to speculate® that the 
auxin ester interferes with an allosteric transition of a 
vital regulatory protein of the tumour cell. 
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Fig. 1. IAA and the most active of the compounds of two other series of 

auxins that promote cell elongation in plants. Three examples of the 

charge—distance relationship postulated by Porter and Thimann, Re- 
drawn from Thimann’ 


Free Ehrlich ascites carcinoma cells were collected from 
male Webster white Swiss mice (initial body-weight 18- 
22 g) at 6-10 days post-transplantation by,draiming the 
ascitic fluid from the abdominal cavity into a vessel con- 
taining 0-1 mg of heparin for each ml. of ascitic fluid. 
This fluid, which was pooled, contained about 3 x 108 
tumour cells per ml. The various test compounds were 
dissolved in a vehicle composed of ‘Myvacet’ (distilled 
acetylated monoglycerides; Distillation Products Indus- 
tries, division of Eastman Kodak Corporation), “‘Tween-20’ 
and 1,2-propanediol. Appropriate volumes of this solu- 
tion. were suspended in a 0:5 per cent NaCl aqueous 
solution, which was buffered to a pH of 7-3 with iris 
buffer (Commercial Solvents Corporation). A 0-1-ml. 
aliquot of this suspension was then added to 5 ml. of the 
undiluted ascites tumour. Unless stated otherwise, the 
final drug concentration was 1 mg/ml. and the final con- 
centrations of the vehicle components were: ‘Myvacet’, 
0-1 mg/ml.; “I'ween-20’, 0-1 mg/ml.; and 1,2-propanediol, 
1:0 mg/ml. Incubations were carried out, in the dark, 
at 22°, 30° and 37° C, with shaking at 30 excursions per 
min, m 50 ml. red, glass-stoppered Erlenmeyer flasks. 
At various time-intervals, samples were withdrawn, 
diluted with Tyrode-eosin solution, and counted in tripli- 
cate for total cells and stained cells. The ability to 
exclude the eosin dye was the criterion of cell viability*. 
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The choice of test compounds for studies such as these 
is complicated by the fact that a conclusive relationship 
between molecular structure and auxin or anti-auxin 
activity in plants hes not yet been established. However, 
in accordance with information reviewed by Jönsson! and 
by Thimann’, the following structural characteristics 
appear to be associaced with auxin activity: (a) a planar 
group consisting of an unsaturated ring, or, alternatively, 
of an atomic arrangament that inherently possesses, or 
that can easily attain. a planar configuration; (6) a strong 
fractional positive charge in the planar group (in the case 
of an unsaturated ring, this charge can be induced by 
halogens substituted at certain specific positions); (c) a 
carboxyl group, or other acid group, that can ionize to 
yield a negative charge at one end of the molecule (the 
acid group must not be situated at a quaternary carbon 
atom or otherwise be greatly hindered sterically); (d) an 
optical configuration corresponding to the d-series of the 
amino-acids; (e) a critical distance of 5-5 A between the 
fractional positive charge in the planar group and the 
negative charge in the acid group (see Fig. 1). Anti- 
auxins may be defined as compounds that compete with 
auxins for the recexctor sites that regulate plant cell 
elongation. Molecules that closely resemble active auxins 
may possess anti-auxin activity ; however, other specific 
structural requirements are evidently required, as not 
all auxin analogues arə anti-auxins®. McRae and Bonner® 
have suggested that the competition between an auxin 
and a true anti-auxin follows Lineweaver—Burk kinetics 
(see review by S. Housley®). 

A. correlation of the molecular structure of various 
auxin analogues with their cytocidal activity is illustrated 
in Fig. 2, which is based on the data in Tables 1-4. We 
have found that, under our test conditions, an auxin, 
anti-auxin, or an auxin analogue with an intact, ionizable, 
carboxyl group is unable, at 1 mg/ml., to kill free cells of 
the Ehrlich ascites carcinoma within a 6-h period at 21° C. 
However, the removal of the side chain carrying the 
carboxyl group, or the conversion of that group to a 
non-ionizable ester, or its replacement by a carbinol or a 
methoxy group, does in many cases yield a cytocidal auxin 
analogue. If, however. the partial positive charge in the 
planar group of such an analogue is eliminated by remov- 
ing the halogen substiaents, this cytocidal activity com- 
pletely disappears. 

Dilute suspensions of tumour cells are frequently 
used in the screening of potential chemotherapeutic 
agents. Our experience with the auxin analogues suggests 
that the sole use of diated tumours in such tests could 
lead to incorrect evaluazions of the agents. For example, 
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Fig. 2. Structure and activity of varlous auxins, anti-auxins, and analogues toward free cells of the Ehrlich sseltes carcinoma. (—)= protective, 
(+)=cytocidal, (0) æ mactive 
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Fig. 3 shows that the rate at which an auxin analogue 
kills free cells of the undiluted Ehrlich ascites tumour 
can be very different from the cytocidal rate of the same 
analogue in a dilute suspension of the cells. IAEt, at 
37° C, kills the cells of the diluted tumour at a roughly 
constant rate over a 5-h period. In the undiluted tumour, 
however, [AEt rapidly kills a fraction of the cells during 
the first hour, but causes little mortality for 4 h thereafter. 
(Similar additional data for IAEt at 30° C are given in 
Table 1.)| These results are, perhaps, related to the fact 
that IABt is appreciably degraded by the undiluted 
tumour during the test period. We have found that 
studies ofthe rate of cytocidal action by an auxin analogue 
against a/highly diluted tumour cell suspension, ın which 
drug degradation is negligible, are of value in distinguish- 
ing between a direct intracellular action of the drug itself 
and an action mediated by metabolites of the drug. 
However! we believe that a better approximation of in vivo 
activity is obtained by measuring the rate of kill against 
the undiluted tumour, in vitro, in the dark, at 37° ©. 


Table 1, EPFROT OF TEMPERATURE ON THE CYTOOCIDAL ACTIVITY OF INDOLYL 
AUXIN ESTERS AGAINST FREE CELLS OF AN UNDILUTED EeRiion ASCITES 


CARCINOMA 

Compound Concentration Temp % Cell mortality after incubation 
(mg/ml) (°C) (1 b) (2 h) (4h) 
Control 21 0-8 07 0-6 
: 30 05 0-7 20 
Vehicle a 04 $ : ae 

0 0:5 8 1 
LAEt 1 21 4-3 41 83 
2 21 5 28°38 25°8 
1 30 16-0 24°8 30-7 
TAPe(n) 1 21 4-2 41. 66 
2 21 19-5 37-5 
1 30 40°2 68+2 
TAH p(n) 1 21 48 4.1 66 
2 21 34 1 60°9 
1 30 618 91°2 

TADe(n) 1 21 4-8 30 56 
1 30 10-0 410 99 0 
IAA. 1 21 0-6 08 0-6 
1 30 0-9 1-1 12 


The effect of temperature on the cytocidal activity of 
various alkyl esters of LAA against the undiluted Ehrlich 
ascites carcinoma is shown in Table 1. This activity, 
appreciable at 30° C, is sharply inhibited by the lower 
temperature of 21°C. In some cases, this inhibition can be 
partially overcome by doubling the concentration of the 
auxin ester. The data of Table 1 suggest that the higher 
alkyl esters of IAA are less susceptible to degradation by 
the tumour than is IAEt; the higher alkyl esters show 
considerable progressive increases in cell death for 2 
mg/ml. at 21° C and for 1 mg/ml. at 30° C, whereas [AEt 
shows little progressive action. 


100 37°C 


‘Tumour cell mortality (per cent) 





0 1 2 3 4 5 
Hours i 





Fig 3! Cytocidal activity of ethyl mdolyl-3-acetate, IA Et, at 1 mg/ml. 

and 7° C against (a) the free cells of an undiluted Ehriich ascites car- 

cinoma, (b) the free cells of the same tumour fluid diluted with 20 parts 
| of Krebs—Ringer phosphate solution, pH 7-15 
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Table 2. CYTOOIDAL ACTIVITY OF VARIOUS SYNTHETIC AND NATURAL AUXINS 
AND THEIR ESTERS AGAINST FREE ORULS OF AN UNDILUTED EHRLIOH ASOITES 
CARCINOMA AT ROOM AND BODY TEMPERATURES 


Concen- % Cell mortality after a 


Compound tration 
(mgiml.) (ih) (2h) (b> Gh) @h) (hh 

IABt 1 28 41 83 456 449 46-6 
NAEtL 1 2°2 $6 116 620 811 
TABui(b) i 25 5'6 6-7 734 
NABu(t) i 28 . 38 52:0 87-4 
NAA 1 18 1°65 1:3 16 1:7 1°9 
TAA 1 1-5 12 10 12 1-1 1-3 
NAPrin) 1 27 24 656 100-0 
TAPr{n) 1 2:7 21 2-2 2-5 

»4-D 1 2°3 2°0 a7 
2,4-Cl,POARt 1 17-83 626 
2,4-C],POAMe 1: 3-2 2°7 6-0 
2,4,6-Cl,POA 1 1-8 1-6 16 
2,4,5-Cl,POAPe(n) 1 4:3 74 12-1 
2,3,4,5-Cl,POAMe 1 1:6 2°4 7-0 
GA 1 0-9 1-6 2-2 
GAMe 1 08 3-0 4°5 
Ethyl-n-butyrate 1 1:3 1:5- 1:8 
6-Mercaptopurine 1 0-4 2°3 6-0 


Comparative data are given in Table 2 for the cytocidal 
activity of various synthetic and natural auxins and their- 
esters against the undiluted tumour. In contrast to the 
behaviour of long-chain alkyl esters of auxms, the syn- 
thetic or natural auxins are, at 1 mg/ml. and by them- 
selves, completely without such cytocidal activity. The _ 
alkyl esters of the synthetic auxin NAA are consistently 
more effective as cytocidal agents than are the esters 
of the natural auxin IAA. For example, at 37° C, NAPr(n) 
kills 100 per cent of the tumour cells within 1 h; at the 
same temperature, IAPr(n) shows almost no cytocidal 
activity. Even when the temperature is lowered to 
21° C, NAPr(n) is able to kill about 66 per cent of the 
tumour cells within 5 h, compared with almost no kill 


. with IAPr(n). The alkyl esters of the chlorinated phenoxy- 


acetic acids have a surprisingly low cytocidal activity, 
with the single exception of 2,4-Cl,POAEt, the ethyl ester 
of the selective auxin herbicide 2,4-D. The methyl ester 
of gibberellic acid, the non-auxinic ester ethyl-n-butyrate, 
and the well-known anti-tumour agent 6-mercaptopurine, 
show negligible cytocidal activity against the tumour 
cells during the 5-h test period. 

Data relative to the structural requirements of auxin 
analogues for cytocidal activity against the Ehrlich cells 
are given in Table 3. The auxin 2,4,5-Cl,POA and the 
anti-auxin 2,4,6-Cl,POA are inactive. The replacement 
of the carboxyl group of 2,4,5-Cl,POA with a carbinol , 
group yields a molecule, 2,4,5-Cl,kPOEtOH (also abbrevi- 
ated as 2,4,5-TOH), which has a high cytocidal activity 
at all temperatures studied from 21° to 37° C. The cyto- 
cidal activity of 2,4,5-TOH is not due solely to the ethanol 
moiety, because ethanol (EtOH) itself shows negligible 
activity. The non-chlorinated parent compound 
(POAEtOH) is also inactive. These results suggest a 


Table 3. EFFECT OF STRUCTURAL VARIATIONS ON THE CYTOCIDAL ACTIVITY 
OF AUXIN ANALOGUES AGAINST IREE CELLS OF AN EHRLICH ASCITES OAR- 


Concen- % Cell mortality after 
Compound tration Temp. incubation 
(mg/ml) (° C} (1 h) (2 h) (5 h) 
Control 21 1-3 20 19 
30 25 25 27 
37 24 24 2-8 
Vehicle 21 19 2-1 2-2 
30 2-9 3-1 2-6 
37 2-6 2-8 2-2 
2,4,5-Cl,POEtOH * 1 21 57 21-8 83-4 
1 30 36-9 93-8 
1 87 100-0 

2,4,5-C],POA Ft 1 21 22 2:5 2-1 
1 30 3'2 2-9 30 
: 1 37 2'3 2-0 2-1 
2,4,6-CI,POA 1 21 3°0 3-0 3-2 
1 30 4-4 4-0 53 
1 37 1:8 2-1 1-9 
2,4,5-ClsPOAPe(n) 1 37 48 7'4 12-1 
2,3,4,5-0LPOA Me 1 57 1'68 2-4 7-0 
JAPe(n) 1 37 18:5 56:0 89-3 
Ethanol 1 37 2-1 23 2-0 
10 37 2-2 2+] 2-2 

POABtLOIL 1 37 26 2:3 


* Also abbreviated as 2,4,5-TOH, 
+ Also abbreviated as 2,4,5-T, 
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Tabled, CYTOOIDAL ACTIVITY OF VARIOUS CHLORINATED ANISOLES AGAINST 
FREE ORLLS OF AN UNDILUTED EHRLICH ASCITES CARCINOMA 


% Cell mortality after incubation at 
21° 0 


Compound Concentration 

(mg/ml.) (2 h) (6 h) 

Control 2°4 22 
ehicle 14 16 
Anisole (An) 1 4-7 88 
2,3-ClAn l 30-0 940 
2,4-Clån 1 45:0 97-0 
2,5-ChåAn 1 88-0 99-0 
2,6-ClaAn ” 1 38:0 98-0 
IAA 1 1-6 21 


high degree of structural specificity, and one related to 
plant growth regulation, for this cytocidal action against 
animal tumour cells. Note that the replacement of the 
carboxyl group of the auxin molecule by a carbinol group 
has really produced very little change in the overall 
molecular dimensions or configuration. 

The compound 2,4-dichloroamisole (2,4-Cl,An) is ‘con- 
sidered a true anti-auxin that competes with TAA for the 
receptor site that regulates plant cell elongation’. Be- 
cause of this known anti-auxin property and because 
2,4-Cl,An does not have a carboxy! or other acid group, 
the compound might be expected to have cytocidal 
activity. Table 4 shows that even at 21° C, 2,4-Cl,An 
rapidly kills the Ehrlich cells in vitro. This activity is 
impressive even when compared with that of NABu(t) 
or NAPr({n) at 21° C (Table 2). The corresponding 2,3-, 
2,5- and 2,6-dichloroanisoles have nearly the same cytocidal 
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activity as the 2,4-derivative; here again, the non-chlorin- 
ated parent molecule is almost inactive. The activity 
of the 2,6-derivative is surprising in view of the McRae- 
Bonner two-point attachment theory of auxin action’, 
because this derivative has no free ortho position for the 
attachment of an auxin receptor site. 
Many of the auxin analogues that show appreciable 
carcinolytic activity in the in vitro tests described in this 
report are too tox for in vivo administration. Fortun- 
ately, however, toxisity 1s not always parallel to carcino- 
lytic activity in this general series of compounds. For 
this reason, certain of these auxin analogues injected intra- 
peritoneally in aqueous suspension can significantly 


. prolong the life of tumour-bearmg mice. An account of 


thèse in vivo tests is in preparation. Toxic effects ob- 
served in mice after the 1.p. injection of auxin analogues 
include diarrhoea and intermittent hind limb stretch 
reflex. Preliminary Mstopathological observations suggest 
that liver' damage mey also be a problem. 


* Schultz, R. D., and Norman, D., Nature, 198, 553 (1963). 

* Schultz, R D., and Norman, D., Nature, 199, 260 (1968). 

3 Schultz, R. D., and Norman, D. (in preparation). 

t Schrek, R., Amer. J. Cancer, 28, 389 (1936). 

č Baton, M. D., Scala, A. R., and Jewell, M., Cancer Res., 19, 945 (1959). 

* Jonsson, A., Encycl. Plant Phystol., 14, 959 (1961). 

* Thimann, K., Ann. Rev. Plant Physiol., 14, 1 (1963). 

t MoRae, D. H., and Bonnet, J., Plant Physiol., 27, 834 (1952); Physiol. 
Plantarum (Cph ), 8, 485 (19538). 

° Housley, S., Encycl. Plant Physiol., 14, 1007 (1961). 


DISRUPTIVE SELECTION IN CROP DEVELOPMENT 
By H. DOGGETT 


East African Agricultural and Forestry Research Organization, Sorghum Section, Serere, P.O. Soroti, Uganda 


HODAY and Boam? produced a polymorphic 

population in Drosophila by using disruptive selec- 
tion with positive assortative mating and 50 per cent 
gene flow. Millicent and Thoday? with three levels of 
gene flow, 0 per cent (isolation), 25 per cent and 50 per 
cent showed that divergence was as great with 25 per cent 
gene flow as with isolation, although it took rather longer 
to reach the same magnitude. Our introgression studies 
on sorghum indicate that the cultivated crop was devel- 
oped through disruptive selection (Doggett). In Fig. 1 
are shown the hybrid indices from weighted measure- 
ments of sorghum characters in one of our studies, the 
weightings being based on the correlation coefficients 
using a method devised by Court’. Each sorghum entry 
was grown out as a progeny row, and the measurements 
or scores used for the indices were averaged from 10 
plants in each row. The following nine characters com- 
posed the hybrid indices for Fig. 1: (1) tiller number; 
(2) waxy bloom on the leaf sheath; (3) leaf width at 
widest point; (4) peduncle length; (5) panicle branch 
length; (6) awn length; (7) pedicelled spikelet length; 
(8) glume hair on sessile spikelet; (9) grain length. 

The sorghums at the left-hand end of the scale are wild 
types, and those at the right-hand end are cultivated 
forms. Hybrids of the wild x cultivated sorghums 
are shown by heavy lines. Letters following numbers 
indicate individual plant selections from progeny rows 
grown from the original collection taken in the Hast 
African countryside. 

At the wild end of the scale, all entries numbered. up to 
140 are collections made in Uganda or Kenya and most 
would be classified as S. verticilifiorum. Nos. 12, 139 and 
140 were S. macrochaeta. Nos. 51 and 74 were S. brevicari- 
natum, and No. 50 was tentatively considered S. arundi- 
naceum. Nos. 141 and 142 were S. virgatum from North 
Africa via the United States, and Nos.. 143 and 144 
were S. arundinaceum from West Africa via the United 
States. Names are those of Snowden’s® species. 


The cultivated sorghum were collected in East Africa 
from farmers’ fields, taken where possible near the sites 
of the wild collections. Several of the numbers between 
91 and 100 le well into the hybrid region of the figure. 
These all came from Karamoja district, which is in many 
ways primitive. Very little agriculture is practised there, 
but sorghum is grown Sy the women as food for children 
and old people. 

Among the hybrids, numbers 76-86 are F, rows from 
a range of deliberately made wild x cultivated crosses, 
the remaining entries being naturally occurring collections 
mostly from the same areas as the wild and cultivated 
sorghums. 

The wild and the cultivated sorghums form distinct 
populations, although ssveral of the Karamoja collections 
lie well over towards the wild type. Evidently hybridiza- 
tion and gene flow is occurring rather freely, but the 
available evidence indigates that the difference between 
the wild and cultivated sorghums is at a specific level, 
introgression occurring. between them. 

For plants which out-cross at all freely, the situation at 
the initiation of crop development must have been analo- 
gous to that in Thoday’s disruptive selection experiments. 
Substantial gene flow between the improved and unim- 
proved plants will have occurred, becoming less as plots 
became larger. With the disruptive forces of human and 
natural selection, a palzmorphic population would have 
developed, as in Thoday’s* Drosophila. The cultivated 
and wild sorghum groups of to-day represent the extension 
in time of such a polymorphic population to the point 
where speciation has oesurred. Disruptive selection has 
been, and still is, constantly at work, but many other 
influences such as the isclation and hybridization of culti- 
vated forms have of course also contributed. 

The hybrid entries in Fig. 1 are of interest. Most 
intermediate forms do not survive in Nature fer long. 
The principles of Clausac and Hiesey’ operate: the back- 
crosses with wild characters can occupy the wild niche, 
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and those with cultivated characters may simply become 
new cultivated varieties. However, there is a suggestion 
that certain intermediate forms are establishing. No. 54 
occurs on abandoned cultivation in the West Nile district 
of Uganda, and specimens grown here have shown very 
little segregation. No. 11 came from near Mwanza in 
Tanzania, and was again rather a consistent type, though 
some segregation was obtained. Deliberately made crosses 
show considerable segregation, so neither of these collec- 
tions is likely to have been a very early generation hybrid. 
Similarly, a particular type of segregate from a wild x 
cultivated cross (a ‘black amber’ type) can be seen persist- 
ing in the fields near Manhattan, Kansas. Edwards® 
found a plant from a natural cross with restricted segrega- 
tion, producing 2 main types, a ‘black’ and a ‘mtama like’. 
Snowden’ used Edwards’s material as type for his variety 
kavirondense of S. niloticum. S. hewisonii (Snowden5:®) 
is essentially similar; it was correctly diagnosed by 
Snowden as a wild x cultivated cross, and seed collected 
in the Sudan was grown in the United States to give the 
type specimen. Piper would not have made it a named 
form if it had shown much segregation. Snowden added 
several other collections under the ‘species’. Evidence 
is not yet available to prove conclusively that some rather 
restricted types intermediate between the wild and 
cultivated sorghums are tending to persist, but observa- 
tion indicates that this is the case. 

The parallel between the development of sorghum and 
that of maize is evident. Both crops still occur in con- 
junction with some of the descendants of the wild plants 
from which they came. Conditions in Central America 
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Fig. 1. Hybrid indices for wild and cultivated sorghums based on 9 plant characters 


when maize began to appear were probably similar to 
those in Africa when sorghum began to emerge as æ crop. 
Mangelsdorf!? has shown that reconstructed primitive 
maize could be classified as an annual form of Tripsacum, 
though the name Zea has priority. The early develop- 
mental stages of cultivated maize must have involved a 
disruptive selection process, since it developed in the 
presence of its ancestral type, and out-crosses freely. 
The sorghum crops sheds some hght on this, selection in 
the cultivated crop resulting in greater diversity of the 
wild types through gene flow between them, yet the two 
groups continue to diverge. So long as there was gene 
flow between the primitive Z'ripsacum—Zea and the early 
maize this process must have occurred. 

Reeves and Mangelsdorf'! (Mangelsdorf!) have shown 
that Teosinte arose fromthe hybridization of Tripsacum 
and maize, and, this illuminates what is happening to-day 
in sorghum, where there are signs of a similar hybrid form 
being established. In maize, there is still much gone move- 
ment between Tripsacum—Teosinte—maize, and Mangels- 
dorf!* has emphasized the importance of the hybridization 
of maize races, Tripsacum and Teosinte in the develop- 
ment of the crop. There is here again much similarity 
with the modern sorghum situation. We suggest that the 
two crops have followed and are folowing the same 
basic developmental pattern, though the ennoblement of 
maize started before that of sorghum and the process 
has therefore proceeded further. Fig. 2 illustrates this 
suggested basic pattern, as applied to maize. 

Incidentally, ın both the Tripsacum and the wild 
sorghum, diploid and tetraploid types have arisen, and 
Teosinte has also developed a tetraploid form. The history 
of S. almum shows that a tetraploid sorghum equivalent 
of Teosinte could well occur, given the appropriate 
conditions. 

Disruptive selection is a powerful force, producing 
polymorphism in Drosophila in only a score of generations 
with 25 per cent gene flow, and the whole diversity of the 
sorghum crop and indeed of its wild progenitor in a mere 
5,000 years. It was probably also the prime force in the 
development of the maize crop. 


1 Thoday, J. M., and Boam, T. E., Heredity, 13, 205 (1959). 
2 Millicent, E., and Thoday, J. M., Heredity, 16, 199 (1961). 
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(Cambridge University Press, 1965). 
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LETTERS TO THE EDITOR 


ASTROPHYSICS Table 1 
Image — o * at ** ng th Filter 
Further Soft X-ray Images of the Sun * 
On December 17, 1964, at 03 h 35m v.7. the firing of 18 ae —— 
the second, three-axis stabilized Skylark research rocket D 10 8-5 3-5u plastie+ 1500 A Al 
occurred at Woomera. It carried an X-ray pinhole camera, R = 7. —* — 1500 A Al 
a second version of the apparatus which produced the (not reproduced) | 


soft X-ray image of the Sun discussed in an earlior 
communication’. Part of the negative obtained from this The figures give 
flight is reproduced in Fig. 1. Table 1 gives details of the 


* Image F shows faintly he brighter patches of the other images. 


nin thistable are nominal values only. 


filters and the pinholes used to obtain these images. are given in Table |. It shows the brighter patches that 
A further faint image (which is not reproduced) was are revealed in the reproduced images of Fig. 1. 
obtained through a beryllium filter, the details of which Fig. 2 shows an enlargement of image B. This may be 





Fig. 1. Soft X-ray images of the Sun, 0335 V.T, December 17, 1964 





Fig. 2 


Fig. 2. Soft X-ray image of Fig. 1 (B) 


compared with the Fraunhofer Institut solar 
map for the same day (Fig. 3) (December 
17). The correlation between the bright 
patches on the X-ray photograph and the 
continuous plage areas shown on the Fraun- 
hofer Institut solar map is very clear. As 
in the photograph in the previous com- 
munication’, the presence of limb brightening 
is agai clearly evident. 

It is particularly interesting to note that 
the area on the north-east limb on the 
pinhole photograph does not coincide with 
any plege area observed on the Fraunhofer 
Institut solar map for December 17. How- 
ever, examination of the Fraunhofer Institut 
solar map for December 18 (Fig. 4) shows 
that « plage area now appears at this 
position. The X-ray emitting region at a 
greater altitude is visible before the plage 
area. Moreover, examination of the Fraun- 
hofer map for December 16 (Fig. 5) shows 
that the small area at the north-west limb 
on the map of December 17 is a larger plage 
region which has partially disappeared 
around the limb, but on the X-ray photo- 
graph is still showing the greater activity of 
the larger area. 








i ` ; rt ` 
PELET 
SARRaS 


Fig. 3. Solar map for December 17, 1964 (continuous plages are shown by the bordered areas), Plawes observed 0601 U.T. (By courtesy of the 


Fraunhofer Institut) 
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Fig. 4 





Fig. 5 


Fig. 4. Solar map for December 18, 1964. Plages observed 0900 u.t. (By courtesy of the Fraunhofer Institut) 
Fig. 5. Solar map for December 16, 1964, Plages observed 0235 v.t. (By courtesy of the Fraunhofer Institut) 


I thank Mr. R. J. Hercock of Ilford, Ltd., and his staff 
for preparing an un-supercoated emulsion, Mr. G. Hender- 
son of this Department for the flight arrangements at 
Woomera, and the staff of the Royal Aircraft Establish- 
ment, Farnborough, and Weapons Research Establish- 
ment, Australia, for the preparation and firing of the 
rocket payload. 
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Abundance of Heavy Metals in the Halo Red 
Giant Star HD 122563 


CurreENT theories of element synthesis? suggest that 
different groups of elements present in the solar 
system and in normal stars result from different kinds of 
nuclear reactions in various stars of bygone generations 
followed by ejection of the products into the interstellar 
medium. Consequently, one may expect very old stars 
of the galactic halo to differ from the Sun in the relative 
proportions of heavy elements ascribed to different nucleo- 
genesis processes, as well as in the overall ratio of heavy 
elements to hydrogen. 

Several analyses of halo stars indicate an effect of this 
kind, in the sense that metals heavier than nickel, ascribed 
to neutron captures starting from iron in stars of the 
second and later generations, are found to be deficient 
relative to iron itself in comparison with the Sun. Examples 
are a red giant in the globular cluster M92 (ref. 2) and three 
RR Lyrae stars’, although in the latter case the uncer- 
tainties are duly emphasized. Obvious causes of uncertainty 
here are: the small number of observable spectral lines 
of heavy metals, the restriction of spectroscopic resolution 
by the faintness of most halo objects, the possibility of 
anomalous atmospheric structure among the variables 
and partial double ionization of strontium and barium. 

Most of these difficulties do not apply to the sixth 
magnitude red giant HD 122563, which is unquestionably 
a member of the halo population because of the high 
eccentricity of its galactic orbit‘. This star has been 
analysed differentially relative to the Sun on the basis 
of exeellent Mount Wilson and Palomar spectrograms 
by Wallerstein et al.t, who found a deficiency by a factor 


of about 800 in the iron/hydrogen ratio and additional 
deficiencies by factors exceeding 15 relative to iron in the 
heavy metals strontium, zirconium, barium, cerium and 
europium; yttrium was found to be deficient relative 
to iron by a factor 4. They concluded that most of the 
iron in HD 122563 had not had time to be recycled and 
exposed to neutrons to make heavier elements before 
the time of formation of the star. 

There is, however, a serious flaw in the differential 
spectroscopic technique used in this and many other 
cases. Before the equivalent width, W, of a spectral line 
can be related to the concentration of absorbing atoms 
in a stellar atmosphere, it has to be freed from saturation 
effects by means of a ‘curve of growth’ giving log W/A as 
a function of another quantity log X, where X is the 
‘unsaturated’ equivalent width and is proportional to 
the number of oscillators in a characteristic absorbing 
layer; for sufficiently weak lines, X = W/?. In the differ- 
ential technique, the difference in log X between the star 
and the Sun (often abbreviated to [X]) is determined for 
each line by shifting the solar and stellar curves of growth 
into coincidence, and values of [X] for different states of 
excitation and ionization are then used to give differences 
in temperature, electron pressure and abundances, For 
strong solar lines, the height of the curve of growth depends 
on the collisional damping constant, which increases 
systematically with excitation potential’. Thus for Fe I 
lines having a given equivalent width, the value of log X 
for a line of 3 V lower excitation potential is about 0-5 
less than for a line of 0 or 1 V excitation potential when 
log W/A > —4-5 (ref. 6). 

This fact has been almost invariably neglected in 
differential stellar abundance analyses, in which a unique 
solar curve of growth valid for the 0- and 1-V lines has 
been assumed to apply to all lines. Often this leads to no 
serious error, either because mainly sufficiently weak solar 
lines are used or because the two spectra are so similar 
that errors cancel out. But in analyses of extremely weak- 
lined stars, the usable solar lines are inevitably strong 
and so the effect enters with full foree. The assumption 
of a unique solar curve of growth then leads to estimates 
of [X] for excited lines that are too negative by about 0-5 
so that spuriously low excitation temperatures are derived. 
In terms of the decimal Boltzmann coefficient 6 = 5040/T, 
Wallerstein et al. found for Fe I in HD 122563 a differential 
excitation temperature Aex = 0:50, which is anomalously 
large for the differential effective temperature Aber = 0-33 
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deduced from the continuum; the same mistake was made 
by me’. Through comparison of the lines of heavy metal 
ions (which all have zero or low excitation potentials) 
with lines of Fe Il (which have excitation potentials 
between 2-5 and 3 V), the large value of Abex leads to 
spurious under-abundances of the heavy metals in 
comparison with iron (see Fig. 1, where the full line repre- 
sents the locus of the lines of ionized elements having 
unchanged abundances relative to iron). 

A new analysis on the basis of the equivalent widths 
measured by Wallerstein et al. leads to the following 
conclusions: (1) AQex is about 0°30 for neutral lines 
and about 0-23 for ionic lines. (2) The abundance ratio 
iron/hydrogen is less than in the Sun by a factor of about 
250. (3) The electron pressure is about 1/800 of its value 
in the Sun so that H-, rather than Rayleigh scattering, 
is still the dominant source of opacity for A> 4,000. 
(4) Strontium and yttrium are not significantly under- 
abundant compared with iron, while zirconium is only 
marginally under-abundant. (5) Barium, cerium and 
perhaps europium are significantly under-abundant (by a 
factor 210) compared with iron. 

The difference between the behaviour of the lighter 
elements formed from iron by slow neutron captures 
(strontium, yttrium and zirconium) and that of heavier ele- 
ments in the same class (barium, cerium) is of interest in 
connexion with other evidence as to their origin. Seeger e 
al.® successfully represented the product oN of neutron cap- 
ture cross-section and abundance in the solar system for 
elements heavier than zirconium by a simple exponential 
distribution of neutron exposures which, however, predicts 
excessive abundances for lighter elements such as stron- 
tiun and yttrium. Clayton?’ has consequently developed 
a suggestion by Burbidge et al.1 that there are two separate 
slow neutron capture processes, one for the elements up 
to zirconium and another for heavier nuclides. The second 
process may actually operate in Ba IT stars and CH stars, 
which show greatly enhanced abundances of barium and 
heavier elements but only marginal enhancements of 
zirconium end lighter elements!®1), 

In other words, it is just those heavy metals which are 
especially enhanced in Ba IT and CH stars that now turn 
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out to be relatively scarce in HD 122563, and so we may 
conclude that the iron had had little chance to be recycled 
in objects resembling Ba IT or CH stars by the time that 
HD 122563 was formed. The synthesis of strontium, 
yttrium and zirconium, on the other hand, seems to have 
taken place simultaneously with that of the iron group 
itself, or at least very shortly afterwards. 
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RADIOPHYSICS 


Generation of Very Low Frequency and 
Hydremagnetic Emissions 


Comparison of ths features of very low frequency 
emissions (found in the frequency range 400 c/s—10 
ko/s) and hydromagnetic emissions (0:2 ¢/s—5 c/s) reveals 
a large number of similarities and some dissimilarities. 
Both similarities and differences suggest that the genera- 
tion mechanisms for-these two phonomena, are essentially 
the same, with very low frequency emissions being 
generated by electrors and hydromagnetic emissions by 
protons. A similar conclusion was reached independently 
by Cornwall, who examined cyclotron instabilities for 
energetic electron and proton beams. 

Similar features arp: 

(1) For very low frequency and hydromagnetic emis- 
sions, both narrow-band (that is, discrete or structured) 
emissions and broad-band emissions (hiss) are found. 

(2) The hiss is frequently observed in direct- association 
with particle precipitation’. 

(3) The discrete emissions consist primarily of rising - 
tones, although falling tones-have also been found*, 

(4) On occasion, discrete emissions occur at regular 
intervals®»®, these being referred to as periodic emissions. 

(5) The frequency of the emissions tends to decrease 
with increasing latitude. 

(6) The period of the periodic emissions tends to 
increase with decreasing frequency®?)®, 

(7) When periodic emissions are observed in both hemi- 
spheres, it is found that the emission appears alternately 
in opposite hemispheres®-*. 

(8) The same emission structure may be observed 
simultaneously over = wide area. The area is typically 
somewhat larger for- hydromagnetic emissions, probably 
because of the larger wave-length. 

(9) The period of periodic very low frequency emissions 
is found experimentally to be the whistler-mode two-hop 
group delay for the path of propagation’?:8, No such 
experimental check can be made for the periodic hydro- 
magnetic emissions, but this emission period is consistent 
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with the suggestion that it is the ion cyclotron mode 
two-hop group delay4*15, 

(10) On some occasions, the difference in shape (or 
dispersion) of successive emissions in a periodic emission 
sequence may be simply explained as arising from propa- 
gation along a magnetic field line path’. However, in 
general, no such simple relationship between the spectra 
of successive emissions is found. 

Differences between these two types of emissions are: 

(1) The frequency-range in which they are observed is, 
of course, very different. The ratios of the upper and 
lower frequency limits of very low frequency emissions 
and of hydromagnetic emissions differ by a factor of about 
2,000 or approximately the ratio of electron to proton 
gyrofrequency,. 

(2) The diurnal variation of discrete very low frequency 
emissions shows a peak in the morning hours'-??, while 
discrete hydromagnetic emissions have an afternoon 
maximum: in occurrence?®, 

(3) In all probability, the two types of emissions 
propagate with opposite polarization. Very low frequency 
emissions propagate in the right circularly polarized 
whistler-mode, and are guided by the Earth’s magnetic 
field. For hydromagnetic emissions to be similarly 
guided, they must propagate as ion cyclotron or left 
circularly polarized waves', 

A consistent (but by no means complete) theory of 
generation of discrete very low frequency emissions is 
now evolving?*-28, It seems likely that these emissions 
arise from a non-convective plasma instability, caused by 
anisotropy in the pitch angle distribution of energetic 
electrons?®,51.23, Differences in drift paths around the 
Earth for electrons with different pitch angles can produce 
suitable anisotropy on the morning side of the Earth, and 
thus explain the morning peak of discrete emissions**. 
Since protons drift in the opposite direction to electrons, 
this effect, would produce proton anisotropy for genera- 
tion of hydromagnetic emissions on the afternoon side of 
the Earth. 

Consideration of the energies required by particles to 
resonate with very low frequency emissions suggests that 
suitable electrons are more abundant than suitable 
protons??.*1, A similar analysis for hydromagnetic 
emissions ‘shows that protons are favoured. 

The generation of very low frequency emissions by the 
suggested plasma instability would result in a reduction 
of electron pitch angles and hence precipitation of 
electrons?®:71,23, 

Generation of hydromagnetic emissions by protons 
could similarly lead to dumping of energetic protons. This 
conclusion has also been reached by C. F. Kennel and 
H. E. Petschek (private communication). 

If the generation mechanisms are of essentially the same 
type then periodic hydromagnetic emissions may be 
explained as arising by the same process as periodic 
very low frequency emissions. For the latter, the gonera- 
tion of each emission is stimulated or triggered by the 
whistler-mode echo of the previous emission, so that the 
emission period is the same as the two-hop whistler-mode 
group delay!*:33, 

The predominance of rising frequency tones of the very 
low frequency emissions must be attributed to the genera- 
tion mechanism, since propagation effects usually produce 
descending tones. This same characteristic may then 
reasonably be attributed to the generation mechanism for 
hydromagnetic emissions (even though no suitable 
explanation of this characteristic has yet been found). It 
is therefore not necessary to suggest that the predomin- 
ance in the hydromagnetic emissions of rising frequency 
tones is a propagation effect. In all probability, this 
predominance arises partly from the generation mechanism 
and partly from propagation. 
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PHYSICS 


Nucleon-nucleus Interactions 


THREE decades of intensive study of nuclear phenomena, 
have not brought a detailed understanding of the forces 
between the nucleons which comprise the atomic nucleus. 
Even if the forces were known, mathematical techniques 
are at present inadequate to solve the Schrödinger 
equation for nucle: containing more than a few nucleons. 

In such situations, it is reasonable to resort to pheno- 
menological models which assimilate large amounts of 
empirical data and may also predict new information. 
The ‘optical model’!-* falls into this class: it represents 
the nucleon-nucleus interaction by a complex potential, 
including a spin-orbit term, thus accounting for refraction 
and absorption of incident nucleons as well. as their 
gyroscopic alignment through the coupling of spin and 
orbital angular momenta. This latter effect, polarization, 
depends on differences in partial wave amplitudes, and 
thus provides a sensitive tool for study of the potential. 

In contrast to most previous work*~* based on elastic 
scattering angular distributions, we have used the spin- 
dependence of nuclear forces to obtain a set of optical 
model parameters which appears capable of describing 
many of the observables in nucleon-nucleus interactions 
over a large range of energy and nuclear species. The 
parameters were determined by first measuring and then 
analysing, within the framework of an optical model, a 
large quantity of proton polarization data (80 angular 
distributions) at 14-5 and 10-5 MeV. A fast computer 
and automatic search routine were used to obtain, at 
each energy, è single set of parameters: the nuclear 
radius and surface diffuseness, the strength of the absorp- 
tion, and the strengths of the refractive central and spin- 
orbit forces. The data require a significant energy depen- 
dence only for the strength of the refractive central 
force. The potential used has the form: 


Vir) = Veoulomd — Vf(r,R,a)—iWg(r,R,b,)— 
Faz (1/r)|df(r)/drjl.o 
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where 
f(r,R,a) = [1 + exp(r—R/a)j}> 
g(r,R,b) = —4b(d/dr) [L + exp(r—R/b)]" 


and A, is the pion Compton wave-length. 
The parameters derived for protons and for neutrons 
Bre 
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(The real and imaginary well depths for neutrons were 
determined by fitting elastic scattering data at 14 MeV.) 
Representative comparisons of experimental data with 
the predictions of the above potential are shown in Figs. 
1-5. 

The foregoing results emphasize the feasibility of 
describing complex nuclear phenomena by a simple 
model. Specifically, these successes increase confidence 
in the usefulness of the optical model to predict neutron 
cross-sections—knowledge of which is required for the 
successful construction of nuclear energy systems. The 
optical model parameters are also applicable to the genera- 
tion of wave functions for the description of nuclear 
processes other than elastic scattering. Such wave 
functions are required as input data in distorted “wave 
Born. approximation. calculations. 

This work was carried out under the auspices of the 
U.S. Atomic Energy Commission. 
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Influence of Illumination on the Starting 
` Potential of an Ozonizer Discharge 


Ir is known that the discharge current in halogen-filled 
tubes is decreased by external illumination when the 
voltage applied to the tube exceeds its starting potential!?. 
As a result of extensive investigations, it has become known 
that this photo-reduction of the discharge current i, 
referred to as the negative Joshi effect, 
— Ai, is associated ‘with the electrode 
regions and has connexion with the electron 
affinity of the gases, that its behaviour is 
markedly increased by ageing, that is, 


ver ae ee continued discharge, and that it is not 

- as OCS F selective in the wave-length of available 
z be O70F radiation®:4, i 
£ 6° L25 F During investigations with an all-glass 
4 Siemen’s tube (annular width, 10 mm; 
ra length, 100 mm) charged with bromine 
3 vapour at a pressure of 173 mm mer- 
a cury (30° C), I have observed the follow- 
H} ing: 
ai Fe 8 105 Mav (1) A 50-c/s potential discharge could be 
cr established in the dark when the applied 
a 
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A voltage exceeded 1,580 V at room tempera- 
ture (25°C). However, when radiations 
from a 200-W 230-V electric lamp at a 
distance of 30 cm were incident on the 
discharge tube, such a discharge could be 
initiated only at 1,630 V. 

(2) When the tube was maintained at 
80°C in the absence of a discharge for 
60 min and then cooled suddenly to the 
room temperature of 25°C, a discharge 
could be initiated at 1,150 V in the dark and 
1,390 V under illumination. 
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(3) Continued discharge now in the dark for 60 min 
at a constant applied voltage of 2,100 V (almost twice 
the value of the breakdown voltage in the dark) increas- 
ed the starting potentials to the values of 1,450 and‘1,610 
V in the dark and under illumination respectively. 

(4) The Joshi effect, — Az, observed under conditions 
of the discharge tube described in (1)-(3) decreased from 
30 per cent in {1) to 20 per cent due to the heat treatment 
(2), whereas following ageing, that is, continued dis- 
charge, as in (3), — Az increased from 20 to 40 per cent. 

(5) Varying the applied voltage from the breakdown 
value to 8,500 V did not alter the magnitude of — Ai 
appreciably. -Az decreased only in the range of magni- 
tude 30~20, 20~10 and 40~20 per cent-in (1)-(3) 
respectively. - - 

(6) No photo-increase of 7, that is, + Aż, the positive 
Joshi effect, was observed at or below the starting potential. 

The discharge tube used in these measurements was 
degassed at 500° C prior to the introduction of bromine 
vapour into it. The electrodes consisted of mercury 
inside the inner tube and a helix of fine copper wire wound 
tightly on the outer tube. Excitation was by means of a 
transformer discharge of 50-c/s potentials. The discharge 
current was measured with a sensitive reflexion galvano- 
meter after rectification by a crystal (‘1N 34’, Sylvania). 
The values of the breakdown voltage were obtained by 
extrapolating towards the potential axis the V—i charac- 
teristics in the dark and under illumination in each series. 

An increase in the starting potential, due to illumination 
from outside, of discharge tubes filled with rare gas 
mixtures®® or a mixture of a rare gas and mercury vapour?’ 
is known and has been attributed to the destruction of 
metastable atoms by illumination. The real reason under- 
lying the phenomenon observed in bromine vapour can 
only be understood when further experimental data are 
available. 
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Dissociation of Superexcited Ethylene 
produced by Electron Impact and Argon 
Sensitization 


Tue enhancement of radiolytic ionization ın the rare 
gases by the addition of less than 1 per cent of a second 
gast? has been ascribed to energy transfer. The variation 
of the increase for additives the ionization potential’ of 
which is below the lowest excited state of the rare gas is 
now attributed to the formation of super-excited states and 
to energy-dependent ionization efficiencies*-*. The rare 
gas precursors may be trapped resonance radiation! or 
long-lived metastable atoms as originally suggested. 
Both mechanisms probably contribute since the life-time 
of the lowest metastable state in argon (*P,) is e. 10-7 sec 
at 1 atm. (ref. 11) or about ten times longer than required 
for collision with an impurity of I per cent concentration. 
The present considerations apply regardless of the nature 
of the precursor. 
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The additional ionization produced by deuterated 
hydrocarbons is greeter than that caused by their un- 
labelled analogues*-*. This is ascribed to competition 
between pre-ionization and homolytic dissociation of 
super-excited states. The dissociation rate constant 
should depend on the reduced mass of the molecule because 
of the isotope effect on bond dissociation energy. Com- 
parison of calculated and experimental isotope effects 
on the ionization efficiency 7» appeared to indicate that 
super-excited ethylene produced by energy transfer from 
argon dissociates chiefly into two fragments of approxi- 
mately equal mass’®: i 


[C,H] * + (CH, + CH,), or (CH + CH,), or (C + CH,) (1) 


Recent investigaticns of ethylene radiolysis have shown 
that C, CH and CH, are not important intermediates!?. 
This may indicate that hamolytic dissociation of super- 
excited states does not contribute to the formation of the 
product or that the is>tope effect is more complicated than 
has been assumed. Further evidence has now been ob- 
tained from a re-examination of the argon-sensitized* 
radiolysis of ethylene. 

Irradiation of argan produces reactive excited species 
with a yield of approximately 1-5/100 eV absorbed in 
argon (yields calculated on this basis are denoted at 
Gar) while n ~ 0-25. These values may be combined with 
the isotope effect to estimate that GAr for species resulting 
from reaction (1) should be at least 0-9. However, the 
only products with GAr > 0-15 are hexene-1, methane, 
ethane, propane, Izydrogen, butene-l, n-butane and 
acetylene, listed in she order of increasing importance. 
No significant effect of argon on the yield of propylene, 
cyclopropane or allene was observed. These products 
should result from reactions of CH, and C, respectively. 
The increase in the methyl radical yield can be ascribed 
quantitatively to the formation of ethylene ion 
(GAr(C,H,+) ~ 0-8), which was inferred from the butene 
yield in the presence of 20 per cent nitric oxide’. The 
argon-sensitized formation of methane may be ascribed 
to the formation of vinyl ion and subsequent ion-molecule 
reactions!*. We conzlude that homolytic dissociation of 
super-excited ethylene proceeds predominantly via the 
reactions : 


[C,H,]*—~(H+ C,H) or (H; +CH) (2) 


The vinyl radical produced in the first alternative may 
dissociate into acetylene and a second hydrogen atom. 

The observation that the effect of deuterium substitu- 
tion on 4 is much smaller than that predicted from this step 
requires a re-examinstion of the assumptions used for the 
theoretical estimate. The isotope effect will be reduced by 
phenomena which lead either to ionization or to homolytic 
dissociation without an isotope effect. The first group 
includes the formation of hydride ion by heterolytic 
predissociation!®, a finite fraction è which dissociates 
non-competitively, and the existence of two precursor 
states of argon’®. When two states (a and b) of the donor 
are involved, the iorization efficiency of the acceptor is 
given by: 


N = fada + Jodo + fal — bal + Kal V My + 

fo(l — 8)(1 + Koj V My 0) 
where f is the fraction of the excited states at one level; 
K//M, a ratio of rate constants; and M, the reduced mass 
for the dissociation process. If Ka/4/M< 1, the formalism 
will be the same as that for one state with 3 ~ 0, or 
hydride ion detachmsnt. The observed ionization effici- 
encies may be used tc estimate the contribution from such 
processes as 0-12 or nearly one-half the total ionization 


‘efficiency. This seems unreasonably large since 75 per 


cent of all excited states dissociate into neutral fragments. 

The existence of two excited states lends itself readily 
to an explanation of seemingly non-competitive homolytic 
dissociation. The ccnstant K should increase with the 
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energy transferred to the molecule. If the assumption is re- 
tained that all induced ionization results from competitive 
processes (54 = 0 and òp = 0) and if allowance is made for 
the probable disparity Ka > Ko, the contributions of the 
lower energy state as a first approximation can be neglected 
and we find: 


fofa — 1 = (fofa — IV UJM., (II) 


where 7, and h: are the ionization efficiencies of [C,H,}* 
and [CD] * respectively. The fraction of the excited 
species in the upper state can now be calculated to be 
fo < 0-4,,.and the ionization efficiency from this level as 
Hip œ 0-62. This is consistent with fo ~ 0:33 estimated 
for the 14:2 eV resonance-level by a kinetic examination 
of the Jesse effectio. The disparity in the observed and the 
calculated isotope effects need therefore not be ascribed to 
non-competitive ionization processes, and the assumption 
that ò is negligible can be retained. 

The isotope effect requires a lifetime of a few vibrations 
or about 10-71? sec for the intermediate excited state. 
Such states are probably also produced by electron impact 
within less than 10-15 sec unless an intermediate negative 
ion is formed. We suggest, therefore, that the structure 
in the ionization efficiency curve of ethylene observed by 
Melton and Hamill?’ is due to auto-ionization!®. Compari- 
son of the ionization curves of methane and deutero- 
methane”? seems to indicate a small isotope effect pre- 
dictable from such a mechanism, suggesting that auto- 


ionization, processes in hydrocarbons may be of general 


importance. 
We thank Mr. R. B. Wilkin for his help. 
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Isotopic Composition of Strontium in 
Carbonate Rocks from Keshya and Mkwisi, 
Zambia 


Bartey? described the intrusive carbonate rocks at 
Keshya and Mkwisi, Zambia, and concluded that they 
represented *“* . . . an unusual type of carbonatite activity, 
resembling hydrothermal vein-like deposits... ”. He 
directed attention to some of the ways in which these rocks 
differ from the classical carbonatites but regarded these 
differences as being “ .. . in degree rather than in kind. 

>. In the discussion of Bailey’s paper, Deans stated 
his opinion that the results available did not lend un- 
equivocal support to the view that these rocks are car- 
bonatites. 

Powell e¢ al." demonstrated that the *’Sr/**Sr ratios of 
accepted carbonatites vary from 0-702 to 0-705 and average 
about °0:7035, thus being distinctly lower than those of 
most limestones, which have ratios ranging from about 
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0-707 upwards. (The *’Sr/**Sr ratios reported by Powell 
et al.2 must be corrected by — 0-0030 to account for a 
systematic error in their analytical technique.) Hamilton 
and Deans‘ have likewise shown that the ®7Sr/®*Sr ratios 
of carbonatites are lower than those of limestones, although 
their data cannot be compared directly with those of 
Powell et al.?3 due to interlaboratory discrepancies. 
Powell et al. suggest that smce the *’Sr/**Sr ratios of all 
the accepted carbonatites which have been analysed are 
distinctly lower than those of most limestones, this isotopic 
ratio may serve as an empirical criterion for determining 
whether carbonate rocks of uncertain classification are 
carbonatites. 

Hamilton and Deans* analysed specimens of coarse 
calcite and intrusive limestone from Keshya and found 
their *’Sr/®*Sr ratios to be higher than those of accepted 
carbonatites and similar to those of limestones. They 
interpreted this result to suggest that the Keshya rocks 
are either mobilized sedimentary carbonate rocks or 
carbonatite which has assimilated granitic material, and 
are thus “ . . . not true carbonatites’’. They favoured the 
hypothesis of mobilization of sedimentary material, 
stating that carbonatites show little evidence of assimila- 
tion of significant amounts of granite. Bailey’ emphasized 
that the Keshya intrusion does show abundant evidence 
of such assimilation in the presence of numerous granitic 
xenoliths. He pointed to the need for analyses of the 
abundance of strontium-87 in carbonate veins, especially 
those not directly associated with alkalic igneous rocks, 
before conclusions were drawn regarding the Keshya 
carbonate rocks. Deans® stated that although the 
Keshya material does contain numerous granitic xeno- 
liths, the abundance of strontium in carbonatites 1s so 
much greater than that in granites that in spite of the 
higher ®’Sr/**Sr ratios of granites assimilation of granite 
by a carbonatite magma would have little effect on the 
87Sr/®*Sr ratio of the magma. 

Cairney’ has re-investigated the Mkwisi area and reports 
that it is underlain by a thick limestone horizon, which 
he calls Mampompo lmestone. Cairney states that field 
work indicates that the Mkwisi intrusive limestone is 
mobilized Mampompo limestone, and that it is unneces- 
sary to postulate a carbonatitic source to explain its 
origin. Bailey (personal communication, 1965) writes 
that the limestone that borders the Mkwisi intrusion, 
which he called Lusaka limestone, is part of Cairney’s 
Mampompo hmestone formation. Specimens from the 
outcrops called Lusaka limestone by Bailey! are referred 
to as such in Table 1 and elsewhere in this account. 

In view of the interest in the petrogenesis of the Keshya 
and Mkwisi rocks and of the general interest in the origin 
of carbonatites and in criteria for their recognition, a 
group of samples of intrusive limestone from Keshya and 
Mkwisi, as well as specimens of limestones from the vicinity 
of the Mkwisi intrusion, have been analysed for ®’Sr/®*Sr. 

The experimental techniques used are described else- 
where®. The precision of measurements of individual 
*Sr/**Sr ratios, calculated from duplicate analyses of 
12 carbonate rocks, including the 6 specimens described 
in this report, is + 0-0004 (0-06 per cent). An average value 
of *7Sr/**Sr = 0-708] was obtained from 4 analyses of the 
strontium isotope interlaboratory standard (Eimer and 
Amend §rCO,, Lot 492327) on the instrument on which 
most of the analyses were made. Two analyses were made 
on & second instrument which gave an average value of 
s7Sr/®Sr = 0-7089 for the standard, based on 4 analyses. 
The ®’Sr/**Sr ratios measured on this second instrument 
have been corrected by — 0-0008. Al ®’Sr/®Sr ratios are 
normalized to ®*Sr/#Sr = 0-1194. 

The results (Table 1) confirm the discovery of Hamilton 
and Deans‘ and show that the ®*7Sr/**Sr ratio of the Keshya 
intrusive limestone is distinctly higher than those of 
accepted carbonatites and is similar to those of limestones. 
Moreover, the data show that these remarks apply as well 
to the Mkwisi uaiv limestone. The difference between 
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Table 1. Isoropro COMPOSITION OF STRONTIUM IN CARBONATE ROOKS FROM 
KESHYA AND MEWISI, ZAMBIA 

















Sample 
No. Specimen description (3’Sr/**Sr) * 86Sr/**8r 
R35 Mkwisi ‘intrusive limestone’ 0°71057 0:1190 
07101 0°1195 
07103 
R44 Mkwisi ‘intrusive limestone’ 0:7095 01201 
0-7091 0:1197 
0:7093 
RAZ Keshya ‘intrusive limestone’ 07109 01197 
0 7105 0:1196 
8-7107 
R45 Limestone xenolith in Mkwisi 07091 0-1191 
intrusion 0:7079 01191 
0 7085 
36 Lusaka limestone 0-7067 T 0 1196 
R46 Lusaka limestone bordering 0°7065 0:1193 
Mkwısl intrusion 0-7086 0 1188 
0:7005; 


* All "Sr/**8r ratios normalized to **Sr/*’"Sr = 0:1194. 
t Analysed on a stcondinstrument and corrected by — 00008. 


the **Sr/**8r ratios of the Keshya and Mkwisi rocks and 
those of accepted carbonatites is real, since it is many 
times greater than the precision of the technique used and 
since each sample was analysed in duplicate. The difference 
between the ®*’Sr/*Sr ratio of specimen R44 from Mkwisi, 
0-7093, and that of R47 from Keshya, 0-7107, is not 
— at the 95 per cent confidence level (t = 3-5; 
D.F. = 2). 

The *’Sr/®*Sr ratios of the Keshya and Mkwisi intrusive 
limestones are also distinctly higher than those of the 
carbonate veins or vein-dikes at Ravalli Co., Montana; 
the Rocky Boy Stock, Montana; Lemhi Co., Idaho; and 
Cardiff, Ontario, which vary from 0-704 to 0-706 (ref. 8). 

Gold’ estimates the average concentration of strontium 
oxide in carbonatites at 0-40 weight per cent, equivalent 
to about 3,500 p.p.m. strontium. According to Bailey? 
the Keshya and Mkwisi intrusive limestones contain 
300-400 p.p.m. strontium. Bailey claimed that although 
strontium is characteristically enriched in carbonatites, 
there is no sharp division between carbonatites and sedi- 
mentary limestones on this basis. One difficulty in the 
interpretation of previously reported analyses of carbon- 
atites for strontium and barium is that the variable 
mineralogy of these rocks has often not been taken into 
account. For example, a carbonatite specimen composed 
entirely of calcite would be expected to contain much 
more strontium than another specimen from the same 
locality which contained appreciable amounts of, say, 
biotite and pyroxene in addition to calcite. Quon and 
Heinrich’ have avoided this difficulty by analysing only 
pure carbonate minerals from 17 different carbonatites. 
They find that strontium in carbonatitic calcite is enriched 
by a factor of from 26 to 170 over that present in sedimen- 
tary calcites. 

If carbonatite magma can sometimes contain only 
300-400 p.p.m. strontium then the addition of only a very 
small amount of strontium from granitic rocks, with their 
higher **Sr/*Sr ratios, would be sufficient to raise the 
87Sr/*Sr ratio of the carbonatite magma to the value of 
0-710 found in the Keshya and Mkwisi rocks. Therefore 
the low concentration of strontium in the Keshya and 
Mkwisi rocks is of more fundamental significance in terms 
of their classification and origin than their higher *’Sr/**Sr 
ratios. Ifthe former can be explained so can the latter. 

Bailey’ stated that the Keshya and Mkwisi intrusive 
limestones were not derived from the Lusaka limestone 
which occurs in the vicinity of the intrusions. This con- 
clusion is strengthened by the fact that the ®’Sr/*Sr 
ratio of Lusaka limestone is significantly lower than those 
of the Keshya and Mkwisi intrusive limestones. If, as 
Bailey writes (personal communication, 1965), the speci- 
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mens of Lusaka limestons analysed come from outcrops 
labelled Mampompo limestone by Cairney’, this result 
would suggest that the Mkwisi intrusive limestone is not 
mobilized Mampompo limestone. One xenolith of sedi- 
mentary limestone found in the Mkwisi intrusive limestone 
was analysed; its ®’Sr/**Sr ratio of 0:7085 would appear to 
be higher than that of the Lusaka limestone. This indi- 
cates that this specimen is either a xenolith of some other 
limestone or a fragment of Lusaka limestone which has 
exchanged strontium-87 with the surrounding intrusive 
limestone. The ®Sr/*Sr ratio of the xenolith is not 
measurably differect from that of one specimen (R44) 
of Micwisi intrusive limestone. 

In summary, the *’Sr/**Sr ratios of both the Keshya 
and Mkwisi intrusive limestones are shown by these 
analyses to be distinctly higher than those of accepted 
carbonatites and distinctly higher than those of the 
carbonate vein-dikes which have been analysed. This 
difference can be accounted for by a hypothesis of 
assimilation of a small amount of granitic material by a 
carbonatite magma providing that such magmas can have 
strontium concentrations as low as 300-400 p.p.m. 

I thank Dr. D. E. Bailey for providing specimens and 
Prof. P. M. Hurley of the Massachusetts Institute of 
Technology for the use of a mass spectrometer. 
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Use of Reworked Pollen and Spores for 
determining the Pleistocene ~ Recent and the 
Intra-Fleistocene Boundaries 


Durgine July of 1362 a two-year palynological investiga- 
tion of continental shelf and ocean bottom sediments off 
the eastern coast cf the United States was undertaken. 
(Samples were made available through the courtesy of 
Lamont Geological Dbservatory and Woods Hole Oceano- 
graphic Institution.) Later, samples from a suite of.cores 
collected between Argentina and the Mid-Atlantic Ridge 
were also added to this investigation of pollen and spore 
distribution in marme sediments. A total of 349 samples 
from 21 cores was-collected by me. All samples collected 
were processed and examined. Only three of the 2] cores 
sampled proved tc be completely barren of pollen and 
spores. All the othar cores contained at least some prod- 
uctive samples and in many of the cores most of the process- 
ed samples yielded pollen and spores. 

The purpose of tins investigation was to obtain a longer 
and more complete record of the Pleistocene than is 
generally available from bog, marsh and lake samples 
collected on the continent. The importance of this line 
of investigation was pointed out by Flint', who stated 
that “the strata beneath deep-sea floors should give an 
unbroken record of Pleistocene events’. It was hoped 
that, in addition so Pleistocene chronology, the data 
gathered would provide information about the distribu- 
tion of pollen and spores in marine sediments, changes in. 
vegetation along the coast during glacial times and 
possible sources af Pleistocene marine sedimerts. All 
these objectives were realized in part. In addition, some 
results were obtained which were completely unexpected 
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when this work was begun. The most important of these 
results is the objective recognition of reworked pollen and 
spores and the direct application of these data to Pleisto- 
cene stratigraphy. 

Soon after this work was undertaken ıt was observed 
that many samples of Recent and Pleistocene age from 
the ocean bottom cores contained an exceptionally large 
percentage of pollen and spores of pre-middle Tertiary 
age. This large percentage of reworked material led me to 
suspect that reworked pollen and spores of late Tertiary 
age and even older Pleistocene age also were present in 
these sediments. 

It is well known that many of the middle and late 
Tertiary pollen and spores do not differ morphologically 
from pollen and spores bemg produced by extant plants. 
Accordingly, in order to achieve any significance in this 
investigation it became necessary to discover a technique 
for separating the reworked from the non-reworked pollen 
and spores. Furthermore, this method had to be performed 
on an objective and reproducible basis if the conclusions 
were to be of any value. If this could not be done then I 
fully agree with the statement of Davis?: ‘“‘where there 
ig evidence of contamination but no way of estimating 
its nature or extent, pollen investigators might better 
abandon attempts at interpretation rather than run the 
risk of reaching erroneous conclusions”. 

Reworked (secondary, rebedded) pollen and spores have 
been discussed in the literature by several workers'~* (see 
bibliography in ref. 9 for a list of many of the early works 
on this subject). 

Iversen’ in his investigation of late Pleistocene deposits 
of Denmark was fortunate in finding the source that 
contributed the older pollen and spores. He, therefore, 
was able to subtract the contamination from the primary 
assemblage. Cookson’ discovered distinct and identifiable 
Palaeozoic spores in the Upper Cretaceous and lower 
Tertiary sediments. Inasmuch as the older spores were 
morphologically distinct, there was no problem in readily 
separating the older spores from the younger assemblage. 
Muller® in his extensive study of the Orinoco River Delta 
palynology wrote: “Tertiary pollen reworked by the 
Orinoco headwaters in the Andean foothills and deposited 
in the recent Orinoco sediments is easily distinguished 
from Recent pollen by its flattened shape and poor preserva- 
tion. Itis often corroded and stains differently. Pleistocene 
pollen is more difficult to recognize as such on the basis 
of preservation, and the separation of reworked older 
Holocene pollen from Recent pollen is next to impossible”. 

During the early course of this investigation it was 
noticed that many of the morphologically distinct lower 
Tertiary and Mesozoic pollen and spores that oceurred 
mixed in Pleistocene and Recent assemblages accepted 
stain (Safranin ‘O’) differently from the Quaternary 
pollen and spores. This fact was also mentioned by 
Muller’, 

Four categories were observable for these pollen and 
spores that, are definitely known to be reworked: 

(1) Grains with a brown or light-yellow coloured exine. 
This lack of stain acceptance is most common among 
spores known to be of Palaeozoic and early Mesozoic age. 

(2) Grains in which both the endexine and the ektexine 
accept stain very readily. Such grains are considerably 
darker than most of the other -grains on a given slide. 
This type of stain acceptance was observed only in grains 
of early Tertiary and late Mesozoic age. 

(3) Grains in which the endexine takes stain readily 
whereas the ektexine does not accept stain or accepts 16 
only slightly. This type of staining characteristic is 
found to o¢cur most frequently among spores and pollen 
known to be of Mesozoic age. 

(4) Grains which accept the stain much like Recent 
pollen and spores!!#, Here the ektexine accepts stain 
more readily than the endexine. This type of stain accept- 
_ ance occurs very infrequently among grains known to 
be reworked.. 
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The reason for the difference in stain acceptance 1s 
not completely clear at this time. Unreworked older pollen 
grains, as, for example, Mesozoic pollen obtained from 
the Mesozoic strata, accept stain much like Pleistocene 
or Recent pollen. Therefore, a possible explanation might 
be that during the process of reworking the exine chemistry 
is changed. This change of chemistry is reflected by the 
way the exine, more specifically the endexine and ektexine, 
accepts or rejects the stain. 

Any classification of pollen or spores of Pleistocene or 
Recent age as reworked has to be based entirely on 
circumstantial evidence. In this work the presence of any 
of the first three of the above-listed staining characteristics 
recognized ın known reworked pollen and spores in the 
pollen and spores of presumably late Pleistocene or Recent 
age automatically placed the grain in the ‘reworked’ 
category. Pollen grains and spores of group number four 
were put into the ‘non-reworked’ or primary category 
except when, based on their morphology, they were known 
to be pre-Pleistocene. Then they too were put into the 
‘reworked’ category. This latter case occurred very 
infrequently. The presence of staining characteristic 
number four in pollen grains and spores known to be 
reworked can best be explained, at present, by assuming 
the grains were entombed in a larger particle of sediment 
during the reworking process. 

Preliminary tests were run by oxidizing Recent spores 
for various lengths of time before staining them. Some of 
the results obtained were identical to those observed and 
listed above. In addition, two Pleistocene bog samples 
were processed and examined. One sample had a large 
number of fragmented grains which suffered a noticeably 
large amount of mechanical treatment before finally 
settling in the bog. Most of these grains stained as 
described under criterion (3) listed above. The other 
sample contained no fragmented pollen and almost all 
the spores and pollen accepted stain the normal way; 
that is, the ektexine stains darker than the endexine. 

Broecker et al.1* present data supporting an abrupt 
decrease in sedimentation close to 11,000 years ago. 
Emiliani! has also shown that sedimentation was consider- 
ably higher during glacial periods than during the inter- 
glacial and postglacial periods. Inasmuch as pollen 
and spores are part of the normal sediment any increase 
in erosion and sedimentation would also bring about an 
increase in the percentage of reworked pollen and spores. 

The results of this investigation were not plotted until 
most of the counts were completed. Furthermore, many 
slides were randomly assigned letters before counting so 
as to remove any possible bias. In all cases the results 
when arranged in proper stratigraphic order were usually 
consistent with counts from samples above and below 
and usually compatible with all other known lines of 
evidence where available; that is, carbon-14, Foraminifera 
data, a clastic ratio greater than 74u. Data gathered 
(Stanley, E. A., in preparation) show that sediments 
deposited during glacial periods have a markedly higher 
percentage of ‘re-worked’ pollen and spores than sediments 
deposited during interglacial and post-glacial periods. ‘The 
increased percentage of reworked pollen and spores is the 
result of an increased erosion rate which is correlated with a 
lowering of base-level. This lowering of base-level during 
the Pleistocene is usually associated with the ocean water 
being locked up in the continental ice-sheet. However, 
other causes such as tectonism can alter the relative posi- 
tion of base-level. Therefore, on one hand the percentage 
of reworked pollen and spores has to be used with some 
caution. On the other hand, this relationship between 
base-level and the percentage of reworked pollen and 
spores can open up many new vistas in the use of paly- 
nology tin both marine and non-marine sediments. For 
example, theoretically at least, relative base-level changes 
due to orogenic pulses during Pleistocene and pre- 
Pleistocene time should be recognizable on the basis of 
the increased percentage of reworked pollen and spores 
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m the sediments derived from these pulses. Furthermore, 
the individual pulses would be datable on the types of 
non-reworked pollen and spores present m these sediments. 
The dating of these pulses should be helpful in corroborat- 
ing other palynological information such as that obtained 
from relic surface studies used by Axelrod and Ting 
and recently discussed by Cottonis. 

This work was supported by a grant from the U.S. 
National Science Foundation. 
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CRYSTALLOGRAPHY 
Novel Ordered Phase, PtsTi 


Durme an investigation of platinum-rich alloys in the 
titanium—platinum binary system an intermediate phase 
of the composition Pt,Ti was discovered. The crystal 
structure of this phase has been determined by met. 
This arrangement of atoms is of particular interest because 
of the fact that it is an ordered configuration which is not 
greatly different from AuCu (ref. 2), Au;Mn, (ref. 3), and 
Au,Ti (ref. 4). These phases are characterized by the 
fact that the location of atoms represents minor deviations 
from a face-centred cubic solid solution, and also that 
different species of atoms display a preference for particular 
crystallographic sites. The ordered phase Pt,Ti exists 
over a region of homogeneity as does Au,Ti. Furthermore, 
it is quite interesting to note that the addition of titanium 
to platinum decreases the lattice parameter of the parent 
terminal phase. A similar effect was observed in the 
titanium~gold system}. 

Diffraction photographs made with characteristic copper 
X-rays were readily indexed in the tetragonal system. 
This possibility was suggested by the positions of the 
very strong diffraction maxima and similarities between 
X-ray powder photographs of Pt,Ti and Au,Ti. The 
lattice parameters of Pt,Ti were determined from results 
obtained with a 143-2-mm Debye Scherrer camera in 
which chromium Ką was used. Least squares analysis 
of the data from {600} Ka,Ko,, {332} Ka,Ka,, {631} 
Ka,Ko,, and {303} Ka,Ka, yielded the following results: 


a, = by = 8°31,, cg = 3-89,, and ¢,/a, = 0-469 


The crystal structure was determined from an X-ray 
powder diffraction film which had been made in a Hagg 
modified Guinier camera with mono-chromated copper 
radiation. A total of twenty-six different reflexions were 
observed and indexed. Systematic extinctions were of 
the type: (Akl) absent if h+h+1342 n. Therefore, the 
space lattice was considered to be body-centred tetragonal. 
The unit cell contains eighteen atoms: two titanium and 
sixteen platinum atoms. It was observed that if one only 
considered the strongest diffraction maxima in Pt,Ti it 
was possible to formulate a four-atom pseudo unit cell 
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Fig. 1. A schematic rerzesentation of lattice relationships between the 

AuCu type and the Au, Fi and Pt,Ti type crystal structures. The single 

circles and concentric celes indicate nets of atoms which are displaced 

from one another by one-half the unit cell dimension in a direction normal 

to the plane of the paper. The vector subscripts one, two, and three refer 
to lattices of the £uCu, ATi, and Pt,Ti type, respectively 


which was face-cenured tetragonal. Appropriate mathe- 
matical matrix methods immediately yielded proper 
indexing for large unit cell and an initial or trial position 
of the atoms. The intensities of the various reflexions 
were calculated with an electronic computer, and best 
agreement was obtained when the eighteen atoms were 
placed in the following positions of space group D4), 


0, 0,0; 1/2, 1/2, 1/2+ 


2 Ti in (a): 000 
8 Pt in (k): X, X, 0; £, Š, 0; X, X,0; X, X, 0 
with £, = 0-333 


8 Pt in (i): Z, 0,0; X, 0,0, 0, X, 0; 0, X, 0 
with =, = 0-327 


The relationship besween atomic positions in the ordered 
phases is shown in Tig. 1. A tetragonal space lattice has 
been illustrated. “he unique direction of the latter is 
normal to the plane of the paper and its magnitude such 
that the axial ratio is slightly less than unity. A unit cell 
for the AuCu type crystal structure which contains four 


atoms is represented by the vector triple, a,, bi, ¢,. The 
ordered phase of the Au,Ti type contains ten atoms/unit 
cell. Schematically this is represented by the translations 
> —> > 
@2, be, Cg. The unit cell of the Pt,Ti type phase contains 
eighteen atoms; these are shown in the same space lattice 
as has been used for the other ordered phases. The ideal 
positions of the atoms, which constitute the basis of a 
trial structure, is easily seen. The indexing of strong 
maxima corresponcing to the small pseudo cell can be 
determined by witing vector relationships between 
— — > j — — 
Ais bys Cy and B35 bss C3. 
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Order-conserving Reaction Schemes 


A NEW | class of reactions, with no counterpart in 
organic chemistry, has been elucidated in recent years 
in biologicpl systems; it comprises the template-directed 
polymerizations of nucleic acids and amino-acids. Results 
of the intensive work in this area of polymer biochemistry 
indicate that these reactions involve two concurrent events 
at each step in polymerization. A free derivative of the 
monomer specifically complements with the template, and, 
in the presence of a suitable catalyst, when adjacent to 
the terminal monomer of a growing chain this is followed 
by a non-specific coupling reaction. Configuration order, 
in the form of specified linear arrays of monomers, is 
thereby recovered from the energy entropy expended in 
polymerization’. This derived order is not transmutable 
to free energy, nor is the total entropy subject to restric- 
tion by the second law of thermodynamics according to 
Davis. The balance of entropies attained in polydeoxy- 
ribonucleic] acid synthesis has been evaluated in this 
report, so far as present data will permit such an analysis ; 
and based on what is at present known of these processes, 
reaction schemes have been. devised that aim at maximiz- 
ing the diminution of configuration entropy. 

Polynucleotide replication involves, in the main, a 
bijective complementation transform, from template to 
new polymer, of a sequence of four varieties of nucleotides 
and condensation of triphosphates into phosphodiester 
bonds with production of pyrophosphate. The decrease 
in nucleotide mixing entropy for polymers of equal base 
composition, the most probable composition, is then 
given by: $ ; 
ASmix = —R In 4 (1) 
| ASmix = — 2:75 cal/mol deg. 


# is the gas constant. The designation of heat entropy 
units to this magnitude is only symbolic; it cannot physic- 
ally represent heat entropy. The reaction entropy is of 
the usual form: 


| AS, = Rin q~ (2) 


- K, the equilibrium constant, is 0-36 x 10-2 for pyro- 
phosphorolysis of polydeoxyribonucleic acid at pH 6-5 
and 37° Cj (ref. 2). From statistical mechanical con- 
siderations |it appears that the molar entropy (R In q) 
changes by|— 8 cal/mol deg. Whence the reaction entropy 


becomes 
| AS, = —22 cal/mol deg. 


Environmental entropy must rise by at least 22 cal/mol 
deg. to dissipate the reaction entropy. 

It is evident that in the duplication of double-stranded 
polynucleotides composed of four varieties of monomers, 
the reaction entropy is approximately 90 per cent of the 
total entropy change. While the use of four varieties of 
nucleotides diminishes copying errors, there seems no 
reason why|it should not be possible to synthesize poly- 
mers of high order, involving several types of nucleotide 
complementation. Toward this end it may be observed 
that three positions are involved in hydrogen bonding 
guanine and cytosine, and that adenine and thymine pair- 
ing demonstrates that only two of such bonds are necessary 
for specific complementation. Taking into account that 
two types of groups are involved in hydrogen bonding, 
proton donors and proton recipients, it is, therefore, pos- 
sible to conceive twelve sets of complementation, each 
between & purine- and pyrimidine-like base. A necessary 
pea ols that hydrogen bonding is sufficiently effec- 
tive in each of the three available positions to permit 
specific pairing. With the use of these bases, it may prove 
possible to construct polymers composed of an extended 
array of ‘Watson—Crick pairings. The respective entropies 
would be: , i 
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ASmix = — 6°31 cal/mol deg. 
AS; = — 21-5 cal/mol deg. 


In such a system the reaction entropy is at the 80 per 
cent level of total entropy. 

Relatively larger decreases in monomer-mixing entropy 
can be achieved with protein biosynthesis than with 
polynucleotide replication. However, it is not yet possible 
to estimate reaction entropy to total entropy ratios with 
any degree of assurance, as the reaction has not been 
entirely clarified. The role of guanine triphosphate, in 
particular, remains to be determined’. Recent experi- 
ments from the laboratory of Nirenberg’, in which amino 
acyl transfer polyribonucleic acid (t-RNA) was bound to 
ribosomes programmed with oligonucleotides, provide 
direct evidence that the complementation unit is a 
sequence of three nucleotides. My exploratory investi- 
gations’ with this system also favoured a triplet-coding 
unit. In this event, 64 complementation elements are 
obtained in 4 base polymers and 13,824 are possible in 
24 base polymers. To utilize fully the coding potential 
of such polymers, it is necessary that the polymerization 
transform between both sets of complementation elements 
be isomorphic. Hence, each species of t-RNA would have 
to be purified and then loaded with amino-acids which 
have distinctive isotope labels, followed by removal of 
the loading enzymes to prevent transacylation during 
protein synthesis. In this manner, a system with & coding 
capacity of about 60 elements may be obtained. To 
increase further the coding capacity, it would be necessary 
to synthesize t-RNA molecules and imecorporate anti- 
codons complementary to the unaccounted sequences. 
As naturally-occurrmg amino acyl synthetases could not 
be expected to load these artificial 1-RNA’s, this step 
may be included in synthesis. In like manner, a 24-base 
array of t-RNA molecules could be prepared. It would, 
of course, only be necessary to use these bases in the 
anti-codon region. The most probable mixing entropies 
are : 


20 element system: — 5-95 cal/mol deg. 
60 element system: —8:13 cal/mol deg. 


ASmix 
13,824 element system: -- 18-92 cal/mol deg. 


Should it prove possible to construct systems with codons 


_of more than three bases, further decreases in mixing 


entropy would accrue. Flawless complementation has 
been assumed throughout the calculations. 

The magnitudes by which the monomer mixing en- 
tropies diminish in protein biosynthesis and polynucleotide 
replication are such that an experimental assessment is 
warranted of the order producing propensity of those 
reactions which permit it. 
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Novel Chemiluminescence Methods for 
Determination of Absolute Rate Constants 
for Elementary Radical Reactions in the 
Liquid Phase 


THE recombination of peroxide radicals is usually 
accompanied by luminescence (see, for example, refs. 
1 and 2). In the presence of certain luminescent sub- 
stances (activators) that do not affect the reaction rate 
the luminescence will increase due to energy transfer’. 
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Fig. 1. 


into kumene (dicyclohexylperoxydicarbonate as initiator), w,=1-49 x 10-* 
0° O; dmission of oxygen into ethylbenzene (bis-a-azoethylbenzene as 
initiator), wy, = 1-75 x107" mole/L.jsec, £36" C; (8) on admission of a-naphthol (1:75 
ity into kumene undergoing oxidation, top, =8-5 x10- mole/L/sec (below-—— 
B-naphthol, 2°56 x 10-* mole/l.; la, 2a. 3a, anamorphoses of curves 1, 2, 3 


t=4 (2) on a 


x 10-7 male 


The luminescence intensity is a function of the concentra- 


tion of peroxide radicals: 
T = nk[ RO] (1) 
The luminescence yield. is, in fact, independent of the 
radical concentration. Thus the relative concentration of 
peroxide radicals and the elementary constants for radical 
reactions may be found from the kinetics of activated 
chemiluminescence accompanying non-stationary oxida- 
tion. For example, when non-stationary conditions are 
obtained by an abrupt change in the initiation rate 
Wi, —> Wi, then d[RO,]/dt = w; — &,[RO,]*, and at w; = 0 
the solution will be: 


VIVI — 1 = tyhi (2) 


and: 
3 (Vo + SD (VIs — VIa) (3) 
(VI - Vio) (Io + VI) 
at W;, 0 (I, is the initial luminescence intensity, I the 
luminescence intensity at time t, and Jœ the stationary 
intensity (t —> 00)). 

Let us consider certain methods for ensuring non- 
stationary conditions in initiated hydrocarbon oxidation. 

(a) The illumination of a photosensitized reaction (the 
rate of photo-initiation being w;,) is abruptly interrupted, 
and the kinetics of activated chemiluminescence decrease 
is recorded. A value kę = (3-3 + 0-5) x 104 1./mole/sec 
was thus obtained for kumene at 20° C (ref. 4). 

(b) The oxygen after-effect method involves rapid 
admission of oxygen into the hydrocarbon containing 
both the initiator and activator (9,10-dibromoanthra- 
cene). The kinetics for attainment of a stationary 
radical concentration is then recorded from chemilumines- 


= 2ta/ kwi, 


ka 
cence. The reaction R` + R' —>is not accompanied 
by luminescence, while the latter is observed for RO, + 


ky 
RO». Since w; = const., k [RY = k [kO]. The 


method is valid when k, + kę Since oxygen is admitted 
k 


at a high rate and the reaction R` + Os is very fast, it 
may be suggested that [PR]. = [RO;] and: 


k, = ks T. (4) 


The following experimental values were obtained from 
equations 3 and 4:k, = (4 + 0:6) x 107, k, = (2 + 0:3) x 
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10° 1./mole/see for ethylbenzene over a 
temperature range of 36°-60° C (Fig. 1; (2 
and 2c) ); hk, = (4:8 + 0-4) x 10? and 
k, ~ 5x 10*1./mole/sec at 60° C for kumene 
(Fig. L (1 and la); kę = (1:5 + 0:5) x 10° 
L./mole,see for decaline. The activation 
energy for recombination of kumene per- 
oxide radicals was 2-:3-+0°3 kcal/mole. 

(c) Rapid admission of the initiator into 
a heated hydrocarbon or an inert solvent 
containing oxygen and the activator. The 
recombination constants for the initiator 
hydrocarbon radicals may then be determ- 
ined from chemiluminescence kinetics. A 
value «’, = (T + 3)x 107 1./mole/sec was 
obtained for the decay of azoisobutyronit- 
rile in chlorobenzene containing 9,10-dibro-— 
moantkracene (1 + 3 x 10-* molefi.) and 
dissolved oxygen at 60° C, and without 
oxygen. (electron spin resonance results) the 
value was k’, = 2 x 10° 1./mole/sec at 
128° C (ref. 5). 

(d) The absolute constant of interaction 
between peroxide and initiator radicals may 
be determined from the kinetics of the 
inhibitor-induced decrease in chemilumines.- 
cence Intensity. It may be considered that 
d{RO,]/dt = — k,[{InH][RO.], provided 


k [Ina] > Vwiks. Then: 
In J d = tk,[InH] 


A 


mole/l.j/seo, 





(5) 
A value k, = (8 + 1) x 10° 1./mole/sec was obtained for 
a-naphthol by using this method in the oxidation of 
kumene at 40° C (Fig. 1; (1, 3, 3a)). Non-stationary 
conditions may be created also by using other methods, 
such as electrolysis be rectangular pulse voltage supply, 
and others. 

The use of chemilurninescence methods makes possible 
the determination of absolute rate constants for radical 
reactions up to 108 L/mole/sec, which seems to favour 
their wide application 
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The Pentamethylbenzene Cation 


A RADICAL having electron spin resonance spectra in 
accord with expectation for the cation of pentamethyl- 
benzene (I; X=H) kms been obtained by dissolution of 
hexamethylbenzene ix concentrated oleums. The well- 
resolved spectrum hes been satisfactorily analysed in 
terms of two sets of equivalent methyl groups which give 
rise to two nearly equal septets having hyperfine coupling 
constants of 10-3 and 10-85 gauss, and a further weakly 
interacting methyl group which gives a quartet with a 
splitting of 0-56 gauss: No splitting from the single ring 
proton could be detected. This result is reminiscent of 
the results for a radical formed under similar conditions 
from durene, which was identified as the durene cation. 
Again, no coupling to the ring protons could be detected, 
but four equivalent, strongly coupled methyl groups gave 
a hyperfine splitting of 11-0 gauss?. This spectrum was 
interpreted! in terms cf a major splitting of the symmetric 
and antisymmetric x-rmolecular orbitals, with the unpaired 
electron largely in the latter. The present results confirm 
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this assignment, but the very small interaction with the 20 
ring proton is more difficult to understand in view of the 
clearly resolved quartet from the fifth methyl group. 0 2°46 
Equally puzzling is the fact that this ion is readily 5 10 15 20 
obtainable from hexamethylbenzene, but attempts to Time (h) 
obtain it from pentamethylbenzene have so far been Fig. 1. Density and contents of soluble and orthorhombic anhydrite 


fruitless.’ It is possible that the radical is not I(X = H) 
but I(X = CO,H or 80,H). These alternatives make 
little difference to our arguments since, in all cases, X 
is predicted to lie at a node in the orbital of the unpaired 
electron. 

The lack of equivalence of the two sots of methyl groups 
is quite comparable with that found for the 2,6 and 3,5 
ring protons of the toluene anion’, and if X = H the small 
interaction (ag < 0-2 gauss) may stem from the same 
factor that causes the dissimilarity of the methyl groups. 

In the discussion of the spectrum of the durene cation}, 
it was suggested that the very large Qom, value of 44-0 
gauss (derived from the equation aye = QMe Pe = 0°25) 
could be understood in terms of a linear dependence of 
Que on the positive charge density on the appropriate 
carbon atom. The present results give a similar very 
large Ome value, presumably for the same reason. 

Other ‘well-defined radicals have been obtained from 
penta- and tetra-methylbenzenes under these conditions. 
These will be reported and discussed elsewhere. 
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Formation of Orthorhombic Anhydrite 


PHASE changes in solids are accompanied by the develop- 
mont of strain, voids, and other imperfections which dis- 
appear to some extent when the product stands at a 
temperature at which the rate of diffusion is appreciable. 
The processes taking place during these changes are not 
fully understood, and we have studied them in the trans- 
formation of soluble to orthorhombic anhydrite, that is, 
calcium sulphate of the same structure as the mineral 
anhydrite. 

Powdered soluble anhydrite (99-8 per cent < 100 mesh) 
was held at temperatures ranging from 20° to 450°C 
in an all-glass system. The course of the reaction was 
followed by measurement of density (by immersion in 
benzene) and determination of the proportions of the 
phases by X-ray diffractometry as already described!. 
The transformation appears to proceed by two mechan- 
isms. One prevailing at high temperatures is catalysed by 
water vapour, leads to an unoriented product, and appears 
to proceed by nucleation and diffusion (surface). The 
mechanism operating at low temperatures is inhibited 
by water vapour and the product is oriented. 

Fig. 1 shows progressive changes (by the high-tempera- 
ture mechanism) in density and composition of soluble 
anhydrite held in vacuo at 340°C. There is no induction 
period, and the density increases rapidly to a constant 
value of about 2-74 g cm, corresponding to a transforma- 
tion of less than 60 per cent. However, the X-ray data 
show that when the density reaches this limit 83 per cent 


plotted against time for samples of soluble anhydrite held at 340° C in 
vacuo. [C], Soluble anhydrite; A, orthorhombic anhydrite; ©, density 


of the soluble anhydrite has undergone transformation, 
and with further time appears to proceed to completion. 
At lower temperatures the reaction tends to stop before 
completion. 

The transformation at 340° C takes place by the forma- 
tion and subsequent growth of nuclei of orthorhombic 
anhydrite. Each grain contains many of these*, and the 
broadening of the diffraction peaks of orthorhombic 
anhydrite (more pronounced the lower the temperature) 
indicates the imperfect nature of the crystallites of the 
product. Calculations from the broadening of the diffrac- 
tion peaks showed that the crystallites after 20 h have an 
effective thickness of 580 A normal to thé 110 and 101 
planes. 

The depressed density of the orthorhombic form of 
calcium sulphate will be due to the presence of lattice 
imperfections and pores too small for the penetration of 
benzene. Blind pores are probably not significant as 
the density rises to that of the mineral on heating to higher 
temperatures!. The degree of crystallinity and the 
compactness of the sample will tend to be reduced by the 
phase change, and the density of the system may be less 
than that of a mixture of perfect crystallographic species. 
The behaviour of the density can be explained on the 


ground that the disordering effect of the phase change ~ 


counterbalances the increase in density resulting from the 
more compact lattice of orthorhombic anhydrite when 
transformation at 340° C exceeds 83 per cent. 

Considerable mobility is required for the phase change 
to occur by diffusion. However, the values for the density 
show that temperatures that are high enough for rapid 
reaction in vacuo do not permit sintering of the product 
to proceed at a substantial rate despite its highly imperfect 
nature. 


~ M. Goro 
B. Motony 
M. J. RIDGE 
C.S.LR.O. 
Division of Building Research, 


Highett, Victoria, Australia. 
1 Kokai: J., Surkevielus, H., and Goto, M., Austral, J. Chem., 17, 1197 


? Ridge, M. J., and Surkevicius, H., J. App. Chem., 12, 425 (1962). 


An Ultrafiltration Cell 


TORIBARA)? described a centrifugal ultrafiltration cell 
which had several advantages over previous methods. 
These advantages were principally the avoidance of 
metallic contamination and the ability to control the atmo- 
sphere surrounding the filtrand and the filtrate. 

This communication describes a modification of the 
method of Smith? where a negative pressure is used to 
provide filtration pressure. Not only are the two afore- 
mentioned advantages of Toribara’s cell retained but in 
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Big. 1. 


The ultrafiltration cell. Length 15 cm, diameter 2°5 cm 


addition the filtrate or filtrand may be easily sampled 
and additions may be made to the filtrand without inter- 
fering with the filtration process. Furthermore, the entire 
cell may be immersed in a constant temperature bath, 

Fig. 1 shows a diagram of the ultrafiltration cell. The 
filtration casing (‘Visking’ cellulose dialysis tubing 0-39 in. 
diam.) is retained at either end of the cell by being fitted 
between a short piece of glass tubing and a one-hole rubber 
stopper. Care should be taken to ensure that the casing 
is not too long so as to sag and touch the sides of the cell. 

The casing and cell may be gassed with any gas mixture 
desired, after which the material to be filtered is delivered 
into the casing through one of the loading ports. 

The two loading ports may then be connected via a 
T-tube to a small gas bag or a gas trap over water in order 
to maintain the proper gas atmosphere as the volume of 
the filtrand diminishes. The gassing procedure and use 
of a gas trap may be omitted if a constant atmosphere is 
not required. 

Negative pressure (calibrated by a manometer if desired) 
is applied at one of the vacuum ports (the other vacuum 
port sealed or connected to the vacuum port of another cell 
in series). Depending on the volume and protein con- 
centration of the filtrand and the amount of negative 
pressure applied, the ultrafiltrate appears at varying rates 
in the collection vessel. 2 

By releasing the negative pressure the collection vessel 
may be removed and another put in its place. Ultra- 
filtration may be resumed by reapplying the negative 
pressure. i 

Subtractions from, or additions to, the filtrand may be 
made through a loading port by briefly removing the 
rubber tubing. 

By allowing the tubing leading from the ports to be 
sufficiently long, the ultrafiltration cell may be immersed 
in @ constant-temperature bath. 

This work was supported by grants AM-~10678 AMP 
and 5-K3-GM-7324 from the National Institutes of 
Health, U.S. Public Health Service. 


Savi W. Brusiow 
LUBA KUPOHYK 


Department of Pediatrics, 
Johns Hopkins University School of Medicine, 
and 
Harriet Lane Service, 
Jobns Hopkins Children’s Medical and Surgical Center, 
Baltimore, Maryland. 


2 Toribara, T. Y., Anal. Chem., 25, 1286 (1953). 
A Tore T. Y., Terepka, A. R., and Dewey, P. å., J. Clin. Invest., 36, 738 


*Smith, I., Chromatographic and Electrophoretic Techniques (Heinemann, 
London, 1960). 
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Formation of Rh(1I)-Carbonyl Complex by the 
Reaction with Some Non-alcoholic, Oxygen- 
containing Solvents 


It has been shown)? from an examination of the 
polarographic behaviour of some MRh(IIl)-arsine and 
phosphine complexes in dimethylformamide (DMF) as 
solvent that these cormplexes undergo reaction. with the 
solvent. To elucidate this reaction and to identify the 
reaction product, an investigation has been undertaken, 
the results of which are reported here. 

When a dilute (3 x 10 M) solution of rhodium tri- 
chloride in DMF is treated with six equivalents of 
triphenylphosphine and is heated under reflux for 1 h, a 
yellow solution is formed. When the major part of the 
solvent is distilled off and the resulting solution is allowed 
to stand, golden-yellow crystals are deposited. The filtrate 
yields more of the sams compound if diluted with ethanol 
and cooled. 

The compound obtained in this way was identified as the 
rhodium(I) complex [RhCl(CO)(PPh,).], originally de- 
scribed by Vallarino? and Chatt*. ({RhCl(CO)(PPh,).] 
shows in 0-6 M LiCl in DMF containing 20 per cent of 
methylchloride a well-developed polarographic wave at 
— 1-43 V against aqueous 10 M LiCl-calomel electrode, 
corresponding to -one-electron reduction!.) 

The identity of the complex was established by 
analysis, infra-red spectrum, etc. 

This result shows not only that the CO-group can be 
introduced into certain complexes by the reaction with 
alcohols (for example, from 2-methoxyethanol* for 
[RhCl(CO)(PPh,).}, methanol, ethanol‘, ethyleneglycol®, 
etc.), but also that DMF is a good carbonylating agent. The 
reaction described is completely analogous with the 
reaction of various phosphine complexes of platinum 
metals with alcohols, which lead to the formation of 
carbonylo- or hydride-complexes‘-§, The investiga- 
tions have been extended to some other non-alcoholic 
oxygen-containing solvents. The same product, that is 
[RhCl(CO)(PPh,).], was obtained by allowing the reaction 
between rhodium trickloride and triphenylphosphine to 
occur in tho following solvents: tetrahydrofurane (6 h 
at the boiling point, followed by concentration of the 
solution and slow cooling); 1: 1 mixture of benzene and 
tetrahydrofurane (8 h st the boiling point) cyclohexanone 
(3 h at the boiling point, the compound being precipitated 
from the concentrated solution with cold ethanol); dioxane 
(2 h at the boiling point, filtration, concentration and 
treatment with cold ethanol); acetophenone (5 h at the 
boiling point, filtration, concentration and precipitation 
with cold ethanol). In acetophenone and cyclohexanone, 
a small part of the rhodium is simultaneously reduced to 
the metal. 

On. the other hand, the reaction—14 h at the boiling 
point—with acetone does not result in the formation of 
Rh(I)-carbonyl complex, but gives a mixture of various, 
as yet not identified, compounds. The failure to obtain 
the expected complex from acetone is probably connected 
with the relatively low boiling point. This explanation is 
supported by the fact that in DMF no Rh(I)-carbonyl 
complex is formed at temperatures lower than 20° C, even 
after prolonged treatment. 

All these results paint to the conclusion that the 
carbonylation of platimum metal complexes by alcohols 
represents a special case of a more general type of reaction. 
It is possible that the carbonylating properties of aleohols 
are connected with the action of aldehydes or ketones, 
primarily formed by a reaction leading to the hydrido 
complex: for exampls, (NH,).IrCl, and PPh, give 
[IrHCl,(PPh,),;] when heated in aqueous 2-methoxy- 
ethanol at 100° C (ref. 7) and under more vigorous con- 
ditions to [IrCl(CO)(PPh,),] (ref. 6). - 

Aldehydes or ketones have been detected among the 
products of the reactions which yield hydrido complexes’. 
The detailed mechaniem of the action of DMF and 
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other non-alcoholic solvents is being examined fur- 
ther. 
| A. RUSINA. 
A. A. VidEK 
J. Heyrovsky’s Polarographic Institute, 
Czechoslovak Academy of Sciences, 
Prague. 


* Busina, A., Ph.D. thesis, Polarographic Institute, Prague (1965). 


* Rusina, A., and Vitek, A. A., Proc. Symp. Structure and Properties of Co- 
ordination Compounds, 65 (Bratislava, September 1964). 
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5 Vaska, L!, Chem. and Indust., 1402 (1961). 

t Vaska, L:, and Di Luzio, J. W., J. Amer. Chem. Soc., 83, 2784 (1961). 

7 Vaska, Ll, J. Chem., 83, 756 (1961). 
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BIOCHEMISTRY 


Accumulation of Lysolecithin in Rat Brain 
on Incubation in vitro 


Tae cytolytic and solubilizing actions of lysolecithin 
added to nervous tissue have been examined fairly exten- 
sively in this laboratory during the past eight years. The 
results jof this work were comprehensively reviewed 
recently, by Thompson!, and discussed with regard to 
their posible relevance to demyelinating processes. It is 
now established that small amounts of lysolecithin are 
normally present in fresh nervous tissue?-5, Moreover, 
both phospholipase A and B and a lysolecithin-acylating 
system requiring coenzyme A and ATP are also known 
to be present in braint‘. It seemed important therefore 
to determine next whether any derangement of these 
enzyme] systems, such as might occur in brain tissue 
exposed) to anoxia, would lead to the accumulation of 
lysolecithin, which in turn could cause further damage to 
membrane structures in the tissue. 

Rats weighing about 200 g were killed by decapitation. 
About 750 mg of slices of cerebral hemispheres, cut free- 
hand, were placed in each of threo 50-ml. conical flasks 
(fitted with ground-glass joints) together with 5 ml. of 
Krebs-Ringer phosphate (pH 7:4) containing 0-011 M 
glucose and 0-001 M disodium adenosine-5’-monophos- 
phate. (One flask was gassed with oxygen and one with 
nitrogen, while the third served as a zero-time control. 
After gassing, the first two flasks were closed with Thun- 
berg stoppers containing 0-4 ml. 20 per cent potassium 
hydroxide and a small roll of filter paper, and incubated 
with shaking for 4 h at 38°. At the appropriate times the 
contents of all three flasks were transferred to test-tubes 
and the slices homogenized in the suspending medium; 
the total lipids were then extracted from the homogenate 
with 4 volumes of 2: 1 v/v CHCl,-CH,0H mixture. The 
lipid fractions containing lysolecithin were isolated on 
silicic acid columns and an aliquot equivalent to 100 mg 
fresh tissue applied to silicic acid-impregnated paper, 
as described previously’. Standards (50 mymoles egg 
lysolecithin) and blank lanes were also run on each paper. 
After development of the chromatogram the papers were 
stained with phosphomolybdic acid and stannous chloride 
under standard conditions and the lysolecithin and blank 
spots cut out. The lysolecithin was then estimated by 
treating the blue-stained spots with toluene-3 : 4-dithiol 
solution, extracting the resulting green molybdenum 
complex with methyl cellosolve, and reading the optical 
density, of the extracts at 680 mu (ref. 7). The results ob- 
tained in four replicate experiments are set out in Table 1. 


Table 1 


The lysolecithin content of rat brain slices after Incubation for 0 and 4 h in 
Krebs-Ringer phosphate (pH 7-4) containing 0-011 M giucose and 0-001 M 
AMP, in the presence of oxygen or nitrogen (values expressed as xmoles/g 


fresh tissue) 
Exp, No. 1 2 3 4 Mean Increase 
Zero time 012 0-13 0-11 0-12 0°12 — 
4hin O, 0°38 0-23 0 24 0:27 0:28 0-16 
4hin N; 0-48 9-40 0-41 0 32 0-40 0:28 
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It is evident that a very constant level of about 0-12 
moles lysolecithin/g fresh tissue is present in unincubated 
slices of rat cerebrum, and that a considerable increase 
occurred in each experiment after incubation of the slices 
for 4 h with either oxygen or nitrogen. In every experi- 
ment, however, the increase with nitrogen was consider- 
ably more than with oxygen; the mean values show nearly 
twice the increase after anaerobic as compared with 
aerobic incubation. No significant alteration in total 
lipid-phosphorus was discernible following incubation in 
either oxygen or nitrogen. Other experiments, carried 
out in Warburg flasks using smaller amounts of tissue, 
indicated that the oxygen consumption was essentially 
linear for the whole 4-h period. In the first of the experi- 
ments shown in Table 1, confirmatory evidence identifying 
lysolecithin on the silicic acid-paper chromatograms was 
obtained by demonstrating its haemolytic activity. In 
this experiment a second chromatogram was prepared 
and the unstained regions corresponding in Ry to the 
phospholipids present were cut out; these were moistened 
with saline and applied to a sterile blood-agar plate which 
was then incubated at 37° for 6 h (ref. 8). Areas of haemo- 
lysis were produced only in the position corresponding to 
lysolecithin on the chromatograms, that from the anaerobic 
slices being the more marked. 

It is clear from these results that lysolecithin, a poten- 
tially toxic compound, can accumulate to some degree in 
brain tissue, particularly in anoxic conditions, despite the 
presence of phospholipase B. Moreover, since nothing 
certain is yet known about the cellular or intracellular 
distribution of phospholipase A activity in nervous tissue, 
it is possible that the extent of this accumulation may be 
greater in some sites than is indicated by the present 
results on slices of whole cerebral hemisphere. It is 
possible, therefore, that relatively high local concentrations 
of lysolecithin might be formed in pathological tissue 
in vivo. 

It has been suggested that phospholipase A and the 
lysolecithin—acylating system may function together in 
brain in a cyclical fashion, bringing about a continuous 
turnover of the §-linked fatty acids of lecithin in some 
membrane structures, as was suggested earlier by Lands? 
for liver. The finding that the accumulation of lysolecithin 
is less marked after aerobic as compared with anaerobic 
incubation is entirely consistent with this view. The 
accumulation of some lysolecithin in the aerobic slices 
probably reflects reduction in the formation of ATP and 
consequently in fatty acid activation in the slices compared 
with whole brain in vivo. 

The part played, if any, by such a cycle in membrane 
permeability and in determining the asymmetrical distri- 
bution of fatty acids in brain lecithin requires further 
study. It is of interest, however, particularly in relation 
to the latter point, that in multiple sclerosis the fatty acid 
pattern of lecithin from macroscopically normal regions of 
brain white matter has been reported to show a shift 
towards greater saturation); furthermore, the proportion 
of ester-linked polyunsaturated acids in the total lipids"! 
and cholesterol ester fraction’? of.serum is reduced in 
clinically active cases of this disease. It will be of great 
interest, therefore, to know whether and to what extent 
various long-chain fatty acids can be incorporated into 
the lipids of adult brain from serum. 

In addition to the work recorded here showing the 
accumulation of lysolecithin in incubated rat brain, it 
must be recalled that Johnson, McNabb and Rossiter’? 
and Tyrrell had earlier shown that the ‘kephalin’ 


.fraction of brain slices and homogenates decreases on 


incubation. It is of interest to note that in addition to 
the phospholipase A described by Gallai-Hatchard, 
Magee, Thompson and Webster, which was shown to 
split both phosphatidyl ethanolamine and phosphatidyl 
serine as well as lecithin, Ansell and Spanner?® have 
recently described an enzyme in brain which splits the 
vinyl ether linkage of ethanolamine plasmalogens with the 
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formation of a lysophosphatide. There is, therefore, the 
potentiality in brain for the accumulation of a number of 


lyso-compounds. 
G. R. WEBSTER 
R. H. S. THOMPSON 


Department of Chemical Pathology, 
Guy’s Hospital Medical School, 
London, 8.E.1. 
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Effect of Adenosine-5'-monophosphoric Acid 
: or inosine on Porphyria caused by 
Griseofulvin in Rats 


AS was recently reported by de Matteis and Rimington!, 
administration of large doses of griseofulvin in mice causes 
marked disturbances of porphyrin metabolism resulting in 
a picture of combined erythropoietic and hepatic porphy- 
ria. The proto-porphyrin-level increases in faeces and 
circulating red blood cells, and bone marrow becomes 
fluorescent. On the other hand, urinary copro-porphyrin, 
§-aminolaevulinic acid (ALA) and porphobilinogen (PBG) 
rise significantly and proto-porphyrin accumulates in the 
liver. 

This communication describes a similar effect of griseo- 
fulvin in white rats and the decrease in the disturbances of 
porphyrin metabolism following administration of adeno- 
sine-5’-monophosphoric acid (AMP) or inosine. 

Effect of AMP. Sixteen young female rats weighing 
140-160 g were fed a balanced diet containing 2-5 per cent 
griseofulvin. In 8 rats AMP was administered intra- 
muscularly, from the first day of intoxication, at a daily 
dose of 20 mg in 2 mi. of solvent. The 8 control rats 
received a daily intramuscular injection of 2 ml. of the 
solvent, 

As is shown in Fig. 1, the increase in the faecal copro- 
and proto-porphyrin level was clearly less significant in 
the AMP-treated rats ‘than in the controls. 

The copro- and proto-porphyrin level in the circulating 
red blood cells was determined on the 30th day of griseo- 
fulvin intoxication. As is shown in Table 1, the accumu- 
lation of porphyrin was significantly higher in the control 
rats than in rats treated with AMP. 

The difference between the AMP-treated and the control 
rats is statistically significant: for the copro-porphyrin 
i = 2-33 and P < 0-05; for the proto-porphyrin t = 5-6 
and P < 0-01. 

As de Matteis and Rimington found, we also have noted 
that intoxication with griseofulvin caused slight but 
significant increase in the urinary excretion of ALA, PBG 
and copro-porphyrin. But, in this respect, we have not 
observed a significant difference between the AMP- 
treated and the control rats. 

Effect of inosine. Twelve female rats weighing 160-180 g 
were fed a balanced diet containing 2-5 per cent griseo- 
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fulvin. Six rats were treated during the whole experiment 
(30 days) with a daily mtramuscular injection of 20 mg 
inosine in 2 ml. solvent. In the 6 controls 2 ml. of solvent 
were injected daily. 

The effect of inosine an the porphyrin metabolism was 
similar to that of AMP. . 

The faecal copro- and proto-porphyrin level was dimin- 
ished by the treatment with the nucleoside (Fig. 2). 

A significant decrease in porphyrin accumulation in red 
blood cells was observed. at the end of the experiment in 
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Table 1 
22/100 ml. red blood cells 
Copro-parphyrin Proto-porphyrin 
Normal values (mean of 8 rats) 0 54°6 + 1:95 
Rats mtoxicated by griseofulvin (mean 
of 8 rats 23°5 £ 2:81 118 43-8 
Rats intoxicated by griseofulvin and 
treated with AMP (mean of 8 rats) 13-9 + 1°54 78432 


* 


Table 2 
— —— * a pipon — 
opro-porphyrin Proto-po n 
Rats intoxicated by griseofulvin (mean = 


of 6 rats) 1322+111 TT3 +254 
Rats intoxicated by griseofulvin and 
treated witb inosine (mean of 6 rats) 1014110 61'144 1:75 


the rats treated with inosine as compared with the controls 
(Table 2). 

This difference between the rats treated with inosine 
and the control ones is statistically significant: for the 
copro-porphyrin ¢ = 26 and P < 0-05; for the proto- 
porphyrin ¢ = 6-0 and P < 0-01. 

The daily urinary excretion of ALA, PBG and copro- 
porphyrin was somewhat less in the rats treated with 
inosine than in the controls; but the difference was not 
statistically significant. 

Our experiments clearly show that administration of 
AMP or inosine exerts a counteracting effect to the 
disturbances of porphyrin metabolism caused in rats by 
large doses of griseofulvin. The main disturbances, 
namely, the accumulation of porphyrins in faeces and red 
blood cells, were significantly diminished by the treatment. 

This effect of the two adenylic derivatives is similar to 
those we have observed in other experimental porphyrias 
caused by different toxic agents (hexachlorobenzene?, allyl- 
isopropylacetylcarbamide*, dihydrodicarbethoxycollidine4, 
lead’). On the other hand, ın our experiments, synthesis 
of porphyrin by Rhodopseudomonas spheroides grown 
anaerobically in the light was diminished in the presence of 
adenylic nucleosides and nucleotides’. It seems, therefore, 
that these compounds play a general regulatory part in 
cases of excess biosynthesis of porphyrins. 

| A. Gaspos 
| M. Gaspos-T6r6xK 
Research Laboratory, 
Clinique Médicale de l’Hédtel-Dieu, 
Paris. 
* de Matteis, F., and Rimington, C., Brit. J. Dermatol., 75, 91 (1963). 
? Gajdos, A., and Gajdos-Térdk, M., Lancet, li, 175 (1961). 
s Gajdos, ÀA., and Gajdos-Torok, M., C. R. Soc. Biol., Paris, 161, 1565 (1962). 
t —— and Gajdos-Tordk, M., Revue Frang. Etudes Clin. Biol., 8, 916 


+ Gajdos, A., Gajdos-Torok, M., and Danieli, G., Nature, 198, 183 (1962). 
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Formation of Histamine in the Cotton Plant 


In studies of the aetiologcal factors of byssinosis, 
histamine was shown to be present in small quantities in 
dusts collected from cotton mills? and in somewhat larger 
amounts in the leaves and stems of cotton plants’. The 
possible origin of this amine has now been investigated. 

Seeds of Gossypium hirsutum were freed from cellulose 
linters by treatment with concentrated sulphuric acid for 
5 min followed by washing in water. Some of these seeds 
were germinated in the dark at 37° C for 48h. The testae 
were removed and amino-acids were extracted from both 
germinated and non-germinated seeds with 80 per cent 
(v/v) ethanol by the technique of Abdoh and Nafissi®. 
The concentrated extracts and amino-acid standards 
were chromatographed on Whatman No. 1 paper in 
n-butanol/acetic acid/water (12:3:5, v/v), n-butanol/ 
pyridine/water (1: 1:1, v/v) and iso-propanol/ammonia, 
880/water (20: 1: 2, v/v). The developed chromatograms 
were sprayed with either ninhydrin, ninhydrin-cupric 
nitrate’, Pauly’s reagent or isatin. These reagents showed 
that histidine was present in the seed and that during the 
early stages of germination its concentration increased. 
Other amino-acids detected in the germinating seedling 
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were leucine, valine, alanine, glycine and, in smalle 
amounts, tyrosine, proline, threonine, phenylalanine 
serine, arginine and aspartic and glutamic acids. Thre 
other ninhydrin-positive spots were not identified. 

The ability of the seedlings to decarboxylate histidin: 
was then examined. After germination for 48 h at 37° ( 
the testae were removed and the seedlings were grounc 
with 0-9 per cent (w/v) saline (1 ml./g) and acid-washex 
sand in a mortar for 10 min. The extract was strainec 
through muslin and incubated for 3 or 16 h at 37° with o 
without added p,t-histidine monohydrochloride at variou: 
pH values (Table 1). At the end of the period of incuba 
tion the mixtures were centrifuged at 2,000g for 10 min 
Histamine was extracted from the supernatant by th 
method of Shore, Burkhalter and Cohn! and assayed o 
the isolated ileum of the guinea-pig suspended in a 5-m] 
bath containing atropinized (10-7) Tyrode’s solution a 
37° ©. Although conditions were probably not optimal 
the amount of histamine formed from the histidine adder 
was significant at pH 7-2 and 8-4 after incubation for 16] 
but not 3 h (Table 1). In none of the tubes was ther 
evidence of bacterial growth. Similar results wer 
obtained when the substrate was -histidine monohydro 
chloride. The histamine-forming activity of the see 
extract was destroyed either by boiling for 10 min o 
by the addition of trichloroacetic acid. In an identica 
experiment using seeds germinated for 24 h, only 7 w 
of histamine were formed after incubation for 16 h a 
pH 7-2. This suggests that the decarboxylase may no 
reach maximum activity until several days after germina 
tion has begun. 


Table 1. HISTAMINE FORMATION BY COTTON SEED EXTRACTS 
Tube number 1 2 3 4 5 686 7 8 9 10 11 12 
E of buffer 5-0 7-2 8-4 
neubation at 37° © 
3 3 16 16 3 8 16 16 3 3 16 16 
Histidine - + — + = Fe 4 č m $ = + 
(ugitube) 3 8 6 7 2 3 5 23 2 3 56 2 


Each tube contained: seed extract (1 g/ml. of saline), 2 ml.; 0:067 M sociur 
phosphate buffer, 2 ml.; benzene, 0:05 ml., and either D,L-histidine mon 
hydrochioride (10 mg/ml. of water), 1 mi., or distilled water, 1 ml. Histamir 
values approximated to the nearest whole xg. 


These results demonstrate that in germinating cotto: 
seeds there is both the substrate and the necessary enzym 
for the formation of histamine. 
This work was supported by a grant from the Medice 
Research Council. 
G. Rosemary LLOYD 
P. J. NICHOLLS 
Welsh School of Pharmacy, 
Cathays Park, 
Cardiff. : 
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Contribution of the Cationic Groups of 
Dihydrostreptomycin to Biological Activity 


THe conversion of dihydrostreptomycin (DHSM) t 
dideguanyldihydrostreptomycin (DGSM) has been de 
scribed?. In the DGSM molecule, the two guanidin 
groups of DHSM have been converted to primary amin 
groups with no other detectable structural change. Th 
primary amino groups of DGSM were found to be weake 
in basicity (pK about 6-3) than the secondary amin 
group of the molecule (pK, 7:9) (ref. 1). The net charg 
on the DGSM molecule at pH 7-0 in aqueous media thu 
would be expected to be +1, compared with a net charg 
of +3 for the parent molecule-DHSM. DGSM had n 
biological activity when assayed by conventional teck 
niques, with streptomycin-sensitive and dependent Escher 
chia coli. 








derivative of DHSM was prepared by treat- 
‘DHSM (sulphate) with carbobenzyloxy chloride 
“presence of magnesium oxide?. An amorphous 
uct was obtained which, based on a calculated mole- 
ular weight of 816, had a molar extinction coefficient, 
Emax of 21-6 x 10° (Amax = 257 mp). Emax for the model 
substance, carbobenzyloxy-L-glutamie acid, was found to 
be 20-4 x 10%, the absorption of both compounds being 
due, entirely, to the aromatic component. These proper- 
ties, together with the absence of a titratable secondary 
amino group and the presence of a positive Sakaguchi 
reaction, indicated that the amorphous product obtained 
on treatment of DHSM with carbobenzyloxy chloride was 
(mono) ‘carbobenzyloxy-dihydrostreptomycin’ sulphate 
_(Cbz-DHSM) in which substitution had occurred on the 
‘secondary amino group. The charge on the (Cbz-DHSM) 
molecule would originate at the two guanidino groups 
and would result in a net charge of +2. Cbhz-DHSM was 
“devoid of biological activity when assayed with strepto- 
mycin-sensitive and dependent F. coli. 

A. portion of the Cbz-DHSM was hydrogenated over 
palladium according to the classical method for removal 
of the carbobenzyloxy group’. The resulting product 
would thus be identical in chemical structure with the 
original DHSM. This regenerated material was found to 
have biological potency equal to DHSM (sulphate) when 
— with streptomycin-sensitive and dependent Æ. 

colt. 

= In contrast, several structural analogues of dihydro- 
streptomycin are known in which the net charge has not 
been altered. Most of these derivatives possess a high 
level of biological activity (for example, hydroxystrepto- 
mycin’, mannosidostreptomycin', dihydrodeoxystrepto- 
mycin’), Many investigators have proposed that the 
cationic properties of the streptomycin group of anti- 
biotics are involved in interaction with anionic receptor 
groups of the bacterial cell*. The foregoing provides some 
supporting evidence for such an hypothesis by showing 
that the biological activity of streptomycin was indeed 
destroyed when the net positive charge on the molecule 
was decreased by chemical modifications. 
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coo Banana Tannin and its Reaction with 
— Polyethylene Glycols 

HE widespread distribution of flavonoid tannins in 
at materials and their reaction with proteins to form 
er-insoluble complexes (protein-tans) is well known. 
eceurrence of tannin and proteins in the same tissue 
i problems with regard to extraction of enzymes 
rocessing of foods and beverages where tannins may 
‘the protein value of the food or cause unwanted 

ipitations, discolorations, or astringent off-flavours. 
ünins and other phenols play an important part in 
30, tea and tobacco processing®*, 
. solution to some of the problems of protein-tannin 
tion during extraction involves finding means of 
ing tannin without undue interference with 
tives of the extraction procedure. Gelatin and 
ert protein’ sometimes serve as efficient tannin 
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precipitants. Loomis aral Battaile*, in introducing the use 
of cross-linked polyvurylpyrollidone (PVP) as phenol 
absorbent, recently cited objections to the use of imert 
protein as polypheno! adsorbent during the course of 
enzyme extraction. Jenes and Hulme’ have developed a 
method for enzyme or mitochondria extraction from apple 
peel tissue using water-<oluble polyvinylpyrollidone in the 
extraction medium. ‘TTaese authors®.® suspect that PVP 
is mainly offective by forming water-soluble complexes 
with low-molecular-weight polyphenols. Such complexes 
are thus prevented from possible further oxidation 
leading to enzyme de-astivation. 

The purpose of this communication is to describe the 
nature of tannin presens in the aqueous portion of banana 
latex, and its reaction with a new class of tannin precipi- 
tant. Earlier information on banana latex composition, 
its tannin-like nature, and histochemical localization in 
bananas has been reviewed", 

Banana latex used in the work recorded here was 
collected from freshly harvested, mature, green bananas 
(‘Valery’ cultivar) and fractionated by centrifugation at 
low speed into a hydrecarbon ‘gum’ (about 10 per cent) 
and an aqueous fraction (about 90 per cent). The aqueous 
portion (pH 4-5) was subjected to dialysis, paper chromato- 
graphy, tannin precipitation tests, and colorimetric 
analysis. The results of these investigations showed that 
the major organic constituent present was tannin, as 
revealed by quantitaiive removal of 90 per cent of the 
phenolics from solution by treatment with excess i per 
cent gelatin solution. Dialysis of the aqueous portion 
against several changes of distilled water indicated the 
tannin to be non-diaivsable, while dopamine, serotonin, 
and other phenolic c#nstituents present were removed 
by this procedure as mdicated by paper chromatographic 
examination. Solids determination of gum-free latex 
before and after prolonged dialysis against distilled water 
indicated that, of abeat 117 mg total soluble solids/ml., 
approximately 100 mg were non-dialysable and represented 
the tannin content of Iatex. The non-dialysable nature of 
tannin and the relative insolubility of the acetylated 
product? in several erganic solvents indicated that it 
was of high molecular. weight. 

Attempts at acid irydrolysis of dialysed tannin using 
dilute hydrochloric or acetic acid resulted in the formation 
of considerable anthecyanidin pigment which had the 
Rp value of delphinie:n when chromatographed on paper 
in several solvent systems. It would appear we are dealing 
with a highly polymeric leucodelphinidin very similar to 
that described by Hitis from Kino”. 

Dilute aqueous solutions (5 per cent w/v) of polyethylene 
glycols (PEG) of general formula: 


R ,0O—CH 2 CH. ¢--O—CH 2) np —CH g--OR a 





(where R, or R, = aryl, alkyl, or H; and n=3-5 up 
to 500 or more) were found to react spontaneously on 
mixing with banana.Jatex tannin to produce precipitates 
which were insoluble in boiling water and most organic 
solvents. The dry weights of the washed precipitates 
indicated that a complex had been formed between the 
polyethylene glycol ead tannin. The polyethylene glycols 
tested included several of the common non-ionic ‘deter- 
gents’ such as “Triters’, ‘Tergitol’, ‘Tweens’, and ‘Spans’, 
where R, or R, are sebstituted phenyl or sorbitol groups. 
Many non-detergenta {R and R, =H) such as polyethylene 
glycol 200, 300, 4,002., 6,000, 20 M, ete., also formed com- 
plexes with tannin. The reaction appeared to be quite 
independent of subst#uents (R, or R) on the polyethylene 
glycol chain, as wel! as the n value relating to molecular 





over a wide pH range (2~8-5) and in many ways paralleled 
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Fig. 1. Chromatogram of degummed banana latex showing phenolic 
constituents (Whatman No. 1 paper, 2 per cent aqueous acetic acid 
solvent, ferrie chloride-ferric spray). A, typical smear due to tan- 
nin. B, tannin removed by prior treatment with polyethylene glycol 
4000. ne, serotonin and two unidentified nolic compounds 
(U, and U,) were — this treatment. s appeared to be a 

vonol based on yellow our after exposure to ammonia vapour 
and yellow fluorescence after spraying with 1 per cent alcoholic aluminium 

chloride. C, dopamine. D, serotonin standards 


the observed reaction of 1 per cent gelatin with banana 
tannin. In addition, precipitates or colloids were formed 
when dilute aqueous PEG solutions were added to 5 per 
cent solutions of commercial quebracho or mangrove 
tannin as well as reagent grade tannic acid solution. Two- 
dimensional chromatograms of these mixtures indicated 
that a considerable portion of the total phenols (probably 
of tannin size) were bound by PEG and thus immobilized 
on chromatograms. 

The stoichiometry of the polyethylene glycol-tannin 
reaction is being investigated. The available results 
suggested that hydrogen bonding between (ether) oxygen 
of the polyethylene glycol chain and phenolie hydroxyl 
group (or other tannin moiety) might explain the precipi- 
tation phenomena. Prolonged separate dialysis of both 
latex tannin and PEG against distilled water did not 
prevent precipitation from occurring when PEG and tannin 
were finally combined. This indicated that dialysable 
components, possibly including metal ions, were not 
involved in the precipitation reaction. 

Polyvinylpyrollidone (‘Plasdone’ and ‘Polyclar-L’, 
Antara Chemical Co.) was also tested as a precipitant for 
banana latex tannin. Dilute aqueous solutions of these 
reagents were found to form complexes with tannin in 
much the same manner as PEG or gelatin, with the 
exception that PVP did not react well with tannin which 
had been dialysed. Fig. 1 shows a chromatogram illustrat- 
ing the phenolic compounds found to be present in banana 
latex, and the effect of polyethylene glycol 4,000 in 
removing the tannin smear. Dopamine and serotonin 
appeared to be present, and both have been reported to 
occur in bananas". The nature of a possible flavonol 
(U+) in bananas is under investigation. 

The solubility of most polyethylene glycols in aqueous 
buffers or organic solvents, such as acetone and alcohols, 
and the lack of nitrogen in these compounds as compared 
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to polyvinylpyrollidone (12 per cent) and gelatin or ‘inert 
protein’, made the polyethylene glycols potentially attrac- 
tive as tannin inhibitors during the course of enzyme 
extraction or in other areas of scientific and practical 
interest. The results of preliminary investigations along 
these lines confirmed the effectiveness of several poly- 
ethylene glycols in enzyme extraction. Their usefulness 
was presumed to be mainly due to tannin complexing. 
The development of histochemical stains and tannin 
reagents based on suitable polyethylene glycol derivatives 
is under investigation. 
D. E. JONES 
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Effect of Aldosterone and Corticosterone on 
8-Galactosidase and Invertase Activity in the 
Small Intestine of Rats 


ADRENALECTOMY performed on the 15th day after 
birth in infant rats delays the usual decrease in 6-galacto- 
sidase activity in the small intestine’? and the rise in 
invertase activity? which is observed on day 19 in intact 
animals. In this work an attempt was made to offset 
the effect of adrenalectomy by administering cortical 
hormones. Both corticosterone and aldosterone were 
used. The former is usually applied in metabolic studies ; 
the effect of the latter on enzyme activities has not been 
investigated‘. 

Infant rats were adrenalectomized by the dorsal route 
under ether anaesthesia on the 15th day after birth and 
remained with the mother rat (8 per litter) up to day 19. 
NaCl solution (0-9 per cent) was offered instead of water. 
Half the rats of each litter were injected with the hormone, 
the others with an equal volume of saline. At least 
99 per cent of the animals survived the experimental 
procedure. 

Corticosterone (Light Co., England) was first dis- 
solved in a drop of ethanol and then saline was added 
to give a concentration of 1 mg/ml. Most of the alcohol 
was then evaporated off under reduced pressure at 
35°—40° C and the volume was made up by distilled water 
(Jones? used a similar procedure to prepare steroid 
solutions for experiments in vitro). Aldosterone (“Aldo- 
corten? CIBA) was applied in the original solution. A 
single dose of the hormone was injected i.m. on the day 
of operation (day 15) and every subsequent day including 
day 18. On day 19 the rats were decapitated, and 
8-galactosidase and invertase activity were determined 
in homogenates in 0-15 M KCl of the proximal (jejunum) 
and distal (ileum) third of the small intestine (duodenum 
was discarded). §8-Galactosidase was assayed by Leder- 
berg’s method’, using o-nitrophenyl-8-p-galactoside as the 
substrate at pH 3-5 (refs. 1, 2); invertase was estimated 
by the method of Blair et al.” at pH 6-25, and reducing 
substances were determined by the method of Nelson‘. 

It is evident from Table 1 that corticosterone in 
lower doses had no effect on §-galactosidase activity. 
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OT: OF Corricoms ON #- Gataotostpase AND INVERTASH ACTIVITIES OF HOMOGENATES OF THE SMALL INTESTINE FROM 19-DAY-0OLD Ra 
. ADRENALECTOMIZED ON Day 15 











| Invertase + Galactosidase * 
Group — — — ——— — — — — — ae 
Jejunum ileum | Jejoxrurm | eum 
~ Controls} 366 J 5-0 = 16 (26) | 73-5 +#2 (39) | 306 + 195 (39) 

Corticosterone (0-5 mg) | Not A | 850495 (S)acot significant — +355 (5) not significant 
Corticosterone (2 mg Not estimated 69-6 + 5-8 ¢ trot significant | 2570318 (4) not —— 
68-0419-2 (5) P< 0-01 76-0 + 20-4 (5) P<0-001 87-24+2-9 Ca P<0-001 66-0 + 18-0 (7) P <0-001 
PO (0-5 matt | 13-94 4-2 (9) not significant | 15-9461 (3) not significant | 67-7 +54 (13) ore significant | 125-0+ 34-7 (13) P<0 G01 

| B18 + 08 (7) P<0-05 318482 (7) P<001 | SOLt 81 is) P e002 165- 14371 (8) P< 0-002 

i È 





* Activity is given as «moles o-nitrophenol liberated/h/g wet wt. of tissue at 37° C at pH 3-5. 
+ Activity is given as mg of reducing substances (glucose used as reference) liberated/h/g wet wt. of tissumat 37° C at pH 6-25. 
t Since controls (adrenalectomized) which received the same amount of physiological saline as experiments. animals did not differ in different experiments, i 


the mean value for the total control group of all experiments together is given. 
8 Mean + S.E.M. (number of animals in parentheses) (t test). 


$ Denotes dose per 100 g body-weight per day for 4 days, injected in 1 daily dose, 
- i Denotes dose per 100 g body weight per day for 4 days, injected in 2 daily doses. 
** Denotes dose per 100 g body-weight per day for 4 days, injected in 3 daily doses. 
— th and 3 denote dose power 100 g body-weight per day for 4 days, each given in 1 daily dosa. 


The — dose used (4:5 mg/100 g body-weight/day) 
induced a fall in activity to values found in 19-day-old 
- intact or sham-operated rats'? and the same dose also 
< increased invertase activity. 
_. Aldosterone was effective in smaller doses. A dose of 
o 0:5 mg/100 g/day (that is, one-tenth the effective dose of 
- corticosterone) significantly decreased $-galactosidase 
activity. One mg had a similar effect. Both doses also 
> increased invertase activity in both the jejunum and 
ileum. It is thus apparent that the effect of adrenalectomy 
can be counteracted by both corticosterone and aldo- 
aterone, the latter being more effective in the case of 
8-galactosidase. It remains to be shown whether aldo- 
sterone has also an effect in other enzyme systems at that 
age. 
We thank Ing. Gregorová for chromatographie control 
_of the purity of aldosterone in ‘Aldocorten’ CIBA and 
Mrs. Rnvénkove and Miss Ježková for their help. 
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mopona Carotenoid Metabolism in the 
| Andean Flamingo 


e -rare three-toed, yellow-legged flamingo, Phoent- 


y for coastal winter residence, is in and around saline 
es in the Andean heights of northern South America’, 
aintained successfully in the San Diego Zoo, whence 
shly expired specimens, and blood from living ones, 
ro made available for our studies. Not long captive 
m the wild, the birds had been maintained for the 
antine period in the Cologne Zoo before transference to 
iego in late September 1964. 

ediately after death parts such as liver, yellow 
ils, head and blood were stored in darkness at “about 
3 pending analysis. General procedures, basic 
pment and reagents used in our carotenoid studies 








* andinus, the native habitat of which, save prob- 


have been outlined «arlier?. Hexane was the reference 
solvent, and a Bausea and Lomb 505 Recording Spectro- 
photometer, or a Carey instrument, model 144, were 
used in establishing spectral absorption profiles or pigment 
fractions. Soft tismes were extracted with ethanol 
(followed by hot pwridine fer the orange mandibular 
skin), whereas the feather-barbs were digested with ethano- 
lic sodium hydroxide. 

Total extracted piments, for example from skin, were 
separated from muci. adventitious lipid, before chromato- 
graphy, by pre-sorption from hexane solution on minimal 
quantities of finely powdered MgO or Al,O;, added while 
swirling the system in a Florence. flask, until the now 
coloured powder law under a colourless, cloudy liquor, 
which was discarded. The pigment was then eluted from 
the hexane-washed powder with 1-5 per cent methanol 
in hexane; the alcenol was removed with water-rinses 
and the clear, dry sclations of carotenoids were chromato- 
graphed on MgO + Celite {1 : 1)-or on SiO, (with gypsum 
binder) in packed columns or thin layers. Hexane systems 
containing ascending miner concentrations of methanol 
were applied for cokann-elution as required. 

For thin-layer chromatography, a modification of 
Davies’s simple saturation chamber? was prepared by 
clamping together twp glass plates 20 em square, the back 
one bearing the layer of powdered sorbent, provided with 
1-5 em clear margins along top and sides, while the front 
plate was fitted wita three glass rods, touching end-to- 
end, along top and sides, in the form of a ‘bottomless 
square’, and coat] lengthwise with silicone-rubber 
cement, which was allowed to dry completely. Clamping 
into position provided a tightly sealed, readily demount- 
able chamber 7 mm in diameter which, during operation, 
was placed, open end downwards, within a rectangular 

lass jar, containing the eluting fluid and closed at the 
top. (The silicone rubber is insoluble in organic solvents, 
and the device, previding for a solvent-saturated atmo- 
sphere, free from currents, performed very satisfactorily.) 

Using this improvised chamber, the following spectrally 
established fractions wero identified by co-chromato- 
graphy with their respective reference-standards: œ- 
carotene: sorbent, AlO, + MgO (3:1); eluant: 4 per 
cent ethyl acetate in hexane. §8-Carotene: sorbent, 
AlO, + MgO (3:17; eluant: 5 per cent ethyl acetate 
in hexane. ¢-Care-ene: sorbent AlO, + MgO (3:1); 
eluant: 4 per cent ethyl aeetate in hexane. Echinenone: 
sorbent, 8:0, (with CaSO, binder); eluant: 15 per cent 
acetone in hexane. Epoxide(?) from alkali-treated fuco- 
xanthin: sorbent, 310, @with CaSO, binder); eluant: 
ethyl acetate and benzene (1: 1). 

Despite its spectzal and co-chromatographic identity 
with Strongylocentratus echinenone, which gave a partition 
ratio of 92/8 in hexane vs. 95 per cent methanol, the 
flamingo echinenone:showed only 88-89 per cent partition 
to hexane. 
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IPA Prater 


S| Site of reeover 
— a Total mg/100 g wet wt. 


{e) 98-85% 


a ee Preceding (3,8’dihyd- Unidentified | 
(b) Estim. mg/100 g dry wt. epiphasic 8-Carotene (4-keto-f- | thin 44,4’- | roxy-4,4’- | Fucoxanthin¢ | xanthophylis | 
{e) Chromatogra hic: fractions carotene) diketo-f- diketo-B- j 
recovery % carotene) ; carotene) | 

Blood T, (from fresh carcass) I. 11% O L 80% | — | 
(b) 10: | | 
t 
| 













—— — — 


Echinenone | Canthaxan- | 


IL. 1255% | IL 612% 





— — — — — —— — — — — 


| Astaxanthin 

























II. (from 2 living birds) I. a-carotene | If, 14-65% Il. Free xanthophylis 
(a) 1 | 115% (followed by 37%, — 
— ketone 52° | 
fF] * 

Skin (purple mandibular) | — Nearly all | | | 
a) 2 
(b) 13-5 | 

(c) ca, 51% i | 

Skin (yellow tarsal) 151% 13-2% 488% 222% (esters) | Present 
(a} 3-34 (including some 
(b) 16-7 unidentified 
te) 826 to 857% estere) 

Skin (orange-red mandibular) | | | 77% 222%, (esters) 
(BY oB | | (esters) MAX. = 47: i 

cates sb (e) 97% | — 423 mg (bexane) 
— ued | not fucoxan 
“a. Feather barbs 17% keto- 73-38%, 180% | 65% hydroxy-keto- 
RB os nae 46 hi — 407 ma (hexano) 
. X= u separately mu (hexane 

(e) 92% | berane) | as astacene) +P. = 86/64 

Liver 40-4% 727%, TIA 186% | O-7% hydroxy carotene 
(a) 61:8 s-carotene max. (in hexane)= 
(h 308- i 475; 488; 424 mz 
fe) 91% | *P R, = 48/52 












* P.R., Partition ratio between hexane and 95% methanol. 
443: (436) Gear (406); 309; 375. Thet Is hr to hed 
3; 4 ; : : o two were EO- . 
pruri (obtained f L(a 1000. —— 
n hexane (of. ref, 5). 


Supporting chemical criteria were applied to fractions of 
established absorption spectra by use of the partition 
coefficient between hexane and 95 per cent methanol; 
reduction with NaBH, of suspected ketones to aleohols 
(for example, of echinenone to isocryptoxanthin); treat- 
ment with alcoholic NaOH as a test for xanthophyll esters 
vs. carotenes, or for converting fucoxanthin into its 

-spectrally characterizable (epoxide?) derivative; and 
addition of concentrated HCl to ethereal solutions of 
fucoxanthin, its esters or its derivatives obtained by 
treatment with alcoholic NaOH, each yielding blue 
colours. 

Table 1 shows the concentrations of total carotenoids 

{in equivalents of the predominant fraction in each in- 

_ stance) in several sites, and the approximate proportions 

Of the various fractions. Concentrations in terms of dry 

weight, approximated by assuming a water content of 
about 80 per cent, are included to provide approximate 
: eomparison with the values found for feather-barbs. 
‘This investigation has yielded several singular observa- 
tions: (1) The storage of 8-carotene in relatively large 
amounts, and of ¢-carotene, unique in an animal, but 
-. encountered in certain algae’, while excluding all save 
traces of «-carotene; (2) the presence, in a vertebrate, 
-of the monoketone echinenone, whether from assimilation 
in the food (for example, in several algal species*) or 
< derived by the bird through oxidation of 8-carotene, as we 
- suspect to be the case with the diketones canthaxanthin 
and astaxanthin’; (3) the esterification and storage of 
the brown-algal 6-oxygen xanthophyll, fucoxanthin, in an 
animal tissue (tarsal skin), although not encountered in 
the liver, which may export it rapidiy in minor quantities. 
If the bird does not indeed elaborate fucoxanthin from a 
< dietary precursor (a seemingly unlikely conversion in an 
o animal), it is still more difficult to explain why this labile 
| compound is not considerably exceeded in concentra- 
< tion by other, more stable plant hydroxycarotenes in 
- the skin; (4) mutual exclusiveness of canthaxanthin and 
_ astaxanthin in various areas of exposed skin, despite 
their occurrence together in the feathers. 
.. ‘This analytical study has posed a number of questions 
_ calling °for further investigation. A more extensive 
account will be published elsewhere. 
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Structure-Phytoactivity Relationships in the 
Penicillins | 

PREVIOUS tests on various fermentation products using 
our duckweed (Lemna minor) test? have shown penicillin 
G, 6-(phenylacetamido) penicillanic acid, to be an out- 
standing plant growth-stimulating substance'?. The 
recent availability of the penicillin nucleus, 6-amino- 
penicillanic acid (6-APA), which is as active in stimulating 
duckweed growth as penicillin G, has afforded access to a 
variety of ‘semi-synthetic’ penicillins and the opportunity 
to study their relationship to penicillin G in the duckweed 
test. 

Preliminary screening of approximately 100 penicillins, 
representing 6-APA derivatives containing structurally 
diverse acyl moieties, revealed that only a limited number 
(10 per cent) elicited outstanding growth stimulation — 
effects comparable with penicillin G (Tables 2 and 3), 
The other samples were observed as moderately stimula- 
tory (25 per cent), slightly stimulatory (25 per cent); 
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_ without significant effect (35 per cent) and inhibitory 
© {5 per cent). Although myriads of penicillins are potenti- 
ally available for testing, this limited survey demonstrated 
that the so-called ‘penicillin G duckweed effect’ is not a 
— phenomenon for all members of this antibiotic 
class. 

Further inspection of structures closely allied to 
penicillin G and its equally active sulphur analogue, 
6-(phenylmercaptoacetamido) penicillanie acid?, revealed 
marked variation of plant growth effects as the result of 
subtle molecular modifications. Specificity was extra- 
ordinarily exemplified by geometric isomers; 6-(trane- 
styrylmercaptoacetamide) penicillanic acid? was much 
mure stimulatory than its cis-counterpart which in fact 
had little effect on growth (compounds X and Xa, Table 
3). 

Various hypotheses have been advanced to explain the 

~ mechanism of antibiotic stimulation of plant growth’, 

_. The degree of specificity noted in this study parallels the 
specificity noted with auxin effects and is suggestive that 
hormone metabolism might be affected. It is conceivable 
that an anti-auxin phenomenon is involved, at least in the 
case of certain of these penicillin antibioties. 

The reaction of the duckweed plant under these test 
conditions to the addition of known growth-regulating 
compounds is a downward curling of the leaf margins. 
A group of well-known growth-regulating compounds 
showing this leaf-curling effect in the duckweed test are 
listed in Table 1 along with their effects on growth. When 
such compounds are used in the formation of the corre- 
sponding ‘semi-synthetic’ penicillin, the resultant penicillin 
has no such activity (Tables 2 and 3) except in the case 
of the penicillin of indoleacetic acid (compound VI, 
Table 2). 

For comparative purposes, compounds of known, 
suspected, controversial, or potential plant growth- 
regulating activity were tested along with their respective 
penicillins to determine in this test (a) their growth 
effects as measured by wet weight changes, and (b) their 
growth-regulating effects. These data are presented 
in Tables 2 and 3 along with references to the literature 
as to their growth-regulating effects as reported by other 
investigators in other types of tests. 
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Reactivity of Disulphide Bonds in Strained 
Keratin 


Is connexion with his work on the mechanism of 
setting of animal fibres, Speakman? suggested that owing 
to imposed bond strain the cystine cross-linkages of 
stretched fibres should exhibit enhanced chemical react- 
ivity. Although much additional indirect evidence points 
that way? *, attempts to demonstrate that this is so by 
quantitative chemical analysis have been, on the whole, 
unsuccessful'-*, The failure may have been due to the 
fact that under the severe conditions used in most of the 
experiments (boiling aqueous solutions of reducing aeents) 
the extent of degradation of unstrained keratin was so 
high as to mask any effect of the strain. I have investi- 
gated the oxidation and reduction of strained keratin 
fibres and found that the rates of both reactions are 
increased by stretching the fibres. 













Table 1, Errecr of STRAIN ON THE RATE oF CYSTINE OXIDATION 


Time of oxidation—5 min 
Strain (°%) Cystine oxidized (°%) 


5 25-2 
10 30-6 
15 34-5 
30 400 
45 445 


Table 2. OXIDATION OF CYSTINE IN STRAINED AND UNSTRAINED Hare 


AS A Function OF TIME 
% Cystine oxidized after 


Hair 1 min 2 min 5 min 10min 30min 60 min 
Unstrained 16-0 16-2 24:5 321 5L8 76-0 
Strained, 80°, 27-4 31-5 40-0 47-9 61-8 TUI 


Table 3, EFFECT OF STRAIN (40 PER CENT) ON THE RATE OF REDUCTION 
OF KERATIN BY SopiumM SULPHITE 


m.eqnuiv. SHig of hair 


pH of the Unstrained Strained 
medium hair hair 
4-1 0-35 0-60 
52 0-40 0-64 
6-0 0-46 0-63 
Pë 0-07 0-19 


Bundles of human hair were clamped in stainless steel 
setting frames and extended as required in distilled water. 
They were then transferred to 2-5 per cent aqueous 
solution of peracetic acid held at 25° C. After a given 
reaction time the frames were removed, washed thoroughly 
in running water and a few changes of distilled water. 
The fibres were then cut off the frames and hydrolysed, 
and their cystine content was determined’. The results 
are given in Tables 1 and 2. They show convincingly that 
the rate of oxidation of disulphide bonds in keratin 
increases with increased stretching of the fibre. It is also 
seen that the difference in oxidation rates between 
stretched and unstretched fibres is greatest in the initial 
stage of reaction, where the strain on bonds, brought 
about by the applied stress, is high. With progressive 
oxidation more and more disulphide cross-links are 
broken, causing rapid decay (relaxation) of stress. This 
in turn decreases the strain existing in the remaining 
bonds, the reactivity of which will then approach that of 
similar bonds in the unstretched fibres. The relaxation 
of stress in keratin fibres which were stretched 30 per cent 
and treated with 2-5 per cent peracetic acid is shown in 
Fig. 1. For comparison a diagram of stress decay in 
fibres stretched 30 per cent and treated with 2-5 per cent 
acetic acid is also shown. Tt is seen that the introduction 
of peracetic acid causes a dramatic increase in the rate 
of relaxation which can be almost wholly attributed to 
the breakdown of cystine cross-links, as very little effect 
is observed when acetic acid of similar concentration is 
used instead. 

The rate of reduction of disulphide bonds in keratin is 
also greatly accelerated by stretching the fibres. Small 
tresses of human hair were stretched 40 per cent and 
immersed at 35° C in 0-5 M solutions of sodium sulphite 










Acetic acid added 






Peracetic acid added 






Stress (dynes em? x 10%) 


1 2 3 4 5 6 7 8 9 10 
Time (min) 


Fig. 1. Effect of acetic and peracetic acids on stress relaxation of human 
hair held in water at 80 per cent extension 


at various pH. After 30 min the reaction was stopped, 
the hair was hydrolysed and the cysteine content was 
determined by titration with salyrganic acid’. The 
results, presented in Table 3, unequivocally demonstrate 
the validity of Speakman’s postulate. 
L. J. WOLFRAM 
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Acetylcholinesterase in the Sarcoplasmic 
Reticulum of Skeletal Muscle 


In the region of the end-plate of skeletal muscle a high 
concentration of acetylcholinesterase (AChE) has been 
proved by histochemical'-*, as well as by biochemical®”, 

methods. There is, however, still disagreement about the 
localization of the AChE in the ultrastructure of the 
synapse. Nachmansohn™ and Eccles! consider the high 
AChE concentration a prerequisite to the functionally 
“necessary, rapid inactivation of the chemical transmitter 
acetylcholine (ACh). 
| It has been known that beyond the region of the end- 
BP ot plate | AChE and non-specific butyrylcholine-esterase 
(BChE) are also present in muscle tissue*-, This has 
confirmed also by electron optical analysis of histo- 
mical preparations of cross-striated muscle!-?1* and of 
r s muscle", An exact localization of the choline- eater 

















interfering diffusion of the reaction products. The 
ron. microscopical results have been partly contra- 
ry. Varga et al. is Kövér and Kovacs!® as well as 
< Köv Ji Kovács and König?’ attribute to the myosine 

and L-meromyosine characteristics of splitting choline- 
“ester. A functional classification of these results in the 
rocesses to which contraction and relaxation of the 
le. 7 fibre are bound meets with difficulties. The 
ce of this ‘myosine-choline-esterase’ will even 
F aiestionable, if parts of the sarcoplasmic reticu- 
id the synaptic vesicles* contain AChE. It is 
1eans unlikely that parts of the sarcoplasmic 
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Fig. 1. ACh-fission rate Gn relation to ACh-concentration at®37° 
in O06 M KCI; 0-09 M Nal; 0-04 M MgCl; pH 7-0, Ordinate: Phe 
activity as percentage of maximal activity in similar conditions; 
abscissa: neg. logarithm of ACh-concentration (titrimetric en eee 
Homogenate of whole mascle of different preparations: x, +, V, 
Sarcoplasmic reticulum sedimented between 12,000g and 40 “00g! 
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reticulum remain se contaminations in the myosine 
fractions. 

We have obtained sarcoplasmic reticulum, following 
the method of Ulbrecht®, from homogenates of the total 
muscle tissue (psoas and dorsal muscle of rabbit) and 
have verified the ‘homogeneity of the sarcoplasmic 
reticulum fractions. The ACh-splitting activity in 
the fraction sedimenting between 12,000g and 40,000g 
(fraction I} amounts to 0-8 x 107 mol/min-! mg- 
nitrogen and is four times higher than the rate of the 
homogenates of the total muscle tissue. In the fraction 
obtained between 4C,300g and 80,000g (fraction IT), the 
ACh-fission rate has again doubled. The rates obtained 
by us have been 300tames higher than those obtained by 
Varga with t-meronzrosine solutions. Fig. 1 shows the 
dependency of splitamg rate on the substrate concen- 
tration of the ACh (gS-curve) for the total homogenate 
and for the sarcoplasmic reticulum fraction I. Both 
curves tally. An analysis of the curves indicates, according 
to Albers*!, purity of the fraction and a monomolecular 
substrate bound to tae esterase. The pl-curves of the 
total homogenstes and of the sarcoplasmic reticulum of 
fraction I tally also {Fig. 2). The (1,5-bis-(N-allyl-N,N- 
dimethyl - 4 - ammontenpheny]l)pentane - 3 - one)dibromide 
(= BW 284 e 51) is, in the concentration used, a specific 
inhibitor for AChE cely. In the presence of 3 x 10-° M 
BW it is eomplete'y inhibited. The remaining rate 
corresponds with the activity of the non-specific BChE, 
which in this inhibitor concentration has not yet decreased. 

As such remaining activities are missing in the sarco- 
plasmic reticulum frection, it ean only contain AChE. 
After centrifuging fos 1:5 h at 80,000g, the BChE is 
supernatant. This wil be reported separately. 

These results clearly show that the sarcoplasmic 
reticulum contains stracture-bound AChE. But it cannot 
be decided whether this AChE is located in the so-called 
T-apparatus, which, ccording to Huxley and Endo®, 
communicates with the extracellular space, or whether it 
is located in the longitudinal apparatus. Our histo- 
chemical results indicate that at least the 7'-apparatus 
contains AChE. 

We took fresh individual fibres of rabbit psoas and 
incubated them accexding to Couteaux and Taxi?! for 
histochemical localization of the AChE. The prefixation 
by formalin was omitted. According to the analysis of 
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that the 7'-apparatus is involved in spreading excitation 


— the sarcolemma surface into the depth of the muscle 
fibre. 


Activity (per cent) 





Fig. 2. egg i eye in relation to BW 234 ¢ 5l-concentration at 

37° Cin 0-06 M KCl; 0-09 M NaCl; 0:04 M MgOl,; pH: Raed Ordinate: 

AChE-astivity ns percen of maximal activity; logarithm 
of BW 284 c 51-concentration. Homogenate of whole —— +--+. 
Sarcoplasmic reticulum sedimented between 12,000g and 40,000g: 


Couteaux et al.*®, as well as of Rothenberg et al.**, the 
intact sarcolemma membrane of muscle fibre is a 
considerable obstacle to the diffusion of cationic, organic 
molecules. Because of its charge, therefore, the acetyl- 
thiocholine (AThCh) can reach the interior of the fibre 
only via the canal system of the T-apparatus, which is 
open to it for diffusion in the same way as it is for 
ferritine’! and fluorescent proteins**. If this T-apparatus 
contains AChE, CuS-granules should be expected in rows 
vertical to the fibre axis. This is actually the case, as 
Fig. 3 demonstrates. Throughout the fibre—even far 
from the end-plate region—such granule rows can be 
found. They extend deep into the fibre. In some cases 
they form angles of 10-20° to the cross-striation of the 
sarcomere. Axis-parallel orientated granules, however, 
could not be found 

The histochemical and biochemical results described 
show structure-bound AChE to be present in the sarco- 
plasmic reticulum, which most probably belongs to the 
T-apparatus. 

It is not unreasonable to suggest that the presence of 
AChE-activity in the T-apparatus constitutes evidence 





Fig. 3. hemical stained fresh single fibre from rabbit psoas showing 

in Sta th rows of * in a region far from neuromuscular 

junctions, Incubation wi fixation in the solution of Couteaux 
and Taxi for min at 37° C 


We thank F. Miller for the electron microscopy. 
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Monoamine Oxidase and Acetylcholinesterase 
— in Animals with Experimental 
llergic Encephalomyelitis 


THE monoamine oxidase (MAO) and acetylcholin- 
esterase (Ach-esterase) activity in the central nervous 
system have been determined in order to study the 
transmission of nervous inflow in animals with experi- 
mental allergic encephalomyelitis (EAE). 

EAE was induced in guinea-pigs by intradermic 
injection of rabbit spinal cord homogenate emulsified in 
Freund's complete adjuvant. The animals with obvious 
signs of EAE (paralysis) were killed and the enzymatic 
activity was determined in brain and spinal cord homo- 
genate. Determinations of MAO and of Ach-esterase were 
made in animals with EAE and in the controls (un- 
injected animals and animals injected only with Freund’s 
complete adjuvant). MAO and Ach-esterase activity in 
animals with EAE and in controls has always been 
simultaneously determined. 

MAO has been determined by using serotonin as sub- 
strate and by dosing the hydroxyindolyl-5-acetic acid 
formed'. In 20 guinea-pigs paralysed by EAE there was 
an elevation of MAQ-activity of the brain, as compared 
with that in controls, in which the enzymatic activity was 
ascertained simultaneously. The average values obtained 
in the 20 animals show a clear-cut elevation of MAO 
activity in these animals when compared with uninjected 
controls: 


25°60 + 0-38 
17:35 + 0-34 


Animals treated with EAE 
Controls (uninjected) 


The figures represent the average amount (+ S.E.) of 
y-serotonin metabolized by 50 per cent nervous tissue 
homogenate in 60 min. 

In animals inoculated only with Freund’s complete 
adjuvant there was no change of MAO activity in com- 








th uninjected animals. No relationship was 
d between the increase of MAO activity in the 
ain and the intensity of clinical EAE signs. The 
crease of MAO activity in the spinal cord in animals 
with EAE was less than that in the brain. 

The Ach-esterase activity was estimated in brain and 
spinal cord homogenate by the Bergman—Wilson spectro- 
photometric method*. Although Ach-esterase activity in 
the brain and the spinal cord of animals with EAE was 
slightly higher, compared to the controls, the increase 
was not significant: 


Animals treated with EAE 
Controls {uninjected} 


888-12 + O24 

330-36 + 0-29 
‘The figures represent the average amount (+ S.E.) of 
= y-aeetyleholine metabolized by 1 per cent nervous tissue 
in 20 min. 

Thoe increase of MAO activity in demyelinating pro- 
cesses has ‘been. reported in some. animals’. In our 
experience the elevation of MAO activity in the brain and 
->O spinal cord of guinea-pigs with EAE may point to an 
©: intensification of serotonin metabolism during the course 
Of EAE. | 
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_. Heat Transfer in the Laminar Flow of 
Human Blood through Tube and Annulus 


For the purpose of heat-exchanger calculations for deep 
hypothermia, the cooling of the blood flowing through a 
horizontal tube and annulus, with Reynolds number 

in the range of 50-4-1,025 and Prantl number of 19-6- 
308, was investigated. The apparatus assembly was 
composed of a chromium-plated brass tube (inside 

diameter 10-0 mm, outside diameter 12-5 mm, length 
|. 550 mm) through which the blood flowed from a higher 
vessel into a lower one, whence it was pumped back into 
the upper vessel. Into this circulation system, a heat 
-exchanger compensating the heat losses was introduced. 
The brass tube was cooled in a parallel water stream 
"from a Hoéppler thermostat. The respective temperatures 





were measured with the aid of thermistor thermometers 
in a sensitive bridge circuit’ accurate to 5x 10-2 °C. For 
measuring the outlet: temperature the thermistor, incor- 
porated in a silver member (diameter 6 mm, length 8 mm) 
star-shaped in cross-section, was closely inserted into the 
atlet elbow, deflecting the blood stream vertically. 
on, using. a member of greater diameter (15 mm), the 
stor data depended markedly on the deflexion of 
stream from the vertical direction due to inaccu- 
tioning of the elbow piece. If the usual mixing 
jutlet site were used, the blood would suffer 
‘on one hand, or be heated up through friction, 
1er. Measurements were carried out in 4 series. 
human blood was used, diluted with glucose in the 
io 2:1 in the first two series, and diluted with rheo- 
<tran in the ratios 9 : 2 and 10 : 3in the other two series. 
The measurements show that: _ 






















(1) 


refers to the arithmetic mean of tho fluid tem- 
sta = (ty + ty)/2, where t, and t, are the inlet and 
mperatures. For the annulus the equivalent 
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diameter de = D ~d = 1:85 mm was taken. The- 
annulus arose through the insertion of a round rod (dia- 
meter 815 mm) of stainless steel into the brass tube. 
The density and the specific heat of the blood were taken 
as constant (p = 1-5 x 10% kgm, ¢ = 0-85 keal kg 
deg-}). 

The thermal concuctivity was approximately estab- 
lished in all cases from the relation k = 0-384 — ZEUE ¢ 
(kcal m“h-‘deg-1) (where t is the temperature), obtained — 
through extrapolatien of Spells’s measurement®. The — 
viscosity rate need not be established, since the product 
RePr in equation (1) does not depend on the viscosity. 


(1) 


+ 


The experimental points deviate from equation 
by a maximum of + 10 per cent (Fig. 1). 
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Fig. 1. Heat transfer iw the laminar fow of human blood during the 
cooling process 


Equation (1) is ir good agreement with the equation 
obtained by Sieder and Tate? for other fluids. In view of 
the peculiar propertees of blood the agreoment is rather 
surprising. 

T thank Prof. Navratil for his valuable help and Dr. 
Hanzl for his assistance and advice. 
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Retardation of the Ageing Process in 
Collagen Fibras from the Tail Tendon of- 
the Old Hypophysectomized Rat 


Ir has been reporved that hypophysectomy retards the 
ageing process in the ovary’ of the mouse and in the 
subcutaneous tissue” and the skeleton” of the rat. 

An index of biological ageing using the collagen fibres 
from the tail tendons of the rat was initially devised by —_ 
Verzért, and methods based on this principle have been. 
widely used during the past decade in work on the ageing 
process. Elden and Boucek’ outlined a test dependent. 
on the breaking time of these fibres in urea solution, and — 
a modification of tais method was used to investigate. 
the effect of hypopaysectomy on the ageing process in - 
the rat. | an $ 

Data were obtained from 12 male albino rats of the 
Wistar strain which had been hypophysectomized at the 
age of 50 days, using the paraphar) aigeal approach, and 
from 18 control male rats of the same age. These animals. 
were housed in air-conditioned rat quarters (27°+ 1° C 
and 55+5 per cent relative humidity) and fed a pelleted. 
diet as described earlier’... > a 
Hypophysectomy almost 













mnpletely abolished growth. _ 
No hypophysectomized rat gained more than 25 g during 
the course of this study, whereas the controls gained 
approximately 300 z during this, period. 3 






Collagen fibres were removed from the t ils Of hy y 
physectomized rats at mean ages- of 466 and 552 days 














were six animals in each of these age groups. Animals 
either died spontaneously, in which case the tail was 
removed soon after death and frozen in water at — 10° C, 
or were killed and the tails stored similarly. Verzar 
and Huber? were unable to demonstrate a significant 
difference in the biological age curves of collagen fibres 
from rats in these two categories. 

Single collagen fibres 0-11-0-14 mm in diameter were 
selected. No particular attention was paid to the bundle 
from which the fibres were extracted as this has been 
shown to be of no significance’; but fibres were selected 
from a region 1-0-1-5 cm from the tip of the tail. One 
end of a collagen fibre was tied to a 2-g weight and the 
other end was clamped in a split rubber stopper, at a 
distance of 5 em from the weight. This unit was sus- 
pended in a test-tube containing 8 molar urea at pH 7-0 
and temperature 40°C. The breaking time was determ- 
ined on three fibres from each rat. 
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Fig. 1. The breaking times of loaded collagen fibres from aged hypo- 
physectomized rats compared with their controls 


The mean breaking times for control rats increased 
from 30-2 + 1:3 (S.EZ.) min at 206 days to 58-7 + 3-5 min at 
459 days and 77:34 3-5 min at 561 days. In Fig. 1 the 
logarithm of the breaking time is plotted against age and 
shows a linear relationship. In hypophysectomized rats 
the breaking times were significantly shorter, being 
30-8+2-5 at 466 days and 38:0+1-4 at 552 days. Thus 
the biological age of collagen fibres in these hypo- 
physectomized rats approximately corresponds to that of 
controls half their chronological age. 

Hypophysectomy has therefore produced a large 
reduction in the biological age of the collagen fibres. A 
similar effect has been observed with food restriction’, 
which is known to retard the ageing process in the rat?°. 
The lowered food intake of hypophysectomized rats 
(65+0-33 g per day) compared with their controls 
(1904019 g per day) is probably responsible for the 
retarded ageing of their collagen fibres. 

This work was supported by a grant from the National 
_ Health and Medical Research Council of Australia. 
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University of Sydney. 
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and from control rats at 206, 459 and 561 days. There 





-Adrenergic Receptor on the Vas Deferens 

of the Guinea-pig 

Ir was recently reported that the bronchial muscle 
might have both 8- and a-adrenergic receptors and that the 
former caused bronchodilation’. Furthermore, Takagi and 
Osada? suggested that the 8-receptor, and not only the 
a-receptor, has to be on the tracheal muscle. This 
suggested that the §-receptor might exert an inhibi- 
tory action on the vas deferens. Isopropylarterenol and 
epinephrine have the B-action and thoir mode of action 
on the vas deferens isolated from the guinea-pig (400- 
450 g body-weight) was investigated, using the 30 ml. 
organ bath at the bath temperature of 26°C. All the 
concentration-action curves given in this report were 
drawn with the cumulative technique developed at Prof. 
Ariens’s laboratory”. All the results were presented as the 
mean of at least ten experiments. 

A concentration-action curve of ACh was drawn on 
the isolated organ incubated for 30 min with dibenamine 
3 x 107 g/ml., which completely inactivated only the 
a-receptor but did not affect the ACh-receptor and others. 
Antagonism between ACh and isopropylarterenol or 
epinephrine was then tested. The concentration-action 
curve of ACh was shifted in parallel towards the high 
concentration of ACh by isopropylarterenol (Fig. la) or 
epinephrine (Fig. 1b). The parallel shift of the dose- 
response curve of ACh by the inhibitory action of epine- 
phrine had already been examined in detail*. The inhibi- 
tory action of isopropylarterenol (Fig. la) and epinephrine 
(Fig. 1b) to ACh was abolished by nethalide 10 g/ml. 
Moreover, the inhibitory action of isopropylarterenol was 
more potent than that of epinephrine, but the effective 
concentration. of arterenol to ACh could not be estimated 
in practice (Table 1). 
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Fig. i. Antagonistic relation between the inhibitory action of isopropyl- 

arterenol (a) and of epinephrine (b) and nethalide on the vas deferens 

isolated from the guinea-pig and incubated with dibenamine 3 x 107 g/rnl. 

for 30 min. Curve d, ACh alone; ©, ACh with nethalide 10-74 g/ml; 

x , ACh with nethalide 10~ g/ml. and isopropylarterenol 104 g/ml. (a) or 

epinephrine 2 x 10 g/ml. (b). Curve B, ACh with isopropylarterenol 
10“ g/ml. (a) or epinephrine 2 x 10 g/ml. (b) 


As presented in Table 1, arterenol, epinephrine and iso- 
propylarterenol produced contraction of the vas deferens 
through the «-receptor in a lower concentration than 
that necessary to the B-action. This suggests that the 
concentration of epinephrine or arterenol necessary to the 


Table 1, AFFINITIES OF CATECHOLAMINES FOR THE a- AND §-RECEPTORS 
TESTED ON THE ISOLATED VAS DEFERENS OF THE GUINEA-PIG 


pD : _ _ pls 
(Index for the a-action) (Index for the f-action) 


Arterenol Fi ~~ 
Epinephrine &s 3:8 
Tsopropylarterenol 4-6 4°2 


The pD, values represent the negative logarithm of the concentration 
(aiml.) of the compound that induces a 50 per cent contraction, The pl, 
values represent the negative logarithm. of the concentration {gimi} of the 
compound that induces a 50 per cent inhibition of the contraction by ACh 10-* 
g/ml, tested on the isolated vas deferens incubated with dibenamine 3 x 
10-7 gimi. for 30 min. 
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not provoke their §-action. On the other 
nee the effective concentration of isopropyl- 
enol for the «-action was close to that for the B-action, 
yas supposed that isopropylarterenol in the concentra- 
ion necessary to make submaximum contraction due to 
= g-action might act on the B-receptor. It was found in our 
experiments that the contraction due to the «-action of 
isopropylarterenol (10-* g/ml.) was potentiated by the 
_ §-blocking agent or nethalide (10-° g/ml.). 
. The results presented in this report suggest the possi- 
` bility that the 8-receptor, causing inhibitory action, is also 
~ present on the isolated vas deferens of the guinea-pig. 
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A New Intact Mammalian Muscle Preparation 
: Suitable for in vitro Investigations 


In experiments dealing with transport mechanisms for 
various substances in in vitro muscle preparations, the 
“only mammalian muscle with intact cell membranes which 

is commonly used is the rat diaphragm. The reason is 
that this muscle is thin enough to be suitable for in vitro 
investigations and that a method has been described! for 
. dissecting it out with intact and undamaged cells. The 
diaphragm cannot, however, be accepted as a typical 
-skeletal muscle, either anatomically or physiologically, 
-and general conclusions drawn from work on this muscle 
alone are open to serious criticism? *. Other muscles 
have therefore been tried?-*; but there have been great 
difficulties in dissecting them out with intact cells. Prom- 
ising results were reported®.* with a preparation of the 
_, extensor digitorum longus from the rat, but other authors’ 
have reported very inconsistent results with this prepara- 
tion. We have now found that the levator ani muscle 
< from young male rats is small enough to be suitable for 
- in vitro investigations and that this muscle can be dissected 
out without damage to its cells. This muscle has been used 
-earlier in morphological in vivo studies, mainly of the 
‘bolic actions of various hormones*-"!, and in an im 
-c yitro Investigation” as a ‘cut’ preparation. 
< In this communication some results are reported show- 























ale rats weighing 50-60 g were used. The levator ani 
le (14-18 mm long, very thin, weighing 12-18 mg) 
sected out together with its connexions to the 
ernosus muscles. This perineal complex was 

maimed of fat and connective tissue-under a 
microscope. The whole ring of muscles was then 
Tin 5-ml. flasks containing I ml. of medium. The 
dissection period occupied 1-2 min, and the levator 

scle was not touched with any instruments. After 
neubation period, the levator ani muscle was dissected 
+ from the rest of the perineal complex and further 
sed. The ‘cut’ levator ani preparation was also used, 
s; the muscle was separated from the perineal com- 





the incubation. — | 

phragm was used for comparative studies 
t’ preparation and as an intact preparation 

to the method of Kipnis.and Cori'. 
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CUT LEVATER ANI M. 
CUT DIAPHRAGM 
INTACT LEVATOR ANI M. 
INTACT DIAPHRAGM 
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Fig. 1. Sucrose spaces of ‘eat? and intact preparations of the levator ani 

muscle and the diaphragm rom male Sprague-Dawley rata, weighing 

50-60 g. The preparations were incubated in Krebs-Ringer bicarbonate 

buffer containing glucose (2.5 mg/ml.) and sucrose-U-“C (0-04 mM; 
£0 mc./mmole) 


The preparations were incubated for 15-240 min at 37° 
C in Krebs-Ringer bicarbonate buffer containing 25 mg 
glucose/ml. and gassed with 95 per cent oxygen + 5 per 
cent carbon dioxide. 

The total tissue water was determined after incubation 
for 2 h and was found to be 84:0 + 2-1 per cent of the wet 
tissue weight for the intact and 81-0 + 0-8 per cent for the 
‘cut’? levator ani preperation. For the intact and ‘cut’ 
diaphragm preparations the values were 767 + 0-2 per 
cent and 75-7 + 0-7 per cent, respectively. 

The extracellular space as obtained by using sucrose- 
MC or inulin-!*C in the incubation medium was determ- 
ined after various incubation periods. As can be seen from 
Fig. 1, the sucrose spaces of the intact levator ani prepara- 
tion were slightly higner than those of the intact dia- 
phragm, and were found to remain constant during the 
entire incubation periwd (4 h) as did the corresponding 
spaces of the intact diaphragm preparation. The sucrose 
spaces of the ‘cut’ muscles were found to be 2-3 times 
higher (Fig. 1). The inulin space behaved in a similar 
way. Our findings on these spaces of the diaphragm 
preparations are in agreement with those of other investi- 
gators} 18, 

The rates of penetration of p-xylose-“C into the intact 
and ‘cut’ levator am preparations were studied. It 
ean be seen from Fig. 2 that this pentose penetrated at 
a much higher rate into the ‘cut’ muscle fibres than into 
the intact preparation. The same difference has been 
reported between the ‘cut’ and intact diaphragm prepara- 
tions!13514, 

We have now started to investigate the effects of various 
hormones on the rates of penetration of monosaccharides 


CUTSLEVATOR ANI M. 
INTACT LEVATOR ANI M. 


Re a at 


Percentage distribution in tissue water 





30 60 
Incubation time (min) 


oS 
þe 
mr 


Fig. 2. Distributions of p-xylose in the total tissue water of the ‘cat’ and 

intact levator ani preparation, The. preparations were incubated in 

Krebs-Ringer bicarbonate buffer containing glucose (2-5 mg/ml.) and 
D-xylose-1-' (0-48 mM; 0-62 me./mmole) 
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and amino-acids into the intact levator ani preparation. 
In a first series of experiments, insulin: (0-001 1.0./ml.) 
and p-xylose-“C were added to the medium and the 
percentage distribution of the pentose in the total tissue 
water was determined after 2 h of incubation. In control 
preparations incubated without insulin this distribution was 
65-4 + 4-1 per cent; the corresponding value with insulin 
in the medium was 102-5 + 3-8 per cent. 

In another series of experiments, the same concentration 
of insulin was added to the medium together with a- 
aminoisobutyric acid-“4C (0-1 mM). The distribution ratio 
(= ¢.p.m. in 1 ml. intracellular water: ¢.p.m. in 1 ml. 
medium) of this non-utilizable amino-acid was determined 
after 2 h of incubation. It was found to be 6-22 + 0-42 
for the preparations incubated with insulin in the medium 
but only 2-06 + 0-02 for the control preparations incu- 
bated without insulin. 

We think that these results show that the levator ani 
muscle from the rat can be prepared as an intact in vitro 
preparation and that this preparation is suitable for 
investigations of transport mechanisms over the cell 
membrane. 

We thank Dr. Schlichtkrull, Novo Research Institute, 
Copenhagen, for the supply of crystalline insulin (lot S 
1562). This work was supported by grants from the 
Swedish Medical Researeh Council (U 63 and W 172), 
from the Swedish Cancer Society (62: 91), from ‘Magnus 
Bergvalls Stiftelse’, Stockholm, and from the Medical 
Faculty, University of Géteborg. 
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Effect of d-Tubocurarine on Uptake of 
Labelled Carbaminoy! Choline in Brain Slices 
l of the Rat 


THe presence of neurones in the cerebral cortex which 
are sensitive to acetylcholine has been well established). 
The stable substance carbaminoyl choline (carbachol) is 
also effective’, and we have measured the uptake of 
carbaminoyl choline chloride (N-methyl-°H) in slices of 
cerebral cortex from the rat. 

g Slices the mean thickness of which was less than 0-4 mm 
-= were obtained from rat brains. The heads were removed 
by a guillotine and the cerebral hemispheres were sec- 


2 < boned by means of a stainless steel blade mounted in a 


_ frame, together with a plastic guide which contained a 
= shallow recessed trough’. Two rectangles of tissue were 
obtained from each slice, and one was used as a control. 
The tissues weighed 20-30 mg and these were floated in 
tubes containing 10 ml. physiological saline‘ at 37° C, the 
solution being gassed with a mixture of 95 per cent oxygen 
and 3 per cent carbon dioxide by means of a fine spray 
from thin plastic tubes the ends of which were plugged 










“with fluted glass. "Labelled carbachol was added to give 
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@ concentration of 0-15 ug/ml. The slices were later 
weighed, transferred to counting vials and dissolved in 
0-5 ml. methanolic potassium hydroxide (N/2) at 70° C 
with shaking. To the vials were added 18 ml. of a mixture 
prepared from adding 42 ml. of ‘Liquifluor Scintill ater 
(Pilot Chemicals, Ltd.) to 300 ml. methanol and diluting to 
1 l. with toluene. The radioactivity was measured by 
conventional liquid scintillation methods with an efficiency 
of 10 per cent. A suitable dilution of the saline in meth- 
anolic potassium hydroxide was also counted. 
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Fig. 1. Uptake of labelled carbachol in rat brain slices, Open circles 

give mean values, and the limits show the standard deviation. Closed 

circles show uptake in presence of d-tubocurarine (5 nen) Triangles 

show uptake in the presence of strychnine (10 wg/ml.). Each point at 0-5, 

1,2h Sits mean of 2 experiments. Each point at 3, 5, 9h gives mean of 

4 except for one point where the number of experiments (7) is indicated 
by the figure in parentheses 


Fig. 1 shows the uptake of labelled carbachol. The 
results have been expressed as mil./g, obtained from the 
ratio (activity per g)/(activity per ml. solution). It can 
be seen that the activity is comparatively high, and after 
3h an amount of compound contained in more than 9 ml. 
saline has been concentrated in each g of tissue. 

The closed circles in Fig. 1 show the uptake in the 
presence of d-tubocurarine (5 ug/ml.), which was applied 
at least 30 min before the addition of labelled carbachol. 
In each of 18 pairs the uptake of carbachol was markedly 
reduced in the presence of d-tubocurarine. Tho triangles 
show that the uptake of carbachol in the presence of 
strychnine (10 ug/ml.) was also reduced in the 12 slices 
which were investigated. 

The action of d-tubocurarine in brain slices resembles 
the effect in skeletal muscle where d-tubocurarine, which 
acts initially as a pharmacological antagonist, has been 
found to decrease the uptake of a labelled compound 
resembling decamethonium!:*, ; 

This work was supported by U.S. Public Health Service 
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- PHARMACOLOGY 


oline Acetylase inhibitors as Potential 
Antihallucinogens 


i has been suggested that acetylcholine and catechol- 
“amines are involved both in central and peripheral 
transmission in mammals!~* and that they show a similar 
pattern. of antagonism in each situation’. Further, it 
¿has been shown clinically that monoamine oxidase 
“in ibitors, ' which increase the concentration of catechol- 
= amines in the central nervous system (CNS), usually pro- 
: duce mental excitation whereas anti-cholinesterase drugs 
-which raise the level of acetylcholine in the CNS generally 
produce depression. The latter effect has been shown by 
«Grob and Rowntree* in normal and psychotic patients. 
- ‘These observations are consistent with the proposition 
that a balance exists between the actions of cholinergic 
and adrenergic mechanisms in the CNS and that be- 
havioural disturbances may result from impairment of 
this relationship leading to an imbalance in the relative 
-central concentrations of acetylcholine and catechol- 
amines. If this is so, it seems possible that drugs which can 
modify the central concentrations of acetylcholine or 
catecholamines ean bring about their remedial effects 
` clinically by restoring this imbalanced state towards a 
“physiological level. 
_ Since choline acetylase inhibitors which reach important 
_ central sites might be expected to lower the concentration 
-of acetylcholine there, it follows that such substances 
- gould also modify the balance between the actions of the 
cholinergic and adrenergic systems. 

Such substances should favour the alleviation of 
depressive behavioural states in man. This suggestion 
was tested using a series of drugs, the parent substance 
of which, p-phenylmandelic acid, was shown’ to be a 
choline acetylase inhibitor. The ability of these sub- 
-stancos to modify a model psychosis induced in conscious 

dogs by “Ditran’ (JB329, N-ethyl-3-piperidyl phenyl 

cyclopentyl glycolate)” was compared with their capacity 

to inhibit choline acetylase in an in vitro system proposed 
by Hestrin™. These drugs all contained a large lipid- 

soluble moiety attached to a glycolic acid group and were 
initially based on a series of compounds investigated by 
Garratini ef al. 

It should be noted that the lipophilic characteristic of 
such compounds should permit ready penetration into 
the CNS while the glycolic acid group was found to be 

necessary for the production of central pharmacological 

effects. The polyaromatic acid residue contained in the 

_ Structure of the drugs is associated with the blocking of 

"acetate transfer from coenzyme A to choline}. 

It has been proposed“ that ‘Ditran’ antagonists (Table 
1) act by competitive displacement of the hallucinogen 
from receptor sites. However, if this were so, 9-hydroxy-9- 
_ fluorenecarboxylic acid (Table 1) might be expected to 

-show antagonism to ‘Ditran’ since its analogue N-ethy!-3- 
eridyl-9-hydroxy-9-fluorene carboxylate is an active 
cinogen™, Further, it might be anticipated that 
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Dave INHIBITION OF CHOLINE ACRTYLASE ACTIVITY AND ‘DITRAN’- 
INDUCED MoprL PSYCHOSIS IN Dogs 


Antagonism to Choline acetylase ——— 


PDitranꝰ effect Drug concen- 
l in dogs tration (mg/ml.) nivition 
mandelic acid Active 6 24 
— 4-4 46 
nihrylghycolie acid Active 1-0 85 
15 100 
2-0 100 
2° 100 
henoxymandelic acid Inactive No inhibition 
omandelic aci Inactive No inhibition 
i Active 1-0 67 
2-0 93 
o 3-0 100 
iorene- 
Inactive * * 
ntybely eie 
Inactive : * * 
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phenyl-cyclopentyl-glycelic acid should show a —— 
antagonism to the hallas sinogenic effect of ‘Ditran’ since 
it constitutes the glycoiate component of this substance. 
Since neither of the glycolic acids antagonizes the effects of 
‘Ditran’, the above suggestion appears to have question- 
able validity. 

It may be seen from ‘this limited series of drugs that a 
correlation exists between the antihallucinatory activity 
in the dog and the preseace of choline acetylase inhibition 
in vitro, thus providing:eupport for the enzyme inhibition 
theory. Information corcerning the action of these drugs 
may be provided by the use of tritiated compounds and 
by the use of hallucimogens structurally unrelated to 
‘Ditran’. 

The applicability of t1e experimental results discussed 
here to naturally occurring psychotic states in human 
beings is being tested in 2urrent clinical trials. — 

I thank Dr. 8. Gershon and Mr. M. Sanders for the 
biochemical tests. 


G. HOLAN 
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Effect of Trany cypromine on the Blood 
Pressure Response of Tyramine 


THERE has lately teen a growing awareness of an 
association between hypertensive crises, death and 
monoamine oxidase innibitors!®. Tranyleypromine has 
been involved in a nurader of cases, producing intracranial 
bleeding, sometimes fasal, in patients who had exhibited 
paradoxical hypertension and severe headache*:+. Some 
reports have suggestec. that the ingestion of cheese by 
patients undergoing tranyleypromine treatment may give 
rise to hypertensive erises’-?. Asatoor* has shown that 
certain types of cheese contain amines such as 3-phenyl- 
ethylamine, tryptamime and tyramine. According to 
these findings, tyramine appears to be one of the amines 
present in sufficient «quantity to be pharmacologically 
active. It therefore se=ms possible that ingestion of cheese 
containing significant-emounts of tyramine may play an 
important part or may be the most important factor in 
many cases of hyperte: sive crisis associated with tranyl- 
cypromine therapy. 

In our work, modification of the blood pressure response 
to tyramine, 1,1-dimethyl-4-phenyl piperazinium iodide 
(DMPP), noradrenalina and adrenaline has been accom- 
plished by the pretreazment of dogs (10-12 kg), cats (2- 
2-5 kg) and rabbits (2-3-5 kg) with tranyleypromine. 

Experiments were carried out with pentobarbital- 
anaesthetized animals. The trachea was cannulated and 
systemic blood preseare was. recorded with a mercury 
manometer from the ft carotid artery or from the left 
femoral artery. Drags were administered into the 
cannulated right femoral vein, or orally. 

In preliminary experiments, it was observed “that 
tranyleypromine wher given orally or subcutaneously to 








312 
006 
mn H — = 
zos TN | 


o 


o 


CAROTID BP 


T T 
00y $00y 800, 100y 
TRANYLCYPROMINE 


0.5 mg /tg. 


Fig. 1, Effect of tranyle 


an i.v. infusion of tranyleypromine 


dogs, cats and rabbits, in doses ranging from 0-1 to 2 
mg/kg, did not cause any significant blood pressure change. 
However, when it was injected intravenously into the dog 
it induced increases in blood pressure of the order of 
20, 40 and 60 mm Hg corresponding to injections of 0-1, 
0-2 and 0-3 mg/kg of tranyleypromine. This pressor effect 
was partially abolished when the dog was pretreated with 
reserpine (1 mg/kg) 24 h before the experiment. More- 
over, pretreatment with phenoxybenzamine (2 mg/kg) 
blocked the pressor effect of tranyleypromine. Admini- 
stration of hexamethonium (5-25 mg/kg) did not influence 
the blood pressure response to tranyleypromine. 

In the cat, tranyleypromine, injected intravenously at 
doses ranging from 0-5 to 1 mg/kg, induced a pressor 
effect of 20-40 mm Hg or a depressor effect of 10-15 mm 
Hg. In the rabbit an intravenous injection of 0-1-5 mg/ 
kg of tranyleypromine elicited a small pressor effect 
(5-10 mm Hg) followed by a lasting depressor effect 
(10-15 mm Hg). 

Further experiments were carried out on the effects of 
tranylcypromine on the dog’s blood pressure response 
to tyramine. Fig. 1 shows that when dogs were pretreated 
with tranyleypromine (0-5 mg/kg) their blood pressure 
response to 500 and 800 ug of tyramine was increased by 
200-300 per cent. 

As tyramine is generally considered to act at least in 
large part by causing the release of endogenous nor- 
adrenaline, the effect of tranyleypromine was also determ- 
ined on the dog’s blood pressure response to DMPP and 
to the reflex response to bilateral carotid occlusion. Both 
of these responses were significantly enhanced by treat- 
ment with tranyleypromine (0-5 mg/kg). It was found 
in further experiments that tranyleypromine does not 
significantly modify the pressor effect of noradrenaline 
(1-5 ug) and that it blocks or reverses the pressor effect 
induced by l-5 ug of adrenaline. In the cat, tranyl- 
cypromine injected intravenously in doses ranging from 
0-5 to 1 mg/kg was found to block the pressor effect of 
tyramine (100-300 ug) and to reduce or invert the pressor 
effect of 5 and 10 ug of DMPP. In the rabbit, the pressor 
effect of tyramine (100-300 ug) was found to be enhanced 
significantly by a pretreatment with tranyleypromine 
(0-5-1 mg/kg). However, the same treatment inverted 
the pressor responses induced with 5 and 10 ug of DMPP. 

The mechanism by which tranyleypromine enhances the 
pressor effect of tyramine in the dog and rabbit and blocks 
it in the cat is not clear, but the experiments on the dog 
suggest that tranyleypromine may act on the peripheral 
adrenergic neurones, its action being possibly associated 
with the release of catecholamines. This phenomenon 
has been shown to occur in the heart of the cat in which 
other MAO inhibitors were effective in reducing the 
catecholamine content’. 

The blockade of the pressor effect of tyramine by 
tranyleypromine observed in the cat experiments can be 
explained since it has been previously reported that 
certain MAO inhibitors are capable of preventing the 
release of catecholamines from their binding sites?!®. 
On the other hand, Gessa et al.“ have suggested that some 
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MAO inhibitors have a ‘bretylium-like’ 
action in their ability to block the 
adrenergic neurone, this property being 
independent of the anti-MAO property. 

probable explanation of the 


dependent factor, as suggested by 
Hull e¢ al.4*, who reported recently 
that a pressor response to reserpine | 
results in cats pretreated with low 
doses of iproniazid and that a diminu- 
tion or abolition of this response 
occurs on pretreating the animal with 
larger doses of the MAO inhibitor. 
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HAEMATOLOGY 


Individual Antigenic Differences of a Human 
Serum Lipoprotein revealed by a ‘Cold- 
precipitin’ in the Serum of a Transfused 

Patient 


During an investigation of sera from frequently 
transfused patients, a human serum containing an iso- 
precipitin was found. The serum was from a 10-year-old 
boy suffering from haemophilia A, who had received 
more than 40 blood transfusions. No special transfusion 
reactions had been recorded. 

When serum from the patient (F. J.) was tested in 
agar-gel double-diffusion experiments against normal 
human sera, a precipitate was observed with some, but 
not all, human sera, The precipitates could be stained 
by oil red O and therefore contained lipid. Sera from 
108 unrelated, adult individuals were then tested. Forty- 
eight (44-4 per cent) of them were precipitated by the 
serum from F. J. The tests described were performed at 
20° C. At 4° C the results of the tests were identical, 
although the precipitates developed more slowly. At 
37° C, however, no precipitates could be observed or 
only traces near the wells containing the serum from 
positive reactors. 

Reactions obtained with the serum from F. J. 
illustrated in Fig. 1. 

A sample of serum from F. J. was kindly tested by 
Dr. B. S. Blumberg, National Institutes of Health, 
Bethesda. It was found that the specificity of serum 
from F. J. was different from those of the anti-Ag(a)- 
and anti-Ag(b)-sera. The factor revealed by serum 
from F. J. is apparently unrelated to the Lp(a) factor! 
of human serum §-lipoprotein. If the factor is genetically 
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Fig. 1. 
serum from patient F. 


Reactions in apron double-diffusion experiments between 
. and itive (wells 1, 6) and negative (wells 

2, 3, 4) reacting human sera. 

well 5 contained saline 


Serum from F. J. was placed in well A, 


determined, it is different from all the three factors 
mentioned. The preliminary results of a family investi- 
gation indicate that the ‘new’ factor is genetically con- 
trolled. 
As the precipitin in the serum from F. J. is inactive 
or practically inactive at 37° C, but active at lower 
temperatures, the designation ‘cold-precipitin’ seems 
adequate. 
This property has apparently not been observed with 
the iso-antisera so far described. Hirschfeld? stated that 
the iso-antiserum found by him reacted well also at 37° C. 
This work was supported by the fund Nationalgaven 
til Chr. Michelsen. 
K. BERG 

University Institute of Forensic Medicine, 

Rikshospitalet. 
O. EGEBERG 
Institute for Thrombosis Research, 
Medical Department A, 
Rikshospitalet, Oslo, Norway. 
i Berg, K., Acta Path. Microbiol. Scand., 59, 369 (1963). 
è Hirschfeld, J., Science Tools, 10, 45 (1963). 


A ‘New’ Blood Group Antigen, Do* 


Ax antibody in the serum of a white patient, Mrs. 
Dombrock, defines a previously unrecognized red cell 
antigen, Do*. Among 258 unrelated white people of 
northern European extraction 166, or 64 per cent, were 
of the phenotype Do(a+) and 92, or 36 per cent, were 
of the phenotype Do(a—). 








Table 1. INHERITANCE OF THE ANTIGEN Do tx 52 NORTHERN EUROPEAN 
FAMILIES 
Mating= Children 
Number Dola +) Dola —) 
Type Obs. Exp. Total Obs. Exp. Obs. Exp. 
Dofa+) x Dola +) 18 21-3 40 35 add 5 5-6 
Dola +) x Dofa-) 26 240 60 36 37-5 24 225 
Dola- )} x Dofa-—) 8 6-7 24 0 — 24 34-0 
52 52v 124 


Tests on families show that the antigen Do is inherited 
as an autosomal dominant character (Table 1): Do(a+ ) 
x Do(a+) matings may produce Do(a+) and Dola—) 
children and Do(a—) x Do(a—) matings produce only 
Do(a—) children. A preliminary estimate of the gene 
frequencies may therefore be derived as follows: calling 
the gene for the new antigen Dos and the gene or genes 
responsible for the lack of the antigen Do, then the 
frequency of Do = 4/frequency of Do(a—) = 0-60 and 
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that of Doe = 1 — 0-60 = 040. 
genotype frequencies are: 


DoDo» 0-16, DoDo 0:48, Do Do 0:365 


From these genotype Frequencies may be calculated the 
expected incidence of tae three phenotypically different 
mating types and the peoportions to be expected among 
children therefrom. It can be seen from Table 1 that the 
calculated numbers agree well with those observed. 

Genetic recombination in these families shows that the 
gene Dos is not sited at the loci for the ABO, MNSs, P, 
Rh, Lutheran, Kell, Duffy, Kidd or secretor genes, nor 
is there yet any hint thas Do« is within measurable linkage 
distance of any of thes» loci; it is not X- or Y-linked. 
The antigen Dos is probebly not a previously unrecognized 
component of the remaiaing autosomal systems that make 
useful distinctions between white people, Auberger and 
Yt, because the incidence of the phenotypes Do(a + ) and 
Do(a—) within the divisions of these groups does not differ 
significantly from that im the general population: however, 
the final exclusion frora these two systems will have to 
await happy segregations in families of rather infrequent 
mating types. 

Preliminary tests suggest that the phenotype Do(a + ) 
will prove less frequeat in American Negroes than in 
northern Europeans, bat this remains to be established. 

The antigen Do? appears to be well developed at birth, 
for it has been found in normal strength in two samples 
of cord blood: two other samples of cord blood gave the 
reaction Do(a— ). 

Mrs. Dombrock, whese groups are O, MN.Ss, P,, Rr, 
Lu(a—), K—, Le(a—b+), Fy(a—), Jk(a+b+), Xgiat+), 
Do(a—), has two chillren both of whom are Doja—). 
Her antibody is immune in origin, for it appeared for the 
first time following transfusion of blood. Besides anti-Do*, 
Mrs. Dombrock’s serum contains anti-A, anti-B, anti-E 
and anti-Fy®: these artibodies can be removed by appro- 
priate absorption. The anti-Do* reacts best by the anti- 
globulin test on papaiaized cells; antiglobulin sera vary 
in their power to demenstrate the interaction. Anti-Do# 
is not inhibited by secretor or non-secretor saliva nor 
by hydatid eyst fluid. 

If there are only two common alleles in this system, then 
the finding of an antithetical antibody, anti-Do>, is to 
be hoped for: it would be expected to react positively 
with the red cells of about 84 per cent of white people. 
However, the reactions of anti-Do* alone place the Dom- 
brock system sixth ir the order of potential usefulness 
of blood group systems as markers of autosomes of white 
people. 

We thank Mrs. Dombrock for permission to use her 
name for the new system, and Miss Esther Ditmanson of 
the ‘Northwestern Hespital, Minneapolis, who sent us 
the original samples. 


The corresponding 
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IMMUNOLOGY 


An Allotypic Determinant Specific to Rabbit 
Macroglobulin 


THERE is reason for supposing that rabbit macro- 
globulins possess allotypic determinants in common with 
7S y-globulin’*. Ne allotype has yet been described on 
that part of the molecule unshared with the other immuno- 
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Table 1 
Tube No. 10 12 14 16 17 18 19 20 
on — 0-008 0-018 0-019 020 A 0-221 z 0-090 
Tube No. 22 24 26 30 32 34 36 38 40 
Optical — 0-196 0-481 0:583 0-410 0-470 0:559 0-608 0-361 0-091 0-010 


‘Sephadex G.200’ chromatography of serum RB-5371: peak tubes in italics. 


Reactions of interface (ring) tests read at 10 and 30 min. 


globulins. This communication reports a determinant of 
this nature. 

In routine immunizations of rabbits with antibody- 
coated Proteus vulgaris? in order to raise anti-allotype 
antisera, we observed in a few cases the formation of an 
additional antibody, unrelated to the allotypic system 
under investigation, and presumably representing an 
unknown allotype. The precipitin lines in gel-diffusion 
given by this system were characteristically curved 
towards the antigen well, suggesting that the antigen 
in this case was of high molecular weight. 

To investigate this further, we selected an anti-Proteus 
serum (DM) of allotype As 3,4 which had been found to 
stimulate this extra antibody, and with it immunized a 
recipient (RM) (As 3,4 5) such that antibody against known 
allotypic determinants would not be produced. This 
recipient’s serum did not react with this extra antibody 
and, hence, this animal might be assumed to lack the 
determinant which gave rise to it. 

After three courses of immunization, each of 5 injections 
twice weekly of 10°%-10° Proteus cells coated with DM 
antibody, with a month’s interval between each course, 
antibody was produced in RM which reacted with the 
DM antiserum used to immunize (Fig. la). It also reacted 
with a pre-immunization sample from rabbit DM. 
Forty offspring of the donor DM were tested of whom 
15 gave positive reactions, as did about 8 per cent of 
unrelated rabbits from the same stock. These reactions 
varied in intensity, presumably owing to variations in 
the concentrations of the antigen in each individual. These 
results define a new allotypic determinant which we call 
Msl. 

We consider this new determinant to occur on the 
y-macroglobulin (y, globulin; IgM), and on the region 
of this unshared with the other immunoglobulins, for 
the following reasons: (1) On immunoelectrophoresis of 





a b 


Fig. f. a, Gel diffusion reaction between donor (DM) and recipient 
(RM); b, immunoelectrophoretic reaction (central region) between the 
same reagents (RM-DM) 


serum DM the reaction with RM is confined to the region 
of the cup (Fig. 1b), in the position characteristic of 
y-macroglobulin. (2) On ultracentrifugation for 8 h at 
40,000 r.p.m. the material appeared in the pellet. (3) On 
chromatography on ‘Sephadex G.200 of a normal serum 
(2B-5371) which reacted strongly with RM, the usual 
three protein peaks were obtained: the RM-reacting 
material was found to be confined to a single tube at the 
beginning of the first (macroglobulin) peak, as judged by 
interface (ring) tests on the fractions (Table 1) and was 
absent from the second (yss : IgG) peak, as well as else- 
where. After ten-fold concentration of the fraction showing 
this maximal reaction, immunoelectrophoresis against 
RM showed a strong line in the macroglobulin position 
similar to that given by the original serum: other macro- 
globulins (in the 8 and «, regions) could also be demon- 
strated in this preparation by means of a sheep anti-rabbit 
antiserum. 

These results make it unlikely that the allotypic determ- 
inant identified by serum RM is on a normal 7S (IgG) 
y-globulin. They do not entirely rule out its being a 
yia (IgA) specific determinant (y,4 not having yet been 
clearly characterized in the rabbit) or even an allotypic 
component of complement, but are much more consistent 
with its being on the y, (IgM). In any event it is of 
interest as being a determinant unshared with the yss (IgG) 
globulin. It is not unexpected that macroglobulin anti- 
bodies should be present among the DM antibodies, 
raised against whole P. vulgaris. 

The (male) donor DM was presumably heterozygous 
at the gene locus for Msl, since all maternal parents of 
the tested progeny lacked this determinant, and about 
half of the offspring lacked it as well. It is possible that 
a low total concentration of y-macroglobulin in some 
animals tested might have led to a false negative, but 
this is not likely to have occurred in so high a proportion. 
Attempts are being made to find animals homozygous 
at the Ms locus and to define the hypothetical allele 
Ms2. 

This work was supported by the Medical Research 
Council. 
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BIOLOGY 


Plecotus austriacus in Dorset 


UxnrtIıL 1940 it was generally thought that there was 
but one species of long-eared bat in Europe—namely, 
Plecotus auritus L. However, between 1940 and 1960 
several European bat workers described, quite indepen- 
dently, a new sub-species of this bat. In 1960 Bauer, an 
Austrian, came to the conclusion that these various 
descriptions referred, in fact, to a distinct species for 
which the prior name is Plecotus austriacus (Fischer 1829). 
Since then this new species has been recorded from the 
Netherlands, Germany, Austria, France, Spain, Italy, 
Corsica, Russia, Czechoslovakia and Hungary. 









Dr. Corbet, of the British Museum (Natural 
examined the national collection of long-eared 
nd discovered two British specimens recorded as 
aritus but which were actually the new P. austriacus. 
» of these was from Netley in Hampshire, collected 
-circa 1870, and the other from Jersey, dated 1939. 

Because of these ‘finds’, I examined closely a colony 
of long-eared bats that I have been observing for the past 
few years, in the roof of Furzebrook Research Station, 
‘Wareham, Dorset, and found six Plecotus austriacus by 
the beginning of July 1964. The identification of the 
first specimen was confirmed by Dr. Corbet. This species 
may be quite common in the southern counties of Britain, 
but because it is so similar to P. auritus it may be many 
years before the distribution is known. 

R. E. STEBBINGS 

Nature Conservancy, 
< Eurzebrook Research Station, 
o> Near Wareham, Dorset. 


‘Clicking’ in the Egg-young of Nidifugous 
Birds — 


ONE of the best-known and least-understood aspects 
of the behaviour of nidifugous egg-young during the hatch- 
‘ing period is the production of sharp, almost metallic 
sounds by the bird still enclosed in the shell. These have 
been referred to by most observers as ‘tapping’ sounds, 
and have been thought to result from contact between 
“bill and shelli. 
~~ Jt is, however, impossible for such a sound to be pro- 
-duced by bill-shell contact, as the inner surface of the 
hard shell is still covered by the outer of the two shell 
membranes at this stage of hatching, and the entire bird 
is bathed in the remains of the liquid medium in which 
it. developed. Nevertheless, fow workers have previously 
noted the true origin of this sound?-*. 

During observations on the ontogeny of behaviour in 
sea-ducklings during 1958 and 1959 (ref. 4) it became 
clear that the sounds under discussion always came from 
within the bird. Further work has been done on this, 
and the results are summarized here. 

Investigations of the development of movement in 
avian embryos have previously depended largely on 

indirect techniques such as removal of the shell, leaving 

“the membranes intact®, or the histological examination 
of preserved embryos’. In the work recorded here a 
relatively simple technique of direct observation has been 
used. 

The method was to cut a small hole through the shell 

. and outer shell membrane into the air space at the blunt 
‘pole of the egg as soon as sounds could be heard from the 
egy?-young-——usually 2-3 days before emergence. The 
hole was made slightly to one side of the longitudinal 
axis of the egg in order to minimize any weakening of the 
shell structure and consequent interference with normal 
hatching. When observations were not being made the 
was kept covered with adhesive plaster. The 
pecies used was the eider, Somateria mollissima, 
was no apparent change in hatching success as 
t of the treatment. | 
present technique makes it possible to note move- 
yunds directly and simultaneously, and it was 
clear that the rhythmic tapping sound— 
pre like a somewhat metallic ‘clicking’’—is 
d simultaneously with respiratory movement. 
nnexion has been noted by others in the herring 
varus argentatus*, and the black-tailed godwit, 
mosa limosa’. The ‘clicking’, moreover, continues 
mmo hours after emergence, and it can then be seen 
sound accompanies the thoracic movements of 
1. It is variable to the extent that it may 
inspiration, or expiration, or both, and it is not 
- continuous. Also, the ‘clicking’ may be more 
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wheezing in some individuals than in others, and may _ 
similarly change its nature in the same individual. It 
occasionally accompanies a vocalization. 

The evidence suggesta that ‘clicking’ is a side-effect 
of the newly functioning respiratory system. It is distinct 
from the sounds of shell rupture and vocalization that 
are also produced by egz-young at this stage of develop- 
ment’. In its independence of bill~-shell contact and its 
temporal connexion with respiratory movements, ‘click- 
ing’ has been found to be essentially similar for the follow- 
ing species: 


Order: Galliformes 


Pheasant, Phasianus colehicus 
Domestic fowl, Gallus gallus 


Order: Gruiformes 
Moorhen, Gallinula chloropus 
Coot, Fulica americana 


Order: Anseriformes 

Canada goose, Branta canadensis 
Mallard, Anas pletyrhynehos 
Gadwall, Anas sirepera 
Pintail, Anas acuta — 
Green-winged teal, Anas carolinensis 
Sheree teal, — diseors 

oveller, Spatula elypeata 
Redhead, Aythya americana 
Canvas-back, Aythya valisneria 
Golden-cye, Glaucionetia clanguls 
Old-squaw, Clangula hyemalis 
Eider, Somateria mollissima 
Red-breasted merganser, Mergus 

serrator 


Hatching sounds, including ‘clicking’, of mallard, pin- 
tail, and shoveller are recorded on British Broadcasting 
Corporation disk No. 25101 (ref. 8). 

This work was began while I held a Carnegie Arctic 
research scholarship, and field grants from the Arctic 
Institute of North America, with Mr. C. W. Nicol as 
assistant. I also thank Prof. J. Stanley of McGill Univer- 
sity, Dr. N. Tinbergen of the University of Oxford, and 
Dr. A. H. Hochbaum of the Delta Waterfowl Research 
Station for their help: 


Order: Charadriiformes 
Oystereatcher, Haematopa ostralegus 
Lapwing, Yanellus vanellus 
Herring gull, Larus argentatus 
Black-headed gull, Larus ridibundus 
Franklin's gull, Larus pipiacan 


PETER M. DRIVER 
Oxlynch, 
Nr. Stonehouse, 
Glos. 
1 Kirkman, F. B., Brit. Birds, 24, 283 (1931). 
* Goethe, F., Z. Tierpsychol., He. 402 (1955), 
è Lind, H., Medd. fra Naturfeéningsradeta resercatudvalg, No. 66 (1961). 
t Driver, P. M., Ph.D. thesis, ScGill University (1960). 
ë Kuo, Z. Y., J. Ezp. Zool., GE, 395 (1932). 
t Fisher, H. I, Auk, 75, 391 (2958). 
? Driver, P. M., Anim. Behan a 0, 388 (1962). 


* Driver, P. M., and Gunn, W. W. H., B.B.C. Recorded Programmes Permas 
nent Library, TR r. P. m. Desk No. 26101 (1961). 


Post-mortem pH Values, and Microscopic 
Appearance of Pig Muscle 


Tue rate of fall in -pH after death has been related to 
muscle colour and water-binding -capacity®-*-#.9.12.18, 
Longissimus dorsi muscle with pH 4-7—5-4 within 45-60 
min post mortem (pH, produces a pale, wet muscle after 
rigor*:*, sometimes referred to after visual assessment and 
acidity measurements as ‘white watery muscle disease or 
dystrophy’. | 

Lawrie? has stated that this appearance is also typical 
of several ante-mortem diseases and conditions. How- 
ever, the pH, measurement can be used as a screening 
method for the early detection of pale, wet muscle. 

The presence of abtuormally low pH, has been reported 
from many pig-preciucing countries in Europe with 
varying levels of incicence®-*, In Northern Ireland, with 
a pig population of more than 1,000,000, a survey has 
been conducted to assess the incidence of low-pH, carcasses 
and the presence of the white watery muscle syndrome. 
This covered a perice. of twelve months, to include the 
effects of seasonal varations' 13, The pH, readings taken 
over this period are shown in Table 1. 


Table 1 
70 68 66 64 83 60 58 56 54 6&2 80 
342 StH 1,186 980 442 279 67 2 0 
8-29 1980 27-45 22-54 10-71 676 163 053 0 
Total—4,7%28 pH, 6-4-6-0: 69-76% 
pH, less than 5-6: 216% 








pH 


No. 6 88 
& 15 214 
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Measurements were made with an Analytical Measure- 
ments pH meter, portable model, single probe electrode, 
in a factory using CO, anaesthesia to minimize ante- 
mortem stress. pH, histograms from Danish pigs? showed 
two peaks at pH 6-3 and 5-7, whereas with English pigs 
a single peak was obtained at pH 6-6 to 6-4; the results 
in Table 1 produced a fairly flat peak at pH 6-2. A pH 
of less than 6-1 at 45 min post mortem was indicative in 
Danish pigs of pale and watery muscle after rigor, whereas 
in the case of Northern Ireland pigs a pH, of less than 
58 was required to produce pale muscle. A wet muscle 
which will not maintain its shape (20 h post mortem) will 
have a pH, of 5-4 or less. This indicates differences in 
tolerance to pH drops, which may be related to genetic, 
feeding, environmental, or killing factors. 

Lawrie? has demonstrated pH and colour differences 
between Landrace and Large White pigs. The Northern 
Ireland bacon pigs are mainly cross-bred Swedish Land- 
race/Large White. All carcases used in the survey were 
within bacon weight of 200 lb. and more than 80 per cent 
were graded AA. The pigs were collected from distances 
up to 20 miles from the factory. The site used for pH 
measurement was the long. dorsi muscle at the position 
of the ninth thoracic vertebra. Entry for the electrode 
was made with a surgical scalpel. 

Where possible, a second pH measurement (pHu) was 
taken 18-20 h post mortem, after the carcasses had been 
chilled (4° C) and before butchery. Fig. 1 represents 
845 pairs of readings. The diagonal separates two patterns. 
To the left of it the pHu is lower than the pH, value, and 
to the right the pHu is higher than the corresponding 
pH,, suggesting differences in catabolism, which could be 
explained by intra- or inter-cellular diffusion, or differ- 
ences in buffering capacities. | Wismer-Pedersen and 
Briskey™ found four pH patterns from Danish Landrace 
pigs, using a 24-h recording pH meter. The readings in 
Fig. 1 can be divided into four groups with similarities 
to Wismer-Pedersen and Briskey’s classification. As only 
two readings are required, a large number of muscles can 
be examined by this system. Type 1: pH, above 6-0, 
pHu lower than pH,. Type 2: pH, above 6-0, pHu 
higher than pH,. Type 3: pH, below 6-0, pHu lower 
than pH,. Type 4: pH, below 6-0, pHw higher than 
pH, 

The distribution of the 845 readings was: Type 1, 
77 per cent; Type 2,73 percent; Type 3, 9-3 per cent; 
Type 4, 6-4 per cent. Pale wet muscle was found in Type 4. 
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pH | 


pH 





AUTUMN 


WINTER 





Fig. 2 


The histograms in Fig. 2 demonstrate the seasonal 
pattern found in this survey, over the period from July 
1963 to June 1964. The greater variation in the summer/ 
autumn pHu values probably indicates heat exhaustion 
effects on the pig during and after transport to the 
factory. The distribution between the seasons of the per- 
centage of low pH, values (< 5-6) found over the twelve- 
month period was as follows: spring, 41-4; summer, 5:9; 
autumn, 17-7; winter, 35-3. 

A 6-in. length of the long. dorsi muscle was removed 
20 h post mortem for histological examination. Forty-five 
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Long. dorsi muscle fibre showing characteristic bands, found in 
The photograph also reveals derange- 
Fixation 20 h post mortem, 
xe, 940 


Fig. 3. 
white watery muscle syndrome. 
ment of the geometric myotilament pattern. 

Stain: iron haematoxylin, van Gieson. 
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Type 4 and Type 1 and ten of Type 2 and 
rere collected. Five cases of ‘white watery muscle 
drome’ were found—all in Type 4 with a pH, of 54 
g 3). 
io Several reports have been published on the microscopic 
- appearance of white watery muscle!:**-§, Earlier papers 
recorded the effects of acid rigor on structure, indicating 
that the corrugation of non-contracted or less-contracted 
fibres was of significance. In this laboratory it was found 
that the severity of corrugation was a function of pH and 
time of onset of rigor. Lawrie et al.” and Bendall and 
~ Wismer-Pedersen! observed the deposition of irregular 
bands (denatured protein!®) across individual muscle 
fibres. This criterion was applied to the five cases reported, 
on the assumption that this abnormal morphological 
_eondition was more indicative of irregular muscle physio- 
_ logy or disease than the interrelated pH/time factors on 
rigor. 
— these bands were not detected in the other muscle 


sections of Type 4, including nine cases with a pH, of 
5-4, This suggests that pH is not the sole controlling 
factor and stresses the importance of measuring muscle 
_temperature!?°, 





— | R. J. ELLIOTT 
= Ulster Curers’ Association, 
2 Greenwood Avenue, 
Belfast. 
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Long-distance Seed Dispersal to Macquarie 
island 


Macquarie ISLAND, latitude 54° 30’ 5., longitude 
158° 57’ E., occupies an isolated position in the Southern 
Ocean, 600-900 miles from the nearest land masses of 

. New Zealand, Australia and the Antarctic continent, 
-and about 5,000 miles from South America. Despite its 
isolation, Macquarie Island receives considerable amounts 
of driftwood, mostly from South America. 
En April 1959 two members of the Australian National 
Antarctic Research Expedition on Macquarie Island, Dr. 
S. Csordas and Mr. A. Dean, found a large seed washed 
üp on to Handspike Point. The seed has since been 
Hed by Miss D. Johns, C.S.LR.O., Canberra, as a 
n of the nickernut, Caesalpinia bonduc (L.) Roxb. 
ies has a pantropical distribution along sea 
dis well known for its long sea voyages. 
de distribution of the nickernut implies that the 
ald have entered the Southern Ocean current, 
brought it to Maequarie Island, on any of several 
currents from the north. However, the aforemen- 
: lriftwood evidence suggests a Central American 
< origin. This would involve a sea journey of more than 
12,000 miles, which, even at the fast rate of drift of 1-2 
3, could not be aceomplished in much less than a 

















arch 1960, almost a year after its discovery on 
quarie Island, the seed was germinated in Canberra 
ng. searification of the hard seed coat, and the 


NATURE 





seedling was grown to a height of about 6 ft. until kiled - 
by frosts in 1962. _ 
Although this can have little direct significance for the 
Macquarie Island ficra with its essentially southern 
affinities, it provides an interesting example of long- 
distance dispersal and of viability of a particular type of 
seed after prolonged immersion in salt water’. 
A. B. Costin 
C.S.LR.0. 
Division of Plant Industry, 
Canberra, 
Australia. 
? Barber, H. N., Dadswell, H. E and Ingle, H.D., Nature, 184, 203 (1959). 
? Mason, R., Nature, 191, 408 ©1961). 


Effect of Ringing on Potassium Uptake by 
Ricinuz communis Plants 

Phillis and Mason! claimed that ringing cotton plants 
interfered with the uptake of bromine by the root within 
a period of 2h. Their experiment was strongly criticized 
on a number of points by Steward?, who concluded that 
there was no significent difference between the bromide 
uptake of their contra and ringed plants. In reply’ they 
submitted data on tho uptake of calcium which showed 
an effect of ringing only after three days. They extra- 
polated their figures end concluded that ringing checked 
the calcium uptake alter 15:5 h. 

Data are presented nere on the uptake of potassium and 
water from completa culture solution by individual 
Ricinus communis (eastor oil) plants before and after 
ringing. The methoc of culture of the plants and the 
measurement of potassium and water uptake are the same 
as previously described’. The experiments were carried 
out in continuous lighs (approx. 750 f.c.) at a temperature 
of 25° C. 

Fig. 1 shows the effect of ringing. There was a measur- 
able fall in potassiura uptake after 65 min and it had 
dropped to 8 per cent of its former level after 21 h. Water 
uptake remained reatively constant throughout the 
experiment, ruling out the possibility of an effect on the 
salt uptake due to a fall in transpiration. The effect of 
ringing was not always so rapid as that shown in Fig. I 
and in most plants selt uptake started to decline after a 
lag of 2-4 h. Deficiency symptoms were observed in the 
young leaves as early as 5 days after ringing. 

It is now generally agreed that salts ascend the stem 
in the xylem and net the phloem, therefore the rapid 
decline in salt uptake after rmging must be due to the 
cessation of downwerd translocation rather than the 
stoppage of an upward movement of salt in the phloem. 
These results show that salt uptake in the intact plant 
can, at least in some circumstances, be almost directly 
dependent on the supply of assimilates from the leaves. 
This emphasizes the integration of root and shoot metabo- 
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Fig. 1. The effect of ringing a Ricinus communis plant on the uptake of 
water and potassium. The plant was ringed at 2.10 p.m. on the first day 
of the experiment as shewn by the vertical arrow. O, Water uptake; 
@, potassium uptake 
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lism, and therefore results involving the uptake of salt 
by excised roots should be interpreted with caution. 


D. J. F. BOWLING 
Department of Botany, 
University of Aberdeen, 
1 Phillis, E., and Mason, T. G., Ann. Bot., N.S., 4, 645 (1940). 
* Steward, F. C., Ann. Bot., N.S., 7, 89 (1943). 
x Mason, T. G., and Phillis, E., Ann. Bot., N.S., 9, 345 (1945). 
Bowling, D. J. F., Nature, 200, 284 (1963). 


Relation of Ringing to Gibberellin-like 
Activity in Berries of Vitis vinifera L. 


Ir is well known that a temporary ringing (girdling) of 
certain varieties of fruit trees and grapes increases the 
size of developing fruits. The classical theory is that the 
enlargement of fruit results from the greater supply of 
elaborated food materials trapped above the ring. Another 
possibility is that plant hormones trapped above the ring 
cause such enlargement. Ringing has long been practised 
to increase the size of ‘Black Corinth’ berries'. Another 
method for greatly enlarging fruit of this variety is treating 

inged vines with exogenous gibberellins*. Because 
both these methods result in enlarged fruit, it seemed 
likely that ringing affects endogenous gibberellin content 
of the berries. The experiment described in this com- 
munication shows that ringing greatly influences gibberel- 
lin content. 

In this experiment the trunks of two ‘Black Corinth’ 
vines were ringed on June 12, 1963, about ten days after 
full bloom, Forty-eight hours later the fruit from these 
vines and two unringed control vines was collected for 
analysis. The berries were immediately frozen by shaking 
with dry ice, lyophilized, and stored. 1,000 g of berries 
(fresh weight equivalent) were extracted with 3 1. of 70 


Berries (1,000 g fresh weight) 


| 
+-methanol (final 70%) 3,000 ml. 


extract 24 h 2 times 0° C 








filter 
methanol residue 
| (discard) 
evaporate to water phase 
| 
«NaHCO, (6%) 
pu=7°5 
~ethyl acetate 
| j 
ethyl acetate NaHCO, 
l 
| | 
ethyl acetate H89, PH = 60 
F-I (neutral) 
<1 N NaOH «chloroform 
pu = 8-0 chloroform 
-III water 
thyl acetate 
—80. 
ethyl acetate water 
F-I1 (basic) (discard) pH =2-5 
«ethyl acetate 
| | 
ethyl acetate water 
P-1IV 
(acidic) «n-butanol 
| | 
n-butanol water 
vV (discard) 


Fig. 1° Method for extracting and separating gibberellin-like substances 
from lyophilized grapes 
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Fig. 2. Gibberellin-like substances in extracts from unringed (black) 
and ringed (white) ‘Black Corinth’ grapes. The activity was measured on 
pea plants ("Morse’s Progress No. 9°) grown under red light 


per cent methanol (Fig. 1). The extracts were concen- 
trated to the water phase in a ‘Rinco’ evaporator and 
separated into 5 fractions, as shown in Fig. 1. All extrac- 
tions were made with a ratio of 3 volumes organic phase 
to 1 volume aqueous phase. Each portion was concen- 
trated in a ‘Rinco’ evaporator, and streaked on Whatman 
3 MM paper (18 in. x 22 in.), Development was by the 
descending technique, using for the solvent a mixture of 
isopropanol, ammonium hydroxide (28 per cent), and 
water (10: 1:1 v/v). After developing, the chromato- 
grams were air-dried, cut into 10 sections corresponding 
to Rp, and eluted by grinding in a Servall ‘Omni- mixer’ 
with 100 ml. methanol for 1-5 min. The methanol por- 
tions were dried and dissolved in 1 ml. of 0-05 per cent 
‘Tween 20° in 50 per cent aqueous ethanol solutions for 
bioassay. 

The dwarf pea bioassay described by Köhler and Lang? 
was used to detect gibberellin-like substances. Peas 
(Pisum sativum L.), variety ‘Morse’s Progress No. 9’, 
were used. 5 ul. of test solution was used for each pea 
plant. There were ten replicate plants per treatment. 
In this test gibberellin specifically reverses the red light 
inhibition of elongation growth‘. 

Histograms of the data are shown in Fig. 2. In F-l 
(neutral), ringing greatly decreased the amount of gibberel- 
lin-like compounds. In control fruit there was high 
activity from Rp 0-7 to 1-0. In the FAI (basic) fraction 
there was little activity in the ringed or unringed fruit 
and consequently this is not shown in the histogram. In 
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No other stereoscopic microscope 
Incorporates 
so much for 
so little 


Compare these features: For only £167.10.0 you can 
purchase a precision-made stereoscopic instrument with a 
magnification range from 4x to 100x and a free working 
distance up to 100 mm. In addition, standard specification 
includes incident and transmitted illumination + A fully com- 
prehensive range of accessories includes: Mechanical and 
shifting stages « Insect holders « Vertical illumination prisms 
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‘In both the F-IV (acid) and F-V (acid butanol) fractions 


noas: April 17, 1965 
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the F-III (chloroform) fraction there were less gibberellin- 
e substances in girdled than ungirdled at Rp 0-0-5. 


there was a greatly increased gibberellin activity in the 


ringed fruit. In the F-IV there were peaks from Rp'’s 


- (2-0-7, and Rp 0-9—1-0. In the F-—V fraction there were 


three peaks, Rp’s 0-1—0-3, 0-5-0-6, and 0-9-1-0. 

These results show that ringing is associated with great 
differences in content of gibberellin-like substances in 
‘Black Corinth’ berries, and the increase in certain gibberel- 
lins may cause the enlarged fruit. Previous work with 
crude extracts failed to reveal an increase in hormone 
content in auxin and gibberellin as a result of ringing®. 
It is now necessary to discover which of the known 
gibberellins are involved in fruit enlargement, and hope- 
fully the mechanisms involved. These results also indicate 
that many types of gibberellins are present in grapes, and 
that they occur in extremely high amounts. 

This investigation was supported by National Science 
Foundation grant GB-1055. 


ROBERT J. WEAVER 
Rospert M. Poor 


Department of Viticulture and Enology, 

University of California, 

Davis. 

1 Jacob, H. E., Proc. Amer. Soc, Hort. Sci., 25, 223 (1928). 
® Weaver, R. J., and McCune, S. B., Nature, 181, 851 (1958). 
* Kohler, D., and Lang, A., Plant Physiol., 38, 555 (1963). 
t Lockhart, J. A., Proc. U.S. Nat. Acad. Sci., 42, 841 (1956). 
* Coombe, B. G., Plant Physiol., 35, 241 (1960). 


Timber Decay caused by Bacteria 

Iw an inspection of a ninety-year-old building in Copen- 

n some of the foundation piles were found to be soft 
from the surface inwards to a depth of 20-30 mm. 

Samples of the softened wood of Pinus silvestris and 
Picea abies from 16 piles and one whole pile were taken 
for microscopic examination. 

On cross-section of the wood, stained with safranin and 
aniline blue in picric acid, a number of the tracheids 
appeared to be heavily stained, especially along the rays 
and then in a more scattered pattern among apparently 
healthy cells. The stained parts consist of more or less 
fibrous, granular or amorphous masses together with 
different micro-organisms. In longitudinal radial sections 
the decay pattern is more clearly visible. First, small 
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. Decay in tracheidal walls of Pinus silvestris (x ¢. 930) 
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conical depressions are seen to extend from the cell lumen 
into the secondary wall; the depressions spread more or 
less irregularly to all sides in the secondary wall but do 
not penetrate the middle lamella. The tracheids adjacent 
to the rays are attaeked first; next, tracheids at the 
growth ring boundary; then the attacks are more scat- 
tered. The passage of the micro-organisms seems to be 
through the ray cells and the bordered pits in the tracheids. 

From the decay pattern it was concluded that the micro- 
organisms in question might be cellulose-decomposing. 
Some species of bacteria were observed together with 
fine hyphae and spores of an actinomycete. 

In selective isolation experiments some aerobe sporulat- 
ing bacteria and an actinomycete were isolated. The 
nutrient used was a eellulose—-mineral salt medium with 
0-01 per cent yeast extract. After inoculation, the 
enrichment culture wes heated for 1 h at 60° C. 

The isolates were proved to be cellulose-decomposing, 
but it has not yet beem possible to develop in cultures the 
decay in wood cell walls described above. The actino- 
mycete has been referred to the genus Micromonospora. 

L. HARMSEN 
Mycological Laboratory, 
Technological Institute, 

2 Hagemannsgade, Copenhagen. 

T. Vincents NISSEN 
Technical University ef Copenhagen, 
83 Selvgade, Copenhagen. 


Response of Oxidation and Phosphorylation 
in Citrus Mitochondria to Arsenate 


COMMERCIAL application of lead arsenate to citrus 
foliage has long beem used to accelerate reduction of 
acidity in grapefruit. The effective moiety has been found 
to be arsenate. Control of citric acid accumulation by 
some other means would be highly desirable and is the 
object of the work recorded here. 

Arsenate competition with p hate as an electron 
acceptor indicates that phosphorylation could be the key 
to the mechanism of citrie acid accumulation. Citrus 
mitochondrial preparations capable of oxidative phos- 
phorylation offer good material for phosphate esterification 
investigations'. This communication will also amplify 
the previous brief aceount of mitochondrial isolation*. 

Cell particulate fractions were isolated from orange 
fruit at different stages of maturity according to the 
following procedure. The orange fruit sections of Citrus 
sinensis (L.) Osbeck (generally about 100 g fresh weight) 
were separated from the peel immediately after gathering 
and cooled to 0° C. All solutions, equipment, and sub- 
sequent operations were carried out at 0°-2°C, except 
the m reactions which were at 25°C. The 
homogenizing solutien consisted of sucrose 0-25 M, 
mannitol 0:37 M, ethylenediamine tetraacetic acid 
(EDTA) 0-005 M, and cysteine 0:004 M adjusted to 
pH 7-0 according to Wiskich et al.*. The mitochondrial 
suspending solution contained mannitol 0-3 M, tris 
0-01 M, magnesium chloride 0-005 M, and was adjusted 
to pH 7-0 with potassium hydroxide. 

The juice vesicles were ruptured under the homogeniz- 
ing solution, 1 : 1 (w/v), by hand with the aid of a stainless 
steel grater. Because of the generally high acidity of the 
juice (up to 50 m.equiv./100g fresh weight), the pH waa 
maintained at 7-0 by continuous addition of potassium 
hydroxide, using the bromthymol blue indicator. 

The homogenate was then strained through four layers 
of cheese-cloth and tne filtrate centrifuged at 500g for 5 
min and the debris discarded. The supernatant solution 
was then centrifuged at 15,000g for 15 min and the pellet 
suspended with the aid of a Potter-type homogenizer 
in 100 ml. of Ging solution per 100 g original fresh 
weight. A slow speed (500g for 5 min) was used to further 
remove non-mitochoadrial nitrogen‘. Unless otherwise 
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indicated, a final centrifugation at 15,000g for 15 min 
sedimented the fraction referred to as mitochondria, 
The mitochondrial pellet was then dispersed in 3 ml. of 
suspending medium per 100g original fresh juice vesicles 
and immediately assayed either manometrically or polaro- 
graphically. 

A Warburg respirometer was used to determine oxygen 
uptake at 25° C in oxidation and phosphorylation investi- 
gations’. Phosphate esterification was estimated by 
inorganic phosphate disappearance according to the 
phosphomolybdate method’. 

The nitrogen content of the mitochondrial suspension 
was determined by digestion of a suitable aliquot in 
concentrated sulphuric acid with mercury as a catalyst’. 
Alkali was added, the ammonia carried over into an acid 
solution by means of an air stream, and then determined 
by nesslerization and assayed in the BL ‘Spectronic’ 20 at 
475 my. (ref. 7). 

Maintenance of the buffer solution at pH 7-0 is necessary 
during mitochondrial preparation because loss of oxidative 
activity is more serious at lower juice pH levels (80 per 
cent loss at pH 6-2) than at higher levels (15 per cent loss 
at pH 8-2). 

In oxidative and phosphorylation investigations at 
25° C, the co-factors used in umole quantities in a total of 
3-0 ml. were: 5 adenosine diphosphate; 2 nicotinamide 
adenine dinucleotide ; 50 glucose; 50 substrate; 7 inorganic 
phosphate; 6 sodium fluoride; 560 KM units hexokinase; 
and 50 ug cytochrome c plus the enzyme preparation (250- 
480 ug mitochondrial nitrogen depending on the prepara- 
tion). The cytochrome ec requirement was consistent 
throughout the season in contrast to avocado mitochon- 
dria requirement as reported by Biale et al.*. 


Table 1. OXYGEN UPTAKE AND PHOSPHATE ESTERIFICATION BY CITRUS 
MITOCHONDRIA 

Substrate * Qo, (N) P/O 
Succinate 208 0-48 
Malate 182 (40 
Citrate 187 0-67 
a-Ketoglutarate 158 0-76 
Fumarate 145 0:38 
Citrate t 195 0-08 


* Co-factors and quantities as listed in text. 
t Includes 0-01 M Na,As0, final concentration. 


Table 1 represents an average of 40 analyses on fruit 
throughout the season during which the P/O ratios 
remained fairly constant. Low phosphorylation was 
found in very young fruit (up to 4 em in diameter) even 
with additions of sodium fluoride’. 

Arsenate at 10-* M final concentration, as shown in 
Table 1, almost completely uncouples phosphorylation 
with citrate as a substrate (P/O 0-07-0-10) without effect- 
ing a change in oxidation. The mechanism of action of 
arsenate in the reduction of total citric acid appears to 
be that of an uncoupler. This arsenate uncoupling is 
being studied intensively as it relates directly to one of 
the commercial treatments so far used on a purely em- 
pirical basis to attempt to improve grapefruit quality. 


H. M. VINES 
M. F. OBERBACHER 
University of Florida 
and 
Florida Citrus Commission, 


Lake Alfred, Florida. 
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Inactivation of Brucellaphages by Chemical 
Fractions of Brucella 


In order to examine the inactivation of phages the 
following Brucella substrates were used: (a) Acetone- 
killed bacteria of Brucella melitensis strain 16 M, suis 
1330 and abortus strain 12, according to Olitzki'; (b) pro- 
tein, polysaccharide and nucleoprotein fractions of 
Brucella melitensis strain 16 M obtained by extraction 
with phenol-water, according to Westphal?. 

Acetone-killed Staphylococcus aureus, Klebsiella pneumo- 
niae, rhinoscleromae and ozenae, Mycobacterium BCG and 
smegmatis, Listeria monocytogenes and Hrysipelothrix 
insidiosa were used as controls with which to compare 
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Fig. 1. Brucellaphage inactivation by acetone-killed whole celis of 
Brucella abortus, suis, and melitensis. W, B. abortus; @, B. suis; A, B. 


melitensis; C, control—brucellaphages and viable strain of B, abortus; 
S, control—brucellaphages and acetone substrate of Staphylococcus 





Fig. 2. A, Negative control colonies (indicator strain Brucella abortus 
(12) and brucellaphage), B, Plaques of Brucella—phage-inactivation 
with the substrate of B. suis (1330), dilution 1 : 50 
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 Wlge Be. Brucellaphago inactivation by chemies! fractions of Brucella 

melitensis strain 16 M. 1, Protein from cell walls: II, acetone-killed 

 bacterias TEL nueleie acid from whole bacteria; TV, plasma protein; 

Y, residue; VI, poiysatonaridos from cell walla: VII, plasma polysacchar- 
ides: VILL, nucleic acid from cell walls 


the specificity of inactivation of brucellaphages by 
< ehemical fractions of Brucella. None of the substrates 
from other bacterial species inactivated the lytie action of 
 brucellaphages (all tests were performed. according to 
< Adams’). Nor did we observe, using staphylophages as 
< gontrol, any inactivation of these phages by chemical 
~~ fractions of Brucella. F 
yo. Brucella. chemical fractions were prepared in dilutions 
"of 1/50, 1/100, 1/200, 1/400 of a 1 per cent solution, and 


also two brucellaphages of 212/XV and Tb. The specific 
< inhibition tests were performed in a water-bath at 37° C 
for 3 h. For. control tests, two brucellaphages and 
. indicator strain Brucella abortus 12 were used applying 
the same conditions but without any substrate’. In both 
and control inaetivation tests the plaques were 
and the types of colonies were observed according 
sthod of Brinley-Morgan® and Parnas’. 

ost marked inactivation of brucellaphages was 
using Brucella ewis acetone substrates; the least 
“Brucella melitensis, while Brucella abortus 
strate was intermediate in effect (Figs. 1 and 2). 
ation of brucellaphages by Brucella melitensis 
s is of interest as we know that the living 
litensis strain 16 M is resistant to lytic action 
phages. l 
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haviour of the chemical fractions was as follows: 
ongest phage-inactivation was observed when 
proteins were used, but we did not even observe 
activation when polysaccharides and nucleo- 
rere used. These results are shown in 
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Observing the plaques we stated only type wt colo 
in spite of the great variety of types appearing in our- 
everyday observations. —— 

To all intents and purposes the differences in phage 
inactivation were so small as to be considered negligible. 
Using this method we were unable to differentiate between 
the three Brucella variants, as can be done when using 
viable cells of Brucelia melitensis, suis and abortus, by 
means of the lytic spectrum of brucellaphages. 


JÓZEF PARNAS 
MARIA TUSZKIEWICZ 
- ȘTEFANIA ZALICHTA 


Academy of Medicine, 
Department of Microbiology, 
Lublin, Polard. 
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Effects of High Partial Pressures of Oxygen 
on Fungi and Bacteria 


In previous articles*-* attention was directed to the fact 
that high pressures of pure oxygen have a specific effect 
on the metabolism of eells of various kinds. In the tissues 
of higher plants the effect was shown to be the stopping 
of carbon dioxide output, and this, it was postulated, was 
the result of the inaetivation of the associated enzyme 
systems. In some fungi and in two species of bacteria it 
was shown also that exposure to 10 atm. pressure of pure 
oxygen completely suppressed the growth of the organisms. 
However, unlike the tissues of higher plants, the fungi, 
when removed from the pressure and returned to air, 
recovered and began to grow apparently quite normally 
if the period of expcsure were not too long. In these 
cases a period of some days normally elapsed before the 
growth of the colonies in air began again. All the fungi 
were grown on 2:5 pez cent malt agar in Petri dishes and 
the temperature was maintained at 25° C in a constant- 
temperature room or in an incubator. 

In genoral, the fungi used in these experiments, namely, 
Schizosaccharomyces ctosporus (E5), Aspergillus niger 
(E10), Mucor hiemalis (#12), Rhizopus arrhizus (£15), 
Sordaria fimicola (E24, Fusarium solani (843), Penicillium 
cyclopium (#55), Mucor plumbeus (E65), Helmintho- 
sporium rostratum (£78) and Fusarium avenaceum (#81), 
have withstood a pressure of 10 atm. of pure oxygen for 
periods of from three to fourteen days and then after a 
variable period of recovery in air at 25° C recommenced 
to grow at an apparertly normal rate. In no instance was 
any growth noted during the period under pressure (see 
Fig. 1). The cultures were allowed to grow for 48 h in an 
incubator before being placed in the pressure-vessel. 

The two exceptional fungi were Sordaria fimicola and 
Aspergillus niger which both recovered and began to 
grow after 14 days in 10 atm. oxygen, though neither made 
any growth while undar pressure. However, neither species 
recovered after exposure to pressures of 10 atm. pure 
oxygen for 28 days. 

Experiments with tacteria. The bacteria used were all 
from cultures of noa-sporing aerobes supplied through 
the kindness of Drs. B. Moore and W. J. Ryan of the 
Exeter Public Healta Laboratories. They were strains 
of Staphylococcus citreus (two strains), Staph. albus (two 
strains), Enterococcus, Chromobacterium, Pseudomonas 
pyocyaneus, a diphtheroid and Escherichia coli. They 
were grown on nutrient agar plates, and after 24 hin an 
incubator at 25° C were kept, as were the fungal cultures, 





at a pressure of 10 atm. pure oxygen at a constant tempera- 
After 14 days they were removed from the . -> 


ture of 25° C. 
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pressure vessel and sub-cultured on to 
nutrient agar. It was noted that no growth 
of any of the cultures had taken place while 
under pressure. All but one grew apparently 
normally without a period of recovery and 
just as quickly as did control sub-cultures 
from untreated controls. The exceptional 
bacterium was the strain of a diphtheroid 
which did not recover from the treatment. 

Bacteria, therefore, resemble fungi in that 
they make no growth while under pressure 
but differ in that recovery seems, at least 
in some cases, to be complete and very rapid. 

Experiments on effect of actual pressure of 
gas. A group of experiments was set up to 
determine if the effect on the fungi and 
bacteria was caused by the actual pressure 
of the gases or by the partial pressure of 
oxygen. It had been shown in an earlier 
paper! that the carbon dioxide output of 
apple tissue was substantially the same in 
20 atm. of 5 per cent oxygen, in 5 atm. of 
20 per cent oxygen and in 1 atm. of 100 
per cent oxygen, whereas 5, 10 or 20 atm. 
of pure oxygen completely inhibited respira- 
tion of the tissues. Bacteria and fungi were 
exposed to 10-5 atm. of 2 per cent oxygen 
(equivalent to the partial pressure of oxygen 
in air) for varying periods and their growth 
at 25°C compared with that of control 
material in air at 1 atm. in air-tight con- 
tainers. After periods of 48-92 h the cul- 
tures were removed and examined, and in 
the case of Aspergillus niger, Sordaria 
Jimicola (Fig. 2), Fusarium solani, Penicil- 
lium cyclopium, Mucor plumbeus, Helmintho- 
sporium rostratum, Fusarium avenaceum 
among the fungi and Staph. albus, Chromo- 
bacterium, Pseudomonas pyocyaneus (Fig. 3) 
and Escherichia coli among the bacteria no 
consistent differences in growth could be 
detected. 

After exposure to 10-5 atm. of 2 per cent 
oxygen (equivalent to the partial pressure 
of oxygen in air) for 120 h no difference in 


Fig. 1. 


Fig. 2. 
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growth could be recognized between the al 


treated and the control bacteria grown in 
air (21 per cent oxygen). When all the nine 
fungi were treated, however, though the 
growth of the mycelium seemed to be the 
same in both the treated and controls, there 
was a suggestion of a reduction in the 
number of spores produced in Aspergillus 
niger, Sordaria fimicola and Fusarium aven- 
aceum colonies. 

Effect of prolonged high pressure of pure 
oxygen on bacteria. It has been shown (vide 
supra) that the reaction of fungi to high 
pressures of pure oxygen (10 atm. 100 per 
cent oxygen) varied according to the species. 
In all cases growth was stopped while the 
organisms were under pressure and in all 
cases some period of time had to elapse before 
growth began again if the fungi survived the 
treatment. Some fungi, notably Phoma, 
Penicillium, Rhizopus and Mucor species, survived the 
treatment if the period of exposure was not more than a 
few days, while Sordaria and Aspergillus could survive for 
14 days though no species survived after exposure for 28 
days. It appears, therefore, that fungi can withstand pres- 
sures of 10 atm. of pure oxygen for periods ranging from a 
few days to more than a week and, exceptionally, some can 
withstand more than 14 days but not as much as 28 days. 
Even a heavily sporing type like Aspergillus niger could 
not withstand a period of this length. 


Fig. 3. 


NATURE 


Aspergillus niger grown on 2:5 per cent malt agar at 25° C. 
days in air. 


Cultures of Sordaria Amicola on 2-5 per cent malt gar, 


Cultures of Pseudomonas pyocyaneus on nutrient agar after 02 h. 


April 17, 1965 VOL. 206 





(a) Control after 28 
(ù) Treated 48 h in air and 26 days at 10 atm. oxygen 





(a) Control in air at 25° C. 
(ò) Treated at 10-5 atm. 2 per cent oxygen 
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(a) Control in 
(b) Treated at 10-5 atm. 2 per cent oxygen 


air at 25° C. 

Among the bacteria which have been used in these 
experiments the strain of diphtheroid tested could not 
withstand a pressure of 10 atm. pure oxygen for 14 days. 
Pseudomonas pyocyaneus withstood the pressure for 14 
days but not for 28, and 4 withstood exposure for 28 
days. These were Escherichia coli, Staphylococcus citreus, 
Staphylococcus albus and a species of Chromobacterium. 

It should be noted, however, that even in these, growth, 
though it began in the sub-cultures as quickly as that of 
the control material, was not quite so good as in the con- 

















sible that not all the treated bacteria, 
e individuals, survived the prolonged pressure 
ei | 
xistence of slightly different strains in a culture of 
eria is not unusual and the possibility of the survival 
some groups, but not all the strains, cannot be ruled out. 
hat is clear, however, is that some at least of the organ- 
13 in the cultures treated did survive and grew rapidly 
n the plates were removed from the pressure-vessel 
d put into an incubator at 25° C or when the colonies 
were all cultured on the nutrient agar. 
There is evidence that similar groups of enzymes are 
affected in all the various tissues subjected to high pres- 
~ sures of oxygen and the effect: of the high concentration of 
gon may well be on the —SH groups of these enzymes. 
the same time, the recovery of the enzyme systems 
t treatment seems so varied in the different groups 
his aspect of the subject opens up an interesting field 

























ch is being examined. sag F 

I thank my colleague, Dr. M. C. F. Proctor, for taking 

F the photographs. 
— J, CALDWELL 


jepartment of Botany. 
University of Exeter. 
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GENETICS 


Selection and Polygenes 
Tax ‘polygene’ hypothesis was proposed by Mather! 
to explain the sudden responses to selection which occurred 
in his experiments and in those of Payne? Similar 
patterns of response to selection have been found by 
- Sismanidis®, Thoday and Boam‘, and Fraser and 
 Hansche’. This phenomenon of sudden responses to selec- 
tion is clearly distinct from the predictable, relatively 
smooth type of advance which is exemplified by the 
results of Clayton, Morris and Robertson’. 
A major question which has not yet been fully resolved 
is whether the different patterns of response to selection 
are due to differences of the genetic systems under 
selection, or due to differences of the experimental 
- procedure. A feature of many of the experiments which 
_ showed. sudden responses is that they involved an initial 
_Yvestriction to very few parents. It is possible that the 
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“Selection for increased number of sciitellar bristles:- ‘Mean number of apatite ; lotted as — — odon, Thirty Hnes were 
initiated from line 70, but only a sample ts illustrated since the response to selection was sight in most lines y 











found in these experiment: 
due to the incorporatien of a ‘genetic bottleneck’ causing — 
a restriction of the genetic variability, directing selection — 
and affecting a rapid and sudden response. Restriction — 
of genetic variability should result in a decrease of the 
advance which can be achieved by selection unless the 
genetic system involves a marked restriction of the 


expression of genetic variability which can only be óver- r 


come by intense selection pressures. The arrangement _ 
of genes in polygenes would produce such a restriction. — 
If this is coupled with marked inter-polygenic interactions, 
then the restriction of genetic variability should allow a 
more rapid and. greaser advance to be achieved from 
similar intensities of selection. . 

Restriction of genetic variability can be accomplished _ 
in Drosophila for spec-fied sections of the genotype using 
the ‘balancer’ chromesomes. Three sets of lines were 
constructed in whick specified chromosomes from a 
variable stock (line 7€) were introduced into an isogenic 
stock (isogenic 5a-8). The first set of lines involved only 
the first chromosome, and in each line four first chromo- 
somes from line 70 were introduced into isogenic 5a-8. 
Similar lines were formed for the IInd and Ird chromo- 
somes. Selection was then practised for increased number 
of scutellar bristles in females, scoring 80 females per line 
per generation, and retaining 4 females as parents. The 
results are shown in Fg. 1. Two sets of control lines were 
maintained. A set of lines were started from isogenic 
5a-8. These showed an apparent response, but repeat 
scores of the unselected base lines showed the response 
was an artefact. The second set of thirty control lines 
were started from line 70. There was very little response 
to selection in most o” the lines. 

Isogenic Sa-8 has è high mean scutellar number (5-6 
bristles). Substitutien of chromosomes from line 70 
markedly reduced thes in all but a fraction of the Ist 
chromosome lines, and one of the [fIrd chromosome lines. 
Selection has been ineffective in all but one or two of the 
Ist chromosome lines; there has been a slight response in 
the IInd chromosome lines, and a very dramatic response 
in the majority of the I{Ird chromosome lines. The lack 
of response in the [ind chromosome lines is expected, 
since in many previous selection lines initiated from line 
70 there has been little involvement of the IInd chromo- 
some. The lack of more frequent response in the Ist 
chromosome lines is mot expected since this chromosome 
has previously been “requently involved in the sudden 
responses found in selection lines from line 70. The 
marked advances found in the Hird chromosome lines 
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70 established in parallel with the present experiments 
have shown no sudden advances by the seventh genera- 
tion in 30 lines; a most striking contrast. 

A probable explanation of these results is that restriction 
of variability to one chromosome was affective, by eliminat- 
_ ing interactions, in exposing additive genetic variability, 
thus enabling selection to cause greater and more rapid 
response. An alternative explanation might be that the 
use of isogenic 54-8 had introduced a particular pattern 
of interaction, normally rare in line 70, that made response 

possible. We favour the first explanation, but clearly 
this type of experiment needs to be repeated on different 
isogenic backgrounds including that of line 70. 


RAJA NASSAR 


Department of Animal Husbandry, 
Institute of Agriculture, 
St. Paul, Minnesota. 
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Further Evidence of Heterozygosity in 
Parthenogenetic Turkeys 


Tr has been reported that first and second set skin grafts 
from parthenogenetic Beltsville Small White turkey sires 
to some of their progeny by unrelated turkey females are 
rejected by typical homograft reactions. The finding 
that skin from any one parthenogenetic sire can be com- 
patible with some of his progeny and incompatible with 
others was interpreted as evidence of segregation having 
occurred at one or more of his genetic loci assumed to 
control histocompatibility. On this basis it was concluded 
that a detectable degree of heterozygosity can exist in 
male turkey parthenogens!. 

However, this conclusion prompted the question that 
since the parthenogens’ dams were not the dams of the 
recipient progeny the graft rejections might have been an 
expression of some sort of ‘maternal effect’. The validity 
of this point was appraised by the following experiment. 

Two male parthenogenetic turkeys (P-2789 and P-386) 
were mated each to his own dam and produced seven and 
four progeny respectively. These are hereafter called 
_ back-cross progeny, and each of them received a full- 
thickness wattle skin graft from its own parthenogenetic 
sire. The only variation from previously published 
surgical procedures? was in the method of bandaging. 
Here, rather than use a cotton bolus, we protected the 
sutured graft with a layer of spray-on plastic surgical 
dressing followed. by a piece of petrolatum gauze, and 
finally a loosely applied gauze pad. 

The skin of P-2789 was found to be compatible with 
three and incompatible with four of his back-cross progeny, 





. while the skin of P-386 was compatible with two and in- 


compatible with two. of his back-cross progeny. 

In view of these results it is hard to conceive how the 
graft rejections in the previously published work! could be 
accounted for on the basis of the parthenogenetic sires 








and their progeny having had different maternal parents. 
Instead, they strongly support the former conclusion that 
parthenogens can be heterozygous at one, at least, of the 
segregating genetic loci assumed to control histocom- 

patibility in turkeys. 
I thank Dr. M. W. Olsen for providing the turkeys + 
for this study. we 
H. K. Poore 


United States Department of Agriculture, 
Animal Husbandry Research Division, 
Beltsville, 

Maryland. 
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Non-independent Occurrence of «s, and 
-Casein Variants of Cow’s Milk 


THE -casein fraction of cow’s milk has been found to 
shew genetic variants distinguishable by electrophoresis'. 
Part of the «s-casein fraction, now called «s,-casein (ref. 2), 
also shows genetic variation®., The as,-casein type B 
and the §-casein type A are prevalent, while the other two 
known variants of each only occur in some breeds of 
cattlot®. In Jersey cows as -casein type C and B-casein 
type B are seen in a fair proportion of cases. 

Examination of the results of typing one herd of British 
Jerseys suggested that the qs- and 6-variants did not 
occur independently and this trend was confirmed by 
more numerous data for British and American Jerseys. 
The pooled results for all available cows (not a random 
sample of the breed) gave the following pattern of occur- 
rence: 


-casein 
A AB 
B 80 73 56 
üp Casein BC 45 82 — 
C 85 — — 


The joint distribution shows a complete absence of three 
combinations of types. Based on expectations derived 
from the marginal totals of the above table, the absence 
of these three classes is judged to be highly significant 
and extremely unlikely to be due to chance (P < 0-00001). 
Pooled data for Guernsey cattle typed in Britain and 
the United States were arranged in the same manner. 


B-casein 
A AB AC C 
B 85 5 il 1 
Gg,-Casein BC 52 2 5 — 
C 9 * aa — 
The absence of certain combinations is noticeable, 


although the expectation of observations in these classes 
is here small. A similar picture was found for American 
Brown Swiss cows: 


6-casein 
A AB B AC 
B 146 69 4 2 
Gs Casein BC 22 5 — — 
Cg 2 — — — 


Here again the absence of some classes could easily be 
ascribed to chance, but the similarity to the other results 
suggests that this is not the explanation. 

Evidence has been produced to show that both s- > 
and f-casein variants are inherited in a straightforward —. 
Mendelian manner??. The loci have been designated ~~ 


as;-Cn and 8-Cn. The present finding that the two kinds of © 
variants do not occur independently suggests that the two = 


loci may be linked, and in the Jersey breed, for example, 
the following chromosomes would be postulated: as, 
CnB, B-Cn4; as,-CnB, B-OnB; and a-CnO, B-Cn4. 
Since the as- CnB, 8-Cn4 combination prevails in all 
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breeds** the other combinations are assumed to bo the 
result of mutations in either «,,-Cn or B-Cn. The com- 
bination of as,-Cn°, 8-CnB apparently does not occur, 
so the linkage would have to be very close unless recom- 


_ binant types were at a selective disadvantage. 


The non-independent occurrence of œs- and %-casein 
variants makes it desirable to examine segregating 
families in order to elucidate the mechanism involved. 
Such an investigation is difficult since the genotypes of 
bulls must be deduced, but the large families available as 
a result of artificial insemination should provide the 
necessary material. 

If the suggestion of linkage between the ası- and ĝ- 
casein loci is confirmed, then another case would be added 
to the growing number in which linkage between chemically 
related proteins has been found, for example, B- and §-chain 
haemoglobin variants* and egg-white proteins’. 

Note added in proof. Close linkage has been confirmed 
by family studies independently carried out by Grosclaude, 
Garnier, Ribadeau-Dumas and Jeunet (O. R. Acad. Sci., 
Paris, 259, 1569; 1964). 

J. W. B. Kine 


Agricultural Research Council, 
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VIROLOGY 


Tobacco Mosaic Virus Inclusion Bodies in 
Tobacco Tissue Cultures 


Inctuston bodies have been described by a number of 
authors in cells of tobacco plants infected with tobacco 
mosaic virus (TMV). The literature on virus inclusions 
in plant cells was reviewed by Smith*. Phase-contrast 
microscopic observations were recently made on inclusion 
bodies in TMV-infected epidermal cells of tobacco”’*. A 
‘corner inclusion body’ was described in tobacco leaf 
cells’, Time-lapse pictures detailed inclusion bodies in 
isolated TMV-infected tobacco parenchyma cells in sterile 
culture’*, The work recorded here describes and illustrates 
inclusion bodies seen not only in fresh callus cells but also 
in tobacco cells cultivated through two transfers in vitro. 

Nicotiana tabacum variety ‘Havana 38’ plants (systemic 
host) were inoculated with TMV extract when the plants 
were three weeks old. Stem tissue was isolated from the 
plants six weeks later when they showed severe symptoms 
of mosaic and placed aseptically on agar D medium”. 
The cultures were incubated in a dark room maintained 
at 26°C and 55 per cent relative humidity. The callus 
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that proliferated from the stem pieces was transferred 
and sub-cultured on Danedium in light. The fresh callus 
cells and the cells from the first sub-culture were trans- 
ferred to microchambers'? for microscopic observation. 
This technique permitted examination of cells in a living 
condition over a number of days. Observations were 
made and photomicrographs taken with a phase-contrast 
microscope. 

Freshly isolated callus cells were large in size (100-600. 
wide and 400-900 long), while those of the sub-culture 
were smaller (50-400 wide and 50-600. long). Cells of 
the cultures were either-spherical, or narrow and elongated 
with tapering ends. Inclusion bodies of various types 
were found in some freshly isolated callus cells as well as 
in cells in the first two sub-cultures. The number of cells 
showing such bodies was much less in the sub-cultures. 
The callus tissue isolated from healthy controls of N. 
tabacum ‘H38’ plants showed no inclusion bodies. The 
presence of the virus in the freshly isolated callus and the 
two sub-cultures was further proved by assaying on the 
local lesion host (N. tabacum x N. glutinosa) and noting 
the formation of local sions. 

Cultured cells from infected plants showed active 
streaming of cytoplasm and the accompanying organelles. 
The cytoplasm was dense as compared with healthy cells 
and showed numerous cytoplasmic vesicles. 

The inclusion bodies were of several types. The most 
conspicuous ones were the hexagonal crystals, sometimes 
large in size (1204 x 1&Oy in surface view) (Figs. 1 and 2). 
Cells having hexagonal crystals sometimes showed smaller 
bodies resembling the grey plates described by Bald and 
Solberg? having one or two angles of 120° (Fig. 5). The 
large hexagonal crystas were apparently formed by the 
fusion of the grey plates. The hexagonal crystals showed 
edgeways birefringence in polarized light characteristic 
of TMV crystals'*. Besides the hexagonal crystals and 
grey plates, clusters of needle-like crystals were also 
present (Fig. 4), sometimes as long as the length of the 
cell. Aggregates of crystals having rectangular outlines 
were also observed (Fig. 4). It was considered that these 
rectangular crystals were the hexagonal crystals seen 
edgeways. The needles also showed birefringence with 





Figs. 1-5. Phase-contrast photomicrographs of inclusion bodies in 


celis from TMV-infected sobacco plants grown in tissue cultures. 
> exagonal crystal. 
of the upper cell of . 1 magnified to show the details of hexagonal! 
tal. g. 8. Portion of a cell with clusters of hex 
Fig. 4. A cell showing needie-like crystals and crystals with rectangular 
outline. Fig. 5. A portion of the parietal cytoplasm of a cell showing 
aggregates of small hexagonal crystals and grey plates 





<> when the cells having both basaran ‘and needle-like 
- crystals were treated with 50 per cent alcohol or dilute 
~ acid. The needles were more stable. A remarkable feature 
was the presence of abundant inclusion bodies in some 
. cells (Fig. 5), while others had none. 

This work was supported by the U.S, Atomic Energy 
commission (contract AZ'(11-1)-1304), by the Ameri- 
ean Cancer Society, by the U.S. National Institutes of 
' Health (project C.A05860), and by the Research Committee 
of the Graduate School from funds supplied by the 
Wisconsin Alumni Research Foundation. We thank 
Mr. E.. H. Herrling for assistance in preparing the 
illustrations. 
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SOIL SCIENCE 


Reversal of Nitrate Inhibition of Nodulation 
by Indolyi-3-acetic Acid 


NITRATE appears to have an influence on the action of 
indolyl-3-acetic acid (IAA) in the initiation and develop- 
ment of the symbiosis between legumes and bacteria of the 
genus Rhizobium. For example, it is often suggested that 
IAA is responsible for the curling of root hairs that is 
taken to be a prelude to the bacterial invasion of the legume 
root!, and Thornton’ noted that the percentage of lucerne 
root hairs that were deformed in the presence of Rhizobium 
meliloti culture filtrates was reduced if the plants were 

=o gimultaneously supplied with NaNQ,. IAA is likewise 
proposed to be involved in the nodulation process itself, 
the nodule biogenesis likewise being repressed by nitrate. 
~ Recently, Tanner and Anderson‘ suggested that the 
. inhibition may be attributable to a destruction of auxin 
by the nitrite produced from the bacterial reduction of 
nitrate. In this communication, it is demonstrated that 
~ not only may nitrate influence the TAA-induced changes 
but also that IAA may, conversely, mitigate the inhibition 
of nodulation by nitrate. 
| Lucerne seedlings inoculated with an effective strain of 
© R. meliloti were grown aseptically in Hoagland’s nitrogen- 
froo nutrient solution® supplemented with various con- 
< gentrations of KNO, and 0-8 per cent agar. Each treat- 
mont group consisted of 12-15 plants. The data of 
Table 1 not only confirm the repressive influence of 
<- nitrate, but also show an effect of nitrogen supply on 
. nodule distribution. With increasing nitrate concentra- 
tion, the absolute and relative abundance of nodules 
< found on the surface of the rooting medium increased. 
‘The nitrate influence on the site of nodule genesis is 
‘particularly pronounced with young lucerne plants, and 
he percentage of surface nodules decreased with time as 
7 additional sub-surface nodules appeared. These observa- 
tions. ica the proposal‘ that. the nitrate effect in 



























KNO N % Plants nodulated % Surface nodules 
P. p. n.) 10 * 20* 30 * 20* 30 plant 
0 14 100 100 TL 122 369 46 
17 67 46-7 933 100 41 F 43-9 6-1 
35 TT 61-5 84-6 i00 778 443 33 
70 5:3 50-0 58-3 166 75O 590 t8 
140 ĝ 23+1 53-8 (E 66-7 §4-3 17 


* Days after inoculation with Rhizobium meliloti. 





suppressing nodulation results from a local and possibly ` 
an external change induced by the inorganic —— 
Further, the fact that excised bean roots become infected 
and develop nodules when nitrate is supplied to the base > 
of the root, as described by Raggio, Raggio and Torrey‘, — 
argues for an external, local effect of the anion. 23 

The reversal of the inhibition by LAA is demonstrated - 
by the data of Table 2. Each treatment was repleto T 
four or five times, Nitrate in the rooting medium did not 
abolish nodule formation, but rather increased the time 
for the appearance of the first nodule and decreased — 
nodule abundance. Whereas no enhancement in nodula- 
tion rate was noted in the presence of 10-* M TAA, plants 
provided with both nitrate and 10-* M TAA nodulated at 
about the same rate as nitrate-free lucerne. At this 
concentration, the auxin likewise reversed the nitrogen- 
induced inhibition of nodule frequency. A hundred-fold - 
lower IAA level exerted only a partial reversal, whereas 
roots grew abnormally at 10-* M concentrations. Although 
the percentage of plants that beeome nodulated and the 
abundance of the root structures varied from experiment 
to experiment, the same pattern of reversal was observed 
in each instance. 





Table 2. REVERSAL OF NITRATE INHIBITION BY INDOLYL-3-ACRTIC ACID 
Treatment Av. No. 
ENO,-N TAA %5 Plants nodulated ee 
p.p.m.) {M} ps 20* 30 * F 
0 Q 80 100 109 f 4 
0 108* 100 100 100 &-O 
14 0 20 80 100 6-6 
140 0 20 20 100 2.2 
140 10+ G 60 100 4-8 
140 10-4 106 100 100 a4 
140 10~* 0 40 60 2-2 


* Days after inoculation with Rhizobium meliloti. 


Should TAA production be a necessary prelude to or an. 
indispensable part of the bacterial invasion, then the > 
effect of exogenous LAA in reversing the repression may 
result from a replenishment of the endogenous auxin 
destroyed by the nitrite generated in the reduction of the 
nitrate’. Such an explanation seems unlikely, however) — 
in view of the vast excess of nitrate relative to auxin. a i 
Alternatively, the auxin may enhance plant growth and 
nitrogen assimilation so that the nitrate concentration. : 
falls below the level required to exert an inhibition. This oS 
hypothesis seems unlikely inasmuch as rooting media 
initially supplied with 140 p.p.m. nitrate-nitrogen and 10-7. 
M TAA still contained an average of 95 p.p.m. nitrate 
nitrogen after 29 days of plant growth, a level distinctly. 
deleterious to nodulation. Nevertheless, the saree ae - 
of microenvironmental interactions at the specific locus of 
infection cannot yet be excluded. — 

This work was supported by a grant from the Nationa 
Science Foundation (G-24009). 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Wednesday, April 21 


INSTITUTION OF ELECTRICAL ENGINEERS, SCTENOE AND GENERAL DIVISION 

- (at Savoy Place, London, W.C.2), at 5.80 p.m.— Discussion on‘ Have Induc- 

ae coupled Ratio Bridges Superseded all other Bridges?” opened by Mr. 
. Calvert. 


INSTITUTION OF ELHOTRONIC AND RADIO ENGINEERS (at the London School 
of Hygiene and Tropical Medicine, Keppel Street, Gower Street, London, 
W.0.1), at 6 p.m.—ir. F. L. Hill: ‘Effect on the Ionosphere of Nuclear 
Explosions”, 


PLASTIOS INSTITUTE, LONDON SECTION (joint meeting with the Institute of 
Packaging, at the Wellcome Building, Euston Road, London, N.W.1), at 
6 30 p.m.—Dr. T. C. Stening : “Permeability of Plastics Used in Packaging’. 


Thursday, April 22 


INSTITUTION OF ELECTRICAL ENGINEERS, PowER Drtvision—~Technical 
Visit to Central Electricity Research Laboratories, Leatherhead. 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, Westminster, 
London, §.W.1), at 230 p.m.—Symposium on ‘‘Chalk in Harthworks and 
Foundations”. 


INSTITUTION OF AGRICULTURAL ENGINEERS (at the Institution of Mech- 
anical Engineers, 1 Birdcage Walk, London, S.W.1) from 10.15 a.m. to 4 30 
p.m.—Annual Conference and Annual General Meeting. Papers and Dis- 
cussions on the theme of “Grain Conservation”. 


LINNEAN SOOrETY OF LONDON (at Burlington House, Piccadilly, London, 
W.1), at 5 p.m.—Prof. C. T, Ingold: “Pediastrum”; Mr. A. J. Charig, Mr. J. 
Attridge and Mr. A W. Crompton: “The Origin of the Sauropods and the 
Classification of the Saurischia”. 


OIL AND COLOUR OHEMISTS ASSOCIATION (at the Royal Society of Tropical 
Medicine and Hygiene, Manson House, 26 Portland Place, London, WY.1), 
at 7 p.m ~—~—Annual General Meeting 


Thursday, April 22—Friday, April 23 


SOCIETY OF CHEMICAL INDUSTRY, PLASTICS AND POLYMER GROUP (al the 
Institution of Electrical Engineers, Savoy Place, London, W.0.2), at 9.30 a.m. 
daly—Symposium on “The Chermustry of Polymerisation Processes”. 


Friday, April 23 


ROYAL ASTRONOMICAL Soorety (at Burlington House, Piccadilly, London, 
W.1), at 4.15 p.m.—Geophysical Discussion on “Batholith Studies”. 

INSTITUTION OF MECHANIOAL ENGINEERS, RAILWAY ENGINEERING GROUP 
{at 1 Birdcage Walk, Westminster, London, 8.W.1), at 6 p.m.—Discuasion on 
“Methods of Auxiliary Drives in Diesel Locomotives’. 


SOCIETY OF OHEROOCAL INDUSTRY, FINE CHEMIOALS GROUP (joint meeting 
with the Pesticides Group, at 14 Belgrave Square, London, §.W.1), at 6 p.m. 
— General Meeting, followed by Prof. A. J. Birch, F.R.S. : “Plant 

ogenesis’’. i 


ENVIRONMENTAL GROUP (in Room 201, Civil Engineerlng Department, 
Imperial College of Science and Technology, London, 8.W.7), at 6.15 p.m. 
Dr F. A Chrenko : “Freshness”. 


Monday, April 26 


INSTITUTE OF ACTUARIES (at Staple Inn Hall, High Holborn, London, 
W.C.1), a6 6 p m.— Mr. R E Hayward and Mr, B. C. Lucena : “An Investi- 
gation into the Mortality of Diabetics”. 


BRITISH SOOIETY FOR THE PHILOSOPHY OF SOIENOH (in the Joint Staff 
Common Room, University College, Gower Street, London, W.0.1), at 5.30 
p.m.—Dr. H. Post : “The General Correspondence Principle”. 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at Savoy 
Place, London, W.C.2), at 530 pm—Mr. P. Rainger and Mr. E. Rout. 
“Standards and Converters”. 


INSTITUTION OF MECHANIOAL ENGINEERS, NUOLEAR ENERGY Group (at 1 
Birdcage Walk, Westminster, London, §.W.1), at 6 p.m.—Discussion on 
“Boiler Design and Materials for Gas-Cooled Nuclear Reactors”. 


PLASTICS INSTITUTE, LONDON SECTION ENGINEERING SuB-GrovP (at the 
Wellcome Building, Huston Road, London, N.W.1), at 6.80 p.m.—Annual 
General Meeting. 


PLASTICS INSTITUTE, LONDON SECTION REINFORCED PLAStics SUB- 
GROUP (at the Eccleston Hotel, London, S.W.1), at 7.30 p.m.— “Laminate 
and Silicones for the Electrical Industry”, 


ROYAL GHOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, S.W.7), 
at 8.15 p.m.—Prof. Owen Lattimore : “Return to Mongola”, 


APPOINTMENTS VACANT 


APPLIOATIONS are invited for the following appointments on or before 
the dates mentioned : 

LECTURER (with a special interest in the investigation of biochemical 
problems in plant pathology) IN Botany—The Registrar, The University, 
Manchester, 13, quoting Ref. 47/65 (April 20) 

LECTURER (man or woman) IN THE DEPARTMENT OF PRYsIos-~The Prin- 
cipal, Borough Road College, Isleworth, Middlesex (April 22). 

ASSISTANT LECTURERS (2) IN MECHANIOAL BNGINEERING—The Registrar, 
Queen May College (University of London), Mile End Road, London, E.1 


(Apr 2 
DEMONSTRATOR (graduate or about fo graduate) IN BloLoay—The Regis- 
trar, The University, Keele, Staffs (April 23). 
LECTURER (graduate with medical qualifications) IN ANATOMY-—The 
— King’s College (University of London), Strand, London, W 0.2 
LECTURER IN AERONAUTICAL ENGINEERING-—~The Registrar, Queen Mary 
College (University of London), Mile End Road, London, B.1 (April 23) 
LECTURER (preferably with experience in histology and/or embryology) 
mn r OF ANATOMY-~The Secretary, The University, Aberdeen 
pn ; 
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SENIOR DEMONSTRATOR (with a degree in electrical engineering, preferably 
with honours, either teaching or industrial experience, and preferably 
experience in precision electrical measurements) IN ELECTRICAL ENGINEER- 
ING at the University of Queensland, Australia~-The Association of 
Commonwealth Universities “Branch Office), Marlborough House, Pall Mall, 
London, S.W.1 (London and Brisbane, April 24). 

SENIOR LIBRARY ASSISTANT (with a good honours degree and preferably 
library ag peer or brary qualifications) IN THE LIBRARY and the 
MEDICAL Scuoot Liprary—rThe Librarian, The Main Library, University 
of Birmingham, Birmingham. 15 (April 24 

ASSISTANT LECTURER (preferably qualified to teach Greek philosophy) 
IN PumosorHy—The Registrar, University College of North Wales, Bangor, 
North Wales (April 26). 

LECTURER or ASSISTANT LSCTURER IN ANIMAL ECOLOGY IN THE DEPART- 
MENT OF FORESTRY AND NATURAL REsouROES—The Secretary, The Univer- 
sity, Edinburgh (April 30). 

LECTURER (preferably withspecialist interests in logic) IN LOGIC AND META- 
pHysios—The Secretary, Unurversity of St. Andrews, College Gate, St. 
Andrews, Fife, Scotland (April 30). 

ASSISTANT LECTURER and 9 LECTURER IN THE DEPARTMENT OF PHYSICS~— 
The Registrar, University College of Wales, Aberystwyth (May 1). 

LECTURER (Grade IT) IN MATHEMATICS (Pure or Apphed)—-The Registrar, 
University Senate House, Bristol, 2 (May 1). 

LECTURERS IN PURE MATHEMATIOS-—Tho Registrar, University of Warwick, 
Coventry (May 1) 

LECTURER or ASSISTANT LECTURER (either medically qualified or non- 
medically qualified, with special interest in Immunology) IN THR DEPARTMENT 
OF BACTERIOLOGY—The Registrar, The University, Manchester, 13, quoting 
Ref. 63/65 (May 1). 

LECTURER or ASSISTANT LECTURER IN HISTORY OF PHYSIOS IN THE 
DEPARTMENT OF HISTORY AND PHILOSOPHY oF ScCIENCE—The Secretary, 
University College, Gower Sizeet, London, W.C.1 (May 1). 

SENIOR RESEARCH ASSISTANT and a RKESHARCH ASSISTANT WITH THE 
NEVROLOGIOAL RESEARCH GROUP IN THE DEPARTMENT OF ZOOLOGY, to work 
with Prof. D. Barker on prcblems connected with the innervation of verte- 
brate skeletal muscle, for example, investigations into the process of motor 
end-plate replacement—The Registrar and Secretary, University of Durham, 
Old Shire Hall, Durham (May 4). ; 

CHAIR OF EDUCATION at the Institute of Hducatlon—-The Academic 
Registrar, University of London, Senate House, London, -W.C.1 (May 5). 

SENIOR LECTURER IN THE DEPARTMENT OF OPHTHALMOLOGY—The 
Secrotary, The University, Edinburgh (May 5). 

LECTURER (preferably with qualifications in geomorphology and/or 
sedimentology) IN THE DEPARTMENT OF GEOLOGY, Umversity of Ghana— 
The Assistant Registrar, Higher Education Section, Ghana High Commission, 
15 Gordon Square, London, W.C.1 ; or The Registrar, University of Ghana, 
P.O. Box 25, Legon, Accra, Ghana (May 6). 

U.N.LC.E.F. SENIOR LECTURER (with experience of nutrition research and 
teaching, and preferably experience in nutrition extension in the tropics) IN 
NUTRITION IN THE DEPARTMENT OF BIOCHEMISTRY, NUTRITION AND FOOD 
SOIENOE, University of Ghena—The Assistant Registrar, Higher Education 
Section, Ghana High Commission, 15 Gordon Square, London, W.0.1; or 
ane aoe University of Ghana, P.O. Box 25, Legon, Accra, Ghana 

ay 6). 

LECTURER IN PATHOLOGY—The Registrar, The University, Sheffield (May 


8). 

D.S.LR. RESEARCH ASSISTANT (preferably with a Ph.D. or research 
experience) to Prof. Monicz M. Cole in the Department of Geography for 
work on a programme entitled “An Investigation of Plant Indicators of 
Mineralization”—~The Secresary of the Council, Bedford College (University 
of London), Regent’s Park, London, N.W.1 (May 10). 

LECTURER (with an honours degree 1n zoology) IN ZOOLOGY at the Univer- 
sity of Canterbury, Christchurch, New Zealand—The Association of Common- 
wealth Universities (Branch Office), Marlborough House, Pall Mall, London, 
S.W.1 (New Zealand and London, May 10). 

, SENIOR LECTURER or LECTURER IN MATHEMATICS at the University of 
Basutoland, Bechuanaland Protectorate and Swaziland—The Secretary, 
Inter-University Council for Higher Education Overseas, 38 Bedford Place, 
London, W.C.1 (May 14). 

LECTURER IN KRADIO-ASTLONOMY IN THB FACULTY OF SCOLENCE with special 
responsibility for the teaching of electronics and the development of new 
techniques in radio-astronomy—The Registrar, The University, Manchester, 
13, quoting ref. 75/65 (May 15). 

LEOTURER or ASSISTANT LECTURER IN THE DEPARTMENT OF PSYCHOLOGY 
—The Assistant Registrar (Science), The University of Birmingham, Bir- 
mungham, 15 (May 15). 

OGILVIE CHAIR OF GEOGEAPHY—The Secretary, University of Edinburgh, 
Old College, South Bridge, Edinburgh (May 15). 

Post-DoOOTORAL RESEARCH ASSISTANT IN THE DEPARTMENT OF CHEMISTRY, 
for research on organo and hydride derivatives of boron, aluminium and 
gallium in collaboration wish Dr. K. Wade—The Registrar and Secretary, 
University of Durham, Old Shire Hall, Durham (May 15). 

READER and HEAD OF TEE DEPARTMENT OF BIOCHEMISTRY ; and a LEC- 
TURER IN BIOOHEMISTRY at Makerere University College, Uganda, (Univer- 
sity of East Africa}—The Secretary, Inter-University Council for Higher 
Education Overseas, 33 Bedford Place, London, W.C.1 (May 15). 

SENIOR LECTURER IN EXROTRICAL ENGINEERING ; and a LECTURER IN 
LIGHT CURRENT ENGINEERING IN THE DEPARTMENT OF ELECTRICAL ENGIN- 
EERING, University College, Nairobi (University of East Africa)—The Secre- 
tary, Inter-University Council for Higher Education Overseas, 33 Bedford 
Place, London, W C 1 (May 15). 

ASSOCIATE PROFESSOR OR ASSISTANT PROFESSOR in elther HISTOLOGY or 
EMBRYOLOGY IN THE DEPARTMENT OF ANATOMY, Haile Selassie I University, 
Ethiopia—The Secretary, Inter-University Council for Higher Education 
Overseas, 33 Bedford Place, London, W C 1 (May 16). 

SENIOR LECTURER or LEDITURER (preferably with advanced quaairauons 
in modern algebra or statistics) IN EMATIOS at the University of Auck- 
land, New Zealand—The Association of Commonwealth Universities (Branch 
Office), Marlborough Hous2, Pall Mall, London, 8.W.1 (New Zealand and 
London, May 31), 

SECOND CHAIR OF RLECTRIOAL ENGINEERING (candidates should have a 
special interest in the flelé of Ught electrical engineering)—-The Registrar, 
pene ah of — upon Tyne, 6 Kensington Terrace, Newcastle upon 
Tyne, nne 8), 

DIREOTOR (with a degreein agriculture, agricultural botany or pure science, 
a knowledge of both temperate and tropical agriculture ; research, adminis- 
trative and editorial experience, and the ability to write good conctse English) 
of the Commonwealth Bureau of Pastures and Field Crops, Hurley, Berkshire 
—The Secretary, Commorwealth Agricultural Bureaux, Farnham House, 
Farnham Royal, Bucks (June 30). « 

ASSISTANT CONSERVATOES OF FORESTS (nationals of the United Kingdom 
or the Republic of Ireland, between 30 and 40 years of age, with a degree 
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in forestry or a degree in natural sclence plus a diploma in forestry) in 
Tanzania (Tanganyika and Zanzibar), for the administration of normal 
Districts, including reservations, surveys, enumerations, supervising and 
directing of harvesting and advice to local authorities on forestry matters- 
The Appointments Officer, Room 301, Ministry of Overseas Development, 
Eland House, Stag Place, London, 8.W.1, quoting RC 324/173/01. 

D.S.I.R. SENIOR FELLOW (Ph.D, level) IN THE DEPARTMENT OF CHEMISTRY 
to join a project directed to the synthesis of vitamin B,,—~Dr. A. Pelter, 
Department of Chemistry, The University, Manchester, 13. 

EOLOGIST (male, national of the Umted Kingdom or the Republic of 
Ireland, under 85 years, with a degree in geology with economic geology 
as a major subject, and at least four years postgraduate experience of econo- 
mic geology in the fleld, prospecting and evaluating mineral prospecia and 

ecological mapping) ın the British Solomon Islands Protectorate, to under- 

ke geological mapping and evaluation in the field of mineral prospects in 
connection with a U.N. Special Fund aero-geophysical survey-—The Appoint- 
ments Officer, Ministry of Overseas Development, Room $01, Bland House, 
Stag Place, London, 8.W.1, quoting Ref. RC 218/27/04. 
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ANIOAL ENGINEERING DEPARTMENT, to undertake directed research in the 
field of turbine blade vibration—Head of the Department of Mechanical 
aoe ee Battersea College of Technology, London, 8.W.11, quoting 

LECTURER IN ZOOLOGY at the University of Malawi—The Secretary, 
ri Tele Council for Higher Education Overseas, 83 Bedford Place, 

ngon, W.0.1. 

LECTURER or SENIOR LECTURER IN BOTANY ; and a LEOTURER or SENIOR 
LECTURER IN ZOOLOGY—The Secretary, Sir John Cass College, Jewry Street, 
Aldgate, London, E.C.3. 

MASTER to teach Mathematics up to “A” level-~The Master, Haileybury 
and I.S C., Hertford. 

POST-DOCTORAL RESEARCH FELLOW IN THE SCHOOL OF CHEMICAL SOLENCES, 
for the spectroscopic investigation of molecules adsorbed on surfaces-—~Prof. 
N. Sheppard, School of Chemical Sciences, University of East Anglia, 
Wilberforce Road, Norwich NOR. 77H. 

PROFESSOR and HEAD OF THE DEPARTMENT OF BroLnoagy, Memorial 
University of Newfoundland—-The Dean of Aris and Sciences, Memorial 
University of Newfoundland, St, John’s, Newfoundland, Canada ; and The 
Secretary-General, Association of Commonwealth Unuversities (Branch 
Office), Marlborough House, Pall Mall, London, $.W.1. 

SENIOR LECTURER IN PHYSICAL OR INORGANIC CHEMISTRY -Olerk to the 
Governing Body, Northern Polytechnic, Holloway, London, N.7. 

SOIL SURVEYOR (national of the United Kingdom or the Republic of 
Ireland, with a degree in agricultural chemistry, chemistry or agriculture, 
with soil science and experience In tropical or sub-tropical countries) in 
Bolivia to undertake field and laboratory work of surveys in the tropical 
zone—The Appointments Officer, Room 301, Ministry of Overseas Develop- 
ment, Eland. House, Stag Place, London, 8.W.1, quoting Ref. RO 213/22/01. 
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SCIENCE AND HUMAN VALUES 


N a foreword to & symposium of papers on liberal 
studies originally published in the Journal of the 
British Association for Commercial and Industrial Education 
and now collected and published separately by the 
Association, Sir Willis Jackson expresses the opinion that 
it is highly probable that the next major technological 
advances will stem from the biological sciences, and that 


beyond this, in time but not in importance, he a deep - 


understanding and a widespread application of the social 
sciences. This time-scale is affected by the relatively 
meagre resources as yet being brought to bear on the 
social sciences and by the fact that they comprise a 
relatively difficult and more intangible field of study than 
the physical and biological sciences. It is a matter of 
great urgency that the subject should attract a much 
greater number of first-class people, and Sir Willis believes 
that it would be a good investment 1f the physical sciences 
lost some of their best for this purpose. 

Sir Willis was thinking in terms of long-term benefits, 
making the point that the progress of the physical and 
biological sciences and technologies is exercising an 
increasingly direct and rapid impact on the mode of life 
and mode of thinking of the world community and is 
raising social problems of great complexity and difficulty. 
In so far as our educational plans seek to draw to the 
physical sciences and technology an increasing proportion 
of the best young people in the schools, he continues, it 
behoves us at least to open their minds to the sociological 
consequences of their future work, and to ensure that 
they are properly prepared to fulfil the widening human, 
as well as scientific and technical, responsibilities that lie 
ahead of them. The papers in the symposium are con- 
cerned with the way in which liberal studies can assist 
that end, but in a penetrating introduction Sir Erie Ashby 
reminds us that a classical as well as a scientific or tech- 
nological education can be illiberal, and directs attention 
to some changes in the currency of education that have 
adversely affected ease of communication between 
different sections and classes of the community. In the 
papers themselves, both Prof. T. Lupton and Mr. A. M. 
Dunean refer specifically to the bearing of all this on the 
problem of what has been described as ‘two cultures’, 
Mr. Duncan insisting on the need for a single system 
rather than two separate aspects of the same culture, 
while Sir Leslie Rowan comments that the easy accept- 
ance of mediocrity is probably the besetting sin of our 
age. 

It is in this context that Prof. R. Calder’s recent paper 
on “Common Understanding of Science” in Impact (14, 
No. 3; 1964) and the essays on science and culture in 
the Winter 1965 issue of Daedalus (94, No. 1 of the Pro- 
ceedings of the American Academy of Arts and Sciences) 
are appropriately considered. Prof. Calder is concerned 
with the importance of promoting a general understanding 
of science now that science has become the social dynamic 
of our dynamics, threatening our lives and livelihood if 
misapplied while promising a fuller and more meaningful 
life. In the absence of a proper understanding of the 
methods and processes of science and of any social 
integration of scientific knowledge, the apparent hap- 
hazardness of discovery, he writes, encourages a popular 
attitude towards science which is mistrustful and un- 


healthy. People fear what they do not understand. The 
real question is not just concerned with the reconciliation 
of the two cultures of which Lord Snow has spoken, but 
with how far we can convey to the mass of the community 
en understanding of the forces which are determining 
their very existence. 

Prof. Calder’s differentiation of the term ‘scientist’ 
from the earlier ‘man of science’, which H. G. Wells 
always advocated, is much deeper than pedantry, and 
few of the contributicns to the symposium on “Science 
and Culture” think as deeply on this point. Indeed, they 
scarcely touch on this question of communication, whereas 
Prof. Calder maintains that & scientist who cannot explain 
what he is doing does not, in fact, know what he is doing. 
Every great scientist has been able to make himself com- 
prehensible, and Prof. Calder holds that language is one 
of the causes of the fragmentation of science, supporting 
his argument by instancing the confusion caused by the 
borrowing of words by scientists in one discipline from 
another. Incidentally, some of his strictures on nuclear 
physics and nuclear erergy are substantiated by observa- 
tions of Lord Hill of Luton in this connexion in his recent 
autobiography, Both Sides of the Hill. 

It is in the same context that Prof. Calder quotes the 
words of Claude Bernard: “True science teaches us to 
doubt and, in ignorance, to refrain’. When the entire 
living environment has become a laboratory, scientists 
should be restrained within the limits of their knowledge. 
They should admit to themselves what they do not know. 
Again, after instancing some examples of science in 
blinkers over the Var Allen radiation beli, the disposal 
of nuclear waste, and irrigation in West Pakistan, he 
quotes once more from Claude Bernard about the use of 
imagination: ‘Before an experiment and between whiles 
let your imagination wrap you round; put it right away 
from you during the experiment itself lest it hamper you 
and your power of observation’’. Outside his laboratory 
it is the duty of a scientist to use his imagination in 
politics, in religion or in any other social concern. He 
should have some regard for the use, misuse, abuse, or 
non-use of his discoveries. As a responsible citizen and 
as the repository of intormation he should be expected to 
make that information intelligibly available, and also to 
advance responsible arguments on which sensible social 
judgments can be made. The effective administration of 
science by Government, public bodies or industry involves 
educating those who are to form the judgments about 
sclence and to decide priorities. 

Beyond this explanatory task of education at all levels, 
there is that of interpretation, of translating science into 
the lives and experienze of ordinary people. Prof. Calder 
suggests that the crisis of our times is the breakdown of 
communications, not cnly in the semantics of politics and 
ideologies but in the field of science. Moreover, this 
sharing of knowledge and skills and resources which we 
already possess is not simply a question between the 
humanities and science, but between the advanced and 
the developing countzies. It can be a vital factor in 
healthy international relations, and it is interesting to note 
that Prof. Calder found the task of conveying an under- 
standing of science through the vernacular Press simpler 
in the developing countries than in his own. 
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Prof. Calder may seem to diverge widely from the theme 
of science and culture, but there is a realism in his approach 
which is a healthy corrective to some of the papers in the 
symposium. The discussion arose, indeed, out of Sir 
Charles Snow’s Rede Lecture, and in an introduction 
Mr. G. Holton recognizes that it raises the question of 
what to do in the future when science determines more 
and more of our destiny. A gulf of mutual incompre- 
hension between literary intellectuals at one extreme and 
scientists at the other is disastrous for a living culture, 
but nevertheless contributors to the symposium seemed 
to agree that the relation between the sciences and the 
humanities might well become more strained in the 
immediate future. He suggests, however, that the present 
question is not whether the sciences do or should challenge 
the traditional predominance of the humanities but rather 
how to discover and nourish what each needs from the 
other for the proper development of its own sphere. 

The contributions to the symposium fall into three 
groups. The first four deal with definitions of terms and 
historical developments, among which that of J. 8. 
Ackerman, “On Scientia’, is perhaps the most interesting 
and suggestive to scientists in general. The next four 
deal with coherences and transformations and include 
stimulating essays by Prof. Harvey Brooks on “Scientific 
Concepts and Cultural Change” and by Prof. D. K. Price 
on “The Established Dissenters’. The first of these 
attempts, to trace some common themes and points of 
view derived from science which Prof. Brooks sees as 
increasingly providing our culture as a whole, one of the 
most important of which is the common allegiance of 
scholarship to objective research, to the possibility of 
arriving by successive approximations at an objective 
description of reality. Failure to conform to this common 
respect for evidence and the willingness to follow evidence 
wherever, it leads, regardless of the preconceptions or 
desires of the scholar, if detected damns a scholar whether 
he or she be scientist or humanist. In a sense the whole 
apparatus of academic scholarship is an attempt to bring 
scientific method into the pursuit of knowledge through 
progressive refinements in uncovering and using evidence. 

Prof. Brooks notes next an emphasis on finite aims in 
scholarly enquiry which is paralleled by the extension of 
scientific and scholarly attitudes to practical affairs. He 
suggests that much of the history of social progress in the 
twentieth century can be described in terms of the transfer 
of wider and wider areas of public policy from politics 
to expertise. How far that suggestion is justified may be 
a matter.of opinion. Prof. Brooks himself admits that 
problems of political choice are often buried in debates 
among experts over highly technical alternatives. Even 
where political prejudices or doctrines do not retain their 
grasp of policy it remains to be seen to what degree the 
bureaucrat and expert reflect the influence of science and 
scientific modes .of thought and to what degree it repre- 
sents a temporary and cyclic phenomena resulting from 
unprecedented economic growth and the absence of major 
social issues. 

Suggesting that the penetration of modes of thought 
characteristic of science into scholarship and practical 
affairs has brought us closer to realizing many of the 
human values we regard as desirable, Prof. Brooks con- 
siders the extent to which the actual concepts and ideas 
of science have entered other disciplines and our culture 
generally.. This leads him to discuss the influence on 
our culture of some dominant ‘themes’ of science, such 
as the ideas of Darwin, of ‘relativity’ and ‘uncertainty’, 
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of energy, feedback and information. The last-mentioned 
two concepts he regards as having an essentially quanti- 
tative and operational significance for social and cultural 
dynamics, although their application is still in its infancy. 

Prof. D. K. Price’s essay contrasts sharply with the 
optimism of Prof. Brooks. He approaches the relation of 
politics and science to-day by considering two questions. 
First, is science, in its potential influence on public policy, 
in rivalry with the older culture, or with institutions that 
depend on traditional and conservative theory of values? 
Secondly, what do scientists think to-day about the 
theoretical ability of science to provide the answers to 
major questions of public policy or to define a new system 
of political values, and how do their attitudes compare 
with those of leadmg theologians ? 

To the first question he returns the answer that in the 
United States science has long since become independent 
of the older culture out of which it sprang; its more 
dangerous rival is its technological offspring. If science 
wishes to continue to guard its freedom and to emphasize 
its purpose of knowledge and understanding for their 
own sakes, it must help to develop out of its own methods 
and its own approach a theory of its proper relation to 
politics. As to the second, he suggests that while the 
behavioural sciences are beginning to furnish the politician 
or administrator who must decide questions of policy with 
an increasing amount of useful data and methods, it 
seems obvious that science is not moving towards the 
development of a unified system of knowledge that can 
solve political problems. Equally obvious is the fact that 
scientists are not developing a unified and disciplined 
organization through which the scientific community will 
become a powerful political force. Nor does he consider 
that there has been any real rapprochement between the 
leaders of scientific and religious thought in the past 
fifty years; there is simply more mutual respect for each 
others’ territories. Moreover, in seeking to relate know- 
ledge to the responsible use of political authority, science 
is not at war with the disciplines of the older humane 
learning; however, it shares with them the difficulty that 
pure knowledge cannot be translated directly into political 
decisions in a free constitutional system. 

The impact of their special knowledge on the purposes 
that scientists share generally with other citizens is now 
so great that they cannot escape politics, but, while 
insisting that the great power of the natural sciences 
enhances the need for a political or constitutional theory, 
Prof. Price attempts here neither to outline such a theory 
nor to answer his question whether ways and means can 
be found to let scientists maintain their academic inde- 
pendence while keeping their influence on public policy 
under responsible control. The final six papers in the 
symposium are concerned with the sufficiency of contem- 
porary ideas for the individual life. Allin varying degrees 
they discuss forces of disjunction and alienation in our 
society and our culture—two being particularly concerned 
with the relationship of science and technology. Mr. G. 
Handlin in “Science and Technology in Modern Culture” 
argues that science is allied inextricably to a technology 
that threatens the physical existence of man, and Prof. 
H. Marcuse that science is the medium in which has 
grown an ideology which threatens his philosophical 
existence. 

Mr. Handlin traces the historical development of 
science to a point at which technology made it difficult 
to isolate science from life, although science was tolerated 
rather than assimilated: its judgments were accepted as 
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true and authoritative but regarded as irrelevant to the 
beliefs or behaviour of: daily life. Technology widened 
rather than diminished the gap, and if Mr. Handlin is 
right in his argument there could well be here a part 
explanation of the shortage of applicants for places in 
science and technology. The more useful science becomes 
the more it 1s both respected and feared, and Mr. Handlin 
maintains that what is needed is the assurance of con- 
nexion between the goals of science and those of human 
welfare, above all that the scientist shares some of the 
common human velues. 

Prof. E. Weil’s analysis of science in modern culture, 
while admitting that science has become & value in itself 
(although itself free from value judgments), leads to the 
conclusion that science can be a profoundly disruptive 
factor in our culture, thus agreeing with some evidence 
that is cited by Prof. Calder though without drawing his 
conclusion. While he urges that we need to consider 
more closely the relations between science and power, he 
1s scarcely more optimistic or constructive than Prof. 
Marcuse in his remarks on a redefinition of culture. Prof. 
Marcuse suggests that the traditional distinction between 
science and technology is questionable and that science 
itself has ceased ta be a vehicle of liberation and, just as 
much as technology, may perpetuate the struggle for 
existence instead of alleviating it. He regards the notion 
of ‘two cultures’ as only less misleading than the plea 
for their reunion. 

The argument is not very convincing, and Prof. René 
Dulos’s article on science and man’s nature seems to go 
much deeper. Like Mr. Handlin, he begins historically, 
tracing first the shaping of modern culture by science 
before surveying the movement against science and dis- 
cussing the interplay between man’s nature and the 
environment created by scientific knowledge. It is from 
the consideration of such knowledge and human experience 
that he looks av science and technology as independent 
forces. Like Prof. Marcuse, he admits that science, and 
the technologies derived from it, now often function as 
forces independent of human goals and that surprisingly 
little is done to evaluate the possible social consequences 
of technological innovations. 

If he does not regard the distinction between science 
and technology as invalid, Prof. Dulos challenges both 
scientists and technologists, especially through their pro- 
fessional institutions, to pay greater attention to the 
scientific study of man as a functioning entity, with all 
the complex responses that living entails. His article is 
a summons to human ecology, to the determined study 
of ecosystems both of Nature and of those created by 
man. If science is sometimes regarded as anti-social, it 
may be so not because scientists are anti-social but 
because they are often indifferent to society. The plea for 
science for man, with which Prof. Dulos ends, not only 
offers a challenge and a constructive approach to this 
whole question of science and culture, but also suggests, 
at least by implication, that some advance may well come 
out of the study of the science of science itself. Equally, 
like other contributions, it emphasizes the importance of 
an adequate and imaginative programme of social research. 
Pleading that scientists must give greater prominence to 
human values when formulating their problems and their 
results, he concludes that human culture, like organiza- 
tions and societies, depends for survival on its integration 
—an integration which can be achieved only to the extent 


that science remains full of meaning to the living experi- 


ence of man. 
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EVOLUTION OF LIFE 


The Evolution of Life J 
By Prof. Everett ©. Olson. Pp. xii+300. 
Woeidenfeld and Nicolson, 1965.) 45s. net. 


OOKS on evolution are now sufficiently numerous for 
compotition between them to be severe. This one is 
written with a fresh approach and an easy style; it reflects 
recent genetic theory in emphasizing the importance of 
natural selection, population-thinking, and statistical 
modification of gene-pools. As would be expected, how- 
ever, from an author who holds a chair of geophysics, 
the main chain of tha argument is based on results 
achieved in the field of palaeontology, which are skilfully 
used to illustrate certain general principles. Species 
lineages are considered in. the cases of oysters (Cubitostrea ) 
and sea-urchins (Micraster), and it is satisfactory to find 
that the young stages in these lineages resemble their 
adult stages more than the young stages resemble the adult 
stages of ancestors, thereby providing further evidence 
against the ‘biogenetic law’ of recapitulation in Haeckel’s 
sense. Generic lineages are illustrated by ammonites 
(Liparoceratidae), and the general trend of thought in 
the book is to show that such evolution has been guided 
by adaptation, as is also implied by the term adaptive 
radiation which is illustrated by reptiles and mammals. 
The occupation of land is considered in the case of plants 
as well as of animals, and a discussion of the origin of 
higher categories of classification, treated in terms of the 
passage from amphibia through reptiles and mammals to 
man, favours the view shat it has taken place by means of 
‘micro-evolution’ at eazh stage. The distinction between 
clades and grades in classification is emphasized. 

There are, unfortunazely, some features in the biological 
treatment of this book which fall short of what teaching 
in Britain requires. When the author says that the redis- 
covery of Mendel’s paper in 1900 meant that, “at last, a 
solid foundation for the theory of natural selection was 
established”, he short-circuits a period of thirty years 
during which the leading geneticists, de Vries, Bateson, 
and, in his earlier work. T. H. Morgan, would have nothing 
to do with natural selection at any price. They all believed 
that natural selection played no part in evolution, which 
they ascribed to mutation. It was only in 1930 that, through 
the experiments and conclusions of Sir Ronald Fisher, it 
gradually dawned on kiologists (and some, particularly on 
the continent of Europe, have not yet seen the dawn) that 
genetics provided incontrovertible evidence for selection 
at its very heart, and that genetics provided exactly the 
mechanism of origin and increase of heritable variation 
required to make evolation by natural selection work. 

By leaving out all mention of this formative period in 
the history of biological thought, and not even referring 
to Fisher at all, the book suffers from lack of appreciation 
of a number of corollaries directly and obligatorily 
deducible from Fisher’s work. These include the demon- 
stration that it is selection, not mutation, that controls 
and directs the speed and direction of evolution. It would 
also have been useful to mention the fact that it is selection 
that makes genes become either dominant or recessive, 
by working on the gene-complexes and reshuffling them. 
The genetical method of origin and maintenance of 
mimetic resemblance by selection, demonstrated by the 
work of E. B. Ford and his colleagues, should surely have 
found a place, as also the researches on industrial melanism 
which have enabled H. B. D. Kettlewell to show one of 
the most striking cases of evolution that has taken place 
under observation. It is most surprising to find Mendelian 
genetics introduced and explained using different letters 
of the alphabet (B for brown and G for grey) for the 
different alleles of ons pair of genes, in contravention of 
the universally accepied system. : 

The author is perhaps insufficiently generous in the 
significance that he secords to the remarkable researches 
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of R. C. Stebbins on Californian salamanders which are 
differentiated by selection into sub-species, some of 
which do not interbreed. He might have added the even 
more illustrative cases of the circumpolar herring gulls 
and lessor black-backed gulls, and of the great tits, 
which now provide what T. H. Huxley required by way 
of proof that natural selection can result in the separation 
of a species into genetically isolated populations which 
are the starting points of newly originating species. 
On the! palaeontological side, no mention is made of the 
principle of mosaic evolution, isolated modifications of 
various] parts of organism, which many biologists believe 
to have played an important part in the transition in 
anagenesis between one class of chordates and the next, 
and in jthe evolution of man. Many of the figures are 
insufficient to convey their meaning to readers not already 
familiar, with the subject. GAVIN DE BEER 
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PALAEOECOLOGY 


Approaches to Paleoecology 


Edited by John Imbrie and Norman Newell. Pp. viii +432. - 


(New York and London: 
1964.) (94s. 


l 

HIS book arises from a symposium on palaeo- 

ecology held in Cincinnati in 1961. The introduction 
18 written by the editors, J. Imbrie and N. D. Newell. 
The other nineteen chapters include discussions on the 
evolution of the community structure (J. W. Hedgpeth); 
taxonomic (H. B. Whittington), biogeographic (J. W. 
Durham) and stratigraphic (A. G. Fischer) bases of palaeo- 
ecology;| adaptive morphology (E. R. Trueman), fora- 
miniferal structure and environment (O. L. Bandy); 
population structure (B. Kurten); community approach 
(R. G. J ohnson); community succession in Tertiary 
mammals (J. A. Shotwell); Recent foraminiferal ecology 
and — (W. R. Walton); sediments as substrates 
(E. G. dy); biogenic (A. Seilacher) and inorganic 
(E. D. McKee) sedimentary structures; diagenetic aspects 
(R. G. Bathurst) ; solution alteration of carbonate sedi- 
ments and skeletons (P. K. Weyl); replacement of 
aragonite by calcite in molluscan shells (R. G. Bathurst) ; 
skeletal |durabiliity and preservation (K. E. Chave); 
preservation of primary structures and fabrics in dolomite 
(R. C. Murray); and a final chapter on a factor analytical 
model in| palaeoecology (J. Imbrie). 

Whittington’s knuckle-rapping article is directed at 
palaeoecologists who fail to do their taxonomic homework 
with the|result that their generalized identifications lead 
to dubiety and confusion. No one would disagree that 
accurate |palaeontography should precede palaeoecology, 
but it isj only fair to add that the palaeontography of 
yesteryear rarely treated fossils as ecological units. 

Trueman discusses adaptive morphology particularly 
with regard to lamellibranchs, and observes that the 
preoccupation of zoologists with the functional anatomy 
of soft parts makes it difficult for palaeoecologists to 
interpret ‘function in fossils. 

Hedgpeth has a compact yet provocative article on 
the early ‘origins and structure of ancient ecosystems, and 
Johnson jin a review of marine bottom communities 
concludes that communities are commonly associations 
of largely independent species coexisting because they 
have similar physical requirements. 

The longest chapter in the book (86 pages), contri- 
buted by |Walton, is a very detailed analysis of the ben- 
thonic foraminifers of part of the north-east floor of the 
Gulf of Mexico. Numerous maps show the geographical 
distribution and relative abundance of genera. He con- 
cludes that distribution and dominance at the generic level, 
faunal diversity, the arenaceous or calcareous nature of the 
fauna, and the abundance of planktonic forams are the 
most a criteria for palaeoecological interpretation. 
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These criteria are then used to mterpret the varying 
depths of deposition of an Oligocene shale. 

E. G. Purdy contributes a useful review on sediments 
as biological substrates. In it he covers the relationships 
between sediments and bottom faunas, including types 
of feeding, organic content, sediment mobility, inter- 
stitial faunas, and permeability. 

The chapters on the diagenetic approaches to palaeo- 
ecology are novel and lay the foundations for a peripheral, 
yet most important, aspect of palaeoecological work that, 
as Bathurst observes, is now becoming a promising line 
of research. _ 

The reader may detect a note of weariness in Johnson’s 
observation that the palaeoecological approach seems to 
have been praised in an endless chain of symposia, 
presidential addresses and papers, and that it is now time 
to act. This book (a potpourri of reviews and original 
articles) represents a transitional stage. The editors are 
to be congratulated on the successful completion of their 
two-fold task of arranging the symposium and delivering 
its substance to a wider audience. G. Y. CRAIG 


DESERTS: THEIR FLORA AND 
FAUNA 


Life in Deserts 

By Prof. J. L. Cloudsley-Thompson and Dr. M. J. Chad- 
wick. Pp. xvi+218+43 plates. (London: G. T. Foulis 
and Co., Ltd., 1964.) 45s. net. 


HE desert environment and the life it supports is a 

subject of increasing importance at the present time 
when strenuous efforts are being made, particularly in 
underdeveloped countries, to exploit the potential fertility 
of many desert soils. This book, by a zoologist and a botanist 
who have worked for several years in North African 
deserts, is a valuable introduction to desert ecology for 
the biology student and brings together a good deal of 
recent observational and experimental data. 

It is divided into four parts: “The Desert Environ- 
ment” (one chapter); ‘‘The Flora” (three chapters); 
“The Fauna” (four chapters); “The Desert Complex” 
(one chapter). 

Chapter 1 is a rapid survey of the world distribution of 
deserts, comparative climatic data, soil types and other 
physical features. The section on desert plants is probably 
the best part of the book and, although not easy reading, 
it is a detailed and concise account of physiological and 
anatomical adaptions grouped under the headings, ““Injury 
and Tolerance”, “Evasion” and ‘‘Avoidance’’. 

The fauna section opens with 37 pages of brief accounts 
of different groups of desert invertebrates from the 
Protozoa to the insects. Although forming a useful survey 
of the variety of desert life, the accounts are perhaps too 
generalized to be of much value. There follows a chapter 
on physiological adaptions in desert invertebrates which 
is of much greater interest although considerably less 
experimental data appear to be available compared with 
desert plants. Later chapters discuss vertebrates and 
their physiological adaptions. Here again, there are not 
very many experimental data to describe and, surprisingly, 
there is no mention of desert man such as the Australian 
Aborigine and the Bushmen of the Kalahari Desert in 
South Africa. The last chapter on “The Desert Complex” 
brings together the main themes of the preceding accounts 
in a general statement on desert ecology and refers also 
to the problems which must be overcome in agricultural 


. development. 


The book is profusely illustrated with line drawings, some 
of doubtful value, black and white plates which are mostly 
good, and colour plates which, for the most part, are 
rather poor. References are quoted at the end of each 
chapter: there are author and subject indexes. 

E. DUFFEY 
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Ways of Thought of Great Mathematicians 

An Approach to the History of Mathematics. By Prof. 
Herbert Meschkowski. Translated by John Dyer-Bennet. 
(The Mathesis Series.) Pp. vili+110. (San Francisco, 
London and Amsterdam: Holden-Day, Inc., 1964.) 
3.95 dollars, paper; 5.95 dollars, cloth. 


HE teacher can generally extract much value from 

books about background aspects of mathematics. In 
this tract, Prof. H. Meschkowski selects nine mathema- 
ticians, places them briefly in their historical and mathe- 
matical setting, and gives examples of their contributions 
to the advancement of learning, so far as possible in the 
original form. He deals with Pythagoras, Archimedes, 
Nicholas of Cusa, Pascal, Leibniz, Gauss, Boole, Weiler- 
strass and Cantor. From Pascal’s work, he takes the 
principle of mathematical induction, from that of Gauss 
the proof of the fundamental theorem of algebra, that a 
polynomial has at least one zero; to illustrate the scope 
of Weierstrass’s ideas, he gives a hitherto unpublished 
letter from Schwarz to Cantor in which the master’s 
methods are used to provide a proof, claimed by Schwarz 
to be the first valid proof, that a function with a zero 
derivative must be a constant. Certainly a book to be 
placed in any good school library. T.A. A. BROADBENT 


The Elements of Pulse Techniques 
By O. H. Davie. Pp. ix+197. (London: Chapman and 
Hall, Ltd., 1964.) 35s. net. 


N writing this book on pulse techniques the author has 
aimed at providing a comparatively non-mathematical 
review of relevant circuit techniques and applications for 
the technician and user, rather than for the professional 
electronic engineer. The applications are therefore more 
of an instrument or a monitoring character, as opposed to 
systems such as digital equipment. 

Proceeding from an examination of the properties of a 
single pulse and a train of pulses, mainly with respect 
to their frequency spectra, the effects of simple passive 
networks on pulse inputs are considered. This is then 
linked with active sources to provide pulse generators. 
Strangely, for this type of book, high-voltage impulse 
generators are included. A short chapter on delay cables 
and filter sections, which is written in a rather misleading 
manner, precedes two very full chapters on pulse amplifica- 
tion and pulse measurement, respectively. These latter 
two chapters are by far the best in the book and are really 
excellent. The last chapter, dealing with applications, is 
very wide in scope and does not set out to give anything 
but the broad principles involved. This may be realized 
by remarking that the content ranges over ultrasonics, 
high-voltage techniques and transistor switching para- 
meters, to gas lasers. 

Altogether, the book is well written and well illustrated, 
however it does contain some irritating errors. This is 
particularly true of the opening chapter where some of 
the errors are fundamental. Since the book is intended 
for the less (electronically) experienced reader, rather 
more importance must be attached to these mistakes. 
The only other eriticism is the four-to-one preponderance 
of valve to transistor circuits in the book. 

For the industrial user of electronic instruments this 
book will provide an excellent background, while its 
extensive bibliography will allow deeper reading in any 
chosen field. Tan COCHRANE 


The Birds of Nata! and Zululand 
By P. A. Clancey. Pp. xxxiv + 511+ 58 plates. (Edinburgh: 
Oliver and Boyd Ltd., 1964.) 84s. 


HIS is a valuable contribution to the literature of 
African ornithology.. There are already modern 
works on the birds of southern Africa, or of political South 
Africa, but these cover vast areas with a varied bird-life 
about which a great deal has still to be learnt; indispens- 
able as they are in providing a broad framework in the 
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present state of knowledge, they leave room for intensive 
studies of narrower geographical scope. This is such a 
study, relating to Natal end Zululand (together comprising 
the Province of Natal in the Republic of South Africa). 
The author is equipped for his special task by having 
held museum appointments in Natal since 1950, with 
opportunities for field work.in different parts of his area. 
The result is an intimate picture of the particular avifauna. 
The treatment is systematic; for each species or sub- 
species occurring in the area there is a rather fuller 
description than is common in works of this kind, and due 
account is taken of differences in respect of sox, age or 
season. There follows a statement of local status, and 
then an indication of extra-limital range and related 
forms; the latter section is in some instances expanded 
to discuss controversial questions of subspecific taxonomy, 
a subject on which the author holds decided views. The 
ecological requirements of the bird, as known in the area, 
are then considered; there are also brief notes on its 
biology, with dates of breeding season where known. 
Apart from the palasarctic migrants and the sea-birds 
(including one penguin as a regular visitor), the avifauna 
has three main elements. In the low-lying coastal area, 
with its hot and humid summers, there is a southward 
infiltration of tropical forms from East Africa. In the 
grasslands and forests at a considerable elevation inland, 
there is a northward ranging of temperate forms from 
Cape Province. Finally, there are the forms of continental 
or cosmopolitan distribution. n i 
Fortunate is the author who can himself illustrate his 
book with the skill Mr. Clancey shows here. He provides 
41 excellent colour plates and a similar number of text- 
figures of birds. There is also a map, and there are 17 
plates of black-and-white photographs by Dennis Cleaver 
usefully illustrating types of topography and vegetation. 
It is, altogether, an attractive production. 
LANDSBOROUGE THOMSON 


Le Gisement de Ternifine 

Vol. 1. By C. Arambourg and R. Hoffstetter. Thirty- 
second Mémoire of the Archives de l'Institut de Paléont- 
ologio Humaine. Pp. 192+8 plates. (Paris: Masson et 
Cie., 1963.) 74s. 


OLLOWING a short introductory section by both 
authors, this book contains a detailed descriptive text 
on the human fossils discovered by Arambourg himself 
at Ternifine, Algeria, during 1954 and 1955, and named 
by him Atlanthropus mauritanicus. The human remains 
consist of two and a half mandibles and a parietal bone 
and they were found associated with a Middle Pleistocene 
fauna, together with Chelleo-Acheulian hand-axes, cleavers 
and large Clactonian flakes. Work on the site—a flooded 
sand-pit—was unfortunately brought to an end by the 
Algerian Civil War, but there seems no reason why it 
should not be continued at some future date. 

The three mandibles show considerable variation in 
both size and form, in spite of their close association. Two 
of them were quite massive, comparable to the heavy 
Pithecanthropus robustus mandible found in Java by von 
Koenigswald, and possibly not so very different from the 
newly discovered mandible from Bed If Olduvai. In 
their dental characters, however, they compare closely 
with Pekin man. In all, they have a close affinity with 
the east Asian Homo erectus fossils, and in this lies the 
importance of the discovery. Here we have evidence of 
the extension of the range of Homo erectus (the first big- 
brained men) into Africa from those sites in Java and China 
from which this species was previously known. The range 
has been extended further by Dr. L. 5. B. Leakey’s dis- 
covery of an erectus skull at Olduvai (Bed IT) in 1960. The 
amount of variation shown by these fossils is such as we 
would expect in such well separated geographical 
subspecies of a polytypie species. 

Prof. Arambourg’s monograph is traditional in scope, 
carefully prepared and well illustrated. B. CAMPBELL 
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UNIVERSITY OF SYDNEY DEPARTMENT OF PHYSICS AND ITS 
NUCLEAR RESEARCH FOUNDATION 


By OSCAR A. GUTH 
School of Physics, University of Sydney 


T seems strange that universal realization that educa- 
tion forms the basis of @ nation’s prosperity in our 
modern world did not really come about until after the 
Second World War, when the world suddenly found itself 
faced not only with a population explosion but also with 
an ‘education explosion’. Education, of course, means 
different things in different countries: it ranges from the 
mere problem of increasing literacy among the pre- 
dominantly illiterate to the provision of funds for 
sophisticated research on the very frontiers of science. 
But whether it is the teaching of the three R’s that is 
needed or wider apprenticeship schemes, the training of 
technicians and technologists or postgraduate facilities in 
the humanities and sciences, the world to-day needs 
better trained, better educated and more highly skilled 
people than it did even a mere twenty years ago. There 
are only few persons left to-day who would deem educa- 
tion to be the privilege of a few; for most people have 
come to regard learning and training as one of the 
necessities of life and, even more, as their birthright. 

The universal realization of this, however, has come too 
rapidly for individual governments to be able to cope 
fully with the demand, and, as a result, there is virtually 
no country in the world to-day which does not suffer from 
some shortage of teachers, of educational facilities, of 
scientists, technicians, technologists and more and better 
skilled people in most trades and professions. 

Small: but advanced countries such as Australia— 
which has an area similar to that of the United States 
but a population of a mere 11 million—face an increased 
problem: The increase lies in the fact that to keep up its 
stability and prosperity Australia must make up in skill 
and technology what it lacks in population numbers: and 
this necessity is further enhanced by Australia’s geo- 
graphical position in relation to underdeveloped South- 
east Asia, for not only can Australia not count on her 
neighbours for help, but also she is continuously expected. 
to provide these neighbours with leadership, friendship 
and aid. 

The education problem in Australia since the War has 
therefore been linked with the very survival of the 
country as a free and prosperous nation and with the 
maintenance and further development of its extremely 
high standard of living. Yet the Australian Government 
has not been able to spend any more on education than 
the Governments of many other high-living-standard 
nations—or even as much-—and in many fields this has 
been, and still is, just not enough. 

One field where this lack of funds even as recently as a 
mere dozen years ago was most pronounced was Aus- 
tralian postgraduate university research and study 
facilities in physics. In the early 1950s Australia’s (post- 
graduate) National University in Canberra had only just 
been founded (1946), and the School of Physics of Aus- 
tralia’s oldest university, the University of Sydney (founded 
in 1850), had practically no postgraduate school at all. 
In fact; this School of Physics, which to-day is recognized 
as one of the largest of such schools and postgraduate 
research centres, in 1958 was a mere undergraduate 
department of the University of Sydney, almost unknown 
beyond the confines of the university grounds. In those 
days the School had a permanent academic staff of 23, 
including one professorial chair, and a technical staff of 
18, making a total of 41. It had 1,039 undergraduate 
students,'7 postgraduate students and no postgraduate 
diploma students at all. To-day the School of Physics 
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of the University of Sydney has a permanent staff of 45, 
including seven professorial chairs, and a technical staff 
of 72, making a total of 117. It has 2,421 undergraduate 
students, and a Postgraduate Research School comprising 
six departments with 72 postgraduate and postgraduate 
diploma students. 

This spectacular development and expansion of the 
Sydney School of Physics has not been brought about by 
the normal growth of Australian universities based on 
Government funds, substantial though this normal 
growth may generally have been in the past 11 years. 
In the Sydney School of Physics there has been an 
extraneous factor—unique in the history of modern 
university development. This extraneous factor was the 
establishment, in 1953, of a Foundation with the sole 
purpose of financing physics and science education in 
Australia generally and in the School of Physics of the 
University of Sydney in particular. 

The creation of this Foundation—the Nuclear Research 
Foundation within the University of Sydney——-was due 
to a young Canadian physicist, Dr. Harry Messel, who in 
1952 at the age of thirty was appointed to the only vacant 
chair of physics in the University of Sydney. Immediately 
on his appointment it became clear to Prof. Messel that, 
faced with the generally increasing demand for education 
throughout the land, the Australian Government could 
not be expected to make available to him the large funds 
he would need for a vigorous development of his Depart- 
ment and of a postgraduate school in physics. However, 
the need was self-evident, as the number of students 
coming forward for degrees in physics were few, and of 
these the best, who were interested in pUrsuing post- 
graduate work, invariably went overseas. It was mainly 
with this ‘brain drain’ in mind that Prof. Messel set 
himself the task to appeal to outside sources to help stop 
the drift of young Australians overseas, to bring back 
some of the best young Australians who had left and, if 
possible, even to get some of the best overseas students 
to pursue postgraduate studies in his School. To do this 
it was necessary to establish a postgraduate group con- 
sisting of scientists of world repute to work in specially 
chosen fields—fields in which Australian research could 
lead and not just follow. The key, of course, was first-class 
staff respected for their scientific work the world over. 
But such staff could be attracted only if the research 
programme at the School was dynamic and challenging 
enough to command international interest. 

Prof. Messel had both, a dynamic personality and a 
dynamic research programme, and the only thing he was 
lacking—in common with other scientists—was the 
necessary financial aid. He thus began to appeal to out- 
side sources to contribute to a Foundation the con- 
stitutional objectives of which would be “the support, 
promotion, fostering and development financially and 
otherwise of nuclear and associated research in the School 
of Physics of the University of Sydney; and the support 
and encouragement of science education in the School 
and in Australia generally”. 

As Prof. (now Sir) Stephen Roberts, vice-chancellor of 
the University, said in his opening address at the in- 
auguration of the Nuclear Research Foundation: “It 
was Prof. Messel’s idea that industry and the University 
could combine within a Research Foundation with great 
mutual benefit, and it was his energy and enthusiasm 
which has been responsible for the setting up of the 
Foundation. Never before has the University needed so 
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much the active co-operation of the community it serves, 
and I venture to suggest that never before has the com- 
munity needed so much the services of the University”. 

Australian industry and indıvidual philanthropists 
rallied to the call, and soon the Foundation had leading 
industrial enterprses, trade unions, individuals and even 


, governmental and semi-governmental bodies on its 


membership list. The Nuclear Research Foundation— 
the first such organization in the British Commonwealth— 
was created by the Senate of the University of Sydney 
on June 8, 1953, and within its first dozen years this 
‘marriage between town and gown’ has secured nearly 
£4 million sterling in cash and kind for the development 
of research ın the University of Sydney School of Physics 
and science education mn Australia generally—right down 
to the secondary level. This sum, which may seem small 
on an international scale, wasan absolute fortune so far 
as Australian physics was concerned, and may be put 
into perspective by recalling that the total grant recom- 
mended by the Australian Universities Commission for 
all scientific research for all Australian universities for the 
1963-65 triennium is £4 million sterlmg. The grant for 
the previous triennium was only £800,000 sterling. 

The most spectacular recent achievement of the School 
(announced in Nature of September 26, 1964) was the 
creation of the Cornell-Sydney University Astronomy 
Centre, which to all effects and purposes amalgamates 
the Radiophysics .and Space Research Centre of Cornell 
University, U.S.A., and the Chatterton Astronomy 
Department of the School of Physics of the University of 
Sydney and their allied research interests in such fields 
as cosmic ray studies, etc. The creation of this Australian— 
American astronomy centre was the more remarkable as 
the Chatterton Astronomy Department is the second- 
youngest of the School’s six research departments and 
had not come into existence until the late 1950s. This 
Department has now as its head Prof. R. Hanbury Brown, 
formerly of Jodrell Bank, University of Manchester, and 
contains the intensity interferometer group of the School 
of Physics. Prof. 8. Y. Mills was only recently appointed 
to a chair (astraphysics) and his Department in the 
School contains the Mills Cross group which was until 
January 1, 1965, part of the Chatterton Astronomy 
Department. 

In fact, the Chatterton Astronomy Department is a 
good example of how, through the initial support of his 
Nuclear Research Foundation, Prof. Messel has been able 
to obtain generous overseas grants for the Foundation 
in recent years. Thus, Britain’s Department of Scientific 
and Industrial Research has contributed some £100,000 
sterling towards the construction of Prof. Hanbury 
Brown’s stellar intensity interferometer at Narrabri, 
350 miles north-west of Sydney. This instrument, the 
only one of its kind in the world, was designed by Prof. 
Hanbury Brown and Dr. Richard Twiss to measure the 
diameter and temperature of stars. Its total cost was 
about £300,000 sterling, to which the Foundation itself 
has contributed in. excess of £100,000 sterling and to the 
running cost of which the U.S. Air Force Office of Scientific 
Research has so far contributed some £80,000 sterling. 

The U.S. Air Force contribution to the interferometer, 
however, is only one of many grants made by U.S. Govern- 
ment fund-giving agencies to School of Physics research 
projects in the past three years. In all, U.S. Government 
agencies have contributed 1,434,627 dollars since 1962, 
and by far the lergest grant has been 846,000 dollars 
which the U.S. National Science Foundation has given 
towards the construction and running cost of the giant 
Mills Cross radio telescope of the School. This instru- 
ment, with its two one-mile-long antenna arms in the 
shape of a cross, is being constructed by its Australian 
inventor, Prof. Mills, just outside Australia’s national 
capital, Canberra, and is due for completion this year. 
Information obtained with the telescope—in one night 
nearly one million separate measurements of cosmic 
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radiation emissions-—will be recorded on magnetic tape, 
transferred to Sydney and processed on the new English 
Electric-Leo KDF-9 electronic computer of the Basser 
Computing Department of the School of Physics. 

The establishment of the Computing Department itself 
was one of the first major steps taken with the help of 
the Nuclear Research Foundation. The Department was 
established soon after the inauguration of the Foundation 
when Foundation funds donated by the late Sir Adolph 
Basser made possible the construction in Australia of the 
country’s first major electronic computer, Szlliac, from 
plans obtained from the University of Ihnois of its own 
then new Jiiac computer. The ‘C’ was added at the start 
for ‘Sydney’. Since 1356, when Szlliac began operations, 
the Basser Department has given courses on numerical 
methods, logical design of computing devices and pro- 
gramming techniques. These courses received formal 
status three years later when they became part of the 
postgraduate diploma im numerical analysis and auto- 
matic computing. Yet another year later the Senate of 
the University of Sydney set up a chair in automatic 
computing, and Dr. J. M. Bennett became Australia’s 
first professor in the field of computer science. The new 
KDF-9, known as the Cecil and Ida Green computer of 
the Department, designed and manufactured in England, 
was acquired by the School of Physics in 1964 from 
funds built on an initial gift of 250,000 dollars to the 
Foundation by well-known American philanthropists and 
educationists, Dr. and Mrs. C. H. Green, of Dallas, Texas. 
With the installation of this Cecil and Ida Green com- 
puter, the Basser Computing Department has become one 
of the best-equipped university computing laboratories 
in Australia. 

A. further major step taken by Prof. Messel with the 
help of his Foundation was the establishment of the 
School’s Falkiner Nuclear Department under Prof. 
O. B. A. McCusker. This Department investigates nuclear 
interactions at very high energies—interactions caused by 
cosmic radiation. Prof. McCusker and his staff are con- 
ducting a number of large-scale experiments to investigate 
the nature and origin of cosmic rays, much of this 
research being carried out with the help of U.S. Air Force 
Office of Scientific Research grants. The Department will 
expand its activities within the Cornell-Sydney Univer- 
sity Astronomy Centre in collaboration with Prof. K. 
Greisen and his cosmic-ray group at Cornell. 

Until January 1, 1965, the youngest department of the 
School of Physics was the Wills Plasma Physics Depart- 
ment, which was estaklished in 1960 with the aid of the 
Foundation and the W. D. and H. O. Wills Tobacco Co. 
and which, under the direction of Prof. C. N. Watson- 
Munro, conducts plasma research at present with two 
substantial plasma devices. 

The five Departments of the School already mentioned 
are strongly supported by the sixth—the Daily Tele- 
graph Theoretical Department—which, under Prof. 
S. T. Butler, has become the largest theoretical physics 
group in Australia ani compares most favourably with 
others in the Western world. Its eight staff members and 
twelve Ph.D. students are actively engaged in collaborating 
not only with the other departments of the School bur 
also with a large number of theoretical and experimental 
groups in various parts of the world. 

One of the major strengths of the School of Physics 
was derived from an early appreciation of the fact that 
large-scale scientific research could best be done in a 
strongly co-ordinated administrative organization. The 
concept of administratively autonomous physics depart- 
ments—though in some instances theoretically desirable 
from an academic point of view—was no longer capable 
of coping with the requirements of modern scientific 
research. The increesing overlap not only between 
various branches of physics but also with other branches 
of science as well, called for a, highly co-ordinated adminis- 
trative structure. This was achieved in the School of 


336 


Physics by the appointment of Prof. Messel as permanent 
head of the School and, on his insistence; by the creation 
of research departments within the School with pro- 
fessorial hoads administratively responsible to him. Staff 
appointments are only made to the School as a whole, 
and these are either chosen for or allocated to various 
departments for research. The teaching function of the 
School is also carried out by the staff as a whole, and the 
six-departmental structure only functions in regard to 
their research efforts. This method, under various guises, 
now exists in many other universities around the world 
and is increasing in favour rapidly. 

Thus, through the active help of the Nuclear Research 
Foundation, the School of Physics of the University of 
Sydney has grown during the past twelve years into a 
major institute. Its work is now roughly divided in two— 
the teaching and the research aspects. All staff concerned 
with research in the School also take an active part in its 
teaching | activities; but the reverse does not follow 
through in all cases. There are, for example, certain 
members’ of staff whose interests lie mainly in the field 
of teaching in first and second years, where the School 
has to deal with very large numbers of students. Nearly 
50 per cont of students in thew first year consist of 
medical and dentistry and other students who do not 
proceed with physics beyond tho first year. 

In 1963 the University of Sydney imposed a strict 
quota system on all faculties, thus levelling off first-year 
student numbers in physics at a maximum figure of 2,000. 
The result of this quota system is a gradual shift to higher 
student numbers i in the senior years of the physics course. 
But, whereas to-day more students choose science and 
engineering than can be accommodated, this was not so 
twelve years ago when only a small percentage of under- 
graduates entering the University chose the Faculties of 
Science and Engineering. The Nuclear Research Founda- 
tion, investigating this trend at the time, realized that 
its remedy lay not only in the tertiary but chiefly in the 
secondary field of education. It therefore felt that it was 
its responsibility to enter this field as well to help increase 
student enthusiasm for science and technology; and it 
felt that one way of tackling the problem would be the 
institution of refresher courses for high-school science 
teachersiin the form of summer schools. 

On. Prof. Messel’s advice, the Foundation decided that, 
as a matter of policy, no effort or expense should be spared 
in inviting to these summer schools only top-ranking 
scientists in the different fields even if this meant flying 
them toj Australia half-way around the world, as this 
would not only ensure that Australian science teachers in 
these summer schools obtained the latest and best in- 
formation of present developments, but also that it would 
underline the importance the Foundation attached to the 
problem. Events have since proved this policy to be 
right. 

The first such summer school was held during January 
14-25, 1958, and was attended by 123 science teachers. 
But it was a summer school with a difference: instead of 
the science teachers paying to be able to attend, the 
Foundation paid their expenses and backed the project 
to the extent of £10,000 sterlmg. Also, since only a small 
percentage of science teachers could be admitted to the 
summer! school, its lectures were printed in book form 
which was made available to each science teacher in 
New South Wales, as well as to every high-school through- 
out Australia so that in all a total number of 3,000 free 
copies of the summer school book were distributed m 
Australia. 

Within the first four years of Foundation summer 
schools for science teachers wider and wider sections of 
the Press and general public showed an increasing interest, 
and newspapers, particularly in Sydney, published more 
and more reports of the lectures. This general enthusiasm 
culminated in 1960 when one of Australia’s commercial 
television networks applied for and was granted per- 
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mission to televise the lectures of the third summer 
school in January 1960. This summer school, organized 
as all others by Profs. Messel and Butler, consisted of 
27 lectures under the general heading “From Nucleus. to 
Universe”, designed to keep science teachers up to date 
with the results obtained during the International Geo- 
physical Year by means of satellites and other modern 
research techniques. Two overseas professors were 
specially flown to Sydney to give five lectures each—Prof. 
G. Gamow, of the University of Colorado, and Prof. T. 
Gold, of Cornell University. In addition, Prof. B. Bok, 
of the Australian National University, came from Can- 
berra to give three lectures on “The Observational Basis 
for Stellar Evolution’. It was this 1960 summer school 
which really put the Foundation summer school effort 
‘on the map’ in Australa, and interest in these summer 
schools not only by educationists but also by ever-wider 
sections of the general public has since been steadily 
Increasing. 

By 1962 this general enthusiasm had become so strong 
that the Foundation, after consultation with govern- 
mental and education authorities, decided to interrupt 
the summer schools for science teachers and instead to 
hold a series of similar such summer schools for high-school 
students who had just completed their pre-leaving year 
and were embarking on their final year of secondary 
education. It was felt that if, at that stage in their 
schooling, students could be further enthused in the 
field of science, a greater proportion of the brighter ones 
might be encouraged to continue their studies m univer- 
sities. 

The Foundation decided to award 150 scholarships to 
pre-leaving-year students, boys and girls alike, without 
discrimination. One hundred were selected by the New 
South Wales Education Department from departmental 
schools and 60 top students were chosen by the New South 
Wales Science Teachers’ Association from private schools. 
The Foundation announced that the scholarships were 
meant as œ reward and inspiration to leading students 
and as a means to applaud their ability and diligence by 
giving them an opportunity to be instructed by a group 
of world-ranking scientists on the great developments in 
our atomic and space age. It assembled on the lecturer’s 
platform of the 1962 summer school a group of the 
world’s leading experts in their respective fields who took 
students on “A Journey Through Space and the Atom”. 
This team of overseas scientists consisted of Prof. Her- 
mann Bondi, professor of applied mathematics, King’s 
College, University of London, who gave five lectures on 
“The Structure of the Universe’; Prof. R. N. Bracewell, 
professor of electrical engineering, Stanford University, 
Califorma, who lectured on “Life on the Galaxy”; and 
Dr. Wernher von Braun, director of the U.S. National 
Aeronautics and Space Administration George C. Marshall 
Space Flight Center, Huntsville, Alabama, who gave five 
lectures on ‘‘Space Rocketry”. Newspapers and magazines 
throughout Australia devoted many columns to reports 
and pictures of the summer school—a Press enthusiasm 
which can perhaps best be described in the words of the 
Sydney Daily Telegraph, which said in an editorial: “In 
this age scientific knowledge is the greatest single instru- 
ment for progress and survival and peace—not just 
scientists but ordinary ertizens are becoming more acutely 
conscious of that every day. It 1s this consciousness that 
has made the annual summer schools sponsored by the 
Nuclear Research Foundation a popular success, beyond 
expectation’. 

As uy the two previous years—and ever since—the 
1962 summer science school was fully televised, and the 
programmes, consisting of some twenty-five hours of 
viewing, were shown in all Australian State capitals, 
each series being screened twice during the year. 

But, however great public enthusiasm was over the 
1962 summer school, it was almost insignificant com- 
pared with the enthusiasm of the 150 high-school students 


j 


— Australian States. 










ves who were attending. They had been chosen 
more than a thousand applicants from more than 
30 New South Wales schools, and many of the overseas 
lecturers said afterwards that never before had they 
encountered a more keenly interested audience. At the 
conclusion of the summer school the 150 students were 
each presented with an inscribed silver medal and £16 
sterling in cash. Students from outside the Sydney 
metropolitan are: were also refunded their fare expenses 
to and from Sydney, and their accommodation problem 





was solved by billeting them in the homes of Sydney 


scholarship winners. Each of the students also received 
a free copy of the richly illustrated 500-page book, A 
Journey Through Space and the Atom, containing all the 
lecture material. 

The 1962 summer school for high-school students thus 
became the norm for subsequent summer schools as both 
educationists anc the public seemed to agree on the great 
value of this effort for the education of the youth of 
Australia. In January 1963 the annual summer schools 
were extended tœ become Australia-wide, and scholarships 
were awarded te 140 students from New South Wales 
and to two students from each of the other five 
The 1963 summer school presented 


lecture course entitled “The Universe of Timo and 








Space” and dealt with subjects ranging from the structure 


and origin of the universe and the solar system to elo- 
mentary atomic and nuclear physics, electromagnetism 
and an introduction to the theory of relativity. Its 19 
lectures were given by Prof. H. Bondi; Prof. R. Hanbury 
Brown, then professor of radio astronomy, University of 


_ Manchester, but who has since transferred to the School 


of Physies; Prof. T. Gold; Dr. R. A. Lyttleton, reader in 
theoretical astroaomy, University of Cambridge; Profs. 
Butler and Messel; and Prof. Julius Sumner Miller, 
of El Camino College, California, who gave a series of 
demonstration lectures. 

The January 1964 summer school consisted of a course 
of 18 lectures under the general heading “Light and Life 
in the Universe”. given by Prof. James D. Watson, pro- 
fessor of biology at Harvard University (and 
Nobel Prize-winner); Prof. Martynas Ycas, associate 
professor of rmerobiology at the State University 
of New York; and by Profs. Messel and Butler. Prof. 
Watson lectured on the basic structure of the molecules 
of life and the wey they replicated themselves; Prof. Yeas 
lectured on the way in which life could have developed 
on Earth and elsewhere in the universe; and Profs. Messel 
and Butler lectured on the fundamental properties of 
light and the essential part it plays in life processes. 


.o.daast January Profs. Bondi and Gold came to Sydney 
once again to lecture at the 1965 summer school, the 





eighth organized by the Foundation. Profs. Messel, 
Butler and McCusker also took an active part in the 
leeture programme, whieh consisted of a course of twelve 


_ -lectures under the general heading of “Time”. In this 
_ series, Prof. Bondi gave four lectures on ‘Time and 
Relativity” ; 


Prof. Goid gave four lectures on the 


“Arrow of Time”; and Profs. Messel and Butler gave 
_. four lectures on the “Relation of Geological and Biological 
Time”. Prof. McCusker gave a course of five practical 
-lecture demonstrations, and Mr. L. J. F. Brimble, editor 





-> sé¢ienee schools Kas been the success of the books con- 
- taining the entire lecture material of each school. These 
books are all edited by Profs. Messel and Butler under 
-the same title as the general heading of the respective 
summer school. They are published each year before the 


sof the January summer school so that scholarship 
ers and even members of the general public may 
d the lectures. before listening to them at the summer 
ool or in front of their television sets. The books are 
tially published in Sydney—3,000 copies of each are 
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distributed free by the Foundation to scholarship winners, 
science teachers and high-schools—but since 1960 they 
have also been republished world-wide each year (lately 
by Pergamon Press, Oxford). : 

As can be seen, Prof. Messel has thus developed the 
Sydney School of Physics not only in the undergraduate 
and postgraduate fields but also, with the help of the 
Foundation, he extended the sphere of influence of his 
School far beyond the confines of the University deep 
into secondary education as well. As the director of the 
Foundation he had in all this the full support of the 
Foundation’s Council which ea officio includes the top 
officers of the University, such as its Chancellor, its Vice- 
Chancellor, the Assistant Prineipal, ete. It is thus with 
the help of the University as well as with the financial 
aid of the Foundation that the School of Physics has 
come to play such a vital part in the development of 
science education generally in Australia—from the first 
year of high-school up to the Ph.D. 

Significantly, it was in the secondary field of science 
education that Prof. Messel and his colleagues in the 
School of Physics and the Foundation met their 
greatest challenge in recent years. The problem arose 
in 1962 when, after years of deliberation, the New South 
Wales State Government adopted a secondary-school 
reform plan the science teaching aspect of which broke 
entirely new ground. This ‘Wyndham Plan’—as it became 
known, named after Dr. H. S. Wyndham, the State 
director-general of education, under whose chairmanship 
it was formulated—-made science a compulsory subject 
in the first four of the new six-year high-school course. 
The new science syllabus provided for one four-year 
science course integrating the subjects of physics, chem- 
istry, biology and geology. 

In a far-sighted decision the Wyndham plan stipulated 
that the student should be able to view science as a whole 
and not look on it as ‘bits’. In addition, the integrated 
course should provide a maximum amount of basic 
general knowledge for those whose only science instruc- 
tion in life would be this course, and a maximum scope 
of specialization for those who wish to go further. 

But it is one thing to conceive a unique course aiming 
to integrate four major science fields and to plan a syllabus 
for it, and it is another thing actually to teach it. The 
practical difficulty of the science course lay in the problems 
of who could teach and how could students learn the 
course-—-spanning four science fields—without a text- 
book ? Lastly, who could write such a book ? 

The practical implementation of the Wyndham plan’s 
science course thus hinged on finding the means to 
integrate experts in four sciences to perform the feat of 
creating, from the essence of their special fields, one 
course capable of imparting basie general knowledge of 
all four fields. In fact, it was soon evident that, within 
obvious limits, the larger and more representative the 
groups of writers would be, the more comprehensive 
would be the text-book. Moreover, it was apparent that 
not only was an experienced unifying force needed for 
such a large effort, but indeed considerable finance. In 
Australia, the body capable of undertaking both without 
delay was the Nuclear Research Foundation and, as its 
director, Prof. Messel offered the Foundation’s and his 
School’s help to the Education Department, an offer 
which was enthusiastically accepted. 

The result was a 1,040-page, richly illustrated text- 
book, Science for High School Students, prepared by a 
group of thirty-two university professors, university 
lecturers, school inspeetors, teacher college lecturers 
and science teachers, under the chairmanship of Prof. 
Messel, and a 470-page companion, Teachers’ Manual. 
The text-book came into full use for the first time in Aus- 
tralian high-schools and secondary schools during the 
1964 school year, and in New South Wales alone more 
than 90 per cent of all high-schools and secondary schools 
are now using the book (see Nature, 202, 1151; 1964). 
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The text-book, which was produced in co-operation 
with the Education Department, published by the 
Foundation itself, and printed and distributed by the 
New South Wales Government Printer, has greatly 
enhanced the prestige of the School of Physics and the 
University of Sydney in general. There is no doubt that 
its use by high-school students will stimulate their interest 
in tertiary science education. Realizing the fruitfulness of 
its co-operation with the Foundation and the School of 
Physics of the University of Sydney, the Education 
Department has invited Prof. Messel to produce follow-on 
text-books for the fifth- and sixth-year science course 
which will start next year. These books are now being 
written and will be available for tho start of the 1966 
school year, bringing into existence a complete six-year 
packet of science texts for students and teachers. 

While the rapid expansion of the Postgraduate School 
in Physics over the past twelve years has been watched 
with growing interest by the academic world, the simul- 
taneous efforts of the Nuclear Research Foundation and 
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the School of Physics in the undergraduate university and 
secondary school level has also attracted world-wide 
attention. British and American educationists are 
examining Prof. Messel’s Summer Science Schools and the 
new integrated science text-book, and Unesco has for 
some time been in close consultation with these Sydney 
efforts. Late in 1964, in response to widening overseas 
interest, the Foundation assigned to Pergamon Press, 
Oxford, the world-wide distribution of its high-school 
text-books and all foreign language editions of them, 
with translations into German, French and Spanish 
already being prepared. 

The rapid growth of the School of Physics of the 
University of Sydney and its Nuclear Research Founda- 
tion and their increasing activities in Australian science 
education provide a good example of what a concerted 
effort between university and the private sector of the 
community can accomplish if this effort is properly 
co-ordinated and balanced in its academic and adminis- 
trative aspects. 


MACROMOLECULAR ORGANIZATION OF NUCLEI AND CHROMOSOMES : 
A FOLDED FIBRE MODEL BASED ON WHOLE-MOUNT 
ELECTRON MICROSCOPY 


By Pror. E. J. DuPRAW 
Department of Zoology, University of California, Davis 


HE fine structure of nuclei and chromosomes is 
characterized by a surprising lack of structural 
orderliness, especially when contrasted with the con- 
siderable degree of functional orderliness implicit in 
genetic data. Most present-day models of chromosome 
structure, in fact, are based primarily on experimental 
— than morphological information, and postulate 
arying degrees of structural orderliness which have never 
Bean —— — or are observed only in exceptional 
instances':*, Recently a number of laboratories*“*, using 
the surface-spread technique of Kleinschmidt? together 
with the critical point drying method of Anderson’, have 
initiated ultra-structural investigations of unsectioned 
interphase nuclei and metaphase chromosomes. These 
whole-mount investigations have confirmed and extended 
the earlier suggestions from thin-sectioned material that 
chromosomes and nuclei consist primarily of long fibres, 
and that these fibres exhibit strikingly random, or high 
entropy, configurations. The purpose of this article is to 
present a model of chromosome ultrastructure which 
satisfactorily integrates the large body of experimental 
genetic, cytological and biochemical data with these new 
morphological discoveries. 

Although light microscope analyses of chromosomal 
organization have favoured unusually large chromosomes 
(for example, dipteran giant chromosomes and amphibian 
lampbrush chromosomes), in whole-mount electron micro- 
scopy it is advantageous to work with very small objects. 
Fig. 1 illustrates a metaphase chromosome pair from a 
stage 6 (‘gastrulation’ stage)? honey-bee embryonic cell; 
the left-hand chromosome measures 1-36. long and 0-5y. 
diam., and, like its partner, it is composed entirely of one 
or several spaghetti-like fibres, fairly uniform in diameter 
but very irregularly folded. As previously reported‘, 
fibres having the same appearance and approximate 
diameter (varying around 230 A), but which are less 
tightly folded, fill the nuclei of interphase honey-bee cells 
at this stage. It seems clear that the metaphase chromo- 
somes condense from these interphase fibres primarily by 
a process of folding, and this supposition is supported by 
direct observations of intermediate prophase stages, when 
the fibres occur in partially folded groupings. 


The most striking aspect of these interphase and meta- 
phase fibres is the great irregularity of their configurations, 
which in earlier work suggested the possibility of prep- 
aration artefacts. Particularly honey-bee chromosomes, 
though they often occur in typical metaphase pairs, do 
not show visible chromomeres, sub-chromatids, or gross 
coiling (Fig. 1). Misinterpretation due to artefacts is 
therefore a possibility which has been carefully con- 
sidered; evidence has accumulated, however, to show 
that the fundamental picture presented by whole mounts 
is real. 

Ris’® and Gall? were the first to apply sophisticated 
whole-mount techniques with nuclei and chromosomes, 
and they have reported the presence of such irregular 
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Fig. 1, & * — metaphase chromatids from a stage 6 honey-bee embry 
onic cell, h chromosome is com of chromatin fibres, which 
are ae tightly and irregularly folded. (xe. 37,500) 
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Fig. 2. Diagram of a stage 6 honey-bee embryonic cell at interphase. 

The nucleus contains long chromatin strands, which vary around 230 A 

in diameter and sre attached at the annuli of the nuclear envelope. 

Fibres illustrated outside the nucleus are believed to be microtubules 
(see Fig. 1 in ref. 6) 





Fig, 3. Diagram of a stage 6 honey-bee embryonic cell during mitosis. 
The chromosomes consist of interphase chromatin fibres which are 
tightly but irregularly folded into metaphase ‘packages’ 


fibre systems in a wide variety of species. More recently, 
I have reported that the fibres in honey-bee embryonic 
nuclei and chromosomes have the same appearance with 
or without fixation in formalin or glutaraldehyde’®. 
Of even greater significance, in this material during inter- 
phase, the individual fibres are attached to the nuclear 
envelope, typically at the edges of annuli; when the 
envelope is stripped off during preparation, the broken ends 
of the fibres are found to be still adhering to the annuli, 
whereas clear, unbroken attachments occur in regions 
where the fibres and envelope come together*. Broken 
fibre ends can also be discerned in electron micrographs 
of the nuclear envelope from frog oocytes, published 
recently by Merriam"?. Though the functional significance 
of these fibre—annulus attachments is not yet known, they 
serve to confirm that the fibres really exist as such in the 
interphase nuciei. 

The fact that the fibres are disposed irregularly in vivo 
is also supported by the absence of marked birefringence 
in metaphase chromosomes, as contrasted with the high 
birefringence of sperm heads**. Furthermore, this general 
picture conforms with a great deal of information pre- 
viously developed from thin-sectioned material, where 
chromosomes and nuclei typically show a fine fibrous or 
granular appearance. There has been general agreement, 
in fact, on the lack of order in thin-sectioned material, 
the main point of disagreement being the diameter of the 
fibres. Kaufmann and McDonald, for example, found 
units of 125 A diameter in Drosophila salivary and 
Tradescantia chromosomes!*, while Gay reported strands 
of 200-500 A in the Drosophila salivary material’. Hay 
and Revel", in an admirable electron microscope suto- 
radiographic examination of cells from regenerating sala- 
mander limbs, reported that the deoxynucleoprotein of 
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the nucleus occurs as a meshwork of 50-75-A filaments, 
which incorporate tritium thymidine during interphase; 
these filaments occur with the same dimensions in inter- 
phase nuclei and metaphase chromosomes, but during 
metaphase they form more compact masses, similar in 
structure to the ‘chromatin centres’ of interphase. A simi- 
lar electron microscope autoradiographic analysis was 
carried out by Littau et al.’*, using thin-sectioned calf 
thymus nuclei and labelled RNA precursors; in this work 
tho authors report 150 Å fibres, which occur in either a 
condensed or diffuse state, the diffuse chromatin being the 
site of messenger RNA synthesis. It may be concluded, 
therefore, that the existence and irregular arrangement of 
chromatin fibres are well established. The relationship 
between these fibres in interphase and metaphase, as seen 
in honey-bee embryonic cells, is illustrated in Figs. 2 and 3. 

With respect to the sub-structure of individual fibres, 
Fig. 4 illustrates a field of interphase fibres after digestion 
for 7 min in 0-001 per cent trypsin solution (pH 8). A 
sequence of digestion is discernible, one fibre being almost 
unaltered, another partially digested, and several fibres 
completely digested to reveal a central, trypsin-resistant 
core. The existence of such fibre cores was suspected 
by Ris? and Gall’; it is only recently, however, that I have 
succeeded in demonstrating that the cores are trypsin- 
resistant but DNase sensitive, while the sheath itself is 
strikingly sensitive to trypsin’. The core diameters after 
trypsin digestion range as low as 23 A, a dimension com- 
patible with a single Watson—Crick DNA molecule. I 
have therefore proposed that each fibre consists of a long, 
single DNA molecule surrounded by a proteinaceous 
sheath*. 

This interpretation differs somewhat from the recent 
interpretations of Rist and Wolfe’. Ris believes that 
each 200-A fibre consists of two 100-A fibres coiled around 
each other, and that each 100-A fibre, in turn, consists of 
two inter-twined 40-A fibres. Ris’s micrographs do, in 
fact, show twists in the nucleoprotein fibres, which I have 
also observed in honey-bee embryonic cells; such twists, 
however, would have a very similar appearance whether 
they represented two sub-strands coiled around each other, 
or whether they represented a single fibre twisted on itself 
in an axial direction. These two possibilities can be dis- 
tinguished in the honey-bee material, where untwisted 
segments occur which are clearly single. Wolfe also 





Fig. 4. Interphase chromatin fibres from a stage 6 honey-bee emBryonic 
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interprets his material in terms of single fibres, but 
suggests that multi-strandedness occurs either at the level 
of the whole chromatid or of the fibre core; he also 
‘regards the fibres as ‘coiled’ in the metaphase chromo- 
some*®. These concepts do not fit well with observations 
I have reported on honey-bee embrycnic material, where 
trypsin-digested fibres show unbranched cores having 
dimensions expected for single Watson—-Crick DNA 
molecules, and where the metaphase fibres are moro 
properly described as folded, rather than coiled’. 

In whole-mount preparations, it is often observed that 
one or several chromosomes of a group may be in a 
stretched or ‘unravelled’ condition, while the remainder 
show the typical karyotype. Micrographs of stretched 
chromosomes have been published*, and these give 
evidence both that the chromosomal fibres are much 
longer than the chromosomes themselves and that the 
shromosomes contain no recognizable structures except 
the fibres. Even the centromere region in telocentric 
bovine chromosomes consists of fibres morphologically 
similar to the rest of the chromosome’, and my observa- 
tions with chromosomes from honey-bee embryonic 
cells are in accord with this. Although it has not 
been possible to determine the maximum lengths of the 
fibres, interphase nuclei which burst in preparation 
sometimes trail their chromatin in a ‘comet's tail’ which 
may exceed 40u in length. It is also possible to estimate 
the maximum length of fibre which could be packed into 
a chromosome of any given volume; assuming a fibre 
diameter of 230 A, the left-hand chromosome of Fig. 1, 
for example, could contain no more than 544y of fibre. 
The actual length is probably much less, since the fibre 
does not occupy the entire volume of the chromosome and 
the apparent chromosome diameter may be somewhat 
increased by flattening. Even the maximum figure of 
S44u, however, appears reasonable in view of Cairns’s 
finding"? that the DNA of E. coli exists as a single molecule 
700-900. long. 

To summarize the ultrastructural information, it has 
been found in both whole-mount and thin-section prep- 
arations that chromosomes and nuclei are composed of 
long fibres, which vary around 230 A in diameter and 
which are arranged in apparently irregular, or high 
entropy, configurations. During interphase these fibres 
are in a relatively unfolded condition, they show attach- 
ments to the annuli of the nuclear envelope’, and they 
are sites of synthesis for both DNA" and RNA"; at 
metaphase the same fibres are tightly but irregularly 
folded into ‘packages’ which constitute the mitotic 
chromosomes. Each chromatin fibre in honey-bee em- 
bryonic cells is composed of a trypsin-resistant, DNase- 
sensitive core enclosed in a trypsin-sensitive sheath*. 

Although any present interpretation of this information 
must be partly deductive, a large body of genetic, bio- 
chemical and cytological information about chromosomes 
and nuclei severely restricts the range of acceptable 
hypotheses. The following interpretation has the merit 
of providing a synthesis between the fine structural 
details and a great deal of experimental data. It is there- 
fore postulated for honey-bee embryonic cells that: 

(1) As in bacteria and viruses, the DNA occurs as a 
relatively small number of single and very long Watson- 
Crick molecules. 

(2) Each DNA molecule is surrounded by a protein 
sheath, leading to a one-to-one correspondence between 
the observed 230 A fibres and single DNA molecules 
(which constitute the fibre cores). 

(3) In mitosis, the protein-sheathed DNA molecules 
fold up, or are folded, in reproducible patterns; this 
folding is irregular in the sense that the gross structure 
of the mitotic chromosome need not be linear, nor does 
it necessarily show any direct similarity to the organiza- 
tion of the DNA molecule. 

(4) During interphase, the different DNA molecules 
(and corresponding fibres) constitute independent func- 
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tional units, both in RNA synthesis and in DNA replica- 
tion. This implies that replication proceeds sequentially 
along each fibre at a DNA ‘replication fork’ (corresponding 
to forked fibres, which have been reported*), and it also 
implies that RNA ‘read-out’ is controlled at the level of 
the single DNA molecule. 

This interpretation, with its various corollaries, will be 
referred to hereafter as the ‘folded fibre’ model. 

In the following paragraphs the aim is to demonstrate 
that the folded fibre model of nuclear and chromosomal 
organization in honey-bee embryonic cells is compatible 
with the basic experimental results pertaining to chromo- 
somes and nuclei in general. The hypothesis does not 
pretend to account for all published observations, some 
of which appear to be self-contradictory ; furthermore, it 
can scarcely lay claim to complete originality, since the 
concept of chromosomes as long single DNA molecules 
has already been introduced by Swift?, Gals, Callan’, 
Taylor®®, and others. Nevertheless, it emphasizes the 
possibility of a relatively simple, yet detailed, synthesis 
between the unordered ultrastructure of most nuclei and 
chromosomes, and their very specific activities in synthe- 
sis, replication and cell division. | 

The generalized scheme which I wish to propose is 
illustrated in Fig. 5. Here the structure of the 200 A 
interphase fibre is conceived as a single DNA molecule, 
which is maintained in the form of a very regular secondary 
coil by associated protein molecules (Fig. 5A). It will be 
recognized that this structure is very similar to the 
organization established for RNA in tobacco mosaic virus. 
Although this relationship is not meant to be more than 
suggestive, there is nevertheless a striking resemblance in 
form and dimension between the images of trypsin- 
digested honey-bee chromatin fibres and alkaline-digested 
tobacco mosaic virus (see Fig. 4 and micrographs by 
Schramm?'), In both instances the nucleic acid fibre 
appears to emerge as a central core from a cylindrical 





Fig. 5. Diagram to illustrate the ‘folded fibre model’ of chromosome 
organization. (A) Each interphase chromatin fibre consists of a single 
Watson-Crick DNA molecule held in a regular secondary helix by its 
protein coat, (E) Replication of the fibre proceeds sequentially from 
either end toward the middle. (C) After replication, the daughter fibres 


fold up to form the ‘condensed’ metaphase chromosome. It is postu- 
lated that this folding is accomplished by contractile protein molecules 
in the sheath 
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protein sheath; however, in tobacco mosaic virus, 
density measurements have revealed that the centre of 
the cylinder is actually occupied by water, while the 
RNA is held in the form of a very regular secondary helix 
having a diameter of 80 A and a pitch of 23 A. Thus a 
- virus particle 3000 A long and 180 A diameter contains 
a polynucleotide chain 33,000 A long (the helix having a 
1:11 ratio of actual length to extended length). 

That some similar relationship exists in the chromatin 
fibres of honey-bee embryonic cells is shown by the effects 
of trypsin digestion; partial digestion of the protein 
sheath results in a ‘springing out’ of the previously 
tangled fibres®, so that they no longer appear tangled, but 
run in straight courses for distances of several microns. 
Though exact measurements are not practical, the impres- 
sion is that the total length of cores after trypsin digestion 
is considerably greater than the total length of chromatin 
fibres before digestion. 

This pomt might be checked by measurements of the 
absolute amount of DNA per nucleus (giving the 
theoretical length of DNA) and the total volume of the 
metaphase chromosomes (giving the maximum length of 
chromatin fibres). Although these data are not available 
for honey-bee cells, approximations can be made for 
human material, where Gall? and Rick Jahn (unpublished 
photographs) have observed fibres similar to those in 
other organisms. The absolute amount of DNA in non- 
dividing human diploid cells has been measured by the 
Feulgen technique®* as 5-6 x 10-4 g, and in metaphase 
chromosomes (4N) 10-9 x 10-17 g has been found by 
ultra-violet microspectrophotometry®*. If the molecular 
weight of a Watson—Crick double helix is taken as 192 
daltons/A (ref. 24), then the total length of DNA in a 
human diploid cell would be in the order of 180 em. The 
total length of chromatin fibre in human diploid cells can 
be estimated by assuming that 46 anaphase chromosomes 
constitute a cylinder 220u long?ë and lu in diameter; if, 
then, the fibres average 230 A in diameter, their maximum 
length could be only 42 cm. Consequently, even a con- 
servative estimate of fibre-length to DNA-length gives a 
ratio less than 1:4, and most evidence would indicate 
that the ratio is much lower. These calculations therefore 
support the concept that a secondary coil exists. The 
presence of a secondary coil in the DNA of insect sperm 
has also been inferred by Inoue and Sato’ from their 
analysis of the effects of polarized ultra-violet light on 
DNA-induced. birefringence. 

Cole?! has developed a physical model which is able to 
account for a regular secondary coiling of DNA through 
complex formation between DNA and protein. According 
to Cole’s model, the secondary coil of the Watson—Crick 
molecule could have a diameter of 138 A, in fairly good 
agreement with the observed diameters of the chromatin 
fibres. Furthermore, Cole has calculated that the DNA 
mass in @ chromosome produced by tertiary and quat- 
ernary coiling of such a fibre would be about 0-113 x 10-14 
g for a chromosome ly by u in size (which is very close 
to the observed amounts). It is likely that a 3-dimen- 
sional folding, rather than tertiary and quaternary 
coiling, would not greatly alter these estimates. 

In Fig. 5B, replication of the chromatin fibre is pictured 
as occurring at two ‘replication forks’, which proceed 
sequentially from either end toward the centre. Such 
forked fibres have been observed in nuclei of honey-bee 
embryonic cells at stages which are known to incorporate 
tritium thymidine®, but they have not yet been established 
as sites of DNA synthesis. During replication of the two 
synthesizing ‘arms’, the daughter strands would be held 
together by the central, non-replicated section. In 
Fig. 5C, the daughter arms are pictured as folded up into 
the compact metaphase configuration, presenting the 
= appearance of a typical mitotic chromatid pair. It is 
suggested that, in this type of chromosome, the centro- 
mere constriction may contain a final, short section of 
unreplicated DNA, which could be partly or entirely 
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responsible for keeping the chromatids together until 
anaphase. The morphological distinctness of the centro- 
mere, which in some chromosomes appears as a discrete 
granule, may be accounted for by the presence of inter- 
twined spindle fibres in this part of the chromosome 
(L. E. Roth, personal communication). In fact, there is 
considerable evidence that centromeres contain DNA”, 
since they are sometimes Feulgon positive, they seem tọ 
be composed of fibres similar in dimension to the chroma- 
tin of the rest of the chromosome’, they have self-replica- 
tive properties, they are inactivated by ultra-violet 
irradiation, and they exhibit the common chromosomal 
condensation cycle. It should be noted, however, that in 
some types of chromosome, the centromere region evid- 
ently completes replication before metaphase*’. 

Like Taylor’s ‘ladder model’ of chromosome structure’, 
the folded fibre model requires that replication of chromo- 
somal DNA must follow a semi-conservative pattern, and 
that short-term or ‘pulse’ incorporation of tritiated 
thymidine must be approximately symmetrical in the 
two chromatids (assuming random distribution of thymi- 
dine in the complementary polynucleotide chains). These 
relationships have, in fact, been observed!3*, However, 
the folded fibre model also implies a number of other and 
much more specific restrictions. One of the most striking 
of these is that labelling of chromosomes by DNA pre- 
cursors, though it may show a geometrically complex 
pattern, cannot be synchronous. Recently a number of 
autoradiographic investigations**-** have confirmed that 
incorporation. of tritiated thymidine is normally focalized, 
non-synchronous and, in some instances, not only tem- | 
porally but also geometrically sequential. For example, 
Stubblefield, using synchronized HeLa cells, was able to 
pulse-label the chromosomes either at the beginning or 
at the end of the DNA-synthesizing period. A statistical 
analysis of grain counts for five arbitrary regions of 
chromosome 2 revealad that, after an early pulse, the 
telomere regions were most heavily labelled, whereas, 
after a late pulse, the region nearest the centromere was 
most active**, Similar observations were made -with 
non-synchronized human embryonic cells by Moorhead 
and Defendi’, who observed that incorporation in the 
centromere region of chromosomes 1 and 3 occurs during 
the last part of the synthetic period, while incorporation 
in the telomeres occurs during the first part (they were 
not able to confirm this effect for chromosome 2, however). 
Gilbert e¢ al?! also observed this type of pattern for 
chromosomes 2 and 3, but not chromosome 1, whereas 
German*®*? has found it most clearly in chromosome 1. 
Hsu’! has observed & very clear ‘early telomere-late centro- 
mere’ pattern of incorsoration for several chromosomes of 
the Chinese hamster (note chromosome 4 in his Fig. 3). 
In plant material, Pele and LaCour inferred from the 
distribution of chromosomal heterochromatin and the 
pattern of incorporation in interphase nuclei that DNA 
synthesis begins at the ends of the chromosome, and 
proceeds sequentially to the centromere region??. This 
appeared to be true in two different genera (Fritillaria 
and Scilla), while a similar pattern was inferred for a 
third plant genus (Secale) by Lima-de-Faria** and for a 
fourth (Crepis) by Taylor**. The remarkable pattern of 
DNA synthesis in the ciliate Huplotes**, where replication 
proceeds sequentially from either end of the narrow 
macronucleus toward the centre, would also seem to 
belong in this category. Needless to say, such patterns of 
sequential labelling, especially those which begin with the 
telomeres and end with the centromere, are in full accord 
with the hypothesis d=veloped in Fig. 5. 

Even in chromosomes which show a geometrically 
complex pattern of labelling, it has been observed that 
the patterns for early and late incorporation are comple- 
meontary**:*7, as would be expected for a folded fibre 
chromosome. Such geometric complexity, including minor 
variations between homologues in the same diploid cell*’ 
and variations in the same chromosome between cells’, 
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may be accounted for by the patent geometric complexity 
of folding. For example, in a given chromosome, the 
pattern of folding could be primarily transverse (leading 
to geometrically sequential synthesis along the chromo- 
some arm), primarily longitudinal (leading to rapid and 
progressively heavier labelling throughout the chromo- 
some**), or an intricate combination of the two. For long 
chromosomes, some transverse folding would seem to be 
required in order to account for transverse sister chromatid 
exchanges; on the other hand, the occurrence of longi- 
tudinal folding may account for instances of apparent 
multi-strandedness in certain chromosomes after harsh 
troatmontao.s. 

Large chromosomes are also likely to show complexities 
not present in small ones. For example, gross coiling is 
frequently observed in larger chromosomes by light 
microscopy, but apparently does not occur in the tiny 
honey-bee chromosomes (Fig. 1). If such coiling repre- 
sents quaternary structure superimposed on a Op 
“chromonema,’, which in turn is composed of a complexly 
folded 230 A fibre, it would clearly produce very complex 
(and variable) autoradiographs. A related problem is 
the observation that tritium thymidine, in a 5 or 10 min 
pulse, seems to be incorporated simultaneously at several 
loci in the same chromosome armt®38, Ib is possible, of 
course, that larger chromosomes contain several inde- 
pendent DNA units joined end-to-end; this has long been 
known. to occur in the large chromosomes of Ascaris, which 
are composed of 30 or more smaller chromosomes’. 
However, it should not be forgotten that, even in Æ. coli, 
the rate of replication for a long Watson—Crick molecule 
is 20-30u per min”, and much more rapid rates are 
indicated for nucleated cells. Therefore even a -min 


pulse provides time enough to label 150u or more of DNA. 


per chromosome arm. It is also significant that Stubble- 
field*’, using a sophisticated technique of ‘replicate sauto- 
radiography’ has found that two or more areas of high 
incorporation in the same chromosome arm may actually 
be connetted by areas of lower incorporation, which would 
go undetected by conventional autoradiography. 

Various additional restrictions concerning the distribu- 
tion and rate of synthesis of chromosomal DNA are 
implied by the folded fibre model and fulfilled by observa- 
tions already available. It might be expected, for 
example, that within a given cell the total DNA content 
of any given chromosome would be proportional to its 
volume. | Although relatively little attention has been 
directed to chromosomal volume, Rudkin** has made ultra- 
violet microspectrophotometric estimates of the DNA 
content for human chromosomes grouped by size; from 
his published results, it can be estimated that DNA 
content is indeed approximately proportional to chromo- 
some volume. Stubblefield®* and Lima-de-Faria‘® have 
also determined that DNA content within a given chromo- 
some is approximately the same for regions of approx- 
imately equal size (a relationship which does not hold for 
giant dipteran chromosomes; see following). Further- 
more, on the assumption that heterochromatin consists 
of fibres which have the same organization as euchromatin, 
but which remain folded during interphase, it would also 
be expected that the DNA content of heterochromatin 
during interphase would be higher than that of euchro- 
matin; this relationship has, in fact, been reported®?-*4, 

The folded fibre model also implies that each chromo- 
some functions as an independent unit in DNA and RNA 
synthesis. This feature is supported by German’s 
observation®? that the order in which human chromo- 
somes complete DNA synthesis is highly variable from 
one cell to another, and that a general relationship exists 
such that the smallest chromosomes complete replication 
first (a rule which is subject to several notable exceptions, 
however). Van’t Hoff and Sparrow* have also discovered 
that both nuclear volume and minimum mitotic cycle 
time are approximately proportional to absolute DNA 
content per nucleus across six widely different genera of 
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plants; this relationship might also be expected if 
replication is temporally sequential despite its geometric 
complexity. 

Various present-day hypotheses of chromosome struc- 
ture postulate that protein, or other non-DNA constitu- 
ents, are partially or entirely responsible for the lnear 
continuity of the metaphase chromosome (so-called protein 
backbone models). Other hypotheses, which visualize 
that continuity is due to DNA alone (multiple strand or 
differential coiling models), do not account for the well- 
established observation that removal of protein by treat- 
ment of isolated metaphase chromosomes with proteases 
leads to rapid destruction of the chromosome*’. 
difficulty is somewhat increased by the observation 
that the loops and axis of amphibian lampbrush chromo- 
somes are fragmented by DNase but not by protease 
(or RNase)*. These apparently contradictory results can 
be harmonized by the newer information from whole- 
mount electron microscopy, together with the folded fibre 
model of chromosome structure. 

As illustrated in Fig. 4, the chromosomal fibres appear 
to contain a single, long DNA core surrounded by a 
proteinaceous sheath. I have proposed® that this sheath 
contains the mechanism responsible for folding the fibre 
into the metaphase configuration (possibly in the form of 
contractile protein molecules). It seems likely also that, 
if the DNA chain exists as a regular secondary coil inside 
the sheath, the sheath proteins are responsible for main- 
taining this secondary configuration as well. In terms of 
this model, digestion of the sheath by proteases would 
result both in unfolding of the chromatin fibres and a 
‘springing out’ of the DNA secondary coil, in effect _ 
releasing the DNA core as a free molecule in solution. The 
linear continuity of the chromosome, however, would 
still be due to DNA alone and would remain intact even 
when the DNA is released to solution (although a 
‘chromosome’ as such would no longer be detectable). On 
the other hand, inhibitors which block synthesis of the 
DNA chain would be expected to produce breaks in the 
metaphase chromosomes without interfering with folding, 
a striking effect which has recently been observed*. 
Similarly, fragmentation of chromosomes by DNase but 
not by protease becomes understandable, as well as the 
observation that ionizing radiation produces whole 
chromosome breaks before DNA synthesis, but half- 
chromosome breaks afterwards. 

One of the more attractive features of the folded fibre 
model is that it provides a simple mechanism to account 
for ‘spinning out’ of DNA, which is thought to occur in 
some or all of the loops of amphibian lampbrush chromo- 
somes, as well as in the ‘puffs’ of giant polytene chromo- _ 
somes?)19, Assuming that the chromatin fibres contain a 
regular secondary helix with a ratio of 1:10 (for actual 
versus extended length), removal of specific protein from 
lu of chromatin fibre would lead to extension of lOu of 
DNA, and the process would be readily reversed by 
replacement of protein. The difference in DNA concen- 
trations between band and interband regions of dipteran 
polytene chromosomes might also be due to complete 
extension of the secondary coil in the interband regions 
(a supposition that is supported by Swift’s estimate for 
interband DNA mass*), Since spinning out of the 
secondary coil presumably occurs locally in all chromo- 
somes during DNA replication, it may also be significant 
that the direction of movement in lampbrush loops is 
from the telomere to the centromere’ (note Fig. 5). 

Presumably histones constitute a significant part of the 
sheath proteins, since they are known to be associated 
quantitatively with chromosomal DNA and to be syn- 
thesized when DNA is synthesized. The amount of histone 
in a typical interphase nucleus, however, is much too low 
to account for more than a small fraction of the total 
mass of the sheath. Available evidence indicates that the 
histones are in salt linkages with the phosphate groups of 
the DNA double helix and that there is very nearly one 
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basic histone amino-acid for every DNA phosphorus‘®. In 
order to achieve linkages with all the DNA phosphorus, 
histones would have to be in relatively extended con- 
figurations, that is, one molecule of mol. wt. 14,000- 
18,000 would be spread over 68 A ‘of the Watson—Crick 
double helix**, If this is indeed the state of histone, it 
could scarcely constitute more than an inner layer of the 
sheath, possibly functioning to bond the acidic sheath 
proteins to the nucleic acid. That the main bulk of 
the sheath protein is actually acidic is supported by the 
fact that isolated metaphase chromosomes are stabilized 
in acid solution??. 

The folded fibre model of chromosome structure is 
essentially a variant of the well-known ‘differential 
coiling’ model. Nevertheless, in the folded fibre hypo- 
thesis, differential DNA coiling, as such, is thought to be 
rare in occurrence (for example, in lampbrush and giant 
chromosomes) and relatively unspecific (by presence or 
absence of a regular secondary helix). Superimposed on 
the secondarily coiled DNA molecule is a non-differential 
and highly irregular folding, which is mediated by a con- 
tractile protein sheath around the DNA, and which 
accounts for condensation of metaphase chromosomes and 
of heterochromatin. The gross coiling sometimes observed 
in light microscopy of large metaphase chromosomes is 
regarded as quaternary structure which is absent in 
smaller chromosomes. 

Jt is recognized that various apparently reliable 
observations in the literature cannot yet be accounted 
for by the model described here. Nevertheless, it has the 
merit of conforming with the facts of chromosomal and 
nuclear fine structure, and it is also compatible with most 
of the experimental observations concerning nuclei and 
chromosomes. It should perhaps be re-emphasized that 
whole chromosames in higher organisms exhibit several 
of the most fundamental properties of single DNA mole- 
cules, including semi-conservative replication*®, linear 
frequencies of genetic recombination‘?, focalized DNA 
synthesis**, and the rule that DNA synthesis, once begun, 
does not normally end short of a complete doubling*®. In 
view of the recent demonstration that nuclei and chromo- 
somes are also composed primarily of long, irregularly 
folded fibres, each of which has a DNase-sensitive, 
trypsin-resistant core surrounded by a trypsin-sensitive 
sheath, it now seams hkely that single, long DNA mole- 
cules are indeed the fundamental units of eukaryote 
chromosomes. 
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Prof. Daniel Mazia for helpful criticism of the manuscript 
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GENETIC INFORMATION USED DURING SYNTHESIS OF VIRUS 
COMPONENTS AND ANTIVIRUS IMMUNITY 


By L. B. MEKLER 
D. |. lvanovsky Institute of Virology, U.S.S.R. Academy of Medical Sciences, Moscow 


HE first effect of a virus on an organism is determ- 
ined by ths structural properties of the virus surface. 
These structures are responsible for two major processes, 
the immunological reaction of the organism on virus 
‘inoculation, and the penetration of the virus into the cell. 
Effective protection against virus infection has until 
now been immunological. But not all virus infections are 
subject to immune reactions. In this connexion the ques- 


~~ tion arises as to what determines the nature of the organ- 


ism’s immunological reaction on virus inoculation. Why 
do we observe stable immunity after such virus infections 
as measles, smallpox, mumps and others, and not after 


influenza ? The solution of this problem will involve 
the investigation of: (a) the chemical composition and 
properties of the surface structures and, primarily, of the 
antigenic determinants of the virus’s immunological 
specificity ; (0) the sources of genetic information employed 
during the synthesis of virus membrane components; 
(c) the sub-cellular structures which implement the 
synthesis of virus membrane components. 

The importance of tne study of the chemical structure of 
the antigenic deternunants arises from their pessible 
identity with blood antigenic determinants. But the 
organism does not form antibodies against its own blood 
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antigens, and hence if the virus and blood antigenic 
determinants are identical the organism will tolerate the 
virus. Incomplete or unstable immunity may similarly 
result from the identity of several or at least one virus 
antigen with blood antigens. 

In principle such’antigenic identity may be determined 
in either of two ways. First, the genetic information coded 
in the nucleic acids of the cell and of the virus may be 
identical. Such a situation might arise by virus mutation. 
Secondly, the genetic information of the host may be 
used in the synthesis of the virus surface components. 

Generally speaking, the expression of the genetic in- 
formation of the virus-cell system may take one of several 
courses: (a) Information coded in virus and cell nucleic 
acids may be used independently by the virus and the cell. 
In this case either the information introduced by the virus 
is realized, the virus is synthesized and the cell perishes, 
or the virus does not multiply. Processes of this kind 
frequently take place during infections caused by simple 
RNA-viruses of the poliovirus type. (b) Virus information 
is employed in the construction of cell components, its 
membrane in particular. The cell may in this case either 
perish” or survive (avian myeloblastosis virus, Rous 
sarcoma virus, 12 and 18 type adenoviruses and Newcastle- 
disease virus). If the virus does not evoke a cytopathic 
effect it leads to malignity (12- and 18-type adenoviruses, 
avian myeloblastosis virus, possible Rous sarcoma virus). 
(c) Cell genetic information is employed during the con- 
struction! of virus membrane components (perhaps fowl- 
plague virus). (d) Cell genetic information is employed 
during the virus’s replication in constructing its mem- 
brane, and the cell membrane at the same time is recon- 
structed with the participation of the genetic information 
introduced by the virus (influenza virus). 

Research conducted in recent years with the antibiotic 
actinomycin D (a compound reacting specifically with 
DNA‘): has shown that this antibiotic can halt the 
synthesis of structures the information of which 1s con- 
tained in DNA!-*.14, It thus appeared possible to differen- 
tiate between the sources of information employed by the 
RNA-virus synthesis. It turned out that simple RNA- 
viruses § (polioviruses!*4, Coxsackie virus!, Mengo 
virus!}19.11, some arboviruses of the A group? 15.57) are 
insensitive to actinomycin D action. This indicates that 
their synthesis does not require the information contained 
in the host-cell DNA. Of even greater interest is the 
existence of complex RNA-viruses as, for example, 
Newcastle-disease virus!14-16, or para-influenza Sendai 
virus?7»18, which are also insensitive to actinomycin D. 
The influenza virust®:63,65,66,69 and the fowl-plague 
virus?+17,18 are, on the other hand, sensitive to the action 
of actinomycin D and thus employ the genetic inform- 
ation contained in the host-cell DNA during their 
synthesis. 

The results of experiments with actinomycin thus 
permit evaluation of the role of host genetic information 
during virus component synthesis and illustrated the 
reality of the processes. indicated here (ce). 

Information concerning the processes indicated under 
(b) cannot be obtained by this method. Immunological 
experiments, however, in which virus-infected cells were 
exposed to the action of specific sera, have shown that 
in the infected cells the antigens of the Newcastle-disease 
virus?°-72, respiratory syncytial virus®’, influenza virus?*)?, 
avian myeloblastosis virus*4, Rous sarcoma virus?5, 
perhaps the mouse leucosis virus**, and the 12- and 18- 
type adenoviruses??-2°:67, 

The haemadsorption Phenomenon also demonstrates 
the alteration of the cell antigenic structure under the 
influence of viral infection. It is, however, possible that 
the action of the virus in this case can be manifested not 
only jn the transmission of its own information for the 
construction of the cell membrane, but also in the release 
of the cell DNA information blockaded in an intact condi- 
tion. 
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In considering the data concerning the various types 
of virus and cell interaction one can draw certain parallels 
and deduce some interesting consequences. There is 
a parallel between the ability of the virus to evoke stable 
immunity, and independence of its synthesis from host- 
cell genetic information (judging by the independence 
of virus propagation with respect to the action of actino- 
mycin D). Poliovirus, Coxsackie virus, arboviruses, and 
Newcastle-disease virus demonstrate this. The opposite 
relation is observed in the case of influenza virus, which 
utilizes the host-cell genetic information (suppression of 
influenza virus propagation by means of actinomycin 
7°,20,63,65,06, and the presence of host-cell components 
in the virus membrane???) and does not produce stable 
immunity**. Of no less interest is the fact that good vac- 
cines have been obtaimed for the first group of viruses, 
while it has been impossible to obtain one for the influenza 
virus. 

In attempting to explain the correlations described let 
us consider how the virus using the host-cell genetic inform- 
ation can affect the character of the organism’s immuno- 
logical reaction. Referring to the first group of viruses 
one may assume that they are immunologically alien to 
the organism and therefore produce a stable immunity 
after infection. A different situation exists in the case of 
the second group of viruses, influenza virus in particular, 
which utilizes the host-cell genetic information for the 
construction of its membrane and may obtain antigenic 
determinants which the organism tolerates, as, for 


‘example, antigenic factors that determine the specificity 


of the red blood cells, or tissue determinants in which 
antibodies may form in certain circumstances. The 
formation of antibodies to the antigenic determinants is 
in the first case excluded, and if these sections of the virus 
membrane determined the ability of the virus to penetrate 
into the cell, then the organism may turn out to be 
defenceless against such a virus. In the second case, infec- 
tion may cause autoimmunity diseases since the virus 
makes its way into the blood stream and causes the 
synthesis of antibodies to the virus antigens which are 
identical with the host-cell antigens. 

Such diseases as rheumatism, therefore, the whole group 
of collagenosis diseases, such brain diseases as diffuse 
cerebral sclerosis and even schizophrenia (one should 
keep in mind the degenerative nature of the changes of 
the brain cortex cell during this disease*45®-§! and the 
appearance of antibodies with respect to the brain tissue*®*) 
may actually have the viral aetiology and pathogenesis 
described. 

Certain consequences can be conveniently considered 
with reference to the influenza virus. If the hypothesis 
is correct two phases will be observed in the clinic and 
epidemiology of influenza: (1) the first phase embraces the 
direct inculcation of the virus which has in some way 
acquired (for example by passage through a definite but 
as yet unknown host of another antigenic structure of 
sensitive tissue) an antigenic structure which is analogous 
or kindred to the tolerant host antigens, for example, to 
the red blood cell antigens. In this case the organism 
will not be able to maintain the complex of antibodies 
fully covering the virus surface. But after further 
passages on other hosts the antigenic structure of the 
influenza virus must change and acquire antigenic determ- 
inants identical to the host-cell antigenic determinants. 
The latter, however, are not tolerant for the organism, 
so that the virus now evokes the formation of antibodies 
with respect to all the antigenic determinants of its surface. 
One consequence will be the reaction between the anti- 
bodies towards the ‘variable’ virus antigens and the cells 
of the organism. This may perhaps be the cause of com- 
plications during the second phase of influenza. The work 
of Buron et al.” is of interest in this connexion. They 
showed that when the formation of antibodies was sup- 
pressed in mice infected with the influenza virus the mice 
recovered, while the mice of the control group all died. 
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At the same time the situation in the second phase should 
epidemiologically improve, and such is the case. 

_ The central point of the concept that has been developed 
is the immunological tolerance of the organism to the 
_ virus, established as a result of the identity of certain 
“blood antigens and those virus surface antigens which 
participate in the virus’s penetration into the cell. It 
may be assumed that the simpler the chemical structure 
of the antigenic determinant the more rapidly identity 
is established. Carbohydrate antigenic determinants are 
chemically the simplest®*. In this connexion it is of inter- 
, est that carbohydrates have been shown to be components 
of the influenza virus®’-**, Furthermore, we have shown 
that carbohydrate components of the influenza virus 
actually localize on its surface, which suggests that the 
antigenic determinants of the influenza virus may be of 
carbohydrate nature*®, The human A-antigen, which 
consists of carbohydrates*?, was a component discovered 
in the influenza virus type A, strain PR8, obtained by 
passages through chicken embryot. What is not clear, 
however, is the identity of this antigen with the carbo- 
hydrate prosthetic group of influenza virus haemag- 
glutinin’®, The discovery of such an identity would 
make it possible to connect two important points in the 
hypothesis that has been set up: the carbohydrate nature 
of the antigenic determinants and the participation of 
antigens, determined by the host-cell genetic apparatus 
during the process of the influenza virus’s penetration 
into the cell. 

The presence of antigenic determinants of a carbo- 
hydrate nature in the structure of the influenza virus 
. can also be argued from certain other data. Thus, it 
was recently shown that the antibodies which accumulate 
in the hyperimmune serum after protein antigenic im- 
munization belong to the 7S y-globulins, and after immun- 
ization by means of antigens with determinants of a 
carbohydrate nature, to the 198 y-globulins4?»44, Proceed- 
ing from this one may expect the presence of antibodies 
with a 19S sedimentation constant in the hyperimmune 
anti-influenza sera. Preliminary experiments have in 
fact shown that the 19S fraction of horse hyperimmune 
anti-influenza serum contained a component which was 
active in the haemagglutination inhibition reaction and 
did not inactivate under conditions usual during the 
removal of inhibitors*®. Similar data have been obtained 
by Czechoslovakian research workers‘*, And finally the 
presence of an antigen component in the influenza virus, 
identical to the A-antigen of human red blood cells, is 
indicated by the choice of O-group red blood cells for the 
haemagglutination inhibition reaction. They are known 
~ not to contain A-antigens and therefore exclude the possi- 

bility of ‘spontaneous’ agglutination observed with red 
blood cells in lightly diluted sera. Keeping m mind tho 
discovery of an antigen identical with the human A-antigen 
in chicken embryo", it is to be noted that chicken red blood 
cells frequently, in the haemagglutinin inhibition reaction 
of influenza virus, demonstrate ‘spontaneous’ agglutina- 
tion. In favour of the views outlined here is the research 
regarding the role of the blood group in epidemiology of 
human respiratory diseases!?. An attractive aspect of the 
hypothesis is that it explains the unusually high variability 
of the influenza virus as compared with other myxo- 
viruses, and the consequent failure to obtain a reliable 
anti-influenza vaccine. 

Interference with the expression of genetic information 
during virus infection may not only alter the antigenic 
structure of the cell. Without referring to facts well known 
in the literature of metabolism, disturbance caused by 
the virus may induce the synthesis of new enzym es*?+46,49,68 
and the formation of syneytia—giant multinuclear agglom- 
_ erations surrounded by cytoplasm with practically no’wall. 

The latter is characteristic of the measles virus®*)54, mumps 
virus!?}5}, para-influenza viruses®?-*, respiratory syncytial 
virus®* and the Newcastle-disease virus’®, and is not 
observed during influenza-virus propagation. Keeping 
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in mind the sensitiv-ty of the para-influenza Sendai 
virus and the Newcastie-disease virus to actinomycin D, 
one can explain the formation of syncytia effected by the 
virus through the’ complete suppression of the genetic 
information of the cell necessary for the synthesis of its 
membrane, since such information is not needed for the 
construction of the virus. Failure to form the membrane 
results in the formation of a syncytium. This explanation 
requires an insensitivity to actinomycin D, and this has 
yet to be verified. The association of insensitivity towards 
actinomycin among the Sendai, Newcastle disease, 
mumps (?), and measles (?) viruses, and syncytia formation 
by those viruses, contrests with the sensitivity to actino- 
mycin of the influenza virus, with absence of syncytia 
formation and unstable immunity. 

It may be assumed that in their evolution the viruses 
have passed through a number of stages. The first stage 
perhaps was the suppression of the cell by the virus, 
organizing self-propagation without resorting to any host- 
cell genetic information. During the second stage it 
acquired the ability to suppress some, but not all, of the 
information contained in the host-cell DNA. An example 
of this is the Venezuelaa encephalitis virus, the haemag- 
glutinin synthesis of which can be suppressed by actino- 
mycin D without affecting the synthesis of the infectious 
virus®®, During the third stage the virus acquired the 
ability effectively to employ the haemagglutinins, including 
them in the structure of its own particle (influenza virus). 
During the fourth stage the viruses became capable of 
haemagglutinin synthesis at the expense of their own 
genetic information (Newcastle-disease virus). A parallel 
series can be postulated with respect to the use of carbo- 
hydrates for the construction of virus surface structures: 
proceeding from simple viruses (such as poliovirus) with- 
out carbohydrates, to repvirus”’, and influenza virus with 
carbohydrates of a mosaic pattern*®, to trachoma virus 
(RNA-DNA)* with carbohydrates of a net pattern. 
Analogous associations can probably be observed in the 
series of ‘genuine’ DNA-viruses (adenoviruses, herpes 
simplex and vaccine viruses). 

It is hoped that this review will suggest a number of 
purposeful experiments which may elucidate a number of 
virological problems, irrespective of whether they confirm 
or confute the hypothesis that has been outlined. It 
has been said that “It is the main—strictly speaking, the 
only—virtue of a good gsaneralization that it can provoke 
scientists to design experiments which can prove it 
wrong*?”’, 
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TuE announcement of the death of Sir Alwyn Crow, in 
Washington on February 5 at the age of seventy, will 
have Been heard with deep regret by ballisticians and 
rocketeers in the United States as well as in Great Britain. 
He hag been described as a pioneer of rocket design, and 
there is little doubt that his leadership of the early small 
teams of scientists, first on small solid-fuel rockets and 
later on guided weapons, laid the first foundations of & 
modern technology and industry which he could scarcely 
have foreseen. 

Alwyn Douglas Crow was born in London on May 10, 
1894, land was educated at Westminster School and 
Queens’ College, Cambridge. The outbreak of the First 
World| War prevented him from taking his degree and he 
was commissioned in the East Surrey Regiment in 1914. 
He served until the end of 1916, whon he was invalided, 
having been gassed and later wounded. He was seconded 
in 1917 to the Proof and Experimental Department at 
Woolwich Arsenal. This gave him his introduction 
to ballistics and, after completing his degree, he was 
appointed the first director of ballistics research at 
Woolwich, at the early age of twenty-five. 

For ‘nearly the next twenty years gun ballistics was to 
be Crow's subject and much was to be done to absorb 
the artillery experiences of the War; anti-aircraft artillery 
particularly was in its infanoy. His scientific interest 
was perhaps directed more to the problems of internal 
ballistics rather than external. The subject, largely 
empirical, had not received much attention before the 
early years of the century—the first scientific treatment 
was by Vielle in 1893—and modern writings were few. 
Crow wrote a few papers on this subject, the best known 
being those written in collaboration with a colleague, the 
late W. E. Grimshaw, and published in the Philosophical 
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Transactions of the Royal Society: “On the Equation of 
State of Propellant Gases”? (1931) and “The Combustion ` 
of Colloidal Propellants” (1932). During this time he 
had created a research team which, although not large 
was available to meet the challenge of the rocket when 
it came. 

The history of rocket development for military use 
goes back to Congreve in 1800, but its popularity as a 
weapon of war had been spasmodic; no work was in 
progress after the First World War. However, in 1934 
intelligence reports of German developments revived 
interest in rockets, and after much discussion and pre- ` 
liminary investigation Crow was appointed in 1936 to 
form a team to undertake initial examination and 
research into rockets to meet a variety of possible military 
requirements. Foremost among these was anti-aircraft 
defence. The early designs and initial experiments met 
with varying degrees of success, but he was not deterred 
by setbacks and sufficient work was done to justify 
the creation of a Projectile Development Establishment 
shortly before the beginning of the Second World War 
of which he was the first chief superintendent. Under the 
impetus-of war a number of investigations were under- 
taken. to meet various suggested applications, but it was 
some time before rockets went into service, due in part 
to various disappointments or partial failures. Crow, 
however, did not lose faith, and, once success was achieved 
in the first projects, applications became numerous. 
Based essentially on three rockets of 2-in., 3-in. and 5-in. 
calibres some 20 major weapons were produced. Many 
of these are now matters of history:—the ‘Z’-batteries 
deployed around London and elsewhere; 3-in. rockets 
fired from all types of fighter aircraft for the attack of 
ground and sea targets; ‘Mattress’ coast bombardment 
5-in. rockets used in Sicily and Normandy. 
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Among the early investigations carried out in 1939-40 
was one proposed by Lord Cherwell (then Prof. Linde- 
mann) for a guided rocket which could be controlled to 
attack aircraft. The result of the investigation was that 
it was possible theoretically, but the then available solid 
cordite rockets had insufficient power for the task. The 
idea was shelved. In 1944 when information of German 
liquid fuel motors was becoming available the idea was 
revived, and Crow was confident that a guided rocket could 
be developed to meet the then stated military needs. He 
had during 1940-45 been controller of projectile develop- 
ment; he was now to become director of guided projectiles. 

When the Ministry of Supply and the Ministry of Air- 
craft Production were amalgamated the research and 
development of rockets and guided weapons was re- 
organized and he left this field that had been particularly 
his own. He then became head of technical services to the 
British Joint Services Mission in Washington, D.C. Here 
he was well received, for he had freely exchanged research 
information with American ballisticians and had supplied 
large quantities of rockets to them before they had com- 
pleted developments themselves. He spent seven happy 
and profitable years in the United States in this liaison 
post. He retired in.1954 and returned to rocket work as a 
consultant for firms on both sides of the Atlantic and 
finally settled in Washington in 1958. 

Sir Alwyn Crow was knighted in 1944 for his services 
to rocket development, and the United States honoured 
him with the U.S. Medal of Freedom with Bronze Palm in 
1948. R. C. KNIGET 


Prof. Rudolf Seeliger 


RUDOLF SEELIGER, the German physicist best known 
for his work in the field of electric discharges in gases, 
died after a long wWness in Greifswald,. Pomerania, on 
January 20, at the age of seventy-eight. He was the son 
of a famous father: Hugo von Seeliger, professor of 
astronomy in the University of Munich, was one of the 
first to introduce physics into astronomy. 

Rudolf Seeliger, who grew up in the particular atmo- 
sphere of Bavarian academic circles of 1900, studied 
mathematics and physics and, being a ‘travelling scholar’, 
went to the Universities of Tubingen, Heidelberg and 
finally Munich. There, under the guiding hand of Arnold 
Sommerfeld, then professor of theoretical physics, he 
worked on his doctaral thesis, taking his degree in 1920. 
In it we find a rigorous treatment of the problem of the 
current-voltage relation -pertaining to the ionization 
chamber with plane parallel plates and filled with a gas 
at high density: the assumptions were that by irradiating 
the gas a uniform ionization is produced throughout its 
volume while the lass of positive and negative ions was 
taken to be partly due to charge recombination in the gas 
and partly due to mobility-controlled removal of charges 
to the electrodes, ion diffusion being neglected. This 
problem had been. formulated earlier by J. J. Thomson, 
who gave an approximate solution. Seeliger also extended 
this investigation to include concentric cylindrical and 
concentrice spherical systems. He spent the following 
two years with W. Wien, the 1911 Nobel Prize Winner, 
in the University of Würzburg, assisting him in experi- 
ments with positive rays. During 1912-18 he worked 
at the Physikalisch-Technische Reichsanstalt in Berlin 
on discharge phenomena. In 1918 he was appointed 
professor of theoretical physics at Greifswald where he 
stayed for the rest of his life. 

Though trained as a theoretician, Seeliger had always 
had great flair, interest and skill in experimental physics, 
but it was only with great reluctance that the director 
of the Department of Physics and the Senate of the 
University acceded to Seeliger’s wishes to provide space 
for his own experimental research which he finally 
obtained in the basement. 
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His earlier work was concerned with an investigation 
of the emission spectrum from the negative zones of a 
glow discharge. From it he derived what is now known 
as ‘Seeliger’s Rule’: as one approaches the negative glow 
from the cathode the sequence of lines in the dark space 
is such that those lines appear first whose excitation 
function maximum is at the highest electron energy. 
It follows that in spite of the increase in potential the 
electrons coming from the cathode must lose an appre- 
ciable amount of energy as they approach the boundary 
between the dark space and the negative glow, a fact 
which tallies with the observed decrease in the electric 
field strength. Later he investigated the transition 
from the dark to the glow discharge and the properties 
of a glow discharge at atmospheric pressure. With the 
advent of the Langmuir probe, he made, for example, 
simultaneous measurements of the longitudinal electric 
field in the positive column and of the mean electron 
energy; he also calculated the charge distribution slong 
the wall of such a colurnn. 

He paid particular attention to are discharges with 
non-thermionic cathodes, considered field emission and 
showed the anomalous behaviour of carbon arcs at low 
gas pressure which suddenly change from the thermionic 
emission to the non-thermionic vapour mode, & mechanism 
which only recently has been explained more fully. His 
work included the examination of certain chemical changes 
in the gas of discharges and clean-up effects, and he 
demonsirated that ion impact into glow cathodes largely 
accounts for the disappearance of the gas by recovering 
the latter. Another of his research activities was the 
study of the mechanism of the electric precipitation of 
dust particles from combustion gases and smoke. 

Seeliger was a prolific writer. During 1924-33 he 
was editor of the Physikalische Zeitschrift; he contributed 
extensive articles to the Jahrbuch der Radioaktivität, the 
Handbuch der Radiologie; and he produced the most 
complete account of discharge physics of the day in the 
Handbuch der Hxperimental-Physik. In 1927 he wrote a 
book for research workers entitled Physik der Gasentla- 
dungen and in 1938 one on applied atomic physics 
designed to bring the fundamentals to modern electrical 
engineers. He co-operated for many years with industry, 
particularly with Siemens and Osram. I remember our 
colloquia at Greifswald and Berlin in the form of exchange 
visits, the hospitality and kindness with which Seeliger 
treated not only his colleagues but also his juniors, and his 
gift for telling good stories. When I last visited him in 
1960, he was still at worl: in spite of his illness. 

After the Second World War Seeliger was elécted 
rector magnificus of his University, director of the 
Department of Gas D:scharge Physics, and a mem- 
ber of the German Acad=my of Sciences. He received in 
1950 the ‘Nationalpreis’, and in 1956 the Order of Merit 
of the German Democratie Republic. The Physikalische 
Gesellschaft made him an Honorary Member and his 
University an honorary senator. 

He was married to Eva, née Lipps, who survives him 
with three daughters. A. VON ENGEL 


Dr. J. A. Ferrell 


Dr. Jonn A. FERRELL, widely recognized by public 
health men as the national leader of the county health 
movement ın North America, died on February 18 in 
Raleigh, North Carolina, following a long illness. Dr. 
Ferrell, who was eighty-four years old, was associate 
director of the International Health Division of the 
Rockefeller Foundation from 1913 until his retirement in 
1944 and a central figure in one of the most effective 
demonstrations of the function of private philanthropy 
in stimulating the public to meet a social need, in* this 
case for organized rural health services. . 

Dr. Ferrell was born in Clinton, North Carolina, on 
December 14, 1880. He received his bachelor (1902) and 
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medical (1907) degrees from the University of North 
Carolina. First a school teacher and county superinten- 
dent of schools, he was county physician of Duplin 
County, North Carolina, at the time of his appointment 
in 1910 as assistant secretary of the State Board of Health 
and state director of the Rockefeller Sanitary Commission 
for the Eradication of Hookworm Disease. With the 
founding in 1913 of the Rockefeller Foundation and its 
International Health Commission {as the division was 
first called), Mr. Wickliffe Rose, director of the Commission, 
chose Dr. Ferrell as his second in command in a world- 
wide programme to control hookworm disease and, in so 
doing, demonstrate the need for rural sanitation and 
encourage State and Local Governments to establish 
full-time county health services. 

Both the hookworm control and county health pro- 
grammes flourished in North Carolina, under the initial 
leadership of Dr. Watson S. Rankin, secretary of the 
State Board of Health, and Dr. Ferrell. 

The key to success in the establishment of rural health 
services was, in addition to finding physicians interested 
and trained in public health work, the availability of 
outside’ financial aid to the County Government, from 
the State, Rockefeller Foundation, or U.S. Public Health 
Service, all of which co-operated with local health depart- 
ments. The Foundation directly aided 444 county health 
departments in getting started between 1916 and 1933. 

Dr. Ferrell, in the span of his own life-time, saw organ- 


ized rural health services rise from virtual non-existence. 
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to a point where, in the past few years, 95 per cent of the 
population has been covered by a total of more than 
1,640 local health units. 

The hookworm control and rural health programmes 
constituted the first venture of private philanthropy into 
public health, the Foundation’s expressed objective being 
to show what could be done and stimulate the public to 
finance adequate health services for everyone. The objec- 
tive was substantially accomplished in 1935, with the 
passage of the Social Security Act which, among other 
things, provided for aid to local health departments. 
This aid has continued on an increasing scale ever since. 

When he retired from the Foundation in 1944, Dr. 
Ferrell became for the next two years medical director 
of the John and Mary R. Markle Foundation; in 1946, 
he began service which lasted ten years as executive 
secretary of the North Carolina Medical Care Commission, 
engaged in the expansion of hospital service. 

He was the first physician to receive a doctoral degree in 
public health from the Johns Hopkins School of Hygiene 
and Public Health, in 1919. Among various honours, he 
was president of the American Public Health Association 
in 1933 and chairman of its executive board during 1935— 
39. 

Dr. Ferrell, who had lved at the Carolina Hotel in 
Raleigh since 1946, ıs survived by his widow, who was 
Lucille Withers; a son, John A. Ferrell, jun., of Kenans- 


` ville, North Carolina; and a daughter, Miss Bettie Ferrell, 


of Summit, New Jersey. 


NEWS and VIEWS 


Foreign Members of the Royal Society 


Tue following have been elected foreign members of 
the Royal Society of London: Prof. T. Dobzhansky, 
professor of population genetics, the Rockefeller Institute, 
New York, distinguished for his work in many and varied 
fields of genetics and evolutionary biology; Prof. R. P. 
Feynman, professor of theoretical physics, California 
Institute of Technology, Pasadena, California, distin- 
guished for his contributions to quantum field theory and 
the theory of liquid helium; Prof. J. Heyrovsky, director 
of the Polarographic Institute of the Czechoslovak 
Academy of Science, Prague, Czechoslovakia, distinguished 
as the founder of the science of polarography and for his 
many contributions to electrochemistry; Prof. S. Ochoa, 
professor of biochemistry and chairman of the Department 
of Biochemistry, New York University School of Medicine, 
New York, distinguished for his contributions to bio- 
chemistry. 


U.S. National Academy of Sciences : Dr. F. Seitz, First 
Full-time President 


As already announced in Nature (205, 1055; 1965), Dr. 
Frederick Seitz, president of the U.S. National Academy of 
Sciences since 1962, has been re-elected for a six-year term 
beginning on July 1. His re-election took place under by- 
laws adopted by the Academy last October, which provide 
henceforth for @ full-time, salaried president. Although 
previous presidents have devoted large portions of their 
time to Academy affairs, they have customarily maintained 
a primary affiliation elsewhere. Dr. Seitz, who had been 
elected vice-president for research and dean of the 
Graduate College in the University of Ulinois, has resigned 
those positions as from July 1. Before this, he had been 
research professor of physics and head of the Department 
of Physics in that University. The new by-laws are based 
on recommendations of a Committee on Elective Offices 
under the chairmanship of W. V. Houston, honorary 
chancellor, Rice University. The Committee declared that 


the “activities of the Academy both should and will 
continue to imcrease .. .’’, and that for the Academy 
to “‘maintain its position as a reliable and independent 
adviser to all branches of the Federal Government, to 
State governments, and to non-governmental agencies 
. . . requires the full-tume service of a vigorous president 
with an adequate staff. The president should be resident 
in Washington during his term of office and should have 
no other major obligations”. 

The six-year term also represents a change in procedure ; 
since 1923, the presidential term has been four years with 
no limit on number of terms. The present policy calls on 
the governing Council of the Academy to consider each 
presidential nominee anew in setting a term of office, but 
specifies that no single term shall be longer than six years 
and that no person shall serve longer than a total of 
twelve years. Other officers will continue to serve four- 
year terms with no limit on re-election. A third innovation 
is in method of election. Whereas previous presidents 
were elected by a majority of those members present at 
the annual meeting, the new by-laws call for a mail 
balloting of the entire membership six months before the 
office falls vacant. 


University College of Swansea : 
Prof. F. Llewellyn Jones, C.B.E. 


Pror. F. LLEWELLYN Jongs, head of the Department 
of Physics in the University College of Swansea, has been 
elected Principal of the College as from October 1. 
Educated at West Monmouth School and Merton College, 
Oxford, he graduated in 1929 with first-class honours in 
physics. He was appointed demonstrator in the Wykeham 
Department of Physics and commenced research - under 
Prof. J. S. E. Townsend. In 1930 he was elected Senior 
Demy at Magdalen College, and obtained his M.A. and 
D.Phil. in 1932. From 1932 until 1940 Llewellyn Jones 
was lecturer in physics at Swansea, where he set up a 
research group in ionization studies. During the -Second 
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World War he worked at the Royal Aircraft Establish- 
ment, Farnborough, on ignition systems of aero engines 
and was in charge of work involving the electro-physics of 
gases. In 1945 he was appointed professor of physics at 
Swansea, and built up a research school which attained 
an international reputation in the field of electrical dis- 
charges, surface physics and atomic collision processes. 
Jn 1948 he also undertook research on electrical contact 
physics, and now has groups working over a wide range 
from the behaviour of metals at high temperatures to the 
contacts of camputer systems and of modern railway 
electrification. In 1953 he obtained his D.Sc. (Oxon.), 
and in 1959 was C. V. Boys Prizeman of the Physical 
Society. In 1956 he was visiting professor to Australian 
universities. Llewellyn Jones has lectured widely in 
Europe and the United States. He was vice-president of 
the Physical Society during 1955-59, a member of the 
Board of the Institute of Physics during 1951~57, and of 
a number of committees of the Department of Scientific 
and Industrial Research, including the Radio Research 
Board (1950-54); he was president of the Royal Institu- 
tion of South Wales during 1957-60. He has been a 
member of the Council for Wales and Monmouthshire 
since 1959, and from 1961-64 was chairman of the Central 
Advisory Committee for Education (Wales). 


Physical Chemiscry in the University of Cambridge : 
Prof. R. G. W. Norrish, F.R.S. 


A DINNER in honour of Prof. and Mrs. R. G. W. Norrish 
was held in ths Old Library at Emmanuel College, Cam- 
bridge, on March 20. This dinner was given by Prof. 
Norrish’s former research students and his previous and 
present colleagues on the staff of the Physical Chemistry 
Department in the University of Cambridge to mark 
Prof. Norrish’s retirement on September 30, after holding 
the chair of physical chemistry at Cambridge for twenty- 
eight years. During this time the Department has pro- 
duced eight professors and eleven Fellows of the Royal 
Society. The dmner was attended by seventy people, in- 
cluding more than three-quarters of Prof. Norrish’s former 
research students who remain in the United Kingdom. 
Prof. F. S. Dainton, Vice-Chancellor Elect of the Univer- 
sity of Nottingham, presided and read messages of good- 
will from former-members of the Department in all parts 
of the world. 


Shanti Swarup Bhatnagar Memorial Awards 


Tue following Indian scientists have received the 
Shanti Swarup Bhatnagar memorial awards. For 1960: 
Dr. M. G. K. Menon, senior professor and deputy director 
(physics), Tata Institute of Fundamental Research, 
Bombay; Dr. T. R. Govindachari, director of CIBA 
Research Centre, Bombay; Dr. T. S. Sadasivam, director, 
University Botany Laboratory, Madras; Mr. H. N. 
Sethna, Atomic Energy Establishment, Bombay. For 
1961: Dr. G. N. Ramachandran, director of University 
Grants Commission Centre for Advanced Study in Physies, 
University of Madras; Dr. Asima Chatterjee, professor 
of chemistry, University of Calcutta; Dr. M, 8. Swami- 
nathan, head of the Botany Division, Indian Agricultural 
Research Institute, Delhi; Dr. R. B. Arora, professor of 
pharmacology, All India Institute of Medical Sciences, 
New Delhi. For 1962: Dr. V. A. Sarabhai, professor of 
cosmic ray physics, Physical Research Laboratory, 
Ahmedabad; Dr. S. C. Bhattacharyya, scientist, National 
Chemical Laboratory, Poona; Dr. B. K. Bachawat, prof- 
essor of biochemistry, Christian Medical College and 
Hospital, Vellore; Mr. M. M. Suri, director, Central 
Mechanical Engineering Research Institute, Durgapur. 
The awards wers instituted in 1958 by the Council of 
Scientific and Industrial Research in memory of the 
great scientist and first director of the Council, Dr. §. S. 
Bhatnagar, and carry prizes of the value of 10,000 rupees. 
Four prizes are awarded annually for notable and original 
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research, applied or fundamental, in science, including 
engineering and technology. The disciplines in which the 
awards are made are physical sciences, chemical sciences, 
biological sciences, engineering sciences and medical 
sciences. 


Education Research in England and Wales 


In a written answer in the House of Commons on April 1, 
the Secretary of State for Education and Science, Mr. A 
Crosland, gave details of the estimated expenditure of 
£430,950 on education research in England and Wales in 
1965-66. £194,000 was for the main research programme, 
£30,000 for the Central Advisory Council (Plowden 
Council), and £10,060 for the Schools Council for the 
Curriculum and Examination. £10,000 was for the 
Modern Languages Committee, £40,000 for the National 
Foundation for Educational Research, £30,000 for the 
Council for National Academic Awards, and £19,000 for 
the National Counci for Diplomas in Art and Design. 
The British Association for the Advancement of Science 
was to receive a grant of £12,500, the British Film Insti- 
tute £19,000, and the Film of Royal Institution lectures 
£60,000. 


Reactor Systems for Generation of Power 


In reply to a question in the House of Commons on 
April 6, the Parliamentary Secretary to the Ministry of 
Power, Mr. J. Morris, said that the total expenditure on 
research in 1964-65 by the Electricity Council and Boards 
was about £7 million, of which more than £6 million was 
spent by the Central Electricity Generating Board. The 
Atomic Energy Authority estimated its expenditure on 
developing reactor systems for generation of power in 
1964 to be about £18 million; expenditure by the Depart- 
ment of Scientific and Industrial Research, the National 
Coal Board and other public bodies on research of interest 
to the electricity industry was about £500,000. In a 
written answer on the same day the Minister of Power 
stated that the Central Electricity Generating Board 
estimated that on present plans nuclear power would 
account for 13 per ceat of its output of electricity in 1970 
and 18 per cent in 1975. 


Ministry of Technology 

In a written answer ou April 6, the Minister of 
Technology, Mr. F. Cousins, stated that the Building 
Research Station, ths Fire Research Station, the Forest 
Products Research Laboratory, the Hydraulics Research 
Station, the Laboratory of the Government Chemist, the 
National Engineering Laboratory, the National Physical 
Laboratory (now including the National Chemical 
Laboratory), the Terry Research Station, the Warren 
Spring Laboratory and the Water Pollution Research 
Laboratory were now the responsibility of his Depart- 
ment. 


Research and Documentation Centre at Birmingham 


In a written answer in the House of Commons on 
April 2, the Secretary of State for Education and Science, 
Mr. A. Crosland, stased that the University of Birming- 
ham had accepted his invitation to establish a Research 
and Documentation Centre for programmed learning. This 
would be set up in the Department of Education, under 
the direction of Prof. A. E. Peel, and was expected to 
start work in October 1965. It would receive an annual 
grant from the Department of Education and Science, 
and would be resporsible for co-ordinating research and 
development in programmed learning and for collecting 
and disseminating information about such research within 
the educational system of England and Wales. 


National Research Council of Canada 


Publications of the National Research Council of Cinada, 
Supplement 1958-1963, is compiled by the staff of the 
National Science Library; it lists and indexes the publica- 
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tions reporting on work carried out in the Council’s 
laboratories (Pp.v+433. Ottawa: National Research 
Council of Canada, 1964). It supplements the third 
edition, which covered the period 1918-52, and the 
1953-58 supplement, both of which are now out of 
print. The lst is to be kept up to date by the publication 
of quarterly and annual cumulations. Part 1 contains 
references to reprints of papers and other miscellaneous 
reports which form part of the National Research Council 
numbered series, together with an author index and a 
computer-produced KWIC (Keyword in Context index) 
which provides a subject index to the publications. Part 2 
provides bibliographical information regarding the seven 
scientific Journals published by the Research Council and 
the various serials and irregular publications issued by the 
Divisions of the Council. These publications are not 
included in the numbered series. Most of the publications 
are distributed without charge, but certain selected 
reports are for sale and for these the price 1s quoted. 
7,807 publications are listed in Part 1, and each item 
contains the title, author and journal reference. 


The Physical Review 


Tue Physical Review for 1965 is to be about double the 
size of the 1960 volume. This represents growth at a rate 
of approximately 20 per cent per annum. In 1964 the 
Physical Review divided its issues into two separate 
sections, A and B, each dealing with particular branches of 
physics. During 1965 subscribers who are members of the 
American Physical Society may subscribe to either Section 
4 or B in hou of the whole journal; the table of contents of 
both sections will be printed in each section. The subject 
index has been extensively revised and a copy of the new 
list of subject entries to be used during 1965 appeared in 
No. 7AB of the Review for December 28, 1964. This 
number contained also the analytical subject index to 
Volume 136 (Oct.-Dec. 1964) and a cumulative author 
index to Volumes 133-136 (Jan.—Dec. 1964) inclusive. 


The Library in the Hospital 


THE papers given at the Hospital Libraries and Handi- 
capped Readers Group Conference and Week-end School 
at the University of Nottingham in July 1963 have now 
been published under the title The Library in the Hospital 
and Care in the Community (Pp. 32. London: The 
Library Association, 1964. 9s. L.A. members 6s. 9d.). 
There are papers by R. Sturt and Mona E. Goring which 
deal, respectively, with the library in the hospital and care 
in the community, and others by Brenda Sanders on 
the library and its work, by S. J. Paget on a book service 
for housebound readers, and by Lorna M. Cowburn on 
books for blind readers. Barbara Serivens describes work 
in the wards and A. Shirley Wyatt the hospital and ‘ancil- 
lary services provided by Lewisham Borough Council. The 
close link which is developing between hospital libraries 
and the care services which public libraries are beginning 
to provide is emphasized and the potentialities are well 
displayed. 


Durban Museum and Art Gallery 


THE annual report of the Durban Museum and Art 
Gallery for 1963-64 records that the new Ethnographical 
Hall was completed during the year and the Geological and 
Palaeontological Hall was partially completed (Pp. 23. 
Durban: Durban Museum, 1965). Working, display and 
storage facilities at the Old House Museum remain 
cramped: The present policy of the committee is that the 
Old House should revert to its original purpose, showing a 
replica, of the settler’s home of the Colonial era in Natal, 
while the Old Court House should be planned as a museum 
of Natal history. The major effort in the field was a 
collecting expedition to southern and western Matabele- 
land. A book by the Director entitled The Birds of Natal 
and Zululand has been published and other members of 
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the staff have been engaged on writing papers concerning 
their research work. 


Institute of Applied Science, Victoria 


Tue year July 1963—June 1964 was an important one 
for the Institute of Applied Science of Victoria, and one of 
the chief decisions of the Trustees was the re-allocation of 
areas to be vacated by the National Gallery. This will 
require the Institute to remove almost all its displays and 
services to new galleries, at present arranged for art dis- 
play, and thus requiring extensive modification. A half- 
scale model of Mariner II made in the workshops proved a 
groat atiraction to visitors. It is some 6 ft. high and 9 ft. 
across its solar battery extensions and hangs from the 
high ceiling in the centre of the main gallery. Nearby 
hangs a half-scale model of Sputnik J, the first man-made 
artificial earth satellite. There have also been additions 
made to the sections dealing with land, air and sea trans- 
port, and an instructive new exhibit on radioactivity takes 
the form of a y-ray absorption demonstration (Report of 
Activities, 1963-64. Pp. 23. Melbourne: Institute of 
Applied Science of Victoria, 1964). 


Cosmic Rays 


TEE eighth international conference on “Cosmic Rays”, 
held in Jaipur, India, during December 2-14, 1963, was 
sponsored by the Cosmic Ray Commission of the Inter- 
national Union of Pure and Applied Physics, and the 
Department of Atomic Energy, Government of India. 
There were 54 sessions at which 213 contributed and 58 
invited papers were presented. The Proceedings of the 
conference are being published in six volumes, dealing 
respectively with solar particles and Sun~Earth relations ; 
modulation; composition, origin and prehistory ; extensive 
air showers; high energy interactions; and muons and 
neutrinos. The first volume in the series, Solar Particles 
and Sun-Earth Relations, has now been published (Pp. 
265. Colaba, Bombay: Tata Institute of Fundamental 
Research, 1964). its contents comprise 21 articles, two 
dealing with the Sun, eight with solar particle detection, 
nine with plasma phenomena and the solar wind, and two 
with radiation belts. All contributions received up to 
February 1964 have been included. The text consists of 
standard typescript material reproduced by the photo- 
offset process, and since some contributors did not com- 
ply with the request to ensure that their contributions 
were in suitably typed form for printing by photo-offset 
methods several articles have had to be retyped and 
figures redrawn. Additional errors may thus have been 
introduced. The Proceedings have been edited by 
R. R. Daniel, P. J. Lavakare, M. G. K. Menon, S. Naranan, 
N. W. Nerurkar, Yash Pal and B. V. Sreekantan. 


Theoretical Seismology 


A, SEMINAR in theoretical seismology, probably the first 
of its kind in India, was held in the Department of 
Mathematics, Kurukshetra University, during November 
9-18, 1964, on the occasion of the visit of Dr. E. R. 
Lapwood, a noted British seismologist. The seminar was 
financed by the University Grants Commission, India. 
There were about twenty participants from different parts 
of India, including representatives of the Oil and Natural 
Gas Commission, Atomic Energy Commission, Meteoro- 
logical Department, the Government of India, the Defence 
Science Laboratory and various university centres in India 
carrying on research in seismology, who took part in the 
seminar. There were twenty-four one-hour lectures 
followed by informal discussions. Topics covered at the 
seminar included: changes in pulse shape in elastic wave 
propagation; radiation patterns from surface faults; 
modern work in seismology (six lectures by E. R. Lap- 
wood); diffraction of sound pulses (S. K. Mishra); 
diffracted elastic waves (8S. J. Singh); finite source 
problems (K. Viswanathan, V. 8. Bakshi); surface dis- 
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placements from an underground fracture (M. Mitra); 
waves in anisotropic media (K. R. Nag, M. L. Gogna); 
surface waves in inhomogeneous media (T. N. Maulik, 
Kehar Singh); Love waves in media with non-planar 
boundaries (P. Avtar); transverse waves in hypoelastic 
media (P. D. 8. Varma); leaking modes (8. D. Chopra); 
seismometer arrays (A. R. Bhangar); surface seismic 
waves recorded at Delhi (H. M. Chaudhry); applications 
to oil exploration (Prem Prakash); standard seismograph 
network in India (A? N. Tandon). 


Non-destructive Testing of Steel Castings 


Tas booklet Recommended Procedure for the Ultrasonic 
Examination of Steel Castings was prepared, by the Non- 
destructive Testing Panel of the British Steel Castings 
Research Association, under the chairmanship of Dr. 
L. Q. Finch (Hatfields Ltd.) (Pp. vi+ 49. Sheffield: The 
British Steel Castings Research Association, 1964. 30s.) 
It deals with the testing of the most ferritic castings of 
carbon and alloy steels, but not with austenitic alloys. The 
surface contact method of examination is discussed and 
recommended, as an aid to quality control. It may also be 
applied to the measurement of casting thickness. A 
casting should be heat-treated before carrying out the 
ultrasonic examination. A pulse type of ultrasonic flow 
detector, preferably covering the frequency range of 0-5- 
5 Me/s, is recommended, and its performance in relation to 
certain simple tests covering sensitivity, penetration 
power and resolution is discussed in some detail in an 
appendix to the booklet. The advantages of three specific 
types of ultrasonic transducers (probes) are described both 
in the text and in a separate appendix where the basic 
features of ultrasonic waves and their production are 
outlined. Adequate transmission of the ultrasonic energy 
between. the probe and the casting necessitates the use of a 
couplant. The limitations of the procedure are clearly 
stated, together with the form that test data and records 
should take. The booklet includes a glossary of terms 
used in the ultrasonic examination of steel castings, but it 
is expected that a British Standard covering a larger 
number of terms will be published later. 


A Soil and Irrigability Survey in Swaziland 


UNDER the auspices of the Department of Technical 
Co-operation, an area of 352 square miles, in the Lowveld 
and lying to the south of the lower Usutu Basin, has been 
surveyed to see how far irrigation might be successfully 
practised to increase crop production (Overseas Research 
Publication No. 3. A Soil and Irrigability Survey of the 
Lower Utusu Basin (South) in the Swaziland Lowveld. 
By C. Murdoch and J. P. Andriesse. Pp. iv + 181. 
London: H.M.S.O. 25s. net). At present, the growing of 
maize, cotton, sorghum, tobacco and beans is precarious 
on account of the uncertainty of sufficient summer rain- 
fall. The total rainfall is about 30 in., but this falls very 
short of the estimated evapotranspiration, and water 
resources are mainly from the rivers, the water-table 
usually being at great depth. Differences in natural vege- 
tation arising from climate, topography and soil, particu- 
larly permeability and drainage, are difficult to assess 
on account of past burning, grazing and cultivation. 
Shifting cultivation is the usual system of agriculture and 
involves cropping for 2-6 summers followed by reversion 
to bush for 10-15 years. The average crop of maize is 
only some 300 Ib. per acre, which is inadequate for the 
population. The 40 soil series identified are grouped into 
16 mapping units based on morphology. These are des- 
cribed and compared and the effects of human activities 
discussed with respect to erosion and impoverishment. 
The variables affecting irrigability are evaluated and 
irrigable classes are defined and their distribution in the 
area specified. Only small scattered portions of the area 
are suitable for general purpose irrigation, but about 
4,000-6,000 acres might be irrigated without much 
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difficulty by pumping from the Usutu River; there are 
also tracts of soils that are not permeable or are shallow 
but where irrigation for special crops, such as rice or 
pasture, is feasible. There is a list of references, 3 appen- 
dixes comprising flora, vocabulary and index of authors, 
and 2 sheets of maps. 


New Marsupials 


Barrow Istan, off the north-west coast of Western 
Australia, is inhabited by a number of unusual species of 
marsupials and other Australian wild life. When the 
company testing for oil became aware of the value of 
this fauna to naturalists great care was taken to ensure 
that the animals were not interfered with or disturbed. 
The situation is described in the South African Journal of 
Science (60, No. 11, 1964). The animals include a wallaby 
which grows to a length of about 4 ft., and is closely 
related to the Euro, or roan wallaroo, a hopping marsupial ° 
found on adjacent islands. There is also a ‘spectacled’ 
hare-wallaby, which has orange rings round its eyes, and 
a rat-kangaroo about the size of a domestic cat, which is 
exclusive to the Island. The latter is being studied at the 
American Museum o? Natural History and the Western 
Australian Museum. A small marsupial mouse, some- 
what similar to the species that exists in the McDonnell 
Ranges, in central Australia, a bandicoot which may 
represent a new species, and a water rat, about 12 in. 
long, with a beautiful fur, have also been found. 


Insect Sounds 


Mosr insect ‘songs’ are known to be produced by the 
rubbing of one part of the body against another, for 
example, a row of ‘teeth’ in the form of a comb or file 
engaged by an opposing ‘edge’ or ‘scraper’. In the case of 
field crickets both file and scraper are borne on the fore- 
wings; but although each forewing bears both file and 
scraper, the functional file is normally on the ventral 
side of the right wing, the scraper on the dorsal inner 
margin of the left wing. ‘During stridulation the fore- 
wings are held at an elevation of about 45° and vibrated 
rapidly, with the scraper engaging the file teeth on each 
downstroke. As each file tooth is struck by the scraper, 
opposite thrusts are imparted to file-tooth and scraper 
and a sound-wave is created in the air.” These and other 
interesting facts of insect sounds emerge from much recent 
research on this subjact; a particularly informative paper 
entitled “Song Differences in Closely Related Cricket 
Species and Their Significance”, by R. S. Bigelow, Depart- 
ment of Zoology, University of Canterbury, Christchurch, 
New Zealand, has recently been published (The Australian 
Journal of Science, 27, No. 4; October 1964). The author 
quotes R. D. Alexander: “‘. . . the usual male cricket has 
the only stridulatory device known which produces a 
‘pure’ frequency—a sound reproduced as a sine wave on 
an oscillograph and sometimes exceeding 100 decibels at 
its source’. But apart from frequency, cricket songs 
contain other components which must be fully under- 
stood before detailed interspecific song comparisons can 
be attempted. Experiments with magnetic tape-recordings 
of cricket songs have proved successful; it is shown that 
if such a tape is passed through very fine iron filings, the 
iron adheres to the magnetized bands on the tape and the 
song components can then be analysed and visually 
measured by the ‘ferrographs’ thus produced, of which 
examples are given. The paper also discusses cricket 
hearing, song patterns, and inheritance of song patterns. 
Some interesting conclusions are reached: ‘“The significance 
of song differences batween closely related cricket species 
lies primarily in the fact that they are, as a direct result 
of their function in the prevention of interspecific gene 
exchange, the best possible taxonomic character for 
discrimination between cricket species in the field”. 
Also, “Communication between field crickets through song 
signals is one of the best known, and most efficient. 
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examples of animal communication in an evolutionary 
roje. 


University and College News : Birmingham 


THE following titles have been conferred: Readers, 
Dr. D. V. Wilson (industrial metallurgy); Dr. P. B. Mellor 
(mechanical engineering); Mr. H. Maddick (local govern- 
ment). Appointments have been announced as follows: 
Lectureships, Dr. R. Davies and Dr. D. J. H. Williams 
(mechanical engineering); Dr. P. Holmes (civil engineer- 
ing); Senior Research Fellowships, Dr. G. Hilton and Mr. 
K. J. Betteridge (anatomy). Miss P. J. Tarin has been 
appointed; Arthur Walker Research Fellow in the Depart- 
ment of Virology and Bacteriology. 


Liverpool 


Dr. C. T. C. WALL, at present reader in pure mathe- 
matics in the University of Oxford, has been appointed 
to the newly established second chair of pure mathe- 
matics, as from September 1. The following appointments 
have also been announced: Senior Lecturer, Dr. G. 
Hopkinson (psychological medicine). Lecturers, Dr. F. J. 
Bloore (applied mathematics); Dr. U. Kuran (pure 
mathematics); Dr. C. M. Terreaux (theoretical physics); 
J. Emmerson (civil engineering); Dr. P. Holmes (civil 
engineering). 

: Newcastle upon Tyne 


Dr. J. S. ComaisH has been appointed senior lecturer in 
the Department of Dermatology. The following lecturers 
have also been appointed: Mr. G. S. Flanagan (medical 
physics); Mr. E. C. Lance (mathematics). 


Royal College of Advanced Technology, Salford 


Tue following professorships have been announced: 
Dr. J. H. Calderwood (electrical engineering); Mr. A. W. I. 
Chisholm (mechanical engineering); Dr. G. R. Ramage 
(chemistry); Dr. W. H. Scott (sociology). 


Swansea 


t 
Dr. H. N. V. TEMPERLEY, at present senior principal 
scientific officer at the Atomic Weapons Research Estab- 
lishment, Aldermaston, has been appointed professor of 
applied mathematics. Dr. G. M. Jenkins has been 
appointed lecturer in materials science in the Department 
of Metallurgy. 


Society of Instrument Technology 


Te Council of the Society of Instrument Technology 
has elected the following officers for the session 1965-66, 
to take office on June 2: President, Mr. S. S. Carlisle, 
director of the Scientific Instrument Research Associa- 
tion; Vice-Presidents, Mr. J. K. Burkitt, Mr. D. C. 
Nutting, Mr. R. J. Redding, Mr. J. F. M. Scholes; Honor- 
ary Treasurer, Mr. J. O. C. Vick. Captain T. W. E. 
Dommett has assumed the position of assistant secretary. 


Announcements 


Pror. Marvin Rym, director of the Mullard Radio 
Astronomy Observatory at Cambridge, and professor of 
radio astronomy in the University of Cambridge, has been 
awarded the thirty-fifth Henry Draper Medal of the U.S. 
National Academy of Sciences for his outstanding work 
on the development of radio-telescopic equipment, 
especially antenna systems, which has made it possible to 
determine accurately the positions of the numerous weak 
radio sources ın the sky, The Henry Draper Medal was 
established in honour of an eminent American astronomer 
by his widow in 1883, and is awarded for outstanding 
achievement in astronomical physics. 


MR. Sitvio A. BEDINT, an authority on the history of 
science and technology, has been appointed assistant 
director of the Smithsonian Institution Museum of History 
and Technology. Mr. Bedini was formerly curator of the 
Division of Mechanical and Civil Engineering. 
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Dr. W. S. Stees, formerly chief scientific officer of the 
National Physical Laboratory, Teddington, has received 
the Edgar D. Tillyer Medal of the Optical Society of 
America. The award was presented on April 1, during the 
spring meeting of the Optical Society. 


Miss PEYLLIS Barciay-Smrrs, secretary of the Inter- 
national Council for Bird Preservation, was presented with 
a painting by Ralph Thompson of “Secretary Birds” at 
the annual meeting of the British Section on March 10, in 
recognition of 30 years’ outstanding service to con- 
servation. 


THE sixth international Fruit Juice Congress will be 
held in Lucerne during May 11-14. Further information 
can be obtained from the Swiss Fruit Union, Zug. 


THE sixth international Photo-ciné Fair will be held at 
Olympia, London, during May 13-19. Further information 
can be obtained from British Organizers, Ltd., 52 Grafton 
Way, London, W.1. 


THe annual symposium of the medical staff of the 
Memorial Hospital of Long Beach, California, will be held 
at the Hospital on May 19. Further information can be 
obtained from Dr. G. X. Trimble, Memorial Hospital of 
Long Beach, California. 


A sornt meeting of the Mineralogical Society and the 
Société française de Minéralogie et de Cristallographie on 
“Ore Mineralogy” will be held in Paris during April 
29-30. Further information can be obtained from the 
Mineralogical Society, 41 Queen’s Gate, South Kensington, 
London, 8.W.7. 


AN international conference on “The Selection of 
Persons suffering from Epilepsy” will be held in Dunblane 
during May 14-16. Further information can be obtained 
from the Honorary Secretary, Scottish Epilepsy Associa- 
tion, 24 St. Vincent Place, Glasgow, C.1. 


A CONFERENCE on “New Materials and Processes in 
Instrument Mariufacture’, arranged by the British 
Scientific Instrument Research Association, will be held 
in Eastbourne during May 13-14. Further information 
can be obtained from Miss A. E. 8. Mills, Information 
Group, British Scientific Instrument Research Association, 
South Hill, Chislehurst, Kent. 


THE eighth Brotherton Memorial Lecture of the Society 
of Chemical Industry, entitled “Some Aspects of Research 
and Development in the Chemical Industry’’, will be 
delivered by Sir Ronald Holroyd, deputy chairman of 
Imperial Chemical Industries, Ltd., in the University of 
Leeds on May 11. Further information can be obtained 
from the Society of Chemical Industry, 14 Belgrave 
Square, London, 8.W.1. 


A sympostum on ‘Psychological Aspects of Work”, 
organized by the Division of Liberal Studies of the 
Borough Polytechnic, will be held in the Polytechnic 
during May 18-19. The programme will include: per- 
sonnel selection; industrial morale; programmed learning ; 
training; pay and incentives; psychological problems of 
automation. Further information can be obtained from 
Dr. I. C. Cannon, Division of Liberal Studies, Borough 
Polytechnic, Borough Road, London, 8.E.1. 


CORRIGENDUM. In the article entitled “Serum Albumin 
and Transferrin Polymorphism in East African Cattle’, 
by G. C. Ashton and G. H. Lampkin, which appeared on 
p. 209 of the January 9, 1965, issue of Nature, the quanti- 
ties of iris and citric acid should be transposed. The 
sentence beginning on line 12 should read: “The gel was 
prepared from hydrolysed starch (Connaught Labora- 
tories, Toronto, Canada) at the recommended strength, 
and the buffer consisted of 450 ml. of a solution containing 
7:8 g tris (hydroxymethyl)-aminomethane, and 1:6 g 
citric acid per litre, to which was added 50 ml. of the 
electrolyte”. : 
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TREASURY CONTROL OF ESTABLISHMENTS 


LTHOUGH the fifth report from the Estimates Com- 
mittee far Session 1963-64, dealing with Treasury 
Control of Establishments, was published in May 1964 
(see Nature, 203, 797; 1964), it was not discussed in 
Parliament until February 23, 1965. A feature of this 
debate in the House of Commons, however, was the 
attention directed to those recommendations of the Com- 
mittee which relate to the recruitment and use of scientists. 
The debate was opened on a motion of Sir Eric Errington, 
chairman of the Estaumates Committee, asking the House 
to note this report and the subsequent ninth report of the 
Committee, contaming the replies of the Treasury, pub- 
lished in July. Sir Eric himself dealt chiefly with other 
recommendations of the Committee, noting that the 
Treasury had fully recognized its ultimate responsibility 
to the House af Commons for the control of complements 
and grading; this was confirmed by Mr. N. MacDermot, 
the Financial Secretary to the Treasury, in replying on 
the debate. Sir Eric enquired as to the strengthening of 
the Establishments (Complementing) Division, the dele- 
gation of authority to Departments, which, in principle, 
the Estimates Committee approved, and the establish- 
ment of work study units. He asked that the Government 
should reconsider the percentage addition to the depart- 
mental staffing of the Foreign Service. Although a Sub- 
Committee of the Estimates Committee is examining 
further the subject of recruitment for the Civil Service, 
Sir Eric enquired specifically whether there had been any 
changes in development at the Centre for Administrative 
Studies, and what decisions had been taken on the report 
of the Joint Working Party on Training. He also enquired 
whether any action had been taken on the Estimates 
Commiuttee’s ninth recommendation that the scientific 
side of the Civil Service be reorganized. 

Mr. J. Rankin, who followed, after enquiring about the 
use of computers, also asked if the examination of the 
Scientific Civil Service, including questions of career 
structure, had been completed and whether the inadequate 
recruitment of scientists noted by the Estimates Com- 
mittee was due to the unsatisfactory prospects for a 
career. Mr. A. Hopkins, after welcoming the Treasury’s 
acceptance of the Estimates Committee’s ninth recom- 
mendation thaz the Treasury should take positive steps 
to stimulate the recruitment of scientists by producing a 
better career structure within the Scientific Class and 
encourage the transfer of members of the Scientific Class 
to the Administrative Class, asked what progress hed 
been made. He emphasized the significance of the 
evidence given to the Committee by Sir Ronald Holroyd 
as to the virtual non-existence of a dividing line between 
scientist and administrator at the highest levels in 
Imperial Chemical Industries, Ltd. He hoped that in the 
Civil Service the barrier to transfers between the Scientific 
and Administrative Classes no longer existed. He, too, 
emphasized the importance of adequate use of computers 
and of establishing some links between the Civil Service 
and industry, both at home and abroad. This last- 
mentioned point was also pressed by Mr. W. Hamilton, 
who referred to the establishment of work study units 
in Departments employing large numbers of indus- 
trial staff, and like all the preceding speakers referred to 
the need for a better career structure within the Scientific 
Class. He thought that this was one of the most important 
recommendations-of the Committee and that this question 
of the status of the scientist and technologist might well 
be related to the vacant places in science and technology 
at our universities and colleges of technology. Cor- 


menting on the denial of the suggestion that a scientist 
in the Civil Service could not become a Departmental 
Head or Permanen: Secretary, he asked how many 
scientists had reached such positions in the past ten years. 
He hoped that the present examination of the career 
structure of the Scientific Class would sweep away any 
remaining obstacles to transfer from the Scientific to the 
Administrative Class. 

The next speaker, Mr. I. Lloyd, urged the full use of 
computers, but Dr. J. Bray was concerned mainly with 
the control of expenditure, in the light of the earlier 
recommendation of the Plowden Committee that most 
expenditure could not be effectively controlled by annual 
estimates alone. Hə thought it necessary to institute 
some form of review of commitments as distinct from an 
annual review of commitments. Since the publication of 
the Estimates Comm-ttee’s report there had been a major 
reorganization of the Treasury, and he believed that the 
question should be carefully considered whether the 
establishment of a new Department of Economic Affairs 
contributed to the efficient discharge of the Treasury's 
responsibilities for control of establishments or whether 
its responsibility for personnel should be transferred to 
an mundependent and strengthened Civil Service Com- 
mission. Mr. W. Clark, who also raised a simular point, 
pressed the question of computer and of work study, and 
expressed anxiety sbout transfers and loss of staff 
generally. He urged the importance of contact between 
scientists in the Civil Service and those in industry, and 
suggested that there should be more liaison in this field. 

In replying on the debate, the Financial Secretary to 
the Treasury agreed that a sense of responsibility among 
Departments should be encouraged, and stated that the 
Treasury had accepted nearly all the Committee’s recom- 
mendations. The April review of manpower would be 
abolished subject to the qualification that there were 
half a dozen manpower ceilings which it was still necessary 
to fix on a six-monthly basis. Each Department knew 
precisely at what date it was required to make its returns, 
and an interdepartmental review of arrangements for 
delegated authority had been completed and had led to 
the level of delegation being raised. The Departments 
themselves were generally well satisfied with the level of 
delegation, and Treasury control over the higher posts 
and total numbers remained. The recommendation for a 
systematic examination by the Establishments (Comple- 
menting) Division every 3-5 years had been substantially 
accepted and progress with the inspection programmes 
would be reviewed this summer. On the percentage of 
reserve manpower for Overseas Service, Mr. MacDermot 
said that although ths 10 per cent limit suggested by the 
Plowden Committee nad been rejected, the 7:5 per cent 
agreed by the Treasury, which would mean in effect a 
reserve of 450, was being built up gradually but was not 
expected to be reached before the end of 1965. The 
recommendation for tne establishment of work study units 
had been implemented, and the Ministry of Public Building 
and Works was represented on the joint work study com- 
mittee over which Mr. P. Chambers, chairman of Imperial 
Chemical Industries, Ltd., presided. 

Mr. MacDermot then said that steps for stimulating the 
recruitment of scientists by producing a better career 
structure were still being examined. A special committee, 
on which several Government scientists and at least two 
from outside were serving, was examining the whole 
structure and examination of the Scientific Civil Service, 
and its report was expected in the spring. While the 
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Treasury welcomed the proposal for more frequent trans- 
fers of scientists to the Administrative Class, Mr. Mac- 
Dermot thought that the reluctance of young scientists 
to take administrative posts was a practical difficulty 
and Britain should perhaps seek to encourage those with 
the necessary aptitude to move into the Administrative 
Class at a later rather than an earlier stage in their career. 
Movement in the reverse direction was exceedingly diffi- 
cult. Encouraging results had been obtained in a trial 
transfer of thirteen scientists to the principal grade of the 
Administrative Class. On exchanges between the Civil 
Service and industry, he said that more than 100 exchanges 
in the professional Administrative and Scientific Classes for 
short periods between the Civil Service and the private 
sector and nationalized industry had occurred in 1961~63. 
Opportunities for interchange of ideas and experience 
were to be found at the Centre for Administrative Studies 


DEVELOPMENT OF 


HE Development of Inventions Bill, which received 

an unopposed second reading in the House of Com- 
mons on February 18, amends the Development of Inven- 
tions Acts of 1948-54, which established the National 
Research Development Corporation for securing the 
development and exploitation of inventions where required 
by the public interest. Under the 1948 Act, the Board 
of Trade was empowered to advance capital to the 
Corporation, and all the functions of the Board under these 
Acts have now been transferred to the Ministry of Tech- 
nology by the Ministry of Technology Order, 1965. In 
moving the second reading, the Minister of Technology, 
Mr. F. Cousins, said that the previous Government had 
already announced on July 28 that it proposed to seek 
powers to. extend the scope and scale of the work of the 
Corporation so that it would be able to contribute more 
effectively to industrial innovation and development, 
particularly development in which industry shared the 
risk. That was the essential element of the Bill before 
the House, and it also included the proposal of the previous 
Government to raise the Corporation’s present limit of 
borrowing power to £25 million. The Government also 
agreed that legislation should provide for a modification 
and extension of the financial and other conditions under 
which the Corporation operated, so that in partnership 
- with industry it would have greater freedom to promote 
the development and commercial application of new 
techniques. The present Bill was built on these proposals, 
but the Government intended to make a slightly wider 
use of the powers of the National Research Development 
Corporation. As to the purposes of the Corporation, Mr. 
Cousins commented that by 1954 it had been realized 
that research to assist in the development or exploitation 
of an invention was @ necessary part of the Corporation’s 
role, but that it had now become clear that further 
action was required. Essentially the Corporation’s work 
could be classified under three heads. First, the patenting 
and licensing to industry of inventions which were already 
capable of practical application; secondly, assisting the 
development of inventions; thirdly, assisting research 
hkely to lead to newer developments. For some time past 
the second role had been assuming greater importance, 
and it was here that major expansion was anticipated in 
future. So far research had not resulted in as much 
return as exploitation, or as much expenditure as develop- 
ment, but had covered some important projects, and it was 
now clear that a longer period was expected than had 
been originally envisaged before a return could be obtained 
on research and development expenditure. The average 
period was now estimated to be about eight years. So 
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and in many management and similar courses elsewhere. 
The Government wished to increase these opportunities. 
The question of a Civil Service staff college would be 
further examined in relation to the long-term future of 
the Centre for Administrative Studies, where assistant 
principals now attended a three-week course on the 
structure of Government within the first six months of 
entering the Service. They attended a full 20-week 
course in their third year of service, dealing with econ- 
omics, statistics, mathematical and other new techniques 
of administration. It was hoped that this year twenty 
members of the principal grade would take a six-week 
course in economics; an induction course for the pro- 
fessional, scientific and technical classes was being con- 
sidered. On computers, he said there were now 41 installed 
computers, 10 on order and possible requirement for 42 
by 1970. 


INVENTIONS BILL 


far the Corporation had received about £2 million in 
royalty revenue, and, out of the £6 million which had been 
invested in development, about £1-4 mulion had been 
recovered. Mr. Cousins also stressed the importance of 
co-operation between the Corporation and the Atomic 
Energy Authority, and said that Mr. Duckworth, the 
managing director of the Corporation, had accepted his 
invitation to serve on the Authority. 

Turning to the Bill itself, Mr. Cousins said that Clause 1 
increased the capital at the disposal of the Corporation 
from £10 million to £25 million and the time limit on its 
use had been removed. Certain alterations were also 
made in the accounting and in reporting the Corporation’s 
activities under this Clause. Under Clause 2, if the 
Corporation had to write off a development project, 
wholly or in part, it could ask the Minister for a direction 
that it would no longer be liable to repay a corresponding 
sum from advances made to it. This Clause also provides 
that any amount so written off should still count against 
the £25 million hmit. Under Clause 3, the Minister could 
relieve the Corporation of the burden of interest for the 
first eight years of any advance, corresponding with the 
average maturity period of a development project. 
Clause 4 extended the scope of the Corporation’s activities, 
enabling Government departments, with the exception of 
the Post Office, which already had power to do so, to ask 
the Corporation to undertake projects at the expense of 
their own. votes, and to pay the Corporation a management 
fee for doing so. This Clause provided that the Minister 
of Technology must approve the arrangement, and gave 
the Corporation the option of declining to take on projects 
proposed by Government departments. It was considered 
that the Minister must retain a general oversight of the 
Corporation’s operations to prevent it from being over- 
loaded, and that the Corporation must have the right to 
decline to carry out a particular project, because there 
might be incompatibility between such a project and the 
obligations that the Corporation had already accepted. 
Clause 6 enables the Minister to increase the membership 
of the Corporation from 10 to 12, and made it clear that, 
the Corporation’s duty under the Acts to balance its 
accounts was not to be taken as preventing it from so 
exercising its functions as to make a surplus on revenue 
accounts. In replying on the debate for the Government, 
the Minister of State for the Board of Trade, Mr. G. 
Darling, made no comment on the point raised by 
Mr. Marples concernmng the future of the Joint 
Development Committee set up between the Corpora- 
tion and the Department of Scientific and Industrial 
Research. 
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‘CODE OF PRACTICE FOR RADIOLOGICAL PROTECTION 


NEW Code of Practice concerned with protection 

arrangements against hazards arising from the use of 
ionizing radiation in medical work has now been pub- 
lished *. This Code replaces that published in 1957. 
Codes of practice of this sort are obviously difficult to 
produce and when produced are equally obviously a 
target for criticism. 

The old Code af 1957 has long since needed modification. 
There have been very many developments in the field of 
radiation hazard control in the past seven years. We 
may have surmounted a peak of agitation about radiation 
hazards and be able to assess somewhat less dramatically 
where the hazards really lie. A code of some sort must, 
| however, be available since there are very many people 
involved in radiation work who require guidance. It is 
gratifying that the Code contains clauses using the word 
‘must’, indicating an essential requirement, and others 
containing ‘should’, indicating a desirable one. Some 
flexibility to mest local circumstances and opportunities 
is essential even though no one will agree that all the 
‘musts’ and ‘shoulds’ are in the right place. 

The new Code-is a great step forward from the old one. 
It is intended to apply not only to the staff exposed to 
ionizing radiations in the National Health Service hospitals 
as did the old Code, but also to those exposed in all forms 
of medical and dental practice and allied research in 
hospitals. It has been closely matched with a Code 
published somewhat earlier by the Ministry of Labour to 
apply to research and teaching institutions. Family 
doctors and dentists using X-rays are asked to apply the 
provisions that are relevant to their work. 

In the field af administrative arrangements the new 
Code sets out much more clearly than the old one a well- 
defined chain of responsibility. The duties of various 
committees and persons in this chain are specified. 
Perhaps the least satisfactory part of this arrangement is 
the lack of clarity in defining the duties of the supervisory 
medical officer.” It is not clear whether the officer will be 
an expert on the clinical effects of radiation or one with 
responsibility for the normal health of those members of 
staff who are subject to hazard. 

* Department of Education and Science; Ministry of Health; Scottish 
Home and Health Department; Ministry of Health and Local Government for 
Northern Ireland. Code of Practice for the Protection of Persons —— 


Ionising Radiakons arising from — and Dengal Use, Pp. xili+ 125. 
London: H M.S 0., 1964) 128. 6d. n 


There is a very substantial improvement in the section 
of the Code dealing with the handling of unsealed radio- 
active materials. Particularly welcome are the sections on 
procedures in laboratories and wards and emergency 
action in the event of a spill. The sections on disposal of 
waste, discharge of patients during treatment with radio- 
active isotopes, and storage and movement of radioactive 
materials summarize the existing arrangements usefully. 

The section dealing with hazards to patients is new. 
Here are incorporated the essential recommendations of the 
Adrian Committee an Radiological Hazards to Patients. 
It is possible that, together with a much more vigorous 
administrative approach to the problem of hazard control 
which the Code might stimulate, this inclusion of patient 
dose control might produce the most marked effects of all 
the new provisions. On the basis of the Code diagnostic 
radiologists -should be stimulated to look again at their 
techniques, not only from the point of view of the staff 
but also from the point of view of the patient dose, and 
this could have quite an important effect on producing 
the improvements which the Adrian Report suggested 
were possible without sacrifice of diagnostic information. 

Nevertheless, thera are still some questions that radio- 
logical safety advisers, radiological protection officers, 
supervisory medical officers, boards of governors, hospital 
management committees and radiological safety commit- 
tees will want to ask about hazard control in hospitals 
for which no answer is given in the Code. This is the price 
they pay for the flexibility which they appreciate. It is 
also a reflexion on the fact that at the level of risk involved 
in the overwhelming proportion of this work firm state- 
ments cannot always be made. The radiological protection 
advisers and the supervisory medical officers will need to 
keep in touch with authoritative discussions on their 
problems, so that they may exercise judgment to give 
a right balance between quite adequate safety and the 
valuable and necessary use of ionizing radiations in the 
medical field. 

A. Code for medica! work is needed—and this looks like 
being & very important step between the first one in 1957 
and the perfect one, still to be produced. It is produced 
by an authoritative panel, and the separate Handbook of 
Radiological Data, to contain technical information relative 
to the implementatian of the Code, will, we hope, not be 
long delayed. H. MILLER 


DENSIFICATION OF PARTICULATE MATERIALS 


HE Materials Science Club * held the first of its techni- 
cal meetings at the Battersea College of Technology 
during February 26-27. 

The general theme of the meeting was the densification 
of particulate materials, and this was covered in three 
half-day sessions. The first of these consisted of three 
papers, each followed by a short discussion period, and a 
visit at the end of the session to the laboratories of the 
Department of Metallurgy and Materials Technology. 

Prof. J. D. Bernal (Birkbeck College) provided an 
elegant introduction to the meeting by covering the 
ground between the arrangement of atoms in a crystalline 
structure and the packing of solid particles of irregular 
shape. Many of the packing characteristics of these solids 
can be studied by using ball-bearings as models. The 
speaker showed how, by the use of a deformable ‘box’, 
a heap of ball-bsarings could be gradually compacted 


* Nature, 204, 831 (1964). 


through a range of packing densities until the closest 
possible random-packing was achieved. In this arrange- 
ment the minimum void content was 36 per cent as com- 
pared with 25 per cent in a regular close-packed crystal. 
The structure of such an arrangement could also be 
studied by pouring paint through the voids, and measuring 
the positions of the points of contact indicated by the 
dried paint as the successive layers of spheres were stripped 
away. Measurements showed that instead of the twelve 
points of contact encountered in crystals, the number was 
about nine in randam close-packing. <A study of the 
voids in this type of packing showed that there were 
five different shapes, based on tetrahedra, octahedra and 
three more complex polyhedra. 

Even with spheres it was observed that structures, based 
on & random close-packed arrangement were very stable, 
since any change in shape had to be accompanied by an 
expansion. With granular materials, however, particles 
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of different sizes occurred, but it seemed that, provided 
the size differences were less than 10 per cent, these could 
be tolerated in random close-packing. Where the differ- 
ences were greater, the style of packing changed, and 
voids began to bo filled. Where deposition occurred, it 
was also possible to fill the voids by crystallization. 

These methods of studying the packing of solids have 
the limitation that they are not transparent and there- 
fore restricted observation, Prof. Bernal mentioned that 
to overcome this disadvantage some work had been done 
with transparent spheres in a clear liquid of the same 
refractive index. 

In opening the discussion, Mr. L. Holliday (Shell 
Chemical Co., Lid.) observed that it had been reported 
that the structure of some precious opals showed a very 
high degree of regularity. Prof. Bernal replied that the 
eolour was in fact due to this regularity, depending not 
on the size of the particle but simply on the geometry. 
In considering particles of different shapes, Dr. J. P. 
Roberts (University of Leeds) asked if higher densities 
could be attained with flat plates as in some ceramics, and 
Dr. P. E. Evans (Manchester College of Science and 
Technology) wondered if work had been done on the 
packing of spheres with rods. Apparently none had, but 
with plates it was possible to get densities of up to 90 
per cent or so. Here, though, a surface effect might have 
to be considered, as every departure from the spherical 
resulted in an increase in surface area. This effect of shape 
and surface would also apply to the different methods of 
depositing sand (vibration, wind, water) in dunes, referred 
to by Mr. Amirsuliemani (University of Birmingham). 

Dr. K. ‘Newman (Imperial College of Science and Tech- 
nology) asked what parameters should be considered in 
the study of the particles in concrete. Prof. Bernal said 
that the treatment required the use of statistical geometry, 
but as this was scarcely possible it was necessary to elimin- 
ate all complications and even then rely on a more or less 
empirical approach. Prof. A. J. Kennedy (College of Aero- 
nautics) observed that a solid containing very many 
dislocations compared with the number of atoms might 
approach a random close-packed structure. Dr. Clarke 
also asked if dislocations were related to the different 
shapes of: void. Prof. Bernal replied that structures with 
many dislocations had been produced at the Building 
Research Association, but that even with many disloca- 
tions there was still a gap between these and the structures 
referred to in his lecture. Mr. Holliday suggested that the 
gap could be bridged with paracrystals, and Prof. Bernal 
admitted that this might be so, although these were not 
usually spherical. 

The second speaker in this session was Mr. R. L. Samuel, 
of the Battersea College of Technology, who gave a brief 
account of the research being carried out in the Department 
of Metallurgy and Materials Technology. The subjects 
include powder metallurgy, alloy constitution, trans- 
formation in alloys, diffusion and re-crystallization in 
metals, deformation and mechanical properties of metals, 
surface treatment and protection of metals. The work 
on powders was effectively concentrated under 4 main 
headings: (i) Properties, including morphology, size and 
strain. Ultrafine particles were also being studied in the 
range ly-100 A, and attention was being directed to the 
problems of accurate measurements in this region. Strain 
in ceramics such as the alkali halides and carbides during 
milling was also under investigation. (ii) Densification 
and sintering, including different methods of sintering. 
Both chemical and thermal methods were being studied. 
(ii) Changes accompanying sintering. (iv) Means of 
strengthening products. An example is the dispersion of 
— particles in nickel alloys, and of iron in austenitic 
steels. ’ ; 

Prof. J. Kolbuszewski (University of Birmingham) 
spoke of the density of sand. Sand, with a particle size 
nee of 2-0-06 mm, lies between gravel and silts and 
clays. 
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In studying the behaviour of these materials we are 
interested in (i) their strength, (ii) consolidation, (iii) com- 
paction. In the last-mentioned case, artificial means such 
as tamping, rolling, etc., are used. Although we are primar- 
ily interested in the state of the material en situ, it is neces- 
sary to prepare samples for examination in the laboratory. 
In clays sampling is relatively easy, but with sands it is 
difficult, since the transfer of samples from the sampling 
tools to the laboratory is almost impossible. The state of 
sand is described in terms of density or porosity N. 
The values Nmax and Nmin have to be measured in the 
laboratory, whereas Naaa has to be measured in the 
field and repeated in the laboratory. In sample prepara- 
tion, the velocity of pouring into the test vessel, as well 
as the method of deposition, have an effect on the value of 
N, but it is relatively easy to find N max either by deposition 
in water—to avoid support from the walls and to eliminate 
vertical channels—or by rapidly tilting the vessel. To 
obtain Nymin, however, is difficult, since vibration is 
required, and if the intensity is too great crushing results. 

From this study ıt was noted that volume changes in 
granular materials occur as a result of one or more of the 
following: elastic deformation, plastic deformation, or 
crushing under load. The following generalizations can 
also be made: porosity decreases with increased intensity 
of vibrations and then decreases to a constant value. 
Porosity also decreases with time during vibration to a 
minimum value, after which further vibration has no 
effect. Particle shapes and grading affect both the values 
of Nmm and the required acceleration to produce this 
value, round sand requiring less. Both N max and N min are 
lower for round than for angular sands. Finally, from 
studies of all representative sands found in Britain, 
it appears that there is a definite relationship between the 
limiting porosities for a given sand, and the arithmetic 
mean of these differences is 9-5 per cent. In reply to 
questions, Prof. Kolbuszewski said that the different 
components of vibration had been separated during the 
study, and it had been found that a frequency range of 
26-30 c/s was best. Workers on the shear strengths of 
sands and soils had observed anisotropic behaviour. 

Dr. D. Train (Cremer and Warner) opened the second 
session with a review paper on the agglomeration of solids 
by compaction. Initially, within a bed of powder there 
is essentially only point contact between the particles. 
When an external force is applied, however, atomic, 
molecular and electrostatic forces can have sufficient 
influence to produce a stable structure. Stress concentra- 
tions develop adjacent to the areas of contact and local 
deformation of the material follows. Depending on such 
factors as the rate of application, magnitude and duration 
of the stresses, as well as the nature of the material, this 
deformation can be either elastic, plastic or destructive. 
In addition to this deformation, consolidation will also 
take place owing to particles sliding over one another, to an 
extent depending greatly on the frictional properties of 
the solids. In practice, it is also necessary to take into 
account the effects of the die walls and punch faces, or the 
surfaces of the compacting rollers, depending on which 
method is used. A. further problem is the contamination 
of the particles by oxide films, grease and lubricants. 
Finally, Dr. Train considered the use of isostatic pressing, 
whereby the use of a hydrostatic pressure ensures even 
application on all surfaces, and eliminates the effect of 
the die wall. 

Dr. K. A. Lammiman (Esso Research, Ltd.) reported 
that he had used dyes to follow changes in density during 
and after compaction. Dr. N. C. Moore (Plessey U.K., 
Lid.) observed that entrapment of gases in compacted 
solids could cause stresses. Dr. Train said that the 
speeds used in his own work made this unlikely, but that 
if could become a problem in production. 

Mr. D. J. Shearman (Royal School of Mines) dealt with 
the deposition and cementation of limestone. Limestone, 
which accounts for 20-30 per cent of the Earth’s sedimen- 
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tary rocks, consists of CaCO,. At the Earth’s surface tho 
rocks are solids consisting of shell particles cemented 
together with calcite. But at considerable depths below 
the surface the rocks show quite a high degree of porosity. 
In one type of rock structure the shell particles are 
segments of sea-urchin shells. These segments are of 
calcite and contain a large number of channels. Cementa- 
tion takes place by crystal overgrowth on the spaces 
between the chamnels. The first stage of growth is in the 
form of needles which gradually coalesce until the entire 
segment is surrounded by a single crystal of calcite; 
this crystal is then cemented to others by further deposi- 
tion of calcite. There are two phases in the development: 
in the first, the calcite overgrowth next to the sea-urchin 
segment is of pure calcite, and in the second later phase 
there are often. traces of Fe in the calcite cement, possibly 
due to the presence of contaminated water as the rocks 
near the Earth’s surface. 

In another type of limestone the shells are those of 
snails, and are made of a different form of CaCO,-aragon- 
ite. In rock samples which are relatively young—3 or 
4 x 10? years old—the shells often appear to have 
dissolved leaving voids in the calcite cement. As the 
age of the rock increases small crystals of calcite form 
along the lining of the voids, which gradually fill up, until 
at the age of 2 x 10° years or so the entire rock is com- 
posed of calcite. Shells of aragonite which have been 
dissolved in the laboratory have been found to be sur- 
rounded by an extremely thin, tough, mucillaginous 
membrane secreted by colonies of blue-green algae found 
on the shells. This envelope remains in the rock when the 
aragonite has gone into solution, and provides a mould 
in which are deposited the crystals of calcite. Dr. Evans 
_ asked why there appeared to be two sizes of crystal in 
the voids, and also in the cement surrounding the shells. 
Mr. Shearman said the reason was not known, although 
the presence of an oil film could cause this phenomenon. 
Certainly there was no gradual transition; the crystals 
were either large ar small. Dr. D. B. Honeyborne (Build- 
ing Research Station) referred to formations such as 
bathstones where some grains had hollow cores, and where 
there were also small tunnels in the grain walls. Mr. 
Shearman said thut in this type of rock the grains were 
often surrounded by aragonite and the familiar envelope of 
mucillage. It was known that the algae could bore holes, 
and this might account for the small tunnels. 

The last paper m this session was given by Dr. P. E. 
Halstead (Cement and Concrete Association), who claimed 
to represent the link between the last two speakers, and 
spoke about packmg and compaction in cement bound 
materials. The method of compacting cement-bound 
materials is unique, and densification is brought about by a 
kind of sedimentation process which exploits the rather 
peculiar rheological properties of cement—water suspen- 
sions. Other methods can be used; in one, compaction is 
achieved by pumping into the voids in a mass of stones 
a material which will harden. In another, the water is 
removed from the concrete by vacuum filtration, and in a 
special case of this latter method a mixture of cement and 
asbestos is subjected to vacuum filtration on a gauze 
wob, and the resulting compacted felt removed to harden. 
The strength of a cement paste is directly related to its 
intrinsic compaction, and this compaction in turn depends 
on the water: cement ratio of the paste, since excess 
unreacted water will ultimately evaporate and leave voids. 
If we can use other methods than gravity to achieve 
compaction, it should be possible to make concrete with 
quite novel properties, although it seems probable that 
any such treatment would only be convenient for mak- 
ing relatively small articles of simple shape. 

Mr. Long asked if a change in volume occurred on 
hydration and whether any benefit could be derived from 
such a change. Mr. Halstead replied that there was in fact 
a considerable change in volume, which could help to 
increase compaction by filling up interstices. Prof. 


NATURE 


357 


Bernal remarked that the strength of the concrete was at 


the points of contact. Good conerete was rare as it 
depended on the almost complete hydration of the cement. 
It was interesting to note that in all the systems we had 
considered so far there was a trend towards lower entropy. 
This was shown by the replacement of small by larger 
crystals and so on. The process was slow, as was exempli- 
fied by the transformation of snow into ice 6Ver’a period 
of 30-40 years, and, although it was possible to speed 
up the change, there would inevitably be a loss of 
perfection. 

Prof. J. White (Oniversity of Sheffield) delivered an 
evening lecture on che study of refractory materials, 
and the final sessior began with a paper on pressure 
sintering by Mr. J. G. Campbell- (Morganite Carbon, 
Ltd.). Pressure sintering provides an economical method 
of forming, heat treating and’ sizing bodies produced from 
powdered materials ty a single operation. The process 
increases the rate of densification and high densities may 
be achieved in shorter times’ and at lower temperatures 
than by cold pressing and: sintering. Closer control of 
temperature-dependert phenomena, such as grain growth 
and phase transformstion, may be obtained. 

Pressure sintering would seem to be a simple process in 
that all that is required is a mould set containing a charge 
of particulate material which may be heated and pressure 
applied. In practice, however, each step becomes complex 
and is controlled by conditions which are critical. The 
stages in this process are as follows: (1) Occluded gases 
must be removed by & light, controlled pressure. This 
usually accounts for a contraction ratio of 2:5 or 3 to 1. 
(2) Mechanical compaction occurs, due to particle re- 
arrangement as a result of fragmentation, accompanied 
by some plastic deformation. According to conditions 
and materials, some diffusion may occur. These processes 
are likely to’ continue to relatively high densities. (3) 
These are essentially diffusion-controlled stages dué to 
improved particle-to-particle contact, particle rearrange- 
ment, increased defect or vacancy concentration, the 
results of plastic flow and fragmentation. This contribu- 
tion of diffusion increases with intergranular contact and 
the decrease in the level of pore-size distribution. (4) Bulk 
diffusion predominates until the remaining pores are 
discrete, then grain boundary diffusion is likely to control 
the rate of final pore closure. 

In this flow process the material is assumed to behave 
as a simple Bingham solid, that is when no plastic flow 
occurs until a critical yield stress is reached. Above this 
point it is considered that the material behaves as a 
Newtonian liquid with a very high viscosity. Before the 
process can be practised it is necessary to examine the 
availability of materials with suitable high-temperature 
properties and behavicur for the construction of mould 
sets. Graphite, under non-oxidizing conditions, is the 
highest temperature/stable elemental solid known, and 
with the most recently developed refinements is a suitable 
material. Mr. Campbell discussed the practical aspects 
of the design of punches, and concluded with some theoreti- 
cal considerations of the relationships between end-point 
density, and temperature and pressure. Dr. Roberts 
asked whether, in view of the apparent care needed in the 
sequence of operation, this process could be used com- 
mercially at an economical rate. Thespeaker replied that a 
rotary multi-mould system had been tried out which 
showed promise. 

Prof. J. M. Alexander (Imperial College of Science and 
Technology), Dr. D. 8. Davies (I.C.J., Ltd., Petrochemical 
and Polymer Laboratory), Dr. Morantz and the session 
chairman, Dr. ©. Edeleanu (I.O.I. Agricultural Division), 
engaged in a lively discussion on the merits of using an 
Arrhenius plot to show the activation energy of shear. Mr. 
Holliday inferred from the speakers’ remarks that’ the 
philosopher’s stone of two continuous phases had been 
achieved and was disappointed when this was denied. 
In a discussion on surface effects, Dr. Davies wondered 
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whether surface changes would reveal a discontinuity in 
the plot of log p against 1/7. 

Mr. C. R, Shakespeare (B.8.A. Group Research Centre) 
gave a talk covering several aspects of powder metallurgy. 
In order to improve the strength of components it 1s 
necessary to increase the density, and this can be done 
either by increasing the working temperature or pressure, 
or better still by using a method of increasing particle 
compaction. Mr. Shakespeare described experuments with 
atommzed Cu particles, where, using vibratimg com- 
paction, densities equivalent to those obtained in a stand- 
ard press at 10 tons/in.? were achieved at pressures of 
only 0-5 ton/in.? with selection of the most favourable 
amplitudes and frequencies. 

The effect of particle size differences was to increase the 
density up to a peak value, after which it fell again. 
Sections of pressings showed that variation did not appear 
to cause segregation of different sizes. In the isostatic 
method of compaction, the particles are contained in a 
flexible metal envelope, which is compressed by the action 
of hot oil, or by an inert gas at 1,000° C and 10,000 
Ib./in?. There were convection current problems in using 
gas, and more work on heat transfer was needed. 

Finally, Mr. Shakespeare described the production of 
strip by extrusion of metal powders. The powder was 
first pre-compacted by isostatic pressing, then placed in a 
can and extruded. Some metals like nickel could be pre- 
pared more cheaply in powder form than in billets, but with 
powders there was still the problem of increased surface 
oxidation. Benefits in improved strength occurred with 
powder extrusion, as small and uniform grain sizes were 
achieved in the final product. 

Mr. Long wondered if the startling reductions in pressure 
resulting from vibration compaction were in fact real and 
suggested that strain gauges should be used to check this. 
Argon is used for isostatic pressing in Britain, as opposed 
to helium, which is used in the United States. In answer 
to a question by Mr. King (I.C.I. Agricultural Division), 
Mr. Morgan (B.8.A. Group Research Centre) said that 
N min was reached after 10 sec compared with the 6 min 
quoted earlier for concrete. Drs. Davies and Lammiman 
wished to ensure that techniques like these which showed 
promise should be widely publicized. Prof. Alexander 
asked if cold extrusion could be used to reduce oxide 
contamination. It seemed that good results had in fact 
been obtained by this method. 
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Mr. A. G. Thomas (Plessey U.K., Ltd.) spoke on the 
fabrication of transparent bodies by hot pressing. There 
was a need in the fields of rocket, missile and satellite 
technology for transparent materials which were transpar- 
ent to infra-red radiation and capable of withstanding high 
temperatures, Materials with suitable high-temperature 
characteristics are the polycrystalline ceramics, but these 
are often opaque. Their opacity 1s caused by failure to 
achieve theoretical density, by the presence of grain 
boundary cracks resulting from abnormal grain growth, 
and also by the presence of a second phase or precipitate 
often. due to the presence of additives intended to promote 
sintering. All these phenomena give rise to a loss of trans- 
parency by causing ternal reflexions, and the impurities 
may give rise to absorption bands at undesirable points 
in the spectrum. Free sulphur, for example, produces 
transmission in the 0-4-2-0y range in zine sulphide. The 
development of ‘Lucalox’ and other transparent aluminas 
has shown that by careful attention to purity, particle 
size and sintering conditions, theoretically dense pore- 
free ceramics can be produced by conventional fabrication 
techniques. The use of hot-pressing techniques has made 
it easier to produce fine-grained articles at comparatively 
low temperatures. The speaker concluded with a descrip- 
tion of the mechanical properties and optical character- 
istics of ceramic ‘windows’ made by the hot-pressing tech- 
nique. 

Dr. Morantz asked if the decrease in transparency was 
due to the presence of water, but it seemed that grain 
size was the principal cause, although Dr. Clarke mentioned 
that in magnesium oxide opacity was due to the presence 
of impurities rather than to large grains. Dr. Evans 
believed that this was due to the different distribution of 
impurities at grain boundaries compared with other sites. 

In the final discussion, several speakers referred to a 
difference in attitude between engineers and fundamental 
scientists, and Dr. Evans in particular maintained that 
engineers always refer to welding of a mass and do not 
think of the atoms involved in sintering. Mr. Shakespeare 
said that the gap between theory and practice was larger 
than was often realized, since theory only dealt with 
spherical particles, but these were only rarely encountered 
in practice. Prof. Alexander wondered if the theoretical 
treatment could be extended to include cubes, which would 
be a significant approach towards angular particles. 

W. A. HOLMES-WALEKER 


COMPLEMENTARY STEREOSPECIFIC INTERACTION BETWEEN ISOTACTIC 
| AND SYNDIOTACTIC POLYMER MOLECULES 
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Istituto Chimico, Università di Napoli, Italy, and Centro Nazionale di Chimica delle Macromolecole (CNR) Sez. Ill 


VER since the discovery of stereospecific polymerization 

of «-olefins by Natta! and his school it has been 
clear that stereo-controlled addition of non-symmetrical 
vinyl monomers could lead to two distinct types of stereo- 
regular polymer molecules. 

In the isotactic polymer the configuration of repeating 
monomer units is the same, whereas in the syndiotactie 
molecule it is alternating. Equivalence of monomer units 
leading to ordered macromolecular conformations packed 
in well-defined crystal lattices requires erther the one or 
the other type of stereo-regularity. 

Fox et al.? have reported the stereo-regular polymeriza- 
tion of methylmethacrylate using motallorganic catalysts 
and photochemical initiation. Mainly on the basis of the 
X-ray diffraction photographs of the various samples 
obtained under different conditions, the authors concluded 
that three different crystallizable types of polymethylmeth- 


acrylate (PMMA) could be obtained. In addition to the 
expected isotactic and syndiotactic polymers, which were 
later clearly identified®, these authors thought there 
existed a crystallizable ‘stereo-block’ polymer character- 
ized by relatively short syndiotactic and isotactic linear 
sequences within the same molecule. 

Many papers were published afterwards along these 
Ines, and the hypothesis of an ordered stereo-block 
polymer became widely accepted. 

The conditions for obtaining isotactic, syndiotactie and 
stereo-block fractions of high ‘steric purity’ became better 
defined*~* and various physical criteria, mainly based on 
infra-red and nuclear magnetic resonance spectra, were 
developed to characterize them’—*. We were reluctant to 
believe that a stereo-block polymer could crystallize, and 
thought that its existence was difficult to reconcile with 
the similarity exhibited between many physical properties 
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of this type of PMMA and those of mixtures of the isotactic 
and syndiotactic polymers’* 1. The work recorded here 
has led us to conclude that a stereo-specific interaction 
between isotactic and syndiotactic polymers in polar 
solvents leads to the formation of a 2 : 1 complex of isotac- 
tic and syndiotactic monomer units. 

The same type of structure characterizes this complex 
in the solid state and the so-called stereo-block polymer, 
except that the latter is more crystalline. This implies 
that under certain polymerization conditions separate 
isotactic and syndiotactic molecules of high steric purity 
are formed and crystallize into an ordered crystal lattice. 
We call this type of structure a ‘stereo-complex’ and 
suggest that it might be found among several stereo-regular 
polymers. It might also be regarded as an interesting 
model system for stereo-specific interactions between 
biological macromolecules such as those between. nucleic 
acids and histones. 

Stereo-regular polymers of PMMA. Isotactic PMMA 
was obtained as described in a previous paper’ using 
ọ-Mg-Br as initiator at 20° in toluene. Diffraction photo- 
graph of samples obtained by extracting the polymer 
with acetone indicated a high degree of crystallinity after 
treatment with 4-heptanone. The infra-red spectrum 
showed the virtual absence of either syndiotactic or 
‘stereo-block’ fractions®. Syndiotactic PMMA was 
prepared by photopolymerizing a concentrated solution 
of the monomer in toluene using benzoine as a sensitizer 
at — 60° C. A sample of conventional PMMA was obtained 
by bulk polymerization at 60° C, using benzoylperoxide 
as initiator. The average molecular weights of all the 
polymer samples were determined. viscosimetrically using 
a relation between molecular weight and intrinsic viscosity 
proposed by China. 

A remarkably crystalline ‘stereo-block’ polymer of 
PMMA was obtamed by polymerization at —50° C in 
dimethoxyethans using 9-fluorenyllithium as a catalysts. 
After extraction with acetone the residual polymer was 
treated with 4-heptanone to increase the crystallinity. 

Complex formation in mixtures of tsotactic and syndio- 
tactic PM MA in palar solvents. When relatively dilute solu- 
tions of PMMA in dimethylformamide (DMF) or acetonitrile 
are mixed, characteristic changes of the turbidity are 
observed which vary as a function of composition. A 
distinct maximum appears when the ratio syndiotactic/ 
isotactic is near 2:1. The height of the maximum 
decreases linearly with decreasing concentration down to 
very low values af the concentration. In Fig. 1 the reduced 
scattering at 90° 1s plotted as a function of composition 
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Fig. 1. ‘Turbidity as a function of composition for mixtures of isotactic 
(15) and syndiotactic (S) polymethylmethacrylate in DMF of various 
concentrations 
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Fig. 2. Percentage change of optical density at 212 5 my as a function 
of composition for mixtures of isotactic and syndiotactic polymethyl- 
methacrylate in acetonitmle at a concentration of 0'045 g/100 c.c. 


«x10 





Temperature (°C) 


Fig. 3. Change of turbidity with temperature of a 2:1 mixture of 

syndiotactic and isotactic polymethylmethacrylate @; and © con- 

ventional and isotactic aly rh pai a at a concentration of 
g ee. 


for different concentrstions of the mixture of isotactic 
and syndiotactic polymers in DMF. The average molecular 
weights of the two samples are respectively 900,000 and 
26,000. A similar behaviour is observed in acetonitrile 
solutions. Since this solvent is transparent in the far 
ultra-violet where both the isotactic and syndiotactic 
PMMA absorb*’, the optical density of very dilute solutions 
of isotactic and syndiotactic PMMA was measured at 
212-5 my for various compositions. In Fig. 2 the percentage 
change of the optical density shows a maximum indicating 
hyperchromism at about the same composition where the 
maximum. in the turbidity occurs. 

When a solution of isotactic and syndiotactic PMMA 
in DMF in the ratio 2 : I ıs heated, the turbidity decreases. 
Fig. 3 shows that the desrease of scattering of the solutions 
takes place within a narrow temperature range, simulating 
a phase transition. On reduction of the stereo-regularity 
of the syndiotactic polymer, the transition temperature 
shifts to a lower value. 
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Fig. 4, Diagrammatic representation of the fibre photographs of isotactic polymethylmethacrylate (e) and of the dried 2 1 complex of 
syndiatactic and isotactic polymethylmethacrylate (b). Broken a ee ffuse reflexions; black circles indicate the reflexions discussed 
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Fig. 5. Postulated structure (æ) of a syndiotactic polymethylmethacrylate and (b) of that established for the isotactic polymethylmethacrylate 
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These results suggest that aggregates between isotactic 
and syndiotactic molecules form in polar solvents. The 
concentration and size of these aggregates reach a maxi- 
mum at a ratio characteristic of the two polymers. Above 
a certain critical concentration and molecular weight, 
their stability is largely independent of concentration. 
Heating causes them to molt. 

Very concentrated solutions of isotactic and syndiotactic 
PMMA (at a ratio of 1:1) form stiff gels which melt 
sharply’, suggesting that extensive aggregation leads 
gradually to gelation. Such behaviour is typical of macro- 
molecular systems which are cross-linked to form small 
crystallites, such as gelatine or nucleohistones. 

X-ray diffraction photograph of the complex between 
ssotactic and syndiotactic PMMA. A viscous solution of 
the 2: 1 complex in DMF, dried and drawn into a fibre, 
gave an X-ray diffraction photograph, poorly resolved at 
high diffraction angles, but nevertheless revealing several 
distinct differences from the fibre photograph of the 
isotactic sample. The absence of meridional reflexions 
and the characteristic distribution of the strongest 
reflexions along the sides of a diamond with one vertex 
at the origin are typical of the Fourier transform of a 
helix similar to, but not identical with, that characterizing 
the X-ray fibre photograph of the isotactic polymer (sec 
Figs. 4a and b}. The main novel features of the diagram 
are the new reflexions appearmg on the most intense 
layer line rather close to the meridian, and those present 
on the equator close to the origin. The spacing of the 
latter reflexions is 21 A. 

When the diffraction photograph of the unoriented 
sample of the camplex 1s compared with that of the 
‘stereo-block’ sample, which is difficult to orientate, a 
remarkable similarity ıs observed. The only difference 
lies in the appearance of sharp lines up to high Bragg 
angles in the diffraction pattern of the stereo-block sample. 

A model for the structure of the stereo-complex. We now 
propose a structural model for the crystalline complex 
obtained by drying 2: 1 mixtures of the syndiotactic and 
isotactic polymers in polar solvent. The same model 
should also be applicable to the so-called ‘stereo-block’ 
in view of the close similarity between the diffraction 
pattern of the two samples. We shall therefore refer to 
it as a ‘stereo-camplex’. Although its derivation is based 
mainly on the interpretation of prominent features of a 
poorly resolved fibre photograph and therefore cannot be 
precisely formulated, this model accounts for the behaviour 
of the isotactic and syndiotactic polymers in polar solvent 
in such a logical way that we are convinced of its funda- 
mental correctness. 

We start with the assumption that interference effects 
between isotactic and syndiotactic molecules in the fibre 
photograph of the complex may in the first instance be 
neglected. This allows us to assign a ‘helical density 
distribution’ to the isotactic component. The two main 
extra reflexions clase to the meridian on the most intense 
layer line of the fibre photograph may now be attributed 
to the syndiotactic component. Since the intense layer 
line corresponds to the pitch of the isotactic helix, it 
may be assumed that the syndiotactic molecules are 
separated along the helical axis of the isotactic molecules 
by a distance corresponding to their pitch and are tilted 
with respect to the helical axis by an angle of about 60°. 
This corresponds roughly to 90° minus the angle between 
the diffraction vector of the strong reflexion and the fibro 
axis. The remarkable spatial correlation between isotactic 
and syndiotactic molecules is attained by giving the syndio- 
tactic ones a glide plane parallel to the length of the 
molecules and normal to the average molecular plane. 
This puts all the methyl groups above and all the ester 
groups below the sverage plane (see Fig. 5a), 

The isotactic molecule in the stereo-complex should 
not be very different from the helix with five monomers 
in a turn of 10-5 A established by interpretation of the 
fibre photograph of the pure isotactic polymers!*. (The 
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Fig, 6. Schematic drawing of the structure of the stereo-complex 
showing: (a) the arrangement of syndiotactic and isstactic chains; and 
(b) a projection of the chains on the plane normal to the fibre axis 


Fourier transform of the helix with fivo monomers in 
two turns previously proposed by Stroupe and Hughes? 
was found to be inconsistent with the intensity distribu- 
tion of the fibre photograph of the isotactic polymer.) 
This helix has grooves large enough to accommodate 
syndiotactic molecules at about the required angles (Fig. 
5b). Close packing of isotactic and syndiotactic molecules 
requires adjacent isotactic helices to be displaced by 
half a turn along the telical axis. ; 

By reducing the pitch of the isotactic helix from 10-5 A 
to 9 A, the spacing of the strongest layer line of the stereo- 
complex, the structural arrangement schematically 
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depicted i in Fig. 6 may be obtained. This requires the 
number of monomers per turn to be reduced from 5-0 to 
about 4:5 , and. leads to an identity period of 18 monomers 
of the isotactic helixes in the complex. Note that the ratio 
of isotactic and syndiotactic molecules is close to 2: 1. 

Preliminary calculations of the intensity distribution in 
the fibre photograph of the stereo-complex are consistent 
with this model; it is hoped to refine it with the help of 
the disoriented diffraction photograph which extends to 
high Bragg angles. 

Conclusions. The most interesting feature of the model 
proposed here for a stereo-complex between isotactic and 
syndiotactic molecules is the structural complementarity 
of the two components. Stability is due to the interlocking 
of syndiotactic molecules (characterized by a glide plane) 
in channels formed by Joining the helical grooves of adjacent 
isotactic helices; neighbouring helices are translated 
relative to each other by half a turn along the fibre axis. 

This brings the methyl groups of the isotactic and 
syndiota tie molecules into Van der Waals contact with 
each other and explains why a stereo-complex is formed 
in polar solvents which enhance the stability of hydro- 
phobic bonds. The cross-linking effect of the syndiotactic 
molecules explains the behaviour of mixtures of isotactic 
and syndiotactic molecules in solution and accounts for 
the maximum scattering when the ratio of the two com- 
ponents approaches 2:1. One can also understand the 
gelation of very concentrated solutions, even when the 
ratio is lower than 2 : 1, and the failure to gel at low degrees 
of polymerization of the syndiotactic polymer?®. 

Stereo! -complex formation may not be limited to poly- 
methacrylate but might be common to vinyl polymers 
having acertain amphyphyllic character. The observation 
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that stereo-regular polymers of methacrylonitrile after 
conversion to the methacrylate give infra-red spectra 
similar to that of the so-called stereo-block"*5 suggests 
formation of a stereo-complex. Natta and Dall’Asta’s 
disoriented methacrylonitrile polymers of high crystal- 
linity!* may also turn out to be stereo-complexes. 

The similarity between our mode! for the stereo-complex 
of vinyl polymers and Zubay’s structure of nucleohistone*’ 
appears remarkable. In this structure DNA plays the 
part of the isotactic helices and a-helical protein molecules 
that of the syndiotactic component. 
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PENICILLIN ALLERGY : THE FORMATION OF THE PENICILLOYL 
DETERMINANT 
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T is how generally agreed that the penicilloyl de- 
terminant is the major determinant in penicillin 
allergy*?. 2, Although penicillin undergoes reversible bind- 
ing with proteins, penicillin bound in this way has never 
been demonstrated to act as an allergen. Indeed, what 
evidence there is indicates that these easly reversible 
complexes are incapable of inducing the allergic state’. 
Irreversible binding of penicillin has never been demon- 
strated lin neutral aqueous solution and, consequently, 
other workers have looked for mechanisms of formation 
of the Ipenicilloy] determinant among the degradation 
products. Some authors have come to the conclusion that 
D-benzýl penicillenic acid is the important degradation 
product‘. since this substance, which is present as an 
impurity in dry crystalline benzyl penicillin, is also spon- 
taneously formed from penicillin in aqueous solution. 
D-Benzyl penicillenic acid can react with free amino 
groups giving rise to the penicilloyl determinant. 

While the penicillenic acid theory may partially account 
for allergy in the case of benzyl penicillin, some semi- 
synthetic penicillins form their corresponding penicillenic 
acids at very much reduced rates*’?, while 6-amino- 
penicillanic acid (6-APA) itself is structurally incapable of 
undergoing such a rearrangement. It would seem more 
logical jto look for a reaction which is general to all the 
penicillins. This article shows that the direct acylation of 
amino groups by the penicillin molecule which is known 
to ocour at high pH? can also occur under physiological 
pa conditions with sufficient rapidity as to make it 
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unnecessary to postulate reaction with a smaller quantity 
of fast-reacting degradation product. 

In the first instance, c-amino-caproic acid (HEACA) was 
used as a model to examine reactions between penicillins 
and proteins. The reaction between penicillin and free 
amines under alkaline conditions is described in ref. 8. 
Levine’ has used this reaction for the preparation of uni- 
valent inhibitors. We have confirmed this reaction for 
benzyl penicillin and have shown that it also occurs with 
6-APA. Figs. 1 and 2 show the remarkable effect that the 
presence of a free amine has on the stability of penicillin 
and 6-APA because of the occurrence of this reaction. 
Experiments with other penicillins, penicillin V, methicil- 
lin, cloxacillin, phenethicillin, propicillin and ampicillin *, 
show that all these compounds are inactivated under 
similar conditions at very similar rates with the formation 
of the corresponding N-penicilloyl EACA. Although the 
rate of reaction falls off rapidly with decrease in pH (Fig. 3) 
it seemed likely that in the presence of suitable amino 
groups the reaction might still proceed at a measurable 
rate under conditions of physiological pH. The simplest 
compound to investigate from this point of view was 
6-APA itself, because, not only is it structurally incapable 
of forming a penicillenic acid, its reactions being thus less 
ambiguous, but also the product N-(deacyl penicilloyl) 
EACA. could be readily detected with ninhydrin because 


* Benzyl pemen was obtained from Glaxo Laboratories. Penicillin V 
was obtained from Boots Pure Drug Co. All other penicillins were products 
of Eeecham Research Laboratories. 
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of the a-amino group. When 6-APA was incubated with a 
molar equivalent of EACA at pH 7:4 and 37° C and the 
reaction mixture examined by paper electrophoresis at 
pH 5:5 (£ h, 17 V/em), a distinct zone corresponding to 
the conjugate was detectable after 16 h. This became 
readily apparent with continued incubation. 

_ Following preliminary experiments with bovine y-globu- 
lin, direst penicilloylation of human serum has been shown 
to occur. Human serum was diluted 1 in 10 with phosphate 
buffer and incubated with phenethicillin (1 mg/ml.) at 


100 


75 


Percentage of intact -lactam 


50 
25 = 
a 
a9 
= a 
0 2 4 6 8 10 12 
Min 


Fig, 1. Effect of c-ammo-caproic acid on the alkaline stability of pent- 
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Fig. 2, Effect of e-amimo-caproic acid on the stability of 6-APA at pH 
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Fig. 3. Effect of pH on the reaction rate of penicilin G with s-amino- 
caproic acid. Base line represents theoretical hne for 20 per cent excess 
HACA. O, pH 105; 0,n311-0; A, pH11-5, @, pH 120; m, pH 125 


pH 7-4 and 37° C. Other penicillins were used in equimolar 
amounts. After 48 h, the samples were dialysed against 
distilled water for 24 h, and then running tap water for 
48h. The serum was then adjusted to volume and assayed 
for penicilloy] content by the penamaldate method’. 
Assuming the same molar extinction coefficient for all 
the penicillins the results shown in Table 1 were obtained. 


Table 1. sg/mi. PENICILLIN DOUND AS PENICILLOYL GROUPS AFTER INCUBA- 


TION AT A CONCENTRATION OF 1 mg/ml. WITH HUMAN SERUM DILUTED 1:10 
WITH PHOSPHATE BUFFER, 7H 7 4, FOR 48 H AT 37° GO 
Bound 
Penictiiins penicllloy] groups 

{ug/rol,) 

6-APA 0-5 

Ampicilin 12:0 

Methicillin 21:0 

Benzyl penicillin 28°6 

Phenoxymethy] penicilin 417 

Propicillin 42:0 

Phenethicillin, 46:5 

Cloxacillin 710 


It is worth noting that this irreversible binding of the 
various penicillins as penicilloyl conjugates follows the 
same quantitative order as the reversible binding of these 
penicillins with serum albumen!*. Compounds such as 
cloxacillin and phenethicillin, although forming penicillenic 
acid less rapidly than methicillin or benzyl penicillin’, 
showed a much greater tendency to penicilloylate the 
protem. 6-APA gave consistently a very low assay for 
penicilloyl groups, the reason for which is not clear since 
experiments with 6-APA and EACA described above show 
clearly that conjugation can occur. It appears to be due to 
the penamaldate assay method being inapplicable, due 
to instability of this particular penicilloyl-p chlor-mer- 
curibenzoate complex. However, it is interesting to note 
that ampicillin, another compound with a free amino 
group, also appears to be significantly less bound than 
other penicillins. 

Further experiments using phenethicillin showed that, 
provided there were sufficient free amino groups, the 
amount of penicillin becoming bound was proportional to 
the concentration. 

The amount of bound penicillin was also shown to 
increase with the period of incubation. i 

The foregoing penicillin-serum conjugates were tested 
for their ability to elicit a passive cutaneous anaphylactic 
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Table 2. PENICILLOYLATION OF HUMAN SERUM BY DIFFERENT CONCENTEA- 
TIONS OF PHENETHIOILLIN AFTER 48 H at 87° O 


The figures are given as zg/ml. penicillin as penicilioy] groups 


Phenethicillin 
concentration “ug/ml. Phenethicilin as penicilloyl 
(ug/ml ) Undiluted serum Serum diluted 1/10 
1,000 293 44 
100 28 11 
' 10 <5 1:2 
Table 3. 


INGREASE IN NUMBER OF PENICILLOYL GROUPS BOUND WITH 
TIME OF INCUBATION AT 37° C pH 7+4 


xejml. Penicilhn bound 


H, as penicilloyl groups 
6 38 
12 15-1 
24 25 3 
48 33 8 


response} in guinea-pigs sensitized by intradermal injec- 
tion of rabbit antisera to 6-APA. The 6-APA antiserum 
was prepared by mjecting 6-APA emulsified in Freund’s 
complete ‘adjuvant into rabbits’®. Hach penicillin-serum 
conjugate elicited a positive response. In the case of benzyl 
penicillin: and 6-APA the penicillin specificity of the 
reaction was clearly demonstrated by inhibition with 
benzyl penicilloyl EACA univalent hapten. Furthermore, 
controls using human serum not incubated with penicillin 
failed to elicit a response. Confirmation that this binding 
occurs in vivo was obtained using a patient’s serum kindly 
supplied by Dr. Maclver, consultant haematologist, 
Manchester Royal Infirmary. The patient had been 
receiving: 20 mega-units of benzyl penicillin over a long 
period. The penamaldate assay showed a level of 287 
ug/ml. of penicilloyl groups bound to serum protein, 
although the penicillin blood level was only about 10 per 
cent of this value. f 

There is evidence that acylation by the 8-lactam ring is 
equally possible with cephalosporin derivatives giving rise 
to a corresponding conjugate, although it has been sug- 
gested that this may not be so!*4, When incubated with 
EACA at high pH, cephalothint and cephaloridine ft 


NATURE 


April 24, 1965 vor. 206 


caused a marked fall in the amount of free EACA as 
measured by ninhydrin after electrophoretic separation. 
Furthermore, a new zone migrating similarly to the benzyl 
penicilloyl conjugate was observed. On incubation of both 
cephalothin and cephaloridine with polylysine (16 residues) 
under alkaline conditions, the retentates after dialysis 
showed similar changes in infra-red spectra to those which 
occurred when polylysine was similarly incubated with 
benzyl penicillin. Furthermore, both cephalothin and 
cephaloridine are capable of sensitizing red cells for the 
heemagglutination reaction with both penicillin and 
cephalosporin antisera, in exactly the same way as 
penicillin. Cephalothin and cephaloridine conjugates 
described here have themselves been shown to be com- 
petent for various immunological reactions’. 

The experiments described here show quite clearly that 
penicillins and cephalosporins can react directly with 
protein amino groups, and that this reaction can occur 
even when the formation of a penicillenie acid is unlikely, 
or even impossible. It is suggested that the reaction 
described here may be the general route for the formation 
of the penicilloyl antigenic determinant in penicillin 
allergy, and could also be responsible for a similar state of 
affairs with the cephalosporin nucleus. 
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DISSOCIATION OF THE INOTROPIC FROM THE GLYCOGENOLYTIC 
EFFECT OF EPINEPHRINE IN THE ISOLATED 


RAT HEART 


By Dr. J. R. WILLIAMSON and Mars. D. JAMIESON* 


Johnson Research Foundation, University of Pennsylvania, Philadelphia 


HE addition of epinephrine to isolated skeletal or 

cardiac muscle preparations is followed by a complex 
series of events affecting both metabolism and methanical 
performance. The primary event is thought to be a 
combination of the drug with a specific tissue receptor 
sitet. Subsequent effects are an augmentation’ of the 
isometric contractile force and the conversion of part of 
the phosphorylase b to the active a form’. This latter 
step is ;controlled by phosphorylase 6 kinase which 
normally is in an inactive form, but is converted to the 
active state in the presence of cyclic AMP’, Epinephrine 
and related catecholamines have been shown to increase 
the levels of cyclic AMP in a variety of tissues, including 
heart, leading to the attractive hypothesis that the 
increased force of contraction and the activation’ of 
phosphorylase are both mediated by cyclic AMP*:5. In 
support of this idea, the increase of phosphorylase a has 
been found to be roughly proportional to the maximum 
increase, of contractile force over e range of epinephrine 
concentrations in perfused rat heart?.*, In contrast to 
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the foregoing results, however, Meyer, Cotten and Moran’ 
found that activation of phosphorylase was not essential 
for the production of the positive inotropic action with 
low concentrations of catecholamines admimustered to dog 
hearts in vivo. Similarly, Vincent and Ellis? showed that, 
in isolated guinea-pig hearts, acetylcholine antagonized 
the glycogenolytic effect of epinephrine to a greater extent 
than the inotropic effect. These studies and those of 
Wulliamson® indicate that the mechanisms activating 
glycogenolysis and the inotropic effect may differ in their 
sensitivity to epinephrine. 

A. more definitive approach is provided by measurement 
of the kinetics of the metabolic changes in the heart after 
the addition of epmephrine. Investigations of this type 
are reported here; they have revealed that the events 
resulting in the increased force of contraction of the rat 
heart precede those associated with glycogenolysis, thus 
demonstrating a clear dissociation between the two effects. 

Hearv-perfusion techniques, and the experimental tech- 
niques used for measuring the force of contraction, the 
tissue oxygen tension and fluorescence, and the glycolytic 
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intermediates have been described else- 
where*-1*, In the experiments where the 
glycolytic intermediates were measured 
shortly after the onset of the increased 
force of contraction, the water-jacketed 
heart chamber was omitted from the per- 
fusion apparatus in order to facilitate rapid 
access to the heart for freezing. 

Chance et al. have shown that the 
characteristic fluorescence emission at 
approximately 470 mu of the reduced 
pyridine nucleotides on excitation at 366 
my may be used to monitor changes in 
the state of oxidation-reduction of pyridine 
nucleotides in intact tissues during cycles 
of anoxia}’, or in isolated muscle during 
contraction#4, Similar techniques have 
been successfully applied to the perfused 
rat heart, and changes in the fluorescence 
intensity provide evidence both for a dose- 
dependent and a temporal separation of 
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Fig. 1. Effect of epinephrine (EPI) on pyridine nucleotide fluorescence and contractile 

force in perfused rat heart. The upper trace shows the fluorescence intensity of a heart 

perfused with 10 mM glucose, while the lower trace shows the amplitude of the heart 

contractions. A time marker in seconds is shown at the top of the figure. The initial aerobic 
state corresponds to 100 per cent fluorescence in figures and text 





the inotropic from the glycogenolytic — ee a ae a 
— of epinephrine. Fig. 1 shows that,  Pretreated limn — minj [15% Fluorescence — tt} 
after the addition of 0-02 ug epinephrine, With ISumoles IAA Po eee (ae oe a 
the intensity of fluorescence decreased ae en e ae es 
(as shown by an upward deflection of the mat ee cs ae — retest ie a eS a 
trace) at the same time as the contractile — us ee ae Epi ! p ee ee eee 
force increased, while with a five-fold 2nd | a | 
greater dose an increase of fluorescence Nz} A E Io! | 
starting 13 sec after the onset of the in- g gaii NO LST VT” Tissue pO =f — 
creased force of contraction was super- | — T nn Se E LS ee ee 
umposed on the small initial fluorescence E aa Vt — at mfp 
decrease. Mitochondrial pyridine nucleo- & loodet eh a a — — ek a 
tide normally accaunts for the most of the a  L,_ eee EE ee | —— — 
DENEL found in the perfused heart which 3 50 cee iis) aces i Ee ee ae 
Aa ee Gama e 
glucose’, and the more oxidized state of ry ee Ea 


the pyridine nucleotides is interpreted as 
due to the increased respiratory activity 
of the mitochondria in response to an 
increased ADP level!‘ In support of this 
concept, the total amount of ADP 
found in the hearts increased monotonically from 2:0 
to 4:2 umoles/g ‘dry wt. during the first 21 sec after the 
onset of the increased force of contraction with 1 ug epin- 
ephrine and decreased gradually to 2:5 nmoles/g dry wt. 
after 2 min. 

The transient fluorescence increase observed with higher 
doses of epinephrine was abolished or greatly decreased if 
hearts were depleted of glycogen by a brief period of 
anoxia in the absence of substrate, or by the addition of 
iodoacetate. Fig. 2 shows the response of the tissue 
fluorescence and pO, to 2 ug epinephrine added to a heart 
pretreated with 1 mM iodoacetate to inhibit DPNH 
formation at the glyceraldehyde-P dehydrogenase step. 
Cycles of anoxia before and after the addition of epin- 
ephrine are shown for comparison. The increase of 
fluorescence with anoxia, which is associated principally 
with an increase of:mitochondrial DPNH}5, was preceded 
by a decrease of ths pO, from an initial level of 150 mm 
mercury. With the polarographic technique used in these 
experiments, the fluorescence started to increase when the 
recorded pO, was about 60 mm mercury. Recovery on 
re-oxygenation was rapid and complete. After the addition 
of 2 ug epinephrine, the pO, started to decrease at the 
instant when the fluorescence decreased sharply. This was 
followed by a small oscillatory cycle and then a further 
decrease of fluorescence over the ensuing 5 min, to a 
level considerably less than the initial stationary state. 
The more oxidized state of the pyridine nucleotides was 
confirmed by a second cycle of anoxia in which the 


fluorescence increase was of greater amplitude and reached . 


the same level in tha fully anoxic state. 
As seen from Fig. 2, the pO, fell rapidly after the 
addition of epinephrine, to a minimum value of 55 mm 


Fig. 2 Correlation of the changes of fluorescence intensit 
(lower trace) after epinephrine addition to the perfused rat heart. A fluorescence Increase 
is indicated by a downward deflexion of the trace. ‘The heart was perfused with 15 ml 


{upper trace) and tissue pO, 


medium contaiming 5 mM glucose 


mercury within 30 sec, but increased to a value above 
100 mm mercury after 60 sec. The decrease of tissue pO, 
represents the temporary imbalance between the increased 
oxygen supply brought about by vasodilation of the 
coronary vessels and the increased oxygen utilization as a 
result of the increased force of contraction. 

Analysis of hearts for total content of reduced pyridine 
nucleotides before, and 30 sec after, the onset of the 
increased contractile force with 1 ug epinephrine, showed 
that DPNH increased from 146 + 11 to 640 + 27 
mumoles/g dry wt. while TPNH increased to a lesser 
extent from 213 + 21 to 311 + 20 mumoles/g dry wt. 
(five hearts in each groua). The ratio of lactate to pyruvate 
in the heart increased from an initial mean value of 17 toa 
maximum value of 72, 30 sec after the onset of the 
increased force of contrection, indicating a transient, more 
reduced, state of cytoplasmic DPN. The fluorescence 
increase with the higher concentrations of epinephrine 
may therefore be interpreted as due to an increased 
contribution of cytoplasmic DPNH to the total reduced 
pyridine nucleotides as the rate of formation of DPNH at 
the glyceraldehyde-dehydrogenase step exceeds its rate 
of removal (notably by lactic dehydrogenase) during the 
period of rapid glycolytic flux induced by epinephrine. 

A more clear-cut separation of the fluorescence changes 
attributed to the mitochondrial and cytoplasmic com- 
ponents of the cellular pyridine nucleotides is provided by 
the response to epinephrine obtained with the hearts 
perfused in the presence of metabolites which cause an 
inhibition of glycolytic flux!®17, After the addition of 
0-05 ug epmephrine to hearts perfused with 200 umoles 
pi-lactate, a biphasic response illustrated by Fig. 3 is 
recorded. The fluorescence intensity decreased by 14 per 
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Fig. 3. Effect of lactate on the fluorescence response of the rat heart to epinephrine. The 
heart was perfused initially with 20 ml. of substrate-free medium 


cent as shown by an abrupt upward deflexion of the trace 
which started at the onset of the increased force of contrac- 
tion. This was followed 17 sec later by an increase of 
fluorescence which reached a broad maximum after 38 sec 
before returning to a new steady state. After re-equilibra- 
tion of the heart with a lactate-free perfusate, no 
fluorescence change was detected with the same dose of 
epinephrine until 16 sec after the onset of the increased 
force of contraction when an abrupt downward deflexion 
of the trace occurred, reaching a sharp maximum after 
26 sec. The addition of lactate prior to the recording shown. 
in Fig. 3 produced a 20 per cent increase of the steady 
state fluorescence intensity due to the increased ratio of 
DPNH to DPN as a result of the lactic dehydrogenase 
equilibrium, with presumably a redistribution of the more 
negative redox potential between the cytoplasmic and 
mitochondrial compartments. Consequently, the per- 
centage change of the pyridine nucleotides towards the 
more oxidized state on the addition of epinephrine was 
larger. Glycolysis has been reported to be inhibited at the 
phosphofructokinase step in perfused hearts utilizing 
lactate as a substrate’? Hence the slower rate of 
fluorescence increase following epinephrine addition with 
lactate present in the perfusate (Fig. 3) may be explained 
by the decreased rate of arrival of glyceraldehyde-3-P at 
its dehydrogenase. The time-interval from the onset of 
the increased force of contraction to the start of the 
fluorescence increase was not, however, affected by the 
presence of lactate as may be expected from an incomplete 
block in the glycolytic sequence prior to the production of 
glyceraldehyde 3-phosphate. 

Previous work? has shown. that glycogen is metabolized 
at a rapid rate with the production of lactate during the 
first few minutes after the addition of epinephrine to the 
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Fig. 4. Correlation of the levels of phosphorylase a and hexose mono- 
phosphates with the increased force of contraction following epinephrine 
addition to the isolated rat heart. The hearts were perfused without 
recirculation in the presence of 10 mM glucose, and rapidly frozen at the 
indicated times after the onset of the Increased contractile force 
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perfused rat heart. The acceleration of 
glycolytic flux produces a transient accumu- 
lation of all the glycolytic intermediates. 
In Fig. 4 the increase of contractile force 
after the addition of 1 pg epinephrine is 
compared with the increase in phosphoryl- 
ase a and the tissue levels of glucose-1-P 
and glucose-6-P in a series of hearts 
perfused without recirculation for up to 
2 min after the onset of the inotropic effect. 
The contractile force increased rapidly 
to a peak value after 12 sec, fell to a mini- 
mum value 30 per cent above the initial 
after 28 sec, and then increased gradually 
to a plateau during the succeeding 60 sec. 
Phosphorylase a did not begin to increase 
until at least 2°5 sec after the onset of the 
inotropic effect, and there was a further lag 
before any increase of glucose-1-P was 
observed. Glucose-6-P levels increased by 100 per 
cent immediately after the initiation of the increased 
contractile force, but afterwards decreased to control 
values before increasing in a similar fashion to the 
glucose-1-P. The delayed increase of phosphorylase a and 
glucose-1-P compared with the contractile force indicates 
that glycogen breakdown occurred after the onset of the 
inotropic effect. The initial increase of glucose-6-P was 
probably due to increased glucose phosphorylation’, since 
it was not observed with hearts perfused in the absence of 
glucose. 

It may be concluded from these results that the increase 
of fluorescence obtained following epinephrine addition is & 
sensitive kinetic monitor of the increased glycolytic flux 
produced by the breakdown of glycogen. Direct measure- 
ments of the tissue pO, during the cycle of increased 
fluorescence, and experiments with hearts pretreated with 
lodoacetate, indicate that a possible anoxic component 
does not contribute significantly to the fluorescence 
increase. 

The time sequence of metabolic events following 
epinephrine addition may be summarized as follows. The 
tissue pO, decreases at the same instant as the contractile 
force starts to increase, and the pyridine nucleotides begin 
to change towards a more oxidized state. The oxidation of 
pyridine nucleotide appears sumilar to that obtained by the 
addition of ADP to isolated mitochondria (state 4 to 3 
transition, ref. 18). The extent of the imitial pyridine 
nucleotide oxidation is large only if there 1s an initially 
high level of reduced pyridine nucleotides. Activation of 
phosphorylase follows the onset of the positive inotropic 
effect after a delay of several seconds, but rises rapidly, 
reaching a peak within 75 per cent of the total phosphory- 
lase in the a form after 15-20 sec. Hexose phosphate 
levels increase sharply between 10 and 15 sec after the 
onset of the increased force of contraction and shortly 
thereafter DPNH accumulates due to the increased rate 
of production of triose phosphate. The fluorescence 
intensity (and DPNH_-levels) afterwards fall as the rate 
of the re-oxidation steps exceed the rate of pyridine 
nucleotide reduction. With low concentrations of epin- 
ephrine (approximately 0-002-0-02 ug), only an initial 
decrease of fluorescence is obtained, suggesting that an 
increased force of contraction may occur without glyco- 
genolysis. In any event, it is unlikely that glycolytically 
generated ATP or any intermediary product of glycogen 
breakdown is essential for the initiation or maintenance of 
the inotropic action of epinephrine in the aerobic heart. 

Although these studies have clearly demonstrated a 
temporal separation of the positive inotropic and glyco- 
genolytic effects of epinephrine, with the former effect 
preceding the latter, the possible dual role of cyclic AMP 
in the initiation of both events remains a problem for 
further investigation. 
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PRODUCTION OF CLONES OF LYMPHOID CELL POPULATIONS 
By T. MEKORI, L. CHIECO-BIANCI and Pror. M. FELDMAN 


Section of Cell Biology, Weizmann Institute of Science, Rehovoth 


i SYSTEM for cloning lymphoid cells would greatly 

L à contributeto experimental investigations of lymphoid 
cell differentiation, and to the analysis of cellular and 
molecular aspeets of antibody formation. Yet, so far, 
- all efforts to obtain either im vitro or in vivo clones of 
= lymphoid cells have failed. We therefore set out to develop 
Tea method by which lymphoid clones could be produced. 
-We decided te try to adapt the in vivo cloning system for 
haematopoietic cells of Till and McCulloch! to lymphoid 
cell populations. These authors were able to demonstrate 
that bone marrow cells produced typical noduli within 
the spleen when injected into mice which had been exposed 
to total-body X-ray irradiation. Each nodulus represented 

a clone of haematopoietic cells. Tests carried out on clones 
produced by injecting bone marrow of C57BL mice into 
syngeneic mice showed that such noduli were segregated 
according to cell types—50 per cent being purely or 
predominantly of the erythroid line, 20 per cent being 
granuloid, and 30 per cent mixed clones (containing both 
erythroid and. granuloid cells). No lymphoid clones were 
produced by bone marrow cells. We first tested the 
noduli produced in X-irradiated (850 r.) C3H, C57 BL 
and F, (C3H x C57BL) mice, following the intravenous 
injection of splean cells from normal syngeneic donors at 

< doses of 104~-10° cells/recipient. The noduli (clones) 
thus produced were mostly of the erythroid line, with a 
very small quantity of granuloid or mixed clones. Here 
 @gain, no lymphoid colonies were obtained with spleen 
cells. Using a similar approach, adult lymph node cells or 

» thymus cells were injected from 6-9-day-old syngeneic 

















< donors. Neither lymph node cells nor thymus cells 
_ produced nodali in the spleens of the X-irradiated recip- 


dents. As ng that an ‘inductive’ effect of the thymus 
e for promoting lymphoid cell replication 


— ation*-*, C57BL mice were lethally irradiated 


eem to have any effect on the formation of 
ie clones: mice injected with spleen cells showed 
-of clones of erythroid and granuloid cell types, 
nice imjected with lymph node cells or with 
ytes did not produce any noduli within the spleen 
scipients: 





he proliferative effect of antigenic stimuli). C57TBL mice 
re exposed to three successive homografts of C3H 
id to strain specific sarcoma H-1 (produced in 
atory by 3:4 benzpyrene). Lymph node cells 
n cells from the immunized donors were then 
ntravenously into lethally X-irradiated C57BL 





hosts. However, here again the cells from immunized 
spleens produced erythropoietic clones while the lymph 
node cells did not yield any colonies. Similar tests were 
carried out by hyper-immunizing the donors with Shigella 
antigens and with sheep red-blood cells, but once again 
the same result was obtained, that is, no clones were 
formed by lymph node cells and the colonies produced 
by the spleen cells from the immunized donors were purely 
haematopoietic. In this series of experiments, tests were 
also carried out on the eapacity of allogeneic spleen and 
lymph-node cells of C57BLE origin to produce intra- 
splenic lymphoid colonies (due to a continuous immune 
stimulation of the host’s iso-antigens) when injected into 
irradiated C3H recipients. No lymphoid noduli were 
obtained. 

The only system by which noduli (believed to represent 
clones of lymphoid cells) could be obtained repeatedly was 
that based on the introduction of lymphoid cells from 
lymph nodes or thymuses of donor which had been 
pretreated with M-phytohaemagglutinin. Phytohaemag- 
glutinin has been shown to be a mitogenic substance for 
lymphoid cells in vitro’. It appears, however, that under 
the in vitro conditions tested it triggered off only 2-3 
mitotic cycles. We endeavoured to make use of this 
mitogenic property of phytohaemagglutinin, with the view 
of producing clones in vive in the following way: 0-3 ml. 
phytohaemagglutinin was injected intravenously into 
normal mice, aged 3 months, of C57BL and F, (C3H x 
C57BL) strains. Three days later, the animals were killed 
and the lymph nodes and spleens were excised. The cells 
of the axillary, brachial and inguinal lymph nodes were 
suspended in Tyrode's solution, and injected intravenously 
into isologous (syngeneic) mice, which had been exposed 
to lethal doses of 850 r., at doses ranging from 5 to 20x 10° 
cells/recipient. Cells from lymph nodes of the phyto- | 
haemagglutinin-treated donors produced, within the- 
spleen of the recipients, noduli which were purely of the 
lymphoid line. A large number of macroscopic noduli. 
could be seen within 10-12 days (Figs. 1-3). Le 

The colonies, which were macroscopically indistinguish- 
able from erythroid noduli. produced. by haematopoietic 
cells originating from spleen or bone marrow, contained 
lymphoblasts and lymphocytes, which appeared to be of 
the small, medium and large type, and plasma cells. It 
thus seemed that pre-treatment with phytohaemag- 
glutinin triggered off the replication of lymphoblastic cells 
within the spleens of the X-irradiated hosts. 

The intravenous injection of lymph node cells at doses . 
higher than 5 x 10*/recipient, resulted in the immediate 
death of the host. In order to prevent such death following. 
the application of higher doses of lymphoid cells, the 
X-irradiated recipient mice were injected intramuscularly. 
with 0-4 mg of heparin® I h prior to the cell being inoculated 
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Table 1, NUMBER OF LYMPHOID COLONIES PRODUCED IN THE SPLEENS OF 
HBAVILY IRRADIATED RECIPIENTS, BY VARIOUS DOSES OF INOCULATED 
LYMPH NODE CELES FROM PHYTOHAEMAGGLUTININ-TREATED DONORS 


No. lymph node 


cells injected x 10* Lymph colonies per spleen Mean S.D. 
5 0, 0,1, 0, 1, 0, 1, 1, 0, 1, 0, 0 0-42 0-42 

10 0, 1, 2, 2, 2, 0, 0, 0 0-88 0-92 

20 1, 4,2, 1, 0, 1, 3,3, 0, 0 1-50 1-36 


We were able to inoculate the heparin-treated mice with 
cell doses of at least 2 x 107 cells/host. It was thus possible 
to investigate the distribution of macroscopice lymphoid 
colonies within the irradiated spleen as a function of cell 
dose injected. Preliminary results are presented in Table 1 
and in Fig. 4. The cloning efficiency of the lymphoid cells 
was found to be lower by a factor of about 10* compared 
with the cloning efficiency of bone marrow under similar 
conditions. However, similar to the relationship between 
the number of nucleated marrow cells injected and the 
number of colonics formed', the relationship that we 
found for lymphoid colonies does not deviate significantly 
from linearity, and the intercept does not differ signifi- 





Fig. 1. Macroscopic nodull, representing clones of lymphoid cells, 12 


days after injection of lymph node cells from phytohaemagglutinin- 
treated donors 
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Fig. 3. Cell population of a lymphoid clone, in section (x e. 173) 
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the number of lymphoid colonies per spleen 


Fig. 4. 
cantly from zero. The formation of lymphoid colonies 
thus seems compatible with the idea that a single injected 
cell could initiate a lymphoid colony. 

Within 12 days following cell inoculation, the size 
of the population of the lymphoid noduli was about 
1-5 x 10° cells. Assuming an exponential replication 
pattern within each clone, starting with a lymphoblastic 
stem cell, the generation time would be about 12 h 
(1-5 x 10% = 2%), In fact, cell replication of such differen- 
tiating lymphocytes is probably not continuously exponen- 
tial, since cells reaching certain stages of differentiations 
(that is, small lymphocytes) may stop replicating. The 
population of 2** cells within 12 days may have, therefore, 
resulted from cells with a generation time of less than 12 h. 
This high rate of cell replication seems to have been 
triggered off by the mitogenic effect of phytohaemag- 
glutinin, and promoted by the special condition of the 
depleted spleens in the X-irradiated animals. 

A similar approach to the production of lymphoid 
clones was used, and X-irradiated mice were injected with 
thymus cells from 1-month-old donors, which had been 
pre-treated with phytohaemagglutinin. The results 
obtained so far indicate that thymus cells from phyto- 
haemagglutinin-treated hosts also form lymphoid colonies 
within the recipient’s spleen. (It should be noted, however, 
that treating the recipient, instead of the donor, with 
phytohaemagglutinin, following the injection of normal 
lymph-node or thymus cells, did not yield any macroscopic 
colonies.) 

Cloned populations of lymphoid cells, produced within 
spleens of heavily irradiated mice, can be easily dissected 
out. The capacity of different clones of one genetic origin 
to form antibody to a given antigen, and the morpho- 
genetic processes taking place within such cloned cells 
under various experimental conditions, are at present 
being investigated in our laboratory. 

This work was supported by a grant from the Inter- 
national Atomic Energy Agency, 196/US, and from the 
U.S. Air-Foree, A /'61(052)721. One of us (L. C.-B. from 
the Istituto di Anatomia e Istologia Patologica, Univer- 
sita Bari, Italia) was the recipient of a World Health 
Organization fellowship while participating in this work. 
* Til, J. E., and McCulloch, E. A., Rat. Res., 14, 213 (1961). 


: —— H., Trainin, N., and Law, L. W., J. Nat. Cancer Inst., 31, 199 
(1 b 

* Levey, R. H.. Trainin, N., Law, L. W., Black, P. H., and Rowe, W. P.. 
Srience, 142, 483 (1963). 

‘t Osoba, D., and Miller, J. F. A. P., Nature, 199, 653 (1963). 

* Globerson, A., and Feldman, M., Transplantation, 2, 212 (1964). 


* Feldman, M., and Globerson, A., Sirth Intern. Transplantation Conf.. N.Y. 
Acad, Sei. (in the press) (1964). 


* Nowell, P, C., Cancer Research, 20, I, 462 (1960), 


* Hirschhorn, K., Bach, F., Kolodny, R. L., Firschein, I. L., and Hashem. N.. 
Srience, 142, 1187 (1963). 
* Duplan, J. F., C.R. Soc. Bial., 157, 286 (1953). 


— April 24, 1965 


NATURE 


369 


LACTOGENESIS IN THE ANDROGEN-STERILE RAT: AUGMENTATION 
FOLLOWING 7,12-DIMETHYLBENZ(a)ANTHRACENE 


By Dr. ELIZABETH STERN 
School of Public Health 


OME previously unreported characteristics of the 
modified hormonal state of androgen-sterile and 
carcinogen-treated rats were observed in the course of 
investigating tumorigenesis in these animals. Mammary 
development and secretory function were present in the 
androgen-sterilə rats and there was augmentation of the 
secretory changes following carcinogen. Mammary gland 
secretion was also observed in carcinogen-treated control 
rats. Initial response to the carcinogen was indicated by 
a decrease in the weights of the pituitary gland, the ovaries 
and uterus; in androgen-sterile rats, arrest of keratiniza- 
tion and leucocyte migration were evident in vaginal 
smears within 24-72 h. 

The purpose ofour experiment was to examine tumori- 
genesis in the anedrogen-sterile rat. This article, however, 
is limited to observations on mammary gland and vaginal 
responses associated with the treatments. 

The term androgen-sterile rat, as described by Barra- 
clough, refers to the modified hormonal state resulting 
from a single injeetion of testosterone propionate adminis- 
tered neonatally and thus initiated at a critical period 
before maturation of the hypothalamic-hypophyseal axis’. 
The syndrome is characterized by a lack of ovulation 
associated with absence of corpora lutea in the ovaries 
and constantly keratinized vaginal mucosa—abnormalities 
which are temporarily reversible with appropriate treat- 
ment*. 

In order to accelerate tumorigenesis we administered 
carcinogen, using the regimen of Huggins in which a 
single well-tolerated intragastric dose of 7,12-dimethyl- 
benz(a)anthracene (DMBA) is given at 50 days, an age 
which is apparently optimal in female Sprague-Dawley 
rats for the rapid induction of mammary gland tumours*. 
The Sprague-Dawley rats were post-pubertal by age 50 
days, and at this age those which were androgen-sterile 
showed constant keratinization of the vaginal mucosa 
providing a convenient base-line for observing initial 
effects of carcinogen treatment by means of daily vaginal 
smears. Endocrme responses have been reported as a 
result of protracted carcinogen treatment and include 
reference by Huggins and Pollice to hyperplasia of the 
mae tree associated with administration of 3-methyl- 
cholanthrene (3-MC) (ref. 4). With the single dose of 
DMBA, there have been no observations on mammary 
gland response; Huggins et al., however, reported that 
there was no change in production of gonadotropin by the 
pituitary or in ovarian function*. DMBA-induced adrenal 
necrosis as described by Huggins and Morii was present 
in both androgen-terile and control rats. 

Sprague-Dawley female rats were assigned to four 
experimental groups, litter-mates being represented in 
each group wherever possible. The animals were fed a 
standard ration and kept under controlled environmental 
conditions. At age 5 days, one-half the animals received 
a subcutaneous injection of 1-25 mg testosterone propion- 
ate dissolved in sesame oil, the remainder a subcutaneous 
injection of sesame oil. The pups were returned to their 
mothers and weaned at age 21 days. Vaginal smears were 
taken daily from the date of vaginal opening. Under 
light ether anaesthesia a dose of 20 mg of the carcinogen 
DMBA dissolved im sesame oil was given intragastrically 
to one-half of the controls and to an equal number of 
the androgen-sterile rats, the remainder receiving sesame 
oil. At necropsy, at ages 53 and 150 days, ovaries, uteri, 
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adrenals and pituitary glands were dissected and weighed ; 
the vagina, external genitalia including clitoris, and 
inguinal mammary glands were also dissected, and histo- 
logical sections were p . Alterations in hormonal 
state are inferred from observations on target organs. 

Alveolar development and secretion were present in 
the mammary glands of some androgen-sterile rats as 
early as age 53 days (Fig. 1). At necropsy at 150 days the 
nodularity palpable in tissue of androgen-sterile 
rats was found to be due to grossly visible cyst-like spaces 
filed with milk. Electropherograms of experimentally 
induced milk, and milk from a lactating rat, showed 
comparable patterns. (Unpublished data obtained by 
Dr. Paul Melnychyn and John Wolcott at Carnation 
Research, Van Nuys, California.) On histological examina- 
tion the degree of differentiation of mammary parenchyma 
was variable in an individual animal, ranging from ducts 
only to foci of alveolar development, to areas where 
alveoli were irregularly enlarged, the lining epithelium 
showing evidence of secretory activity and the lumina 
distended with vacuolated secretion (Fig. 2). The epithel- 
ium was focally hyperplastic and papillary. 

Similarly, irregular alveolar differentiation and patchy 
milk secretion were present in the DMBA-treated androgen- 
sterile rats, and this functional aciivity seemed to be 
augmented. 

In the DMBA-treated control rats, patchy alveolar 
differentiation and milk secretion were also present (Fig. 3), 
although much less extensive than in androgen-sterile rats. 
These changes in carcinogen-treated control rats were in 
contrast to those found in controls not given carcinogen. 
The maximum change in the controls not given DMBA 
was observed in those rats in which vaginal smears indicated 
pseudopregnancy at or near the necropsy date. In 
pseudopregnant control rats there was lobular alveolar 
development with little or no lumenation or secretion 
(Fig. 4). DMBA-treated control rats tended to show 
secretion of milk if pseudopregnant and patchy alveolar 
development with secretion even when not pseudo- 
pregnant. 

Table 1 shows the number of rats in each experimental 
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Fig. 1. Section of mammary gland of androgen-sterile rat showing 
alveolar development and vacuolated secretion, aged 53 days. (x 240) 








Fig. 2. Section of mammary gland of androgen-sterile rat showing 
alveolar development and vacuolated secretion, aged 150 days, (x 240) 


Numerical scores for vaginal cycle stages were converted 
to a single cycle marker to indicate deviations from the 
keratinized state. For example, the presence of the marker 
indicates keratinization arrest and leucocytic migration 
consistent with dioestrus, or the mucification of pro-oestrus ; 
the absence of the marker indicates keratinization or 
oestrus, 


Table 1. LACTOGENESIS AT AGE 150 Days 
Control Androgen-sterile 
Extent of milk Vehicle Carcinogen Vehicle Carcinogen 
CV CD FV TD 
None 18 6 7 0 
Microscopically visible only 3 17 11 12 
Grossly visible 1 1 6 11 
Total number of rats 22 24 24 23 
Values of x* and probability-level for pairwise comparison of experimental 
groups: 
x? P x* P 
CV-CD 15:40 < 0-001 CD-TV 4:83 0-108 
CV-TV 12-64 0-001 CD-TD 14-86 < 0-001 
CV-TD 31-02 <0°001 TV-TD 8-41 0-015 


Lactogenesis is significantly greater in each of the treatment groups than 
in the control group. The extent of lactogenesis of the carcinogen-only rats 
(CD) is com ble to that of the androgen-sterile vehicle rats (7' V), although 
the mechanism may be different for the two treatments. The carcinogen 
enhances lactogenesis in the androgen-sterile rats (T F-TD comparison) and 
in control rats (C V-CD comparison). 


Table 2 shows the number of rats for each experimental 
group in categories determined by the presence or absence 
of the marker during three-day periods before and after 
the date of DMBA administration at age 50 days. This 
is of some importance since we have found that there is 
a tendency for vaginal cycling to occur in the androgen- 
sterile rat, as evidenced by sporadic interruption of 
keratinization, occasionally followed by migration of 
neutrophils and mucification before resumption of the 
more or less constant keratinization. The abrupt changes 
noted in the androgen-sterile rats within 24-72 h of 
carcinogen treatment are in contrast to these sporadic 
changes. The smear changes indicated in Table 2 were 
verified by histological examination of the vaginal mucosa 
in the animals necropsied at age 53 days, the end of the 
72-h period. The effect of DMBA in altering the non-cycling 
status of the androgen-sterile rats is statistically highly 
significant. No effect of the carcinogen on vaginal response 
is observed at this age in the control rats. 

In the group of carcinogen-treated androgen-sterile 
animals not killed at day 53, dioestrus occurring within 
24-72 h was followed by pro-oestrus within 4-5 days of 
the treatment before resumption of continuous keratiniza- 
tion, The vaginal cycling response to DMBA thus resembles 
that which is induced in androgen-sterile rats following 
progesterone injection*. 

The physiological abnormalities characteristic of rats 
treated neonatally with androgen have been related to an 
impairment in hypothalamic regulation of pituitary 
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Table 2. Errgeot OF DMBA ON VAGINAL CYCLE AS ASSESSED BY PRESENCE 
OR ABSENCE OF CYCLE MARKER* BEFORE AND AFTER ADMINISTRATION OF 


CARCINOGEN 
Control An -sterile 
Before After Vehicle Carcinogen Vehicle Carcinogen 

DMBATt DMBAT CV CD TV TD 
Absent Absent 2 1 45 15 
Present 2 0 0 26 
Present Absent 1 1 2 4 
Present 41 43 0 0 
Total number of rats 46 45 47 45 


z* = 37-9, 1° of freedom, P < 0-001, for subtable of androgen-sterile rats with 
marker absent before injection of carcinogen. 

* Cycle marker indicates keratinization arrest and leucecytic migration, 
or mucification, as present in vaginal smears. raa- 

t Sac ear, A pet before and after DMBA administration, age 50 days, 
t Includes both rats killed at 53 days and at 150 days. 


function such that cyclic release of luteinizing hormone 
(LH) is blocked'. The development of alveolar differentia- 
tion and milk secretion in mammary glands suggests 
release of prolactin from the pituitary since, in the rat, 
prolactin is necessary for mammogenesis as well as lacto- 
genesis’. Observation of secretion at 53 days of age and 
at 150 days of age suggests that prolactin is persistently 
released. Mammary gland changes have not been reported 
in the androgen-sterile rat, but Taleisnik and McCann 
reported mammary development in rats with hypothalamic 
lesions inducing constant oestrus or constant dioestrus. 
They suggested that the mammary development was 
consistent with persistent secretion of LTH (prolactin) 
and indicated a reciprocal relation between LH and 
luteotropic hormone (LTH) secretion by the isolated 
pituitary’. McCann and Friedman, inducing lactogenesis 


oy 
an a Te 





r i a ' = . vå d. 
: VEE eee — — y \} — * 


Fig. 3. Section of mammary gland of DMBA-treated control rat, normal 
cycles, showing alveolar development and vacuolated secretion, aged 
150 days. (x 240) 





Fig. 4. Section of mammary gland of control rat, pseudopregnant, show- 
ing lobular alveolar development, age 150 days. (x 240) 
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in rats by means of hypothalamic lesions, postulated that 
in the absence of inhibitory central nervous system 
influences medisted by the hypothalamus, LTH would be 
enhanced’. In the androgen-sterile rat there has been an 
apparent modification of factors which normally inhibit 
prolactin release. 

The patchy character of alveolar development and milk 
secretion is indicative of an imbalance in the combination 
of hormones avaiable or of an asynchrony in the response 
of the mammary parenchyma, or of both. That hormones 
from the adrenal cortex may be important in the mammary 
response is suggested by the persistent increase in adrenal 
weight observed in androgen-sterile rats. The absence of 
corpora lutea in these animals suggests the prominent 
ovarian interstitial tissue as a possible source of progester- 
one or other steroid hormones. 

The finding of lactogenesis in carcinogen-treated control 
rats implies a prolactin releasing action associated with 
DMBA administration. Moon found an immediate drop 
in prolactin content of pituitaries of lactating rats following 
administration of the carcinogen 3-MC*®. The initiation 
of vaginal cycling in the androgen-sterile rats within 
24-72 h of DMBA administration in the present experi- 
ment may be a related phenomenon in that the vaginal 
response may be secondary to ovarian stimulation as a 
result of prolactin (LTH) released from the pituitary. 
Whatever the final interpretation of this initial response, 
our observations are suggestive of sustained release of 
prolactin as evidenced by the presence of milk at the 150- 
day necropsy. The part played by the adrenal gland in 
this complex response is difficult to evaluate because of 
the adrenal cortical necrosis and subsequent calcification 
which follows DMBA. administration in androgen sterile 
as well as in control rats. 
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Prolactin and progesterone have been implicated as 
factors of aetiological importance in mammary gland 
tumours in mice’. Recently, Gorski has found mammary 
gland tumours associated with lactogenesis in ageing 
androgen-sterile rats. In the present investigation, 
lactogenesis appears in young rats along with the other 
characteristics of the modified hormonal state initiated 
by neonatal androgen treatment, and is apparently 
enhanced following DMBA administration. The correlation. 
of these findings with tumorigenesis must await further 
investigation which will take into account other concomit- 
ant changes. 

Moon has postulated that 3-MC may not only induce 
neoplastic changes but may also provide a hormonal state 
conducive to tumour growth®. The initial response to 
DMBA reported here also is suggestive of additional 
mechanisms associated with the induction of tumours by 
chemical carcmogens than that of direct action on 
mammary epithelium. 

This study was supported by an American Cancer 
Society Institutional research grant and the California 
Institute for Cancer Research. Statistical services were 
supplied by the University of California, Los Angeles; 
Health Sciences Computing Facility. 
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INCORPORATION OF RADIOARSENATE INTO PROTEINS AND NUCLEIC 
ACIDS OF THE EHRLICH LETTRE ASCITES CARCINOMA IN VITRO 


By Prof. E. R. M. KAY 


Department of Biochemistry, University of Rochester School of Medicine and Dentistry, Rochester, New York 


HE toxic nature of soluble inorganic forms of arsenic 

has been recognized for some time. Many of the skin 
reactions due to arsenic toxicity, for example, are related 
to the special affinity of arsenic for the skin proteins con- 
taining —SH groups. The evidence that arsenic forms 
these compounds with —SH groups of proteins does not, 
however, explain entirely the long-range toxic properties 
of this element. Extensive experiments have shown that 
arsenic compounds have a marked effect on several 
enzyme systems, particularly the pyruvate oxidase 
system!. The present view is that an important means 
by which arsenic acts as a poison is by the disruption of 
the energy transfer involved in the pyruvate oxidase 
enzyme system in the cell. Many other important 
enzymes are also affected by arsenic. Barron and Singer? 
showed that d-amino-acid oxidase, l-glutamic acid oxidase, 
monoamine oxidase, and transaminase were inhibited by 
trivalent arsenic compounds. Liver choline oxidase, 
choline dehydrogenase, and glucose oxidase were also 
inactivated by trivalent arsenic, and all were presumably 
inactivated by reason of their possession of —-SH 
groups. 

The possibility of active binding sites for arsenic other 
than the —SH-containing proteins has occurred to some 
workers. This is because of the similarity in chemical 
reaction to inorganic phosphorus compounds. These 
latter compounds are transported readily across cell 
membranes and play a part in forming many organic 
bound phosphates among which are the nucleotides and 


nucleic acids. In this article evidence is presented sug- 
gesting the similar mechanism of utilization of arsenates. 
There is evidence fcr the incorporation of arsenates into 
nucleotides and nucleic acids of mammalian cells. Cells 
of the Ehrlich Lettré ascites carcinoma were used, as 
extensive data are already available concerning their 
normal pattern of rucleic acid synthesis. 

Cells of the Ehrlich Lettré ascites carcinoma were 
maintained in host mice by transplanting 0-2 ml. of ascitic 
fluid at 7-10-day intervals to host mice of the CFW strain 
obtained from Carworth Farms. The fluid was drained 
from tumour-bearing mice and incubated in an in vitro 
system with: 1:0 mL 0:25 M sucrose in 0-05 M phosphate 
buffer, pH. 7:4; 0-8 ml. 0:25 M sucrose containing 0-1 M 
glucose; 0-2 ml. H.O containing radioarsenate As (290 
uc.), and 2-0 ml. cells. The concentration of phosphorus 
used in these experiments was 12-5 mM, and the arsenic 
15:3 uM, so that there was a great dilution of the arsenic 
in the presence of its associated element. The high 
specific activity of the arsenate permitted detection of 
any labelling which might occur during these incubation 
conditions. ‘This, however, proved unnecessary as the 
utilization of arsenate was very rapid even in the presence 
of such a relatively high concentration of phosphorus. 

After appropriate times of incubation at 37° C with the 
use of a Dubnoff metabolic shaking incubator, the flasks 
were removed. The contents were decanted into 15-ml. 
centrifuge tubes, where the cells were packed by using a 
clinical centrifuge operating for 5 min at 3,000 r.p.m. 
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The cells were frozen and fractionated by using a modi- 
fication of the citric acid procedure described elsewhere’. 
The nuclei and cytoplasmic fractions were extracted three 
times with ice-cold 4 per cent HClO, and centrifuged. 
The acid-soluble supernatants were saved. The sediments 
were extracted with acetone, ethanol, ethanol-ether, and 
ether, and, were air dried. 

Each fraction was dissolved in 0-5 ml. of 0:3 N KOH 
and placed in an incubator at 37° C overnight. After 
this alkaline hydrolysis the solutions were cooled and 
precipitated with dropwise addition of 70 per cent HClO, 
to lower the pH to 1. The clear supernatant after centri- 
fugation contained the hydrolysed nuclear and cytoplasmic 
RNA fractions. These solutions were diluted with 4 
per cont HClO, to 4 ml. and the optical density was 
determined using a Beckman model ‘DU’ spectrophoto- 
meter, at 260 mp. A 0-1-ml. aliquot was plated on a 
stainless-steel planchet and the radioactivity determined 
with a Nuclear Chicago gas flow counter. The specific 
activity was determined and recorded as c.p.m./ug 
RNA using a previously calculated extinction value of 
Ei% of 205 for pure ascites RNA treated in this manner. 

The acidified residues remaining from this procedure 
were extracted twice with cold 4 per cent HCIO, and then 
with 4 per cent HCIO, at 90° C for 15 min to obtain the 
DNA from the nuclear fraction and to remove any 
remaining nucleic acids from the cytoplasmic fraction. 
The protein residues were washed with water, acetone, 
ethanol, ether, and air dried. 

The DNA samples were diluted to 4 ml. and the optical 
density was determined as described at 260 mp. The 
concentration was calculated using a Hi%, value of 250 
for pure ascites DNA treated in similar fashion. A 0-1-ml. 
aliquot was plated as here and the radioactivity determ- 
ined. Specific activity was calculated as c.p.m./ug DNA. 
All corrections for decay and background were made in 
the calculations. The protein samples were plated by 
appropriate procedures and the specific activity determ- 
ined as c.p.m./mg protein. 

It was expected that arsenic in the form of arsenate 
would be bound to cellular proteins, and the evidence 
presented in Fig. 1 confirms this. During the course of 
the incubation radioarsenate appeared rapidly in the cyto- 
plasmic fraction, and at a lower rate of incorporation in 
the nuclear fraction (Fig. 1). The proteins were not 
separated from the various cytoplasmic components, so 
this represents the total combined protein of the endo- 
plasmic reticulum, mitochondria, lysosomes, other cellular 
components and the plasma membrane. It was not 
possible to distinguish among these by the methods of 
cell fractionation used. It ıs perhaps not surprising 
that there is strong binding to the cellular protein since 
arsenic compounds have been shown to be bound firmly 
to —SH-containing proteins which are found throughout 
the cell. It has been indicated that many enzymes possess- 
ing —SH groups are poisoned by the binding capacity of 
arsenic and arsenic compounds*, Although no measure- 
ments of respiration were made in these experiments the 
levels of arsenate employed were considered to be below 
the levels of inhibition observed by Peters et al.t. No 
evidence of interference in the energy supply mechanisms 
of the cells was therefore seen, since in the course of the 
experiments nucleic acid synthesis was proceeding. 

In an examination of the nucleic acid fractions the most 
interesting observation was to find that the arsenate 
was incorporated at a very rapid rate into both nuclear 
and cytoplasmic RNA (Fig. 2). The rate of incorporation 
into the two fractions was similar during the course of 
the 2-h meubation. The DNA was also seen to incorporate 
the radioarsenate with time, which suggests true synthesis 
rather than a simple exchange at the polynucleotide 
level, or non-specific binding of the arsenate. 

To examine the incorporation of arsenate into the 
nuclear and cytoplasmic RNA, the fractions were separ- 
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Fig. 1. Incorporation of "As into nuclear and cytoplasmic proteins. 


, Cytoplasmic, @, nuclear 


100,000 


80,000 


60,000 


40,000 


Cpm fxg nucleic acid 


20,000 





30 60 
Time (min) 


Fig 2 Incorporation of “As into nuclear and A aera paces acids. 
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ated into the constituent nucleotades by — 


_paper chromatography. Samples of the acidified alkaline 


digest were placed on a line 10 em from one end of a 
50 cm x 1-5 in. strip of Whatman 3 MM chromatograph 
paper and the strips were placed in a jar and subjected 
to the isopropanol-HCl—H,O solvent system of Wyattë. 
The papers were dried, and the spots, identified as the 
nucleotides by using a “Mineralite’ (260 myu), were cut out 
and eluted in test-tubes with 5 ml. of 0-01 N HCl. The 
optical density was determined for these eluates at the 
appropriate wave-length’. l-mili. aliquots of the eluates 
were plated for counting, as here. The specific activity 
of the individual nucleotides was calculated as c.p.m./ 
umole nucleotide. 

The results of the mods analysis are shown in 
Figs. 3 and 4, and it can be seen that each of the nucleotides 
of the nuclear and cytoplasmic RNA was labelled. This 
agrees with the findings as described for whole RNA of 
each of these sources. In agreement with this it can be 
seen that the nucleotides of the nuclear RNA were all 
labelled much faster than were those of the cytoplasm. 
There was an interesting variation in labelling patterns 
within the constituent nucleotides of the RNA. of each cell 
fraction. It can be seen from Figs. 3 and 4 that the specific 
activity increases in the series with guanylic acid < 
adenylic acid < cytidylic acid < uridylic acid for both 
nuclear and cytoplasmic RNA. This could possibly be 
due to the concentration of free unlabelled nucleotides 
in the two parts of the cell. There is some evidence that 
the concentrations of free uridylic and cytidylic acids are 
less than the adenylic and guanylic acids m these cır- 
cumstances of incubation. In the synthesis of nucleo- 
tides de novo, using a label such as radioarsenate, there 
would then be found a much more active uridylic acid in 
the RNA than guanylic or adenylic acid, ın accord with 
the experimental observation. An analysis of nucleotides 
in these cells, under conditions similar to the in vitro 
system, should answer this question unequivocally. The 
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Vig. 3. Incorporation of “As into nucleotides of nuclear RNA. ©, 
Adenylic acid; @, guanylic acid, A, cytidylic acid; A, uridylic acid 


observed labellmg pattern of the nucleic acid nucleotides 
with radioarsenate appears at the moment to offer a 
useful method of measuring the pool size of available 
nucleotides in the cells. 

An examination of the nucleotide patterns in Figs. 3 
and 4 shows that in each case there is a rapid incorporation 
into the nuclear RNA with the nucleotides reaching a 
peak of activity after about 30 min incubation. This 
agrees with observations with “C formate as a label in 
experiments on the time course of RNA synthesis by these 
cells*. This type of kinetic result 1s in agreement with data 
obtained when using **P carrier-free phosphate as a label 
in a variety of tissues’. It therefore indicates a possible 
precursor product relationship between nuclear RNA 
and cytoplasmic RNA of this arsenate labelled RNA and 
indicates the possible movement of nuclear arsenate 
labelled RNA into the cytoplasm. This is in good agree- 
ment with the hypothesis at present accepted for the 
nuclear synthesis of ‘messenger’ RNA. The shift of label- 
ling peak seen for uridylic acid does not conform to the 
other three nucleotides. However, since uridylic acid is 
normally low in concentration the biosynthesis of this 
nucleotide de novo may represent a controlling factor in the 
assemblage of nucleotides by the RNA polymerase. 
While the other nucleotides such as adenylic acid and 
guanylic acid are readily available the uridylic acid is 
incorporated at a rate dependent on its own rate of synthe- 
sis, independent of the others. 

In view of the rapid incorporation of the radioarsenate 
into the nucleic acid fractions it must be assumed that 
there exist mechanisms in these cells for the enzymatic 
utilization of arsenate, as well as for phosphate. In the 
first instance there are several possibilities which must be 
considered. The first of these has to do with the possible 
exchange of arsenate with phosphate in the ribose phos- 
phates which are required in nucleotide biosynthesis. 
The second follows from this, and leads to the suggestion 
that arsenates, like the phosphates, may be incorporated 
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into high-energy compounds which could be utilized for 
processes analogous to the phosphorylation of ribose in 
nucleotide biosynthesis, or provide compounds similar to 
the high-energy nucleoside triphosphates required for RNA 
and DNA synthesis by the respective polymerases. There 
is no evidence at present for such mtermediates. It is 
possible, in view of these observations, that an examination 
of acid-soluble components of ascites cells under conditions 
of incubation, in the presence of radioarsenate, would show 
the presence of such intermediates. 

The formation of abnormal molecules as arsenate- 
labelled RNA and DNA, particularly of the ‘messenger’ 
type, raises a number of interesting considerations. 
Among these is the macromolecular structure of such an 
unusual molecule, and the question of what would be the 
expected action of RNase, for example, on this anomalous 
polynucleotide. The question of the extent to which such 
abnormal molecules as ‘arseno polynucleotides’ might be, 
structurally, sufficiently different to influence a variation 
in protein synthesis în the cell is of primary consideration 
in considering the role of arsenic-labelled ‘messenger RNA’. 
As a result of the altered structure it seems quite possible 
that the ‘arseno-DNA’ could influence the formation of 
an altered information transfer molecule even though 
the RNA itself, in circumstances of later synthesis by 
the RNA polymerase system of the cell, was not itself 
labelled with arsenic. The implications of this will be 
discussed in a subsequent paper concerning the incorpora- 
tion of arsenate into the nucleic acids of mouse lung. 

This work was supported by grant CA 05172 of the 
National Cancer Institute, U.S. Public Health Service. 
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SIMILARITY OF REPAIR OF IONIZING AND ULTRA-VIOLET RADIATION 
DAMAGE IN Micrococcus radiodurans 


By Dr. B. E. B. MOSELEY and Dr. H. LASER 


Molteno Institute, University of Cambridge 


HE concept of enzymatic repair of intracellular DNA 

which has been damaged by ultra-violet radiation 
has been well established'!-*. This work suggests that 
injured bases, including thymine dimers, can be enzymatic- - 
ally removed and the DNA molecule reconstructed from 
information on the complementary strand. This must be 
considered an important biological mechanism in main- 
taining the viability of bacteria resistant to ultra-violet 


radiation. With regard to X-ray damage, Pettijohn and 
Hanawalt? speculated on a more general repair system 
than that indicated for the case of thymine dimers. Pre- 
liminary evidence for the existence of such a repair 
mechanism in the baeterium Micrococcus radiodurans has 
been reported. , 

M. radiodurans, a non-sporing bacterium, is extremely 
resistant to both ianizing’ and ultra-violet® radiations 
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(Figs. 1 and 2), properties which are exceptional and were 
formerly thought to be incompatible in the same organ- 
ism?8, Survival curves against both types of radiation 
have large shoulders followed by exponential slopes with 
high extrapolation numbers. Setlow and Duggan® have 
demonstrated that an efficient system for repair of ultra- 
violet radiation damage exists in this bacterium, and 
Moseley and Laser’ have shown. that a similar mechanism 
exists for repair of at least two types of damage caused by 
ionizing radiation. 

The problem arises whether a single repair system can 
repair both ionizing and ultra-violet radiation damage 
or whether two separate, specific systems are involved. 
In order to investigate this problem the effect of mixed 
doses of ionizing and ultra-violet radiations on the 
viability of M. radiodurans has been investigated. 

Cells of M. radiodurans were grown at 30° C in a medium 
(‘Tgya’ broth) containing “Bactotryptone’ (Difco) 5-0 g, 
glucose 1:0 g, yeast extract 3-0 g, aspartic acid 2:0 g, 
distilled water to 1 lL, pH adjusted to 7-2 with sodium 
hydroxide. Cells from 18-h cultures were washed twice 
and resuspended in a buffer solution (pH 7-2) for irradia- 
tion. y-Irradiation was carried out with cobalt-60 y-rays 
at a dose rate of 16-7 krads/min. During irradiation 
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oxygen was bubbled through the cell suspension. Ultra- 
violet irradiation was carried out using a Hanovia 
germicidal lamp (model 12). 5-mil. samples were irradiated 
in standard Petri dishes at a distance of about 40 cm at 
a dose rate of 22-5 ergs/mm?/sec. The suspension was 
agitated during irradiation by means of a magnetic 
stirrer. Viable counts were made by making suitable 
dilutions of the irradiated suspension in a buffer solution 
and plating 0-1 ml. quantities on ‘Tgya’ agar plates. 
Counts were made after incubation for 48 h at 37° 0. 
No evidence has been obtained for a photo-reactivating 
enzyme in M. radiodurans. Nevertheless, experiments 
were carried out under conditions which would exclude 
such effects. 

M. radiodurans was exposed to increasing doses of 
ionizing radiation up to the dose required to cause expo- 
nential death. The cells were then exposed to ultra-violet 
radiation and their survival determined against ultra- 
violet dose. Fig. 3 is a family of survival curves after 
pre-irradiation with varying doses of y-rays. It shows that 
preliminary ionizing radiation causes a reduction of 
the shoulder of the ultra-violet survival curve with a 
consequent decrease of the extrapolation number. On 
exposing the cells to a dose of ionizing radiation which is 
large enough to cause exponential death (920 krads) the 
shoulder to ultra-violet radiation completely disappears, 
subsequent ultra-violet radiation continuing to cause cell 
death at an exponential rate. It is evident that the ability 
of the cell to repair ultra-violet damage decreases propor- 
tionally with the increase of pre-irradiation dose of y-rays. 

The results allow the following conclusions to be drawn: 
(1) Preliminary y-irradiation decreases the ability of the 
cells to repair ultra-violet damage. (2) The ultra-violet 
repair system contributes to the repair of y-ray damage. 
(3) The final lesion which renders the cell non-viable can 
be caused by either ionizing or ultra-violet radiation. 
(4) The final slope of the survival curve may, therefore, 
represent the situation where the repair system is no 
longer able to cope with the large number of lesions caused 
by the radiation or the repair system may itself be 
affected in its activity. (5) Since ultra-violet radiation at 
the wave-length used is absorbed almost specifically in 
the nucleic acids, these results support the view that the 
lethal effect of ionizing radiation is equally located in the 
nucleic acids, 

These conclusions hold if two further conditions are 
fulfilled, namely, if it can be shown that y-rays do not 
sensitize the DNA to subsequent ultra-violet radiation 
and, secondly, if the irradiation procedure can be reversed 
(that is, ultra-violet followed by y-radiation), with the 
same result. 
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In the former case, if sensitization were to occur, this 
would result in an increase of ultra-violet lesions/unit 
dose of ultra-violet radiation. This in its turn would alter 
the survival curve against ultra-violet dose which, by 
comparison, would appear as if on a compressed scale, 
where the shoulder is shorter and the exponential part 
steeper. Fig. 3 clearly demonstrates that this is not the 
case. However great the reduction of the shoulder (com- 
plete after 920 krads y-rays), all exponential slopes are 
parallel. This indicates that the ultra-violet lesions are 
created at the seme rate whether preceded by y-irradiation 
or not, that is, y-irradiation does not sensitize DNA to 
subsequent ultra-violet radiation. 

On reversing the sequence of irradiation by exposing 
first to ultra-violet followed by y-radiation, a similar 
situation exists. Increasing the dose of ultra-violet 
radiation correspondingly reduces the ability of the cells 
to repair ionizing radiation damage. On exposing the 
cells to a dose of ultra-violet large enough to cause 
exponential death, the shoulder to ionizing radiation 
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completely disappears, and subsequent y-radiation con- 
tinues to cause cell death at an exponential rate (Fig. 4). 
The evidence for enzymatic repair of ionizing radiation 
damage by a mechanism similar to that operative in 
ultra-violet dark repair is supported by a consideration 
of the work of Deen and Alexander’ and of Elder and 
Beers", Dean and Alexander showed that iodoacetamide 
(10-* M) sensitizes M. radiodurans and E. colt Bjr (which 
are both radiation resistant) to ionizing radiation while 
it had no effect on radiation sensitive strains, such as 
E. coli B and Pseudcmonas fluorescens. We have suggested‘ 
that sensitization by iodoacetamide might be due to 
inhibition of the repair mechanism in M. radiodurans 
whereby the inherent susceptibility of the DNA molecule 
is exposed. The sensitivity of M. radiodurans should 
then approach that of a Pseudomonas sp. This was, in 
fact, the case in the experiments of Dean and Alexander”’. 
Recently, Elder and. Beers"! have furthermore shown that 
a similar compound, iodoacetate (10-* M), inhibits the 
dark repair enzyme in Micrococcus lysodeikticus. This 
substance is known to sensitize bacteria to lonizing 
radiation?!, o. 
The conclusion therefore seems justified that ionizing 
radiation damage can be repaired enzymatically and, since 
lethal ionizing and ultra-violet radiation damage were 
found to be interchangeable, that its repair is effected 
by a mechanism similar to that operative in ultra-violet 
dark repair. 
This work was supported by the Medical Research Council. 
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OF AN AUXIN ESTER SYNERGIZED 


BY AUXINS, ANTI-AUXINS, AND INDOLYL COMPOUNDS 
By Dr, ROBERT D. SCHULTZ and Dr. DAVID NORMAN 


Space and Information Systems Division, North American Aviation, Inc., Downey, California 


REVIOUSLY we reported! that indolyl-3-acetic 
acid (IAA) will prolong the life of free cells of a diluted 
Ehrlich ascites carcinoma in vitro and yet will potentiate 
the cytocidal action of its ethyl ester, IAEt, against the 
same cells. We now have data to show that this cytocidal 
activity of IAEt can be synergized by synthetic, chlorin- 
ated-phenoxy auxins and anti-auxins and also by certain 
indolyl metabolites of tryptophan. However, tryptophan 
itself inhibits the cytocidal action of IAEt in highly 
diluted tumour cell suspensions. Many of these new data 
are consistent with the concept that the cytocidal auxin 
ester, on entering a carcinoma, cell, interacts with a bio- 
chemical system that is similar to, if not identical with, 
a system involved in the growth control of plant cells. 
The molecular mechanism by which auxins exercise 
their precise hormone-like control on plant cell growth is 
no better known than the processes through which most 
animal hormones operate. Recently, however, Monod, 
Changeux and Jacob? have suggested that hormones of 
small molecular weight exert their biochemical effects by 


effecting a configurational change (an allosteric transition) 
in a regulatory protein. No direct proof of their model of 
hormone action has yet been obtained; however, such a 
model, in @ slightly modified form, appears to be consis- 
tent with our data on the synergistic cytocidal interaction 
of an auxin and an auxin ester against the Ebrlich ascites 
carcinoma cell. 

Some of our preliminary, unpublished, data indicated 
that the early death of the Ehrlich ascites cells in vitro 
might be a photodynamic effect caused by the fluorescent 
lights in our laboratory. We are indebted to Dr. Samuel 
S. Epstein for advising us that Dr. Dean Burk and Dr. 
Mark Woods, working independently of our group, 
recently confirmed the photosensitivity of the Ehrlich 
ascites cells. Prof. Leonida Santamaria has kindly 
informed us of a similar observation which he, also, 
obtained independently. 

For this study we used the undiluted tumour, main- 
tained in vitro and in the dark, and followed experimental 
techniques described earlier’. Table 1 shows that, by 


376 


Table 1. SYNERGISTIO Errect OF SYNTHETIO AUXINS AND ANTI-AUXINS 
ON THE OYTOOCIDAL ACTIVITY OF ETHYL INDOLYL-3-AOETATE (IAEt) AGAINST 
FREE CELLS OF AN UNDILUTED ERRLICH ASOITES CARCINOMA 


Concen- 
tration Temp. 


Compound % Cell morzality after incubation 
(mg/ml.) (0) (1h) (2h) (45h) (23h) 
Control 0 21 39 2°8 36 
80 33 3-6 
2,4,6-CLPOA 1 21 3l 26 2-4 
í 30 27 46 
2,4-Cl,POBuli) 1 21 41 4-3 3-4 
30 5:4 7-6 
2,4,5-Cl,POBu(n) 1 21 32 ot 
30 " 33 3:5 
2,4,5-Cl,POPr(n) 1 21 17 2-8 
30 30 
IAEt 1 21 & 4 81 100 6 
30 43 6 470 
LA Et + 2,4,6-C1,POA 141 21 71 $6 94 6 
30 100 0 100-0 
IA Et + 2,4-Cl,POBu(i) 1+1 21 14-0 13-8 99 0 
30 100-0 100 0 
TA¥t + 2,4,5-Cl,POBu(n) 1+1 21 52 9-8 
30 100-0 100 0 
IAEG + 2,4,5-C1,POPrin) 141 a1 6°5 78 
30 100 0 100 0 


themselves, the synthetic auxins 2,4,5-Cl,POBu(n) and 
2,4,5-Cl;POPrin). or the synthetic anti-auxins 2,4,6- 
Cl;,POA and 2,4-Cl,POBu(i), show little or no cytocidal 
activity against the cells of the undiluted tumour*. 
Nevertheless, any one of these compounds, at 1 mg/ml., 
markedly potentiates the cytocidal activity of an equal 
concentration of IAEt at 30° C. At 21° C, however, the 
cytocidal activity of IAEt, by itself, is sharply reduced; 
and no synergistic effects are observable during a 4:5-h 
period. 

We have determined, by chromatographic analysis, 
that IAEt is appreciably degraded by the undiluted 
tumour. But the synergistic cytocidal activity of the 
synthetic auxins and anti-auxins cannot be entirely due 
to their inhibiting the degradation of IAEt; we have 
observed similar synergistic activity by these compounds 
in highly diluted tumour cell suspensions, in which the 
degradation of IAEt 1s negligible. ° 

According to the allosteric transition model of Monod 
et al.*, a regulatory protein (such as an enzyme or perhaps 
a repressor of a DNA operon) is assumed to possess at 
least two stero-specifically different. non-overlapping 
receptor sites, both of which may be flexible. One of 
these, termed the active site, binds the specific compound 
on which the protein exerts its biological activity. (The 
specific compound will hereafter be referred to as the 
substrate, oven when the regulatory protein is not, in a 
strict sense, an enzyme.) The other receptor, or allosteric 
site, is complementary to the structure of a regulatory 
molecule, the allosteric effector (for exemple, a hormone), 
which it binds specrfically and reversibly. The formation 
of the regulatory protein-allosteric effector complex is 
assumed to bring about an allosteric transition, a discrete 
reversible alteration of the molecular structure of the 
protein. It is assumed that this transition modifies 
the reactivity of the active site towards its substrate, for 
example, by removing a steric hindrance to adsorption. 

The Monod-Changeux—Jacob? model of the formation 
of the postulated protein-allosteric effector complex, 
and the consequent allosteric transition, is similar to 
Koshland’s concept‘ of the ‘induced-fit’ of a flexible active 
site of an enzyme to its substrate. Koshland has further 
suggested‘ that the allosteric transition, resulting from the 
induced-fit of a flexible enzymatic allosteric site to a hor- 


mone, brings key portions of the enzyme protein into . 


juxtaposition, thereby facilitating the subseqnent mduced- 
fit of the active site to its substrate. 

Suppose that an auxin molecule, such as IAA or 2,4-D, 
acts as an allosteric effector for a protein that regulates 
cell enlargement. Suppose, further, that the allosteric 


* The following abbreviations are used: JAA =indolyl-3-acetic acid, [AEt 
=cthyl indolyl-3-acetate, POA = phenoxyacetic acid, POPr(n) = phenoxy-n- 
propionic acid, POBu(n)=phenoxy-n-butyric acid, POBu(i) = phenoxyiso- 
butyric acid. Substituents of the phenyl ring are indicated ın the usual 
manner, so that 2,4,5-trichlorophenoxyacetic acid 18 abbreviated as 2,4,5- 
Cl POA, or shorter, as 2,4,5-T. Tryptophan= TP, 5-hydroxytryptophan = 
5-OH-TP, tryptamune = TA. 
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transition requires the flexible allosteric site of the protein 
to enfold deeply or envelop the auxin molecule, somewhat 
as a mechanical jig encloses a piece of metal that 1s to be 
worked. This analogy of an allosteric site is illustrated 
in Fig. 14 by a simple jig with only one degree of flexibil- 
ity, a hinge (although it is probable that the actual allo- 
steric site possesses more degrees of flexibility). The 
parts of the allosteric site, represented by E, and E, on 
the jig, are able to recognize different parts of an auxin 
molecule. A cytocidal auxin analogue might have a high 
affinity for, and be recognized by, only one part (#2) 
of the allosteric site. However, if the analogue has a 
peculiar size, shape or charge distribution not recognized 
by the other part (#,), proper alignment of the two parts 
might be impossible (Fig. 1B). Conceivably, such impro- 
per alignment could cause a lethal malfunctioning of the 
regulatory protein. 

Figs. 1C and 1D show how an auxin or anti-auxin 
adsorbed to one part (E) of the allosteric site could block 
the desorption of a cytocidal analogue previously adsorbed 
to the other part (#,). Such a mechanism might account 
for the synergistic effects of IAA, of synthetic auxins and 
anti-auxins and of certain indolyl compounds on the 
cytocidal activity of IAEt against the free cells of the 
Ehrlich ascites carcinoma (Tables 1-3). High concentra- 
tions of IAA (2 mg/ml. or greater) have been observed 
to have a small cytocidal effect on the Ehrlich cells!. This 
could be the result of two of the auxin molecules ‘wedging’ 
themselves into the allosteric site, in a manner analogous 
to that illustrated in Fig. 1C. A similar wedging pheno- 
menon might also account for the well-known inhibition of 
plant cell elongation by high concentrations of IAA or 
of synthetic auxins. For example, let the equilibria that 
relate the mono- and bi-molecular auxin-allosteric site 
complexes involve the following quantities: Æ, the 
allosteric receptor site in the plant cell; S, the auxin; 
ES, the auxin-receptor entity complexed through part 
E, of the allosteric receptor site; HS,, the auxin-receptor 
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Fig. 1 Schematic diagram of the interactions of an auxin, a cytocidal 
auxin analogue and an-anti-auxin with the allosteric receptor site of a 
regulatory protein. A, Auxin molecule and parts £, and E, of allosteric 
site in proper alignment. B, Cytocidal auxin analogue molecule prevent- 
ıng proper alignment of paris E, and £, of allosteric receptor site. C, 


Auxin molecule adsorbed on part #, of allosteric site and blocking 

desorption of an auxin analogue molecule adsorbed on part E, of salio- 

steric site. D, Similar to C except with an anti-auxin molecule blocking 
desorption of an auxin analogue molecule 
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entity complexed through part E, of the allosteric receptor 
site; ES,,., the auxin-receptor entity complexed through 
parts E, and E, of the allosteric receptor site. This 
complex, analogous to Fig. 1A, is active in promoting 
plant growth and may be presumed to form from either 
ES, or ES,; ES,S,, the bimolecular auxin-receptor entity 
complex in which two auxin molecules are involved, one 
attached to part E, and the other to part E, of the allo- 
steric receptor site. This complex, analogous to Fig. 10, 
is presumed to be inactive in promoting growth. The 
mathematical expression that relates plant growth 
velocity, v, to auxin concentration (S) at supra-optimal 
auxin concentrations can then be shown to be: 


K's + (8) + (8)2/C 


where Vez is the maximum experimentally obtainable 
auxin-induced growth velocity, which is presumed to 
occur when virtually all the auxin-receptor entities are 
in the active #S,,, form, K’s is an experimentally determ- 
inable constant equivalent to the dissociation constant 
of the active HS,,, complex, C is an experimentally determ- 
inable constant related to the probability that two 
molecules will form the inactive bimoleculer auxin 
complex H#S,S, instead of two active ES., complexes. 

Equation (I) ãs identical in form to an expression derived 
by Foster, McRae and Bonner" on the basis of their well- 
known. ‘two-point attachment’ theory of auxin action. 
(Details of the derivation will be found in Housley’s 
review of the kinetics of auxin-induced growth (ref. 6), par- 
ticularly pp. 1016-1020.) Accordingly, we suggest & re- 
interpretation of the available kinetic data on auxin- 
induced plant growth in terms of an allosteric site-auxin 
interaction. 

There appears to be at least one carefully studied 
instance in which indolyl compounds are known to effect 
an allosteric transition in regulatory proteins; namely, 
in the six tail fibres of certain strains of the T-even group 
of bacteriophages. These tail fibres are the adsorption 
organs which enable the phage to attach itself to its 
bacterial host. However, in tryptophan-requiring phage 
strains, the absence of this amino-acid stabilizes an 
inactive state In which the tail fibres are tightly wound 
about the tail sheath. The reaction of the tails with 
molecules of tryptophan permits the tail fibres to uncoil 
and renders the phage adsorbable’. This activation by 
tryptophan is strongly inhibited by indole*®*, but not by 
IAA! Apparently, indole reacts with the non-adsorbing 
(coiled-fibre) form of the phage tail and strongly stabilizes 
the inactive state of the phage. The formation of a charge 
transfer complex may be responsible for binding the 
inhibitor molecules to the phage tail fibres®. 

With regard to these observations on the T-even phages, 
we have found that indole, at 2 mg/ml., rapidly kills free 
cells of the undiluted Ehrlich ascites carcinoma (Table 2). 
At similar concentrations, the tryptophan metabolites, 
tryptamine (TA) and 5-hydroxytryptophan (5-OH-TP), 
synergize the cytocidal activity of IAEt (Tables 2 and 3); 
but, by themselves, TA and 5-OH-TP show little or no 
such activity at 21° C. From these data it would appear 
that tryptophan is also & synergist of the cytocidal action 
of IAEt, a conclusion in conflict with any speculation 
that a parallelism exists between the cytocidal activity 
of indolyl compounds and their action on the tail fibres of 
tryptophan-requiring phages. However, we suspected 
that a metabolite of tryptophan, rather than the amino- 
acid itself, was responsible for potentiating the cytocidal 
activity- of IAEt against the Ehrlich cells. Accordingly, 
we explored the synergistic cytocidal action of these 
indolyl compounds in highly diluted cell suspensions, in 
which the degradation of the compounds is negligiblo. 
The resultant data paralleled the data in Tables 2 and 3, 
with one exception : tryptophan now inhibited the cyto- 
cidal activity of IAEt. We believe, therefore, that the 
apparent cytocidal synergism of tryptophan against the 
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Table 2. CyrocipaL ACTIVITY OF INDOLYL COMPOUNDS AGAINST FREE CELLS 
OF AN UNDILUTED EHRLICH ASCITES CARCINOMA 


Concentration % Cell mortality after incubation at 21°C 
(mg/ml (1 (2 h) (4 h) 


Compound ) h) 
Control 1°3 3-8 3-9 
TAEt 2 91 189 77:9 
4 17°6 81:9 
TP 4 2-9 2-3 32 
TP +IAEt 242 21°7 87.3 
4+2 29°6 89 1 
TA 1 27 4-1 4:6 
TA +I AEt 1+2 854 100 0 
Indole 9 97-2 


Table 3. ADDITIONAL DATA ON THE CYTOOIDAL ACTIVITY OF INDOLYL 
COMPOUNDS AGAINST FEEN CELLS OF AN UNDILUTED EBRIICH ASOITES 


CARCINOMA 
Concen- % Cell mortality after incubation 
Compound tration at 21°C 

(m-g/mi.) (1 h) (2 h) (4 h) (5 h) 
Untreated 0 1:4 
Control 16 13- 23 
TAS 2 1-3 16 23 
TAEt 2 6:3 16-3 24 2 

4 30:6 56-4 92:9 

IAA +IAEt 3-422 8-6 76°6 840 
TP 2 18 13 1-9 
TP+IAEt 342 26-7 48 0. 85°5 
5-OH-TP +TABt 242 13-5 37°7 773 
TA 2 4-4 6:3 225 
TA+IAEt 2+2 907 100 0 
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undiluted tumour (Tables 2 and 3) is an artefact caused 
by metabolites from the degradation of the amino-acid. 
Thus, if IAEt 1s indeed interfering with the allosteric 
transition of a regulatory protein in the free cell of the 
Ehrlich ascites carcinoma, the corresponding allosteric 
site could be one that normally interacts with tryptophan. 
The molecular mechanism of such interaction could be 
similar to that'involved in the activation of tryptophan- 
requiring T-even phages. 

Stent’ has suggesied that the uncoiling of the tail fibres 
is the temperature-sensitive step that determines the rate 
at which phage is adsorbed at high bacterial concentra- 
tions. A decrease in temperature from 25° to 5° C causes a 
ten-fold reduction in the rate of phage adsorption. This 
fact implies that the phage tail protein requires an activa- 
tion energy of about 19 kcal for the allosteric transition. 
The activation energy for inactivation of the T2r*+ phage by 
cadmium cyanide complexés is also about 19 keal and 
may involve the alkaline hydrolysis of the thiol-ester 
bonds that maintain the structure of the phage tail pro- 
tein?®, It has been proposed that the synergistic effects 
of L-tryptophan in increasing the rate of inactivation of 
T'4 phage by Cd(CN),; or by anti-sheath antibody, is the 
result of an allosteric distortion or partial uncoiling of the 
tail fibres so that susceptible bonds in the tail-sheath 
become exposed®, An activation energy associated 
with an analogous allosteric transition in a regulatory 
protein might explain some of the variations which changes 
in temperature caused in the cytocidal activity of IAEt 
against the Ehrlich cells (Table 1). 

Our data on the synergism of cytocidal auxin analogues 
by auxins and anti-suxins are consistent with an allosteric 
model of the intracellular site to which an auxin analogue 
becomes attached; but no information on the location of 
that site has thus far been obtained. Recently, however, 
Nooden and Thimann™ investigated the inhibition of 
auxin-induced. plant growth by known inhibitors of pro- 
tein synthesis (for example, chloramphenicol, puromycin 
and p-fluorophenylalanine) and by actinomycin D, a well- 
known inhibitor of DNA-dependent RNA synthesis. On 
the basis of their data, they suggest that “the locus of 
action of auxin in eell enlargement is in a nucleic acid 
system controlling synthesis of an essential protein”. 
We interpret the term “nucleic acid system” as signifying 
not only DNA and RNA, but also all proteins and enzymes 
which regulate the metabolism and functioning of the 
various types of nucleic acids. 

If Nooden and Thimann are correct, the ‘possibility 
should be considered that the cytocidal action of auxin 
esters or auxin analogues against free cells of the Ehrlich 
ascites carcinoma is the result of a blockage of the syn- 
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thesis of some vital protein, which iš rapidly turned over 
by the tumour cell. Conceivably, the synthesis of such & 
vital protein could be directed by the nucleic acid of a 
hidden virus rather than by a nucleic acid endogenous to 
the host cell. Synthetic and natural plant auxins do 
influence the development of viruses in plant tissue!-**, 
Limasset et al.1 found that relatively high concentrations 
of the sodium salt of 2,4-D delay the appearance of symp- 
toms associated with the infection of tobacco by potato 
virus X. On the basis of serological tests, it was con- 
cluded that the auxin salt does not actually prevent the 
infection, but does powerfully inhibit virus multiplication. 
This inhibition could result from a blockage by the auxin 
of the synthesis of a protein essential to virus maturation. 
A similar interference with the radiation-induced multi- 
plication of hidden viruses might be one way of accounting 
for our recent observation)’ that the synthetic auxin 
analogue $-2.4,5-trichlorophenoxyethanol (2,4,5-TOH) can 
protect 75 per cent of a group of C57BL/6J mice from the 
lethal effects of an 860-r. dose of Co y-radiation. Although 
evidently able to protect cells of a normal mouse from 
radiation damage, 2,4,5-TOH is a potent killer of free 
cells of the Ehrlich ascites carcinoma in vitro’. 

We suggest, therefore, that detailed studies of the 
effects of auxins, anti-auxins and auxin analogues on the 
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functioning and metabolism of nucleic acids could provide 
important clues to the nature of radiation injury, as well as 
of the neoplastic process, in both plant and animal cells. 

We thank R. G. Otte and E. Meinert for technical 
assistance. 


1 Schultz, R. D., and Norman, D., Nature, 198, 553 (1963): 199, 260 (1963) 
32 Monod, J., Changeux, J. P., and Jacob, F., J. Mol. Biol., 8, 806 (1968). 
|? Schultz, R. D., and Norman, D., Nature, 206, 276 (1965). 
t Koshland, jun., D. E., Science, 142, 1533 (1964); Cold Spring Harbor Symp 
Quant. Biol., 328, 473 (1963), 
* Foster, R. J., McRae, D. H., and Bonner, J., Proc. U.S. Nat. Acad. Sei, 
38, 1014 (195d. Plant Physiol., 30, 393 (1955). 
t Housley, S., Encycl. Plant Physiol., XIV, 1007 (1961). 
7 Stent, G. 8., Molecular Biology of Bacterial Viruses, chap. 5, 88-115 (W. H. 
Freeman and Co., San Francisco and London, 1963). 
8 Delbrück, M., J. Bacteriol., 56, 1 (1948). 
? Kanner, L, C., and Kozloff, L. M., Biochem., 3, 215 (1964). 
zo Koloth, L. M., Lute, M., and Henderson, K., J. Biol. Chem., 228, 511 


il mwa = 55, Champe, S. P., Streisinger, G, and Barnett, L., Virology, 17, 


ae — L. D., and Thimann, K, V., Proc U.S. Nat. Acad. Sei., 60, 194 
13 Limasset, P., Levieil, F., and Sechet, M., C.R. Soc, Biol., Paris, 227, 643 


14 Augier de Montgremier, H., Limasset, P., and Morel, G., C.R. Soc. Biol., 
Pars, 227, 606 (1948). 


18 Kutsky, R. J., Science, 115, 19 (1952), 
16 Kutsky, R., J. and Rawlins, T. E., J. Bact., 60, 763 (1950). 
17 Schultz, R. D , Steers, C. W., and Norman, D., Nature, 206, 207 (1965). 


EFFECTS OF RADIATION AND DOPING ON THE CATALYTIC ACTIVITY OF 
MAGNESIUM OXIDE ON THE THERMAL DECOMPOSITION OF 
| POTASSIUM PERCHLORATE 


By Dr. ELI S. FREEMAN* and DAVID A, ANDERSON 


Basic Chemical Research Branch, Pyrotechnics Laboratory, Picatinny Arsenal, Dover, New Jersey 


T has been found in the work recorded here and in 

previous work! that magnesium oxide catalyses the 
thermal decomposition of potassium perchlorate. The 
mechanism of the catalysis, however, has not been 
explored. Examining both the magnesium metal powder 
and pure magnesium oxide was of interest since mag- 
nesium oxide coats the metal particles and the properties 
of the magnesium oxide film as a coating on the metal 
may be expected to differ from that of the pure oxide. 
Exposure to -rays provided a convenient means of 
altering the electronic and physical structure of the oxide 
and consequently was‘used in this work for investigating 
the relationship between the electronic and physical 
structure and the catalytic activity of the oxide. Another 
means used to alter the structure of the oxide was by 
doping with lithium and ferric ions. This served as an 
independent means of developing. the theory of ' the 
catalytic activity of ‘magnesium oxide. Thermogravi- 
metric analysis provides an excellent means of examining 
the changes in the thermal decomposition characteristics 
of potassium. perchlorate in the presence of the catalyst 
and was used for this purpose in this work. 

The thermobalance used to follow the decomposition 
reactions by automatically recording changes in sample 
weight as a function of temperature and/or time com- 
prised an ‘analytical balance which was modified for 
this purpose. In these experiments sample temperature 
is increased at a uniform rate of nominally 2-5° C/min 
from room temperature to approximately 800° C. The 
West Co. ‘Gardsman’ proportioning and pyrometric con- 
troller was used to maintain a constant heating rate. A 
Marshall furnace was the source of heat. All the experi- 
ments were conducted in air at atmospheric pressure. 
The sample container was a ‘Vycor’ test tube, 15 mm x 


* Present address: Physical Chemustry Research, IIT Research Institute, 
10 W. 35th Street, Chicago, Illinois, 60616, 
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125 mm, which was provided with a small depression in the 
bottom of the tube to accommodate a 28-gauge chromel— 
alumel thermocouple. Fine chromel—alumel thermocouple 
wire, 0-001 in diam., was interposed between the sample 
thermocouple and the recorder. The thermocouple wires 
were found to have a negligible effect on the response of 
the balance. The potassium perchlorate used was Fisher 
reagent grade which was doubly recrystallized and 
screened. The 270/325 screen fraction was collected ana 
used in all the experimental runs. The magnesium used 
was obtained from the Golwynne Co. The Semi-Elements 
Co. supplied crystals of magnesium oxide, magnesium 
oxide doped with 1 mole per cent lithium oxide and 
magnesium oxide doped with 1 mole per cent ferric oxide. 
Those samples of 99:99+ per cent purity were ground 
and sieved. The 270/325 screen fraction was used. The 
apparatus used for measuring electrical conductivity has 
been described in previous publications?»3. A caestum-+137 
y-ray radiation source was used in these experiments. 
Sample weights used in these experiments were: 216 mg 
potassium perchlorate, 54 mg magnesium oxide and 54 mg 
magnesium. Samples were thoroughly mixed, and in all 
cases replicate experiments were run. 

Curves a, b and c of Fig. 1 demonstrate the catalytic 
effects of magnesium powder and pure magnesium oxide 
on the thermal decomposition of potassium perchlorate. 
In the presence of the magnesium powder the temperature 
at which decomposition becomes apparent is lowered by 
34° and at one-half decomposition the temperature is 
lowered by 28°. The temperature of one-half decom- 
position will be used as a reference point for comparison 
purposes. In the case of the magnesium oxide, decom- 
position is observed to begin 52° lower than in the absence 
of the oxide. The temperature at one-half decomposition 
is also lowered by 52°. In the case of the magnesium 
powder the catalytic reaction undoubtedly occurs on the 
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Fig. 1. Thermogravimetric curves for the thermal decomposition of 

potassium perehlerate. Heating rate 25° C/min in air. Sample weights, 

potassium perchlorate, 216 mg; magnesium, 54mg and magnesium oxide, 

t mg: ii ve: a pure KOO; b; KCIO, with Mg; e, KCO, with MgO 
eagent g ed Mg HL ! 


— R l kao, with irradiated MgO dore KCO 
~ With MgO do t mole Ge grade); e 4 










(reagent 












h 1 mole per cent Li,O7/, KCO, with MgO; g, KCO, 
‘MgO doped with 1 mole per cent Fe,0, 











Te aes 


magnesium oxide surfaco which exists as a film on the 
magnesium particles. 

-A portion of the magnesium oxide used for the experi- 
own in curve ¢ was irradiated with 2-5 x 107 r. 
im-157~-y-rays. The result of irradiating MgO on 
; activity is shown in curve d. It may be seen 
arisens of curves ¢ and d that the irradiated 
significantly less effective as a catalyst than the 
ated oxide. Irradiation has increased the tem- 
ure at which decomposition is first observed by 12° 
10 half-way decomposition temperature is 8° higher 
he sample containing the irradiated MgO. It was 
ound that curing irradiation the MgO undergoes slight 
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Trradiated (0s) y-rays 107 3-6516 

i ated, 880 y-rays 168 3-6184 

nce tothe density determination method used is: Weissberger, A.. 
Methods of Organic Chemistry, 1, Part 1, second ed, (1949). 
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decomposition. Density measurements on non-irradiated 
and irradiated magnesium oxide indicate that the lattice 
undergoes a contraction after irradiation since there isan = = > 
increase in density after exposure to radiation (Table 1}. 

These results indicate the following possible radiation- 
induced reactions: 


MgO ~— Mgtt@ + 40, + 20 (1) 


MgO ~—> Mgt® + 40, + 6 (2). . 
or | | 


MgO ~— Mg@ + 40, 


where Mg*'@ = interstitial Mg*t ion; Mg*@ = inter. 
stitial Mgt ion; Mg@ = interstitial Mg atom; e = elec- 
tron in conduction Band.. — 

The increase in density may be accounted for by the 
increase in interstitial magnesium and readjustment of 
lattice positions due to the loss of oxygen. Decomposition 
with the liberation of oxygen also involves the loss of) 
electrons by the oxide ions to the solid which. may- 
annihilate positive holes in the valence band of oxide. 
If an important factor in the rate-controlling mechanism = 
of the catalytic reaction involves the transfer of electrons —__ 
from the perchlorates to positive holes in the valence band ooo) 
of the oxide, then irradiation would decrease the catalytic 
activity of the oxide. This explanation may account for 
the experimental observation that irradiation of the oxide 
resulted in a decrease in catalytic activity. 

In order to obtain further estimates of the importance of 
positive holes on the catalytic activity of the oxide a. = 
series of experiments were conducted in which the positive 
hole concentration was altered by doping with 1 mole per 
cent Lit and Fet++ jons, The introduction of Fettt jon > — — 
impurity will decrease the positive-hole concentration. in 
the oxide and will increase the concentration of cation 
vacancies in the oxide. Incorporating Lit ions in the 
oxide increases positive-hole concentration and decreases 
the concentration of cation vacancies. Therefore the 
highest concentration of positive holes should exist in the 
Lit doped oxide, the undoped oxide should. be inter- 
mediate and the Fet++ ion doped oxide should have the 
lowest concentration of positive holes of the three samples. 

If there is a correlation between the catalytic activity of 

the oxide and the concentration of positive holes, then. it 

would be expected that the highest catalytic activity = < ć _ 
would be exhibited by the Lit ion doped oxide and the = 
lowest catalytic activity by the Fet++ ion doped oxide. 

If the concentratien of vacancies is important in the — 
catalysis reaction, then the reverse order of catalytic | 
activity would be expected. In these experiments only. 
the 270/325 screen fraction MgO was used in all cases. 
The results of the thermal decomposition experiments, — 
curves e, f and g, show that the most effective catalyst — 
was the Lit ion-deped oxide, next the pure oxide and | 
least effective was the Fet++ ion-doped magnesium oxide. 
The temperatures at which decomposition of potassium 
perchlorate is observed to begin are 502°, 510° and 530° 
C, respectively. Tho results of these experiments with 
the doped oxides as well as the irradiated magnesium 
oxide are consistent with a positive hole theory for the 
catalytic activity of magnesium oxide on the thermal 
decomposition of potassium perchlorate where the rate- 
controlling mechanism is the transfer of electrons from 
the perchlorate ions to positive holes in the oxide. 

We thank Mr. Philip Zirkind for carrying out the 
electrical conductivity measurements and Grace Carrazza 
for her experimental work. 
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CAVITIES AND MICRO MUNRO JETS IN LIQUIDS: THEIR ROLE IN 
EXPLOSION 


By Dr. F. P. BOWDEN, C.B.E., F.R.S., and M. P. McONIE 
Physics and Chemistry of Solids, Cavendish Laboratory, University of Cambridge 


NITIATION by impact or shock of explosion in liquids. 
There is strong evidence that the initiation of explosion 
in liquids by impact or by shock is essentially a thermal 
process. A small region of the explosive is heated to a 
temperature at which fast reaction can occur. If the shock 
is a very powerful one the compressive heating of the liquid 
itself may raise the temperature to a sufficient value. 
The shock pressure necessary for this may be very high 
(about 60-100 kbar). Pressures of this magnitude are 
reached in high velocity detonation and serve to sustain 
the reaction.. For mechanical impact, however (pressures 
of less than a few kbar) and for moderate shocks (pressures 
of about 5-30 kbar), this is no longer true, It is necessary 
for some discontinuity, cavity or bubble to be present in 
the liquid so that the energy of the shock can be concen- 
trated in this region and a localized hot spot can be 
formed”, 

The minimum temperature of the hot spot necessary to 
initiate explosion depends on its size and the nature of 
the explosive, but it may be about 500° C. The heating 
can be produced in various ways, for example by the 
adiabatic heating of the compressed gas in a bubble or 
by the reinforcement or deflexion of the shock wave at a 
discontinuity'“. These discontinuities also influence 
the growth of explosion and its transformation to detona- 
tion'*, They may be present originally in the liquid or 
they may be formed there by the initiating shock or by 
the developing explosion. 

Micro-Munro jets in liquids. It has been shown that a 
shock-wave falling on a bubble or on the curved surface 
of a cavity in a liquid may produce a tiny Munro jet* 
and the importance of this in initiation and propagation of 
explosion has been discussed earlier”. Typical Munro jets 
formed in this way are illustrated in Fig. 1. In these 
experiments® a small amount of water was held in a strong 
steel container with a small hole about 2 mm diameter 
drilled in it. A sudden shock pressure could be applied 
to the water through a rubber plug P so that the water 
was forced out of the hole at high velocity. If the water 
surface in the hole was flat, the water emerged as a small 
cylinder moving at uniform velocity. If, however, the 
water surface was concave (as in Fig. 1) the 
main cylinder of water was preceded by a tiny 
Munro jet moving at much higher velocity. 
The velocity of this jet depended on the 
curvature of the liquid surface, and in one of 
the experiments shown (Fig. le) it is moving 
at about 1,900 m/sec and is perhaps two or 
three times as fast as the main jet. 

Recently, Watson and Gibson* have de- 
scribed some convincing large-scale experi- 
ments confirming that Munro jets are formed 
at bubbles present on the surface of nitro- 
glycerine and that they cause initiation of 
the explosive if the velocity of the jet is 
sufficiently high. There is evidence from 
their experiment that a jet of nitroglycerine 
moving at a velocity of 2,500 m/sec can 
initiate when it strikes another surface. 
The impact of such a jet would produce 


& pressure greater than 100 kbar. The a 


velocity of this jet is only slightly higher 
than that of the micro jet in Fig. lec. 


Compression of a single cavity. We have continued our 
investigations using explosive liquids. In one series of 
experiments, nitroglycerine was spread as an annulus 
on & flat glass anvil and struck with a flat glass hammer. 
In this way a ‘bubble’ or cavity containing air was trapped 
in the centre of the liquid film by the approaching surfaces 
and was rapidly compressed by the impact. The movement 
of the liquid during impact could be studied with high- 
speed cameras. 

Various stages of the compression of the central cavity 
are shown in Fig. 2. In this case the cavity was elliptical 
in shape, and it will be seen that a small jet is formed in 
the region of maximum curvature and is projected rapidly 
(at 30-50 m/sec) into the bubble as compression proceeds. 
At a later stage a second jet is formed at the opposite end 
of the cavity and in tho final stages (not illustrated in the 
frames shown) these two jets collide. Experiment has 
shown that the presence of the cavity renders the explosive 
very sensitive to impact'. One cause of initiation is the 
adiabatic heating of the entrapped and compressed gas, 
but the formation of Munro jets will aid initiation both by 
increasing the velocity of impact and by dispersing the 
explosive as minute droplets. This produces a large surface 
area so that fast reaction and growth of the explosion*-" 
can occur in the cavity of compressed and heated gas. 

Impact on liquid drops. If the liquid explosive is dis- 
tributed over the surface of the anvil in the form of 
discrete drops, its impact sensitivity is also greatly 
increased’, The initiation is frequently due to the com- 
pressive heating of gas entrapped between the coalescing 
drops, but again experiment shows that Munro jets may 
be formed under these conditions. This is illustrated in 
Fig. 3, which shows successive stages as the hemispherical 
drops of nitroglycerine are flattened and coalesce under 
the impact of the flat hammer. In frame a of Fig. 3 the 
two central drops have just begun to touch. In the next 
frame a tiny jet has begun to form at each side of the highly 
curved region of contact. As compression continues these 
jets increase in size and velocity (about 30 m/sec) and, in 
the last frame shown here, one of the jets is impinging 
on a neighbouring drop. In this and in the preceding 
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Fig. 1. Formation of micro-Munro jet when a shock falls on the concave surface of a 


liquid. Velocity of micro jet in e: 1,900 m/sec 
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Fig. 2. A falling hammer has struck an annulus of nitroglycerine and trapped a single cavity containing air in the centre of the liquid film. 


These 


frames show the formation of tiny jets in the regions of maximum curvature and their ejection (at about 30-50 m/sec) into the central cavity, as 
the cavity is compressed. Interval of 10 see between a and b and 5 usec vetween b and e 





a b 


C 


Fig. 3. A falling hammer has hit hemispherical drops of nitrogiycerine and is flattening them. a, Two large drops coalesce; b, two jets, formed 
at the highly curved region of contact, travel at about 30 m/sec; ¢, one of the jets impinges upon a neighbouring drop. Interval of 25 psec between 
a and b and 5 usec between > and ¢ 





a b 
Fig. 4. Accelerating fast burning, initiated by impact at A, in a droplet distribution of nitroglycerine. Initiation occurred at a single compressed 


and heated airspace, which was sealed 10 usec before a. 


experiment the blow of the hammer was a very gentle 
one and the jet velocities are too low to produce initiation 
by their impact against a surface. With strong shocks, 
however (as we have already seen here), micro jets of 
sufficiently high velocities are formed. 

Initiation of explosion. The initiation of explosion in a 
droplet. distribution of nitroglycerine under these condi- 
tions of impact is shown in Fig. 4 (taken at a lower mag- 
nification). Beeause the falling hammer is slightly in- 
clined, the compression and coalescence occur first in the 
bottom corner. Initiation can occur at several points, but 


In c the burning velocity has reached 350 m/sec and shortly afterwards the burning is 
transformed Into a violent explosion. 


Interval between frames: 3 usec 


in this experiment it has begun at a single point A 
where a tiny cavity has been sealed off and compressed. 
Reaction begins as a comparatively slow burning and in 
the successive frames the circular flame front may be seen 
accelerating to a speed of about 350 m/sec. The advancing 
front compresses the nitroglycerine ahead of it. Finally 
(shortly after the last frame) the flame breaks through 
into the dispersed nitroglycerine and the whole mass 
explodes violently. 

Growth of the buraing te explosion and the role of the 
precursor shock wave. The process of growth from initia- 
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tion through burning to explosion and the importance of 
cavities in the transition to explosion are shown in Fig. 5. 
In order to examine this more clearly the explosion in 
this experiment was initiated by a spark instead of by 
impact. The spark was passed at the centre of a continu- 
ous film of nitroglycerine enclosed between a ‘Perspex’ 
and a glass surface. The thickness of this film (0-13 mm) 
was similar to that shown in the impact experiment (Fig. 
4). A few small bubbles of air were deliberately included 
and they can be seen at b,b in Fig. 5a. 

The first frame shows the passage of the spark and the 
initiation of burning in a small central reservoir of nitro- 
glycerine. The next few frames show the growth of the 
central flame. They also show two other important 
effects. The first of these is an annular cavity-free region 
of liquid surrounding the flame. Apparently this is the 
region of the liquid which is under high pressure caused 
by the central burning. The few bubbles initially present 
in it at b,b are compressed and disappear. The second 
observation is that ahead of this cavity-free region the 
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liquid is full of bubbles and cavities, which increase in 
number and size. There is evidence that this disruption 
of the liquid is caused by shock waves travelling ahead of 
the flame through the plates of confining glass or ‘Perspex’. 
These shock-waves or pressure-waves may cause vibra- 
tions in the plates and alter locally the spacing between 
them. Occasionally the pattern arrangement shows that 
standing waves have been set up. These cavities are 
produced where the liquid is in tension and they provide 
a favourable environment for the rapid growth of the 
burning so that it passes over to explosion and detonation. 

It will be seen in the succeeding frames that the central 
burning continues to grow at a steadily accelerating rate 
so long as it is surrounded by clear liquid which is free 
from discontinuities. This rate of burning is compara- 
tively slow and in Fig. 5e it has reached a speed of only 
300 m/sec. It is not until the flame is able to break 
through this clear homogeneous liquid and penetrate into 
the region containing cavities and bubbles (frame f) that 
immediate and very rapid explosion occurs. The explosion 





Fig. 5. Growth of burning (initiated by spar<) to explosion in a thin flim of nitroglycerine. Times (usec): a 0, b 10, e 20., d 36. e 48. f 56. a 

Initiation of burning at the centre. a-e, Growth of burning, Immediately ahead of the flame the liquid is compressed and is bubble-free; 

beyond this it is in tension and cavities are formed. f, The flame breaks through to the discontinuous region and transition to violent explosion 
occurs 
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Compression wave in a and ò from a small detonator in liquid is reflected from fre 
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suirlace as a tension wave in c, causing cavitation 









work on Atlantic water, the silicate-to-phosphate 
atio was. given as 13-16 for the intermediate 


The relationship between the phosphate and nitrate 
ontents of the Pacific waters is given in Fig. 2. It shows 
a linear correlation, and the data have been fitted by the 
least square method. The equation of the linear line is 
expressed in atoms as: 


N = [(17-5 





+ 4:0) P] — 6-5 


— The linear line did not pass through the point of origin 
indicating an excess phosphate in respect to nitrate in 
— he ocean. The slope of the line represented the inter- 
-< action of these two elements in the ocean. If the nitrate 
-and phosphate were assimilated or regenerated according 
$0 this ratio, then the excess phosphate in the ocean would 
be 0:37 pg-at/l. Stefansson and Richards® gave the linear 
uation as N = 15-82 P — 9-95 for the Washington and 
Greogon coastal waters. The difference between these two 
- - sets of equations was within the analytical error. It should 
-bo mentioned here that the. maximum depth of the 
_ Washington and Oregon coastal region is about 2,000 m; 
< therefore, it was not possible to include the deeper waters, 
< Which were usually high in nitrate-to-phosphate ratio, 
in the least-square computation of Stefansson and Richards. 
Owing to limited nitrate data available, the nitrate-to- 
phosphate ratio of the Indian Ocean deep waters was 
estimated to be approximately 15; 1. 

The silicate-to-nitrate correlation of the Pacifice waters 
is shown in Fig. 3. Sinee the silicate and nitrate contents 
of the surface waters were low, the individual 8i/N ratios 
showed much scattering. However, it was demonstrated 
that these twoelements were increasing in equal proportion 
with depth until the minimum oxygen zone was reached. 
Owing to the progressive increasing silicate and decreasing 

~nitrate in the waters below the minimum oxygen zone, 
the silicate-to-nitrate ratio increased to about 3-5 for the 
Pacific deep waters. For the Atlantic waters, the silicate- 
to-nitrate ratio was computed from Richards’s data’® as 
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RANGES OF FROSPHATR-SILICATE-NiITRATE ATOM Raros 1N 


Table i. 
WATERS BETWEEN 2,000 AND 6,000 M 
Silicate Silicate Nitrate 
Phosphate Nitrate Phosphate 
S.E, Pacific Ocean 55-65 3-5 13-19 
Equatorial Indian Ocean 40-60 3* 15* 
N. Atlantic Ocean 20-40 1-2 12-16 


* Estimated average vales, 


approaching 2 as the limit. Since the nitrate data were 
limited in the Indien Ocean deep waters, the silicate-to- 
nitrate ratio was onby roughly estimated as 3: 1. i 
In summary, the ranges of the phosphate-silicate— 
nitrate atom ratios fer the deep waters between 2,000 an 
6,000 m are given im Table 1. The nutrients showed th 
same pattern of distribution in the three major oceans, 
varying only in magnitude of concentration. When the 
atom ratios were computed, the values showed significant: 
characteristics for each ocean. | 
The oceanographi«expeditions conducted by the Scripps. 
Institution of Oceanography were sponsored by the U.S. 
National Science Foundation and the Office of Naval - 
Research. The hydregraphic surveys of the STEP-I and | 
the Dodo Expeditions were under the leadership of Prof. — 
W. S. Wooster, and that of the Lusiad Expedition was 
under Prof. John A. Knauss. 
Lusiad and Dodo were parts of the International Indian 
Ocean Expedition. 
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A OR kinar features, such as Gis eraters and maria, 
iYi b the subject of such a long and sometimes 
-bitter controversy that minor lunar features have gener- 
_. ally received little attention. As a result, little is known 
-about features such as rilles, wrinkle ridges and rays. A 
mplete review of the theories concerning their origin 
— found in The Measure of the Moon, Nie’ R. B. 
























© frically different from craters and maria in that 
are linear elements. As linear elements, they have 
roperties which can be compared: length and 
ction.. 

'he purpose of this article is to report the results of an 
examination of linear elements on Mare Humorum in 
which possible interrelationships of these elements are 
explored. 

o Rilles. The azimuthal orientation and length of rilles 
mn and around Mare Humorum were plotted using the 
nautical Chart and Information Center’s 1 : 1,000,000 
f thet region (LAC 93). The large concentric 
. the east and west margins of the mare were 
as though they consisted of connected, straight- 
ay 88, in fact, they appear to be. Tho rilles 

















plotted are shown m Fig. 1, and the results are presented 
in Table la. 

It is apparent on inspection of Fig. 1, even allowing for 
a slight subjectivity in plotting, that the rilles are oriented 
in a regular pattern having a strong (astronautical) 
north-north-east-seath-south-west trend. A histogram 
was prepared to demonstrate this pattern by adding the 
lengths of all the ril ies — azimuths lying i in a certain 
angular interval. 
both the froqiicney, Bae length of individual r illes, that i is, 
strength of the linear element, is illustrated as a function 
of direction. However, a simple histogram is unsatis- 
factory, as its strueture is modified by the choice of the 
angular intervals. Large intervals produce a smooth 
curve, but they are critically dependent on the position 
of the limits between the intervals. Small intervals — 
produce a seattermg which is caused by a statistically — 
small number of pemts. The seattering can be minimized _ 
by performing a three-point moving average on a 5°. | 
interval histogram. The resulting curve can be considered | 
as a good representation of the data, as it is essentially © 
independent of the arbitrary choice of the position of the 
limits of the intervals. 
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Table 1 (a). AZIMUTH AND — —— OF RILLES SURROUNDING MARE Table 1 (b). AZIMUTH AND LENGTH IN KM OF WRINKLE RIDGES ON MARE 


HUMORUM 

087°— 9 km 174°— 9km 130°— 7 km 175°— 8 km 108°—29 km 020°—12 km 008°— 4km 022°—42 km 
057 —29 037 — 17 162 —87 027 —89 103 —20 009 — 9 014 —58 012 — 5 
128 — 9 158 — 14 140 010 — 9 108 —16 009 — 8 38 —23 012 —11 
128 —14 039 — 18 012 —21 009 —13 133 —23 009 — 9 138 —19 144 —20 
128 — 8 103 — 9 1 —48 027 —63 155 —14 009 — 8 138 —15 166 —28 
138 —12 140 — 12 156 —28 014 —18 053 —16 009 — 7 179 —13 178 —15 
003 —22 003 — 6 022 —11 010 —19 130 —18 024 —14 138 —25 154 —26 
167 —22 016 — 19 024 —19 148 —15 059 —24 180 — 7 138 —23 135 —45 
132 — 5 167 — 25 147 — 8 037 —76 136 —12 123 —36 014 —11 — 
163 — 8 178 — 20 002 — 3 034 —17 140 —23 168 — 9 014 — 4 155 —45 
013 — 8 167 — 23 000 — 4 037 —23 023 —14 136 —15 014 — 7 173 —14 
018 —11 002 — 33 065 — 8 128 —19 127 —18 136 —13 122 —12 033 —16 
134 —14 178 — 21 122 — 6 146 —14 136 —13 159 —10 033 —12 015 —24 
073 — 4 O15 — 24 177 —44 053 — 8 136 —20 159 —10 035 — 8 150 —20 
008 — 7 015 — 10 178 —31 175 — 4 168 —15 163 —14 035 —21 178 —16 
111 —38 006 — 34 151 — 8 139 — 3 168 — 6 025 —19 8 —28 018 —15 
023 —12 021 — 14 178 — 7 053 —34 168 — 4 025 —14 035 —22 160 —21 
145 —18 026 — 36 148 —18 167 —13 176 —23 159 —22 014 —15 008 —60 
063 —15 026 — 37 165 —10 115 —18 024 — 9 171 —10 043 —12 024 —38 
032 — 6 023 — 22 027 —10 008 —20 159 —13 171 — 8 043 —17 170 —35 
161 —11 024 — 50 050 —28 023 —58 176 —11 171 — 3 043 — 7 123 —35 

— 22 039 — 41 042 —36 016 —26 168 — 6 171 —15 043 —30 007 —35 
138 —21 032 — 58 040 —2 039 —30 171 —25 000 —27 — — 030 —16 
138 —13 034 — 27 030 —24 040 —20 171 —25 024 —19 170 — 8 018 —41 
120 — 8 033 — 33 038 —16 020 —23 010 —20 171 —14 043 —16 051 —35 
178 —15 051 —100 137 —23 021 —33 178 —12 048 —17 043 —15 036 —12 
120 —11 046 — 27 033 —28 030 —18 178 — 2 018 —25 018 —20 036 —19 
140 —17 — 12? 009 —14 006 —23 178 — 7 — 7 170 —12 005 —10 
160 —27 029 — 33 177 —30 162 —38 180 —13 170 —20 
073 —13 064 — 20 173 —23 162 —13 008 —14 170 —12 

009 —15 033 —20 170 —7 


Fig. 4 shows the curve obtained in this fashion. The 
main trend at approximately 030° is immediately appar- ‘able 1 (c). AZIMUTH AND LENGTH IN KM OF Rays oN MARE HUMORUM 


ent, and minor trends are at approximately 140° and 000°, 033°—25 km 142°— 40km  094°—35 km 006°— 40 km 
This result is in good agreement with the conclusions —9* = oe 5 —3 ret 2 
presented by Fielder? for all the main rilles of the visible 040 —12 137 — 20 100 —40 051 — 12 
tanher isi 126 —40 140 — 35 115 —75 126 — 10 
hemisphere. He states that 83 pər cent of the visible a —— ant ae —— 
rilles run with directions north-south, north-west—south- 058 —20 041 — 40 077 —I7 089 — 10 
east, north-oast—-south-west and fewer east-west. TA = ane — ie es = Pye E 
Wrinkle ridges. Fig. 1 shows the orientation and length 076 —32 072 — 42 074 —20 148 — 17 
i i 038 —60 017 — 20 038 —30 052 — 20 
plots of wrinkle ridges on Mare Humorum and the data oy ae 2 ore =e rae 
are presented in Table 1b. It is clear that a greater degree 043 —50 063 — 25 090 —45 113 — 30 
i i i i 154 —40 108 —105 005 —30 008 — 40 
of uncertainty exists as to exact length and orientation of <4 —2 ee pen S 
a subdued topographic feature, such as a wrinkle ridge, 007 —10 009 — 12 000 —17 095 — 40 
than would be experienced for the more clearly defined 092 —50 026 — 10 001 —390 028 —120 


rilles. There doəs appear, however, to be a pattern of en- 
echelon segments superimposed on the general concentric chart (shown dashed on Fig. 2). In view of this, we 
trend of the wrinkle ridges, and these segments are oriented believe that the ACIC Mare Humorum Chart is adequate 
in &@ manner very similar to that of the rilles. Fig.4shows for the sort of investigation reported here. Other 
the azimuthal curve for the wrinkle ridges obtained with workers desiring independently to verify the ray dis- 
the same technique used for tho rilles. tribution on Mare Humorum may wish to use the ACIC 
Rays. Fig. 2 illustrates the orientation and length coloration drawing of high albedo features shown in 
plots of rays on Mare Humorum. Defini- 
tion of ray elements poses an especially 
difficult problem, and thus deserves 


further discussion. Some ray elements, * ee 
such as those three apparently radial to , Yd 


& crater on the north-western margin of 4 

Mare Humorum (see arrow on Fig. 2), ; 
are visible at low Sun angles on most 
good photographs of this region. Other 
ray elements, such as those near the 
centre of Mare Humorum, are visible 
only at higher Sun angles, and then only 
through visual observations at the tele- 
scope. The presence of this latter type 
of ray is, therefore, not subject to 
independent photographic verification, 
unlike the majority of the wrinkle ridges 
and rilles, Instead, the ACIC chart 
must be depended on, and the question 
immediately arises as to its validity. 
One of us (V. G. 8.) observed the rays 
with the Lowell 20-in. refractor. To 
minimize bias, he noted the location of 
the ray elements independently of the 
ACIC chart, and then transferred the 
data to the ACIC chart at a later time. 
In a single night of observations he 
was able to verify the orientation and 2 
extent of the majority (26) of the major 


ray elements, while identifying three — = ; 
’ new rays not shown on the ACIC Fig. 1, Photograph of the AC iS esi a aw —* with wrinkle ridges indicated by 


= 
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Fig. 3, which delineates these markings 
more clearly than does the LAC chart. 

As in the case of the rilles and wrinkle 
ridges, the rays on Mare Humorum 
exhibit a clear pattern which is quantified 
in Fig. 4. Visual inspection of Figs. 2 
and 3 shows that, unlike the rays sur- 
rounding Tycho, Copernicus or Kepler, 
most of the Mare Humorum ray system 
is apparently not radial to any craters. 
Thus, not only do the rays form a 
pattern, they also form an unusual one. 

Crater location. In addition to their 
orientation, the rays on Mare Humorum 
are unusual in the density of on-ray 
versus off-ray craters. As shown in 
Table 2, the density of on-ray craters 
of all sizes is considerably greater than 
that for off-ray craters. 


Discussion 


The pattern of the wrinkle ridges on 
Mare Humorum is clearly delineated in 
Fig. 4, which also shows a closely match- 
ing pattern for the rilles. There is little 
doubt of the internal lunar origin of 
these features, and it would seem from 
their similar orientation that their origins 
are related, possibly to the lunar crustal 
fracture pattern. 

It is most surprising to find that, 
not only the wrinkle ridges and rilles, 
but also the rays, have a similar orienta- 
tion. The correspondence is not so close 
as in the case of the topographical 
features, primarily because the strong 
east-west ray component is not matched 
by the other features. This discrepancy 
may be more apparent than real, how- 
ever, due to the relative invisibility of 
linear topographic elements perpendicular 
to the terminator. If this is the case, 
there is sufficient correlation of the 
orientation of all linear features on 
Mare Humorum to suggest a related 
origin. Because this origin is almost 
certainly endogenous for the two topo- 
graphic features, some or all of the 
rays on Mare Humorum may be endo- 
genous as well. Such a hypothesis of 
ray origin is supported by the non-radial 
nature of the ray pattern, as well as 
by the coincidence of some rays with 
wrinkle ridges. 

It is of interest to note here that many, 
if not most, of the Humorum rays differ 
from the typical radial ray in the un- 
usually great magnitude of the Sun 
angle necessary to make them visible. 
Humorum rays also tend to be periodically invisible as 
clearly defined linear elements, and to be associated with 
large, vaguely defined areas of high albedo (Fig. 3). A pos- 
sible explanation of their origin might be that a lunar 
crustal fracture pattern which pre-dates the mare has been 
reactivated. Such a reactivation might involve movement 
along fractures to produce zones of granulation, resulting 
in locally high albedo. On the other hand, it is also possible 


Table 2. DENSITY OF ON-RAY CRATERS ON MARE HUMORUM 
Density ratio on-Tay 
Diameter No. on-Tay No. off-ray craters to off-ray 
(km) craters craters craters 
>10 9 0 Undefined (infinite) 
26 10 2 24 
>4 18 5 17 
23 26 13 10 
All 214 116 9 


NATURE 








Fig. 3. Photograph of the ACIC coloration drawing for the Mare H 
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that the post-mare escape of volatiles along fissure zones 
could result in the deposition of high albedo sublimates at 
the surface. Being ef a different nature and origin from 
the typical radial rey, these zones of granulation and/or 
sublimate deposition might have a different backscatter 
response to Sun angie, explaining their lack of brightness 
at low Sun angle. The sublimates might even be lumines- 
cent, which could explain the variation of their visibility 
with time. 

Whatever their crigin, it is possible that there is more 
than one type of high albedo element on the lunar surface. 
Thus, it might be well to differentiate between ‘rays’ 
(radius, pl. radii)—jinear high-albedo surface markings 
radial or near radial +o a crater; ‘streaks’ (vitta, pl. vittae) 
linear high-albedo surface markings; and ‘patches’ 
(macula, pl. maculee)—non-linear high albedo surface 
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Fig. 4. Cumulative length vo eee of riles, wrinkle ridges, and 
vittae 


markings. The Latin terms are introduced according to the 
£961 resolutions of the International Astronomical Union. 

The origin of the craters associated with the streaks on 
Mare Humorum poses a serious problem. If, in fact, the 
origin of the streaks is related to the lunar crustal fracture 
pattern (granting an east-west component of the pattern 
not visible as a topographic linement), then the high 
crater density on rays suggests that the craters are also 
of internal origin. It would certainly appear very un- 
likely that the craters are all secondary, because the 
crater density ratio remains high for craters too large to 
be of recent secondary origin. In making the statement 
that the larger craters are too big to be secondaries, the 
assumption is made that only a relatively recent secondary 
crater (Copernican or post-Copernican in age) would 
produce a still visible ray, and that Copernieus can be 
considered the largest: recent crater within range of Mare 
_Humorum on the near or far side of the Moon. Starting 
with this assumption, the maximum diameter of secondary 
craters on Mare Humorum was calculated as follows: 

A maximum value for the diameters of secondary 
craters can be calculated by assuming the primary crater 
to be equal to or smaller than Copernicus. The true crater 
volume of Copernicus was found from the ACIC chart 
of that area, LAC 58, April 1964 edition. A polar plani- 
meter was used to measure the areas outlined by the 
contour lines, the areas were algebraically summed, and 
the sum was multiplied by the contour interval of 3 x 104 


_. em to arrive at the true crater volume of 5-6 x 1018 em3. 


"Fo assure that this volume was a maximum possible value, 
it was multiplied by two, and a volume of 1-1 x 102% em? 


was used in the computations. 


An upper limit for the density of lunar surface materials 
is probably 3-3 g/cm. Average terrestrial surface materials 
have densities in the range of 2°75~-3-05 g/em® (ref. 3). 
Therefore, the mass removed to make a crater the size 


— of Copernicus is estimated to be less than 3-7 x 10" g., 


Gault et al.4 summarize available data, and present a 
correlation between the mass of the largest fragment 
ejected and the total mass ejected from a crater. For 
those cases where data are available, the largest fragment 
was found in the rim of the crater, not several hundred 
kilometres away as we are postulating. Fragments which 
are thrown large distances from the impact site have 
masses much smaller than that of the largest fragment. 
There is also obviously an upper limit for the mass of the 
_ largest fragment which can be ejected from a crater 
_ without the force applied in ejection exceeding the 
strength of the material. Thus, use of the Gault curve 
provides an upper limit on block size. Extrapolating 
Gault’s curve one order of magnitude, which is necessary 
in this case, is justified since there is a linear relationship 









over 20 orders of magnitude. Assuming the total ejected 
mass from Copernicus to be less than 3-7 x 10° g, the 
largest fragment has a mass less than 4-5 x 10 g. To 
be conservative, the mass of the largest fragment is chosen 
to be less than 10% g, 

The velocity of the largest fragment must be less than 
the lunar escape velocity, 2-38 km/sec. Its total kinetic 
energy on impact will, therefore, be less than }mV? = 
$(10%5)(2-38 x 105)? ergs = 2-8 x 10% ergs. 

Given the energy of an impacting fragment, the maxi- 
mum crater diameter can be found by existing equations 
and known relationships’*, The values found range 
from 4 to 6 km. That is, the diameter of the largest 
secondary crater that could be formed by a Copernican 
or post-Copernican impact should not exceed 6 km, and 
probably will not exceed 4 km. Tho vast majority of 
secondary craters will be much smaller. Thus, considering 
the high on-ray crater densities in Table 2, it is very 
unlikely that the larger on-ray craters are secondary. 

It is also unlikely that the craters are all recent. (rayed) 
primary craters the rays of which have fortuitously 
aligned themselves into a pattern. Not only is the pattern 
too similar to that of the rilles and wrinkle ridges, but 
also the relatively large number of recent primary craters 
required to form such a fortuitous pattern is anomalously 
high for a mare surface. 

It is possible that all the craters are primary, but not 
recent. In this event, the random impacts of the meteor- 
oids could have reactivated the crustal fracture system, 
with fortuitous alignments of craters parallel to one or 
another set of the fracture system resulting in streaks 
of granulation or deposited sublimates. 

Finally, of course, the craters could all be volcanic 
in origin, resulting from a reactivation of the crustal 
fracture system. On the one hand, such a hypothesis 
is supported by the high frequency of craters at streak 
junctions where, in a fracture system, igneous activity 
would be at a maximum. On the other hand, many of 
the craters are too large to be easily thought of as maars, 
and too perfectly round to be calderas. 

The most probable hypothesis, in our opinion, is that all 
three types of craters exist on Mare Humorum. The 
large primary craters may, or may not, have reactivated 
the crustal fracture system, but the locations of smaller 
igneous craters (maars and/or calderas) were controlled 
by it. Such secondary craters as are present are probably 
not related to the streaks, but are associated with the 
brighter rays which also appear to be present on the mare. 


Conclusions 


The rilles and wrinkle ridges on and around Mare 
Humorum are arranged in a definite and similar pattern. 
Most of the rays on this mare are apparently not radial 
to a crater or craters, and also form a pattern. Except 
for its east-west component, the ray pattern is similar 
to that of the wrinkle ridges and rilles. If the lack of an 
east-west component for the topographic features is due 
to absence of north-south shadows, then the similarity of 
orientation of all three types of linear elements suggests 
a similar endogenous origin, possibly related to the lunar 
crustal fracture pattern. The large preponderance of 
Mare Humorum craters on rays suggests a possible endo- 
genous origin for many of them as well. It is suggested 
that there may be more than one type of ray, as well as 
more than one type of erater, on the surface of Mare 
Humorum. 

We thank the Aeronautical Chart and Information 
Center for its co-operation and Dr. G. P. Kuiper for his 
advice. 
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LETTERS. TO THE EDITOR 





SCIENCE’S TOWER OF BABEL 


WITH sympathy and understanding, the Editor of Nature publishes the following communication from 
Prof. H. Newton Barber, professor of botany in the University of New South Wales, Sydney, Australia. 

Though not necessarily supporting Prof. Newton Barber’s plea for “four-letter words”, the Editor considers 
that Prof. Newton Barber has picturesquely stressed the confusion caused by unnecessary abbreviations. 
Moreover, he has confined himself to the subject of biochemistry; but he can rest assured that similar 
difficulties occur in all branches of science, from space science to virology. 

In some cases, abbreviations are easily understood, time- and space-saving, and therefore justified. But in 
others they seem to be deliberately manufactured to make confusion worse zonfounded for both over-worked 
editors and confused readers. 


““Four-letter Words” 


“I recently had to read an account of the VII SCOR Meeting held at Hamburg during November 30-December 
4, 1964. One paragraph of the report read as follows: 

‘If the TAMAP-IAPO WG on Air-Sea Interaction cannot be brought to hfe, SCOR will try to form a joint 
JAMAP-IAPO-SCOR-UNESCO WG on the same subject but probably with different terms of reference.’ 

“I have still to decode this message. I doubt whether the effort is worth it. However, our biochemical col- 
leagues do extode in initials many important principles and concepts. Is it not time for us to consider turning 
some of these into a more standard English form? I have in mind DNA and RNA. DNA, as anyone who has 
looked at TV or read PSSB (for those uninitiated in the intricacies of ‘initfalese’, PSSB stands for Penguin 
Science Survey B) will tell you, is short for desoxyribonucleic acid (or deoxyribonucleic acid) and RNA is short 
for ribonuclere acid. Let us carry the evolution of this new language a stage further. Instead of stark, upper- 
case initials, can we not manufacture more good old English four-letter words to represent these important 
substances, so tightly linked with reproduction and the genetic code? Let us in future refer to DNA as Dona 


and RNA as Rina. 


“What to do with ATP, ADP, NAD, NADP, which last, of course, used to be DPN and TPN until the Com- 
mission on Enzymes got busy, and a host of others, I do not know. Perhaps UNESCO might request ICSU 
to call a joint meeting of TUB-IUBS, with TUPAC thrown in, to consider the matter.” 


PHYSICS 


Effect of a Dissolved Electronegative Gas 
(Sulphur Hexafluoride) on High Field 
Conduction in Liquid Dielectrics 


As recently s 1959 it was believed that the best 
eriterion of liquid purity was high electrical strength and 
low electrical conductivity. It was then discovered that 
in the case of n-hexane! minute quantities of dissolved 
oxygen resulted m an increase in the breakdown strength 
and enabled conductivity measurements to be made up 
to extremely high stresses. Since then the effect of oxygen 
in several dielectric liquids has been closely investigated. 
It was found that it had a stabilizing effect on conduction 
currents in transformer oil and resulted in a considerable 
reduction in conduction current pulse activity?*. Accumu- 
lated evidence indicates that it is the electronegative 
character of oxygen which is important. 

Among more than a score of electronegative gases, 
sulphur hexafiuande (SF,), long known for its unusual 
chemical stability, is of particular interest. Its successful 
application as a high-voltage gaseous insulant, together 
with its highly electronegative character, led to its use in 
the investigation recorded here as an additive to insulating 
oils. So far as we are aware, this is the first time that 
this or any other electronegative complex gaseous com- 
pound has been investigated as an additive to a dielectric 
liquid. 


H. Newton BARBER 


The test liquid used in the present work was B.30 
transformer oil of Peruvian origin, which was filtered 
through a No. 6 sintered-glass filter and degassed to a 
pressure of 4 x 10~ torr. Spherical stainless-steel elec- 
trodes (6 mm diameter), which had been mechanically 
polished, were used in all the experiments. 

As an illustration of the results obtained, Fig. 1 shows 
the conduction current-stress characteristics for degassed 
transformer oil and for oil containing SF, in solution at 
an, equilibrium pressure of 0-4 torr at gap spacings of 
100% and 200u. The liquids were stress conditioned for 
at least 2 h at a stress of 600 kV/cm before making any 
current-stress measurements. Contrary to expectation, 
sulphur hexafluoride in solution in the oil resulted m a 
considerable increase in conduction current magnitudes. 
It will be noted thet the current—stress characteristics 
have a shape similar to that reported by previous workers 
for degassed oil‘. 

The stress conditioning period was closely examined in 
these tests. Fig. 2 shows variations in conduction current 
with time from the instant of voltage application for an 
oil sample containing SF, at a partial pressure of 0-4 torr 
at a gap spacing of 200u, stressed at 600 kV/cm. It can 
be seen that conduetion current magnitude increased 
gradually with the duration of the stress conditioning 
process. This is the cpposite behaviour from that usually 
observed for degassed liquids, or liquids containing any 
ges other than SF., in which case currents gradually 
decrease with time®. An interesting observation made 
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Fig. 1. Conduction current-stress charactenatics for degassed trans- 
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Fig. 2. Conduction current~time of conditioning characteristic for 
transformer ol +SF, (0'4 torr); gap 200, stress 600 kV/cm 
` 


during these tests was the gradual buld-up of conduction 
current pulse activity, as monitored by an oscilloscope. 
It was found that these current pulses were undetectable 
for approximately the first 30 min of voltage application, 
after which they started to appear and eventually attamed 
values even higher than those encountered with the 
degassed oul. 

Thus, contrary to the effects found with liquid 
dielectrics contaming dissolved oxygen, the addition of 
SF, to transformer oil caused: (a) an increase in the con- 
duction current magnitude; (6) an increase in the conduc- 
tion current magnitude with the duration of the 
stress conditioning period; (c) a gradual increase in the 
conduction current pulse activity. More experments are 
being carried out at present in an attempt to shed more 
light on this rather unexpected behaviour of oils con- 
taining dissolved sulphur hexafluoride. 
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Classification of Iron Lines in the Spectrum of the 
2 a 
Sun and Zeta in the Range 167 A to 220 A 


A. NUMBER of teams? using rocket or satellite-borne 
spectrometers have made observations of a group of 
intense unidentified emission lines in the solar spectrum 
between 167 A and 220 A. The origin and classification 
of these lnes have aroused considerable interest in a 
number of laboratories. The lines were first reported 
from laboratory sources by Fawcett et al.t, who produced 
them in the Zeta discharge at Harwell. There were strong 
indications that iron from the walls of the discharge vessel 
was responsible. Further evidence for iron was provided 
by Elton et al. and House, Deutschmann and Sawyer’, 
who produced the same lines by adding iron to 8-pinch 
discharges. Fawcett and Gabriel’? at Culham showed 
that the lines could be produced in various iron sparks, 
and also produced simular systems of mntense lines from 
all elements in the period from calcium. to nickel. From 
the wave number variation in these elements, they were 
able to state that 3p-—3d transitions were responsible. 
By studying the intensity variation with exciting energy 
they obtained a correlation with ions between Fel X 
and FeXITI. Alexander, Feldman and Fraenkel! observed 
some of these lines in several sparks of different types, 
and assigned degrees of ionization as FeVIT to FeX. 
Neupert® has made an attempt to assign ionization states 
by correlating the intensities from the Sun with periods 
of solar activity, and proposed ions between FeX and 
FeXIV. Zirin’ in an analysis of solar data? has tenta- 
tively classified three lines ın this spectral region as 
FeXIIT lines. 

At Culham, new experimental results, recently obtained, 
have led to the classification of many of the more intense 
lines in this group. It is the purpose of this communica- 
tion to give a preliminary account of this work. A paper 
in course of preparation will detail the reasons leading to 
these conclusions and extend the list of classified lines. 

Further experiments have been carried out on the Zeta 
discharge, observing the lines under a variety of con- 
ditions. These have led to an improved separation of 
the iron hnes into degrees of ionization. An improvement 
was also obtained m the separation for the other elements 
from potassium to nickel by an extension of the spark 
measurements made previously’. It was then found 
possible to trace several isoelectronic transitions through 
the sequence of elements. This could only be done, 
however, when account was taken of configuration inter- 
actions of the type 3d x 4s, 3p°3d* x 3p*4p and 3p°3d? x 
3p°4f, which seriously perturb the positions of some of 
the levels. The classifications obtained were then based 
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on: (a) the form of the wave-length variation along the 
isoelectronic sequence; (6) in some cases previous know- 
ledge of the levels at the beginning of the sequence; 
(c) the nature of the known terms which experienced 
configuration interaction effects with the sequences. 
Several incorrect classifications were found in the literature 
for 4s and 3d states due to failure to take account of such 
interaction effects. 

Some of the classifications obtained are listed in Table 1, 
covering ions from FeVIII to FeXII. The transition in 
FeIX is designated in LS coupling notation, which is 


Table 1. CLASSIFICATION OF SOME OF THE INTENSE IRON LINES IN THE 
SOLAR AND Zeta SPEOTRA 


A lÀ) Ton Classification J 
ire es 
i 15-25 
168-18 25-25 
171-06 rx 8p" 18—3p°3d 1P 0-1 
174-53 15-25 
17526 x 3p’ *P—3p'CD)3d D 0-5-1-5 
© 17724 x 3p 3P—3p*(tD)3d 1P 15-15 
ee z 
R 3p* °P—3p2P)3d *D a 
182-17 1-2 
185-22 25-3-5 
186-60 VIIE 3pt3d 2D—3p*3d* F 1-5-2-5 
186-87 XIX 25-35 


3p? *D—3p*(LD)3d IF 
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It will be seen that the results in Table 1 account for 
all the intense solar lines in this group up to 188 Å. 
Intense lines between 188 Å and 220 Å can be shown to 
be due to FeXII to FEXIV, on the basis of their variation 
with energy in Zeta. It can therefore be stated that the 
intense lines of this group in the solar spectrum arise 
from ions between FeIX and FeXIV and somewhat 
weaker FeVIII. In particular, the foúr very strong 
lines? between 170 A and 181 A are due to ions FelX to 
FeXI. While it is true, as pointed out by Alexander et 
al.*, that a large number of intense lines of FeVIT and 
FeVIII occur in this region, these are not intense in the 
solar spectrum. 

A comparison of taboratory sources with the solar 
spectrum’ reveals that certain lines, typically 175-26 A 
and 186-87 A, are comparatively much less intense in the 
Sun. Tho present classification offers an obvious explan- 
ation for this effect. Such transitions do not terminate 
on. the lowest level of the ground-term and their upper 
states have a small and sometimes negligible transition 
probability to this level. In general this implies that the 
cross-section for impsct excitation from this lowest level 
will also be small. At the low density of the solar corona, 
almost all the ion population will be in this lowest level, 
so that the line is anly weakly excited. At the higher 
densities of laboratory sources, the levels of the ground- 
term tend to populate statistically, and, with increasing 
density, so do the other terms of the ground configuration. 


Table 2, IsSOHLEOCTRONIOC | ape oer OF SOME NEW INTENSE [INES 
Wave-lengths in A. 













Isoelectronic 
sequence K 





Ca 


Se | Ti 





Above normal ionization limit 


— — — aa 
ArI 358-00 289-85 | 


252-95 










Clr 283 91 250 46 
284-45 25102 
289-69 255-39 






254 03 


Cs —— — t — — — — — ——— — — — — — 


258 61 





thought to bə more appropriate for the 3d levels of the 
ArI sequence. It may be noted that in several of the 
other ions, the more intense lines arise from terms based 
on parents which-are not the lowest available. The work 
recorded here is m many cases in disagreement with the 
ionization states assigned by Alexander, Feldman and 
Fraenkel’. 

The isoalectronic sequences derived for some of the 
transitions are given in Table 2. It will be seen that the 
3p°3d* configuration is above the first ionization limit for 
elements below vanadium and is therefore unlikely to 
result in emission lines, whereas for elements above 


Table 3. SOME CORRECTED IDENTIFICATIONS OF n = 4 LEVELS WHICH 
INTERACT WITH THE SEQUENOES IN TABLE 2 


em" 
Crvi Bpi Fas 482,070 
. Fas 482,8630 
ScIV Aaf Lh . 334,400 
45716], 387,480 
CalV 3p'CP)4s Pis 301,710 
IP. 303,590 


vanadium it is ane of the lower excited configurations, 
resulting in many of the intense lines. ` Table 3 lists some 
of the n=4 levels which were previously incorrectly 
classified due to failure to take adequate account of 
configuration interaction effects. 


(See Table 1 for classifications) 


It is then possible to excite these lines strongly by impact 
from these higher levels. 

Taking the case of FeX as an example, the upper level 
of the ground-term, ?P».;, will tend to populate statistically 
with respect to the lower *P,.; state when the density 
exceeds some critical density N*. This is given by 
N*S=A, where S is the impact excitation rate for the 
process ?P,.;->*P,.,, and A is the transition probability 
for the radiative decay process. The value of S can be 
estimated from a formula given by Allen! to be 2x 10-° 
cm? gec-! at a temperature, T, of 100 eV, and varies only 
as T’-1/2, The value of A is also given by Allen” as 
69sec-1. This gives a.critical density, N *, of 3 x 102° cm~. 
It is clear then that-in the Sun at a density about 108 cm 
the usual coronal population equations will apply to these 
levels, whereas in thə laboratory sources with densities 
above 1014 cm such levels will be populated statistically. 
In the laboratory sources, the levels of the excited 3d*D 
term will also be statistically populated, providing the 
individual excitation rates are in the same ratios as the 
f-values. Thus, the lines at 174-5 A and 175:3 A will be 
in the theoretical ratio of 9:5, which is consistent with 
observations. In the Sun, the depletion of the ?P,., level 
in the ground-term will result in a depletion of the *D,., 
level in the excited term and consequently a reduction in 
intensity of the 175-3 A line. 

We thank Dr. R. Wilson and Prof. C. W. Allen for 
their interest. One of us (C. J.) was supported by a 
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CRYSTALLOGRAPHY 


Natural Irradiation Damage in 
Ivory Coast Diamonds 


Some Ivory Coast diamonds lent to us by Dr. D. R. 
Grantham; showed dark green patches over almost their 
entire surface. One specimen was fragmented and was 
found to consist of clear white diamond with a rather well- 
defined green skin about 0-02 mm thick. A rotation photo- 
graph of one large diamond of this type showed weak 
streaks extending from the Bragg spots on the low-angle 
(high-spacing) side, the effect being especially marked at 
high angles (that is, for the {331} copper Ka reflexions). 
A second rotation photograph taken after remounting in 
a different, setting showed the same effect. Laue photo- 
graphs taken with white+characteristic CuK radiation 
showed the triangles of spots and streaks typical of Type I 
diamonds,' but showed also ‘thermal’ diffuse spots which 
were abnormally intense. 

Both these effects: (a) the existence of an expanded 
lattice and (b) the enhanced intensity of the ‘thermal’ 
diffuse spots, which are indicative of disorder, are charac- 
teristic of! diamonds which have been heavily irradiated 
by fast neutrons in an atomic reactor’. 

Rotation photographs of a dark green surface fragment 
and of a clear white inner fragment showed that the lattice 
expansion: was confined to the green skin. This imphes 
that the coloration of the Ivory Coast diamonds is due to 
x-irradiation, since its penetration was small, though 
damaging: To our knowledge, proof of such natural 
irradiation damage has not previously been given. The 
only diamond simular to these that we had seen was a large 
rounded octahedron from the Rand Banket, from Prof. 
W. T. Gordon’s collection. When placed on a photo- 
graphic emulsion in a black paper envelope and left for 
more than 12 h, neither the Banket diamond (which had 
both green and yellowish-brown patches) nor the Ivory 
Coast diamonds left any mark. They are not, therefore, 
radioactive themselves at present. 

Further experrments are planned to see whether it is 
possible to anneal the green skin by heat-treatment (as 
can be done with diamonds damaged by fast-neutron 
irradiation, using the technique described by Milledge, 
Nave and Weller?). Preliminary tests of this kind were 
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unsuccessful because the small specimen used broke into 
even smaller fragments on heating to 800° C in air for 25 
min. The previous annealing had been carried out by 
heating in vacuo at 1,800° C for 1 min. 


H. O. A. MEYER 
H. J. MILLEDGE 
E. NAVE 


Department of Chemistry, 
University College, London. 
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Unit Cell and Space Group of 
Hg(CN)2.SC(N H2)2 


A PRELIMINARY X-ray investigation of the crystal 
structure of Hg(CN),.SC(NH,), has been made. 

Crystals were prepared from equimolecular aqueous 
solutions of thiourea and mercuric cyamde. Newly 
formed crystals are colourless, but they soon become 
dark. 

The lattice constants were determined from rotation 
and Weissenberg photographs, on which the diffraction 
pattern of a copper wire was superumposed for calibration. 
The unit cell is monoclinic with: a = 9-50 + 0-02 A; 
b = 11-82 + 0-02 A; ¢= 7-16 + 0:02 A; 8 = 111-70°+ 
The number of molecules per unit cell is N = 4, 
calculated value 3-99 for a density of 2:9 g/c.c. 

The systematic absences are 0k0 for k odd and A0} 
for | odd, so that the space group is determined as 
On-P ye. 


M. Pkrez RODRIGUEZ 
M. CUBERO 

A. LOPEZ-ČCASTRO 
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Department of Physics, 
Division de Ciencias del C.8.1.C., 
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CERAMICS 


‘Reactive Hot Pressing’: a New Ceramic 


Process 


REACTIVE hot pressing is a new process by which 
powdered materials can be densified and materials of 
considerable strength can be produced. The term ‘reactive 
hot pressing’ is new and has been coined to distinguish 
this process from other known ceramic processes, such 
as sintering, hot pressing or pressure fabrication. 

Recently, the application of this new technique for 
the densification of clay materials has been reported’. 
It has been shown that fireclay products having a com- 
pressive strength of up to 30,000 lb./in.? can be produced 
at 700° C in 10-15 min. 

The most common process for production of ceramic 
products involves as the final stage a heat treatment, 
that 1s, sintering at high temperatures for a long period 
of time. The new hot pressing technique is a step forward 
to eliminate this final step. The novelty of this new 
reactive hot pressing technique lies in the fact that it 
does not involve very high temperatures (usually below 
700° C). This method utilzes the enhanced reactivity? of 
a solid during a decomposition or a dissociation reaction. 

This communication summarizes the results obtained 
so far in some experiments, in which the decomposition 
reaction of hydroxides and carbonates was utilized in 
conjunction with high pressures to obtain dense products. 
It has been observed that by the application of pressure 
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Experimental conditions 


Hot 
pressing 
temperature 
(° ©) 












Materials Applied 
ressure 


Ib. /in.?) 


Fireclay 13,500 
Bali-clay 4,506 
Building brick clay 15,0606 

auxite 11,750 
Gibbsite 13,000 
Bayerite 11,750 
Colloidal alumina. 1,750 
Gibbsite + colloidal alumina 12,000 
Magnesite gery 10,400 
Magnesite (sea-water) 4,500 
Brucite 10,400 
Talo 12,400 
Fireclay + fine sand (60 : 40) 3, 000 





(3,000-15,000 lb. /in.*) on the ‘reactive’ solid a considerable 
interparticle bonding can be achieved in different ceramic 
materials. Thus, this new process combines the high 
reactivity of a solid during a phase change with pressure 
to obtain a very strong and dense material. In the 
present investigation, hydrated silicates, hydroxides or 
hydrated oxides and carbonates were used. The final 
products after decomposition were oxides and silicates in 
all cases. 

In these experiments the following reactions were used: 


Dehydroxylation reaction: 


Clays and tale 
Al.O; T >a Y — AlO; Ér Siit Y H.O 
or 4 and y=1 or 2 
3Mgo 4sio, H,0-—3Mg0 4810, + H,0 


Alummum hydroxides 
2O, = H,O-—>Al,0,+ + H0 @=1-3 
Brucite: Mg(OH}),—>Mg0 + 1,0 


Decarbonation reaction 
MgCO,->Mg0 + CO, 


The temperatures used in these reactions were those 
where the reactions were found to have been completed 
and were determined by the differential thermal analysis 
technique. 

The reactive hot pressing was carried out in an induction 
heating unit, using graphite and high-temperature steel 
dies which acted both as the susceptor and the hot 
pressing component. The raw material, as received, was 
ground in a porcelain mortar to pass through a 100-mesh 
sieve and then compacted into a cylindrical form having 
an approximate dimension of 1 cm in diameter and 1 cm in 
height, using a hand press. From the loss in weight 
the extent of the reaction that took place during reactive 
hot pressing was determined. 

Two series of experiments were carried out. In the 
first series pressure was applied from the start of heating 
and was maintained at the desired temperature so that 
the total reaction occurred under pressure. In the second 
series, the decomposition was allowed to go to completion 
before any pressure was applied for a period of time. 
This involved soaking the specimen at the desired tem- 
perature for a period of 15 min or more before the pressure 
was applied. 

The experimental conditions used and some of the 
results obtained are shown in Table 1. Some results of 
reactive hot pressing of clays are also included for 
comparison. 

A. C. D. CHAKLADER 


Department of Metallurgy, 
University of British Columbia, 
Vancouver 8, Canada. 
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Results (first series) . Results (second series) 


Cold 












Col 
compressive 










Weight Bulk 
density loss strength density 
(g/cm*) | (%) (ib. fin *) (g/em*) 
153 13-2 1,200 1:25 
88 20,000 2:70 90 4,000 1-78 
10-0 12,000 1:65 19-0 2,800 1:48 
5-9 12,000 2:22 60 1,500 1-80 
30 4 »500 LEB 31-0 2,500 1-30 
34.4 8,000 L&E 34.2 1,100 1-22 
34-7 4,500 L6 33°8 1,150 1-18 
286 25,000 1:2 28-0 2,500 1:55 
32°4 23,600 LD 33 0 1,500 1°40 
48°68 8,400 1-66 49-0 6,600 “1 39 
46:0 ,000 LER 46-5 5,000 1:35 
29°5 10,500 LE 31 0 7,500 1 62 
4°35 23,700 2-22, 
9 80 6,400 LE 
CHEMISTRY 


A Product Rule for X-H Frequency Shifts 


DESPITE numerous studies of the infra-red spectro- 
scopic changes which accompany interaction of an X-H 
group with a proton acceptor, no simple rule has been 
proposed relating the frequency shift Av of the X-H 
fundamental to the rature of particular proton donors 
and acceptors. In recent studies involving the interaction 
of indole, pyrrole, N=anethyl acetamide, diphenylamine 
and N-methyl aniline with a variety of compounds in 
carbon tetrachloride it became evident that the frequency 
shift could be expressed by & simple product rule: 


Av (em-!) = D.A 


where D and A are constants characterizing the donor and 
acceptor, respectively. and Av covers a range from 30 
to 300 cm~}. For this purpose a value was arbitrarily 
assigned to one donar, indole, and all constants related 
to this standard. 

Details of this work will be reported elsewhere, but 
examination of published data, obtained under conditions 
of high dispersion anc in the absence of self association, 
supports the contention that the rule may be of general 
applicability. For example, in Table 1 a comparison 
is made of calculated and observed frequency shifts using 
the data of Becker!. The donor and acceptor constants 
are based on a value of 10-00 for ethyl alcohol. Although 
the class of proton donors is limited, the agreement 
between calculated and observed values is impressive, 
particularly in view of some difficulty in measuring the 
centre of the association band. 


Table 1. ANALYSIS OF SŞOXE DATA! on FREQUENOY SHIFTS, Av (cm) 
Standard: ethyl alcohol =10 00. Donor and acceptor constants are given in 
parentheses 

Hothy! alcohol Ethyl alcohol tert. Butyl 
(10°37) (10 00) alcohol (9°29) 
Obs. Cale. Obs. Cale. Obs Cale 
Acetone (10-86) 112 112-6 106 108-6 191 1008 
Benzophenone (8-00 88 87-0 84 83-9 77 77-9 
aie ecole 8°06 84 83-6 80 80 6 75 74-9 
Dio (12:38) 26 1284 123 1238 118 1150 
Dimethyl formamide (15: 44) 160 160-1 155 1544 148 1484 
Pyridine 27°45) 286 284-7 276 2745 252 255 


The relationship permits comparative scales of donor 
and acceptor power to be set up, based on measurements 
under similar conditions, and it is interesting to note that 
we have found, for example, an excellent correlation 
between acceptor constants and Taft o values for a series 
of N,N-dialkyl amides. 

Although linear plots of Av versus AF have often been 
published for association studies over restricted ranges, 
it is clear that over an extended range of Av values an 
asymptotic approach to the AF axis should occur. Our 
measurements show the expected curvature and trial plots 
indicate a relationship of the form: 

AF = kin Av + C where k and C are constants. 
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Thus we may write: 
APF =kInD+klInA+C 
= AFp + AFa + C 


where AFp and AFa represént contributions by the 
donor and acceptor, respectively, to the overall free 
energy change. 

J. A. PULLIN 

R. L. WERNER 


Department of Physical Chemistry, 
University of New South Wales, 
Kensington, New South Wales. 
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Occurrence of Chemical Change in the Argon 
Vapour Phase Chromatographic Detector 


THovuGH it is generally accepted that chemical changes 
occur during the operation of an argon chromatographic 
detector! the extent of change in normal operation has 
hitherto been assumed to be small*-? and to arise almost 
entirely from ionization, the efficiency of which, even 
in the triode detector’, rarely exceeds 1 per cent. Having 
examined (experimental details published in Disc. Faraday 
Soc., 36, 83; 1963) the breakdown of C, to C, paraffins and 
olefins in'an argon ‘detector’ with plane parallel electrodes, 
we conclude that the extent of chemical reaction can be 
appreciable, and that excitation of the substrate gas by 
electron impact is largely responsible. Thus the number 
of molecules of n-butane decomposed per ion pair produced 
in such @ cell (— M/N) is much greater than unity (Fig. 1), 
and despite the large errors which arise from the difficulty 
of measuring small proportions of substrate destroyed, 
clearly tend to increase with decrease of voltage. The 
same behaviour is shown by the yields of some, but not 
all, of the products of decomposition. It is to be expected 
that the average energy of electrons in the cell will fall 
with decreasing applied voltage, so favouring excitation 
of the hydrocarbon rather than that of argon, and we 
suggest that the results presented in Fig. 1 may be most 
simply explained on this basis. 

Consequently the processes which are important m 
giving rise to chemical changes are considered to be the 
following; (processes of electron capture being negligible 
at the strengths of field used): 


fen + Ar —> Ar* (11-6 eV) + e- 
een + S > S* + e (2) 
Ar* + S—>S+ + Ar +e- (3) 


where ĉen is an electron which has been accelerated to 
requisite energy in the electric field, and § is a molecule 
of substrate gas. 

The foregomg scheme is consistent with the observed 
shape of the graph of the ionization current from a cell 
with a uniform field of 2,000 V cm~ plotted against con- 
centration of n-butane (Fig. 2), which we will call a 
‘multiplication curve’. At low concentrations, processes 
(1) and (3) predominate and lead to multiplication of 
electrons in the electric field, which is the principle of 
normal operation of the detector. As the concentration 
of substrate is increased, process (2) becomes increasingly 
important and eventually causes a decrease in current. 
The multiplication curve thus has a maximum which 
explains the phenomenon of ‘double peaking’ frequently 
encountered with large chromatographic samples‘. 

It ıs to be expected that the position of the low concen- 
tration and high concentration sides of the multiplication 
curve will be determined largely by the cross-sections for 
processes (2) and (3) respectively. The position of the 
maximum in the curve will thus depend on the relative 
importance of (2) and (3), and will accordingly change 
from one substrate to another. In Table 1 are listed the 
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positions of the maxima obtained for various substrates, 
under equivalent conditions, with our argon cell. These 
results are in general agreement with those of Yamane’, 
who employed a static reaction system for C, to C; normal 
saturated hydrocarbons and C, to C, ethylenic hydro- 
carbons. For each class of compound the position of the 
maximum in the multiplication curve shows a regular 


Table 1. CONCENTRATION OF SUBSTRATE IN ARGON AT MAXIMUM OF MULTI- 
PLICATION CURVE 


Substrate Concentration p.m. 
C,H, 690 
n-G, Hy, 610 
180-0, Fiz, 610 
n-C; Hay 490 
180-C; Hy, 520 
neo-O, 12 560 

du 439 
CH, 490 
C,H, $50 
1-C,H, 310 
iso-C,H, 240 
c1s-2-0, 1, 230 
trans-2-C,H, 240 

1-O, Ho 270 
l-0, Ha 240 
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trend as the series is ascended, and a simple analysis 


suggests that for the series of saturated n-alkanes and ` 


l-alkenes the cross-sections of both (2) and (3) increase 
with carbon chaim-length. 

We have also found that oxygen at a concentration of 
20 p.p.m. in the argon stream, which might be considered 
negligible in the normal operation of the detector, is 
capable of giving-rise to oxygenated products. (~—M/N)o, 
was found to be-greater than unity and to increase with 
reduced voltage, which suggests that excited species are 
formed from oxygen by collision with electrons in & process 
similar to (2). The excited species so formed react 
subsequently with the sample gas. 

This work wes supported by the National Physical 
Laboratory. 
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Influence of Mullite on the Graphite-Steam 
Reaction 


Blyholder and Eyring! have measured the reaction rate 
of spectroscopie graphite with steam in a flow system at 
pressures of 1-100u and temperatures of 900°~1,300° ©. 
They reported carbon monoxide and hydrogen as the only 
products, and went on to suggest a kinetic mechanism 
based on desorption of hydrogen and chemisorption of 
water as rate-controlling steps. Diffusion effects could be 
ignored. 

As part of a more comprehensive investigation carried 
out under similar conditions in this department, nuclear 
graphite was reacted at 1,000°C after outgassing at 
temperatures up to 1,400°C in a mullite furnace tube. 
The subsequent reaction rate, as measured by pressure 
build-up of reaction products, was found to be highly 
dependent on the temperature history of the sample. 
The reaction rate versus time graphs for one sample after 
degassing at various temperatures is shown in Fig. 1. 
The main. points.of interest are as follows: 

(1) After outgassing at temperatures in excess of 
1,000° C the reaction rate at 1,000° C is initially increased. 

(2) The extent of the increase is dependent on the time 
and temperature of outgassing. 

(3) On reaction, the rate decreases regularly with time 
until it levels off to a steady value. This steady value is 
always larger than the rate shown before outgassing. 

(4) Increasing. the temperature of outgassing above 
about 1,250° C causes very large increases in subsequent 
initial and final rates. 

Other workers?“ have noticed that outgassing can pro- 
duce enhanced initial reaction rates, but their rates have 
always decayed to the expected value after due reaction. 
In the present case the reaction rates were permanently 
enhanced. 

Great difficulties were experienced in obtaining re- 
producible readings until it was realized that disturbance 
of the particle could cause an immediate drop in reaction 
rate. This was especially noticeable for samples showing 
high reaction rates after outgassing at temperatures above 
1,250° C. The rate reverted to its former value after about 
2 h reaction or after remaining 2 h in vacuo in the furnace 
tube at the reaction temperature. Examination of the 
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Fig. 1. Variation of reaction rate with time for various outgassing tem- 
peratures. Pretreatment: A, 1,000° C for 15 h; B, 1,200° C for 0°25 h; 
C, 1,200° C for 30 h; D, 1,250° C for 2 h; E, 1,3850° C for 12h 


samples showed that the greater part of the reaction had 
occurred in the outer layers of the sample. 

Results of later experiments in which the mullite tube 
was replaced by a recrystallized alumina one did not show 
the same perturbations. It was therefore concluded that 
impurity transfer from the reaction tube was responsible. 
Singer® showed that silicon was transferred to graphite 
from silica powder between 1,000° and 1,300°C with 
resulting change of the electronic properties; also several 
authors, notably Hennig*t, have suggested that silicon 
transfer could affect the reaction rate of graphite. Qualita- 
tive analysis of a sample which had been outgassed at 
1,350° C in the present experiments showed that silicon 
was in fact present. This- sample had previously been 
purified by treatment to 2,700° Cin a halogen atmosphere; 
analysis of similar samples which had not been outgassed 
in the mullite tube showed no trace of silicon. It was 
therefore reasonable to attempt to explain the phenomena 
on. the basis of catalysis by silicon. 

To explain the ‘disturbance effect’ it can be postulated 
that catalysis is by either (a) a surface layer of silicon, or 
(b) a ‘cloud’ of silicon vapour loosely bound to the surface 
of the sample. In either of these cases disturbance of the 
particle would cause removal of the surface layer or cloud 
with resulting loss of activity. The layer would be replaced 
by diffusion from the interior of the particle in the case of 
(a) or by volatilizasion of silicon still present at the 
surface in (b). In either case the reaction would be expected 
to occur in the outer layers of the particle where the silicon 
concentration is greatest. 

However, the following considerations serve to eliminate 
the possibility of (c) being the mechanism concerned. 
Disturbance of the sample caused a drop in reaction rate 
of up to one-half. Thus it would be expected (because the 
reaction can be looked on as completely catalysed—the 
uncatalysed reaction being negligible by comparison) that 
about half the catalysing impurity had been destroyed. 
But if this were so tha reaction rate would not be expected 
to revert to its former value. It must be assumed, there- 
fore, that the catalysing species is only a small proportion 
of the actual catalyst content. Moreover, the species 
catalysing the reaction must be very loosely bound to the 
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surface and proportional to the concentration of the cata- 
lyst content. It is obvious from the foregoing that to 
explain the experimental observations of the ‘disturbance 
effect’ a catalysis of the graphite-steam reaction by a 
cloud of silicon vapour loosely bound to the surface must 
be postulated. The explanation of the reaction rate curves 
then follows: , 

Outgassing at elevated temperatures causes diffusion of 
silicon into the graphite sample either by contact or by an 
actual sileon vapour pressure. Reaction causes a drop in 
reaction rate due either to excessive silicon deposit on the 
surface being removed by erosion or bombardment, or by 
removal of extremely active sites created by outgassing*—. 
Experimėnts which are now being carried out using 
alumina tubes should clarify this point. Whichever of 
these two applies, a steady-state reaction rate is attained 
which is greater than that before the outgassing operation. 
This is due to catalysis by silicon vapour—as the silicon 
concentration is greatest in the outer layers of the sample 
most of the reaction occurs here giving a pseudo-impression 
of diffusional reaction control. 

Disturbance of the sample results in removal of part of 
the silicon vapour cloud with resulting loss of activity— 
activity is restored as the silicon cloud builds up again. 

It is interesting to note that a similar explanation to 
that proposed here could explain the non-uniform reaction 
profiles in the chemical control region mentioned by 
Walker‘, | 
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Molecular Conformation of Myoglobin in 
Dilute Solution 


Tue complete structure of myoglobin in the crystallin 
state has: been revealed through the work of Kendrew 
et al.1-8, One unresolved question of some interest is how 
much the conformation is altered when the molecule is 
transferred from the crystal to a dilute solution. Some 
pertinent information was obtained by Gurd et al.4 by 
comparison. of the reactivity of histidine residues of sperm 
whale myoglobin in the crystalline state and in solution. 
A second possible line of attack involves a comparison 
of the molecular dimensions deduced crystallographically 
with, those measured for the molecule in solution. 

We report here the result of a low angle X-ray study of 
myoglobin solutions. Results were obtained on a relative 
scale using copper Ka radiation and a Rigaku—Denki 
diffractometer with slit optics and a Geiger tube. The 
concentration range investigated was 1-5-6-0 per cent, and 
1,000 sec counts were obtained at 3-min intervals, begn- 
ning at 18 min or 21 min. The solvent, an acetate buffer 
at pH 4-7, was 0:1 M in both acetic acid and sodium 
acetate, and contained 0-05 M sodium chloride as a sup- 
porting electrolyte. Guinier plots of log I versus h? were 
linear over the angular range investigated. Values of the 
radius of; gyration obtained’ from the slopes increased 
slightly with dilution, indicating some interparticle 
interference. From Fig. 1 we obtain for the radius of 
gyration R= 164+ 0-2 A. Horse heart myoglobin 
appears to be slightly larger than sperm whale myoglobin, 
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Fig, 2. Possible values of height and diameter for a cylindrical model of 
the myoglobin molecule in solution 


although this difference may be within the experimental 
error. 

In order to compare the radius of gyration measured in 
solution with the crystallographic dimensions, some model 
must be adopted. If we represent the molecule as a 
cylinder of height k and diameter d, and set its radius of 
gyration equal to the value observed, the relation obtained 


is. 
(16-4)? = A®/12 + d?/8 (1) 


‘A second relation is formulated by imposing the require- 


ment that the volume of the cylinder be the same as the 
crystallographic volume, 29,240 As: 

h = 3-70 x 10*/d? (2) 
The solutions to this set of simultaneous equations are 


obtained from the intersections of the two curves, as shown 
in Fig. 2. These are. 


h=44A h=20A 
d= 29A d = 43 Å 


In view of the known structure, the first solution appears 
more plausible. Since the derived cylinder of height 44 A 
and diameter 29 A agrees qualitatively with the molecular 
dimensions 48 A x 35 A x 23 A given by Kendrew et al., 
we conclude that the change in the molecular conformation 
of myoglobin on dissolution must be quite small. When 
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the radius of gyration of the molecule in the crystalline 
state has been calculated from the crystallographic atomic 
co-ordinates, a more quantitative comparison will be 
possible. 

We thank Prof. C. Tanford for his advice and assistance. 
This work was supported by a grant from the U.S. National 
Institutes of Health. 
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Competition between Scission and Cross- 
linking Processes in the Thermal Degradation 
of a Polycarbonate 


We have previously reported! that, when poly(2,2- 
propanebis(4-phenyl carbonate)) 1s heated in a sealed 
evacuated tube, random scission of the polymer occurs 
without gel formation. We have now found that the poly- 
mer is rapidly cross-linked to form a gel if the volatile 
products are continuously removed (10° mm vacuum) 
during the degradation. 

The gel content of the material after heating at a 
constant temperature was determined by extraction of the 
degraded polymer with methylene chloride, the sol content 
by evaporation of a portion of the extract. The intrinsic 
viscosity of the sol fraction in methylene chloride was 
determined by dilution viscometry. 

Fig. 1 shows the gel content of the degraded polymer as 
a function of time of heating at 323°C; the gel point 
occurred at 0-5 h. The viscosity results (Fig. 2) show that 
the intrinsic viscosity of the polymer and, after the gel 
point, of the sol fraction increases with time of heating 
to a maximum value (after 1:2 h at 323° C) and thereafter 
decreases. For comparison the viscosity changes of the 
polycarbonate heated in a sealed tube at approximately 
the same temperature (331° C) are also included in Fig. 2. 
It can be seen that in the latter case the polymer undergoes 
@ continuous decrease in viscosity. 
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Fig. 1. Gel-formation (per cent) in polycarbonate heated in a con- 


tinuously evacuated system versus time (h} at 828° C 
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specimens with time of heating: IL, continuously evacuated system at 
323° O, gel point at 06 h, II, , sealed ——— system at 331° C, no gel 
orme 


It is apparent from Fig. 2 that the gel point does not 
coincide with the time required to reach the maximum 
viscosity as predictec by the network theory of Flory’. 
In the present case the divergence is probably due to 
further condensation of the polymer on heating which is 
consistent with the observed evolution of bisphenol A 
during the reaction. 

The results obtained show that the thermal degradation 
of the polycarbonate involves a finely balanced competi- 
tion between scission and cross-linking processes. The 
mode of degradation which predominates depends solely 
on whether or not certain volatile products, probably 
phenols, are removed from the degrading polymer. Earlier 
reports*-* of gel-formation under various conditions of 
degradation can thus be readily explained. 

The present results stress the dependence of the physical 
nature and properties of a polymer on the degradation 
conditions as it is apparent that a slight alteration in these 
conditions can drastieally change the overall mechanism 
of breakdown. 

A more detailed investigation of the thermal behaviour 
of polycarbonate is at present under way. 
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BIOPHYSICS 
Ontogeny of Biological Order 


THE sequence of nucleotides in polydeoxyribonucleic 
acid (DNA) has been established as the principal molecular 
determinant of heredity. Ontogeny is believed to reflect 
temporal patterns of DNA transcription)". By participa- 
tion in the flow of geretic information from DNA to poly- 


398 


ribonucleic acid (RNA) to protein and in the duplication 
of DNA, template-directed polymerization reactions play 
a key part i in ontogenesis. With development the organ- 
ism may achieve immense complexity. Thie communica- 
tion offers an explanation of the nature of this increase 
in complexity, based on thermodynamic considerations 
of template-directed polymer synthesis. 

In outline, the relevant thermodynamic features of 
ontogeny ¡can be conceived by considering two isolated 
systems, each containing a polymer ‘phase’ and a meta- 
bolite ‘phase’ including monomer derivatives and reaction 
products.| The polymer ‘phase’ is an open sub-system 
immersed! in the metabolite ‘phase’; within it 
synthetic | and degradative reactions are permissible. 
System I; however, is chemically inert. Both systems 
contain the same amount of matter. System IT has the 
larger polymer ‘phase’ and was derived from a system 
identical to I by replicative processes. Each polymer 
‘phase’ is |composed of several varieties of polymers, the 
rs aay structures of which have been, directly or 
indirectly, uniquely determined by the structure of one 
polymer. |The kinetic arrangement is such that the poly- 
mer product of one reaction is catalyst to a following 
reaction. | Templates are thought of as catalysts -in the 
domain of pure configuration, in that they serve to over- 
come probability barriers to the attainment of specific 
configurations. Moreover, they are unchanged by polymer 
synthesis, | similar to the role of enzymes in the energy 
domain. |The development of system II from an initial 
state of metastable equilibrium to ® non-equilibrium 
stationary, state is controlled by kinetic mechanisms, in 
particular|by the availabilty of catalysts. A steady state 
transition| of this nature may have a positive rate of 
reaction entropy production with time, contrary to 
Prigogine and Wiame’s®4 theorem concerning the stability 
of steady | states. During embryogenesis, heat produc- 
tion patterns®-? appear, in fact, to be in conflict with the 
theorem§, | System II is, however, presumed to develop 
in a manner permitting thermodynamic definition. An 
in vitro system with the thermodynamic properties of the 
systems described could, conceivably, be constructed from 
DNA, RNA and protein in such a way as to be’self-repro- 
ducing, though this has yet to be achieved experimentally. 

Chemical processes involving template-dependent poly- 
merizations are characterized by changes in the magnitude 
of a generalized entropy®. This quantity arises from 
coupling into specific sequences, monomers capable of 
independent complementation with the template. Thus, 
a decrease in monomeric mixing entropy is linked with 
the reaction entropy. For an irreversible process, such as 
that described, the change in entropy assumes the general 


form given by equation (1): 


P 
$ 
pat aya 


where 3s/ðt is the local time derivative of the entropy. 
The terms! y-J; and © refer, respectively, to the rate of 
flow of entropy and to the rate of generation of reaction 
entropy per unit volume. These parameters define the 
entropy production of an irreversible process, not far 
from equilibrium, that does not involve pure configura- 
tion entropy. The necessary generalization is achieved, by 
the third term, C, which is the time derivative of the 
polymeric monomer mixing entropy: 


| — jk (Nisin Ny. nN ;./N 13) 
— «dt 
k is Boltzmann’ s constant. Nis represents the number of 


monomer molecules of the 7 variety which have been 
incorporated into the # polymer. C can be expressed in 
terms of the rate of advancement of polymerization, Ja 3. 
carrying out the differentiation and using the relation- 
Snp 
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/ 
eal polymer. = Pus Jo dV (3) 


The stoichiometric factor, v,;, is equal to one in these 
reactions. Jọ c includes both binding and coupling of 


monomers at ‘each step in polymerization. The desired 
expression for C is: 


C = —Zijaey [JẸ dV (4) 


where: 
af = kln.Ni./N23 (5) 


By virtue of its dependence on N;. and Ni; at any instant, 
“7 is a structure coefficient in the entropy equation 
for development, reflecting in. part the history of the 
system. As a consequence of the dependence of total 
entropy on the variety of polymerized monomers, changes 
in the magnitude of this quantity may assume values 
within the limits’: 


-Smix (monomer) < Stotaı < Stransfer+reaction (6) 


Negative values for the generalized entropy change result 
from decreases in pure configuration entropy. Poly- 
nucleotide replication is exothermic! and protein synthesis 
would also seem to be so; consequently, no increase in 
energy content can derive directly from polymer synthe- 
sis, however ordered the monomers may be. It is, there- 
fore, conceptually feasible for a system to develop in a 
way that increases structural order, without deviating 
far from equilibrium and without invoking the need for 
coupling endothermic and exothermic reactions, as 
previously thought necessary®. The seemingly paradoxi- 
cal constancy of tissue calorific value during differentia- 
tion, and the congruence between heat production and 
respiratory quotient heat equivalents during development, 
are concordant with the expectations of the present point 
of view. The absence of a verifiable ‘organizational energy’ 
during ontogenesis, in apparent violation of the conserva- 
tion of energy principle, follows necessarily from the 
chemistry of polymerization in terms of the properties 
of generalized entropy. Thus, the theory derives a 
sound experimental basis from the energetics of develop- 
ment. Since pure configuration entropy cannot be drawn 
on to supply free energy, the process is not self-per- 
petuating; an external source of free energy is required to 
drive the reactions. It may also be stated, from considera- 
tion of the relationship of template structure to the order 
attained by synthesized polymers’, that the derived 
system cannot be more ordered than the original. 

From these results it may be inferred that, to the extent 
that the haploid state determines the diploid state, the 
latter is no more complex than the former and, as such, is a 
preformed structure. Yet, in the sense development of the 
template directed variety is capable of reducing universal 
entropy, ontogeny is creative and epigenetic. 
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BIOCHEMISTRY 


Non-occurrence of Lotusin in 
Lotus arabicus L. 


Ix 1901 Dunstan and Henry reported the occurrence 
of lotusin, the maltose cyanohydrin ether of lotoflavin 
(quercetin®), in air-dried samples of Lotus arabicus L. 
collected in Egypt. Nearly forty years later, Henry? 
isolated lotaustralin (a-hydroxy-a-methyl-butyronitrile-B- 
D-glucose) from the same species. 

An interest in this laboratory m studying the bio- 
synthesis of lotusin led to a re-investigation of the 
cyanogenic glycosides in L. arabicus. Plants grown in green- 
houses of the University of California were examined at 
various stages of growth for the presence of cyanogenic 
substances. Following extraction and chromatographic 
separation, as described elsewhere’, the cyanogenic glyco- 
sides present in the plants were detected by the action of 
HCN on picrate paper’ or the presence of reducing sugars® 
following their relpase by linamarase prepared from linseed 
meal by the method of Coop’. Evidence was obtained 
that a compound with the structure of lotusin does not 
occur in L. arabicus, but the presence of still another 
cyanogenic glucoside, bnamarin (a-hydroxy-1sobutyro- 
nitrile-8-D-glucose), was recorded. The evidence may 
be summarized as follows: 

(1) The Ry values of the cyanogens in L. arabicus corre- 
sponded with those for linamarin and lotaustralin* in the 
folowing solvenis: Butanol: pyridine: water, 6:4:3 
(v/v); propanol: water, 7:3 (v/v); isopropanol : acetic 
acid: water, 70: 5: 25 (v/v); butanol : acetic acid ; water, 
120: 30: 50 (v/v); methylethyl ketone : acetone : water, 
30: 10:6 (v/v). 

(2) The values for the cyanide content of the plant 
samples obtained either by hydrolysing the cyanogenic 
glycosides in the extract with endogenous enzyme(s) or 
with linamarase are similar to those obtained by eluting 


. the areas on chromatograms which contain linamarin and 


lotaustralin and jhydrolysing with lnamarase (Table 1). 
Because cyanophoric plants normally contain an endo- 
genous enzyme which can degrade the cyanogen found in 
that plant, the cyanide values obtained by use of the 
endogenous enzyme would represent a maximum value. 
Since the action of linamarase on samples eluted from the 
appropriate chromatographic areas always accounted for 
all the cyanide, there could be no large amounts of other 
cyanogens in the plant. 

(3) When generally labelled 1-valine-4C and L-isoleucine- 
uC are administered to L. arabicus seedlings, radioactivity 
is rapidly incorporated into the aglycone moieties of lina- 
marin and lotaustralin but not into any other cyanogenic 
substance. 

(4) Finally, analyses of the chromatographically isolated. 
cyanogenic constituents (which fully account for the total 


Table 1. CYANIDE CONTENT OF Lotus arabicus PLANTS AS DETERMINED BY 
DIFFERENT FPROOEDURES 


— employed 


Age of plants A 
moles per g (fresh wt } 

5 days 5-80 8 20 5 93 5-87 
37 9 72 10 82 14 20 13-93 
81 7°70 995 10-78 11:99 
98 4-82 6°40 “84 8 20 

187 (flowering) 1-44 1°56 3-15 2-76 


Procedure A. Endogenous enzyme. B: Endogenous enzyme plus linam- 
arease C: Hydrolysis by linamarase of aqueous extract of residue obtained by 
extracting plant with 30 per cent ethanol and evaporating. D. Hydrolysis 
By — of aren from chromatogram which contains linamarin and 

otaustralin. 


Table 2. ANALYSIS OF COMPONENTS OF THE CYANOGENIO GLYCOSIDES OF 
Lotus arabicus L 
moles per g (fresh weight) 
Age of plants Acetone Cyanide Glucose 
12 days 9 16 042 8-94 
45 11 34 11°86 12 03 
98 7-93 8:42 7-84 
137 (flowering) 2 54 278 2-86 


NATURE 


399 


cyanide released from the plant) for the cyanide, acetone 
and sugar moieties of the glycoside give a ratio of 1: 1:1 
(see Table 2). There is no corresponding release of quer- 
cetin. 

After elution of the cyanogenic glycoside from the 
chromatogram the various components were determined 
as follows: the HCW released after enzyme hydrolysis 
was trapped in 0-1 N NaOH by overnight aeration and 
determined by the Aldridge method*®. The acetone 
moiety was steam-distilled over into 0-1 per cent 2,4-di- 
nitrophenyl hydrazine in 2 N HCl and spectrophotometric- 
ally assayed’. The procedure?’ for glucose estimation is 
based on the phosphorylation of glucose by ATP in the 
presence of yeast hexckinase and the subsequent oxidation 
of glucose-6-phosphate by TPN? in the presence of the 

dehydrogenase. The TPNH formed is read at 340 mu. 
oo release wes checked by the method of Nagshki 
et al.. 

Dunstan and Henry believed lotusin to be an ether of 
maltose cyanohydrin and a new flavanoid, lotoflavin. The 
latter was later shown to be quercetin. Although 
hydrolysis of plant extracts by HCl results in a release 
of quercetin, there adpears to be no relationship to the 
cyanogenic glucosidet present in this species. 

This work was supported by U.S. Public Health Service 
grant GM 05301. 
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An Antifungal! Triene from a Streptomyces sp. 


WHILE polyene antifungal antibiotics are of frequent 
occurrence among Sireptomyces spp., those so far described 
contain 4-7 double bonds in conjugation. We wish to 
report the production of an antifungal conjugated triene, 
MM8, by a Streptomuces sp., ACC 1293. The investigation 
is incomplete; but ss no further work is contemplated we 
felt that a brief account of our findings might be of 
interest. 

Streptomyces sp. ACC 1293 was isolated in 1955 by Dr. 
Joyce McCloskey from a soil with a high chalk content. 
It is grown at 25° ander stirred, aerated conditions in 
Raulin-Thom medium containing 3 per cent “Dextrolact’. 
The fermentation, tie progress of which may be followed 
by means of the ultra-violet absorption of the product, is 
usually collected after about 70 h. , 

MMS (Amax 262, 272 and 283 mu, E1% , = 550, 730 and 
535, respectively; voax 1,745 cm-!) is obtained as a buff 
amorphous powder =rom chloroform extracts of culture 
filtrates. It is light-sensitive, rapidly losing both its 
ultra-violet absorption and its antifungal activity, but 1s 
stable to cold dilute acid in the dark. Addition of 3 N 
sodium hydroxide so an alcoholic solution of MM8 
causes replacement of the triene absorption by a broad 
maximum at 335 me. MM8 is transformed by shaking 
in chloroform solution with 0-0001 N sodium hydroxide 
intoa mixture of two compounds detected by thin-layer 
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chromatography on silica gel. The mixture, which is 
more light-sensitive than MM8, is obtained as a bright 
yellow solid with similar antifungal activity to MM8; 
it shows the trione bands (Amax 262, 270 and 282 mu, 


Eye, = §16, 654 and 511, respectively) in the ultra- 
violet in‘addition to new peaks at 232 and 386 mu, 
El% = 301 and 20, respectively. 

Our purest samples of MM8 contain traces of two 
impurities detectable by thin-layer chromatography and 
corresponding in Ry value to the products of treatment 
with 0-0001 N alkali. We have shown these impurities to 
be antifungal by leaving the chromatograms in contact 
with agar seeded with spores of Botrytis allit. MM8 
contains nitrogen (about 4 per cent) but not sulphur or 
halogen. ` Consistent analytical data have not been 
obtained and we have been unable to prepare a crystalline 
derivative. MM8 is neutral, gives negative ferric chloride, 
ninhydrin: and Mollisch tests, and we have been unable 
to detect any sugar residue in acid hydrolysates. On the 
basis of its nuclear magnetic resonance spectrum, MM8 
contains no aromatic protons and at least one methoxyl 
group (t 6-3): Zeisel determination shows the presence 
of 4-1 per cent methoxyl. 

MM8 inhibits the germination of a variety of fungal 
spores ati concentrations of 1-10 ug/ml. and causes 
stunting of the germ-tubes at concentrations of 0-1- 
1-0 ug/ml. Direct comparison with nystatin shows that 
MM8 is more active against fungi but appreciably less 
active against the yeast Candida albicans. In common 
with the other polyene antibiotics produced by Strepio- 
myces spp, MM8 has no antibacterial activity. 

The Streptomyces polyenes whose structures have been 
determined are macrolides, and the spectroscopic proper- 
ties of MM8 are consistent with, but do not prove, 
the presence of such a system. 

We thank Mr. G. L. F. Norris for the fermentations 
and Mr. H. G. Hemming for the biological assays. 
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Mannosamine in the Cell Wall of Clostridium 
welchii (Type A) 


CELL-WALL preparations of Clostridium welchii, type A 
(NCTC 8237), have been obtained by a combination of 
the methods of Salton and Horne’ and of Cummins and 
Harris*. A carbohydrate fraction, containing galactos- 
amine, galactose, rhamnose and phosphorus, was removed 
from the wall by extraction with formamide** at 150° 
for 20 min. The residue remaining after this treatment 
was digestible with egg-white lysozyme and contained 
the usual: mucopeptide constituents’: muramic acid, 
glucosamine, alanine, glycine and «-e-diaminopimelic acid. 
Paper chromatography of both cell wall and formamide 
residue showed the presence of an additional Elson~Morgan 
positive? spot which moved just faster than glucosamine 
when chromatographed. in butanol/pyridine/water (6: 4:3) 
on paper soaked in barium chloride as recommended by 
Heyworth, Perkins and Walker’. 

In an attempt to identify the unknown amino-sugar, 
50 mg formamide residue was hydrolysed with 4 N 
hydrochloric acid in a sealed tube for 4 h at 105°. The 
hydrolysate was dried in vacuo over sodium hydroxide, 
dissolved in 2 ml. 0-3 N hydrochloric acid and applied 
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Table 1. DISTANCES MOVED BY SEVERAL — — WHEN one 
GRAPHED IN BUTANOL/PYRIDINE/WATER (6 : 4 : 8) ON WHATMAN NO. 1 
PAPER PREVIOUSLY SOAKED IN OI M ae CHLORIDE 


Peak B produced two spots designated (i) and (11) 
Distance moved 


Hexosamine in 36 h (em) 
Allosamine 15:5 
Galactosamine 148 
Glucosamine 18°5 
Gulosamine 186 
Idosamine 33°0 
Mannosamine 21-6 
Talosamine 19-2 
Peak B (1) 18-4 

(i) 214 


to a column (39 cm x 0-9 em) of “Dowex 50x 8’ (200—400 
mesh). The column was equilibrated and eluted with 0-3 
hydrochloric acid, the eluate collected in 2-ml. fractions 
and 0-l-ml. portions were analysed for amino-sugar by 
the method of Rondle and Morgan’. ‘Thres peaks were 
obtained (Fig. 1). Peak A contained a phosphorylated 
amino-sugar which is still being investigated, B was a 
mixture of glucosamine and the unknown amino-sugar, 
and C contained largely muramic acid with a trace of 
glactosamine. All the results to be roported below 
were obtained with the material from peak B. 

Several hexosamines were available in the laboratory, 
and these, together with B, were chromatographed on 
paper for 36 h in the system of Heyworth et al.’. The 
distance that each hexosamine moved is shown in Table l; 
from, which it can be seen that the unknown amino-sugar 
had the same mobility as mannosamine. 

The amino-sugars present in B were converted into 
pentoses by mixing with 2 per cent (w/v) ninhydrin in 
4. per cent (v/v) pyridine and heating in a sealed capillary 
at 105° for 30 min’. The reaction mixture was spotted on 
paper together with the four pentoses, and chromato- 
graphed in the system butan-2-one/acetic acid/saturated 
aqueous solution of boric acid (9:1: 1)}*. On spraying 
with aniline phthalate! the ninhydrin oxidation product 
of B gave only one spot which had moved the same distance 
as arabinose. This pentose can arise, by ninhydrin 
oxidation, only from glucosamine or mannosamine, and 
thus this result is consistent with the suggestion that the 
unknown amino-sugar is mannosamine and that B is a 
mixture of glucosamine and mannosamine. 

Small samples (100 ug) of glucosamine, galactosamine, 
mannosamine and of B were N-acetylated with acetic 
anhydride in aqueous trimethylamine as described by 
Perkins". The resultant acetamido-sugars were separated 
by paper electrophoresis in 0-025 M sodium tetraborate 
for 5 h with an applied potential of 10 V/cm, and detected 
by a modification!’ of the method of Partridge*. Under 
these conditions, N-acetylglucosamine remained at the 
origin whereas N-acetylgalactosamine migrated 4:2 cm 
and N-acetylmannosamine migrated 9:6 cm towards the 
anode. The N-acetylated sample of B showed two spots, 
one of which remained at the origin whereas the other 
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Fig. 1. Ohromatography on ‘Dowex 50x 8’ (89x09 cm, H+ form) of 

& nydrolysate of the formamide residue from Clostridium welchti cell wall. 

‘The residue was hydrolysed with 4 N hydrochloric acid for 4 h at 105°. 

The column was eluted with 63 N hydrochioric acid, and the curve 

shows the Elson-Morgan elon —— with 0-1 ml. "portions of the 
ractions 
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moved 9-7 cm towards the anode, that is, it behaved hke 
N-acetylmannosamine. 

In order to gain an idea of the relative amounts of 
glucosamine and mannosamine in B, a sample was applied 
to the 50 cm column of an ‘EEL’ automatic amino-acid 
analyser. The column had been equilibrated, and was 
later eluted, with the pH 5-28 buffer used for separat- 
ing basic amino-acids’, Under these conditions authen- 
tic glucosamine and mannosamine emerged after 146 ml. 
and 168 ml. respectively. B produced two peaks: 
one which was equivalent to 1:04 umole glucosamine 
appeared at 146 ml.; and the other, equivalent to 0-43 
umole, occurred at 170 ml. Thus B contained 0-41 mole 
mannosamine/mole glucosamine, and this must reflect 
the relative amounts of the two amino-sugars in the original 
cell wall. 

No evidence has been obtained, so far, to indicate the 
precise location of the mannosamine within the cell wall 
complex. The formamide-insoluble residue is relatively 
rich in phosphorus (1-7 per cent), and it is possible that 
the phosphorus and mannosamine are parts of a polymer 
(or polymers) which will eventually prove separable from 
the mucopeptids. However, the possibility that one, or 
both, of these components is part of the mucopeptide 
itself has not been excluded. 

I thank Dr. H. J. Rogers for his advice, and Mr. R. 
Doorbar for his assistance. 
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Absence of Free [odotyrosines from the 
Plasma of the Rat 


Lissitzky and Bismuth recently found that free iodo- 
tyrosines are not present in the plasma of the ratt. This 
conclusion was drawn from the fact that free 3: 5-di- 
iodotyrosine (DIT) and 3-iodotyrosine (MIT) could not be 
detected by separating plasma, on ‘Sephadex’ gel-filtra- 
tion columns, from rats fed with iodine-125. 

These findings, however, do not prove that, contrary 
to the results obtained by other investigators, there is no 
MIT or DIT in the peripheral blood at all. Most probably, 
free iodotyrosines never appear. 

When given mtravenously, tyrosines are easily bound 
to various proteins, and cannot be separated from these 
by gel-filtration alone. Free parts are detectable only 
when. the tyrosines are applied in excess (Fig. 1). 

It is to be expected that tyrosines, if secreted by the 
thyroid at all, are immediately protein-bound, and thus 
appear in the ‘PBI-peak’ of the gel-filtration method. 
Fig. 1 in Lissitzky’s communication gives a misleading 
view, since the serum in question was supplemented with 
the different compounds only, instead of being incubated 
for at least 15 min at 37° C. 

Because of the enormous protein-linkages available, it 
is unlikely that free iodotyrosines will ever appear in the 
peripheral blood of normal humans or animals. There- 
fore, gel-filtration alone is not a useful tool for dealing 
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Fig. 1. ‘Sephadex’ gel-filtration of 1 ml. plasma from a rabbit which was 

given 24 wo. of }“J-di-lodeL-tyrosine, that is approximately 28 ug of 

labelled DIT, intravenously 1h earher. Specific activity: 1-18 me./mg. 

Elution with phosphate-biphosphate buffer adjusted to pH 7'4 in a 

‘Sephadex G 25’ medium cclumn 1x 20 cm, Fractions of 1 ml. collected 
at a flow-rate of 0 25 ml. per min 





with the question of whether iodotyrosines are secreted 
into the circulating blood by the thyroid. 
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Effect of Physiological Saline on Synthesis of 
Deoxyribonucleic Acid and Ribonucleic Acid 
in Mammalian Cells 


BALDWIN! has described the use of physiological salines 
in biochemical research in the following words: “‘Given a 
supply of well oxygenated physiological saline at the 
appropriate temperature, pH and osmotic pressure, it 
seems that the fundamental requirements even of mam- 
malian cells can be fulfilled”. 

While this remark may be true for tissues in which the 
cells are not growing to a significant extent, the experi- 
ments to be reported here will indicate that it is not true in 
cases where the cells are growing rapidly. 

L-strain mouse cells-were grown as monolayers in tissue 
culture using Morgan. Morton and Parker’s Medium No. 
199 (Glaxo, Ltd.) supplemented with 10 per cent bovine 
serum. This particuler cell line has a karyotype which is 
normally distributed with a mean chromosome number of 
50 and a standard deviation of + 2-7. The generation 
time was approximately 20 h and further details of this 
cell line are published elsewhere’. 
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The incorporation of tritiated thymidine (5 pe./ml., 

2 c./mmole), and tritiated cytidme (5 uc./ml., 50 me. / 
mmole) was studied as a function of time under two differ- 
ent environmental conditions. In the first the label was 
supplied in the normal growth medium, and in the second 
the label was supplied in Tyrode’s balanced salt solution 
(0-8 per, cent NaCl, v-02 per cent KCl, 0-02 per cent 
CaCl, 0-01 per cent MgCl,, 0-6 H,O, 0-005 per cent 
NaH POs 2H,0, 0:1 per cent glucose, 0-1 per cent 
NaHCO; i in sterile glass distilled water)’. The concentra- 
tion of glucose ın the growth medium and in Tyrode’s 
solution was the same, 5:5 x 10- moles/l. Identical 
coverslip cultures were incubated with the precursor for 
3-30 , after which the fiuid was washed off with 
Ringer’s solution and the cultures fixed in 1 : 3 acetic acid 
ethanol for 15 min and air dried. They were then hydro- 
lysed with 2 per cent perchloric acid at 4° C to ensure that 
the acid!soluble pool was completely removed. The cover- 
slips were then fixed to ‘subbed’ slides and autoradiographs 
made with Kodak ‘AR 10’ stripping film. After exposures 
of approximately 2 days for tritiated thymidine or 5 days 
for tritiated cytidine, the autoradiographs were developed 
with Kodak ‘D192’ for 5 min, fixed, and the cells stained 
through] the emulsion with giemsa (Gurr, Ltd.). Grain 
counts were then made over the nuclei of 50 cells on each 
coverslip, and the resulting average grain counts for the 
two precursors are shown in Figs. 1 and 2. Both tritiated 
thymidine and tritiated cytidine were incorporated into 
the acid-insoluble fraction of the cell nuclei in an approxi- 
mately linear fashion when the label was supplied as a 
component of the normal growth medium. In Tyrode, 
however, the cells ceased to incorporate any more label 
after only 10 min (tritiated thymidine) or 20 min (tritiated 
cytidine). This suggests that the metabolism of these 
cells is — disturbed by brief exposures to a physio- 
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logical saline and in particular the biosynthesis of the 
acid-insoluble fractions (for example, DNA and RNA) 
comes to a standstill. It has been assumed that under 
these conditions tritiated thymidine is incorporated into 
DNA and tritiated cytidine is incorporated into both DNA 
and RNA‘5, 

The effect of a brief exposure of these cells to Tyrode 
on the subsequent growth was investigated by pulse- 
labelling a series of cultures with tritiated thymidine for 
10 min in Tyrode and then returning them to normal 
medium. Cultures were fixed at intervals up to 24 h after 
the labelling period and autoradiographs made in the 
manner described. In the developed autoradiographs the 
fraction of labelled mitoses was determined by scoring 
a total of 60-100 mitotic figures on each culture. The 
results, together with those obtained after cultures had 
been labelled in normal growth medium, are shown in 
Fig. 3a. Fig 3b has been obtained by taking the derivative 
of the percentage labelled mitoses curves of Fig. 3a, and 
these curves represent the frequency distributions of the 
number of cells with a given G, period’. In the experi- 
ment where the cells were labelled for 10 min with tritiated 
thymidine in normal growth medium the result is a sharp 
Gaussian curve with a mean at 4:8 h and a standard 
deviation of + 1-2 h. In the experiment in which the 
cells were labelled for 10 min with tritiated thymidine in 
Tyrode’s solution, a more flattened curve is obtained. 
This curve is skewed to the higher values and the peak 
occurs in the region of 6-5 h. In these cultures which had 
been exposed to Tyrode’s solution for only 10 min the 
subsequent growth is disturbed markedly, and the cells 
exhibit a G, period which ranges between 5 and 18 h. 
As has been indicated in Figs. 3a and b, the distribution of 
G, periods obtained when the cells were pulse labelled 
with tritiated thymidine in normal growth medium is 
normally distributed with a mean and standard deviation 
of 4'8 + 12h. 

In consequence of these results, it is suggested ‘that 
kinetic experiments in which growing cells (for example, 
tissue culture cells, ascites, etc.) are surrounded by a ~ 
physiological saline give results which do not correspond 
to the normal growth patterns of the cells. In particular, 
these results would show why Errera et al.” could not 
make Hela cells take up more tritiated lysine during long 
incubation periods in saline (up to 24 h) than the amount 
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which the cells had taken up during the first hour of the 
incubation. Since DNA and RNA synthesis had stopped 
within 20 min when L cells were incubated in saline, 
Errera et al. were probably incorrect ın considering their 
HeLa cells to be still in the exponential phase of growth 
during their long incubation periods in saline. 
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Effect of Carbonate on the Lattice 
Parameters of Apatite 


THE mode of carbonate substitution into the apatite 
structure of calcified tissues has been a controversial 
issue for many years. McConnell has advanced the theory 
that carbonate groups substitute for the phosphate groups 
in the apatite structure of both the mineral carbonate 
apatites (for example, dahllite, staffelite or francolite) 
and the calcified tissues of teeth and bone’*. This theory 
is compatible with the decreased a-axis which accompanies 
CO, inclusion in the mineral apatites®. (An a-axis contrac- 
tion can be expected when the smaller planar CO; group 
substitutes for the larger tetrahedral PO, group.) 

Two arguments encountered in reconciling McConnell’s 
theory of carbonate substitution in the apatites of teeth 
and bone are: (u) in enamel, even though it contains 
carbonate (about 2-5 per cent), the a-axis is longer than 
the a-axis of carbonate-free hydroxy apatite [Ca (POs 
(OH).], and (6) the mineral apatites are presumably 
formed under conditions of high pressures and tempera- 
tures which might allow a mechanism for carbonate 
substitutions which is different from the mechanism 
active in biological apatites, formed under relatively low 
temperatures (about 37° C) and pressures. 

The first argument can be resolved by considering that 
the presence of Cl- (substituting for OH-) and HPO, 
(substituting for PO,=) ions is known to cause an increased 
a-axis’. The assumption can be made that the presence 
of these two ions in enamel apatite causes a lengthening 
of the a-axis which more than compensates for the shorten- 
ing of the a-axis caused by the carbonate ion. Elliott®, who 
observed an increased a-axis In apatites exposed to an 
atmosphere of CO, at a temperature of 1,000° C, proposed 
that the lengthening of the a-axis ın enamel apatite is 
due to the partial substitution of the CO, for the smaller 
OH group in the structure. While such a high temperature 
treatment could cause a carbonate for hydroxy substitu- 
tion and an imcreased a-axis, in apatite precipitates 
prepared at lowsr temperatures (60° C-100° C) the 
included carbonate causes a decreased a-axis similar to 
that observed in mineral carbonate apatites®. From the 
second argument, one would expect the high-temperature 
preparations to give a decreased a-axis like the mineral 
apatites, and the low-temperature preparations to give 
an increased a-axis. Thus, no simple correlation seems 
to exist between the mode of substitution and the tempera- 
ture of formation of carbonate apatite, and there seems 
to be no reason to believe that the mode of CO, inclusion 
in the mineral and biological apatites is necessarily differ- 
ent. 

Engstrém’ states that no correlation between the 
carbonate content of apatite precipitates and their lattice 
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parameters exist, but the work reported here shows & 
significant correlation. Evidence is also given which 
suggests that the mode of carbonate inclusion in these 
precipitated apatites is by substitution for phosphate 
groups. 

A. number of precipitates were made at 100° C by drop- 
ping Ca(Ac), solution into phosphate-carbonate solutions 
(the series included solutions with carbonate to phosphate 
molar ratios, C/P, from 0 to 50). To ensure a homogeneous 
precipitation, the amcunt of phosphate used was 4 times 
the stoichiometric amount needed to make hydroxy- 
apatite. In a typical synthesis, 250 c.c. Ca(Ac)., 0-02 M, 
was dropped at a regulated rate into a mechanically 
stirred mixture of 12C c.c. Na,HPO,, 0-1 M, and 600 e.c. 
NaHCO., 0-1M. X-ray diffraction studies of these precipi- 
tates showed that the a-axis is decreased (measured from 
the 410 and 300 reflexions) and the c-axis shghtly increased 
(measured from the 004 and 002 reflexions) with increasing 
carbonate in the precipitate (Fig. 1). A significant correla- 
tion between the a-axis decrease and the increase in 
carbonate content in these precipitates is shown by Fig. 2. 
Phosphate analyses show a decrease in the phosphate 
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Fig. 1. X-ray diffraction patterns of synthetic carbonate apatites. The 


carbonate contents of the precipitates are: (4) 1-3, (B) 10 per cent, 
(C) 16 per cent and (D) 21 per cent CO; by weight 
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Fig. 2. a-Axis and carbonate content m eh hal orp sarap aay ase apatites. 


The relationship follows tke equation: a-axis = 9 4 6 (wt CO, per 

cent) (LSM fit) The slope is about 1-66 per cent CO, per 0-01 A con- 

traction In the a-axis. Above a carbonate content of about 22 per cent, a 
separate phase of aragonite appears with the carbonate apatite 
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Fig. 4. | X-ray diffraction pattern of a precipitate obtamed from 
a solution containing 48C/1P. The aragonite phase present is indicated 
y 


content with the increase in carbonate content (Fig. 3). 
When. the precipitate was made from solutions with C/P 
of less than 40, no crystallized phase other than the carbon- 
ate apatite is detected with normal X-ray diffraction 
conditions. (Under these conditions, as little as 0-5 per 
cent of a crystallized phase can be easily detected if this 
phase is present with the carbonate apatite.) In experi- 
ments where precipitates are made with a high C/P in 
the solution (in excess of 40/1), an aragonite phase appears 
with the| carbonate apatite (Fig. 4). 

Even with synthetic carbonate apatites prepared by 
autoclaving (at 360° C, 200 lb./in.* steam pressure) or 
igniting | {at 500° C) ‘amorphous’ calcium carbonate 
phosphate precipitates prepared at 25° C and 37° C, a 
decreased a-axis is observed to accompany the CO, 
inclusion®. This observation is consistent with the observ- 
ations made on apatites prepared at 100° C. 

Precipitates made at 60° C and 75° © also have a 
decreased a-axis with increasing carbonate content. 
Although precipitates made at 25° C and 37° C are too 
poorly crystallized for accurate lattice parameter measure- 
ments’, chemical analyses show a decrease in the phosphate 
content with an increase in the carbonate content. 

Synthetic carbonate apatites were prepared by Romo’, 
Ames" and Simpson}*, and in these accounts it is implied 
that carbonate substitution for phosphate is a possible 
mechanism of phosphorite formation. 

Because carbonate inclusion in the apatite is accom- 
panied by a systematic lattice parameter change and the 
exclusion of PQ,, it can be assumed that carbonate is 
substituted for PO, in the precipitated synthetic carbonate 
apatites. The precipitation mothod of the synthetic 
— apatites is more nearly similar to the method 
of formation of the apatites of teeth and bone than the 
method of igniting an apatite at 1,000° C in the presence 
of CO, atmosphere. Therefore, the substitution of 
carbonate for phosphate is more easily extrapolated than 
that of carbonate for hydroxy group, in envisaging: the 
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mode of carbonate inclusion in the apatites of teeth and 
bone. 

This work is part of the research programme supported 
by National Institutes of Health grant DH-00159. I 
thank J. P. LeGeros, O. R. Trautz and D. McConnell for 
their advice. 
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PHYSIOLOGY 


Morphology and Physiology of the Pectoral 
Muscles of Humming-birds 


Bopy size in organisms has a marked effect on the 
level of many physiological activities. Humming-birds 
are among the smallest known homoeotherms, and hum- 
ming-bird flight requires extremely high levels of activity. 
Wing beat frequencies as high as 80 per sec have been 
recorded in the smallest species of trochilids’, and the 
energy cost of hovering flight is high®. A number of 
anatomical adaptations for humming-bird flight have 
been described’, but little is known about the physiology 
of flight. f 

The pectoralis muscles of Anna’s humming-bird, 
Calypte anna, and Costa’s humming-bird, C. costae, were 
fixed in 1 per cent osmium tetroxide in cold veronal 
acetate buffer (pH 7-2), dehydrated, and embedded in 
‘Vestopal’. Longitudinal sections (200-300 A in thickness) 
were examined with an RCA EMU3 electron microscope. 
Muscle fibre diameters in the pectoralis and supra- 
coracoideus muscles of C. anna, O. costae, and calliope 
humming-bird, Stellula calliope, were determined from 
untreated transverse sections obtained from freshly frozen 
muscles. Histochemical localization of succinic dehydro- 
genase (SDH) activity was determined by the methods of 
George and Talesarat and Hitzeman®. Quantitative 
estimates of SDH activity in the pectoralis and supra- 
coracoideus muscles were obtained colorimetrically using 
a tetrazolium indicator®. 

Electron micrographs of the pectoralis muscle of 
Calypte costae and O. anna reveal large numbers of large 
mitochondria in close contact with the myofibrils (Fig. 1). 
In many sections, the ratio of the mitochondria to 
myofibrils is as high as 1:1 by volume. Mitochondria may 
be as large as 1-5ux10u although a variety of smaller 
sizes are present. Myofibrils range from 0-5 to 0-9p in 
diameter. 

The average diameter of most other mitochondria 
rarely exceeds ly (ref. 7), but the mitochondria of hum- 
ming-bird pectoralis muscle are often considerably larger 
and can be considered giant mitochondria. The struc- 
tural and size relationships of humming-bird pectoralis 
are reminiscent of the fast-acting vertebrate muscles 
studied by Fawcett et al.®, and of insect flight muscle’. 
The large numbers of mitochondria arranged between the 
myofibrils are characteristic of highly active muscle tissue, 
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Fig. 1. Electron micrograph of pectoralis muscle of Anna’s humming- 
bird, Calypte anna, showing large — in close apposition to 
myo 


and “ensure the maximal apposition of . . . the enzyme 
tem of the sarcolemma, and the contractile proteins 
of the myofibrils” (ref. 9). 

George et al.!° have described and analysed two types 
of muscle fibres in the pectoral muscles of birds; a broad 
white glycogen-loaded type, with few or no mitochondria, 
and a narrow red fat-loaded type, with large numbers of 
mitochondria. Histological and histochemical examina- 
tion shows that the humming-bird pectoralis and supra- 
coracoideus muscles are composed solely of narrow fat- 
loaded fibres with large numbers of large mitochondria. 
These findings confirm the observations of Salt", that 
both sets of muscles in the ruby-throated humming-bird, 
Archilochus colubris, are composed of dark narrow fibres. 
The average fibre diameter of the pectoralis in three 
species of h ing-birds is inversely related to the 
average weight of the species (Table 1); this accords with 
data obtained by George and Naik" from a variety of 
larger birds. Red (dark) narrow fibres are predominant 
in the pectoral muscles of very active fliers, and white 
(pale) broad fibres characterize soaring or non-fiying 
species. Humming-birds have the highest recorded rates 
of wing beat among the birds, and the narrowest fibres of 
any species studied. Narrower fibres have greater 
surface area in relation to volume, which presumably 
facilitates the exchange of gases and nutrients. An 
analogous differentiation of muscle fibres has been 
described in the giant water bug, Lethocerus americanus, 
by Kenney and Richards"; narrow fibres (75y in diameter) 
were found in the flight muscles, and broad fibres (350— 
4001) typified the leg muscles. 

During hovering flight in humming-birds, the wing tips 
describe a figure eight pattern™, and vertical lift is 
provided during both the downstroke (by the m. pec- 
toralis) and the upstroke (by the m. supracoracoideus). 
In most birds, the m. pectoralis provides the major 
powerstroke during flight. All birds studied by George 
and Talesara’® had significantly higher SDH activity in 
the pectoralis muscle than in the supracoracoideus muscle. 
Succinie dehydrogenase activity of humming-bird flight 
MUSCLE FIBRE DIAMETER AND SUCCINIC DRHYDROGENASE 

AOMVITY IN SELECTED SPECIES OF BMDS 
SDH —— 


Table 1. 


Mean body Fibre ug ‘Formazan’ 
Species weight diameter dry wt/30 min 
(g) wets. Supracora- 
Pectoralis 
Calliope humming-bird * 30) 148+ 27 18:5 23-0 
© Costa's humming-bird* 3-2 188+ 3:3 12-2 15-0 
Anna's humming-bird * 48 20-7+ 2-5 10-9 11-5 
House sparrow t 20 34-5+11 10:0 4-1 
Rosy pastor t 70 32-1 11-5 4-9 
parakeet t 118 366+ 7 9-5 3:6 
Cattle egret t 347 43-2 +10 52 2-1 
Fowlt 1,300 64:016 0:47 0-31 


* Present study. t George and Talesara, 1961 (ref. 15). 
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muscles is higher than that generally found in larger 
birds (Table 1). In contrast to the situation found in 
most birds, the SDH activity in the humming-bird 
supracoracoideus muscle is as high as, or slightly higher 
than, that of the pectoralis muscle, reflecting the unique 
mode of hovering flight in the trochilids. These bio- 
chemical differences >etween the pectoralis and supra- 
coracoideus muscles of humming-birds and other birds 
parallel differences at the gross muscle level. The relative 
weight of the humming-bird supracoracoideus is greater 
than that of any of the other birds studied by Hartman", 
and the ratios of the weights of the pectoralis and supra- 
coracoideus are lower in humming-birds (1-5:1 to 
2-5: 1)? than in other birds. 

The large numbers of large mitochondria, uarrow red 
fibres, and high succinic dehydrogenase activity of both 
the pectoralis and supracoracoideus muscles correlate 
neatly with our present understanding of the hovering 
flight which characterizes the Trochilidae. 

We thank J. M. Allen, L. A. Lowenthal, A. A. Barber 
and F. Sjostrand for their advice and assistance, and 
B. J. Moberly for preliminary electron micrographs. This 
work was supported by the National Science Foundation 
grants GB-176, GB-1827 and GB-3017 to R. C. Lasiewski. 
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Prostaglandin E Fatty Acids and Microbial 
Growth 


THE isolation and structural elucidation of a new group 
of naturally-occurring Dz fatty acids, the prostaglandins, 
have recently been achieved by Bergstrém and his co- 
workers'. These fatty acids have been found in semen*’, 
lung* and endometrium’. Their physiological significance 
is unknown. Since fatty acids account for some of the 
antimicrobial activity of human sebaceous secretions®*’, it 
was decided to investigate whether prostaglandins might 
also be naturally-occurring antimicrobial agents, thus 
providing a chemical defence mechanism in the respiratory 
and reproductive tracts. 

Antimicrobial tests were carried out in vitro using the 
following organisms: Staphylococcus aureus, Streptococcus 
faecalis, Escherichia ca'i, Aspergillus niger, Trichophyton 
mentagrophytes and Candida albicans. The bacteria were 
grown on nutrient ager at 37° C and the fungi on Sabour- 
aud’s agar at 25° C. The hole-plate technique? was used, 
each hole containing 0-05 ml. of test solution. In 
addition to pure prostaglandin Æ, (Fig. 1), caproic acid, 
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Fig. 1. Prostaglandin Æ, 


caprylic acid, undecenoie acid, laurie acid and 
ricinoleic acid were tested as controls against all six 
organisms. At concentrations of 1 mg/ml., prostaglandin 
#,, caproic acid and caprylic acid were inactive against 
all the organisms, undecenoic acid showed some activity 
against all the organisms except Candida albicans, and 
laurie acid inhibited the growth of all six organisms. 
Ricmoleic acid caused quite large zones of inhibition when 
tested against the Staphylococcus and Streptococcus, but 
was inactive against the other four organisms. 

A series of synthetic fatty acids’, similar to ricinoleic 
acid, were tested against Staphylococcus aureus and 
Streptococcus faecalis. These were 12 -hydroxy-6-oxo- 
heptadec-10-ynoic acid, 6: 12-dihydroxyheptadec-10-ynoic 
acid, 12-hydroxy-6-oxoheptadec-cis-10-enoic acid at a 
. concentration of 1 mg/ml. and 12-hydroxyheptadec-trans- 
10-enoic acid at 120 ug/ml. Ricinelaidic acid was also tested 
at 1 mg/ml. Ofthese acids only ricinelaidic acid showed 
-any appreciable activity and it was far less potent than 
ricinoleic acid. 

Prostaglandin Æ, is found in semen at a concentration 
of about 200 ug/ml. (refs. 3, 10) so that the concentrations 
used in these experiments should have been more than 
sufficient to show up any anti-microbial action of physio- 
logical significance. It is possible that prostaglandin E, 
would have inhibited the growth of other organisms but, 
to be efficient, a chemical defence mechanism would need 
to be effective against a wide spectrum of bacteria and 
_ fungi including some of the organisms tested. It is, there- 
fore, concluded that, unlike the sebaceous fatty acids, 
prostaglandin Æ, does not act as a naturally occurring 
anti-microbial agent. 

I thank Prof. 8. Bergström of the Karolinska Institute 
for a supply of prostaglandin E,; Mr. R. Lambert of the 
Central Middlesex Hospital for pure cultures of the organ- 
isms tested; and Dr. E. W. Horton for advice. 
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Depolarizing Action of Endotoxin 


RECENTLY we reported that various endotoxins induced 
hyper-reaetivity of pulmonary vasoconstrictor mechanisms 
to circulating acetylcholine (ACh) in rabbits’. This 
affect was specific for ACh and was not due to inhibition 
of ACh-esterase. It was abolished by atropine but not 
= by ganghonic blocking agents?. These observations 

Suggested that endotoxin specifically affected post-synaptic 
cholinergic motor receptors of pulmonary vascular muscle. 
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The objective of further investigations was to 
find substances capable of producing hyper- 
reactivity of pulmonary vasoconstrictor mechan- 
isms to ACh and to draw inferences from the better- 
known mechanisms of their action on neuro- 
muscular elements to the mechanism of endo- 
toxin-induced hyper-reactivity. Isolated lungs of 





rabbit were used, because this preparation offered 


the advantages of perfusion technique and reliable 
recording of lung volume. 

The lungs were placed into a plethysmographic chamber, 
and lung volume and pulmonary arterial pressure were 
recorded. Constant perfusion flow rate of 10 ml/min 
resulting in pulmonary arterial pressure of 15-25 mm 
mercury was maintained with a peristaltic pump. Drugs 
were dissolved in pyrogen-free isotonic sodium chloride 
solution. All solutions were infused into the perfusate, 
close to the pulmonary artery, at a controlled rate of 
0-1-1-0 ml./min, corresponding to 1-10 per cent of the 
volume perfused/min. 


Initially, we perfused the lungs with oxygenated (95 w 


per cent oxygen-5 per cent carbon dioxide) Tyrode’s 
solution prepared with triple distilled water and containing 
6 per cent dextran (mol. wt.: 73,000). The perfusate was 
not recirculated. Perfusion with Tyrode’s solution alone — 
resulted in a progressive increase of the pressor response 
in pulmonary arterial pressure to infusion of small doses 
of ACh (0:25-0-5 ug in 0-05-0-1 ml., infused in 6-12 sec). 
Later, pulmonary arterial pressure and lung volume also 
increased gradually. Lack of oxygen, hypotonicity, and 
excess calcium chloride or potassium chloride in the 
perfusate greatly enhanced these processes. We inferred 
that ionic imbalance or hypoxia in the lung tissue or both 
caused the hyper-reactivity of pulmonary vasoconstrictor 
mechanisms to ACh. 

Therefore, we investigated the effects of various ions 
and anoxia on the response of pulmonary vasoconstrictor 
mechanisms to ACh in lungs perfused with blood. Blood 
was circulated from the carotid artery of a donor rabbit 
through the peristaltic pump to the isolated lungs, and 
finally returned to the jugular vein of the donor animal. 
Extravasated blood, kept at 39° C for some time, could 
not be used because it produced massive persistent pulmon- 
ary vasoconstriction. The donor was kept under artificial 
respiration throughout the experiment. 

Low oxygen saturation in the perfusate was obtained 
either by perfusing the lungs with venous blood from the 
right ventricle of the donor, or by ventilating the donor 
with oxygen-nitrogen mixtures containing 6-10 per cent 
oxygen. In two of the nine experiments, ventilation of the 


donor with 6 per cent oxygen induced in the isolated lungs 


a transient hyper-reactivity of pulmonary vasoconstrictor 
mechanisms to ACh that was accompanied by a rise in 
pulmonary arterial pressure and a decrease in lung 
volume. 

Solutions containing 300 mOsmoles potassium or calcium 
chloride/l. water infused into the perfusate at a rate of 


0-1-05 mL/min induced a progressively greater response 


in pulmonary arterial pressure to doses of 0-25-0-5 ug 
ACh. Hyper-reactivity was not induced by solutions — 
containing 300 mOsmoles magnesium chloride/l. water or 
by isotonic sodium chloride solution or Tyrode-dextran 
solution. Infusion of distilled water or hypotonic sodium — 
chloride solution (34 or less mOsmoles/l. water), at a rate — 
of 0-1-1-0 ml./min, induced hyper-reactivity accompanied 
by a rise in pulmonary arterial pressure, increase in lung 
volume and finally intra-alveolar oedema. Hypertonie- 
sodium chloride solutions (600 or more mOsmoles/1. water) 
induced no hyper-reactivity, but instead counteracted | 
hyper-reactivity induced by other ions or water. 

These results suggested an investigation of the effects 
of drugs capable of altering membrane excitability. The 
depolarizing drugs decamethonium and succinylcholine 
(200 and 500 ug/ml., respectively), when injected at a 
rate of 0-1-0-5 ml./min, induced hyper-reactivity of 
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pulmonary vasoconstrictor to ACh. Hexamethonium did 
not produce this effect. 

A 10-ug dose of Pseudomonas pseudomallei endotoxin 
induced, after a latent period of 20-40 min, a progressively 
increasing responss of pulmonary vasoconstrictor mechan- 
isms to ACh. In contrast to endotoxin, the ions and 
depolarizing drugs induced hyper-reactivity a few minutes 
after beginning of the infusion, and the effect subsided 
after termination of the infusion. 

Gradual increase in lung volume accompanied hyper- 
reactivity to ACh in only 6 of 43 experiments, regardless 
of whether hypoer-reactivity was induced by endotoxin, 
depolarizing agenzs, ions or water. 

The experiments in isolated lungs were supplemented 
with 7 experiments in lungs in situ, because factors like 
denervation, low blood supply, absence of respiratory 
movements, ete., may produce atypical responses in the 
isolated lung. Infusion of 15-80 ug decamethonium or 
20-30 ug succinylcholine/min/kg into the jugular vein 
of anaesthetized (30 mg pentobarbital/kg) rabbits increased 
the pressor response in right ventricular pressure to doses 
of 1~5 ug ACh. Infusions of ions or distilled water produced 
variable results. 

The similarities between the effects of potassium 
chloride and depolarizing drugs and those of endotoxin 
on pulmonary vascular muscle suggest that endotoxin 
induces hyper-reactivity of pulmonary vasoconstrictor 
mechanisms to ACh by a depolarizing action on vascular 
muscle. 

The’ hypo-reactivity, or unresponsiveness, that usually 
follows the hyper-reactive phase after administration of 
depolarizing agents in striated muscle®, was not observed 
in our experiments. However, other investigators‘ 
describe such a biphasic action for endotoxin in other 
vascular areas. Endotoxin induced hyper-reactivity to 
l-epinephrine, followed by hypo-reactivity and unrespon- 
siveness of the blood vessels in the isolated rabbit ear 
and in the rat meso-appendix. A biphasic effect of endo- 
toxin on the response of mesenteric blood vessels to ACh 
has been reported for the rabbit®. It is conceivable that, 
similar to the efiects of depolarizing drugs on various 
striated muscles within the same species*, smooth muscle 
of various vascular areas reacts in different ways to 
depolarizing drugs and to endotoxin. Hypo-reactivity 
and unresponsiveness might also have been observed 
in our experiments with larger doses of drugs and a longer 
time of observacion. 

Our findings indicate that changes in the ionic balance 
in the tissues, due to hypotonicity of the perfusate or 
increase of potassium chloride or calcium chloride con- 
centration, have a marked effect on the reactivity of 
pulmonary vasocanstrictor mechanisms to ACh. Ions that 
are capable of altering membrane permeability or mem- 
brane excitability”: would be expected to have an effect on 
a depolarizing action of endotoxin®. In this context, it is 
interesting to note that a marked therapeutic effect in 
endotoxin shock has been claimed for corticosteroids®:!° 
that are capable of altering the electrolyte balance, In 
contrast, adrenalectomized animals are rendered more 
susceptible to endotoxin shock". 

A unifying hypothesis which takes into account appar- 
ently unrelated effects of endotoxin®#? and the varied 
success of therapeutical agents in endotoxin shock®:19 
may be stated as follows: toxin induces irreversible 
depolarization of vascular muscle, resulting in initial 
hyper-reactivity to neurohumoral transmitter agents, 
followed by hypo-reactivity or unresponsiveness. A 
number of effects observed with endotoxin in other 
organs®-*-12,13 could also be attributed hypothetically to 


~ membrane depolarization. 


However, if our hypothesis should be substantiated by 
a direct demonstration of a depolarizing action of endo- 
toxin, the importance of hyper-reactivity or hypo-reactivity 
of vascular muscle to a neurohumoral transmitter agent 
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in the pathogenesis of endotoxin shock would still have 
to be established. 

We thank Dr. M.S Redfearn for providing P. pseudo- 
mallet endotoxin. The work was supported by the Office of 
Naval Research and the Bureau of Medicine and Surgery, 
U.S. Navy, under a contract between the Office of Naval 
Research and the Regants of the University of California. 
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PHARMACOLOGY 


Correlation of Structure and Blockage Activity 
for the n-Methonium Compounds 


STUDIES of the crystal structures of hexa- and deca- 
methonium dibromidce dihydrates have shown that both 
chains are centro-symmetrical and fully extended. There 
is no general similarity between the two erystal structures 
except that there are quite short van der Waals distances 
connecting all CH, and CH, groups both to similar groups 
in other chains and to Br and H,O respectively. The 
distances from N to ather atoms not in the same chain are 
all greater than 4-26 A. The N atoms are so well shielded 
that it is difficult to s2e how they could take part in any 
specific attachment in respect of the curare-like pharma- 
cological action of the methonium salts. 

We suggest, therefore, that the activities of ganglionic 
and neuromuscular blockage, which are so specific with 
respect to chain lengti, are dependent not on the N - - - N 
distance (except indrectly), but rather on the extreme 
CH, - - - CH, distance: on each side of the chain and on the 
number of possible ven der Waals contacts within those 
extremes. This is shown quantitatively for the chains 
(CH) N(CH} N(CH)» n= 4-12, in Table l. 


Table 1. THEN -~--~ N (Z,) AXD EXTREME Ò - - - O LENGTH (Lig, La ON EITHER 

SIDE) OF THD n-METHONIU CHAINS, TOGETHER WITH THE NUMBER OF 

POSSIBLE VAN DER WAALS CONTACTS ON KAOH SIDE, IN RELATION TO THEIR 
APPROXLYATE BLOOKING AOTIVITY 


(A) (OB,\CH,) (CHCH) Pe aba ec 
Ty 3 2 4 2 acti o ockage 
n ---N contacts i(A) contacts 2,(A) Nerve- Nerve- 
Side 1 Side 2 nerve muscle 

4 6-27 3+2 750 342 7-50 0007 

5 748 2+3 9-93 142 7-48 0-80 

6 8-78 343 TD 00 3+3 1000 (1) 

7 9 99 244 12-45 443 1000 O11 

8 11-28 3+4 12-50 344 1250 0022 007 

9 12°50 24-5 14 96 144 12°51 0 67 
10 13-79 345 5o02 345 15-02 (1) 
11 15-03 2+6 17-48 4+5 15-03 055 
12 1630 3+6 7-53 346 17°58 0 2° 


According to Table 1, the maximum activity of gan- 
glionic blockage corresponds with six possible van der 
Waals contacts over a fully-stretched length of 10 A, two 
chances being availabls, one for each side of the 6-methon- 
ium chain. The 5-methonium chain, with 5 contacts in a 
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length of 9-9 A on one side and 6 contacts in a length of 
only 7-5 A on the other, is less, but not much leas, efficient. 
Longer molecules, if they had to attach themselves within 
a length of 10 A, would either have one very mobile free 
end, or else would have to bend around and thus reduce 
the number of contacts drastically. In either case, they 
would be easily detachable. 

Similarly, the maximum neuromuscular block (n= 10) 
— with two chances of 8 contacts in a length of 
1b A, 

Increased efficiency of action on cooling is easily under- 
stood in terms of numerous van der Waals attachments, 
since these will be sensitive to thermal vibration, 
especially of the more mobile methyl groups. A rise of 
temperature will mean a greater tendency for the attached 
chains to break away. Although the behaviour in the 
body will not be precisely the same as in the solid state, 
yet any mechanism which involves the fastening of mole- 
cules into even temporarily fixed positions is not hkely to 
bring into action forces very different from those in the 
crystal. 
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Effect of Spinal Cord Transection on Adrenal 


17-Hydroxycorticosteroid Secretion in 
Response to Insulin Hypoglycaemia 


ADRENAL 17-hydroxycorticosteroid (1'7-OHCS) secretion 
in response to insulin hypoglycaemia has been evaluated 
directly in anaesthetized! and unanaesthetized? dogs. 
As to the mechanism of insulin-induced adrenocortical 
secretion, Dury? suggested from his experimental results 
that insulin hypoglycaemia resulted in an increase in 
adrenal medullary secretion, which induced the release of 
adrenocortical hormones. On the other hand, it was 
claimed by some authors that insulin-induced adrenocorti- 
cal secretion was not’ dependent on the sympathoadreno- 
medullary activity‘-*. In the experiments of Egdahl’ 
the adrenal medullary response to E. coli endotoxin was 
found to be abolished by the transection of the spinal cord 
at C, and the adrenal 17-OHCS secretion in response to 
endotoxin was not affected by the spinal cord transection. 
He suggested that the adrenal cortical response to endo- 
toxin was not dependent on the activity of the sym- 
patho-adrenomedullary system. Thus it seems of interest 
to evaluate directly the adrenal 17-OHCS secretion in 
response to insulin in cord-sectioned dogs. 

Experiments were done in 3 male mongrel dogs whose 
dorsal spinal roots (7',,-D,) were cut several weeks before- 
hand. The transection of the spinal cord at the level of 
O,-, was performed under sodium pentobarbital (25 mg/ 
kg body-wt.) anaesthesia 2 days before the experiments. 
The adrenal venous blood was collected without anaes- 
thetizing the animals by a modification of the method of 
Satake, Sugawara, and Watanabe’, as was done in our 
previous studies?*1°, About 18 h before observation the 
lumbo-adrenal vein was exposed through the lumbar 
route and a small glass cannula was inserted into the vein 
lateral to the gland. The cannula was connected with a 
small short rubber tube, and both were filled with heparin 
saline solution. A loop of silk thread was placed loosely 
around the adrenal vein between the adrenal gland and 
the posterior vena cava. It was pulled gently at the time 
of adrenal venous blood collection. The adrenal venous 
blood was collected twice with a 20-min interval before 
insulin injection. Insulin was injected intravenously in a 
dose of 10 units per kg body-wt. At 60, 90, and 120 
min after injection of insulin the adrenal venous blood 
collections were also made. Adrenal venous blood was 
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centrifuged immediately after colection and adrenal 
venous plasma was analysed for 17-OHCS by the Nelson 
and Samuels'! method. The blood sugar was estimated 
by the method of Somogyi#?. Since these experiments 
were performed in July when the temperature in the 
laboratory was high, the rectal temperature of the 
— remained above 38°C during the experiment in 
all cases. 


Table 1, ADRENAL 17-HYDROXYCORTICOSTEROID SECRETION-RATE AFTER 


SULIN INJECTION IN SPINAL CORD-SECTIONED Doas 


Body-wt. Adrenal 17-hydroxycorticosterold secretion-rate («g/kg/min) 
(kg) Before injection Min after Injection 
66 80 20 
13:9 0:02-0:03 2°78 2°64 1°36 
18-0 0°-02-0-05 1:55 1-51 1:62 
190 0:07-0:10 0:95 0-88 0-58 


The blood sugar content before injection was 90-115 
mg%. After injection it decreased markedly, and at the 
end of observation (2 h after injection) it was measured 
as 31-33 mg %. Results concerning the adrenal 17-OHCS 
secretion-rate before and after injection of insulin are 
shown in Table 1. The secretion-rate before injection of 
insulin was 0-02-0-10 ug/kg/min. It increased markedly 
after insulin injection. The adrenocortical response to 
insulin hypoglycaemia was proved not to be materially 
affected by the spinal cord transection. 
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A Series of Compounds Active against 
Cestodes 
Tu following general formula represents a series of 


chemical compounds effective against cestodes parasitic 
in the intestinal tract of mammals: 


R 


HN=C—N 


\ Ne (1) 


— BR, 


These compounds (patent applications pending) are 
higher members of the class represented by formula (1) 
(R, R, = alkyl) of which several salts have been prepared 
and tested. Lower members of this class have previously 


-been reported to have local anaesthetic properties. 


Determination of comparative activity within the 
series was carried out in mice against the tapeworms 
Hymenolepis nana and Oochoristica symmetrica. The most 
active compounds were then screened against Taenia 
pisiformis in dogs. Several showed s high level of activity 
against this parasite, and the most efficient proved to be 
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N,N-dibutyl-4-hexyloxynaphthamidine (bunamidine, ap- 
proved British Veterinary Codex name) hydrochloride 
where R = C,H, and R = Ciia 
Other large tapeworm species parasitic in domestic 
animals which have proved highly susceptible include 
T. hydatigena and Dipylidium caninum in the dog, T. 
(Hydatigera) taenaeformis and Spirometra mansonoides 
in the cat and Monezia expansa in the sheep. 
An unusual and important characteristic is a high order 
of activity against Echinococcus granulosus. Tests 
against this parasite of great economic and medical 
significance were carried out with experimentally infected 
dogs in Argentina. 
The relative efficiencies of various salts of bunamidine 
have been examined and field trials are in progress. 
Detailed reports on the taenicidal properties of this 
group of compounds are in preparation. 
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HAEMATOLOGY 


Disk-sphere Transformation and Plasticity 
Alteration of Red Blood Cells 


Harris, McAllister and Prankerd have shown! that 
normal red blood cells damaged in vitro by different 
procedures and re-infused into the donor are rapidly 
removed from the circulation and sequestered mainly in 
the spleen. The artificial alteration of normal erythrocytes 
produced by heating them at 49-5° C after their tagging 
with radioactive chromium has since been introduced as a 
routine procedure in the clinical investigation of spleen 
enlargement by means of external scintillation?~*. 

According to Harris ef al.1 and others also?-§ the 
main abnormality of the heat-treated cells which leads 
to their trapping ın the spleen on re-infusion is represented 
by their transformation into spheres*. The increased 
thickness of the artificial spherocytes is believed to repre- 
sent a hindrance for their circulation through the normal 
spleen. This mechanism of splenic sequestration is 
generally accepted also for the spherocytes found in 
pathological conditions?®. 

We consider, however, that the disk-sphere transforma- 
tion of heat-treated red blood cells is not the most import- 
ant cause of their accumulation in the spleen. According 
to the evidence presented here, heating the red blood cells 
results also in an alteration of their plasticity, a biophysical 
character of basic functional importance for the normal 
rheological behaviour of erythrocytes in the microcircula- 
tion. 

Although the possible implications of alterations in 
plasticity of the red blood cells have been mentioned 


NATURE 


409 


occasionally in connexion with the splenic circulation’), 
its functional importance has not yet been sufficiently 
emphasized on grounds of factual evidence, mainly due 
to the lack of an adeguate method to measure it. 

In 1961 we developed a technique yielding quantitative 
data, about the plasticity of the red blood cells*, in 
which we reproduce in some extent in vitro the conditions 
prevailing in the mivrocirculation in vivo, that is, the 
passage of erythrocytes through gaps narrower than their 
normal diameter. In the ‘erythrocyte filtrability test’, 
which represents a real cellular viscosimetry, the plasticity 
of the red blood cells appears as their filtration ability 
and is measured by a ‘filtrability index’ (abbreviated 
‘pI’ mdex). The pathogenic impheations of erythrocyte 
filtrability alterations have been pointed out by Jandl 
et al., almost simulsaneously with ust’. 

The erythrocyte filsrability test is performed as follows. 
Two ml. of washed packed red blood cells are poured into 
a, funnel lined with filter paper (No. 589 Schleicher Schull 
Schwarzband or 388 mn VEB Spezial papierfabrik Nieder- 
schlag) previously wetted with saline. Packing of the 
red blood cells has to be achieved in standardized condi- 
tions (centrifugation for 10 min at 2,000 r.p.m.) in order 
to obtain reproducible results. As already described by 
us in 195915, the amounts of the packed red blood cells 
passing through the filter paper are recorded after 1, 2, 
4,8 and 16 min. Sinse the only force driving the erythro- 
cytes to filtrate is represented by their own weight which 
is continuously diminishing above the filter paper, the 
plot of the filtrated volume against tame is a logarithmic 
saturation curve. A mathematical analysis of the 
dependency on time of the erythrocyte filtration occurring 
in these conditions'® revealed the main parameter of the 
filtration speed. to bə its time constant. It is, however, 
more convenient to present the results as the ‘half-time’ 
of filtration of the 2 ml. of red blood cells or still better 
its logarithm, which represents the ‘pT filtrability index’. 
The half-time of filtration and its logarithm may eithe 
be read by graphical adjustment of the experimental data 
(Fig. 1), or computed by the method of least squares. 
We usually compute it so as to obtain a higher accuracy 1n 
the numerical results. An altered red blood cell plasticity 
corresponds to an increased pT index (normal range: 
0:60-0:80), that is, zo a slower filtration speed; at the 
limit, extremely altered erythrocytes are unable to pass 
through the filter paper (pT = œ). We briefly reported 
elsewhere on this test and on its clinical uses**-!? in investi- 
gating haemolytic disorders?. 

When samples of washed packed erythrocytes from 
the same population aro submitted for 20 min each at 
gradually increasing temperatures, alterations in their 
plasticity appear at approximately 45° C, grow more 





0 0-25 0°5 0°75 10 


Log t 
Fig, 1. Graphical methcd of evaluating the erythrocyte plasticity (filtra- 
bility) by plotting on semi-logarithmic co-ordinates the time dependency 
of the red blood celis’ filzration process'*, Abscissa, time in mimutes and 
its logarithm (pT index); ordinate, volume of filtrated erythrocytes (Vf) 
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Fig. 2. Red blood cels’ plasticity (filtrability) alterations produced by 

heating. Samples of washed packed red blood celis from the same bleed- 

ing submitted for 20 min each at different temperatures, Hach point 

represents ihe mean of three determinations. Abscissa, temperature of 
heating (deg ©); ordinate, pT filtrability index 


| 
important «s the temperature rises and become almost 
suddenly total in the range of 49°-50-5° C (Fig. 2). This 
complete loss of plasticity corresponds to the disk-sphere 
transformation of the red blood cells, as is obvious when 
they are examined in wet preparations under a cover glass. 

Artificial spherocytes which, however, do not exhibit 
any plasticity alteration can also be prepared. 12-5 g of 
urea added to 100 ml. of washed packed red blood cells 
result in their transformation into almost perfect spheres 
which remain plastic and have a normal pT filtrability 
index. Higher urea concentrations produce partial 
haemolysis and fragmentation of the erythrocytes, while 
addition of smaller amounts of urea does not result in any 
noticeable) morphological changes of the red blood cells. 
These urea-produced spherocytes have an increased 
E fragility and do not resist centrifugation. 

The rigid and non-filtrable spheres resulting from heating 
normal red blood cells can further be turned into plastic 
spheres by addition of 12-5 g urea to 100 ml. of hoat- 
treated erythrocytes (Table 1). This almost complete 
restoration of plasticity very probably results from the 
partial denaturation of proteins in the membrane of the 
red blood \cells (breaking by urea of the intra-molecular 
disulphide bonds)#*. Submission of the orythrocytes to 
the simultaneous action of both heat and urea leads to a 
severe injury which not all the cells are able to survive 
(partial haemolysis); the remaining ones present, however, 
only a moderate plasticity alteration. 


E eee I FN A a Se pT----— — Nes 


| Table 1 


Control (washed Erythrocytes + urea 
| erythrocytes) (12-8 g/100 ml. washed 
packed red blood cells) 
Before heat | Plastic (filtrable) Plastic (filtrable) spheres 
treatment eee — (nT =0-609 + 0.07) 
After 30 gin heating Rigid (not filtrable) Partial haemolysis 
(49-5° spheres Partial loss of plasticity 
(pT = co) (filtrability) of the re- 
mat spheres 
(pT = 2-41 + 034) 
ue. added afier heat Partial restoration o i 
ent | plasticity — 
Gat 5 al 100 ml. of the former rigid 
packed erythrocytes} spheres 
| OT ms ST 09 + 0-08) 


Erythrocyte Populations from the same bleeding. 
Each plasticity determination (filtrability test) run in triplicate. 
Results given as mean + 1S. D. 
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The experiments described show that the plasticity 
(filtration ability) of the erythrocytes does not depend 
on their normal biconcave shape, but on the biophysical 
behaviour of their membranes (their ability to undergo 
distortion). 

In some pathological conditions we have found crenated 
spherical erythrocytes displaying a normal plasticity in the 
erythrocyte filtrability test. An almost normal plasticity 
of crenated erythrocytes and spherocytes has also been 
shown by Branemark and Lindström by direct microscopie 
observations on living capillaries®®. On the other hand, 
we have found, in a clinical screening of 400 patients, 
normal-shaped red blood cells with a marked plasticity 
alteration, the degree of which was shown to be propor- 
tional to the shortening of their life span?® and to their 
sequestration in the spleen”. 


Centrul de Hematologie, 
Laboratorul de Biochimie si Izotopi Radicactivi, 
P.O. Box 377, 

Bucharest 1, Rumania. 


PAUL TEITESL 


1 Harris, (. M., McAlister, J. M., and Prankerd, T. A. J., Clin. Sei., 16, 223- 


(1957) 
* Winkelman, J. W., Wagner, jun., H. N., McAfee, J. G., and Mozley, J. M., 
Radiology, 75, 465 (1960). 


2 Holzbach, R. T., Clark, B. E., Shipley, R. A. Kent, W. B., and Lindsay, 
G. É., J. Lab. Clin. Med., 60, 902 (1962). 

tF ammet, EH., Gongora, B., Bilski-Pasquier, G., Duhamel, G., and Marchal, 
G., Sem. Hôp. (Paris), 17, 1047 (1982). 

5 Fischer, J., Verhandl, Deutsch. Ges. In. Med., 63 Kongress, 798 (1963). 

* Tischer, J., and Wolf, R., Bull. Schweiz. Akad. Med. Wiss.,18, 68 (1963). 

? Fischer, J., and Wolf, R., Acta Hepato-Splenologica, 10, 209 (1963). 

s Crome, P., and Mollison, P. L., Brit. J. Haemat., 10, 187 (1964). 


o Hom is H., Shen, 8. 0., Fleming, E. M., and Castle, W. B., Blood, 3, 373 


i: Crosby, W. H., Blood, 14, 399 (1959). 

11 Weinreich, JS., Verhandl. Deutsch. Ges. Inn. Med , 638 Kongress, $28 (1963). 
12 Duesberg, R., and Gramlich, F., Deutsch. Med. Vsckr., 4, 153 (1964). 

33 'Teitel, P., Med. Dissertation, Bucharest (1961), 

14 Tandi, J. H., Simmons, R. L., and Castle, W. B., Blood, 18, 133 (1961). 

18 Nicolau, C. T., Teitel, P., and Fotino, M., Nature, 184, 1808 (1959). 


18 Peitel, P., Rep. Ninth Congr. Europ. Soc. Haemat., Lisbon, 1963 (Sangre, 
Barcelona), 9, 421 (1984). 


n male er C. T., Teitel, P., Fotino, M., Butoianu, E., and Taigar, St., Rep. 
Congr. Europ. Soc . Haemat., Lisbon, 1963 (Sangre, Barcelona), 
3. "282 (1964). 
18 Teitel, P., and Nicolau, C. T., Rev. Roum. Méd, Int., 1, 223 (1964). 
18 Ponder, E., and Ponder, R., Acta Haemat., 12, 282 (1964). 
10 Branemark, P. I., and Lindstrom, J., Tenth Congr. Intern, Soe, Haemat., 
Stockholm, 1964, paper 0: 9. 


ꝛi Teitei, F. (to be published) 


Oxyhaemoglobin without Oxygen 


OXYHAEBMOGLOBIN is generally regarded as the product 
of haemoglobin and oxygen gas. In the course of investi- 
gating hormone effects on intracellular oxidation-reduction 
potential we have found that deoxygenated haemoglobin 
can become oxygenated to oxyhaemoglobin in the com- 
plete absence of atmospheric oxygen. ‘The experiments 
were performed on fresh (heparinized) red blood cells, 
washed free from plasma and resuspended in a balanced 
phosphate~—glucose—saline buffer (pH 7-3). The cell suspen- 
sions were thoroughly deoxygenated with 100 per cent 
nitrogen, and air was rigidly excluded from the incubation 
systems throughout. Nucotinamide—adenine dinucleotide 
(NAD+) (Biochemica Boehringer, Mannheim, Germany} 
was added to the suspending medium. After incubation in 
a 37° water-bath for varying lengths of time a striking 
colour change was noted from the dark tinge of deoxy- 
genated haemoglobin to the bright red of oxyhaemoglobin. 
The speed and completeness of the transformation de- 
pended, on the extracellular NAD+ concentration relative 
to the packed-cell volume. In ‘thin’ suspensions (low 
packed-cell volume) the visual impression could be 
confirmed spectroscopically (Fig. 1). On haemolysing the 
cells, either with a trace of saponin or by freezing and 
thawing, the oxyhaemoglobin, now in free solution, 
reverted to deoxygenated haemoglobin. 

The conversion of deoxygenated haemoglobin to oxy- 
haemoglobin in intact cells was accompanied by two 
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Fig. 1. Spectra af washed red-cell suspensions after incubation for 1-5 h, 

1= Deexygenated initially; at —— with 100 per cent nitrogen, 

NAD* in suspending medium; 2=similar but without NAD+; 3=at 

equilibmum with air. Packed-cell volumes 2 per cent. Suspending 
fluids as in Table 1 
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chemical changes: (1) a fall in extracellular Cl- con- 
centration; (2) the partial reduction of extracellular NAD+ 
to NADH. The results in one experiment are given in 
Table 1. NAD+ and NADH were estimated by ultra-violet 
light absorption at 280 and 340 my after anaerobic 
centrifugation and separation of the extracellular fluids. 
There were no significant differences in the extracellular 
pH or Nat and K+ concentrations between the NAD+- 
oxyhaemoglobin and control-deoxyhaemoglobin systems. 
The NAD*-induced oxygenation of cell-bound haemo- 
globin depended pn the presence of glucose in the suspend- 
ing medium (100-250 mg/100 ml.). The modifying in- 
fluence of a number of hormones and drugs will be 
reported separately. 


Table 1. THE EFFECTS OF EXTRACELLULAR NAD+ ON INCUBATED WASHED 
RED CELLS 


Extracellular 
Length Intracellular NADH > 
o Hzemoglobin (mg/100 ml.) (m.equiv./].) 
incubation NAIL Control NADt Control NAD+ Control 
10 min — Dari, ‘ 5 A 
OXyg. eoxyg. 4 92 98 
50 min Lighter Dark, 
0'5-oxyg. deoxyg. 35 0 76 100 
2h Bright Dark, 
red,. deoxyg. 
Oxy-Hb dd 0 72 56 


Packed-cell volumes: 56 per cent (initial). 
Suspending fluids: NaOCl 8-2, KCl 0 25, CaCl, 003, MgCl, 001, NasHPO, 
0 9, KA,PO, 0 36 g/l; glucose to 250 mg/100 ml ; + NAD+ to 160 mg/100 ml. 


There are two possible interpretations of the pheno- 
menon described. (a) It is possible that the transformation 
of deoxygenated haemoglobin to oxyhaemoglobin in intact 
red cells depends:on the prevailing intracellular oxidation- 
reduction potential rather than on the oxygen—gas 
pressure. At equilibrium with an oxygen-containing 
atmosphere it is presumably the oxygen in solution in the 
cell fluid which sets the potential level. Theoretically, 
however, a comparable state of electron deficiency (high 
oxidation potential) could be attained in the cell interior 
if electrons were translocated vectorially from the inside 
to the outer face-of the cell membrane. Such an electron 
flow could be coupled to glucose uptake and anaerobic 
glucose oxidation}-3, Since the concept implies a reciprocal 
change on the two sides of the cell/extracellular interface, 
it would account for the reversion of oxyhaemoglobin to 
deoxygenated haemoglobin when the interface is dis- 
rupted. It would also be consistent with the reduction of 
extracellular NAD+ to NADH. (6) The second interpreta- 
tion is, in some respects, a special case of the first. If, in 
the presence of oxtracellular NAD+, electrons were 


~ abstracted from the cell interior, the following types of 


free-radical—peroxide sequences could be envisaged: 


4 OH-— 4 OH’ + 4e (translocated) 
4 OH’ — 2 HOOH 
2 HOOH — 2 H,O + O; 
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or 
~-HC(OH)—HC(OH)— ~—» —HC(0')—HC(0°)— + 2H 
+ 2e (translocated) 

~—HC(0')—HC(0"-— > -+ —HC——HC— + 0, 

In a single-phase watery system either of these sequences 
would be energetically improbable. In a two-phase bio- 
logical system, however, their probability would depend 
on the conductance properties of the non-watery interface. 
Let it be assumed taat the metabolically active red cell 
behaved, as a potential electron donor and that an 
appropriate electron acceptor were available on the out- 
side. The crucial electron translocations could then be 
brought about by a membrane capable of conducting 
electrons in one but not in the other direction. A system 
of spatially aligned and asymmetrically oriented hydro- 
earbon chains can be conceived as the core of such a 
structure, 

T. L. DORMANDY 
J. G. MUNRO 
Department of Medicine, 
Guy’s Hospital, 
London, S.E.1. 
 Dormandy, T. L., J. Physiol. (in the press). 


* Mitchell, P., Nature, 191, 244 (1961). 
3 Jahn, T. L., J. Theor. Bini., 2, 129 (1962). 


Close Relationship between A and I Blood 
Groups 


In a previous reporti we showed that ganglioside, a 
class of complex sphingolipids isolated from brain tissue, 
inhibited several blood group antibodies, namely, anti-A, 
anti-M and anti-Rh, {D}. Since then? we have found that 
anti-I and anti-O also were inhibited by gangliosides 
although anti-H was not. It has recently been found that 
anti-H. (lectin) was less easily inhibited by ganglioside 
than human anti-H. In an extensive study of the associa- 
tion between ABH (O) and I, Gold? found a parallel 
between the agglutinability of cells by anti-O, anti-A, 
and anti-I. Schmidt and McGinniss* demonstrated that 
the serological similarity between anti-O and anti-I 
sera does not extend to anti-H reagents and suggested 
establishing this blood group system as the OI rather than 
the HI system. 

In our earlier work? on the inhibition of anti-I we also 
found I activity in soluble group A substance isolated 
from porcine gastric mucosa and a slight inhibition 
by soluble group B scbstance isolated from equine gastric 
mucosa. It can be assumed that the inhibition by B 
substance was due i> a contamination by A substance. 
However, a question was raised as to whether anti-I was 
inhibited by the A substance per se or by some other 
‘contaminant’ found in A substance. Therefore, an attempt 
was made to clarify the relationship between A and I. 
Our results seem to resolve at least a part of this problem. 

The anti-I serum (kindly supplied by Dr. A. S. 
Wiener) used in this experiment was adjusted to a titre 
of 1:8 against OI+ cells at 22° C. High-titre anti-A 
(1: 512) and anti-B ‘1 : 256) were selected from random 
normal human sera. Soluble blood group substances A 
(Lot No. 205) and B (Lot No. 304) were obtained from. 
the Michael Reese Research Foundation, Chicago, Ilinois. 
Another specific A substance (dried) (this also contained 
some H substance ard was called ‘A plus H’ substance), 
prepared from hog gastric mucosa, was obtained through 
the courtesy of Dr. R. Ceppellini. This material was 
dissolved in 0-15 M NaCl solution to a concentration of 
10 mg/ml. Saliva was obtained from both group AI+ 
and group OI+ secretors and non-secretors. 

Haemagglutination inhibition tests were performed as 
follows: Equal volumes of antiserum and soluble substance 
were mixed and incubated at 22° C for 1h. A 2 per cent 
suspension of red cells possessing the corresponding antigen 
was then added. After another hour at 22° C the mixture 
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Table 1, INHIBITION oy ANTI-I WITH BLOOD GROUP SUBSTANCE 


Material 





anti-A plus AIT+ cells 
anti-I plus OI + cells 
Plus anti-A plus anti-I plus O[ + cells 
A substance (Ceppellini) 

eis anti-A plus AI + T 


A part (Lot No. 205) 


1 
2 Pious anti-I plus OI + cells 
3 Plus anti-A plus anti-I plus OI + cells 


B substance (Lot No. 804) 
Plus anti-B plus AI-+ cells 
Plus anti-I plus OI + cells 
Plus anti-B plus anti-I plus OI+ cells 








was then centrifuged at 1,000 r.p.m. for 1 min and exam- 
ined microscopically for agglutination. 

The combinations tested are listed ın Table 1. Set l: 
Dilutions of the soluble substances plus anti-A or anti-B 
and AI + colls. Set 2: Dilutions of the soluble substances 
plus anti-A and OI -+ cells. Set 1 was essentially a control 
and shows |the expected inhibition of anti-A by A and A 
plus H substances but only slight inhibition with B 
substance. | In set 2, A and A plus H substance markedly 
inhibited anti-I, but very little activity was present in B 
substance. |Set 3: This set was the same as set 2, that is, 
soluble substance plus anti-I plus OI+ cells, but anti-A 
or anti-B had first been added to seo if it would neutralize 
the ability of A substance or B substance to inhibit anti-I. 
This proved to be the case and the neutralized substance 
showed weak inhibition of anti-I. In fact, anti-I inhibition 
was present only at dilutions of substance i in which it was 
still in excess in the A-anti-A system. This was true 
of all three soluble substances tested. The results would 
seem to indicate that A substance itself and not another 
unidentifies factor is involved in the inhibition of anti-I. 
This is compatible with our other findings’. Anti-I was 
inhibited by A secretor saliva and weakly by intermediate 
type of A secretor saliva. However, A non-secretor and 
O secretor and non-secretor salivas did not inhibit anti-I. 

From the results of this study, it seems that there is a 
close relationship between A and I substances in inhibition 
of anti-I. However, the following question still remains 
to be answered: Can any anti-I be inhibited by all A-like 
substances? In the previous study? we showed that N- 
acetylgalactosamine inhibited anti-A but not anti-I; a 
similar observation was reported by Marcus, Kabat, ‘and 
Rosenfield’, Further work is required “along these lines. 

I thank Dr. F. H. Allen, jun., and Dr. P. J. Schmidt 
for their advice. 
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Apparent Interaction between the Xga 
Blood Group System and the Sex Ratio 


SHORTLY after the discovery of the Xga blood group 
systemi, it occurred to us that the sex ratio of progeny 
from the various parental Xg* mating types might be 
different. The original evidence on which this idea was 
based. turned out on enquiry to be wholly artefactual, but 
led us to carry out the analysis reported here, which indi- 
cates that ‘there i is an interaction between this sex-linked 
blood group system and the sex ratio. f 
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Data were collected from obstetrical patients from two 
hospitals. Xg, ABO, and Rh (D) types were determined 
for both parents and the present (new-born) child, and 
the entire history of conception of the mother was recorded. 
No attempt was made to obtain blood grouping information 
on the other children in the families. The population 
studied was almost entirely Caucasian, of assorted Dutch, 
Polish, Irish, and Swiss ancestry. A method for efficiently 
estimating the sex-linked gene frequencies for this kind 
of ‘triplet’ data has been developed and applied?, and it 
showed that the gene frequencies in this population were 
not significantly different from those seen in other 
Caucasian populations already described* +. 

In addition to the obstetrical series, data, were used from 
families studied for linkage information®-®*, These families 
would be expected to show selection for large numbers of 
males, but in fact the total sex ratio in the linkage material 
was lower (but not significantly so) than that in the hos- 
pital material, so that the two bodies of data have been 
pooled. 

Simple analysis by y-square failed to demonstrate 
heterogeneity in sex ratio among the four parental mating 
types, and no correlation between parity and sex could 
be established; neither of the other blood group systems 
tested showed any regular interaction, such as the protec- 
tive effect of ABO incompatibility on Rh incampatibility. 
But even in these small subdivisions, two effects were 
observed with tantalizing regularity: the relatively low 
sex ratio (near unity) in the negative by negative (father 
by mother) mating type, where no incompatibility in the 
Xga system could exist, and the high sex ratio in the 
positive by negative type, where the mother would be 
incompatible with all female foetuses but not male ones. 

No heterogeneity was demonstrable in the total number 
of children (28-day perinatal survivors) among mating 
types in the obstetrical series (the linkage material was 
not included in this analysis due to the selection for large 
families and the non-random distribution among mating 
types). However, the number of females born to such 
parents was smaller than would be expected. This observa- 
tion suggested that a very early selective foetal loss might 
be occurring, with reproductive compensation, as has often 
been alleged to occur in Rh-incompatible couples, and 
suggested by analogy that exposure to the antigen from 
an incompatible foetus might be necessary before the 
selective effect could be exerted. 

We therefore compared the number of children of each 
sex born before and including the first female with those 
born after the first female, and found that in families of 
the positive by negative mating type the sex ratio jumped 
very markedly, and significantly, after the birth of the 
first female, as is.shown in Table 1. 

Zable 1. COMPARISON or SEX OF PROGENY BORN BEFORE AND AFTER THE 


BIRTH ov A FEMALE TO COUPLES OF THE TYPE Xaa Posrmve FATHER BY 
Xar NEGATIVE MOTHER 


Males Females Total 
Before and including first female 58 52 116 
After first female 63 26 89 
tal 121 78 198 


To 
x =6 728, df =1, P<0-01. 


X 


* 
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This phenomenon was not observed in any other mating 
type, or in all mating types taken together. The reverse 
comparison—the sex ratio before and after a male birth— 
yielded no such significant effect. 

The “completely typed’ families published, in birth 
order, by other research workers, have not been analysed 
as yot because they contain omissions and do not indicate 
where children were not available for testing. Such omis- 
sions are irrelevant, of course, for the purposes for which 
those families were studied, but the omission of an eldest 
daughter from the available record would seriously affect 
the present analysis. 

The sex ratio for the entire series was quite high. This 
was true whether the total progeny, or only the present 
child, were considered. Attempts to compare the observed 
ratio with other figures on the proportion of males and 
females among new-borns have indicated that the standard 


figure of 106 males to 100 females, which is quoted in at. 


least one recent text-book on human genetics, is not applic- 
able to this region of the United States. : 

Further investigations on the epidemiology of the sex 
ratio, with respect both to this blood group system and 
to other factors, are planned. This work was supported 
by grants GM 10474 and A 2901 from the National 
Institutes of Health. 
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PATHOLOGY 


Copper Content of Hair in Kwashiorkor 


KWASHIORKOR is a protein malnutrition syndrome 
frequently found in underdeveloped countries. The level 
of copper in the serum of people with kwashiorkor has 
been shown to be greatly reduced'“*; and it has been 
suggested that changes in the colour and texture of hair, 
which are characteristic of the disease, might be associ- 
ated with an altered copper content. Gopalan! found 
that the copper content of the hair of Indian children with 
kxwashiorkor was considerably less than that of healthy 
children. Such a reduction might provide a means of 
early diagnosis. The work described here was undertaken 
to see whether the reduction is found in other cases of 
kwashiorkor. Samples of hair were obtained from 13 
East African children, 10 with kwashiorkor diagnosed at 
the Mulago Hospital, Kampala, Uganda, and three 
healthy controls. The copper content of the hair was 
measured and the results compared with normal values? 4. 

The samples, which were uniform in colour and texture, 
had been stored in dry conditions for several months. The 
hair was washed, defatted and dried at 70° to constant 
weight before analysis. 

Copper was estimated with oxalyldihydrazide by Rice’s 
method’. Portions of hair (0:5-2 g) were dry-ashed over- 
night in covered silica crucibles at 540°-580° in a muffle 
furnace. The ash was taken up in 1 ml. reagent (0-1 
per cent w/v oxalyldihydrazide in 2 N hydrochloric acid) 
and the crucible rinsed with 1 ml. water. The combined 
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extract and wash was centrifuged at 3,000g for 15 min. 
To the clear supernatant was added 0-5 ml. ammonia 
solution (sp. gr. 0-88) followed by 0-5 ml. acetaldehyde 
solution (50 per cent v/v in water). After 30 min at room 
temperature the absorption was measured against a 
reagent blank contaming EDTA in cells of 1 cm light 
path at 542 my. Precautions were taken to ensure that 
all apparatus and reagents were free of copper, and de- 
ionized water was used throughout. When measured 
against an EDTA blank, reagent blanks always gave low 
extinction values indicating negligible copper contamina- 
tion. There was a 90 per cent recovery of copper (5-10 
ug) added to the asbng stage. No correlation was found 
between the amount of copper estimated and the quantity 
of residue removed by centrifugation. The copper content 
of the hair was calculated from at least four separate 
analyses of each sample. 
The results are shown in Table 1. 
Table 1. COPPER CONTENT (MEAN VALUES WITH STANDARD DEVIATION) 


OF THE HAIR OF HEALTHY CHILDREN AND CHILDREN WITH KWASHIORKOR 
Copper content 


Classification Sample Hair colour Age of hair ug/g dry 
No, defatted hair 
Healthy J Black 4y 8-2 -+ 0-4 
2 Black 5y 92403 
3 Black 3y 93 t02 
Kwashiorkor 1 Dark brown 2y 10:5420 
2 Fair 4y 11-3402 
3 Dark brown ly8&m 12-6 +05 
4 Fair Not known 14:0 + 0:7 
5 Dark brown lyi10m 14-2 41-5 
6 Fair Not known 14-9 
7 Fair Not known 15'814 
8 Dark brown Not known 17-1+0-4 
9 Dark brown Not known 26 8+0°2 
10 Black Not known 26-9 + 0°7 


In agreement with the results of Gopalan! on kwashuor- 
kor and of Gos and Green‘ on pigmentation in man and 
various animal speci, no correlation was found between 
hair colour and copper content. The average copper 
content of the kwashiorkor group is 16-4 + 2-0 ug/g. 
This is similar to rormal values found by Goss and 
Green (15, 18 ug/g) and by Gopalan (19-3 + 1-23 ug/g). 
The average of the small healthy control group (8-9 + 0-1 
ug/g) is surprisingly low. 
These findings show that kwashiorkor is not necessarily 
accompanied by a recuction in the copper content of hair. 
This work was undertaken at the suggestion of Prof. 
Jelhffe of the Mulago Hospital, Kampala, Uganda. 
CATHERINE M. LEA 
VIVETTE A. S. LUTTRELL 
Somerville College, 
University of Oxford. 
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Effect of N-methyl N-nitroso Urethane on 
Amoebae 


N-werayi N-nitro= urethane (MNU) is a potent carem- 
ogen which produces tumours in rats and mice after a few 
or even single doses'“. The possibility that experiments 
using single cells might give some indication of site and 
mode of action within the cell led to the following investi- 
gation of the effects of MNU on the large free-hving mono- 
nucleate amoeba, Amoeba proteus. These unicellular _ 
animals are particulerly useful for such studies*-’, as they 
can be grown singly (zhe fate of each treated amoeba can 
be followed and studies made on clones arising from them) 
and they survive well after micrurgy, for example, transfer 
of nucleus from one individual to another®. 

Treatment in thes= experiments consisted of exposure 
of amoebae to solutions of MNU for varying times. After 
exposure to MNU ampebae were cultured singly in small 
glass dishes until they either died or divided to form clones 
of 250 or more animas. The effect of the compound was 
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Fig. 1. PEON of amoebae exposed to concentrations of MNU of 


3M (©), and 5x107 M (@) for varying times 


considered lethal for an amoeba if, after treatment, it 
was unable to undergo at least eight divisions, that is, to 
form a clone of approximately 250 amoebae. Thus an 
LDyso dose was one where 50 per cent of treated amoebae 
were able to divide and form clones of at least 250 animals. 

With an exposure time of 1 h the lethality curve fell 
sharply between concentrations 1 x 10-3 M (LD) and 
5 x 10-4“ M (LCD). Since concentrations above 1 x 10-?M 
were acutely lethal, the amoebae dying within three weeks 
without fe eeding, growing or dividing, while concentrations 
below 1 x 10-* M showed no observable effects, experi- 
ments were confined to a study of the effects of concentra- 
tion of MNU from 1 x 10-3 M to 5 x 10-* M for times 
varying from 15 min to 2 h. 

Damage to amoebae depended on both concentration 
and length of time of exposure, evidently on the dose taken 
up during treatment. Thus at concentration 1 x 10-3 M, 
exposure for 30 min was 25 per cent lethal, exposure for 
60 min 90 per cent lethal. -With concentration 5 x 10-4 M, 
exposure for 60 min was 20 per cent lethal, exposure for 
90 min 90 per cent lethal (Fig. 1). 

Behaviour after treatment of amoebae receiving ‘Just- 
lethal’ doses of MNU was of two distinct types: (1) 
Survival of amoebae without division for from 3 to 10 
weeks. (2) Division of amoebae to farm non-viable clones. 
Such amoebae took from I to 8 weeks to recover from 
initial damage and to resume feeding, growth and division. 
Though jclones of 20-100 amoebae were often formed, 
division eventually stopped and clones died off. In some 
cases not all individuals in a clone died and survivors 
continued to divide, forming a viable clone. 

The first observable effect after exposure of amoebae to 
MNU was a delay in division. With the strain of A. 
proteus used division occurs every 2-3 days; after treat- 
ment with MNU there was a delay of from 4 days to 8 
weeks before amoebae divided. Delay in division occurred 
after exposure of amoebae to concentrations of MNU 


above 5|x 10-4M. The length of this delay increased with. 


concentration and time of exposure. Where division of 
treated jamoebae was delayed for more than a month 
survival| was seldom more than 20 per cent. 

In amoebae less severely affected growth generally 
‘began again well before the cells were able to resume 
division! This led to ‘large’ amoebae two to three times 
normal volume. The ultimate volume attained by such 
amoebae did not appear to be related to either the con- 
centration of MNU used, or the time of exposure. An 
amoeba |surviving after exposure to 1 x 10- M reached 
approximately the same volume before division was 
resumed as is reached by an amoeba exposed to only 
5 x 10-4 M. This larger volume disappeared after 2-3 
divisions. 

One of the most striking effects of MNU, becoming 
apparent only after 4-7 divisions’ (that is, when treated 
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individuals had formed clones of from 16 to 128 amoebae), 
was & change in the size distribution of individuals within 
a clone. In control clones amoebae double in volume, 
divide, double in volume, divide, and so on. Since amoebae 
of similar age have approximately the same volume this 
gives a volume range in a clone of roughly 1-2 times. 
In clones derived from MNU-treated amoebae, however, 
volume range was as much as 0-5-10 times normal. 

Abnormalities in volume appeared to arise from several 
causes: (1) Inability of an amoeba to continue dividing, 
in which case growth continued for a considerable time 
before death, the amoeba becoming several times larger 
than normal. (2) Abnormalities in division, for example, 
unequal distribution of cytoplasm during division into 
two daughter cells; this resulted in both ‘tiny’ (0-5 normal) 
and ‘large’ amoebae. (3) Polyploidy. In some cases 
amoebae which formed division spheres failed to divide 
into’ two daughter cells; the resultant amoebae, having 
now either one abnormally large nucleus or two normal- 
sized nuclei, then doubled in volume again before further 
division. (4) Nuclear division and cell division becoming 
‘out of step’. Nuclear division without cell division gave 
rise to binucleate amoebae; continued divisions of this 
type produced ‘giant’ multinucleate amoebae. Cyto- 
plasmic division without accompanying nuclear division 
gave rise to numerous anucleate amoebae of varying sizes. 

In clones where nuclear and cytoplasmic division were 
out of step, amoebae were found with numbers of nuclei 
varying from 0 to 10. Multinucleate amoebae, if viable, 
seldom divided with an equal distribution of nuclei and 
cytoplasm; distribution of both varied. The most common 
type of division led to one or more mononucleate amoebae 
with a roughly normal volume of cytoplasm and one large 
amoeba with the residue of nuclei and cytoplasm. The 
volume ratio of cytoplasm to nucleus varied. 

In an attempt to discover where the drug was acting in 
the cell, nuclei were transferred between control and 
treated amoebae. Transfer of nuclei from control amoebae 
into treated cytoplasms allowed investigation of the effects 
of the compound on the cytoplasm alone; while transfer of 
treated nuclei into control cytoplasms allowed investiga- 
tion of the effects of the compound on the nucleus. Groups 
of transfers done on amoebae which had received LD ao, 
LDoo, LD go and LD, doses indicated that both nuclei and 
cytoplasms were damaged by the drug at these concentra- 
tions. Nuclei were slightly more sensitive to the lower 
concentrations, but with doses 80-100 per cent lethal 
nuclei and cytoplasms were equally affected. However, 
where division was resumed it was apparent that abnor- 
malities in division and ‘delayed lethality’ depended chiefly 
on the presence of an MNU-treated nucleus. 

From preliminary results it would appear that MNU 
acts on both the nucleus and cytoplasm of the cell. Some 
of its effects are carried through many generations before 
they gradually disappear (in a few cases mutant strains 
arose). The age of the cell when treated affected con- 
siderably its sensitivity to MNU. It ıs hoped that further 
investigations along this line will indicate the mechanism 
responsible for change ın susceptibility of the cell to the 
compound and that continued work on nuclear transfers 
will separate further the effects of methy]-nitroso-urethane 
on the nucleus and on the cytoplasm of the cell. 

I thank Dr. R. Schoental for her help and advice during 
the course of this work. 
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IMMUNOLOGY 
Experimental Iso-immune Hypoparathyroidism 
in Rats 


RECENT investigations have shown that antigens stimu- 


> lating the appearance of specific antibodies exist in the 


structure of the pig parathyroid! and in crude or purified 
extracts of bovine parathyroid? ; these antigens stimulate 
the occurrence of specific antibodies which exert an 
inhibiting action on the parathyroid hormone, thus 
influencing calcium metabolism. 

In our previous investigations’ concerning immuno- 
logical thyroiditis in rabbits induced by homologous thy- 
roid extract (which also contained the parathyroid) 
emulsified in Freund’s adjuvant we observed the appear- 
ance of moderately infiltrative and degenerative lesions 
in the parathyroid gland. These findings suggest the 
intervention of an immunological process at the level of 
the parathyroid. The present report represents an 
attempt to clarify the suspected specific nature of the 
lesions observed. 

The experiments were carried out in 50 male Wistar 
rats, of an initial weight of 130-150 g, of which 20 were 
antiparathyroid iso-immunized, 20 served as controls 
and 10 were injected with Freund’s adjuvant. Iso-im- 
munization was performed with parathyroids collected 
from rats of the same strain and kept at —20° C until 
the time it was used. 1-5 mg of parathyroid tissue (one 
parathyroid gland weighing 0-32 mg) emulsified in com- 
plete Freund’s adjuvant was inoculated into each rat, the 
final volume being 0-1 ml. (of which 0-02 ml. was injected 
into the footpad and 0-08 ml. intramuscularly). After 
30 days the ineculation was repeated under similar condi- 
tions. The animals were killed 51 days after the first 
inoculation by being bled to death. Blood was first col- 
lected from the iso-immunized rats and from the controls 
in order to determine the calcium-level, the phosphorus- 
level and serum alkaline phosphatase. Biochemical 
determinations of calcium, phosphorus and alkaline 
phosphatase were done according to current methods. 
Separate groups of the other rats were given radiocalcium 
intravenously (20 uc. “CaCl,) and radiophosphorus 
(6 uc. 3P) respectively. After time-intervals of 2, 7 and 
24 h from the injection, blood samples were taken to 
determine the uptake of radioactive calcium® and of radio- 
active phosphorus in the blood with the aid of the Geiger- 
Miiller counter with a frontal window. During the 
determinations the rats were kept fasting. The immuno- 
logical tests, that is, the complement fixation reaction, 
the Ouchterlony precipitation gel test, as well as bio- 
chemical and isotopic tests, were performed in the blood 
pools from the killings. For the histopathological investi- 
gation the parathyroids and fragments of the thyroid, 
adrenal, thymus, kidneys and spleen were fixed in Bouin's 
fluid; after having been embedded in paraffin, the 4u thin 
sections were stained with haematoxylin-eosin and 
periodic acid-Schiff haematoxylin-eosin. 

Investigations with radioisotopes (“Ca and **P) showed 
marked changes in phosphocalcium metabolism in 
immunized rats as compared with the controls. Thus an 
intense fall was noticed in “Ca and an increase in **P 
uptake in the blood of the immunized rats at 2, 7 and 24 
h in relation to the controls (Fig. 1). Furthermore, the 
serum calcium level decreased while phosphorus and serum 
alkaline phosphatase (Fig. 2) showed a substantial increase 
as against the controls. Immunological investigations 
failed to reveal the presence of circulating antibodies. 

The histological examination of the controls showed a 
compact co-ordinated structure, very reduced cellulo- 
adipose tissue and sinusoid capillaries (Fig. 3). The cords 
are formed of polyhedrie cells with a light cytoplasm 
while others, fewer in number, display a dark protoplasm. 
The antiparathyroid immunized rats show atrophy with 
disaggregation of the parenchyma (Fig. 4), lympho- 


NATURE 


415 


plasmocytic infiltrateons and fibroblasts of perivascular 
origin (pericapillary cuffs), haemorrhage, reticuloendo- 
thelial hyperplasia aad degenerative changes of the cells 
(Fig. 6). We have taerefore to do with an atrophy, with 
parathyroiditis, the component of which suggests an 
immunological process. No changes are to be noticed in 
the thyroid, hypophysis or pancreas, whereas slight degen- 
erative changes are Gisplayed by the thymus, the adrenal 
cortex and the kicneys. The simple inoculation of 
Freund’s adjuvant merely induces non-specific changes at 
the level of the parathyroid such as capillarodilatation, 
slight cytolysis and obvious reticulo-endothelial hyper- 
plasia (Fig. 5). 

Parathyroiditis with atrophy of the parenchyma in- 
duced by antiparathyroid iso-immunization in the rat 
evidently upsets the phosphocaleium metabolism, the 
disturbances being analogous to those encountered in 
hypoparathyroidism. Under the conditions of antigemic 
stimulation as produced in our experimental model we 
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Fig. 1, Radiocaicium (Ca) and radiophosphorus (@*P) uptake curves In 
the blood of contrels and antiparathyroid immunized rats 
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Fig. 3. 
Parathyroid, A marked atrophy and p 
Fig. 5. Rat inoculated with complete Freund adjuvant. 


Control rat. 


Fig. 4. Immunized rat. 


Fig. 6. Immunized rat. 


could not reveal antiparathyroid antibodies in determin- 
able amounts in the blood stream, which seems to confirm 
the fact that crude or partially purified parathyroid 
extracts have a weak antigenicity*-*;7, The experiments 
recorded here having been performed with the gland as 
such, we believe that the antigen supply was probably 
insufficient to stimulate the production of enough free 
antibodies in the blood stream, beyond their fixation level 
in the gland. This phenomenon has been merely noted as 
a working hypothesis, the fact being borne in mind that 
for a satisfactory production of antibodies other authors? 
have emphasized the need of a repeated supply of purified 
parathyroid hormonal antigen in relatively larger 
amounts. 

We believe, however, that the lympho-plasmocytic 
infiltration arrayed in the form of perivascular cuffs, and 
existing only in the parathyroid, points to a specific action 
induced by the effect of the antigen present in the inocu- 
lated organ emulsion. This fact is interpreted by us as a 
specificity element as compared with the quite different 
microscopie pattern found in the parathyroid of rats 
injected with Freund’s adjuvant only. 

The specific disaggregation of the structure of the 
parathyroid and the consequent atrophy of this gland 
account for the change in the phosphocalcium meta- 
bolism in antiparathyroid immunized rats. Is it possible, 
we wonder, that a similar mechanism may also intervene 
in human hypoparathyroidism? This hypothesis is 
suggested by the recent investigations concerning patients 
suffering from Addison’s disease associated with idiopathic 
hypoparathyroidism and by the presence of circulating 
antibodies attacking the adrenal cortex and the para- 


Parathyroid. (Haematoxylin and eosin, x c. 26-6) 
arathyroiditis may be seen. 


Parathyroid. Only a eapillarodilatation and reticulo-endothelial cell (rec) may be seen. 
aematoxylin and 160) 


Parathyroid, Intense lymphoplasmocytic infiltration and disaggregation of the parenchymal cords. 
follicle. (Haematoxylin and eosin, x e. 160) 
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thyroid glands*. The possible autoimmune nature of 
these cases of idiopathic hypoparathyroidism is under 
discussion®:®, 
A. LuPULEsov 
A. Pop 
E. MERCULIEV 
C. Neracsu 
C. HEITMANEK 
Institute of Endocrinology and 
Institute of Microbiology, 
Bucharest, Rumania. 
* Ardry, R., and Courtin, A., Ann. Biol. Clin., 20, 739 (1982). 
* Berson, S., Yallow, R., Aurbach. G., and Potts, J., Proc. U.S. Nat. Acad. Sci., 
49, 631 (1963). 


* Tashjan, Ar., Levine, L., and Munson, P., Biophys. Biochem. Res. Comm., 8, 
259 (1962), 


* Williams, G., Hargis, G., Sidwell, C., and Ykules, V., Proc. Soc. Exp. Biol. 
and Med.,115, 61 (1964). 


* Lupulescu, A., Simionesou, L., Merculiev, El., Pop, A.. and Bona, C., 
Endokrinologie, 44, 335 (1983). 


* Milhaud, G., Cherian, A., and Moukhtar, M., Proc. Soc. Exp. Biol. and Med., 
114, 382 (1963). 


' Tashjian, A., Levine, L., and Munson, P., Endocrinology, 74, 244 (1964). 
* Blizzard, R., and Kyle, M., J. Clin. Invest., 42, 1653 (1963). 
* Solomon, Ir., and Blizzard, R., J, Pediatrics, 63, 1021 (1983). 


Reduction of Radiosensitivity of Antibody 
Response by Prior Administration of 
Non-cross-reacting Antigen 

THE susceptibility of the antibody-forming mechanism 
to ionizing radiations has been known to tend to decrease 
with the lapse of time after antigenic stimulation!~*. This 
implies that some early events in immune response, such 
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Ionized Gases 


A. VON ENGEL 


The most extensively enlarged chapter is that on collision processes, including those leading to 
excitation and dissociation. A fairly large amount of new numerical data has been added. New 
fearures include problems at the end of each chapter, answers being provided at the end of the book, 
and a short glossary. Second edition 147 text-figures 55s net 


Theory and Practice of the 
Evaluation of Measurements . 


L. JANOSSY 


This is a book about the statistics of physical experiments by a distinguished Himgarian 
experimental physicist. In it he gives a careful analysis of the principles to be en-ployed in 
evaluating the results of measurements and illustrates them by examples taken om actual 
laboratory materials. Illustrated £5net (International Series of Monographs on Physics) 


The Flight of —— | 


Second edition, revised and enlarged, incorporating the — Lectures delivezed in 1960 at the 
University College of Aberystwyth 


SIR BASIL SCHONLAND, C.B.E., F.R.S. 


Starting with an account of the thunder-magic of the primitive peoples, and the history of lightning 
damage before Franklin’s invention of the lightning rod, it then describes Franklin’s experiments 
and their sequel. The new edition includes further information about protectior of buildings and 
other topics. Illustrated 30s net 


Ecological Studies in the 
Mixed Dipterocarp Forests 
of Brunei State 


P. S. ASHTON 


The author spent 26 months working in the evergreen tropical rain forest of No-thern Borneo 
investigating the phytoecological variation of the complex vegetation. The aims and methods used 
and the results achieved are described here. Particular attention is given to the ecological 
behaviour of species of the dominant tree family. A final chapter outlines econnmic implications. 
Illustrated Paper covers 45s net (Oxford Forestry Memoirs) 


An Account of the Herbaria 
of the Department of Botany 
in the University of Oxford 


HERMIA NEWMAN CLOKIE 


The earliest collection here is an Italian Herbarium dating from 1605. Collectors of the seventeenth ` 


and eighteenth centuries are well represented, and a number of the better known nineteenth- 
century ones. The illustrations are life size. 12 half-tone plates ‘70s net 
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as the engulfment of antigen by phagocytic cellist or the 
proliferation of immunologically competent cells resulting 
in the multiplication of antibody-forming cells®, is injured 
by exposing the immunized animal to the radiation. 

In a previous paper’, it was reported that the sub- 


æ cutaneous injection of Freund’s adjuvant emulsion in 


muce several days prior to the antigenic stimulation could 
accelerate the appearance of the detectable amount of the 
specific antibody in the circulation. 

It is suggested from these facts that the non-specific 
activation, of immunity, which is easily inhibited by the 
radiation, occurs in the early period of immune response. 
If this is the case, the admunistration of one antigen 
(Ag,) can be expected to reduce the radiosensitivity of 
immune response against another unrelated antigen 
(Ag) which is given several days after Ag, In this 
experiment, bovine serum albumin (BSA) (Fraction V, 
Armour Lab.) was used as Ag, and bovine y-globulin 
(BGG) (Fraction II, Armour Lab.) as Ag» They were 
dissolved in saline and emulsified with Freund’s complete 
adjuvant (Difco Lab.) to make up water-in-oil emulsion 
and injected subcutaneously. In the preliminary test, 
the cross-reaction between anti-BSA mouse sera and BGG 
could not be detected by the present methods for 25 days 
after BSA administration. 

A/Jax mice of both sexes, 2~3 months old, were used. 
They were divided into four groups which were treated as 
follows: given 5 mg BSA m 08 ml. of the emulsion 
(group 1); given 5 mg of BGG in 0-8 ml. emulsion (group 
2); given 5 mg of BSA in 0-4 ml. emulsion followed by the 
administration of 5 mg of BGG in 0 4 ml. emulsion 3 days 
later (group 3); or 5 days later (group 4). Whole-body 
irradiation of X-ray at 400 r. (200 kV, 19 m.amp, with the 
filter of 1-0 mm aluminium-—0-5 mm copper, target distance 
55 cm, 51-2 r./min) was performed on different individuals 
before, on the day of, or after BSA injection ın group | 
or BGG injection in other groups. Following the injection 
of BSA (group 1) or BGG (group 2-4), half the number of 
mice were bled 15 days later and others were bled 20 days 
later. Titres of antisera were determined by means 
of the haemagglutination technique using tanned sheep 
red cells’. Each of the values in Figs. 1 and 2 refers to 
the mean titre of 4-8 mice. 

Fig. 1 illustrates the effect of 400 r. X-ray on the anti- 
BSA formation. Retardation of the antibody response 
was caused by X-irradiation. Fifteen days after injection 
of BSA, only those mice which were irradiated 5 days 
after immunization were found to be positive. When 
mice were bled after 20 days, the mice irradiated after 
immunization were positive; but the mice irradiated 
before or on the day of antigen admunistration were 
negative. Fig. 1 shows that the degree of radioresistance 
of antibody-forming meshanisms extended as the immune 
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Fig 1. The effect of 400 r. X-ray on anti-BSA response, Mice were 
irradiated before, on the day of, or after BSA mjection and bled 15 (0) 
and 20 (@) days after immunization 
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Fig. 2. The effect of 400 r X-ray on anti-BGG response which was 
determined 15 (a) and 20 (@) days after BGG injection Antigens were 
administered as follows. O, BGG alone (group 2); @, BSA 3 days before 
BGG (group 9); A, BSA ý days before BGG (group 4). Mice were 
irradiated before, on. the day of, or after BGG injection 


response proceeded. The lowering of radiosensitivity 
with the lapse of time following antigen injection was seen 
also ın anti-BGG formation (Fig. 2, a and b, group 2). 

Concerning the specificity of such  radioresistance of 
antibody formation, the followmg two possibilities can 
be offered. One is that the radioresistance acquired after 
Ag, injection is applicable only to anti-Ag, formation. 
The other is that the radioresistance of immune response 
1s more or less non-specific so that the specific antibody 
formation against Aga which is administered several days 
after Ag,, will be less radiosensitive comparing with the 
case of single injection of Ag, alone. 

To test one of these two possibilities, the following 
experiment was performed: after the admunistration of 
BSA, groups 3 and 4 were given BGG 3 and 5 days 
respectively. Mice ın group 2 were injected only with 
BGG. Whole-body irradiation with 400 r. X-ray was 
performed before, on the day of, or after BGG injection. 
Mice were bled 15 days (Fig. 2a) and 20 days (Fig. 2b) 
after BGG injection. As shown in Fig. 2, anti-BGG 
formation in group 2 was definitely prevented when mice 
were irradiated before or at the same time as antigen 
administration, and the degree of the prevention of 
antibody formation tended to decrease as the interval of 
time from the antigen =njection to the irradiation became 
longer. Although suck a tendency in the radiation effect 
was also seen both in group 3 and in group 4, the degree 
of the reduction of anttbody response was lower than that 
in group 2. In the values obtained 15 days after injection 
of BGG, the difference between group 2 and group 3 
may be insignificant ; but the values of group 4 were usually 
higher than group 2 except in the case irradiated 1 day 
before BGG administration. When the bleeding was 
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performed after 20 days, the anti-BGG response of the mice 
in groups 3 and 4 was found to be more or less radio- 
resistant in any event; serum titres ın mice irradiated 
even one day before or on the day of BGG injection were 
considerably higher, although on these days immune 
response in group 2 was very radiosensitive. Fig. 2 also 
indicates that the degree of the radioresistance in anti- 
BGG-forming mechanisms, caused by BSA, became higher 
as the anti-BSA response proceeded, for the values in 
group 4 were bigher in every case than those in group 3. 
This may have connexions with the increase of the exten 
of radioresistance in anti-BSA formation with the timet 
following BSA administration (Fig. 1). 

The results of this experiment suggest that the immune 
mechanism is evoked non-specrfically in the early period 
of antibody response and such a non-specific event in 
immune response may be very radiosensitive. Ib is still 
unknown, however, what mechanisms are stimulated at 
that time. Two possibilities occur, as already mentioned, 
of which one is the non-specific multiplication of immuno- 
logically competent cells in antibody-forming tissues and 
the other is that of some other types of cells, such as 
phagocytic cells, participating non-specifically in immune 
response. The spleen and lymph node cells from mice 
which were treated with certain kinds of non-specific 
agents prior to irradiation were reported by Strauch and 
Winter? to be more immunologically active than those 
from untreated irradiated mice. This seems compatible 
with the former possibility. From the point of view of 
‘clonal selection theory’® in the antibody response, on 
the other hand, the latter possibility may be more favour- 
able, for the anti-BGG-forming cell lme seems unlikely to be 
influenced by BSA. Theré still remains another problem 
to be settled: that is, whether the non-specific stimulation 
emanates from the BSA or the adjuvant emulsion or 
both. We tried to reduce the radiation effect on the 
antibody response by prior treatment of mice with 
Hreund’s adjuvant emulsion alone, but have not yet 
succeeded satisfactorily. Further investigations are 
necessary to analyse the mechanism of the non-specific 
activation and the radiosensitivity of immune response. 
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Protection of Lymphocytes in the Thymus 
of X-irradiated Rats by Cysteamine 


CYSTEAMINE and cystamine have been reported to be in- 
effective in preventing the early pycnotic degeneration of 
lymphocytes in the thymus of X-irradiated rats!. This 
finding appears to be inconsistent with the known radio- 
protective action of sulphydryl agents against killing of 
these cells in vitro'-*, and against radiation-induced 
changes in the weight and enzymatic activities of thymus 
in vivoš-8. The negative report was based on experiments 
in which a relatively low dose of X-rays (300 r.), and smear 
preparations, were used. Since smear preparations would 
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tend to mix the radio-sensitive lymphocytes of the cortex 
with the lymphocytes of the medulla, which are radio- 
resistant in situ®!°, we have investigated the effect of 
cysteamine on the thymus using both tissue sections and 
smeared cell suspensions. In addition, a range ofradiation _ 
exposures (200-3,000 r.) have been used. The present... 
study shows that cysteamine does have a protective effect 
against the early radiation-induced pycnosis in thymus, 
particularly among the radio-sensitive lymphocytes of 
the cortex. 

A neutralized solution of cysteamine (2-mercapto- 
ethylamine hydrochloride; 150 mg/kg), or saline, was 
injected intraperitoneally into females of a laboratory 
strain of hooded rat (150-200 g) 15 min before X-irradia- 
tion. Both control and treated rats were confined In 
separate sectors of a rotating lucite container during 
exposure to 300-kV X-rays delivered 80 cm from a Philips 
constant-potential X-ray machine at approximately 40 r./ 
min. The thymus was excised 6 h after the beginning of 
irradiation: 
solution for subsequent sectioning (5u) and staining with, 
haematoxylin and eosin, the other being minced in 
Krebs-Ringer solution to obtain a cell suspension which 
was diluted 1:1 with calf serum for making air-dried 
smears#!; the smear preparations were fixed in formalin 
(10 per cent) and stained by the Feulgen reaction. Pycnotic 
lymphocyte nuclei were scored using the criteria of 
Trowell!?, In sections, the cells were counted at a magni- 
fication of 1,000 using an eye-piece grid which represented 
an 80ux 80u area; the final score in both the cortex 
and the medulla of each rat thymus was based on data 
pooled from 10 of these areas. The average number of 
cells counted per animal was 1,650 for the cortex and 960 
for the medulla; at least 1,000 cells were scored in smears. 

The protective effect of cysteamime in the thymus was 
almost wholly confined to the radio-sensitive lymphocytes 
of the cortex, little effect being observed among the radio- 
resistant lymphocytes of the medulla (Table 1). The 
percentage of pycnosis in the cortex was reduced by 
eystoeamine about 6-22 per cent as the dose was increased 
from 200 to 800 r. and about 17-10 per cent from 1,000 to 
3,000 r. Between 400 and 1,000 r., cysteamine-treated 


rats required about twice the amount of X-irradiation to „ 


produce levels of pycnosis equivalent to that of non- 
treated animals, that is, cysteamine produced a dose reduc- 
tion factor of about 2. Dose reductions of about 1-6 
between 200 and 400 r., and 3-0 between 1,000 and 3,000 
r., may suggest that the protective effect of cysteamine 
increased as the dose of X-rays was increased. By com- 
parison, the reductions caused by cysteamine in the 
medulla were small (about 2-5 per cent) and statistically 
dubious. However, there was a protective trend (indicat- 
ing a possible dose reduction factor of about 1-3) that 
suggested some effect but one which was considerably 
less than that in the cortex. It should be noted that 
cysteamine was also less toxic in the medulla than in 
the cortex of thymus from non-irradiated rats; cysteamine 
increased the number of pycnotic nuclei from 0:6 to 3-5 
per cent in the cortex as opposed to an increase from 0-5 
to 0'8 per cent in the medulla (Table 1). 

Although a protective effect of cysteamine was observed 
in the smear preparations, it was smaller (2 dose reduction 
factor of about 1-6) than that seen in the cortical regions 
of thymus (Table 1). This decrease was partly due to the 
mixing of lymphocytes from the cortex and the medulla; 
complete mixing of the two regions was indicated since 
the values in smears could be closely predicted from those 
in sections by assuming that 75 per cent of the total cells 
came from the cortex and 25 per cent from the medulla®. 


The protective effect in smears appeared to’ be further<= 


diminished by the toxic action of cysteamtine; a notable 
enhancement of pycnosis, presumably reflecting an 
increased sensitivity to handling, was observed in treated, 
non-irradiated animals (Table 1). An overall reduction 
in the apparent effect of cysteamine by the use of smear 


one of the two lobes was fixed in Bouin’s - 
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Percentage of pycnotic lymphocytes 


Thymus sections 


Control * Treated * 





Control 


Medulia 


6-141-5 (6 
23 t13 
34 +10 
42 +1°4 
47 +1°4 


0°8 + 0:2 (8) 
13 8 


* Saline (control) or cysteamine (1°33 ml./kg) was injected intraperitoneally into rats 15 min before X-irradiation. 


+ Mean with S.E.M. and the number of animals in brackets. 


preparations and of a relatively low dose of X-rays (300r.), 
may account for the negative result previously reported 
for sulphydryl agents in vivol. 


; The thymus would appear to be unique in having two 


groups of cells each with different radio-sensitivities and 
different responses to sulphydryl compounds. The reason 
for the small protective effect of cysteamine, as well as 
the radio-resistance, among medullary lymphocytes is not 
likely due to any difference in the cells themselves but 
to properties of their environment”. 
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A Fatal Anaemia in Splenectomized 
Irradiated Mice protected with Isogenic 
Spleen Colony Cells 


THe work of Till and McCulloch et al.!-? has established. 
the existence in mouse bone marrow of a cell-type capable 
of proliferating in the spleens of lethally irradiated isogenic 
mice, and of forming visible colonies, or nodules, which 
contain both differentiated haemopoietic cells and more 
‘colony-forming units’. During an investigation in this 
laboratory, of the ability of cells taken from such colonies 
to protect other lethally irradiated recipients, it was 
noticed that prior splenectomy of the recipients markedly 
reduced survival. In contrast, we have found that when 
normal bone marrow cells are used, prior splenectomy 
generally improves survival. The following experiment 
was therefore carried out: 

Eighty LAF, female mice 15 weeks old, of which 40 
had been splenectomized 4 weeks earlier, were given 900 
rads of 250-kVp. X-rays. They were then injected intra- 
venously with one of the following cell-suspensions: 

(1) 5x 10° isogenic bone marrow cells. 

(2) 1x 10° isogenic bone marrow cells. 


(3) 8-5 x 10° cells taken from the colonies in the spleens 
of nine mice which had-received, 13 days earlier, 900 rads 
and 1x 10° isogenic bone marrow cells (‘nodule cells’). 
Separate injection of 1 x 10° of these cells into each of 10 
lethally irradiated mice yielded an average of 11 colonies 
per spleen. Thus the mice given 8-5 x 10° cells received 
about 90 colony-formirg units, that is, the same number 
as in 8-9 x 10° marrow cells. 

(4) The above nodule cell injection plus 10x 10° 
isogenic lymph-node cels (‘nodule cells plus lymphocytes’). 

It can be seen from Fig. I that most groups showed 
the usual early mortality of post-irradiation marrow 
failure (8-12 days), and that this was less in the splenecto- 
mized animals. After 12 days there were no further deaths 
except in the splenectamized mice given nodule cells. In 
these animals, mostly ¿ying during the fourth week after 
irradiation, death was Dreceded by several days of loss of 
weight, inactivity, ard hunching, so that they had 
somewhat the appearance of mice suffering from one of 
the wasting syndromes. However, at autopsy the only 
striking finding was excreme pallor of all organs. Lymph 
nodes, though small, were invariably present. Accordingly, 
on day 30 the remaining two splenectomized, nodule 
cell-protected mice, anc 2—3 from each of the other groups, 
were bled from the orbital sinus and killed. The haemato- 
logical findings are presented in Table 1. 


Table 1. HARMATOLOGICAL DATA ON MICE KILLED 80 DAYS AFTER 
X-IRRADIATION (900 RADS) AND INJECTION OF ISOGHNIO CELLS 


On day 30 
80-Day Body- Packed White blood cells per mm? 


survival weight cell vol, Poly- Mono- 
(g) (%) Total morphs nuclears 
Non-splenectomized 
mice 

(1) Marrow 6/10 21-68 50 3,000 570 2,430 
5 x 10° cells 22:3 54 2,320 650 1,670 
Marrow 3/9 19-7 — 2,44 1,290 1,150 
1 x 105 cella 228 50 8,680 1,620 2,080 
(2) Nodule cells 9/11 22:3 48 1,100 528 572 
20-3 46 870 815 555 
22-8 50 1,880 676 1,204 
(3) Nodule cells plus 7/10 213 43 1,690 710 980 
lymphocytes 23-5 — 1,880 750 1,130 
19°6 44 1,180 660 520 

Splenectomized mice 
ow 10/10 227 50 4,500 990 3,510 
5 x 10° cells - — 42 3,200 810 2,590 
Marrow 8/10 20-5 42 8,800 8,180 5,640 
1x 10° cells 22-2 39 3,000 1,410 1,590 
(2) Nodule cells 2/10 17-9 18 1,500 810 690 
17:2 8 800 240 560 
(3) Nodule cells plus 6/10 16°4 9 1,440 520 920 
lymphocytes 108 11 67 120 650 
17-7 11-5 1,020 360 860 


Nucleated counts on 0:1 mre of blood; differentials on 100-200 cells. 


It is clear that the outstanding deficiency is the anaemia 
of the splenectomized rodule-cell-protected mice. Packed 
cell volume values a= low as this (8-18 per cent) are 
seldom seen in LAF’, mice at any time after irradiation. 
Intact mice given nodule cells, and splenectomized mice 
given marrow, seem to have restored their haematocrit 
by 30 days. Otherwise, the blood counts are unremarkable. 
There is a tendency for all the mice receiving nodule 
cells, with or without lymphocytes, and whether splenecto- 
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mized or not, to have low mononuclear cell counts, and 
the thymus glands were also rather smaller than those of 
the mice receiving marrow. The addition of 10x 10° 
lymph node cells, though it improved 30-day survival 
somewhat, did not relieve the anaemia. There appears 
to be no correlation between 30-day polymorphonuclear 
cell counts and survival. Platelets were not counted, but 
clumps of them were seen in all the blood smears. 

Imprints of the spleen from nodule-cell~protected mice 
invariably showed active erythropoiesis, as well as granu- 
locytopgiesis, though the spleens were no larger than in 
the als given marrow (the splenomegaly following 
irradiation and marrow transfusion has usually subsided 
by 30 days). A few haemopoietic cells were also seen in 
imprints of the liver of nodule-cell-protected animals, 
both intact and splenectomized. Bone marrow cellularity 
was very low in all the animals grven nodule cells, and 
the marrow smears were difficult to analyse, though meta- 
myslocyites were detectable in all the smears examined. 

e foregoing results might be explained in several 
— 

(1) There is a cell in bone marrow which is not present 
in spleen nodules. This cell can re-establish erythropoiesis 
in the absence of the spleen, whereas cells from spleen 
nodules ican do so only when allowed to grow for a time 
in the spleen. Since the nodule-cell injection in our 
experiments contained more colony-forming units than 
either of the marrow injections, this cell cannot be the 
‘colony-forming cell’. It might, however, be a precursor 
(‘stem cell’) normally confined to the marrow, which 
produces colony-forming cells eventually destined for the 
spleen. Cells derived from bone marrow have been demon- 
strated in the spleen after irradiation and marrow injec- 
tion, spleen grafting’ and parabiosis®. 

(2) The nodule cells might require the spleen simply as 
the sourpe of a humoral factor or factors enabling them to 
evolve, or perhaps de-differentiate, and recolonize the 
marrow. The erythropoietic cells seen in the spleens of 
nodule-cell-protected animals obviously denote a ‘cellular’ 
element |in the splenic contribution, but the existence of 
mechanisms, presumably humoral, which control spleen 
growth, and the close parallel with recent work on the 
thymus, make a humoral hypothesis distinctly tempting, 
though it will have to explain why granulocyte production 
is maintained in the apparent absence of erythropoiesis. 

(3) There i is a failure of lymphoid trephocytic function 
with ani indirect effect on erythropoiesis. The loss in 
weight, and the small thymus, are 
reminiscent of the ‘‘isologous secondary disease’ observed 
by Barnes, Loutit and Micklem‘ after foetalliver or passaged 
bone marrow. However, in their animals the disease could 
be prevented by the addition of 5 x 10° lymph-node cells, 
which is! not true of our animals—-at least as regards the 
anaemia. A degree of lymphoid hypoplasia, contributing 
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to the death of already anaemic mice, cannot be ruled out 
at present. 

On the basis of the foregoing results, hypotheses 1 or 
2, or a combination of both, seem more likely to be correct, 
in which case yet another function for the spleen would 
have to be added to those already postulated’. It is, 
hoped that present investigations on radioactive iron `“ 
uptake in these anaemic animals, and on the effect of 
erythropoietin, spleen grafting, and spleen extracts in 
re-establishing normal erythropoiesis, will throw light on 
the aetiology of the syndrome. 

This study was supported through funds provided by 
the Bureau of Medicine and Surgery, U.S. Navy Depart- 
ment. One of us (J. H. L. P.) wishes to thank the Wellcome 
Foundation for a travel grant from London. 


JoHN H. L. PLAYFAIR 
LEONARD J. COLE 
Biological and Medical Sciences Division, 
U.S. Naval Radiological Defense Laboratory, 
San Francisco, California. 


| Til, J. E., and McCulloch, E. A., Rad. Res.,14, 218 (1961). 


* Simnovlteh, L. L., oe E. A., and Till, J. E., J. Cell. Comp. Physiol 


® Harris, J.E, cei Ford, C. E., Nature, 201, 884 (1964). 
* Metcalf, D., ‘and Wakonig-Vaartaja, R., Lancet, i, 1012 (1964) 


” Bartis, TE, — C. E., Barnes, D. W. H., and Evans, E P., Nature, 201 


è Barnes, D. W. H., Loutit, J. F., and Micklem, H. S., Ann. N.Y. Acad. Ser., 
99, 374 (1962), 


7 Crosby, W. H., Ann. Rev. Med., 14, 349 (1963). 


BIOLOGY 


Orientation of Sickled Erythrocytes ina 
Magnetic Field 


A HYPOTHESIS of a molecular mechanism of sickled 
erythrocyte formation was presented in a previous com- 
munication!. It was based on an earlier observation? that 
the de-oxygenated sickle cell haemolysate forms a gel at 
38° but, contrary to our usual experience, it ‘melts’ (or 
liquefies) on cooling to 0°. Afterwards, the problem was 
investigated further by means of optical rotatory dis- 
persion investigations at 0° and 38°; it was concluded 
that at 38° the amino-terminal valyl residue interlocks ` 


‘with the genetically interchanged valy] residue at position 


6 in the 8-chain, allowing cyclization from carbonyl of the 
first valyl to the NH of the fourth threonyl by hydrogen 
bonding. Interaction between the two valyl side-chain 
residues is due to hydrophobic bonding (Fig. 1, ref. 1). 
If this hypothesis is correct, then a simple hydrophobic 
molecule such as propane, which is similar in structure to 
the valyl side-chain residue, could ‘melt’ the gel of the 
sickle cell haemolysate at 38° by a process of transferring 
the hydrophobic bonds. It was found experimentally 
that propane, ethane and methane can ‘melt’ 
the gel; these alkane gases can also ‘unsickle’ 
sickled erythrocytes?. - 

The dichroic ratio measurement data‘ 
suggested to us that the sickle cell haemo- 
globin (Hb-S) molecules are stacked along 
the long axis of the sickled erythrocyte. In 
addition to these observations, scale model 
building experiments clearly showed that 
the shape of the haemoglobin molecule is, 
in fact, a truncated tetrahedron; it can- 
easily be seen that the haem plates are 
essentially parallel to the long axis of the 
sickled erythrocyte. This idea was also 
deduced from the dichroic ratio measure- 
ments. If the hypothesis of a molecular 
mechanism of sickled erythrocyte formation 
is correct, then it follows that the magnetic 
vector of each of the haems would be essen- 
tially perpendicular to the long axis-of the 
sickled erythrocytes. 


30 


20 


Noiasea April 24, 1965 NATURE 421 


0°. That the gel forms reversibly at a higher temperature 
suggested that hydrophobic bonding was involved, intra- 
molecular conformational changes taking place during 
cooling. Then the optical rotatory dispersion investiga- 
tion indicated that marked differences in the amplitude 
of the Cotton effect exist between Hb-A and Hb-5 
solutions; at 38° the amplitude of the Cotton effect was 
nearly four times that at 0° or for Hb-A solution. A 
solution of Hb-A shows but a slight change by this 
method; furthermore. it should be added that Hb-A 
haemolysate does not- gel under any condition. Since a 
ring structure is associated with increased optical activity, 
it was suggested that sech a structure is present in Hb-5 
molecule at 38° but vanishes at 0°. A ring structure is 
also allowed in a scale-model building experiment; intra- 
molecular bond of non-covalent type (hydrophobic) forms 
between the valyl residues (between the first and the 
sixth). In the normal haemoglobin molecule this ring 
structure does not normally occur. This cyclic structure 
of the terminal part of each of two $-chains could be 
visualized as a ‘key’. which fits into a complementary 
binding site (the ‘lock’) on each of the «-chains of the 
mijacent molecule, thas leading to stacking of the mole- 
cules in a linear array. The stacking is believed to occur 
along the long axis of the sickled erythrocyte as suggested 
by the dichroic ratio measurement study*. To test the 
hydrophobic bonding kypothesis, propane was used to 
find out whether or net the intramolecular (hydrophobic) 
bonding would transfer, then the erythrocyte would 
‘unsickle’ and the ge! would melt, too. The control 
molecule designated HBb-Cgeorgetown 18 not influenced by 
propane, since the intramolecular bond which leads to 
sickling phenomenon is essentially ionic in this case. 





Vig. 1. The Alnico magnet with a wet preparation on the ‘stage’ so that 
the observation is possible while the sickled erythrocytes are in the 
magnetic feld 


Since it was found by Pauling and Coryell’ in 1936 
that ferrohaemoglobin is paramagnetic, whereas oxy- 
haemoglobin and carbonmonoxyhaemoglobin are dia- 
magnetic, it occurred to me that sickled erythrocytes 
(which can only ‘sickle’ when deoxygenated) should 
orient themselves perpendicular to the magnetic lines of 
force. I wish to report here that sickled erythrocytes do, 
in fact, orient themselves perpendicular to the magnetic 
lines of force. 

Conventional methods were used to observe micro- 
scopically the phenomenon of sickling. The stage of a 
compound microscope was removed in order that the wet 
preparations could be observed in the magnetic field 
(Fig. 1). The magnet* used in the experiment has a 
field-strength of 3,500 gauss with 30 mm gap of the pole 
pieces. The diameter of the pole pieces is 40 mm. A 
sheet of brass was bent with an appropriate hole for the 
light to pass and was used to hold the wet preparation in 
between the pole pieces (Fig. 1). 

It has been observed that the sickled erythrocytes do 
orient themselves each with its long axis perpendicular 
to the magnetic lines of force (Fig. 2). Oriented sickled 
erythrocytes can be readily randomized in a solenoid 
actuated by 60 c's 110 V a.c. 

De-oxygenated erythrocytes containing the normal 
human haemoglobin do not show any apparent orienta- 
tion in the magnetic field. 

A molecular mechanism of sickled erythrocyte formation 
was developed on the basis of a large amount of experi- 
mental evidence which is consistent with the hypothesis; 
« initially, it was observed by me that de-oxygenated sickle 

cell haemolysate gels at 38° reversibly, while it liquefies at 





* A large permanent magnet with adjustable pole pieces was made by Fig. 2. Sickled erythrocytes n a magnetic field. The magnetic lines of 
General Electric Co., Schenectady, New York, Catalogue No. 7766115, Serial force run from right to bert that is, the north to south direction is 
No. 10086. It was calibrated by the manufacturer, who gave the flux density horizontal. The sickled emaroeytes are oriented perp ndicular to the 
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Co Sa ie erythrocytes containin 
‘sickle’ even at 0°; accordingly, it was suggested that the 


I ‘key’ in this. molecule results from ionic rather than hydro- 


phobic bonding. 

In any event, the sickling phenomenon appears to 
involve linear stacking of the haemoglobin molecules 
with the plane of the haem plates parallel to the long 
axis of the sickled erythrocytes. Since the magnetic 


vectors could only be perpendicular to the haem plate, | 


thus perpendicular to the long axis of the sickled erythro- 
cytes, sickled erythrocytes could only orient themselves 
perpendicular to the magnetic lines of force. 

I thank Dr. Paul McCurdy, Dr. Vernon E. Martens and 
Dr. Charles E. Rath for providing numerous blood 
specimens for this investigation. I also thank Dr. Rodney 
A. Olson and Mr. William H. Jennings for stimulating 
————— Maxio MURAYAMA 

Laboratory of Physical Biology, 
National Institute of Arthritis and Metabolic Diseases, 
National Institutes of Health, 
Bethesda, Maryland. 
* Murayama, M., Nature, 202, 258 (1964), 
* Murayama, M., J. Biol. Chem., 228, 231 (1957). 
* Murayama, M., Nature, 194, 933 (1062). 


— (obs sson, R. A., and Jennings, W.H., Biochim. Biophys. Acta, 


* Pauling, L., and Coryell, C. D., Proc, U.S. Nat, Acad. Sei., 22, 159 (1936). 


Antagonism between Two Species of Larval 
Trematodes in the Same Snail 


It has been known for more than a century that a snail 
may be infected with more than one species of larval 
trematode. The elaborate field investigations of Cort 
et alt showed that certain combinations of trematode 
species were compatible with each other, while other 
combinations occurred rarely or never. Ewers’s? work 
suggested that infection with a certain trematode might 
predispose the snails to infection with another species. 

We have succeeded in producing double infections in the 
freshwater pulmonate snail Lymnaea rubiginosa (Michelin) 
with the following combinations of trematodes: two 
species of echinostomes; a xiphidiocercaria (probably a 
plagiorchiid) and an echinostome; a schistosome of the 
genus Trichobilharzia and an echinostome; and a strigeid 
and an echinostome. Antagonism between the two species 
of larvae occurs in all groups. This communication dis- 
cusses results obtained in infections with two unrelated 
trematodes. 

Atphidio-cercariae and Echinostoma audyi Lie and 
Umathevy, 1965. Lymnaea snails were collected from a 
rice field near Kuala Lumpur, Malaya, and isolated in- 
dividually to determine natural infections. Of 155 snails 
shedding xiphidio-cercariae and exposed in the laboratory 
to miracidia of Æ. audyi, the following results were 
obtained: 104 died and were discarded ; 46 became positive 
for E. audyi, and five continued to shed the xiphidio- 
cercariae. Those five were dissected between 19 and 
27 days after the experimental exposure, and all contained 
a normal, active infection with sporocysts of the xiphidio- 
cercaria with no trace of the echinostome. Of the E. audyi 
positive snails, 36 were dissected at varying intervals of 
9-55 days after the experimental exposure to miracidia, 
revealing that antagonism had occurred between these 
two trematodes. The sporocysts of the xiphidio-cercaria 
gradually diminished in number as the echinostome rediae 
became more numerous, and eventually disappeared 
completely. Antagonism starts after echinostome rediae 
have migrated from the heart into various organs of the 
snail and it is usually completed before echinostome 
cercariae are liberated by the snail. Occasionally migra- 
tion of the daughter rediae is delayed for unknown 
reasons, and then antagonism is also delayed. In one 
snail a heavy microsporidian infection was present in 
the larval trematodes, and almost all larvae were killed. 
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The remaining ten snails in this group were not dis- 
sected, but were maintained to observe the pattern of | 
cercarial shedding. These ceased to shed xiphidio- 
cercariae between 11 and 26 days after the experimental 
exposure to Æ. audyt miracidia, and they all released 
normal E. audyi cercariae starting 23-29 days after. 
exposure until their death 40-59 days after exposure. : 

Antagonism is not likely to be the result of a natural 
dying out of the first infection, since similar snails naturally ~ 
infected with the xiphidio-cercariae and kept as unexposed ` 
controls continued to shed until their death. The longest 
period we were able to maintain such control snails in the 
laboratory was 43 days. Moreover, those five snails 
which did not develop E. audyi after the experimental 
exposure continued to show a normal, actively developing 
infection with sporocysts of the xiphidio-cercaria. 

AXiphidio-cercariae and Echinoparyphium dunni Lie 
and Umathevy, 1965. Seven field snails shedding xiphidio- 
cercariae were exposed to miracidia of Echinoparyphium 
dunni in a manner similar to that described here. Two 
died and were discarded, and five were dissected between” 
14 and 34 days after the exposure. All were positive for 
E. dunni. The results were the same as in experiments 
with E. audyi, with antagonism occurring in the snails 
leading to disappearance of the first infection. 

Trichobilharzia sp. and E. audyi. Eighteen field snails 
from the same area and shedding cercariae of Trichobil- 
harzia were exposed to miracidia of E. audyi. Thirteen 
died and were discarded, and five were dissected 18-26 
days after exposure. All were positive for E. audyi. 
Production of Trichobilharzia cercariae began to decrease 
in three snails 14-15 days after exposure, ‘and when they 
were dissected 24 days after exposure only redise of K. 
audyt were found in the tissues. Jn the fourth snail 
antagonism was disturbed by a heavy spreading micro- 
sporidian infection, killing almost all larwal stages. 

The remaining snail showed an extremely complex 
pattern of trematode infection. Here the echinostome was 
superimposed on an existing double infection of Trichobil- 
harzia and xiphidio-cercariae, which appear to be com- 
patible with each other. One snail began to release 
xiphidio-cercariae, in addition to schistosome cercariae, 
16 days after exposure to Æ. audyi. Evidently it had been , 
naturally infected with the xiphidio-cercariae miracidia 
shortly before collection. It stopped shedding Trichobil- 
harzia 19 days after the experimental exposure, and when 
dissected revealed rediae of E. audyi and sporocysts of 
xiphidio-cereariae but no Trichobilharzia sporocysts. A 
somewhat similar pattern occurred in another snail which 
shed only xiphidio-cercariae at the time of collection and 
exposure to E. audyi. That individual shed cercariae of 
all three kinds: xiphidio, schistosome and echinostome, 
when examined 22 days after exposure, but four days later 
no more xiphidio-cercariae were released. When the 
snail was dissected 30 days after exposure, B. audyi 
rediae and Trichobilharzia sporocysts were found, but no 
larvae of the xiphidio-cercariae were present. 

The experiments were repeated with ten aquarium-bred 
snails infected in the laboratory with Trichobilharzia sp. 
and exposed to E. audyi miracidia after they had been 
releasing Trichobilharzia cercariae for several days. Four 
snails died and were discarded. One continued to shed | 
Trichobilharzia cercariae in large numbers and when © 
dissected 29 days after the second exposure showed no | 
signs of infection with the echinostome. The other five 
snails released diminishing numbers of Trichobilharzia | 
cercariae until the 24th day, when four were negative and 
one released only a few cercariae. On that day all were ~ 
dissected and showed numerous E. audyi rediae but no ; 
sporocysts of Trichobilharzia. The snail shedding on the « 
day of dissection had several cercariae in the liver, but | 
no sporocysts. 

In this series of experiments also, antagonism cannot 
be the result of a natural dying out of Trichobilharzia 
infection. Both field- and laboratory-infected snails 













to shed. the schistosome cercariae for months, 
sy die, when not re-infected with E. audyt. 
jeu and E. audyi. Twenty-two field snails found 
ave a natural infection with a strigeid cercaria similar 
hat of Cotylurus were exposed in the laboratory to 
EL. audyi miracidia. Of these, 17 died and were discarded, 
-and four of the remaining five became positive for E. audyi. 
The negative snail continued to produce large numbers 
of strigeid cercariae and had a strong infection with 
_strigeid sporocysts when it was dissected 25 days after 
posure. Three snails produced strigeid cercariae in 
ninishing numbers and when dissected 19, 20 and 29 
ys after exposure contained only rediae of E. audyi. 
e dast snail continually shed strigeid cercariae until 
wected 23 days after infection. It showed E. audyi 
liae in the ventricle of the heart and a few small daughter 
adiae in the liver and hermaphrotidic gland. In addition, 
are were many strigeid sporocysts still present. Redial 
<| migration was delayed in this case. 
-= Here once more disappearance of the first infection is not 
_ spontaneous, for control field snails not exposed to the 
_-eehinostome continued to shed abundantly until their 
. death; the longest observed period was 36 days. Moreover, 
the snail which did not develop the E. audyi infection, 
--and the one in which redial migration was delayed, 
~ showed an actively developing strigeid infection. 
_.. The mechanism of destruction of the first trematode 
isnot known. Antagonism is not specific since it is demon- 
strated to occur in at least three unrelated trematodes 
in the presence of a developing echinostome infection. 
It is always directed towards elimination of sporocysts 
of the first infection. In the case of xiphidio-cercariae 
sporocysts, they may entirely clear from the snail as early 
as 18 days after exposure to the echinostome miracidium. 
Since the echinostome species employed generally show 
migration of daughter rediae to the liver 12 days after 
exposure, this indicated that within six days after they 
appear in the liver the echinostome rediae can induce 
complete elimination of sporocysts that may have been 
living for months. It is our impression that missing 
sporocysts have been eaten by the large, active rediae of 
É. audyi and E. dunni, perhaps after causing mechanical 
; or toxic injury. The echinostome rediae have been found 
: attached to or nibbling on damaged sporocysts, and 
microsporidia hyperparasitic within the earlier sporocysts 
may be found within the gut of the echinostome rediae. 
Immunological or humoral mechanisms of the snail which 
would eliminate the first infection are unlikely, since the 
presence of echinostome sporocysts and rediae within the 
heart in early development does not interfere with other 
trematode larvae within the same snail, and it is only 
after liberation of these stages from the heart that the 
rapid disappearance of the susceptible larvae occurs. 
Investigations are now in progress to determine whether 
retardation in development of the echinostome is part of 
the antagonistic process. It is almost always the case 
that the first infection is gone by the time that the 
- eghinostome cercariae are shed, but occasionally cercariae 
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of both types are discharged together. Thus, occasional _ 
reports of echinostome and other cercariae shed by the ~ 
same snail- do not: necessarily indicate absence of an- 
tagonism in those cases. | 
This work was supperted by the University of California | 
International Center “or Medical Research and Training | 
(Hooper Foundation, San Francisco Schoo! of Medicine) 
with research grant &M 11329 from the Office of Inter- - 
national Research, National Institutes of Health, U.S. 
Public Health Service. — 
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Cellular Modifications in the Rabbit’s Visual 
System after Urilateral Ocular Enucleation 


Tux repercussions of the absence or decrease of impulses 
on certain nervous centres, after destruction of receptor 
organs, have been frecuently investigated, and in particu- 
lar those on the visual system. Morphological modifica- 
tions on the cortical projection-area have been reported? * 
but do not seem to ws very convincing. Our aim was to 
see if the cytophotormetric estimation of the deoxyribo- 
nucleic acid content e” the cellular nuclei would give some 
indication. In fact, is has been noted that small variations 
in the mean DNA content of the nuclei, particularly in 
endocrine glands, may show, under certain conditions, & 
direct correlation with the state of activity of an organ’. 

The right eye was removed in a series of three-month- 
old rabbits. The animals and their controls were decapi- 
tated simultaneously 3-4 months after intervention. The 
brains which were tc be compared were fixed in alcohol/ 
formalin/acetic acid @0/15/5), dehydrated, embedded and 
stained by the Feulgen reaction, constantly under rigor- 
ously synchronous and identical conditions. Two experi- 
mental series were carried out in this manner: the first 
group included 3 experimental animals and 3 controls; 
the second, 5 experimental animals and 6 controls. The 
comparison of the results obtained was confined to the 
respective group (Hr and Et) 

In each of the 10u-thiek sections, the DNA content of 
the nucleus was determined by means of Lison’s apparatus 
and method‘. The extinction coefficient multiplied by the 
projection area gives: in arbitrary units, the relative value 
of the DNA content of the nucleus. Fifty measures 
were effected in each appropriate region of the brain, 
namely, the lateral geniculate body, the visual cortex and 
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cortical regions, the measures were restricted to the 
granular layers.) In order to exclude individual variations, 
the pooled measures obtained in one region of the whole of 
a group of experimented animals were compared with 
those of the same region of the whole of controls of the 
same group’. 
Table 1 summarizes the results of the measurements 
and the statistical computations. 
We observed in the two series of experiments that, after 
enucleation of the right eye, the relative mean DNA 
content, measured by the histophotometric technique of 
Lison, increased in a range of 20-30 per cent in both lateral 
geniculate bodies as well as in both cortical projection 
areas. ‘The variation remained highly significant (P < 
9-001). On the other hand, the unilateral eye extirpation 
did not influence the DNA content of the temporal cortex, 
selected as control region outside the optic system. The 
variations (in opposite directions) were always less than 
the experimental error and were not significant (03 < P< 
0-4; 0-02 < P < 005). 
Hence, we may conclude that after unilateral ocular 
enucleation, the lateral geniculate bodies and the visual 
projection areas show bilaterally nuclear modifications. 
Since the rabbit’s chiasm, although largely crossed, also 
contains on both sides, ipsilateral fibres, it is possible to 
ascertain that the enucleation reduces the amount of 
visual impulses in the regions examined. 
The effect of this decrease of impulses results in an im- 
portant increase of the measurements obtained with 
Lison’s histophotometer. In view of the fact that in the 
neurones the distribution of DNA, stained by the Feulgen 
reaction, is non-homogeneous, and that the stained sub- 
stance is largely limited to the nucleolus associated chrom- 
atin, it remains difficult to assert that there has really been 
an increase of the DNA content of the nucleus. Never- 
theless, the variations are important, and, whatever the 
reason, they correspond to the variations found in other 
organs at the time of increasing metabolic activity of the 
cells*, Under these conditions, one could put forward the 
hypothesis that the visual centres of the rabbit show a 
higher cellular (anabolic) activity when less retinal 
impulses are reaching them. Consequently the latter 
would produce an inhibitory action on the autonomous 
activity of the centres. If this were the case, these results 
would not be without correlation either with the increase 
in the acetylcholine content of the cortex during the 
decreaso of nervous activity’, or with the increase of the 
response amplitude of the cortical visual area of the cat, 
after retinal deafferentiation’. 
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Delayed Germination and Flowering in 
Cucumbers 


THE speed of germination and time of flowering are 
important characteristics in plant adaptation. In this 
communication we discuss some data bearing on the 
mechanism which controls these characteristics in 
cucumbers, Cucumis sativus L. 

Many cucumber cultivars are non-dormant in respect 
to germination and day-neutral in respect to flowering. 
A good representative of these cultivars is our inbred strain 
of ‘Marketer’. A cultivar from Baroda, Bombay State, 






the temporal cortex—the last serving as control. (In the India, ‘P.I. 212896’, 
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exhibits dormancy and requires short days for normal 
flowering. Although freshly gathered seed of ‘Baroda’ is 
dormant this dormancy is diminished in time until a 
completely non-dormant state is reached in 6-12 months 
under uncontrolled laboratory conditions in New Bruns- 
wick, New Jersey. Similarly, in long days (16 h photo- 
period), ‘Baroda’ does not begin to bloom early in plant 
development, but with the passing of time it becomes 
reproductive. In long days ‘Marketer’ begins to bloom 
at the 4-leaf stage, and ‘Baroda’ at the 20-leaf stage. 
‘Baroda’ was self-reproduced for three generations and 
was found to be true-breeding for both characters. 

The following procedure was used in all our germination 
tests. Freshly-gathered seed was extracted from 50- 
day-old pollinated fruits, air-dried for two days and 
stored in a desiccator over caleium chloride for one 
week at 20° C (5-2 per cent moisture in seed). The seed 
was then treated in various ways and tested for germina- 
tion. The standard test was based on the percentage of 
normal sprouts obtained within three days at 30°+1° C 
in the germinator. 

Preliminary investigations showed that the dormancy 
of ‘Baroda’ is not affected by removal of seed coats, red 
and far-red light, oxidizing agents, or gibberellie acid 
(A;}. Some ecological considerations suggested that 
dormancy might be controlled by relative humidity and 
temperature. This suggestion proved to be correct. The 
dormant state (0-2 per cent germinability) of ‘Baroda’ 
can be maintained for at least a year by storing the seed 
at 10 per cent relative humidity and 20° C and the non- 
dormant state (more than 90 per cent germinability) can 
be reached during six days of seed storage at 90 per cent 
relative humidity and 50° C. At 90 per cent relative 
humidity the rate of seed transformation from dormant 
to non-dormant state inereases with temperature (Qj, is 
2-3 from 20° to 50° C), and once a non-dormant state is 
reached the rate of seed deterioration also increases with 
temperature (Fig. 1). Seed transformation to a non- 
dormant state and seed deterioration may be due to two 
sequential processes. Alternatively seed deterioration 
may be merely a continuation of the process which 
leads to a non-dormant state. 

Under storage conditions of 90 per cent, relative humi- 
dity and 50° C the seed of ‘Marketer’ is dead on the 7th 
day and that of ‘Baroda’ on the llth day. The vitality 
of ‘Baroda’ seeds is not impaired by placing them on 
moist blotters in Petri dishes at 30° C for more than 
5 months. These results suggest that a cultivar such as 
‘Baroda’ has a selective advantage in tropical regions by 
being able to delay the onset of seed deterioration. It is 
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Fig. 1. Germination of ‘Baroda’ following seed storage at 90 per cent 

relative humidity and different temperatures. Each point on the curves 

for 40° and 50° € is based on 100 seeds (5 replications) and each point 
on the curves for 20° and 30° C is based on 30 seeds (3 replications) 


to be known here as ‘Baroda’, = 
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allelic genes, df for delayed flowering and Df for rapid- 

flowering. It is evicent from Table 1 that speed of 
germination and speed of flowering in long days are not 
completely independeat characteristics. This fact sug- 
gests either that locus Df is linked with a genetic material 
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— Pa J governing germinatiea or that gene Df interacts with 
2 Simo) F f other genes in the coxtrol of rapid germination. Should 
Š ; — we / further genetic analysis demonstrate that Df plays a 
2 : Fi y part in germination, 4 would be interesting to examine 
=. : x f the biochemical activ:ty of this gene as related to both 
a : TE f germination and flowering. 
Be . * f Three wild races ef cucumbers were obtained from 
3 : f India: ‘P.I. 214050, Shethalli’, Coorg State; ‘P.I. 214155, 
7i — Virarajendrapet’, Coerg; and ‘P.I 183967’, Burma- 
: a Indian region. Like ‘Baroda’ these races were found 
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' 9.12 24 a6 
Days in germinator at 30° C 


Inheritance of speed of germination, P, inbred ‘Marketer’; 
Pa inbred ‘Baroda’; BC,, Py x Fy 


conceivable that growers in tropical India are not troubled 
‘by, or even aware of, the existence of seed dormancy in 


_ Baroda’ and similar cultivars. as 
Seed dormancy can be broken by different means’’, 
~~ but we are not aware of another reported case in which 


dormancy is overcome by high relative humidity and 
high temperature, conditions which usually accelerate 


‘geed deterioration. 


The comparative speed of germination of the parents, 
Fl, F2 and BC1 is shown in Fig. 2. The difference 
between the reciprocal crosses may be due to the presence 
of a germination inhibitor? in the fruit juice of ‘Baroda’. 
It is not possible to determine with certainty the mode 
of inheritance of speed of germination from the available 
information. However, the data suggest that relatively 
few genes are involved, perhaps three. This suggestion is 


‘based on the following reasoning. The F1 seed of “Mar- 


keter’ (P11) x ‘Baroda’ (P2) reached 100 per cent germina- 
tion after ten days in the germinator. At that time 
about 41 per cent of the F2 and about 10 per cent of the 
BC) have sprouted (Fig. 2). On the basis of three inter- 


acting dominant genes for rapid germination the expected 
percentage in the F2 is 42-2, and in the BC1 12-5. 

Breeding data from erosses between ‘Marketer’ and 
‘Baroda’ proved that the differential flowering behaviour 







of these varieties in long days is controlled by a pair of 


able 1. RELANIONSHIP BETWEEN SPEED OF GERMINATION AND SPEED 


OF FLOWERING IN LONG DAYS IN — "MARKETER, DIDI x ‘BARODA’, 


No. of seed germinated 
and developed into 
Df plants «df plants x 
F2(3 21) 


Days in 
germainator * 


—— 


198 27.731 
407 65 31-744 
199 26 21-697 
103 38 O29N8 
206 54 2-4SNS8 
62 15 1:25NS8 
100 31 0-12N5 
100 55 mogt 
21 30 31-12¢ 
36 58 6313+ 
25 24 1836+ 
7 10 10-37 + 
28 37 34°33 7 
1.492 464 1} 7INS 
BELG: I)] 
108 8 9-09 * 
140 88 118671 
120 75 10°38 + 
106 112 -68NS 
19 55 17:514 
19 48 1255F 
8 41 22-224 
26 35 133x8 
9 11 ZONES 
549 583 OANE 


nd BC1 ‘Baroda’ x F1)seed was placed in a germinator at 30° C. 
counted at 3-day Intervals and planted in long days. 
nt at 1 per cent probability level. Ns, not significant. 


to exhibit both delayed germination and delayed 
flowering. l 

India is probably the primary centre of origin and 
evolution of cucumbers’. Our results lead us to conclude 
that the wide range of adaptation of the world cultivars, 
under domestication, was brought about in part by 
dominant gene mutations which accelerate the speed of 
germination and the speed of flowering in long days. 
The wild recessive genes are associated with a more 
specialized type of adaptation. It is possible that several 
cultivars in tropical India carry the wild recessive genes, 
particularly in hot amid areas. Such cultivars might 
be useful in breeding for resistance to seed deterioration 
in other tropical regiens of the world. 

We thank Profs. E. E. Clark and C. A. Price for their 
advice and Mr. Mark W. Johnson for the use of his 
laboratory during the early stage of this investigation. 
The seed of the ‘P.I? accessions was obtained from the 
New Crops Research Branch, U.S. Department of Agri- 
culture, Beltsville, Maryland, through the courtesy of 
Dr. D. D. Dolan, MY. State Agricultural Experiment 
Station, Geneva, New York, and Dr. T. W. Whitaker, 
U.S. Department of Agriculture, La J olia, California. 
This work was supperted by the U.S. National Science 
Foundation (G21839). 
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ANATOMY 


Microcirculation of the Tracheobronchial Tree 


Ir was noted during injection studies of the vasa 
vasorum of the pulmenary artery that the tracheal mucosa 
possesses an interesting vascular pattern. Further studies 
were made by injecting indian ink, with or without 
gelatin, into the arteries or veins of the trachea after 
washing out the bloce. with saline. Physiological pressures 
were used and appropriate vessels were ligated to prevent 
leakage into the gereral circulation. 
the trachea and main. bronchi were prepared after dehydra- 
tion and clearing. The tracheobronchial microcirculation 
of man, rhesus monkey, dog, cat, rabbit, guinea-pig and 
rat were compared. 

Species differences are evident. The most striking is 
the presence of large nterconnected venous sinuses in the 
mucosa, of the rabiat’s tracheo-bronchial tree. Sobin 
et al.) made this observation in 1963 and studied the 
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h er The mucosa of the anterior half of the rabbit trachea. The fine 
thelial network and the venules draining into the sinuses can be 
seen. \There is an artery in each of the intercartilaginous spaces 





Fig. 2. Mucosa of the anterior half of the dog trachea. There is an 

absence of sinuses, but the masses of ie present in the tracheal 

glands are very evident. The magnification is the same as in Fig. 1; the 
line is equivalent to a length of 0-05 cm 


pattern in the dog, cat, rabbit and guinea-pig. No explana- 
tion was offered for the distribution of the microcirculation 
in each animal, or for the species differences. 

The sinuses of the rabbit trachea had previously been 
described as lymphatic channels by Winternitz et al.?. 
That they are venous spaces was demonstrated by Seegal 
and Seegal?. 

The fact that the microcirculation of the trachea and 
main bronchi, and presumably of the smaller bronchi, is 
mainly distributed between two structures—the luminal 
surface of the mucosa itself, and the contained glands— 
appears to have been overlooked. Furthermore, there 
appears to be an inverse relationship between the 
amount of glandular tissue and the size of the venous 
sinuses, 

The tracheal glands have a characteristic capillary net- 
work which indicates their position in cleared specimens. 
This has been confirmed by histological sections. They 
occur mainly in the intercartilaginous zones in the deeper 
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aspect of the mucosa, but they do encroach on to the 
luminal surface of the tracheal rings. The glands are also 
on the posterior wall of the trachea and main bronchi, 
internal to the trachealis and corresponding bronchial 
muscle. Those of the rat, dog, rhesus monkey and 
man occur in circumscribed masses, whereas the cat 
is unusual in having a broad continuous band of glandular 
material in the intercartilaginous spaces. The rabbit 
was found to have only a few small tracheal glands, and 
the guinea-pig has more than the rabbit, but is sparsely 
endowed when compared with the other animals ex- 
amined. 

Goco et al.‘ have made a study of the species differences 
in the glands of the tracheobronchial tree. The present 
work confirms their findings in man, monkey and guinea- 
pig; but we found more glands in the dog and rat. 
Unfortunately they did not include the rabbit or cat in 
their series, and the pig and sheep have not yet been 
investigated in this work. 

The large sinuses of the rabbit were shown to be present 
in the animal body, albeit dead, by staining the contained 
red blood corpuscles with the benzidine technique. This 
indicates that the sinuses are not an artefact produced 
by over-distension with injection medium. They are fed 
by venules draining radially outward from the superficial 
capillary network of the mucosa. The sinuses in turn 
drain into collecting veins which run circumferentially, 
with the arteries, in the intercartilaginous spaces to pierce 
the tracheal wall on its lateral aspect. The sinuses at 
the ends of the cartilaginous rings drain into a longitudin- 
ally orientated network of veins on the posterior wall of 
the trachea. There is no indication of any communication 
between the arterial system and the sinuses, other than 
by way of the capillary network below the ciliated epithel- 
ium. 

The guinea-pig has an extensive system of veins in 
arcades between the collecting veins of the intercartilag- 
inous spaces. The venous pattern is more extensive than 
would be expected for an animal of this size, although 
not as marked as the sinuses of the rabbit trachea. 

The other animals examined had a well-balanced system 
of arteries, capillaries and veins. The capillaries in the 
tracheal glands of these species are very much in evidence. 
The rat, however, has a relatively simple vascular pattern 
which may be associated with the small size of the tracheal 
cartilages. 

The trachea of the dog has been shown to humidify 
inspired air and to warm it almost to body temperature 
from temperatures as low as — 30° C5, This function may 
be of importance during mouth breathing and the large 
tidal volumes of exercise. The regulation of body tempera- 
ture by the mucous membrane of the respiratory tract 
must also be considered’. 

The species differenco may be related to the humidity 
of the natural habitat. If the inspired air is dry the most 
efficient method of humidification and heating is by the 
production of water vapour. The water is secreted by 
specialized glands and evaporated on the tracheal epi- 
thelium warmed by its profuse sub-epithelial capillary 
network. If the inspired air is already very humid, a large 
proportion of the heating of the tracheal air will depend 
on convection and radiation—a possible explanation of 
the large venous sinuses and sparse glands of the rabbit's 
tracheobronchial tree. 
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Growth of Mosquito Tissues in vitro 


Srxce the pioneer work of Trager’, who showed that 
surviving mosquito tissues support the proliferation of 
western equine encephalitis virus, no significant progress 
has been made in this field. In a recent paper the cultiva- 
tion of the imaginal disks of fourth-instar Aédes aegypti 
larvae was reported. The outgrowth obtained was limited 
in size and mitotic figures were not shown, but the culture 
supported the proliferation of the West Nile virus during 
a 25-day test period?. In the present paper further progress 
in the culture of mosquito tissue in vitro, including mitosis, 
is reported. 

Trager’s insect tissue culture medium* was used, but its 
salt composition was modified according to Hayes* (less 
potassium and more sodium). This medium was enriched 
with 20 per cent calf serum and 1 per cent chick embryo 
extract. Tissues for cultures were obtained from whole 
. newly hatched Aédes aegypti larvae. Mosquito eggs were 
surface-sterilized by immersion for 20 min in White's 
solution, washed three times and allowed to hatch in 
sterile water in a test tube. 

After the dark egg shells settled to the bottom of the 
tube, the larvae were transferred to a centrifuge tube 
modified for this purpose. The top half of a 15-ml. ‘Pyrex’ 
centrifuge tube was cut off and a side-arm was attached 
near the bottom of the lower half. An extra coarse sintered 
glass disk walled off the side-arm from the interior of the 
tube. The water in which the larvae were suspended was 
removed through the side-arm by a suction pump. 

In this way the larvae were concentrated at the bottom 
of the tube, a prerequisite for cutting them with sharp 
fine-pointed scissors. Before cutting, the larvae were 
washed several times with tissue culture medium. After 





Fig. 1. 


Three-(top) and four-month-old cultures grown in Leighton 


tubes. ( x 75) 
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Fig. 2. 


Mitotic figures in #ve-month-old cultures grown in Leighton 


~ubes. (= 750) 


the larvae were cut inte small pieces, the tissue fragments 
were transferred to a 24-ml. Erlenmeyer flask, and placed 
on a mechanical shaker for 25-30 min. At the end of this 
time the contents of the flask was placed in a centrifuge 
tube, the coarse particies were allowed to settle and the 
supernatant was withGrawn. The coarse particles were 
washed twice in mediam, then seeded by means of a 
curved capillary pipetts into Leighton tubes coated with 
unclotted plasma, or cultured in hanging drops. The 
supernatant was centrifaged and the sediment resuspended 
and transferred into Leghton tubes. 

Medium was initially added in a quantity just sufficient 
to cover the tissue fregments, and after the formation 
of the clot 0-6 ml. of medium was added to each tube. 
The cultures were incubated at 28° C and observed daily 
under a light microscope. Under these culture conditions 
the tissues were seen to pulsate for prolonged periods, but 
the first appearance of cells outside the explant was ob- 
served after 8-10 days. The number of cells then slowly 
increased and sometimes extensive growth was obtained. 
It was noted that in some tubes, after the cells around 
one explant degenerased, new cells appeared around 
another explant, so that growth in the same tube could be 
maintained for prolonged periods. Fig. 1 shows cultures 
three and four months after they had been prepared. 
Fig. 2 is of Giemsa-staimed preparations, showing mitotic 
figures in a culture five months after its preparation. In 
an attempt to accelerate and improve the growth, extracts 
of mosquito eggs, larvae of various instars, pupae and 
adult mosquitoes were incorporated into the medium, 
but they did not have any apparent beneficial effect on 
the culture. The culturas medium was changed once every 
10 days, but since the complete removal of the medium 
had a harmful effect only half of the medium was substi- 
tuted every time. 

Although these resulss are as yet only preliminary, the 
extent of growth and the fact that mitosis was demon- 
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strated mark a step forward in the culture of mosquito 
tissues in vitro. I thank Dr. W. Trager of the Rockefeller 
Institute for his advice, and Mrs. Ch. Horak for her help. 
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Inability of Metabolizable Oils to Mimic 
Corpus Allatum Hormone Stimulation of 
Ovarian Development in Mosquitoes 


THERE has been considerable experimental evidence 
that the juvenile hormone, secreted by the corpus allatum, 
is responsible for the maintenance of the larval condition 
in immature insects and the initiation of ovarian develop- 
ment in the adult?-*, 

Recently, Larsen and Bodenstein? were able to show 
that a crude oil extract of cockroaches prepared after the 
method of Williamst induced ovarian development in 
anautogenous mosquitoes. Most of these extracts proved 
to be exceedingly toxic. Some of the mosquitoes died a 
few hours after injection, while others lived for several 
days. The extract initiated ovarian development in non- 
blood fed anautogenous Aédes aegypti and Culex pipiens. 
Because of the toxicity of the preparation only a few 
insects survived to show this effect, but the experiments 
demonstrated that the activating principle is not species 
specific. The ovarian development of anautogenous 
mosquitoes provides a sensitive and simple method for 
the bioassay of the juvenile hormone. 

These experiments of Larsen and Bodenstein! have 
recently been criticized by Gilbert and Schneiderman®:*. 
The major criticisms were that ‘no evidence was offered to 
show that the extract prevented the larval tissue of any 
insect from assuming its adult aspect”, and they also 
suggested that there was no hormone effect present in the 
extract at all but that ovarian development in the mos- 
quito was induced by some nutritive factor in the oil. 
Gilbert’, quoting unpublished data of Harman and 
Schneiderman, claims that “The possible nutritive role 
of the insect oil itself cannot be excluded. Indeed, 
injections of any metabolizable oil like peanut oil or insect 
oil will stimulate the ovarian development of pseudo- 
allitectomized milkweed bugs”. Yoeli and Mer’ claim that 
the lipid-rich stroma of red blood cells contains some 
constituent necessary for the development of eggs in 
Anopheles. Gilbert and Schneiderman’ infer that the 
experiments of Yoeli and Mer are further proof that 
ovarian development in the mosquitoes was a result of 
oil nutrition rather than a hormone. 

_ Experiments have now been completed which show 
_ there is no gonadotrophic factor in peanut oil or hormone- 
free insect oil. Refined peanut oil U.S.P. (Magnus, 
». Mobee and Reynard) was injected into 85 female mos- 

quitoes {Table 1). The mortality was probably due to 
injection-trauma rather than any toxic effect of the pea- 
nut oil. After six days all the females were killed and 
none of them showed any ovarian development beyond 
the 24-48 h dispause stage of all unfed female mosquitoes. 
When the mosquitoes were killed the drop of peanut oil 
was observed intact in the haemocoele and had no apparent 
effect on any of the mosquito tissues. 

There remained. the possibility that a hormone-free 
cockroach extract. oil might be more nutritious than pea- 
nut oil and thus be capable of inducing ovarian develop- 
ment. To eliminate any possibility of a nutritious oil 
inducing ovarian development a hormone-free cockroach 
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extract oil was prepared after the manner of Williams‘, k 


as Larsen and Bodenstein? prepared their extract in pre- 
vious experiments. Adult cockroaches less than 12 h 
after moulting and before the tanning of the cuticle were 
used to prepare this extract. This stage in the cockroach 
life-cycle was chosen to prepare a hormone-free extract 


based on the work of Bodenstein and Sprague‘ in which ~ 


they were able to show that shortly before metamorphosis 


and up to 12 h after the last moult there is little or no : 


allatum hormone present in the organism. If any allatum 
hormone is present at this time it must be in very small 
amounts because the colleterial gland assay of Bodenstein 
and Sprague? in newly metamorphosed adults was essen- 
tially negative. 

The cockroach extract oil was injected into 55 adult 
female mosquitoes at least 24 h after emergence. As can 
be seen in Table 1, none of the mosquitoes showed any 
ovarian development at the end of six days. There was a 
fairly high mortality, which coincides with earlier work? 
in which we pointed out that the crude cockroach extract 
was toxic, and only a few mosquitoes survived. 


Table 1. Aédes aegypti INJECTED WitH PEANUT OIL AXD HORMONE-FREE 
COCKROACH EXTRACT OIL FROM NEWLY METAMORPHOSED COCKROACHES, 
Peripianeta americana 


(The cockroach oil extract was made from animals within 12 h of the last 
moult before the cuticle had tanned or hardened) 


No. mosquitoes 
No. mos- No. moſ- 3 showing ovarian 
quitoes guitoes mortality development 6 days 
injected survived after injection 
Peanut oil 85 74 13 Q 
Cockroach extract oll 55 43 22 0 


Gilbert and Schneiderman'.* referred to the work of 
Yoeli and Mer in attempting to substantiate their conten- 
tion that ‘some metabolizable oil” was responsible for 
ovarian development. Blood is a good nutritional sub- 
strate for the formation of yolk material; but by a series 
of ligation, decapitation, extirpation and implantation 
experiments it was shown.’ that egg development in 
mosquitoes is under hormonal control. The triggering 
mechanism for the initiation of ovarian development 
appears to be gut distension. Day! showed that when 
washed erythrocytes were fed to mosquitoes, being 
particulate in nature, they did not enter the diverticula 
but went to the mid-gut where they could form a coagulum 
and initiate ovarian development. The same is true in the 
experiments of Yoeli and Mer’. Hormone secretion 
necessary for ovarian development in mosquitoes is 
triggered, probably by gut distension, but the number of 
eggs developed is undoubtedly related to the amount of 
nutrient available in the mid-gut. Ovarian development 
in mosquitoes will not be initiated by injeetions into the 


haemocoele of whole blood, peanut oil, or cockroach > 


extract oil which is free of hormone. 

There is adequate experimental evidence that allatum 
hormone is present and is actively secreted in coek- 
roaches®:11, 

This work was supported by U.S. Public Health Service 
grant 1~-T1-GM-~1076, | 
| Josern R. LARSEN 

Department of Entomology, 

University of Ilinois, 
Urbana. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 
Monday, April 26 


INSTITUTE OF ACTUARIES (at Staple Inn Hall, High Holborn, London, 
W.C.1). at 5 p.m.—Mr. R. E. Hayward and Mr. B. C. Lucena: “An Investiga- 
tion into the Mortality of Diabetes”. 


BRITISH SOOTY FOR THE PHILOSOPHY OF Sorenor (in the Joint Staff 
Common Room, University College, Gower Street, London, W.C.1), at 5.30 
p.m.—Dr. H. Post: “The General Correspondence Principle”. 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, W.C.2), at 6.30 p.m.—Mr. P, Rainger and Mr. B, Rout: 
“Standards and Converters”. 


INSTITUTION OF ELECTRICAL ENGINEERS, NUCLEAR ENERGY GROUP (at 
1 Birdcage Walk, Westminster, London, §.W.1), at 6 p m.—Discussion on 
“Boiler Design and Materials for Gas-Cooled Nuclear Reactors”. 


PLASTICS INSTITUTE, LONDON SECTION ENGINBERING SUB-GROUP (at the 
Wellcome Building, Easton Road, London, N.W.1), at 6.80 p.m.—-Annual 
General Meeting, i 


PLASTICS INSTITUTE, LONDON SECTION REINFORCED PLASTICS SUB-GROUP 
(at the Eccleston Hotel, London, S.W.1), at 7.80 p.m— "Laminate and 
Silicones for the Electrical Industry”, 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, 8.W.7), 
at 8.15 p.m.— Prof. Owen Lattimore: “Return to Mongolia”. 


Tuesday, April 27 


INSTITUTION OF ELECTRICAL ENGINEERS, SCIENOE AND GENERAL DIVISION 
(at Savoy Place, London, W.O 2), at 6.30 p.m.—Prof, H. E. M. Barlow, F.R S.: 
‘A Travelling Field Theory of Induction-Type Instruments and Motors”. 


INSTITUTION OF MECHANICAL ENGINEERS, INDUSTRIAL ADMINISTRATION 
AND ENGINEERING PRODUCTION GROUP (at 1 Birdcage Walk, Westminster, 
London, — at 6 p.m.— Discussion on “Trends in the Use of Plastics in 
Engineering”. 


Wednesday, April 28 


GEOLOGICAL SOCIETY OF LONDON (at Burlington House, Piccadilly, London, 
W.1), at 8 p.m,-—-Annual General Meeting. 


ROYAL STATISTICAL Soormry (at the London School of Hygiene and 
Tropical Medicine, Keppel Street, Gower Street, London, W.0,.1), at 5.15 p.m. 
—Mr. V. D. Barnett and Mr. H. F. ‘Ross: “Statistical Properties of Computer 
Acceptance Tests”. 


INSTITUTION OF ELECTRICAL ENGINEERS, POWER DIVISION (at Savoy 
Place, London, W.C.2), at 5.30 p.m.—Discussion on “Live Maintenance 
Methods” opened by Mr. W. R. Kennion and Mr. L. Locker. 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, ELECTRO-ACOUSTIOS 
GROUP (at 9 Bedford Square, London, W.C.1), at 6 p.m.—Mr. D. E. O'N. 
Waddington: “Synchronously Tuned Methods of Harmonic and Inter- 
modulation Distortion Analysis". 


INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdcage Walk, West- 
minster, London, S.W.1), at 6 p.m.—Annual Meeting. 


PHARMACEUTIOAL SOOIETY OF GREAT BRITAIN (at 17 Bloomsbury Square, 
Pondan, W.0.1), at 6 p.m—Dr. J, C. Chariton: “Radioactive Pharmaceu- 


ROYAL Soorery oF ARTS (at John Adam Street, Adelphi, London, W.C.2) 
at s p.m.-—Sir William P. Hildred, O.B., 0.B.E.: “From Subsonic to Super? 
sonic”, 


INSTITUTE OF INFORMATION SCTENTISTS (at Bayley’s Hotel, 140 Gloucester 
Road, London, §.W.7), at 6.15 p.m—Mr. Christopher Bradshaw, Mr. G. 
Harry McLaughlin and Mr. A. Gordon Foster: “Some Ergonomic Problems in 
the Dissemination of Information”. 


Thursday, April 29 


INSTITUTION OF MECHANICAL ENGINEERS, APPLIED MECHANICS GROUP (at 
1 Birdeage Walik, Westminster, London, S.W.1), af 9 30 2.m.—~All-day 
Discussion on “Vibrations in the Blades of Turbo-Machinery”. 


ROYAL Socrety (at Burlington House, Piccadilly, London, W. 1), at 4.30 
— J. T. Davies and Mr. R. W. Vose: "Oil on Troubled Waters”; 
see . F. Hutton: “The Fracture of Liquids in Shear: The Effect of Size and 

pe”, 


INSTITUTION OF CIVIL ENGINEERS, HYDROLOGICAL GROUP (at Great 
George Street, Westminster, London, S.W.1), at 530 p.m.-~Informal Dis- 
cussion on “The Application of Hydrology in the Control of Rivers”, intro- 
duced by Mr. H. C. Bowen. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, W.C.8), 
at 5.30 p.m.— Prof. O. R. Frisch, O.B E., F.RS.: “The Particles of Modern 
Physics” (Fifty-sixth Kelvin Lecture). 


SOCIETY OF CHEMICAL INDUSTRY, ROAD AND BULDING MATERIALS Group 
(at 14 Belgrave Square, London, 8.W.1), at 6 p.m.—Thirty-first Annual 
General Meeting. 


INSTITUTION OF MECHANICAL ENGINEERS, GRADUATES’ AND STUDENTS’ 
Srorron (at 1 Birdcage Walk, Westminster, London, S.W.1), at 6.80 p.m — 
Mr. BR. Smith: ‘Process Control”. 


Friday, April 30 


INSTITUTION OF THE RUBBER INDUSTRY, LONDON SECTION (at the Institu- 
tion of Electrical Engineers, Savoy Place, London, Ne at 930 a.m.— 
Conference on “Process Engineering in the Rubber Manufacturing Industry”. 


INSTITUTION OF JILEOTRICAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, W.C.2), at 5.30 p.m.—Dr. N. E. Rider: “Equipment 
and the Results of Tests with the NIMBUS Meteorological Satellite’. 


INSTITUTION OF MECHANICAL ENGINEERS, AUTOMOBILE DIVISION (at 1 
Birdcage Walk, Westminster, London, 8.W.1), at 6 p.m.—Mr. A. Larborn: 
** Automation in an Engine Laboratory”. 

ROYAL INSTITUTION (at 21 Albemarle Street, London, W 1), at 9 p.m.— 
Prof. P. E. Polani: “The Sex Chromosomes of Man and Their Anomalies” 
(The Woodhull Lecture). 
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Monday, May 3 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, S.W.7), 
at 6 p.m.—‘“Qataban and Sheba” (colour film with commentary by Dr. 
Wendell Phillips). 


INSTITUTION OF ELEOTRICA:, ENGINEERS, LONDON GRADUATE AND STUDENT 
SECTION (at Savoy Place, Landon, W.C.2), at 6.80 p.m.—Annual General 
Meeting, followed by Dr. J. D. Vickery: “Some Aspects of Transistor Tape 
Recorder Design”. 


SOoInty OF CHEMICAL INDUSTRY, LONDON SECTION (at 14 Belgrave Square, 
London, 8.W.1), at 6.80 paa—Annual General Meeting. Mr. A. J. Gait: 
Chairman’s Address. 


APPOINTMENTS VACANT 


APPLIOATIONS are invitec Sor the following appointments on or before the 
dates mentioned: 

ASSISTANT LEOTURER (with a good honours degree in zoology and preferably 
with special interests in gene-ics) IN AOOLGGY—-The Registrar, King’s College 
(University of London), Strend, London, W.C.2 (April 28), 

Pens ASSISTANT IN SD01l0Loay—The Registrar, The University, Hull 

pr + 

ASSISTANT LECTURER IN JRGANIO CHEMISTRY; an ASSISTANT LECTURER 
IN INORGANIC CHEMISTRY; cnd a LECTURER or ASSISTANT LECTURER (pre- 
ferably interested in laser pt-ysics, Including non-linear effects) IN Paysics— 
The Se retary, Roya: Holloway College (University of London), Englefleld 
Green, Surrey (April 30). 

ASSISTANT LECTURER IN PHYSICAL OR ORGANIO CHEMISTRY— Fhe Sec- 
retary, ‘Royal Holloway Coilege (University of London), Englefield Green, 
Surrey (April 30). 

LECTURER or ASSISTANT LECTURER IN INORGANIC CHEMISTRY—The 
Registrar, The University, Eull (April 30). 

ASSISTANT LECTURER IN PSYOCHOLOGY-——The Secretary, University of 
Egeter, Northcote House, The Queen’s Drive, Exeter, Devonshire (May 3). 

LECTURER IN ELEOTRIOsal ENGINEERING; a LECTURER IN TEXTILE TEGH- 
NOLOGY; and a LECTURER IN MECHANICAL ENGINEBRING-~The Principal, 
ae Regional Colisze of Technology, Burton Street, Nottingham 


y . 

LECTURER or ASSISTANT LEOTURER (with qualifications and experienco to 
teach for honours degree cpurses in mathematics, statistics, and various 
technological subjects) IN WATHEMATICS or MATHEMATICS AND COMPUTATION 
oe (Ref. 92Y/%), Bradford Institute of Technology, Bradford 

ay 5). 

— IN ParTHoLoGy—The Registrar, The University, Sheffield 

ay 8). . 

LECTURER or ASSISTANT LECTURER IN PHYSIOLOGY—The Registrar, The 
University, Sheffield (May 8. 

LECTURER (with an honcurs degree in zoology and qualified to assist in 
teaching physiology, and to undertake research m one of the following fields: 
respiration, osmoregulation or excretion, with special reference to inverte- 
brate animals) IN ZOOLOGY at the University of Canterbury, Christchurch, 
New Zealand—The Association of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, 8.W.1 (New Zealand and 
London, May 10). 

LECTURERS and ASSISTANTS (qualified In the field of materials science, 
mechanics or control) IN MECHANICAL ENGINEERING—~—The Secretary of the 
University Court, The Umversity, Glasgow (May 10). 

ASSISTANT LECTURER or LECTURER IN THE DEPARTMENT OF PURE MATHE- 
MATICS AND MATHEMATICAL STATISTICS-—The Registrar, University College 
of South Wales and Monmrthshire, Cardiff (May 12). 

ASSISTANT LECTURER ar LECTURER IN MICROBIOLOGY OR BACTERIOLOGY 
IN THE DEPARTMENT OF Bectany-~—The Secretary, University College, Gower 
Street, London, W.C.1 (May 14). 

LECTURER and ASSISTANT LECTURERS (2) IN BIOLOGIOAL CHEMISTRY— 
The Registrar, The University, Manchester, 13, quoting Ref. 80/65 (May 14). 

ASSISTANT EXPERIMENTEL OFFICERS (male graduates) for the soil survey 
of England and Wales (onefor a chemical laboratory and one to assist in the 
field survey)---The Secrete-7, Rothamsted Experimental Station, Harpenden, 
Hertfordshire (May 15). 

ASSISTANT LECTURER Or. LECTURER IN PHYSIOAL CHEMISTRY—The Regis- 
trar, The University, Sheffield (May 15). 

BioonEmisy (with a Ph.D. degree in peated pene’ or chemistry and 
experience in modern mefhods of protein separation) for work on the puri- 
fication of proteins which :nfluence the behaviour of animal cells in vifro— 
Dr. C. A. Yernon, Depszzment of Chemistry, University College, Gower 
Street, London, W.0.1 (Mey 15), , 

CHAIR OF OLINICAL WZ2DICINE at the University of Singapore—The 
Secretary, Inter-University Council for Higher Education Overseas, 33 
Bedford Place, London, W.C.1 May 15). 

CHAIR OF EDUCATION, ond CHAIR OF PHYSICS at Fourah Bay College, The 
University College of Sierra Leone—The Secretary, Inter-University Council 
for Higher Education Overseas, 33 Bedford Place, London, W.C.1 (May 15). 

LECTURER/SENIOR LECTIRER IN HORTICULTURE IN THE DEPARTMENT OF 
AGRICULTURE, University of Sydney, Australia, to undertake teaching and 
research in fruit and vegetable production—-The Association of Common- 
wealth Universities (Braren Office), Marlborough House, Pall Mall, London, 
$.W.1 (Australia and London, May 15). 

LECTURER (with special interests in recent sediments) IN SEDIMENTARY 
PETROLOGY; an ASSISTANT. or LECTURER IN MINERALOGY; and an ASSISTANT 
LECTURER IN PALAEONTOLUIGY—The Registrar, University College of Wales, 
Aberystwyth (May 15). 

CHAIR OF INDUSTRIAL TINGINEERING—The Registrar, University College 
of Swansea, Singleton Par::, Swansea, South Wales (May 17). 

SENIOR LECTURER/LEC*URER IN THE DEPARTMENT OF RADIOLOGY, 
University of Ibadan, Nigerla—The Secretary, Senate Committee on Higher 
Education Overseas, Univarsity of London, Senate House, London, W.C 1 
(May 24). 

ASSOCIATE PROFESSOR IN PSYCHOLOGY (in the field of Abnormal and 
Clinical Psychology) at the University of Sydney, Australia-—The Association 
of Commonwealth Universities (Branch Office), Marlborough House, Pall 
Mall, London, 8.W.1 (Auszralia and London, May 28), 

AGRICULTURAL CHEMIST (national of the United Kingdom or the Republic 
of Ireland, with a degree :n agricultural chenustry with at least two years 
postgraduate training or experience in soil science) in Uganda, for research 
work on soil fertility proElems connected with tropleal rotations, manures 
and fertilizersa-—The Appotatments Officer, Room 301, Ministry of Overseas 
A eat Eland Hours, Stag Place, London, S W.1, quoting RC 213/ 
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ASSISTANT RESEARCH OFFIOnR (pleistocene geologist with a Ph.D. or 
equivalent, and able to conduct independent research in glacial geology and 
to apply some of the results to problems in related flelds)}—The Administra- 
tive Assistant to the Director, Research Council of Alberta, Edmonton, 
Alberta, Canada. 

GRADUATE TECHNICIAN, Basic Grade (preferably with experience In ecer- 
vical cytology) IN THE CYTOLOGY SECTION OF THE PATHOLOGY DEPARTMENT 
— Secretary, Christie Hospital and Holt Radium Institute, Manchester, 


MASTER to teach Biology throughout the schcol—The Headmaster, The 
King’s School, Canterbury, Kent. 

TUTORIAL RESEAROH STUDENT IN BoTaANy—The Secretary, Royal Hollo- 
way College (University of London), Englefield Green, Surrey. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 
Great Britain and Ireland 


Freshwater Biological Association. Scientific Publication No. 14: A Key 
to the British Freshwater Leeches, with Notes on their Ecology. By Dr. 
K. H. Mann. Second edition. Pp. 50+1 pliate. (Ambieside: Freshwater 
Biological Association, 1964.) 4s. [261 

Time eat Results in Storage Theory. By N. U. Prabhu. (Methuen’s 
Review Series in Applied Probability, Vol. 1. First published in 1964 in the 
Journal of Applied Probability. Pp. 48. (London: Methuen and Co., 
Ltd., 1965) 8s. 6d. net. 261 

The Zoological Soclety of London. Coelenterata. Compiled by Dr. H. 
Dighton Thomas. (The Zoological Record, Vol. 98, Section 4, 1961.) Pp. 35. 
12s. 6d.; 1.80 dollars. Vermes. Compiled by Stephen Prudhoe, Joy M. 
Harlock, R. W. Sims and J. O. Malcolm. (The Zoological Record, Vol. 99, 
Section 6, 1962.) Pp. 142. 30s.; 4.23 dollars. (London: The Zoological 
Society of London, 1964.) 261 

Aslib. Looking Forward {n Documentation: Papers and Discussion. 
(Aslib 38th Annual Conference, University of Exeter, 1964.) Pp. 122. 
{London: Aslib, 1965.) 188. 261 

Memoirs of the Royal Astronomical Society. Vol. 69, Part 1: Tables of 
Hydrogenic Photoionization Cross Sections and Recombination Coefficients. 
By A. Burgess. Pp. 20. (London: Royal Astronomical Society, 1964.) [261 

Mullard Limited. Mullard 95BF Deyaonmeni Type Metal-Oxide- 
Semiconductor Transistor. Pp. 47. (London: Mullard ted, 1964.) [261 

University of Cambridge: School of Agriculture. Memoir No. 36: A 
Summary of the Papers published by the Members of the Staff of the School 
of Agriculture and Its Associated Research Organizations during the period 
Oct. Ist, 19638~Sept. 30th, 1964. Review Series No, 19: Agricultural 
Economies at Cambridge, 1952-1964. Pp.30. (Cambridge: The University 
School of Agriculture, 1964.) 3s. : [261 

Intensive Livestock Husbandry: Evidence tendered to the Committee of 
Enquiry on behalf of The Universities Federation for Animal Welfare. 
iP. Ti (London: The Universities Federation for Animal erT 

Cement and Concrete Association, Model Testing (Proceedings of a 
One-Day Meeting held at the Royal Aeronautical Society, London, on 17 
oda 1964.) Pp. 58. (London: Cement and Concrete Association, a 

8. y 


1 

Insecta. Prepared by The Commonwealth Institute of Entomology. 
ha Zoological Record, Vol. 99, Section 18, 1668.) Pp. 440. (London: The 
oological Society of London, and The Commonwealth Institute of Entomo- 
logy, 1964.) 180s.; 18.50 dollars. [261 
English Electric Valve Company Limited. Abridged Valve Data—1965 
Pp. 46. (Cheimsford: English Electric Valve Company Limited, 1965.) [92 
The Bedfordshire Naturalist, No. 18, 1963. Pp. 34. (Bedford: Bedford- 
shire Natural History Society, 1064.) 5s. [92 
Ambassade de France, Service de Presse et d'Information. France: a 
Blueprint for 1985. Pp. 26. (London: Ambassade de France, Service de 
Presse ef d’Information. 1965.) 92 
Armour Hess Chenucals Limited. Techniteal Bulletin L-38: Polishes, 
Cleaners and Wax Emulsions—a New Look with Cationics. Pp.12. (Leeds: 
Armour Hess Chemicals Limited, 1965.) [92 
Agricultural Research Council. Animal Breeding Research Organization 
—Report, January 1965. Pp. 48. (Edinburgh: Agricultural Research 
Council, 1965. Obtainable from H.M. Stationery Office.) 68. 6d. [92 
Department of Scientific and Industria) Research. Forest Products 
Research Bulletin No, 47: Working Stresses for Structural Timbers (for 
Visually and Mechanically Graded Material). By J. G. Sunley. Second 
edition. Pp. vi+26. (London: H.M. Stationery Office, 1965.) 2s. 9d. 


net, [92 
Fifth Report. Pp. 102. (Sondon x 


The Wellcome Trust 1962-1964: 
The Wellcome Trust, 1965 

Annual Report of the National Oceanographical Council, 1 April 1963-31 
March 1964. Pp. 66+7 plates. (Cambridge: At the University Pree, 


1985.) 68, net. 

Agricultural Research Council. Index of Agricultural Research 1964. 
Pp. ix+i105 (London: Agricultural Research Council, 1965. Obtainable 
from H.M. Stationery Office.) 12s. 6d. net. [92 

International Nickel Limited. A Survey of Developments in Managing 
Ultra-High-Strength Nickel Alloy Steels. Pp. 16. (London: International 
Nickel Limited, 1966} 192 

Agricultural Research Council. Postgraduate Studentships and Fellow- 
hie Offered in 1965. Pp. 28. (London: Agricultural Research Gouan, 
Agricultural Research Counci. Experimenta] Farm Buildings, Report 
No. 3: Slatted Floors—An Investigation into the Use of Slatted Floors for 
Dalry Cows, Heifers and Fattening Cattle. By Dr, H. R. Livingston. Pp. 
16, (London. Agricultural Research Councll, 1965. Obtainable from H., M. 
Stationery Office) 2s. 6d. net, {$2 

British Association for Commercial and Industrial Education. Symposium 
on Liberal Studies. . 40. (London: British Association for Commercial 
and Industrial Education, 1964) 10s r92 

Ministry of Agriculture, Fisheries and Food. Agricultural Chemicals 


Approval Scheme (Insecricides, Fungicides and Herbicides), List of 
— Products 1965 for Farmers and Growers. Pp. 42. (Pinner, 
ddx.: Ministry of Agriculture, Fisheries and Food, 1965.) 2 


The Macaulay Institute for Soil Research. Collected Papers, Vol. 7, 
1961-1963, Edited by Alexa M. B. Geddes and Rosaleen Noble. Pp. 
24+papers 1-74. (Craigiebuckler, Aberdeen: The Macaulay Institute for 
Soil Research, 1964.) 92 

The Albright and Wilson Group: a Brief Account. Pp. 28. (London: 
Albright and Wilson, Ltd., 1965.) [92 
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Other Countries 


Indian Agricultural Research Institute, New Dehli. Calendar of the 
Post-Graduate School, 1964-65. Pp. ili+80. (New Delhi: Indian Agricul- 
tural Research Institute, 1964.) [271 

The Research Institute of Electrical Communication, Tohoku Untversity. 
RIEGO Technical Reports. TR~i: Spin Energy Levels for Paramagnetic 
Maser Matorials. 1: Or** In AlO, (Ruby). By H. Uchida, H. Inaba, 
S. Yoshikawa and N, Ueda. Pp. i+26. TR-2: Spin Energy Levels for 
Paramagnetic Maser Materials. 2: Crt? In TiO, uae By H. 
E. Inaba, 8. Yoshikawa, S, Hayasaka and N. Ueda, Pp.i+35. (Sendal, 
4 ont Institute of Electrical Communication, Tohokn Univer 

New Zealand Forest Service: Forest Research Institute. Forestry 
Research Notes, No. 86: Fungicidal Dusting of Pine Seed. By C. Bassett. 
Pp. 11. (Wellington: Government Printer, 1964.) Adee 

United States Naval Observatory. Circular No. 103: Observations of the 
Sun, Moon and Planets—Six-inch Transit Circle Results. By A. N. Adams 
and D. K. Scott. Pp. 63. Circular No. 104: Durchmusterung and Henry 
Draper Numbers of Albany General Catalog Stars. By Victoria Meiller. 
Pp. 140. (Washington, D.O.: U.S. Naval Observatory, 1964.) 271 

Science and the State. By H. Kabir. (Presidential Address, Combined 


5lst and 62nd Session of the Indian Science Congress.) Pp. 8. (Calcutta: 
Indian Selence Congress Association. 1964.) 271 
Institutt for Atomenergi, Kjeller Research Establishment. Kjeiler Report 


No. 80: Activation Analysis of Iodide in Biological Fluids. By J. B. Dalh, 
O. Johansen and BH. Steinnes. Pp. int+t4-+4 figures. (Kjeller, Norway: 
Institutt for Atomenergi, Kjeller Research Establishment, 1984.) [271 
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N an article in a recent issue of Minerva (3, No. 2, 149; 
Winter 1965) on “The President’s Science Advisers’, 
Dr. P. H. Abelson discusses the use which the Presidents 
of the United States have made of the services of a ‘Science 
Adviser’ since 1957. Dr. Abelson is concerned with the 
part which the Science Adviser and his staff have actually 
played, including his relation to the Office of Science and 
Technology created in March 1962, and more particularly 
he directs attention to some of the limitations of the 
system. Indeed, his negative approach makes his article 
the more pertinent to the appraisal of changes being made 
in Britain in the whole system of advice on scientific and 
technical factors in public policy. The weaknesses to 
which he points are weaknesses to be avoided in any 
system, whether or not they are inherent in a particular 


. structure associated, with the Presidential office. 


As Dr. Abelson points out at the start, the head, of a 
Government has a wide range of responsibilities but can 
work closely with only a limited number of persons and, 
is himself no expert in science and technology. Accord- 
ingly, it is not uncommon to maintain the post of Science 
Adviser and to use its incumbent as the primary source 
of counsel in scientific and technological matters. There 
are advantages as well as disadvantages in concentrating 
in one person the authority for making decisions, and 
Lord Snow has emphasized that this applies no less to 
the tendering of advice. By and large, Dr. Abelson fully 
supports Lord Snow in the emphatic warning he gave in 
his Godkin Lecture in 1960. 

Dr. Abelson goes so far as to maintain that the Science 
Adviser and his staff have failed to address themselves 
to many major problems which might be expected to fall 
within the Science Adviser’s responsibility. Instead he 
believes they have been occupied with many relatively 
trivial problems, and the consequent exclusion of such 
questions as whether in the United States the present 
allocations of money and manpower make sense has led 
to some discontent with the advisory system. Dr. Abelson, 
for example, believes that present policies of supporting 
research at times damage the national interest. 

This is not becauss the Science Adviser has insufficient 
power. Dr. Abelson believes that, in fact, the Science 
Adviser has ample powers even in financial matters, and 
that the Bureau of the Budget is inclined to listen to his 
counsel on scientific matters. Dr. Abelson is, however, 
critical of the arrangement which constitutes the Science 
Adviser not only as the President’s personal science 
adviser but also as chairman of the President’s Science 


Advisory Committee and of the Federal Council on Science’ 


and Technology, and, more especially, as director of tho 
Office of Science and Technology. It might be noted here 
that science and technology are much more closely asso- 
ciated in this system than in that established by Mr. 
Harold Wilson’s Government, ‘while the common. chair- 
manship of the Science Advisory Committee and of the 
Federal Council is parallel with Sir Henry Tizard’s chair- 
manship of the Advisory Council on Scientific Policy and 
of the Defence Research Policy aa under Mr. C. 


- Attlee’s Government. 
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Dr. Abelson regards the Office of Science and Tech- 
nology as a major element in this power structure available 
to the Science Adviser. As director of that Office, he is 
expected to advise and assist the President, as requested, 
on major policies, plans and programmes of science and 
technology of the various agencies of the Federal 
Government. He helps to assess selected scientific and 
technical developments and programmes in relation to 
their impact on national policies and in reviewing, inte- 
grating and co-ordinating major Federal activities in 
science and technology, with due regard to their effect on 
other resources and institutions. He plays a part in 
assuring good and close relations with the scientific and 
engineering communities so as to further their participa- 
tion in strengthening science and technology. More- 
over, the Science Adviser is consulted, among others, 
concerning an important scientific post which becomes 
vacant. 

The manner in which this structure functions depends 
largely on human factors—on the temperaments both of 
the President and of his Science Adviser, and the personal 
relations which exist between them. The long-term trend 
towards a larger role for science and technology in most 
aspects of civilized life is likely to increase the importance 
of the part played by the Science Adviser and those who 
occupy similar positions. Dr. Abelson’s observations here 
are confirmed by Mr. D. Cater’s comments in his book, 
Power in Washington *, and also by those of Prof. R. E. 
Neustadt in a slightly earlier book, Presidential Power. 
The main interest of both these books to the scientist 
lies in the light they throw on the manner in which 
scientific and technical factors are assessed in the Govern- 
ment of the United States to-day. 

Dr. Abelson points out that, besides his operating staff, 
the President’s Scientific Adviser is assisted by the 
President’s Science Advisory Comimittee, of which he is 
chairman. Through the eighteen distinguished scientists 
who constitute this Committee and the ad hoc panels used 
to deal with particular problems, the Science Adviser has 
at his disposal, if he wishes to use it, virtually the whole 
scientific capacity of the United States, and some 300 or 
more scientists and engineers have been called on to serve 
in this way. Nevertheless, Dr. Abelson has reservations 
as to the effectiveness of this system. It can be a valuable 
source of ideas and information, but it does not contribute 
to operating decisions or their implementation. There is 
an inherent danger of recommendations which are not 
fully responsible because the advisory groups have ’ 
limited knowledge of a situation and their members are 
stationed elsewhere. The Science Adviser must lean 
heavily on his full-time staff, for he can personally attend 
to only a fraction of! the problems and developments. 

Ibt is here that Dr. Abelson is particularly critical, 
especially in regard to the staff of the Office of Science 
and Technology. He is not satisfied that the qualifications 
or professional competence of that staff match their 
responsibilities and influence. In reality, he considers 


* — in Washington: a Critteal Look at Today's Struggle to Govern in the 
U.S.A. By Douglas Cater. Pp. x+275. (London: William Collins, Sons 
and Co., ihe 1965.) 80s. net. 
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that a major fraction of Government research policy is 
made and executed by a small group of men with little 
proved eminence or even competence in science, and he 
reiterates his impression that many of the unsatisfactory 
features of the Science Adviser’s conduct of his office in 
the past have arisen from attempting to deal with too 
many of the wrong kinds of problem. He urges that it 
would be far better to deal with a few supremely important 
tasks, such as those involving long-term planning, or 
transcending the competence or jurisdiction of any existing 
branch of Government and involving the ultimate estab- 
lishment of new agencies. 

It is here, however, and in the periodic review of major 
programmes, that the quality and calibre of staff are of 
vital importance. For such a review to be useful it must 
be conducted in depth, carefully and with due dignity, 
and with the best brains that the nation can recruit for 
such a task. Integration and co-ordination of scientific 
activity is another matter, and Dr. Abelson’s concluding 
words are clearly relevant to the problems facing Britain’s 
Ministers of Education and Science and of Technology. 
Apart from this, he does not believe that the task of 
Presidential Science Adviser can. be efficiently combined. 
with the direction of the Office of Science and Technology. 
Both are full-time occupations for first-class men, and he 
suggests that in addition there is needed a planning 
office headed by a man who can think and who can 
marshal the wisdom of the United States in attempting 
to give guidance for the future. 

This analysis of the structure of advice in the United 
States is full of implications for the reorganization of 
civil science in Britain, not least in this emphasis on the 
critical importance of the quality of staff. Unless we can 
attract scientific and technical staff of high professional 
competence, quite apart from administrative ability, no 
form of organization is likely to be fully effective. This 
is a matter not merely for those responsible for the 
recruitment, training and organization of the Scientific 
Civil Service and of the Administrative Class but equally 
so for the professional associations of scientists and tech- 
nologists. It goes much deeper than questions of transfer, 
of status and of remuneration. It involves some under- 
standing on the part of the scientist and technologist of 
the process of Government itself. 

As has already been noted, the main interest to the 
scientist of Mr. Cater’s Power in Washington and of Prof. 
Neustadt’s Presidential Power lies in the hght they throw 
on the conditions in which the scientific adviser has to 
operate in the structure of Government, and this is 
scarcely less interesting to the British reader in that both 
books are concerned with the widely different scene 
in Washington. They are curiously complementary, and, 
strangely enough, neither Mr. Cater nor Prof. Neustadt 
mentions the scientific adviser. Prof. Neustadt’s study 
of the politics of leadership which brings out the critical 
importance of the personal qualities of a President or, 
for that matter, a Prime Minister, does not extend beyond 
1959, and, while he shows very clearly the limits within 
which a President can exercise power, he shows no less 
clearly the limits within which an expert’s advice can be 
effectively tendered. 

Mr. Cater at times leans rather heavily on Prof. Neu- 
stadt’s earlier and perhaps more penetrating study; how- 
ever, it should be admitted that Mr. Cater’s critical look 
at the struggle to govern in the United States goes farther 
outside Washington. At times he presents what to the 
scientist can scarcely appear as other than a most de- 
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pressing and disheartening picture—a picture of a 
situation in which rival sections and mterests combine 
to prevent a really effective action based on the facts of 
a situation, in which it seems almost hopeless to achieve 
constructive solutions to many of the pressing scientific 
and technological problems involved in public policy 
to-day. Jt seems hard to discern anything on which a 
scientific policy could be founded, and in, his final chapter 
Mr. Cater seems just aware of the implications of the 
rapid pace of technological innovation. 

Neither Mr. Cater nor Prof. Neustadt offers any con- 
structive suggestions at this point. Mr. Cater recognizes 
that there must be a continuous effort to make power 
more responsive and responsible, and that at present 
there is too much evidence in American. institutions of 
the unresponsive and irresponsible exercise of power. It 
would be rash to assert that such evidence is not to be 
found in British institutions also, but if it is to be checked 
and, still more, to be avoided in future, there must be 
inereasing association in the task of Government of those 
with expert knowledge as well as administrative skill. 
Like Dr. Abelson, Mr. Cater and Prof. Neustadt point 
to the other qualities required, to the understanding of 
the political process and of the task of Government as 
well as to the qualities of character and leadership. In 
their several ways, they challenge the scientist and the 
technologist to associate himself with that task, to accept 
where required the responsibilities of advice, of adminis- 
tration and of leadership, and to equip himself with the 
necessary knowledge and understanding of the nature of 
politics and the task of Government. 
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MORE LIGHT ON LAVOISIER 


Supplement to a Bibliography of the Works of 
Antoine Laurent Lavoisier, 1743-1794 

By Denis I. Duveen. Pp. xiii 173+ 8 plates. (London: 

Dawsons of Pall Mall, 1965.) 168s. 


EN years have passed since Dems Duveen and 

Herbert Klickstein earned the gratitude of students 
of Lavoisier by their masterly personalized bibhography 
in which more than seven hundred of his published 
writings were listed and described and their contents 
analysed as to their origin, importance and significance. 
The editing by Dumas and Grimaux of the six large 
volumes, the Oeuvres de Lavoisier, was faulty in many 
respects and the practice of the French Academy of 
deferring for some years the publication of communica- 
tions added to the difficulty of tracing the exact sequence 
of events. Most of this uncertainty was removed by this 
bibliography which established the probable date and 
origin of each document. Meanwhile, Mr. Duveen has 
continued his search for fresh material and valuable 
contributions have been made in this field by Lucien 
Scheler, Henry Guerlac and William Smeaton, particu- 
larly in identifying Lavoisier’s contributions in minor 
journals both in early years and in the revolutionary 
period. So the time was ripe for a supplement to the 
Bibliography in which Mr. Duveen has displayed once 
more his encyclopaedic knowledge of Lavoisier’s writings 
and his scholarly judgment and accuracy. He has listed 
and described in the Supplement more than fifty publica- 
tions arranged under the same headings as in the Biblio- 
graphy and continuing the same consecutive numbering 
for easy reference. In addition he has listed with notes 
Lavoisier’s correspondence in the years 1763-75, which 
has been edited by René Fric and published in the first 
FO. eects of Volume 7 of the Oeuvres in 1955 and 
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During the past ten years new facts have come to light 
bearing on the text of the original notes in the Bibhography, 
due largely to Mr. Duveen’s own investigations. Instead 
of issuing a second edition, a chapter of the Supplement 
contains all these additions and alterations with references 
corresponding to the page and number of the document 
in the Bibliography. The Supplement also contains & 
useful select bibliography of books and papers dealing 
with Lavoisier’s hfe and work. The large number of 
papers published in recent years shows the present 
interest in this field. The Bibliography had no subject 
index and this omission has now been partly remedied 
by an index of selected topics in which the references are 
not to pages but to the serial numbers in the Bibliography 
and Supplement of the main publications dealing with each 
particular subject. This will certainly help to guide 
readers seeking for information about special aspects of 
Lavoisier’s work. The Supplement contains eight interest- 
ing illustrations of Lavoisier documents and of his country 
house at Fréchines. 

As the author says, “none of the newly discovered papers 
can be said to occupy high-spots among Lavoisier’s 
writings, but they complement and round off the picture 
of his many-faceted interests and activities’. His own 
additional notes are of special value in this respect, but 
the final appraisal of Lavoisier as an investigator must 
wait until the contents of his laboratory notebooks and 
his correspondence from 1775 onwards have been pub- 
lished. Lavoisier’s contribution to science was of immense 
importance. Single-handed, he revolutionized chemical 
theory, and his investigations of respiration and metabol- 
ism gave physiology a scientific basis. In addition there 
is his pioneer work in meteorology, geology, agriculture, 
education, statistics and finance. 

Could not some of the scholarly effort now being 
devoted to the minutiae of Lavoisier’s life and work be 
directed to the study and publication of his laboratory 
notebooks, which must prove a rich quarry of informa- 
tion? The few extracts published by Berthelot show how 
revealing they are. Mr. Duveen, by his Bibliography and 
the present Supplement, has done much to advance our 
knowledge to the point when little more can be done 
until these fresh sources are made available. 

HAROLD HARTLEY 


OPTICS IN TERMS OF OBSERVABLES 


Theory of Partial Coherence 

By Prof. Mark J. Beran and George B. Parrent, Jr. 
(Prentice-Hall International Series in Physics.) Pp. 
xiii +193. (Englewood Cliffs, N.J., and London: Prentice- 
Hall, Inc., 1964.) 72s, 


UBLISHED in 1959, Born and Wolf’s Principles of 

Optics contains an account of the theory of partial 
coherence which has constituted a fixed reference point 
for most subsequent work m this field. Since then the 
wide-ranging importance of the study of partial coherence 
has been increasingly realized: its links with information 
theory and with filter theory have been developed; it is 
being apphed to the propagation of radio and light waves 
through turbulent media, and the problem of the applica- 
bility of 1ts con¢epts to the analysis of laser light has 
brought fresh insights. 

Prof. Beran and Dr. Parrent have written a research 
monograph dealing with developments up to the end of 
1963; they define the scope of the book as the treatment 
of the statistical aspects of the classical electromagnetic 
field, thus excluding (save from one brief section) any 
consideration of the quantum aspects of coherence. and 
mostly they consider only the second-order moments of 
the field variables. The treatment is formal and mathe- 
matical, and careful attention is given at the outset to 
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the definition and properties of the analytic signal, and 
to the ensemble-averaging and time-averaging processes 
to which it ıs subject. Then, as is appropriate in the 
presentation of a subject the fundamental importance of 
which is that it allows optical phenomena to be discussed. 
in terms of quantities which are strictly observable, the 
measurability and propagation of mutual coherence is 
discussed thoroughly. A consideration of the coherence/ 
incoherence properties of quasi-monochromatic sources 
and of the radiation they produce—a topic to which the 
authors’ contributions have been particularly :mportant 
-leads on to an account of the problem of determining, 
by coherence measurements, the size of “non-resolvable 
objects’. The problem of the propagation of mutual 
coherence in media with variable index of refraction is 
next formulated, and the conclusions of recent work on 
its various aspects are discussed. This chapter has some 
striking photographs illustrating how the coherence of 
hight is affected by propagation through ground glass, 
and showing how ensemble-averaging destroys the effec- 
tive coherence of the radiation at a small aperture. 

The imaging problem in partially coherent lght is 
treated generally along the hnes developed by Parrent 
for polychromatic illumination, to bring out the relation- 
ship between the various transfer functions previously 
derived for special cases, and several resolution-lmit 
problems are investigated. Particularly important among 
these, perhaps, is the discussion of atmospheric limitations 
on image-forming systems. 

So far scalar theary is used exclusively. This restriction 
is now eliminated. and a brief and elegantly simple 
chapter on the representation of partial polarization is 
followed by an account of recent work on correlations in 
vector fields, includmg the work of Bourret and of Sarfatt 
on the coherence properties of black-body radiation. 
Finally there are chapters on intensity interferometry and 
on higher order correlations. Much of the latter is work 
the practical applications of which have yet to appear, 
though it is clearly relevant to the investigation of radia- 
tion of which the fluctuations are non-Gaussian. 

As a unifying survey of the recent development of 
coherence theory this is a valuable and stimulating book. 
It is pleasantly and skilfully written, so that the physical 
implications of ths, at present highly mathematical, 
subject are clearly presented, and mathematical detail is 
developed only so far as is necessary to show how the 
arguments proceed. 

It is a pity, though, that the typographers who designed. 
this good-looking book carried to the limit the modern. 
tendency to minimize punctuation in lines of displayed. 
mathematics. The elimination of punctuation from lines 
of mathematics in passages which mix plain language and 
mathematical equations is not standard practice in either 
Europe or America, and it makes some of the argument 
unnecessarily difficult to follow. R. M. SILLITTO 


AIRBORNE PARTICLES 


Particulate Clouds 

Dusts, Smokes and Mists—Their Physics and Physical 
Chemistry and Industrial and Environmental Aspects. 
By H. L. Green and W. R. Lane. Second edition. (Spon’s 
General and Industrial Chemistry Series.) Pp.xxii+471+ 8 
plates. (London: E. and F. N. Spon, Ltd., 1964.) 84s. 
net. 


HE science of aerosols has now emerged as one of 

those useful aggregations of knowledge which form 
under the stress of technical demands on the long- 
established classifications. Its nucleation was associated 
with the very foundations of modern physics, the ideas of 
electronic charge and Brownian motion, and even through- 
out the stages of coalescence, when the strongest of 
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pressures—fear of poison gas—persuaded Governments 
to devote huge sums to applied research, repayment to 
the basic physics of its origin has never been suspended. 

This we appreciate, for example, when we consider 
the present-day understanding of just how much is 
involved in the solution of Clerk Maxwell’s equations, of 
the subtleties of viscous flow hydrodynamics, of the 
complexities of non-uniform molecular kinetics, of evapora- 
tion, condensation and diffusion, of gas ions and electric 
charging, of turbulent fluid flow and of the physics of the 
atmosphere and beyond. 

In applied science, aerosol techniques have grown along- 
side the theory of infectious diseases and are essential to 
it; the noun itself was comed during work on dust 
explosions and the greater industrial hazard, pneumo- 
coniosis, is only coming to be understood and controlled 
by utilization of sound aerosol physies. The anatomy and 
physiology of respiration owe something, and will owe 
more, to the impetus of investigations of particle inhalation 
and to the appropriation of their techniques. Plant 
pathology, atmospheric contamination, the safe use of 
radioactive substances, therapeutic methods, filter design 
-v4 fascinating and almost incredible galaxy of interest 
sweeps into the mind when it considers the ramifications 
of the small particle. 

Jt is therefore not surprising that the authors of the 
second edition of Particulate Clouds should comment 
ruefully on the vast and scattered literature of particulates 
and admonish those who publish the same facts more than 
once. They are on less sure ground in asking directors 
of research to prevent their young charges from straying 
into blind alleys. Shall the director of an applied research 
establishment evaluate more clearly a blind alley of 
science than his youngest Ph.D., or will he see the green 
leaf unspectacularly grey? 

This new edition, appearing seven years after the first, 
has grown, à little in text and greatly in references, which 
now exceed 1,300. Some 70 per cent of the book deals 
with the physics and mechanics of aerosols, while the 
remainder is divided into five chapters, covering industrial 
and environmental aspects. The approach in each section 
is selective, rather than historical, although most of the 
classical work is referred to. 

With so wide a field it is scarcely reasonable to look 
for systematic development of the large number of-theories 
mentioned. Many descriptive equations are quoted, but 
there is not much guidance on their range or validity, 
or about the different analytical approaches which are 
commonly made to complex practical problems. This is 
seen, for example, in the chapter on diffusion in the atmo- 
sphere. The ideas of eddy diffusion of gases are detailed, 
and practical formulae are quoted, but when it comes to 
particles, which settle at an appreciable speed, three quite 
distinct methods of attack have been tried which are 
not explained. These comprise, first, the assumption 
that the airborne concentration is unaffected by settle- 
ment, second, that settlement occurs throughout the 
height of the cloud so that the vertical distribution of 
concentration is a result of a balance between eddy 
diffusion andsedimentationand third, that the cloud settles 
as a whole at the velocity of the particles. 

The theory of fibrous air filters is covered in more detail, 
and interesting comparisons are made of the various 
theoretical predictions. A section on real filters is contained 
in the second part of the volume, but there is no attempt 
to derive guidance in the design of filters from the theo- 
retical leads which have had an undoubted influence. 
Membrane filters, which have been of the utmost value 
in aerosol sampling, are dealt with only in this connexion 
and their mode of action is not investigated. 

This volume will be indispensable to applied scientists 
in a host of different fields. Aerosol specialists will keep 


a copy on their shelves and find themselves referring to- 


it more often than they might have anticipated. 
C. N. Davies 
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PHYSICO-CHEMICAL ASPECTS OF 
RIBOSOMES 


The Physical and Chemical Properties of Ribosomes 
By Prof. Mary L. Petermann. Pp. xii+ 258. (Amsterdam, 
London and New York: Elsevier Publishing Company, 
1964.) 55s. 


HE need for a comprehensive review of the physico- 

chemical aspects of ribosomes is clearly demonstrated 
by a brief perusal of the list of references cited in The 
Physical and Chemical Properties of Ribosomes. A mere 
twenty-six of the 796 references were published before 
1950 and the almost inevitable addendum lists a further 
two hundred references accumulating during the period 
October 1963-May 1964. 

Prof. Petermann has been 2 significant contributor to 
this ever-increasing body of information and has now 
made the first attempt to contain the subject within the 
confines of a small book. For these reasons, and for the 
emphasis throughout on the experimental approaches to 
the subject, the book is likely to find a welcome in many 
laboratories. The comprehensive list of references will 
undoubtedly aid investigators requiring an introduction 
to the literature on ribosomes from plant, animal or 
microbiological sources. 

The text is liberally sprinkled with ribosome species 
and readers who are unfamiliar with the vagaries of 
ribosomes may be confused by 50 S particles which appar- 
ently sediment at 35 and 55 S (for example, Table 1, 
p. 12). Prof. Petermann has an intractable problem here, 
for many of the ribosomes reported are frequently only 
identified by uncorrected sedimentation coefficients 
obtained under unspecified conditions; valid comparisons 
are therefore impossible. The problem is further compli- 
cated by the multitude of ribosome association, dissociation 
and degradation products, the ribosome precursors and the 
ribosomes found in drug inhibited and diseased states. 
It is therefore somewhat surprising to find categorical 
statements that “most bacterial ribosomes are of the 
70 S type” and “in yeast, higher plants and animal 
cytoplasm the ribosomes are of the 80 S type”. In a 
further simplification to avoid these difficulties Prof. 
Petermann has grouped together many of the sedimenta- 
tion. coefficients on the basis of their probable values at 
infinite dilution. The hazard in this procedure is that, for 
example, a physico-chemical identity may be assumed for 
all the ribonucleoproteins sedimenting in the range 35-55 S, 
and the only reasonably well characterized member of 


this group, the 50 Sw’: ribosome from Escherichia coli. 
While such an identity is possible, the evidence for it is 
scanty, and a number of observations indicate that such 
a group is physically, chemically and biologically hetero- 
geneous. 

The chapters devoted to magnesium binding and the 
binding of small molecules by ribosomes are timely and 
clearly reflect Prof. Petermann’s strong and critical 
interest in this aspect of ribosomes. These studies should 
contribute greatly to our ultimate understanding of the 
magnesium dependent binding of messenger and transfer 
RNA. to ribosomes. SYKES 


ASPECTS OF PLANT PATHOLOGY 


Annual Review of Phytopathology 

Vol. 2. Edited by James G. Horsfall in association with 
Kenneth F. Baker. Pp. vii+423. (Palo Alto, Calif.: 
Annual Reviews, Inc., 1964.) 8-50 dollars. 


AVING successfully launched the first of these new 
Annual Reviews of Phytopathology the editorial 
committee, with an eye on the future, has divided plant 
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pathology into fifteen more or less arbitrary sections. 
These are intended to be flexible rather than rigid divisions 
and to help in planning future reviews so that the whole 
field can be covered regularly. This second volume 
comprises eighteen reviews falling into one or another 
of eight of these sections. Most of them come 
from North America but they include three con- 
tributions from Britain, one from the U.S.S.R. and one 
from Germany. 

In a provocative opening chapter the doyen of plant 
pathology, Prof. E. C. Stakman, looks into the future of 
plant pathology by dwellmg mainly in the past. It 
would seem that the plant pathologist must first under- 
stand normal plants and how they grow, and then accept 
as his prime obligation the production of completely 
healthy plants. This counsel of perfection is warmly 
advised in spite of the author’s great appreciation of world 
food problems, his recognition that the greatest appeal 
of plant pathology to the public lies in its utility and his 
feeling that plant pathology must not lose agriculture or 
agriculture lose plant pathology. 

The volume as a whole is an excellent one. Practically 
all the contributions serve admirably to meet the original 
aim for well-balanced interpretations of specialized sub- 
jects in language which those in other areas of plant 
pathology can understand and appreciate. Some of 
them provide very useful summaries of fringe subjects 
which might otherwise escape the potentially interested 
general reader if only because the literature is relatively 
scant or scattered or has not hitherto been looked at as a 
whole. They include ozone injury to plants, phanerogams 
as plant parasites in the New World tropics, and an 
account of plant toxins produced by plant pathogens and 
toxic only to the host of the pathogen. D. C. Graham’s 


. treatment of the taxonomy of soft rot bacteria 


pathogenic to plants is timely and helpful in that he 
combines the historical aspects with a summary of 
recent work and draws his own conclusions about the 
affinities of Erwinia and Pectobacterium which will 
stimulate discussion even if they do not gain full 
acceptance. It is also good to have an up-to-date and 
authoritative account of bacterial wilt used by Pseudo- 
monas solanacearum, with special attention given to 
strains and dispersal. A 

On this occasion only one chapter is devoted to viruses 
and virus diseases, and this concerns the initiation and 
early stages of infection, particularly by mechanically 
transmitted viruses. In the one article on nematology 
the authors discuss the need for further knowledge about 
reproduction in parasitic nematodes as an aid in elucidating 
nematode systematics and the concept of biological 
species. There are five chapters in which soils come into 
the picture in one way or another. K. M. Domsch dis- 
cusses some of the basic principles underlying the use of 
soil fungicides, and other reviews deal with the problem 
of soil fungistasis, some aspects of the effect on plants of 
the decomposition of plant residues in the soil, the role 
of mycorrhizae in root diseases and the influence of plant 
exudates on root-infecting fungi. 

J. T. Martin assesses the importance of the epidermal 
cuticle as a barrier to invasion by micro-organisms and 
concludes that it plays only a secondary part compared 
with the effects of interaction between the metabolic 
processes of host and parasite within the cells. D. Wood- 
cock’s study of microbial degradation of synthetic organic 
chemicals is probably intended mainly for the specialist. 
The remaining chapters concern the biology of hyper- 
parasitism, host response to infection of xylem tissues, 
and the biochemical aspects of blackening and discolora- 
tion of plant tissues resulting from pathological and 
physiological disturbances. 

All the reviews are fully documented, and in addition 
to author and subject indexes there are cumulative indexes 
to the chapter titles and contributors in the first two 
volumes. W. C. MOORE 
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STRUCTURE AND FUNCTION 
OF THE RED BLOOD 
CELL 


The Red Blood Cell 

A. Comprehensive Treatise. 
and Douglas M. Surgenor. 
Academic Press, Inc.; London: 
(London), Ltd., 1964.) 121s. 6d. 


Edited by Charles Bishop 
Pp. xiv+566. (New York: 
Academic Press, Inc. 


HERE have been several books on the red blood 

cell in the past: five years, and this latest one claims 
to be the first written from the point of view of basic cell 
biology. It is also intended to be a complete treatise on 
the whole cell. Ta achieve this the authors decided to 
invite contributors who ‘‘are thoroughly competent in 
their area, critical of their own and other’s work, and able 
to express themselves so that the neophyte can understand 
them”. The result should therefore be comprehensive, 
discerning and explanatory. 

The red cell is a relatively simple cell, devoid of nucleus 
(in most animals) and reproductive capacity and with 
functions limited to oxygen and carbon dioxide transport. 
The principal companent of the cell, haemoglobin, without 
which man, according to Barcroft, would have achieved 
little activity not shown by a lobster, receives only brief 
consideration in two chapters which cover its association 
equilibria with oxygen, and its reduction. For a compound 
which has given so much insight into the importance of 
molecular structure and into the relationship of this 
structure to gene activity it is surprising to find 
that this subject and the haemoglobinopathies are 
omitted from the text. However, both these chapters 
are of high standard and give easily understandable 
accounts of difficult and fundamental aspects of this 
cell. 

The metabolism of the cell is covered in a short chapter 
in which some of the glycolytic enzymes are briefly 
discussed, but there is no consideration given to the curious 
metabolic feature of this cell resulting from the large 
concentration of 2,3-diphosphoglycerate which it contains. 
Nor is there any mention of the enzyme pyruvic kinase 
which in the past few years has been revealed as an 
important link in the pathological physiology of the red 
cell. Indeed, this enzyme receives only the briefest mention 
in three places. Other chapters cover a variety of cell 
activities. The pentose phosphate pathway is admirably 
described by Dische, and Marks provides a comprehensive 
discussion of the significance, both physiological and 
pathological, of glucose 6-phosphate dehydrogenase. The 
red cell lipids are described in great detail and this chapter 
includes information on their fatty acid composition m 
the light of gas chromatographic analyses. There is also 
an excellent account of the chemistry of blood group 
substances by Watkins. Ion transport is covered in some 
detail by Passow; but the important topic of sugar 
permeability and that of other non-electrolytes is neglected. 
There are some useful chapters on the life-span of the red 
cell in health and disease, on the effects of certain vitamin 
deficiencies on. red cell metabolism and on the important 
topic of red cell preservation, in which low-temperature 
storage in the frozen state is discussed. There is also a 
compendium of information in one chapter on red cell 
composition. 

Allin all, this is a useful book with plenty of references 
to the physiological activities of the red cell, but by and 
large it ignores cell pathology. It is incomplete in a number 
of important respects and tends to lack critical discussion 
in parts, but these are frequent inadequacies of 
multiple-author bocks, and one might best regard this 
book as a series of authoritative essays on certain 
selected aspects of red cell function. ; 

T. A. J. PRANKERD 
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SOLIDIFICATION 


Principles of Solidification 

By Prof. Bruce Chalmers. (Wiley Series on the Science 
and Technology of Materials.) Pp. xiv+319. (New York 
and London: John Wiley and Sons, Ix:c., 1964.) 98s. 


OLIDIFICATION is one of the most important 
phenomena in metallurgy and one about which rela- 
tively little is known. It is volved in the life history of 
the majority of metal components in use, and the way in 
which it has occurred influences their subsequent proper- 
ties and behaviour. Crystal structure in the cast state, 
structural and compositional heterogeneity, the occur- 
rence and distribution of gaseous and solid inclusions, all 
depend on the manner of solidification. Many of the 
problems which metal producers associate with solidifica- 
tion are manifestly more serious the larger the mass of 
metal concerned, and this has led to the conviction that 
observations on small ‘laboratory ingots’ have little 
bearing on what happens in production mgots weighing 


many tons. Much effort has been devoted in the past to. 


sectioning full-scale ingots, determining composition in 
agreed ‘standard’ positions and subjecting the exposed 
surface to all the skill of the metallographer. Such 
examinations reveal, on the one hand, weaknesses that 
make forging and rolling difficult and, on the other, 
tendencies that might be exploited to mcrease the yield 
of usable metal. This approach has produced innumer- 
able data and led to some improvement in production 
techniques, but it has lost much of its previous popu- 
larity and even its most earnest protagonist would not 
claim that it has thrown much light on the fundamental 
mechanisms involved in the solidification of large 
masses, 

At the other extreme there is the basic work on solidifica- 
tion, defined as the discontinuous change of state from 
liquid to crystalline solid. In such work only small melts 
are normally involved and the alloys are often chosen to 
simplify the experimental procedures. The book now 
under review is concerned with this approach to solidifica- 
tion, and the author 1s specially well-fitted to write it, 
for he took a leading part in re-invigorating research work 
on. solidification a few years ago, and he has since made 
many valuable contributions. 

Prof. Chalmers has adopted a pattern he has used with 
success in other recent text-books. An introduction 
reminds the reader of the scientific concepts relevant to 
the subject and on which the following chapters are based. 
The problem of solidification is then broken down into 
its essential parts and a chapter devoted to each. Chapter 
headings are: “Solidification as an Atomic Process”, 
“Nucleation”, “Microscopie Heat-Flow Considerations”, 
“Redistribution of Solute during Solidification”, Poly- 
phase Solidification’, “Macroscopic Heat-Flow and Fluid 
Flow”, “The Structure of Cast Metals” and “Crystalhza- 
tion from the Molten State”, and there is an appendix 
on “The Production of Single Crystals from the Melt”. 
Under these headings Prof. Chalmers has systematically 
and selectively reviewed recent experimental work on 
solidification, and in so doing has provided a clear exposi- 
tion of the underlying principles. To those specially 
concerned with solidification on an industrial scale ıt 
may seem that he has tended to over-simplify; that he has 
concentrated on the principles and has not been much 
concerned with their application. He has, however, made 
suggestions that should help those who are concerned with 
the solidification of large masses of complex alloys. Thus, 
in discussing the structure of cast metals the author has 
explained why 1t is not possible to predict the structure 
and properties of a full-scale ıngot or casting from the 
results of small-scale experiments; why it is not possible 
to scale down a casting operation so that the result will 
give geometrical similarity with that of the full-scale 
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process. His arguments will encourage those who believe 
that much useful mformation may still be obtained from 
sophisticated experiments with full-scale wax models, and 
should stimulate anew those who have always maintained 
that solidification must be investigated full size. 

The author has also come closer to practice in his discus- 
sion of continuous casting, to which he devotes some nine 
pages. This treatment may serve to inform or remind the 
more academically minded that such processes exist, but 
it will be of little help to practising metallurgists. Con- 
tinuous casting in the steel industry has been made possible 
only by much costly empirical effort during recent years, 
and one cannot help reflecting that success might have 
come earlier had more been known about the application 
of the principles of solidification under such complex 
conditions. 

Writing with experience and authority on his subject, 
Prof. Chalmers has produced a book that will be wel- 
comed by all who are interested in solidification but 
particularly by those of his colleagues with research 
interests in this field. It will be the natural starting point 
for future students of the subject. There are numerous 
clear diagrams, but it is a matter for regret that, in spite 


_ of the high price of the book, it has not been found 


possible to use paper that will do full justice to the 
half-tone illustrations. A. QG. QUARRELL 


THIN FERROMAGNETIC FILMS 


Thin Ferromagnetic Films 
By M. Prutton. Pp. viii+269. (London: Butterworth 
and Co. (Publishers), Ltd., 1964.) 80s. 


tl Ree speed of operation of a large electronic computer 
is significantly limited by the rapidity with which it 
can store information and later make it available. Con- 
ventional memory stores require the use of numerous 
bi-stable elements which can be rapidly switched from 
one state to another. Until the early 1950’s these require- 
ments were satisfied by small ferrite cores. The demand 
for large computers, capable of handling more complex 
calculations, coupled with, significant advances in electronic 
techniques, stimulated a search for a more agile element 
than the rather sluggish ferrite core. 

A. number of suggestions were made, among them thin 
ferromagnetic films, Although the subject of sporadic 
study for many years, their erratic behaviour seemed to 
preclude a serious consideration of their claims. The situa- 
tion changed abruptly with the discovery that nickel—iron 
films containing approximately 80 per cent nickel could 
be prepared by evaporation in vacuo. For these composi- 
tions the magnetostriction is very small and the films 
are unaffected by the stresses caused by differential 
contraction. of film and substrate. More important, such 
films reverse their magnetization largely by coherent 
rotation, a rapid process yielding switching times of about 
10-° sec. To the possibility that the planar geometry of 
thin films might lead to more understandable behaviour 
than that of the same materials in bulk form was added 
the inducement of low fabricating costs. Thin films 
were hastily subjected to an investigational assault 
comparable with those launched against germanium and 
silicon. 

To-day, despite the successful operation of several thin- 
film memory stores, their universal adoption scarcely 
seems in sight. Dr. Prutton’s book, in covering every 
aspect of thin films, supplies many of the reasons. The 
behaviour of thin films is complicated by factors which are 
(presumed) insignificant in bulk material. The larger 
demagnetizing effects associated with components of 
magnetization normal to the plane lead to complex 
domain structures peculiar to thin films. The small grain 
size leads to the phenomenon of magnetization ripple. 
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The origin of the uniaxial anisotropy remains a largely 
unsolved problem. All these, together with an extensive 
treatment of the nature and dynamics of the magnetiza- 
tion reversal, are discussed by the author with admirable 
clarity and detail. 

Almost all the work described refers to nickel—iron alloys 
containing about 80 per cent nickel. The feeling that the 
lack of real progress in understanding 1s due, at least in 
part, to the narrowness of the frontal assault is, to some 
extent, confirmed by the final chapter which discusses 
the spontaneous magnetization of thin films. The predic- 
tion that a two-dimensional lattice should be paramagnetic 
and exhibit spontaneous magnetization only when a 
critical thickness is exceeded is a common feature of many 
theories. Experiments on iron and nickel fail to confirm 
the predicted thickness dependences but reveal the 
presence of an oxide layer 4-8 A thick even when the 
film is prepared and studied at a pressure of 10° mm 
mercury. Irreversible oxidation of ultra-thin films of 
iron occurs unmediately they are exposed to air. Since 
nickel-iron films are usually prepared at pressures of 
about 10-§ mm mercury it is hkely that many of them 
contain considerable amounts of oxygen and, to judge 
from results quoted elsewhere in Thin Ferromagnetic 
Films, significant quantities of crucible maternal as well. 
The implication is that many physicists have, unwittingly, 
studied in great detail the properties of they know not 
what. 

The whole of this book is welcome, but the final chapter 
with its implied cautionary warning should be compulsory 
reading for all those engaged in the manufacture, study 
and application of ferromagnetic thin films. ; 
E. W. Lam 


POLLUTION OF THE THAMES 
ESTUARY 


Effects of Polluting Discharges on the Thames Estuary 
(Department of Scientific and Industrial Research. 
Water Pollution Research Technical Paper, No. 11.) The 
Reports of the Thames Survey Committee and the Water 
Pollution Research Laboratory. Pp. xxvii -+ 609- 24 
plates. (London: H. M. S. O. 1964.) 252s. 


HE use of mathematical models to assist in the 

management of water resources has developed greatly 
in the past decade. Undoubtedly high-speed electronic 
computers have played a great part in this development, 
as hitherto unmanageable or tedious problems held back 
this form of study and control. 

This has been true in the study of the effects of polluting 
discharges on the Thames estuary, the report of which has 
been recently published following fourteen years of work. 
In the earlier years covered by the Report calculations 
were made but the number of variables that could be 
studied was restricted. In the later years, however, 
more sophisticated mathematical models could be handled 
by the electronic computers of the National Physical 
Laboratory. 

The greater part of the scientific work was carried out 
by the staff of the Water Pollution Research Laboratory 
(although with significant assistance by the London 
County Council, the Port of London Authority and a 
number of other organizations involved with the Thames). 
A theory of estuarine mixing, without stratification, was 
evolved, the resulting equations describing the salinity 
distributions along the estuary. As the freshwater flow 
changed in the river, so the salinity distribution changes 
were calculated, and theoretical curves showed a close 
correlation with observed data. 

These considerations of the distribution of a conservative 
(that is, not created or destroyed in the water) substance 
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sodium chloride, led on to the more difficult problems 
associated with non-conservative substances, for example, 
ammonia, dissolved oxygen, temperature. Over a period 
of a whole number of tidal intervals the concentration 
distribution may change due to increases from land 
discharges, decreases due to dilutions, loss from the 
water, conversions from or to other substances, seaward 
displacement due to land—water flow and mixing of the 
estuarine water. These factors have been considered 
particularly for the case of dissolved oxygen and associated. 
substances. For this a number of assumptions were made, 
principally that the rate af oxidation of organic carbon 
is independent of the dissolved oxygen concentration, 
that the rate of nitrification is proportional to the ammonia 
concentration except where the dissolved oxygen would 
fall to 5 per cent saturation, that nitrate reduction suppliss 
the oxygen when the dissolved oxygen is at 5 per cent 
saturation, and that when nitrate and dissolved oxygen 
are absent reduction of sulphate supplies the required 
oxygen. 

As temperature affects these oxidation and reduction 
rates, as well as the solution of oxygen in water, the 
distribution of temperature, mainly affected by heated 
discharges from power stations, has also been considered. 
Also some of the oxidizable material is in suspension 
and deposition of such solids diminishes the polluting 
load. 

Using the mathematical models developed from these 
various consideratians, the distmbutions along seventy 
miles of the estuary of the concentrations of dissolved 
oxygen, ammoniacal nitrogen and oxidized nitrogen, have 
been calculated for every quarter of the years 1950 to 
1961. With regard to dissolved oxygen, these correlated 
well with the values observed by the London County 
Council. Some of the ammoniacal nitrogen curves were 
at variance with observation, particularly in the third 
quarter of a number of years, and there were some marked 
discrepancies between some first quarter calculated and 
observed values for oxidized nitrogen. Some of these 
discrepancies were due to the assumption that the oxygen 
exchange coefficient was constant along the estuary. 
This assumption was examined in the Report and 
the offects of a varying exchange coefficient have been 
calculated. However, as there was no way of assessing 
the variations of this coefficient with time and position, 
no attempt was made to use this as a variable. Another 
source of error was thought to be due to reduction 
of nitrate in mud deposits, in spite of the presence 
of substantial amounts of dissolved oxygen in the 
water. 

The condition of the Thames estuary has been deterior- 
ating for several decades, although previously the treat- 
ment or partial treatment of sewage had ameliorated the 
worst effects of the Industrial Revolution. By the 1950’s 
anaerobic conditions became frequent and extensive, 
with production of sulphide, causing offensive odour and 
marked adverse effects on paint and metal surfaces. With 
the mathematical models now available the factors which 
may ameliorate these conditions can be assessed rationally. 
A number of these have been assessed in the Report, such 
as the relocation of the London County Council’s sewage 
treatment works lower on the estuary, and changing the 
minimum freshwater flow of the Thames, and removal of 
synthetic detergent residues. An attempt has even been 
made to determine the conditions necessary to restore 
the Thames to being a salmon river, although this does 
not appear to be a likely possibility. 

Considering the great complexity of the Thames 
estuary, amply illustrated both by the text and the 
photographs in the Report, it is an outstanding achieve- 
ment to have produced such a comprehensive and coherent 
account of the effects of pollution, and to have provided 
such useful tools for its future management. This carefully 
documented Report will serve as a model and a guide for 
similar studies the world over. K. J. Ives 
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The Planet Mercury 
By Dr. Werner Sandner. Translated by Alex Helm. Pp. 


94411 plates. (London: Faber and Faber, Ltd., 1963.) 
21s. net. 


NY author who undertakes to write an entire book 
about the planet Mercury is handicapped by the 
paucity of material. Mercury, the innermost planet, 
never lies farther than 28° from the Sun and is consequently 
a difficult planet to observe. Its diameter at the time 
most favourable to observation is only about 8 sec of arc, 
so fairly large telescopes are needed to accumulate know- 
ledge of the surface details. Large telescopes are rarely 
used for planetary observation. 

Werner Sandner has summarized what is known about 
Mercury in this well-presented little book. He has 
expanded his material by giving historical annotations 
and by a certain amount of repetition. Thus, for example, 
practically all of Chapter 12 (which consists of one-and-a- 
half pages of print) has appeared in earlier chapters. 
Sandner has covered his subject well, including the few 
recent developments. There would appear to be some 
misplaced emphasis on certain observers; not enough is 
said about the work of Antoniadi and Jarry-Desloges, 
working with large instruments and under excellent 
conditions respectively, and too much space is devoted 
to modern amateurs working with very small telescopes. 

The Planet Mercury is one in a series of books devoted 
to objects in the Solar System. This series has turned out 
rather inhomogeneous. On one hand we have the 
books on Jupiter, Mars and the Sun which are written in 
a scientific vein, and on the other those on Venus and 
Saturn which contain a wealth of historical and biblio- 
graphical data. The book under review tends towards 
the latter style, but cannot claim to be so authoritative 
or sO permanent as its fellows in this series. Asa general- 
knowledge book it is extremely readable, but it is unlikely 
to furnish a contribution to lasting texts on the Solar 
System. BRIAN WARNER 


Kempe’s Engineers Year Book 
70th edition. Edited by C. E. Prockter under the direction 
of B. W. Penred. Vol. 1, pp. xiv+1340. Vol. 2, pp. 


viiit+ 13899. (London: Morgan Brothers (Publishers), 
Ltd., 1965.) 928. 6d. ` 


To seventieth edition of Kempe’s Engineers Year 
Book is much the same as the previous two editions 
for 1963 and 1964, respectively. It contains useful data 
relevant to all the major branches of engineering and 
descriptive matter on engineering works, plant, equipment, 
processes and instrumentation, with references to original 
sources. There is one new chapter dealing with plain 
bearings, and there are a fow important additions to other 
chapters. The inclusion now of information .on electro- 
slag welding, carbon dioxide welding, plasma are cutting 
and friction welding is particularly noteworthy as are the 
new data on polymer cement admixtures, details of 
timing devices and fire extinguishers and fire precautions 
in high buildings. The chapter on depreciation which 
was revised previously to take account of the provisions 
of the Finance Act, 1963, will presumably receive further 
_ attention in the future in the light of changes introduced 
by the new Government. 

There appears to be some reluctance to replace out-of- 
date material. Thus, the sections on theory and design 
of steel structures clearly belong to the era between the 
wars, in spite of the fact that tables of new universal steel 
sections and details of steel to B.S.968 are included. 
Modern criteria of design of steel structures based on 
ultimate load-carrying capacity and details of welded 
and bolted construction with joints of full rigidity are 
again omitted. It is, incidentally, interesting to see that 
the reciprocating steam engine and Lancashire boiler still 
have @ place in this book and that there is a chapter on 
railway steam. locomotives. 
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In spite of some grounds for criticism, the appearance 
of this new edition of Kempe’s Engineers Year Book 
will be welcomed by the engineering profession generally, 
for, besides its usefulness in providing essential data, it 
is something of an ‘armchair’ guide to engimeering. The 
time is probably approaching, though, when it would 
benefit by some reappraisal of its objectives in view of 
the rapidly changing scene of engineering. 

T. M. CHARLTON 


Physical Electronics 
By Dr. G. F. Alfrey. Pp. 220. (Princeton, N.J.: D. Van 
Nostrand Company, Inc.; London: D. Van Nostrand 


Company, Ltd., 1964.) Paperbound 27s. 6d.; Clothbound 
50s. 


R. G. F. ALFREY’S book is concerned with the 
foundations of physical electronics, covering in its 
fifteen chapters a considerable field in an essentially 
descriptive fashion. Detailed mathematical analysis is 
largely absent from the work, and Dr. Alfrey draws on 
theoretical results relevant to each of the topics treated. 
In this way he is able to concentrate on the physical 
significance of these results in progressively building up 
@ coherent picture of his subject. 

Essential quantum mechanical concepts are introduced 
at an early stage, and used to explain the basic chemical 
behaviour of complex atoms. Thereafter, however, the 
quantum theory is introduced only when adequate physical 
pictures cannot be developed in terms of classical theory. 
After the opening chapters the first half of the book is 
devoted to electrons in gases and m vacuo, and includes 
electron emission, electron optics, vacuum and gas-filled 
devices and plasma applications. Electrons in solids are 
discussed in the later chapters, which deal with conduc- 
tion, semi-conducting devices, magnetic and dielectric 
properties, noise and molecular amplification. 

Despite the wide range of subject matter, the author 
has achieved, through this qualitative approach, a treat- 
ment of the subject which has a unity not usually evident 
in weightier and more analytical works. The volume 
will surely be welcomed as a student text-book for 
undergraduate courses where no similar book has existed 
before, and will serve equally well as an introduction to 
those wishing later to make a more complete study of the 
subject. E. M. DEELEY 


The World of Learning, 1964-65 
Fifteenth edition. Pp. xiv- 1502. 
Publications, Ltd., 1964.) 140s. net. 


i DIRECTORY of the world’s universities, colleges, 
learned societies, libraries, museums, art galleries 
and research institutes”, this indispensable reference 
volume is unchanged in form and lay-out, but has been 
brought up to date. The increase in the number of institu- 
tions is reflected in the length of the main section of the 
volume, which occupies some 70 pages more than the 
edition of a year ago. It should be noted that the price has 
not been increased. As before, the introductory section is 
devoted to a description of the aims and functions, the 
organization and the budget of the United Nations Educa- 
tional, Scientific and Cultural Organization (Unesco). This 
section, which has also been brought up to date, is followed 
by brief accounts of the international organizations (the 
International Council of Scientific Unions, the Inter- 
national Council for Philosophy and Humanistic Studies, 
and others). The main body of the volume is arranged by 
countries, of which there are 158. The countries are listed 
alphabetically in the list of contents; the main index is 
based on the names of institutions. Unfortunately there 
is no index of individuals; although the volume can only 
accommodate the names of senior staff, it includes several 
thousand names, with the subjects for which they are 
responsible, and an index:to them would enhance the 
usefulness of the directory 


(London: Europa 


` 


Y 


No, 4983 May l, 1965 


— 


NATURE 


439 


ENGINEERS OF THE HUMANITIES, SCIENCE AND TECHNOLOGY* 


By H.R.H. THE DUKE OF EDINBURGH, 
K.G., P.C., K.T., G.B.E., F.R.S. 


CANNOT claim: to have known Lord Dunrossil very 

well. I only met him for the first time when he was 
already Speaker of the House of Commons, and my only 
contact with him was in his capacity of Speaker. I still 
find it difficult to believe that this semi-legendary post is 
actually held by a living human being, so that even polite 
conversation during the many official occasions when we 
met was tempered a good deal by the awe I felt for his 
position. I must add, though, that a most pleasant Scot- 
tish accent and a delightful sense of humour left no doubt 
that he was entirely human. 

I remember thinking, when I heard that he had been 
appointed Governor-General of Australia, that with his 
Scottish accent, his sense of humour and his political 
sagacity he would quickly gain the respect and affection 
of Australians. One of the first things he said on arrival 
here was: “I intend to go my own way about speaking 
what is called the English language and I advise you to 
do the same”. Unnecessary advice, perhaps, but none the 
less encouraging. 

His time here was abruptly cut short only a few months 
after his arrival and yet he had managed to visit each 
State, the Northern Territory as well as Papua and New 
Guinea in that time. 

I am in no position to make a first-hand judgment of 
Lord Dunrossil’s impact on Australia and Australians, 
but I believe there is great significance in the fact that the 
Institution of Radio and Electronics Engineers, Australia, 
should choose to honour this man with a memorial lecture 
in his name. 

Significant for a number of reasons. It implies, for 
example, that the members of the Institution, both 
individually and collectively, must have had a respect 
and admiration for the man both for himself and for what 
he tried to do for Australia. More intriguing is the fact 
that a wholly technological Institution should choose to 
honour such a complete humanist. 

As a student, Lord Dunrossil was so inordinately fond of 
Shakespeare’s works that he acquired the nickname 
“Shakes”, which stuck with him throughout his life. 
Like so many others of his generation, he served with the 
Artillery in France during the First World War and then 
in 1923 he was called to the Bar. In 1929 he was elected to 
Parliament and in 1936 he became Minister of Agriculture. 

I do not think anyone could claim that agriculture at 
that time was a highly technological activity. The nearest 
he ever got to technology proper, and to radio engineering 
in particular, was a spell of three years as Postmaster- 
General, beginning in 1940. Here again no one could claim 
that this department, during those critical years, could 
expect to benefit immediately from any research and 
development activity then taking place. There was defin- 
itely a greater need in other departments. However, it is 
on record that it was during this period that the Post 
Office introduced the airgraph letter. I would be inclined 
to chalk this up on the humanist rather than on the 
technological side. 

From Postmaster-General he went as Minister of Town 
and Country Planning, which I can only assume was a 
subject nearer to his inclinations. Two years of that and 


* Substance of the inaugural Dunrossil Memorial Lecture, delivered before 
‘i Institution of Radio and Electronics Engineers, Australia, on February 


the general election of 1945 put him in opposition until 
1951. Then, with his election to the Speaker’s chair, there 
began eight memorable parliamentary years. At last his 
real genius found its proper compass as he skilfully 
managed and controlled, guided and amused, chivied 
and restrained that turbulent gathering through some of 
the most hectic debates in its long history. The strain 
of the Suez debates alone must have taxed his strength 
and his patience to the uttermost. 

I have recounted Lord Dunrossil’s career at some length 
because it is so unusual for the members of one of C. P. 
Snow’s cultures to honour the memory of such a complete 
and devoted member of the other. Unusual, and for that 
reason so very Important, because unless these two cultures 
grow together and work together the development of the 
human community throughout the world will degenerate 
into an aimless wandering like that of a driverless bull- 
dozer. Science and technology are barren unless they 
form a part of humanity’s aspirations. 

Every technology has some impact on the human 
community, and I would hazard that the technologists 
who serve the area of human communication have the 
most direct and the most important influence on the 
development of human civilization. Communication 
embraces several technologies, but radio engineering is 
rapidly becoming, if it is not already, the most important 
of them all. It has transformed all the previous methods 
of communication whether for entertainment, for business, 
for military purposes or between. continents. 

Marconi’s faint message received at Signal Hill only 
sixty-four years ago opened the flood gates of radio 
engineering and to-day telecommunications techniques 
have achieved almost fantastic proportions. 

Micro-wave radio links using 2,000, 4,000 or 6,000 Mc/s 
can transmit, for example, either a single high-quality 
625 line colour television signal or as many as 960 telephone 
conversations; or even where required on certain main 
routes, 1,800 conversations. New forms of aerial are 
capable of being shared by many separate systems at 
common repeater points. The new 600-ft. tower for the 
London Post Office has been designed to house equipment 
and aerial systems covering London’s long-distance 
telephone circuit and television channel requirements for 
many years to come. It will eventually be able to handle 
up to 150,000 simultaneous telephone conversations as 
well as 40 or more channels for television. It is also not 
unreasonable to suppose that the present limit, which is 
set by the radio-frequency spectrum available for this 
purpose, could be doubled by new forms of modulation. 

Added to this development in the means of communica- 
tion by radio is the rapid development of techniques in 
data transmission. In a recent test with Telstar a rate of 
870,000 pips per second were transmitted. At that rate 
the whole contents of The Bible could be transmitted in 45 
seconds. 

The transmission of television is assuming enormous 
proportions and in Britain about one-third of all micro- 
wave and coaxial cable wide band channels are used for 
television. There are some 60 main line vision channels— 
totalling about 6,000 channel miles, carrying B.B.C. and 
I.T.A. programmes over the whole country. This is being 
rapidly extended with the introduction of B.B.C. 2 on 
625 lines and the prospect of more I.T.A. channels. 
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Further improvements are not far off: the transmission 
of very broad bands of frequencies of millimetre waves 
of 50,000-150,000 millions of cycles per second through 
wave guides. 

A wave guide about 2 in. in diameter, with repeaters 
and other associated equipment every 20 miles should be 
capable of providing a band width of 1,000 Mc/s in each 
direction of transmission. This is equivalent to 250,000 
speech circuits or 200 both-way television channels. 

Then there is communication by means of coherent light 
beams generated by lasers and guided through reflective 
tubes. Colour television and inter-continental television 
through communication. satellites are already with us, and 
together with information storage systems and learning 
machines may easily transform our whole concept of 
education and of news gathering and reporting. 

The development of telecommunications through Earth 
satellites produces some very interesting radio engineering 
problems. For example, it is necessary to handle received 
signal levels on the Earth’s surface which are of the order 
of a tenth of a micro-micro watt. To do this requires the 
harnessing of widely divergent technologies ranging from 
precision structural engineering through real time digital 
computers and conventional telecommunication engineer- 
_ ing to cryogenics. 

The British Post Office Earth Station at Goonhilly, for 
example, provided an opportunity for the exploration of 
masers which had previously been rather a scientific 
novelty. The essential parts of this type of amplifier 
operate in liquid helium a few degrees above absolute 
zero temperature. 

Within the field of pure telecommunication the chief 
problem of satellite design yet to be solved is that of 
multiple access; that is to say the ability of several Earth 
stations handling differing volumes of traffic to inter- 
communicate simultaneously through a satellite with 
which they have mutual visibility. 

This brief survey of the present state of the art gives 
some idea, of the tremendous developments in communica- 
tion techniques which are taking place and which have to 
occur in order to keep up with the growing demand. 

Yet all these developments are really only improvements 
upon previous methods. They take the place of verbal 
or written messages sent by runners with cleft sticks, on 
carrier pigeons or by ships. There are, however, two areas 
of communication where radio is not an improvement on a 
previous system but where it is the only system of 
communication, and therefore the whole undertaking is 
entirely dependent on it. 

First, the whole satellite and space-craft business depends 
on radio links for communication and control and, secondly, 
airline operation would be quite impossible without radio 
communication, radio navigation and radio control 
circuits and landing aids. Every pilot has his own views 
about these things, but my personal opinion is that the 
area coverage system of navigational aids will eventually 
become essential wherever there is a high density of air 
traffic. The point source system together with distance 
measuring equipment is easy and convenient, but I doubt 
if it will be able to compete with the sort of densities at 
terminal points which are likely within a few years. 

In the military sphere rapid radio communication and 
- detection by radar at sea, in the air and on land has trans- 
formed tactics; missile guidance and control are almost 
entirely by radio, and as might be expected there is a whole 
new element for military activity in radio or more exactly 
electronic warfare. Finally, radio has provided an entirely 
_new medium for scientific research and exploration into 
. Inter-galactic space. f 
_ I scarcely need remind members of the Institution 

about the very important contribution which Australia 
is making in this field. The 210-ft. radio telescope belong- 
ing to the Radio Physics Laboratory of the C.S.I.R.0O. 
and the Mills Cross radio telescope attached to the 
University of Sydney provide Australia with two 
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immensely powerful research instruments. They are, of 
course, particularly important as they are situated in the 
southern hemisphere with its relatively unexplored field of 
activity. 

These two telescopes and all the associated scientific 
effort have given Australia and especially Australian. 
radio-physicists and engineers a very high reputation 
in the world. 

The performance of the 210-ft. telescope has exceeded 
the design specifications in all respects, and in two years of 
operation the telescope has yielded important and often 
dramatic results. Many of these can be attributed to some 
unique feature of the instrument, such as the high gain or 
resolving power, the wide range of wave-lengths over 
which it is possible to make useful observations, or the 
precision. of its motion. 

In every respect this instrument reflects the highest 
credit on all the designers and engineers who have been 
responsible for its many remarkable features. 

It is a fairly sobering thought that all these forms of 
communication detection and exploration which form 
such an enormous slicé of what has become accepted as 
everyday life are so utterly dependent on the technology 
of radio engineering. Several things flow from this. In 
the first place the standard of reliability of equipment 
must achieve a very high order, because failure is no longer 
inconvenient, failure means disaster. For example, any 
system of wholly automatic blind landing equipment for 
big passenger aircraft must obviously have a reliability 
which is several orders of magnitude greater than would be 
necessary in any previous equipment. It only needs the 
communications to fail in a space-craft and the whole 
mission becomes @ failure. 

Secondly, reliability cannot be achieved by making 
components bigger and stronger, because the weight and 
space penalty in all these applications is critical. This in 
turn has been responsible for the evolution of transistors, 
semi-conductors, printed evaporated and solid circuits 
and all the other results of micro-miniaturization. These 
techniques have been developed to save weight and space 
and to increase reliability where this is vital, but no one 
quite knows yet what the fall-out of this new technology 
is going to be. Smaller radios and television sets are 
obvious, but there is really a limit to that sort of thing 
unless we start training mice to operate the micro-minia- 
ture controls. . 

The whole field of medical electronics already owes 
much to these techniques; built-in pacemakers for the 
heart and regulators of various kinds, the control ofartificial 
limbs and perhaps small built-in oxygen extractors for 
use under water instead of the cumbersome aqualung 
equipment. Certainly every kind of electronic control 
and computing equipment will benefit from these tech- 
niques, and one can only hope that some developments 
will be of direct use to the public at large. 

Sir Edward Appleton in his Graham Clark Lecture put 
it this way: “The feature of these recent developments 
I want to stress is the way that science and engineering 
have worked in partnership. Not only have we witnessed. 
enormous mechanical engineering developments in the 
launching of huge vehicles into space and their subsequent 
orientation and control in desired orbits; there have also 
been revolutionary developments in electronic circuit 
design with miniaturized components”’. 

The point is that we are rapidly approaching the time 
when. almost anything is possible. Existing knowledge 
and. techniques are such that the only limit to scientific 
progress and material development is the human capacity 
to think up new ideas. 

This is a wonderful situation for the scientist, because 
it means that technology can provide him with the means 
to carry out virtually any piece of investigation. However, 
the technologist faces a rather more difficult problem 
when it comes to producing the means for the material 
progress of mankind. The most profitable are not neces- 
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sanly the most socially valuable developments. But 
whatever the reason: profitability, social need, or defence, 
there are two sides to any successful development. 

The first difficulty is to see the problem, to become 
aware of a need, to visualize the possibilty of some 
improvement in the present way of domg things. ‘This 
requires people with some very particular characteristics. 
It needs imagination, for example, and an under- 
standing of people and the whole pattern of existence 
of the human community. Furthermore, it needs a broad 
understanding of technology as a whole and industrial 
processes in particular. All these things are necessary 
because if the benefits of scientific knowledge and tech- 
nological advance are to be used to the best advantage 
they must be applied in those areas where they can do most 
good. Otherwise a lot of relatively useless and fearfully 
complicated and expensive gadgets are going to be pro- 


duced merely because it is technically possible to do so. | 


You do not have to look far for evidence of this sort of 
spurious progress. 

The other side of this situation is the problem of design. 
Once the demand for a particular piece of equipment has 
been stated someone has to sit down and design it. I do 
not know if there is in fact one perfect design solution to 
any given problem, but the important thing ıs that just 
any design, provided ıt works, ıs not necessarily the best 
design. Motor-cars are a good example. The principles 
of all the component parts are well known and yet some 
cars are better than others. The difference lies in the choice 
of the design solution by the designer. 

The more technical and complicated our civilization 
becomes the more important is the function of the designer. 
No longer does he have to make do with the limited range 
of natural materials, neither is he bounded by empirical 
laws of construction. To-day the designer has a vast mass 
of information, materials and techniques at his command 
and a frightening array of test equipment to show him 
where he has gone wrong. None of this can solve his 
problem for him; for that he must rely on his intellect and 
on his human judgment and experience. 

It follows from this that purely technical education and 
trainmg are not enough preparation for technological 
designers. They need a special outiook and characteristics 
which must be given the opportunity to develop con- 
currently with their technical training. 

This applies to radio engineering as much as, if not more 
than, to any other technology because of its direct impact 
on the human community. These two factors—stating 
the problem and designing the solution—are relevant 
throughout the whole range of radio technology from 
scientific instruments through to domestic equipment. 

Naturally I am not suggesting that radio engineers 
should be responsible for the information or the entertain- 
ment which passes through their equipment. What I am 
suggesting is that designers of radio equipment, knowing 
the potential of their technology, should seek out those 
areas of development which are most helpful to mankind. 
For example, the development of cheap and reliable radio- 
telephone equipment has transformed life in the outback 
of Australia and many other similar areas. This kind of 
development may not be very profitable, but in terms of 
human progress ıt has an incalculable value. Technolo- 
gists must always be aware of the needs of people and 
particularly the needs of minorities. Profitability may be 
the most compelling reason for development, but I see 
no reason why science and technology should not have a 
social conscience as well. 

Just one more point about the importance of recognizing 
the problem and designing the solution. Many people 
living in this world are fully conversant with modern 
gadgets and quite accustomed to their use even if they 
have not the least idea how they work. However, there 
are even more people who are still completely cut off for all 
practical purposes from every manifestation of modern 
technology. In the technically advanced countries the 
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human communities developed together with science and 
technology from the very beginning and are therefore far 
more capable of accepting further changes and improve- 
ments. Those communities which are still relatively 
unaffected by modern technology would be liable to severe 
disruption if they were suddenly exposed to the full 
force of modern material existence. The difficulty here 
is the selection of progressively more complicated tech- 
nical equipment which can be introduced into their system 
of life and which will be most useful without causing 
unreasonable social stresses. 

We have always tended to assume that any discovery 
or invention, so long as it was conveniently labour-saving, 
was naturally a baon to the world and to humanity. 
We measure progress by the speed of aircraft or by the 
number of television.channels on the dial. We are obsessed 
by our material welfare to the exclusion of all concern 
for the social development of mankind. We may have dis- 
covered the existence of radio sources several million light 
years away with an ummoensely clever piece of equipment, 
but we continue to treat each other and all the other living 
things on our planet in a way which 1s only a bare improve- 
ment on primitive man. At least in the primitive state 
mankind could only do a limited amount of damage. 
The same will and emotions which caused primitive man 
to damage and destroy are still with us to-day with the 
only difference that technology has given us vastly un- 
proved means to give expression to our anger and jealousy, 
our pride and covetousness. We can control everything 
in our world except ourselves. 

I sympathize with the view that we must go on discover- 
ing new facts about the universe, and I appreciate the 
excitement of probing even further into the frontiers of 
knowledge. It is true that without this persistent investiga- 
tion we would not know half the disturbing facts about 
our occupation of the Earth, but it seems to me that unless 
we make a very determined effort to sort out the problems 
created by man in his occupation of this Earth it is very 
unhkely that further scientific exploration will be either 
necessary or possible. 

You may be thinking that I am getting slightly off 
beam, but I went off on that tack because I want to 
suggest that scientific and technological progress is not 
only valueless, it is actively harmful, unless it is modified 
or directed by a social and humanitarian outlook. Scien- 
tists and engineers must also give their attention to the 
really serious problems facing humanity even if it means 
giving up some problems which seem to be more interesting 
or profitable. Equally the intellectual humanist can no 
longer pretend that science and technology are incapable 
of making a valuable contribution to the progress of human 
civilization. 

Although the scientific and technological revolution is 
by far the greatest mfluence on the progress of modern 
human civilization, scientists and technologists cannot 
shoulder the whole responsibility for the direction man- 
kind takes in the future. Every individual has some respon- 
sibility, but in particular much depends on enlightened 
civil servants; upon industrial and commercial adminis- 
trators with a strong sense of humanity, and in under- 
standing of the possibilities and limitations of technology. 
Above all, it depends on the decision makers, the national 
governments and the international agencies. Only the 
combination of all these groups can ensure that the world 
advances to a higher standard of civilization. 

If we are ever going to attempt to solve the problems 


‘of over-population, under-employment and malnutrition; 


if we are ever to make industry the slave and not the 
master of the human community; if we are to develop a 
social systern which is rid of unnatural pressures and the 
corrupting influence of boredom and frustration; if we 
are to save what is left of the remainder of the living 
creatures on the Earth, the whole weight of scientific, 
technological and intellectual humanism must join 
together in a single campaign. 
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The present state of development of radio engineering 
demonstrates the fantastic achievements of which the 
human brain and organization are capable. This same 
standard of talent must be applied to the development 
and control of our human environment, otherwise all the 
discoveries of science will be sterile and all the skills of the 
technologist will be wasted. 

This lecture was established by the Institution of Radio 
and Electronics Engineers to pay tribute to a man who 
was not a scientist or an engineer but a humanist; a man 
who was principally concerned with the structure of human 
society and the systems by which men govern themselves. 
He understood the emotions which decide men’s actions 
and the factors which control behaviour. In that sense 
he was an engineer of humanity and it is my contention 
that the outlook for humanity is very bleak unless the 
engineers of humanity and the engineers in technology get 
together to design the sort of world in which mankind and 
all God’s creatures can exist together. 


The Dunrossil Memorial Lecture has been established by the Institution of 
Radio and Hlectronics Engineers, Australa, to honour the memory of its 
Patron, His Excellency, the Right Hon. Viscount Dunrossil, who died in 
office as Governor-General of the Commonwealth of Australia on February 8, 
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1961. The Lecture 1s an occasional lecture given by eminent persons on 
subjects akin to the growth of science and technology, the proper education 
of scientists, engineers and technologists, and, generally, matters broadly 
related to communication and electronics engineering. 

Viscount Dunrosstl was born ın 1893 and was educated at George Watson’s 
College, Edinburgh, and at the University of Edinburgh. career there 
was interrupted by the First World War throughout which he served im 
France, winning three mentions in despatches and the Mili Cross. He 
took his degree at the University of Edinburgh, read for the bar in London, 
and was called in 1923. He first made a name for himself as a lawyer at the 
English bar and in the House of Commons, but he came of a family of Scottish 
farmers and the land was one of his deepest interests. 

He entered the House of Commons in 1929 as William Shepherd Morrison. 
During 1981-35 he was Parliamentary Private Secre to the Attorney- 
General, and in 1935 he received his first ministerial appointment as Financial 
Secretary to the Treasury. The next year he became Minister for Agriculture. 
In 1939 he was given charge of the Food Defence and Plans Department of 
the Board of Trade, and when war broke out in 1939 he became Minister of 
Food. His next office was that of Postmaster-General, which he occupied 
from 1940 until 1943. In the Coalition Government he was Minister for Town 
and Coun Pla 

When, after six years in Opposition, his party returned to power in 1951, 
he was elected Speaker of the House of Commons and remained in this office 
until September 1959. He quickly showed that he possessed in abundance 
the qualities so necessary in his office, tact, judgment, impartiality and good 
humour even in difficult circumstances. 

The announcement of his appointment as Governor-General of Australia 
was made on November 12, 1959. On the same day H.M. The Queen raised 
him to the peerage, and he took the title of Lord Dunrossil of Vallaquie in the 
Isle of North Uist. 

Lord Dunrossil arrived in Australia on February 4, 1960, and his untimely 
death ın February 1961 sadly cut short his period of office as Governor- 
— and as patron of the Institution of Radio and Electronics Engineers, 

ustralia. 
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HIS article describes the first successful direct 

exposure of unprotected terrestrial micro-organisms 
to the environment of space, and their recovery. In the 
course of genetic and other studies, biological materials 
have previously been flown on board balloons!:?, rockets? 
and satellites!*-5, but the organisms were sealed in pro- 
tective vessels within the vehicle, and were therefore not 
directly exposed to the space environment. 

Up to the present time the survivability of micro- 
organisms in space has been a matter for speculation 
and extrapolation of terrestrial laboratory data*-1‘. 
The space environment has been viewed mainly as one 
extremely hostile to all forms of life, in part due to the 
high flux of biologically lethal ultra-violet and ionizing 
radiation. However, some indirect evidence concerning 
the existence of extraterrestrial life has been found by 
physiochemical methods. The degree to which such 
factors as extreme desiccation and very low temperatures 
may offset the lethal agents has not been completely 
assessed, though much work has been done®-?:12.14; the 
general view has been that these will not cause the rapid 
death of known life forms. The degree to which agents 
such as shielding or special chemicals may offer protection 
is totally unexplored. 

The subject is not merely an academic one, containing 
as it does fundamental questions concerning the spread 
and origin of life throughout the universe, and there is 
immediate relevance to the present space exploration 
programme in respect to the extremely difficult and costly 
efforts to avoid the contamination of other planets with 
terrestrial microflora. In this area definitive knowledge 
is badly needed concerning the survivability of surface 
contaminants surviving sterilization of space ships or 
picked up during launch, and on the improbable but 
theoretically possible event of contamination occurring in 
space. 

With these questions in mind, a programme was initiated 
for investigation of the presence and survivability of 
micro-organisms in space, as a subsidiary project to 
the Dudley Observatory micrometeorite research pro- 
gramme. 


Two flight experiments will be described, one using & 
rocket for short-term exposure at high altitude, the 
other a balloon for longer exposure at lower altitude. 
Additional laboratory experiments were performed to 
throw more light on the cause of the inactivation found. 


Rocket-borne Exposure Experiment 


The rocket experiment utilized an Aerobee rocket 
flown at the White Sands proving ground and took place 
on November 16, 1964. The payload was a micrometeorite 
collection device developed by the Ames Laboratory of 
the National Aeronautics and Space Administration. 

Sample preparation. The samples consisted of sterile 
surfaces of autoclaved nylon-reinforced ‘Millipore’ filter 
disks for the collection of micro-organisms during flight, 
and also additional surfaces coated with dried preparations 
of various terrestrial micro-organisms ; these were: Bacillus 
subtilis spores, Chlorella pyrenoidosa cells, poliovirus type 
ITI (wild), and Escherichia coli bacteriophage T. Unfor- 
tunately the sterile surfaces and the B. subtilis and 
Chlorella specimens were lost during the flight; details of 
their preparations are therefore omitted. 

Nylon-reinforced ‘Millipore’ filter membranes (450 my 
porosity), each approximately 1 cm? in area, were cemented 
to lucite plates and autoclaved. Aqueous suspensions 
(consisting of the appropriate culture media) of the viruses 
were prepared and 0:1 ml. volumes were spread on to these 
surfaces. These were vacuum dried at room temperature 
11 days before launch. The samples were prepared in two 
identical parts, one of which was shielded with heat- 
sterilized aluminium foil 38u. thick. Duplicate sets were 
prepared. Both were stored under vacuum in their 
collection boxes. Each box had a bellows switch which 
permitted detection of any serious vacuum leaks. The 
ground set was for laboratory control of the loss of viability 
or infectivity due to the drying procedure and storage 
at room temperature on the ground throughout the experi- 
mental period; the flight set was flown on the rocket. 

Rocket flight exposure. The rocket flight exposure and 
collector experiments were carried out ın one of four 
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ANALGETICS edited by George deStevens 


Latest volume in the Medicinal Chemistry Series 

e explores the interdisciplinary aspects of the chemistry and pharmacology of analgetics 

e contains selected references at the conclusion of each chapter 

e specifically written for organic chemists, biochemists, pharmacologists, and clinicians 

CONTENTS : ALFRED BURGER, Introduction. CHARLES A. WINTER, The Physiology and Pharmacology of 
Pain and Its Relief. RAYMOND W. HOUDE, STANLEY L. WALLENSTEIN, and WILLIAM T. BEAVER, Clinical 
Measurement of Pain. EVERETTE L. MAY and LEWIS J. SARGENT, Morptine and Its Modifications. ROBERT A. 
HARDY, JR. and M. GERTRUDE HOWELL, Synthetic Analgetics with Morphine-Like Actions. A. BROSSI, H. 
BESENDORF, L. A. PIRK, and A. RHEINER, JR., Isoquinoline Analgetics. WALTER KROHS, Pyrazole Deriva- 
tives. GEORGE deSTEVENS, General Synthetics. Author Index—Subject Index. 
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MECHANISMS IN BIOENERGETICS by Efraim Racker 


Volume 3 of Advanced Biochemistry Series 
e analyzes the basic principles of energy metabolism ; ; f 
e outlines the function of various high-energy intermediates which are found :n nature, and their relationships 


e discusses adenosine triphosphate, the key compound in energy metabolism = si ; 
e simple systems, catalyzed by soluble and pure enzymes, are described and similarities in energy metabolism between 


primitive microorganisms and complex mammalian tissues are pointed out 
(RO82) April 1965, 259 pp., 27s. 6d. paperbound (R084) 52s. hardbound 


THE PRINCIPAL DISEASES OF LOWER VERTEBRATES by H. Reichenbach-Klinke and E. Elkan 


Designed to help owners of experimental animals maintain healthy stock, to aCord some explanation of the losses they 
invariably suffer, and to suggest the means of avoiding their occurrence, the book treats topics such as: infectious 
diseases (including bacteria, parasites, fungi, and viruses), environmental and nutritional factors, tumours, and develop- 
mental abnormalities. 

CONTENTS: Fishes. Amphibia. Reptilia. Glossaries. Subject Index. 


(R459) April 1965, 600 pp., 126s. 


HUMAN CHROMOSOME METHODOLOGY edited by Jorge J. Yunis 


e presents an authoritative and up-to-date treatise which serves as a text and reference containing recent advances in 
human cytogenetics 
`~ # covers each phase of laboratory investigation from the preparation of materials for sex chromatin and chromosome 
— for bone marrow, blood, skin, and gonadal specimens to the subject of autoradiography and chromosome 
identification 
ə serves as a guide to laboratory techniques and their applications for research workers, students of genetics, and 
members of the medical profession involved in setting up a laboratory of cytogenetics 


(Y500) May 1965, 258 pp., 68s. 


THE EVOLUTION OF GENETICS by Arnold W. Ravin 


From the author's preface : 

“Genetics has had a glorious past, an absorbing present, and promises to enjcy an exciting future. This book is not 
intended as a history of the science of heredity. By a brief and general survey, however, it seeks to show the connections 
of past to present research, and of current discoveries to future investigations. ... This book is written for a broad 
audience interested in a general, not detailed, review of the subject... . Genetics has had, and still has a unifying, 
central position in the biological sciences. Even more so in the future its principles will have ramifications in every 
specialized field of biology: biochemistry, physiology, cytology, development, systematics, ecology and evolution.” 


(X610) April 1965, 216 pp., 23s. 6d. paperbound (611) 48s. clothbound 
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spatially growing waves in the theory 
of hydrodynamic stability— 

M. Gaster ; Hypersonic aircraft and 
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369 pages £7 ($20.00) 


Radiological Monitoring 
of the Environment 


Proceedings of a Conference organized 
by the Joint Health Physics Committee 
and the Central Electricity Generating 
Board, held at Berkeley, 
Gloucestershire 


Edited by B. C. Godbold and 
J.K. Jones 


Partial Contents: (A selection from 
the thirty-five papers read at the 
Conference): Session J: Radioactivity 
in Agricultural Products and its 
Assessment by Environmental Survey 
—R. Scott Russell; The Monitoring 
of Artificial Radioactivity in Waters 
Round the British Isles—F. Morgan; 
Session II: Derived “Maximum 
Permissible Levels” Used in 
Neighbourhood and Working 
Environment Surveys—_H. J. Dunster 
and R, J. Garner; Session HT: 
Sampling for Low Concentrations 

of Airborne Activity—R. P. Parker 
and C. R. Hill; Continuous 
Sampling and Measurement of Air- 
borne Activity—K. E. G. Perry; 
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Representatrveness of Air Sampling 
for Particulates-—R. J. Sherwood; 
The Monitoring of Uranium and 
Plutonium Dust Hazards—S. E. 
Hunt, D. Allenden, K. Boddy, B. 
Cattle, D. V. Freck, E. D. Taylor and 
D. G. Waters; Gaseous effluent 
Monitoring at C.E.G.B. Nuclear 
Power Stations—-D. Tattersall; 
Session IV: Problems in the Achieve- 
ment of Optimal Radiation Levels in 
Hospital Practice-——R. E. Ellis; 
Radiological Control in Unrversity 
Laboratories-—J. C. Collins; Current 
Practice in the Survey of the Working 
Environment at the Wantage 
Research Laboratory-—-G. W. Cox 


416 pages £5 10s. ($17.50) 


Inhaled Radioactive 
Particles and Gases 


Proceedings of the Hanford 
Symposium on Inhaled Radioactive 
Particles and Gases held at Richland, 
Washington, May 4-6, 1964 


-Edited by W. J. Bair 


Partial Contents: Aerosol production 
and characterization—-7. T, Mercer: 
The modes of formation and 
properties of aerosol particles-— 

K. Stewait; Radionuclide content 

of airborne particles, 1962/63 

J, Hardin, S. Gold, B. Kahn and 

C. Straub; A spinning disc aerosol 
generator—L. C. Schwendiman, 

A. K. Postma and L. F. Coleman; 
Preparation of insoluble aerosols—~ 
5. Posner ; Biochemistry of the 
Lung—QJ. M. Felts; The processes 
involved in the biologic aspects of 
pulmonary deposition, clearance, 
and retention of insoluble aerosols— 
P. Gross; Alveolar reactivity follow- 
ing inhalation of particles—L. J 
Casarett and P. S. Milley ; Influence 
of aerosol properties upon gross 
distribution and excretion-—R. G. 
Thomas; A comparison between 
inhaled dust and the dust recovered 
from human lungs—C. N. Davies: 
Intake of radiostrontium in airborne 
particles by infants —B. Kahn, R. 
Seltzer, P. Hallbach and C. Straub: 





Offered for sale in the 
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The turnover of mercury in rats 
exposed repeatedly to inhalation of 
vapor—A. Rothstein and A. Hayes. 


396 pages £5 5s. (approx. $16.50) 


Corrosion and Protection 
of Metals 


G. T. Bakhvalov and A. V. Turkov- 
skaya, Kalinin Institute of Non- 
Ferrous Metals and Gold, Moscow 


Contents: Classification of corrosion 
processes. Protective films on metals ; 
Chemical corrosion ; Corrosion in 
electrolytes; Corrosion due to 
mechanical factors ; Corrosion under 
various conditions ; Corrosion 
resistance of metals; Corrosion 
testing; Methods of protecting 
metals against corrosion, Purpose 
and methods of metal surface 
preparation; Non-electrolytic 
methods of application of metallic 
coatings; Electrolytic deposition of 
metals ; Oxidation; Phosphating; 
Chemical and Electrochemical 
Dyeing of Metals; Control of 
coating quality; Basic plating shop 
equipment for electrolytic and 
chemical processing; Automation of 
plating processes; Enamelling and 
coating of metals with organic 
materials; Protection of metallic 
articles in storage, during transport 
and under tropical climate conditions. 


332 pages. 90s. ($17.50) 


Astronautics Year 


Edited by D. Howard 


A concise and reliable review of 
international, astronautical and 
military space/missile events through- 
out 1964. The volume is lavishly 
illustrated and contains a tabulated 
reference of launching attempts. 


Contents: 1964 in retrospect; Ilus- 
trated guide to the main events; 
Diary for 1964; Current project 
status list; Launching attempts in 
tabulated form; Index. 


approx. 224 pages 
approx. 35s. (approx. $4.50) 
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compartments within each of two identical collection 
boxes. Each box had an exposure area of approximately 
930 cm?. The payload was similar in design to the Venus 
‘Fly Trap’ micrometeorite collector’. Twelve evacuated 
collection boxes were mounted on three hydraulically 
actuated arms. They were protected by a cylindrical 
aluminium shroud during launch and upward travel 
through the atmosphere. At altitude the shroud was 
hydraulically elevated and the collection boxes were 
extended on their arms until their exposure areas were 
approximately perpendicular to the spin axis of the rocket. 

The Aerobee rocket was launched at about 11.20 a.m. 
Mountain Standard Time on November 16, 1964, from the 
White Sands Missile Range at White Sands, New Mexico. 
An approximate altitude-tume profile for this fight 1s 
shown in Fig. 1. The exposure began at an altitude of 
approximately 80 km and the rocket reached a height of 
155 km at apogee. The collector closed when the payload 
had fallen to about 106 km. The samples were exposed 
nearly directly upward for approximately 233 sec. Coning 
of the rocket was negligible. Unfortunately the collector 
malfunctioned and the collection boxes were not resealed. 
It also appears to have reopened violently a few seconds 
before the parachute deployed at an altitude of about 
4.25 km. When the parachute deployed, the arms were 
slammed shut again. The collector was recovered 4 days 
after the fight. The box containing the biological samples 
appeared to have suffered the least damage although it 
was separated from its cover by about 1 cm and the 
micrometeorite collection surfaces were dirty. The thin 
nitrocellulose collection films flown in the same box as the 
biological experiments were partially intact, suggesting 
that re-entry heat damage to the biological samples was 
not serious. 

On December 1, 1964, the unflown box and the flight 
box were returned to Albany. 

Assay techniques. Fifteen days after launch, the T- 
phage samples were ummersed in 10 ml. beef infusion 
broth for $ h; the broth was then assayed for viable 
phage using the agar layer technique of Barlow?’ for T,- 
phage plaque assay. Twenty-two days after launch, the 
poliovirus samples were washed in 10 ml. Eagle’s medium 
containing 3 per cent foetal bovine serum and tested 
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Fig. 1. Rocket altitude versus time 
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using the plaque assay as described by Deibel eż al.**-1° for 
poliovirus. The viability is expressed throughout as the 
number of infective virus particles (plaque-forming units, 
P.F.U.) per sample area; the number of viable virus par- 
ticles originally seeded on the sample area was calculated 
from a sumilar assay ofthe inoculum. 


Table 1, ‘Virus MITRES IN ROCKET EXPERIMENT 


No. P.¥.U, Ground set Fhght set 
Virus seeded Shielded Exposed Shielded Exposed 
T,-bacterlophage* 9x 10° 83x10* 2-9x 10° 26x10 1x 10° 
Polio type IIIf 1°5 x 10’ 53x10 31x 10° 33 x 107 0 


* Titrated at the end of tre experiment after recovery, 15 days after 
launch and 26 days after prepazation of the dried disks. 
ae trated 22 days after launch and 33 days after preparation of the dried 


Resulis. The microtiological results of the rocket flight 
are shown in Table 1. It is evident that 26 days after 
inoculation the ground set phage viable count showed an 
insignificant loss due tp drying which m this experiment 
was remarkably low; in the case of the ground set polio- 
virus, the loss was mach greater since the dried viable 
count fell by a factor of 10+. There was no significant 
difference between shielded and exposed portions of 
either virus. The shieled sample of 7',-phage of the flight 
unit showed @ viabilicy not significantly different from 
the controls, whereas the unshielded viable count had 
fallen by a factor of 10*. The unshielded count is based on 
a total of 10 plaques found after plating 3-4 ml. of eluate 
on to 18 separate Petri dishes. 

The viable polioviras fell by a factor of 10? in the 
shielded flight sample, and by a factor of at least 10? in 
the exposed sample, to a level below the threshold of the 
assay system which was 16 infective virus particles per 
cm? of sample surface. 


Balloon-borre Exposure Experiment 


The balloon expostre experiment was carried out as 
part of a Dudley Observatory micrometeorite collection 
experiment sponsored. by the National Aeronautics and 
Space Administratior. On December 14, 1964, the 
balloon was launched at the National Center for Atmo- 
spheric Research, Scientific Balloon Flight Station, at 
Palestine, Texas. 

Sample preparation. The micro-organisms used con- 
sisted of bacteriophage T, and a heat-resistant Penicillium 
mould Penicillium rcqueforii Thom. Aqueous suspen- 
sions of these organisms were placed on 450 my nylon- 
reinforced ‘Millipore’ älter sheets previously cemented to 
aluminium plates use as sample holders, and dried at 
room temperature. Hach ‘Millipore’ filter sheet had an 
area of about 1:5 em*. Three identical samples were 
prepared on December 4, 1964, ten days before the flight 
exposure. One of the two flight samples was shielded by 
a sheet of approximately 2-mm-thick aluminium. The 
third sample served as the laboratory control. 

Balloon flight exposure. The micrometeorite collector 
in which the biologica. materials were exposed was rectan- 
gular in shape and presented exposure areas of approx- 
imately 235 cm? in both the box and its cover. It was 
mounted and flown on top of a 3-8 x 105 m? balloon. while 
telemetry, ballast ard auxiliary instrumentation were 
located beneath the kalloon. 

During launch and ascent, the collection box was locked 
shut. At altitude it was unlocked and opened by radio 
command from the ground. An independent telemetry 
channel indicated whether the box was fully opened or 
fully closed. During the flight exposure, the exposure 
areas were in a horizontal plane and faced upward. After 
the flight exposure, the box was closed and relocked by 
ground command. Tne flight was terminated by cutting 
off the bottom payload, and the top payload was then 
released and brought back to earth. Further details of 
this micrometeorite zollection technique in which the 
biological exposure was carried out will be published at a 
later date. 
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The balloon and its payloads were launched at the 


Balloon Flight Center of the National Center for Atmo- - 


spheric Research at Palestine, Texas, on December 14, 
1964, at 2.40 a.m. Central Standard Time. They reached 
`- an altitude of 34-8 km at 5 a.m. 0.s.T., and the exposure 
began at 5.05 a.m. 0.8.1. over Coushatta, Louisiana. The 
altitude of the balloon varied from approximately 33-5 
to 35 km during the exposure. During ascent the sample 
temperature fell to — 75° C, and rose to —45° C at float 
altitude before sunrise. The balloon drifted rapidly 
eastward and sunrise occurred at about 6.15 a.m. C.8.T. 


After sunrise the substrate temperatures rose steadily to~ 


about 24° C and remained near that value for the rest of the 
flight. The samples were exposed to sunlight for about 
4h. At 1l am. c.s.t., the box was closed and locked. 
The top payload landed near Linden, North Carolina, 
at 12.17 p.m. 0.8.2. 


Table 2, TITRES* IN BALLOON EXPERIMENT 


R No. of P.P.V. Labora- Flight get 
Organism seeded tory set Shielded Exposed 
T -Bacteriophage 1:2 x 10° 5 x 104 27x 104 1-2 x 10° 
Penicillium 
roguefortt Thom 1:8 x 10° 3:8 x 10 1°56 x 106 7x15 


* Titrated at end of experiment after recovery, 4 days after launch, 14 
days after seeding. 

Results. The microbiological results of the balloon 
flight are shown in Table 2. In this experiment, using a 
different drying technique, the phage loss of the control 
was unfortunately much greater than in the previous 
one. The 6-h exposure at 34 km reduced the titre of the 
exposed flight set by a factor of only 10 compared with 
the shielded flight set. However, in the case of the Penzcil- 
lium mould, drying caused no change in the viable count 
whereas the flight exposure reduced it by 107. With 
both organisms, viability of the flown shielded samples 
was not significantly different from the laboratory controls. 


Laboratory Experiments 


Experiments were performed in the laboratory in an 
attempt to throw light on the nature of the primary cause 
of the inactivation. Dry 7',;-phase on ‘Millipore’ filter disks 


cemented to ‘Lucite’ plates was exposed to air at a temper- . 
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Fig.2. Heat inactivation of dried 7,-phage lysate. Dry T,-phage lysate 

on ‘Millipore’ filters cemented to ‘Lucite’ plates was exposed to air at a 

temperature of approximately 149° C. After 20, 40, 100, and 260 sec 

exposure, samples were eluted eae — for infectivity as described in 
e text - 
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Fig. 3. Dried 7,-phage lysate after ultra-violet irradiation. Clarified 
(460 r.p.m. for 10 min.) T -phage lysate was air dried on ‘Millipore’ filter 
of 10-my pore size (8), on ‘Millipore’ filter of 450-my pore size (L), on 
glass slides (@), and a 7’,-phage suspension containing 5 per cent yeast 
RNA on glass slides (N). From a distance of 10 cm, the samples were 
ultra-violet irradiated using a Westinghouse ‘W Z-782~20’ U-bent germi- 
cidal lamp. After 5, 25, 125 and 625 sec of exposure, samples were 

eluted and assayed for Infectivity as described tn the text 


ature of approximately 150° C, as measured with a Weston 
‘221D’ thermometer. The sample temperature was also 
measured using a calibrated thermister. The result is 
shown in Fig. 2. After 100 sec the number of r.r.u. had 
dropped by a factor of 10° and the ‘Millipore’ filter started 
to show e slight brown discoloration. The temperature 
of the sample rose asymptotically and had reached 153° C 
at this time. No. pP.¥.u. were recovered after 260 sec, 
when the ‘Millipore’ filter was brown and the ‘Lucite’ 
plates were distorted considerably. By this time the temp- 
erature of the sample had risen to 180° C. Poliovirus did 
not survive heating under the same conditions for 20 sec. 

Ulira-violet light irradiation. Yig.,3 shows the ultra- 
violet inactivation of dried Z',-phage lysates as a function of 
exposure time with and without 5 per cent yeast RNA on 
glass slides, also of dried 7',-phage lysates on ‘Millipore’ 
filter with 450-my and 10-my porosity. The percentage of 
surviving P.F.U. is demonstrated. A Westinghouse 
‘WL-782-20’ U-bent germicidal lamp was used. The 
samples were kept at a distance of 10 cm from the ultra- 
violet source. Fig. 4 shows the ultra-violet inactivation 
of purified wet T -phage suspensions in Eagle’s medium 
without indicator, one of which contained 5 per cent yeast 
RNA. It will be noted that in all cases the ultra- 
violet inactivation proceeded logarithmically at first, 
but, after dropping by a factor of 10*-10*, levelled off to 
an almost constant value. The suspensions containing 
RNA. showed the least inactivation. 

Soft X-ray inactivation. Clarified T -phage lysate on 
10 my. millipore filter disks of a diameter of approximately 
3 mm was air dried and exposed for 5 min to soft X-rays 
in a vacuum, using a Philips contact microradiograph. 
The potential across the X-ray tube was 1:25 kV and the 
tube current was 2 m.amp. Thus the organisms were 
exposed to X-rays of wave-lengths of 10 A and longer. 
Ten identically prepared samples were used as controls 
and for the irradiation. After 5 min irradiation the 
value of the infectivity was only reduced by about 50 
per cent; the average P.F.U. count per sample area_fell 
from 2-9 x 10° to 1-6 x 10%. 
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Fig 4 Ultra-violet inactivation of punfled wet 7,-phage. ‘Millipore’ 


filter disks were seeded with a purified 7',-phage suspension (P) and a 

punfiled 7',-phage suspension containing 5 per cent yeast RNA (N) in 

Eagle’s medium without indicator. The wet samples were irradiated 

with ultra-violet light as described in Fig. 3. After 5, 25, 125 and 300 

sec, samples were eluted and sere) Tor infectivity as described in the 
x 


Discussion 


While these experiments are preliminary, the complete 
lack of comparable data on micro-organisms fully exposed 
to the space environment leads us to present a brief dis- 
cussion which may be helpful to other workers in this 
field. The main environmental factors which should be 
evaluated as possible causes of the loss of viability of the 
exposed flight samples are high vacuum, cosmic rays, 
ultra-violet-radiation, X-radiation and temperature ex- 
tremes. In the case of T -phage and of Penicillium 
mould the results of the shielded samples indicate that 
vacuum, low temperature and cosmic rays do not repre- 
sent significant lethal factors. The poliovirus, however, 
shows definite loss of viability in the shielded sample, 
possibly due to high temperature. The ‘Millipore’ substrate 
of the unshielded polio sample showed evidence of charring 
at the edges. The other shielded and unshielded ‘Millipore’ 
surfaces did not show any signs of heating. Under labora- 
tory conditions, results showed that it was not possible to 
inactivate 7’,-phage by hot air without marked discolora- 
tion of the ‘Millipore’ filter surface. It should be noted 
that this phage is reported to withstand 145° C in the 
dry state®*°. It seems unlikely, though not impossible, 
that the inactivation of the phage was due to heat; further- 
more, the 38u aluminium shield completely protected the 
T -phage sample. This shielding is believed to be too thin 
to give significant protection against heat, but certainly ts 
sufficient to exclude ultra-violet light and soft X-rays 
which were presumably the main cause of the 101-fold 
inactivation found. 

The two flight experiments were made under quite 
different conditions. The balloon exposure lasted nearly 
6 h as compared with the 4-min duration of the rocket 
exposure. Furthermore, the balloon flight altitude was 
only 34 km whereas the rocket exposure ranged from 80 
to 155 km. It is known that the intensities of ultra-violet 
light and of soft X-ray are considerably diminished at 
balloon altitudes through absorption by the high atmo- 
sphere. The greater survival of the samples during the 
long-term exposure on the balloon seems to reflect the 
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greatly reduced flux of ultra-violet light and soft X-ray 
at balloon flight altitudes. The results of the laboratory 
experiments indicate taat T -phage was not screened by 
the ‘Millipore’ filter mambrane from ultra-violet light of 
wave-lengths close to 2537 A (as mainly emitted by 
germicidal lamps) ever though the average pore size was 
much greater (10 times) than the phage head diameter. 
Thus it is difficult to account for the observed inactivation. 
of 7',-phage in the exposed rocket sample, on the basis of 
medium and long wave-length ultra-violet light. Further- 
more, the laboratory results indicate that the germicidal 
ultra-violet light only reduced the titre of dried 7',-phage 
by a factor of approximately 10? and that the addition of 
5 per cent RNA appeared to decrease the factor to about 
101; whereas purified wat 7’,-phage is completely protected 
by 5 per cent RNA. This accords with the concept that 
crude lysate has considerable shielding ability against 
ultra-violet light of this wave-length. It also seems to 
indicate, as suggested dere, that the 10*-fold inactivation 
of broth lysate T -phage exposed in the rocket experiment 
was only partially dus to ultra-violet light of ordinary 
germicidal wave-lengta. It appears that the observed 
inactivation of T -phage was due to electromagnetic 
radiation from the San, of wave-lengths shorter than 
2600 A, but not sufficiently energetic to penetrate 38u of 
aluminium foil. 
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EVIDENCE OF LIFE PROCESSES IN.A SEDIMENT TWO AND A HALF 
BILLION* YEARS OLD 


By T. BELSKY, R. B. JOHNS, E. D. McCARTHY, A. L. BURLINGAME, W. RICHTER 
and Pror. MELVIN CALVIN, For.Mem.R.S. ; 


Department of Chemistry, Lawrence Radiation Laboratory and Space Sciences Laboratory, 
University of California, Berkeley 


HE quest for evidence of life processes, past or 

present, in extraterrestrial environments is of con- 
siderable interest to-day. Isoprenoid alkanes have been 
proposed as “biological markers’, since their high degree 
of structural specificity is indicative of biogenesis', We 
have continued our search for these and other markers in 
ancient sediments not only with the objective of determin- 
ing by a chemical approach whether organic compounds 
being identified in meteorites? could be of biological origin, 
but also to trace, if possible, the course of the earliest 
stages of organic evolution. In our initial investigations of a 
one-billion-year-old sediment, the Nonesuch Shale, pristane 
and phytane which are found in contemporary animals 
were isolated and identified spectroscopically?. Thus, such 
isoprenoids have formed @ basis for the extension in scope 
of our researches to sediments varying in age and geo- 
logical type. 

We report here our results from the analysis of: (a) the 
Soudan Iron Formation of Minnesotas the age of which 
has been dated isotopically at not less than two and a half 
billion years*s and therefore extends beyond the age limit 
of rocks in which morphological remains have been 
accepted as identified’; (b) the Antrim Shale, considered 
late Devonian in age (about 265 x 10% years); (c) the San 
Joaquin Oil, which is approximately 30 million years old. 
Whether or not the extractable hydrocarbons we have 
found in the Soudan were deposited at the time of forma- 
tion of the sediment, or were added at a later time by 
migration from elsewhere, remains a question. Con- 
clusions concerning the age of the biosynthetic mechanisms 
which produced them are subject to re-interpretation in 
the light of a more certain answer to this question as 
discussed here. 

Continuing the approach of actual isolation and 
identification by physical techniques}, the hydrocarbon 
fraction from the Soudan Shale was isolated and purified 
by methods already described!5. (We thank Prof. P. E. 
Cloud, jun., of the University of Minnesota, for provid- 
ing the sample from the Soudan Iron Formation; 
the Dow Chemical Co., in particular Mr. R. D. 
Matthews, for the Antrim Shale core; and Dr. L. P. 
Lindemann through the courtesy of the California 
Research Corporation for the sample of the San Joaquin 
oil.) A hydrocarbon fraction was first separated from the 
extractables by alumina chromatography, and from this 
‘total oil’ sample the straight-chain hydrocarbons were 
isolated, uncontaminated by isomers, by occlusion in 
5-A molecular sieves. The branched and cyclic hydro- 
carbon fraction which remained was examined by gas- 
liquid chromatography techniques. The isoprenoid com- 
ponents were separated on a gas-liquid. chromatography 
column (10 ft. x 1/4 in.) using 1 per cent SH-30 as liquid 
phase and further purified on successive columns (25 ft. x 
1/4 in.) of liquid phases of 2-5 per cent 7-ring metapoly- 
phenylether and 2:5 per cent tetracyanoethylatedpenta- 
erythritol. The structures of the collected samples were 


* ‘Billion’ in the United States and elsewhere equals a thousand millions; 
in fhe United Kingdom and elsewhere 1t equals a million milhons, 


determined by .mass spectrometry. In addition to the 
isoprenoids C,,H3,, CrsH 4, (pristane) and C,,.H,. (phytane) 
previously recognized! in the Nonesuch samples, the 
presence of the C.,;H,, isoprenoid was established in the 
Soudan. by its isolation and identification from its mass 
spectrometric fragmentation pattern. 

A sample of Antrim Shale from Midland County, 
Michigan, and a sample of San Joaquin Oil were 
analysed, and from both samples ©,;,C,, (pristane) and 
C» (phytane) isoprenoids were identified. These ‘bio- 
logical markers’, which are found in a variety of con- 
temporary animals, have thus been shown to be present 
in samples ranging in age to greater than 2:5 x 10° years. 

From the Soudan Shale the isoprenoids have been 
isolated in the approximate proportions of C1s:C19:C20:C21 
as 3:5:3:1 and from the Antrim Shale Cie:C19:C20 as 5:3:2-5. 
Some further quantitative trends are shown in Table 1. 


Table 1. PERCENTAGE COMPOSITIONS 


Antrim Nonesuch Soudan 


Samples shale oll shale 
Total carbon in shale 83 30 
Percentage of total carbon extractable c. 4°5 &. 1-5 
Pristane in branched/cyclic fraction 03 1-2 1:3 
Phytane in branched/cyclic fraction +2, 06 7 


A second homologous series, the normal hydrocarbons, 
provides another basis for comparison. Fig. 1 shows the 
relative distribution of the n-paraffins found in some 
marine sediments? and in the non-marine Green River 
Shale*+8, Any predominance of odd over even hydro- 
carbons is very slight in most of these,samples. In the 
Soudan, although the carbon number nominally runs from 
Cis to Ca 98 per cent of the n-hydrocarbons are repre- 
sented by n-C,; to n-C,, inclusively. This contraction in 
the distribution of the 2-hydrocarbons provides the most 
notable difference in appearance of the oil fractions from 
the Soudan and younger sediments. We believe that this 
is a real difference and not an apparent one due to any 
selective movement of the n-hydrocarbons within the 
rock because of the occurrence not only of the higher 
molecular weight members of this homology, but also of 
a substantial fraction of higher molecular weight branched 
and cyelic hydrocarbons which in their distribution 
pattern show no evidence of any preferential movement 
in the sediment. Rather, the gas-liquid chromatography 
‘fingerprint’ pattern of the branched and cyclic hydro- 
carbons suggests a complexity comparable with that 
found in the Nonesuch Shale. 

The problem of contamination of the sediment by 
movement into or out of the rock since deposition of the 
hydrocarbon constituents is a contimuing one. Com- 
paction of a sediment after initial deposition is known to 
occur very rapidly in the initial stages?; but the great 
age of the Soudan could allow this initial period to be 
spread over several hundreds of millions of years and still 
require it to be in a compacted state for by far the greatest 
period of its existence. Migration of hydrocarbons from 
outside sources into compacted sediment may be possible, 
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Fig, 1. Relative distribution of n-alkanes 


but normally only in oil-producing areas*, which is not 
the physical environment of the Soudan formation as 
known to-day*s. 

One method of attempting to resolve this difficulty of 
contemporary nature of the hydrocarbon fraction and the 
rock is the use of *C/#*C ratios. Dr. T. Hoering has 
informed us of his examination of a sample of the Soudan 
Iron Formation stratigraphically related to our own 
sample, in which a significant difference was found 
between the ®C/!*C ratios of the extractable and non- 
extractable carbon. This might be interpreted as an 
indication of separate origin of the extractable and non- 
extractable carbon. We have accordingly examined the 
hydrocarbon released from our powdered sample by 
digestion in hydrofluoric acid, after previously exhaus- 
tively solvent-extracting the powder with benzene- 
methanol. The straight chain hydrocarbon fraction of 
this second extract displays the same restricted gas-liquid 
chromatography appearance as that obtained from the 
initial benzene—methanol extractions. This suggests that 
the hydrocarbons are evenly distributed throughout the 
sediment. Further, it is difficult to interpret our other 
gas-liquid chromatography distribution patterns in terms 
of any previous hydrocarbon fractionation which might 
well be expected on the basis of migration since deposition. 
For the present we regard the evidence for the hydro- 
carbon being indigenous to the sediment as sufficient for 
the basis of the arguments outlined here. 

A proper evaluation of the data being obtained requires 
some insight into the diagenetic processes acting, since 
deposition of the sediment. Accordingly, a more complete 
investigation of the extractable hydrocarbon fractions has 
been initiated. From the Nonesuch Seep Ol, components 


Table 2. HYDROCARBONS IDENTIFIED 


Sample Age (years) Normals (range) Isoprenoids 

Soudan shale 2-5 x 10° Cis to Csa Gags Crs, Oxo, Un 
Nonesuch shale t 1 x 10° Cia tO Cys Cies Cre 
Nonesuch oil *, t 1x 19° Cis tO Caa Cs, Cies Cis, Ceo 
Calcite inclusion t in ° 

Nonesuch shale 1 10° Cy, to Cas Oꝛe, Cra, Cao 
Antrim shale 266 x 108 Cio to Cae Cis; Cis» Ces 
San Joaquin oil 30 x 10° Cio tO Cas Ois, Civ, Cro 


* Members of two further homologies are also present, namely, 2-methy] 
and 3-methyl penta-, hexa- and hepta-decanes. 
t Cited in refs. 1 and 5. 


NATURE 


447 


of two more homologous series have now been 
isolated. and identified. The 2-methyl- 
pentaderane, -hexadecane and -heptadecane 
(isoparafin series) together with the 3- 
methyl tomers (anteisoparaffin series) were 
isolated. -and thew structures determined 
from the characteristic mass spectrometric 
fragmentation patterns. The isoparaffinic 
hydrocarbons have been isolated from rose 
petal wax!? and certam plants". Members 
of both -series have been isolated from a 
California naphtha", tobacco leaf wax**s, 
refined paraffin wax", wool wax?*, and Cuban 
sugar cane wax!?, An anteisoparafiin has 
also been isolated from the American cock- 
roach!!. The synthesis of these hydro- 
carbons may be understood in terms of 
8 known Liological mechanisms and represent 
further examples of organic compounds 
common. to both Precambrian sediments 
4 - and conzemporary plants and animals. 
Table 2 lists the constituents which we 
have identified up to date. Ifthese molecules 
are as old as the rocks, we have thus short- 
ened the time available for the generation 
of the ecmplex biosynthetic sequences which 
give rise to these specific hydrocarbons 
(polyisaprenoids) to less than two billion 
years. They provide a not unreasonable 
basis for believing that indigenous hydrocarbons of 
Precambrian sedimerts are indeed of biological origin 
but, equally imporrant, that the use of ‘biological 
markers’ will prove « valid approach in evaluating the 
significance of the hydrocarbons isolated from meteorites 
with respect to the cuestion of their biological or abio- 
logical origin. 
This work was supported in part by National Aero- 
nautics and Space Administration grant NsG 101-61 and 
in part by the U.S. Atomic Energy Commission. 
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IS THE EARLY EVOLUTION OF LIFE RELATED TO THE DEVELOPMENT 
OF THE EARTH’S CORE? 


By Pror. CARL SAGAN 


Harvard University and Smithsonian Astrophysical Observatory, Cambridge, Mass. 


FFEN: has suggested that the surface magnetic field 
strength was vanishingly small some 3 x 10° years 
ago, as a consequence of the hypothesized slow growth of 
the fluid metallic core of the Earth; and that incident 
charged particles from the Sun were not then deflected 
by the geomagnetic field. He proposes that a consequent 
intense flux of charged particles at the surface of the 
Earth made the origin and evolution of life prior to 2-5 x 
10° years ago impossible. He also suggests that, even in 
later epochs, the evolution of life was rendered difficult 
by the massive dumping of trapped particles from the 
Earth’s Van Allen radiation belt, as the number of stable 
convective cells in the Earth’s fluid core increased with 
time. It is the purpose of this communication to show 
that even if the Earth’s magnetic field was inconse- 
quential in Archaean times, the effect on the development 
of life on the planet Earth would not have been deleterious; 
and indeed, may have been salutary. 

Biogenic organic matter and fossils of living organisms 
have been found in sediments dated as old as 2-0-2-8 x 
10° years?-5, The existence of such relatively advanced 
organisms as colonial algae in this epoch points strongly to 
the likelihood that the origin of life occurred considerably 
earlier than 3 x 10° years ago, perhaps only a few ‘times 
10® years after the formation of the Earth 4:5 x 10° 
years ago. 

In the absence of the geomagnetic field, the surface of 
the Earth will not be bathed in the solar proton flux, 
because of absorption in the Earth’s atmosphere. The 
solar proton flux and energy spectrum in interplanetary 
space near the Earth have been measured by the Mariner 
2 space-vehicle*. The proton energy, calculated on the 
assumption. that all measured particles were protons, is 
characteristically between 0-5 and 5 keV. A typical 
value of the proton flux is 2 x 108 cm~? sec-*. The 
proton flux in the energy-range above 10 keV is expected 
to be relatively very small. The penetration depths of 
solar protons can be computed for any desired model 
atmosphere. The ranges of protons in air, in nitrogen, 
and in oxygen have been measured by Cook, Jones and 
Jorgensen’, For the purposes of the present discussion, 
there is no difference in the range in nitrogen and the 
range in oxygen. 

The terrestrial atmosphere at the time of the origin of 
life was very likely reducing, and probably arose from the 
outgassing of the early mantle (see, for example, ref. 8). 
The exact proportions of molecular constituents in such an 
atmosphere are at present unknown, but substantial 
quantities of water, methane, nitrogen and ammonia 
are expected®. The proton range in such an atmosphere 
should be of the same order of magnitude as in air. In 
the present atmosphere of the Earth it is a simple matter 


to compute the altitude reached by protons of given- 


energies, incident vertically at the top of the atmosphere 
and travelling in an unbroken linear path. For 1-keV 
protons, this altitude is about 125 km; for 5-keV protons, 
about 30 km. Because of the assumption of vertical 
incidence and rectilinear path, these will be maximum 
penetrations. Thus, were the present geomagnetic field 
turned off, the solar proton wind would in general not 
penetrate into the troposphere. So long as the surface 
atmospheric pressure on the primitive Earth was as much 

s 10-3 atm., a solar proton wind of the contemporary 
energy distribution would be absorbed in the atmosphere, 


aria not pose a hazard for the origin and evolution 
of life 

While there is some suspicion that the Earth’s primitive 
atmosphere was entirely lost to space!®11, this is not the 
only possible interpretation of the data in question??; 
and, in any event, the airless epoch could only have 
occurred during—or possible even before—the formation 
of the Earth*. The question of the atmospheric pressure 
of the primitive Earth depends on the unknown rate of 
outgassing in early times. But, for the large scale pre- 
biological synthesis of organic matter in the primitive 
Earth, significant atmospheric pressures are required. 
Holland?’ has suggested on geochemical grounds that the 
atmospheric pressure was greater than 10- atm. through- 
out the interval between 4:5 x 10° years ago and the 
present. It therefore seems likely that had the solar 
proton flux approximately its present energy spectrum 
throughout geological time, atmospheric attenuation 
would prevent any significant damage to pre-biological 
or biological processes on the primitive Earth, even in 
the absence of the geomagnetic field. 

Similar conclusions apply to dumped charged particles 
from the Van Allen belts of much later epochs. Were the 
surface atmospheric pressure low in primitive times, some 
penetration of MeV particles to the surface can be 
expected. But, in any event, organisms residing below the 
surface of the early waters would have been unaffected. 

The penetration of the solar proton wind to the tropo- 
pause in primitive times does raise an interesting possibil- 
ity concerning the origin of life. Since the initial experi- 
ments of Miller, it has been clear that the bombardment 
of simulated primitive reducing atmospheres by charged 
particles is an efficient mechanism for the production of 
organic molecules of contemporary biological significance 
(see, for example, ref. 15). A particle flux of 2 x 18° 
protons cm~? sec-1, each with energy in the keV range, 
corresponds to an energy flux approaching 1 erg em-? 
sec-!, This ıs a source of energy far inferior to ultra- 
violet light in primitive timest*; but it is comparable 
with the estimated® energy inputs to the primitive atmo- 
sphere from lightning, from corona discharges from pointed 
objects, and from radioactivity. Organic molecules pro- 
duced by solar protons just below the tropopause would be 
convectively transported to the surfaee of the Earth. 
For this reason, experiments on pre-biological organic 
syntheses using keV protons as a source of energy may 
have some relevance to the origin of life. 
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OBITUARIES 


Dr. Antonin Becvar 


Wits the death of Dr. Antonin Bečvář on January 10 
the Czechoslovak astronomers lost one of their most 
distinguished colleagues, and the world community the 
principal contributor to astronomical cartography within 
our lifetime. 

Dr. Bečvář was born on June 10, 1901, in Brandýs nad 
Labem (some twenty miles north-east of Prague) and was 
educated at the Charles University originally as a meteor- 
ologist. Fragile health delayed the commencement of his 
professional career until well into his thirties, when he 
accepted a post as Government climatologist at the region 
of High Tatra Mountains. The turbulent events of 19838- 
39 caught Bečvář in Slovakia, and when, as an aftermath 
of the Munich Agreement, the Czechoslovak Astrophysical 
Observatory at Staré Dala had to be evacuated, Bečvář 
succeeded in persuading the Slovak Government to remove 
its 24-in. Zeiss reflector to a new location at Skalnaté 
Pleso (that is, Rocky Lake) in the eastern part of the 
High Tatra, Mountains—1,634 m above sea-level. He thus 
became the founder and and first director of the only high- 
altitude observatory in Czechoslovakia. 

In May 1945, at the risk of his life, Bečvář managed to 
ward off the dynamite squads of the retreating German 
army ordered to blow up his institution as a part of 
Hitler’s scorched-earth policy, and he guided the destimes 
of the Observatory until 1950, when differences with the 
regional Government led to his premature retirement. 
He then left Slovakia to return to his native Brandýs, 
where he spent the rest of his life. 

Within its regrettably brief span, and in spite of troubled 
times and infirm health, Bečvář succeeded in compressing 
a remarkable range of achievements into his life. When 
the Observatory site at Skalnaté Pleso proved to be more 
favoured by sky transparency than steady seeing, Bečvář 
inaugurated a systematic programme of comet discovery 
which has since made it famous. Bečvář himself dis- 
covered the comet 1947c, and the number of those dis- 
covered since by his collaborators (Pajdušáková, Mrkos, 
Kres&k, Antal, etc.) attained almost two dozen in twenty 
years—making Skalnaté Pleso the most active centre of 
work of this kind in the world. Meteor photography and 
variable star observations have also been systematically: 
inaugurated, and are being carried on by the new genera- 
tion of Slovak astronomers. 

However, the greatest contributions which science owes 
to Dr. Bečvář are in the field of astronomical cartography. 
Early in post-war years Bečvář conceived the idea of a 
modern star atlas, encompassing the whole sky and 
appropriately stressing all its physical features. Its 
realization, in the form of an Atlas Coeli Skalnaté Pleso 
(published in the English-speaking world under the title 
of Atlas of the Heavens by the Sky Publishing Corporation 
in Cambridge, Massachusetts), published first in 1948, 
became an instant success (for its review by Sir Harold 
Spencer Jones, the late Astronomer Royal, see Nature, 
164, 635; 1949). Tt has since gone through several editions, 
and it is no exaggeration to say that there is scarcely any 
active observatory in the world to-day where several 
copies of this atlas are not in daily use. A detailed cata- 
logue of all objects listed in the atlas appeared in book form 
in 1950. 

Encouraged by its success, after his premature retire- 
ment in 1950, Bečvář embarked (with the support of the 
Czechoslovak Academy of Sciences) on a still more 
ambitious mapping programme, which in 1958 resulted in 
the publication of his monumental Atlas Eclipticalis (con- 


taining all stars within + 30° declination down to approxi- 
mately 9th apparent magnitude, with indication of their 
spectral types in six colours), followed by the Atlas Borealis 
(1960) covering in the same manner the northern declina- 
tions 30°-90°; its southern counterpart Atlas Australis 
appeared in 1964. 

After the completion of this series, Bečvář commenced 
another large project—that of an Atlas Galacticus—which 
should represent the sky with all its stars to the 10th 
magnitude, clusters, and nebulae, in galactic rather than 
equatorial co-ordinates. Unfortunately, the enthusiasm 
with which Bëcvář embarked on this work undermined 
further his always frail health, and a repeated attack 
of pneumonia (which he tried to cure by working even 
harder) prematurely terminated his life at an age of less 
than sixty-four years. It is understood that a group of 
Czechoslovak astronomers intend to complete this work, 
in accordance with Besvář’s original plan, as a memorial 
to their departed colleague. 

Bečvář was a man f wide interests and many parts: 
side by side with hs interests in astronomy (which 
became dominant in tne latter part of his life) he never 
abandoned his earlier meteorological pursuits, and these, 
combined with his skil as a photographer, resulted in the 
publication of his Atlas Nubium Skalnaté Pleso by the 
Slovak Academy of Sciences in 1953. A striking collection 
of his photographs of the High Tatra Mountains was 
published by the Matice Slovenské in 1948, and he 
ventured even into tte domain of belles lettres with a 
novel, Last Summer, which appeared during the War. 

Personally, Bečvář combined true idealism of a dedi- 
cated soul with indefatigable zeal and modesty which 
endeared him to his frends, now greatly saddened by his 
passing—the circle of whom was never very wide owing to 
his shy and retiring nature. Although he never travelled 
abroad and was not personally known to many, the 
renown of his cartograDhic work spans the seven seas and 
has made his name a by-word among practising astron- 
omers of the world to-day. ZDENEK KOPAL 


Dr. H. E. Dadswell 


THE death of Herbert Eric Dadswell on December 19, 
1964, came with tragic suddenness and will be deeply re- 
gretted throughout scientific and industrial circles in 
Australia. 

Whatever commitments Dadswell accepted were under- 
taken with great enthasiasm. His major hfework lay in 
the Australian forests end the products from them, but he 
found time for seversl other interests, all of which he 
adopted with zest. 

Dadswell gained an M.Se. degree at the University of 
Sydney, and then wert, in December 1926, with a post- 
graduate studentship of the Council for Scientific and 
Industrial Research Corerunner of the Commonwealth 
Scientific and Industrial Research Organization) to the 
Forest Products Research Laboratory of the U.S. Depart- 
ment of Agriculture at Madison, Wisconsin. It was a tied 
studentship, which ertailed his joining the Division of 
Forest Products of the Council for Scientific and Industrial 
Research two years laser. Few would have then seen in 
him the qualities that led to his appointment 31 years 
later as the chief of this same Division, for Dadswell had 
not yet had the opportunity to demonstrate his outstand- 
ing research and orgarizing abilities. 

Dadswell was intended to be the Division’s specialist in 
the chemistry of wood. However, he had the perspicacity 
to realize that, while chemistry was a key to the properties 


450 


of timbers, their anatomy was of equal importance to 
industry. So throughout his working life he was as much 
interested in botany as in chemistry and achieved eminence 
in both subjects such as must be rare indeed. 

In 1961 he became president of the Royal Austrahan 
Chemical Institute and three years later was president of 
the Botany Section of the Canberra meeting of the Aus- 
tralan and New Zealand Association for the Advance- 
ment of Science. He handled both roles with distinction, 
being friendly and kindly at all times yet firm when 
necessary. The Chemical Institute, in particular, owes 
much of its present strength to his activities as secretary 
and Council member over a period of twenty years. His 
Melbourne D.Sc., conferred in 1941, was ın the School of 
Botany. 

Some Australian hardwoods have profoundly different 
structures and properties from those of other countries. 
This implied that there was a vast area to be covered by 
Dadswell and his colleagues, but it also meant that scientific 
rewards were not lacking. Definitive studies were made of 
the anatomy of the native timbers of Australia and the 
nearby Pacific areas, and on the distribution of the 
chemical constituents in the cell wall: he published 
almost a hundred papers on these subjects. Later he 
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was to connect these basic studies with everyday usage 
of wood. 

Dadswell’s laboratory became well known throughout 
the world, and attracted guest workers and students from 
many countries. He himself had well-merited recognition 
when he became the Walker-Ames professor of forestry in 
Seattle in 1955, and guest lecturer at North Carolina State 
College in 1960. It was also in 1960 that he became chief 
of the Commonwealth Scientific and Industriel Research 
Organization Division of Forest Products. He was a 
ioundation member, and in 1949-50 president, of the 
Australian Pulp and Paper Industry Technical Associa- 
tion. Dadswell served on international committees, and 
agencies such as the Food and Agriculture Organization, 
and his attendance was eagerly sought at forestry con- 
ferences throughout the world. 

As the chief of a laboratory the staff of which numbered 
well over 200, his duties were necessarily onerous, and 
placed a heavy strain on his health, for he was never 
strong physically. However, this did not diminish his 
zeal for his work or for life. He enjoyed his position, 
valued his friendships and spent much of his spare time in 
his garden or alongside nearby trout streams. 

I. W. WARK 


NEWS and VIEWS 


High Temperature Chemistry Section, U.S. National 
Bureau of Standards: Dr. William S. Horton 


Dr. Worm §. Horron has been appointed chief of 
the High Temperature Chemustry Section in the National 
Bureau of Standards Institute for Materials Research, 
U.S. Department of Commerce. Born in New York City 
in 1917, Dr. Horton gained his B.S. and M.S. in chemistry 
from the Polytechnic Institute of Brooklyn and his Ph.D. 
in chemistry from Ohio State University. His principal 
‘fields of research have been chemical kinetics and thermo- 
dynamics. In his new post he will be particularly con- 
cerned with the chemical kinetics of heterogeneous gas 
reactions at elevated temperatures and theoretical 
chemical kinetics involving simultaneous mass transport. 
Dr. Horton joins the Bureau from the General Electric 
Company’s Advanced Technology Laboratories, where for 
the past four years he has carried out research in high- 
temperature chemical kinetics, working particularly with 
pyrolytic graphite and ablation-resistant materials. From 
1950 until 1960: he was with the General Electric Co. 
Knolls Atomic Power Laboratory, where he undertook 
work in X-ray- diffraction, X-ray fluorescence, crystal 
structure, analytical emission spectroscopy, mass spectro- 
metry, visible and electron microscopy, and vacuum 
techniques. He was an instructor in chemistry at the 
University of Connecticut (1946-50), Indiana University 
(1945-46), and Ohio State University (194445). 


Second Chair of Applied Physical Sciences in the 
University of Reading 


THe University of Reading is developing courses in 
apphed physical sciences alongside the more traditional 
undergraduate courses involving mathematics, physics 
and chemistry; cybernetics has been a degree subject for 
some years, applied electricity and applied mechanics are 
also now offered, and it is expected that courses with a 
greater chemical content will shortly be developed. Two 
chairs in applied physical sciences have so far been estab- 
lished, and the first appointment of a professor was that 
of Mr. P. D. Dunn, at present at the Atomic Energy 
Research Establishment, Harwell (Nature, 205, 1265; 
1965). 


Prof. P. B. Fellgett 


Dr. P. B. FELLGETT, head of the Astronomical Instru- 
mentation Division of the Royal Observatory, Edinburgh, 
has been appointed to the second chair of applied physics 
in. the University of Reading. Dr. Fellgett entered Peter- 
house, Cambridge, in 1940 to take the Natural Sciences 
Tripos. He spent the years 1942-47 working with & group 
under Dr. G. B. B. M. Sutherland dealing with the 
use of infra-red spectrometry for the molecular analysis 
of petrols. After gaining his B Se degree he under- 
took research at the Observatories of the University of 
Cambridge on infra-red magnitudes of stars and the 
development of the theory of ultimate sensitivity of 
radiation detectors. This research also included the 
invention of multiplex spectrometry. Dr. Fellgett spent 
1951-52 at the Lick Observatory, California, working on 
observations of stellar magnitude in six colours and the 
development of photo-electric photometers for very low 
light levels. He was awarded a Ph.D. degree in 1952. 
During the period 1952-55 he received a grant from the 
Paul Fund of the Royal Society for development of 
multiplex spectrometry, and worked on informational 
analysis of optical images with Dr. E. H. Linfoot. This 
work led to the systematic formulation of methods of 
assessing optical images ın the Huygens wave-theoretic 
approximation. From 1955 until 1959 Dr. Fellgett was 
senior observer on the staff of the Cambridge Observatories; 
his research included the analysis of the variation of 
latitude and of solar granulation, using machine language 
programmes on the Hdsac II computer. In 1959 he was 
appointed head of the Wlectronics Group at the Royal 
Observatory, Edinburgh, in which post he was concerned 
with automatic control and digital measurement, and the 
logical design and analysis of detection and decision 
criteria in stochastic situations. He was made Head of 
the Astronomical Instrumentation Division of the 
Observatory in 1963, and has been working on program- 
matic telescope control, automatic and digital micro- 
photometers and iris photometers, and the ‘Galaxy’ 
automatic measuring engine for Schmidt photographs. 
He was elected a Fellow of the Royal Society of Edin- 
burgh in 1961. 
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Second Chair of Mathematics in the University of East 
Anglia : Prof. P. Chadwick 


Dr. P. CHapwick, whose appointment to the second 
chair of mathematics in the University of East Anglha has 
recently been announced, is a graduate of the University 
of Manchester. He moved to Cambridge as a research 
student to work with Dr. Stoneley on problems of the 
thermal state of the Earth, gaining his Ph.D. in 1956. 
Chadwick then spent four years at the Atomic Weapons 
Research Establishment, Aldermaston, conducting re- 
search mainly into the mechanics of underground explo- 
sions. He returned to a university post in 1959 when he 
was appointed lecturer m applied mathematics, and later 
senior lecturer, in the University of Sheffield. He soon 
acquired a reputation as an excellent lecturer and teacher, 
and he has been a regular and much appreciated speaker 
at the annual meeting of the British Theoretical Mech- 
anics Colloquium. At the same time, during his six years 
at Sheffield his research activities have met with con- 
tinued, success: he is recognized, as an expert in the fields 
of mathematical geophysics and of dynamic thermo- 
elasticity and has also made significant contributions to 
elasto-plastic wave theory and the plasticity theory of 
soils. As a mathematician, Chadwick combines a deep 
interest ın topics of a strictly applied nature with a real 
appreciation and use of the rigour of pure mathematics, 
and with a strong physical sense. His appointment, at 
the age of thirty-four, to a chair in a new University 
provides him with the opportunity to help build up a new 
school of mechanics of solids and fluids. 


Royal Society of Tropical Medicine and Hygiene : 
Medals 


TE following Medals of the Royal Society of Tropical 
Medicine and Hygiene have been awarded: The Manson 
Medal for 1965, to Prof. P. C. C. Garnham, professor of 
medical protozoology and director of the Department of 
Parasitology in the London School of Hygiene and Tropical 
Medicine, for his outstanding research in parasitology, 
chiefly concerned with malaria, toxoplasmosis and leish- 
maniasis. This medal is awarded every three years to the 
living author of such original work in any branch of tropical 
medicine or tropical hygiene as the Council of this Society 
may consider to be deserving of the honour. The Chalmers 
Medal for 1965, to Dr. M. T. Gillies for his research work in 
medical entomology in Tanzania (Tanganyika). This 
medal is awarded by the Society every second year, in 
recognition of research of outstanding merit contributing 
to our knowledge of tropical medicine or tropical hygiene. 
Only those under the age of forty-five in the year of the 
award are eligible. 


U.S. National Academy of Engineering 


Tue election of nineteen distinguished engineers to 
membership of the newly established U.S. National 
Academy of Engineering (Nature, 205, 129; 1965) has 
recently been announced. The Academy is a private 
organization of engineers devoted to the furtherance of 
engineering and its use for the general welfare. It was 
established in December of 1964, under the Congressional 
Charter of the U.S. National Academy of Sciences. The 
National Academy of Engineering operates on an autono- 
mous, parallel and co-ordinated basis with the National 
Academy of Sciences and shares in the responsibility 
given the National Academy of Sciences under its enabling 
act to advise the Federal Government, on request, in all 
areas of science and engineering. The newly elected 
members of the Academy are: Dr. Othmar H. Ammann, 
consulting engineer, Ammann and Whitney; Prof. 
Raymond L. Bisplinghoff, associate administrator, Ad- 
vanced Research and Technology, National Aeronautics 
and Space Administration; Dr. George H. Brown, vice- 
president, Research and Engineering, Radio Corporation 
of America; Wallace L. Chadwick, consultant, Southern 
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Califorma Edison Co.; Dr. Charles S. Draper, head, 
Aeronautics and Astronautics Department, Massachusetts 
Institute of Technolozy; Prof. Edwin R. Gilhland, head 
of the Department of Chemical Engineering, Massa- 
chusetts Institute of Technology; Prof. Edward L. 
Gunzton, chairman o? the Board and president, Varian 
Associates; Patmek E. Haggerty, president, Texas 
Instruments, Inc.; Edward H. Heinemann, vice-president, 
Engineering and Program Development, General Dynamics 
Corp.; Dr. Frederic A. L. Holloway, president, Esso 
Research and Engineering Co.; Prof. George W. Housner, 
professor of civil exgineering and applied mechanics, 
Cahfornia Institute o7 Technology; Clarence L. Johnson, 
vice-president, Advanced Development Projects, Lock- 
heed Aircraft Corp.; Dr. Ruben F. Mettler, president, 
TRW Space Technolozy Laboratories; Dr. John R. Pierce, 
executive director, Research Communications Principles 
and Systems, Bell Telephone Laboratories; Dr. Allen E. 
Puckett, vice-president, Hughes Aircraft Co., and Group 
Executive, Aerospace Division; John B. Skilling, con- 
sulting engineer, Worthington, Skilling, Helle, and Jack- 
son; Dr. Philip Spor, chairman, System Development 
Committee, Amemcan Electric Power Co., Ine.; Dr. 
Chauncey Starr, president, Atomics International Division, 
North American Avistion, Inc.; Prof. Horton G. Stever, 
president, Carnegie Institute of Technology. ` 


Cancer Research 


Ix a short debate in the House of Commons on April 2 
a resolution was adopted recognizing the valuable work 
of Government and voluntary agencies in promoting 
research into the cav==s of and cure for cancer, but urging 
the Government to iccrease still further financial aid and 
facilities for research in this field. The Minister of State 
for Education and Science, Mr. R. E. Prentice, replying 
for the Government,._reiterated that the Medical Research 
Council had not been hampered by any lack of funds for 
research into any proposal which had commended itself 
to the Council. Since 1950-51 the contribution to cancer 
research from Exchequer funds had risen from £157,000 
to about £500,000 in 1958 and to more than £1 million in 
1964-65. A Supplementary Estimate brought the total 
grant to the Medical Eesearch Council to £8-15 million, and 
for 1965-66 this world be increased to just more than 
£9-5 million. Mr, Prentice agreed that it was desirable 
that this research should be diversified, and said that 
besides supporting its own twenty research establishments 
the Council made blosk grants to the Institute of Cancer 
Research in London, to the Cancer Research Department 
of the Royal Beatson. Memorial Hospital, Glasgow, to the 
Christie Hospital and Holt Radium Institute, Manchester, 
and to the Strangeways Research Laboratory, Cambridge. 
Much was also being done in the universities and teaching 
hospitals, partly with funds from the Medical Research 
Council and partly with funds provided by the University 
Grants Committee. Some research, financed through the 
National Health Serv.ce, was being carried on in hospitals 
where the main task was treatment of patients. Mr. 
Prentice also referred to the significance of basic biological 
research, research into the nature of living matter, and 
the need for a multi-disciplinary approach, rather than a 
great multiplication of financial resources for frontal attack. 
Nevertheless, he admitted we had now reached a frust- 
rating stage in which further advance appeared to depend 
on a general advance in. our knowledge of human biology. 
Mr. Prentice emphasized that large contributions came 
from voluntary funds, and stated that the British Empire 
Cancer Campaign for Research had spent more than £1-3 
million in 1963, and zhe Imperial Cancer Research Fund 
£1:2 million in 1962-63; both organizations worked 
closely with the Mecical Research Council in deploying 
their resources. After repeating that at this stage it was 
improbable that increased expenditure from public funds 
would be effective, M>. Prentice said that the Government 
was supporting the proposal to establish under the World 
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Health Organization a new international agency for 
research into cancer, to co-ordinate national efforts and 
provide any service likely to be of international value. 
Finally, he pointed out that the balance of argument in 
recent years seemed to have shifted in favour of public 
education in this problem, and in 1963 the Ministry of 
Health encouraged certain larger local authorities to 
initiate local schemes of education in connexion with 
cancer. The largest, in South Lancashire and Cheshire, 
covered an area of about 2-5 million people and the results 
indicated that the time was ripe for a national effort. 
This was being studied in the Ministry of Health by the 
Standing Advisory Committee. 


The International Primatological Society 


At the opening of the Delta Regional Primate Research 
Center near Covington, Louisiana, its director, Dr. A. 
Riopelle, had invited a number of primatologists. At this 
meeting an ‘International Primatological Society’ was 
founded, which is dedicated to the advancement and 
co-ordination of primatological research in its broadest 
aspects, including medical applications. Special emphasis 
is placed on the intensification of exchanges of views. 
Officers elected were: President, Dr. L. Carmichael, 
Washington, D.C.; Vice-presidents, Prof. D. Starck, 
Frankfurt.a.M, Germany, and Prof. Vandebroeck, Lou- 
vain, Belgium; Secretary General, Prof. H. Hofer, 
Frankfurt a.M., Germany; Secretary for Western Hemi- 
sphere, Dr. C. R. Carpenter, Chapel Hill, N.C.; Secretary 
for Eastern Asia, Dr. K. Imanishi, Kyoto, Japan ; Secre- 
tary for Europe, Dr. H. Preuschoit, Tubingen, Germany ; 
Treasurer, Dr. H. Sprankel, Frankfurt a.M., Germany; 
The Society headquarters is to be located at Frankfurt 
a.M., where the next moeting will be held. So long as no 
periodical is published, the membership fee will be 2 
U.S. dollars per annum (payable to the order of Dr. 
Sprankel, treasurer). Further information concerning 
mombership can be obtained from Dr. H. Sprankel, 
Max Planck-Institut fiir Hirnforschung, Deutschordens- 
strasse 43, Frankfurt a.M., Germany. 


Veterinary Non-proprietary Names : 

Tur British Veterinary Codex Revision Committee has 
adopted the following non-proprietary names for the 
veterinary substances indicated : 


- leta 
Son er oe Other names 
midine NV N-dibutyl-4-hexyloxy-1-naphthamidine; Scolaban 
— + is the hydrochloride. 
Crufomate 9-chloro-4-t-butylphenyl methyl! N-methylIphosphor- 
di yl opropyl-G-methylpyrimidin-4-yl_ phos 
late e -isopropyl-8-methy midin-4-y = 

a ae phorothionate: O0O-diethy] Q-(2-isopropyl-4- 
methyl-6-pyrimidiny]} phosphorothioate; Dia- 
zinon. ‘Thisis an ingredient of Basudin. 

Huloxon di(2-chloroethyl) 3-chloro-4-methyl-2-oxo0-2H-1-ben- 
REPAS | phosphate; OO-di(2-chlorocthyl) O- 
(3-chloro-4-methylcoumarin-7-yl) phosphate; 
Loxon. ; 

Methindizate 2-(1-methyloctahydroindol-3-yljethyl benzilate. The 
hydrochioride is an ingredient of Isaverin. 

Pyrithidium bromide 3-amino-8-(2-amino-6-methylpymumidin-4-ylamino)- 


6-p-aminophenylphenanthridine 5,1’-dimethobro- 
. mide; Prothidium. 

The non-proprietary names are reported to be free from. 
conflict with trade marks registered in Great Britain and 
Northern Ireland, and these names, or names resembling 
these names, will not be registered as trade marks for 
pharmaceutical products or drugs in those countries. 
Some of the names, other than the chemical names, appear- 
ing in the second column above are registered trade marks. 
The adoption of a non-proprietary name does notnecessarily 
imply that the British Veterinary Codex Revision Com- 
mittee recommends the use of the substance in veterinary 
medicine or that the substance will be included in the 
British Veterinary Codex, although if a substance is 
included, it is intended that the non-proprietary name shall 
be the title of the monograph. The British Veterinary 
Codex Revision Committee has undertaken, at the request 
of the Association of the British Pharmaceutical Industry, 
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to provide non-proprietary names for veterinary products, 
and all requests from manufacturers and other interested 
persons for the provision of such names should be 
addressed to the Secretary, British Veterinary Codex 
Revision Committee, the Pharmaceutical Society of 
Great Britain, 17 Bloomsbury Square, London, W.C.1. 


Chemicals for the Gardener 


THe second edition of the Ministry of Agriculture, 
Fisheries and Food practical booklet, Chemicals for the 
Gardener, has now been published (Pp. 1v+35. London: 
H.M.S.O., 1965. ls. 3d. net). The booklet deals with 
chemicals which can be used for the control of garden 
pests, diseases and weeds. All the products included in 
the booklet have been officially approved as efficient for 
the purposes claimed, and the chemicals contained in 
them (with the exception of a few compounds which have 
been in general use for many years) have also been con- 
sidered by the Government’s Advisory Committee on 
Pesticides and other Toxic Chemicals for their possible 
harmful effects to humans, farm and domestic animals 
and wild life (the booklet has the stamp of the Agricultural 
Chemicals Approval Scheme). Short sections are provided 
on the safe handling of garden chemicals, the ways and 
means of obtaining the best results, and hints for choosing 
the most suitable chemicals. The three main sections deal 
with ‘approved chemicals’ for the control of pests and 
diseases, for the control of weeds, and for fruit setting, 
rooting, and sealing pruning cuts, ete. All information is 
clearly laid out under four columns, and in many cases 
illustrations are provided. Besides naming the pest/disease 
and the plant affected, the chemical basis of control is 
mndicated and proprietary products named. A list of firms 
producing the ‘approved chemicals’ is appended. 


Soils of the West Midlands 


A SYSTEMATIC account of the sous of the counties of 
Cheshire, Shropshire, Staffordshire, Warwickshire, Here- 
fordshire and Worcestershire has been produced by the 
Soil Survey of Great Britain (Bulletin No. 2: The Soils 
of the West Midlands. By D. Mackney and O. P. Burnham. 
Pp. viii+lll+map. Harpenden: Rothamsted Experi- 
mental Station, 1964. 25s. net). This is a lowland region 
with only small areas above 800 ft., but it is varied in relief, 
geology and climate so that there is a wide variety of 
soils representative of most of the major soil groups of 
Britain. This variation, formerly reflected in the natural 
vegetation, 18 to be observed now in such different farming 
systems as upland sheep grazing, dairying, beef produc- 
tion and intensive market garden practice. The report 
and the map (scale 1 in. to 10 miles) are not intended to 
present detailed information, which is already available 
for many districts in the region and is being steadily 
extended by the Soil Survey, but a more general picture 
suitable for agronomists, geographers, ecologists and land 
planners. Two chapters are devoted to the processes of 
soil formation from various parent materials, and the 
description of soil profiles and their classification. This is 
followed by an account of the properties and capabilities 
of the West Midland soils in the six major groups— 
raw, calcareous, brown earths, podsolized, gley and or- 
ganic—with a series of coloured plates to illustrate the 
profile characteristics. The influence of parent material 
and relief on the differentiation of soil associations is 
usefully depicted by block diagrams, and the principal 
soil series in the associations are named and described; 
further information on all the series mentioned in the text 
is collected in an appendix. There are three sets of 
references and two indexes. 


Association of Applied Biologists 


Tue following honorary officers of the Association of 
Applied Biologists were elected for 1965-66 at the recent 
annual general meeting: President, F. C. Bawden; 
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Vice-President, Dr. D. L. Gunn; President-Elect, Sir 
Vincent Wigglesworth; Treasurer, Dr. F. Raw; General 
Secretary, Dr. F. T. Last; Programme Secretary, F. G. H, 
Lupton; Editor, R. W. Marsh; Assistant Editor, F. H. 
Jacob. New members of Council elected were: Dr. R. M. 
Cartwright, J. M. Holborn, Dr. A. F. Murant and Dr. A. G. 
Walker. 


Course in Quantum Electronics 


Aw advanced course in “Quantum Electronics”, leading 
to a diploma or M.Sc., will be held at the University of 
Southampton, commencing in October 1965. The aim of 
the course is to provide an understanding of the basic 
principles and operation of modern electronic devices, 
particularly masers and lasers and their applications in the 
fields of communications, engineering, science and tech- 
nology. The Department of Electronics, which is sponsor- 
ing the course, is engaged on a programme of research on 
solid-state devices, gas discharges, electron-spin resonance 
and lasers, and is therefore well equipped for the course. 
University graduates with suitable science or engineering 
degrees, or those with equivalent qualifications, are 
eligible to apply for entry to the course, which will consist 
of lectures, seminars and laboratory work including an 
individual project of a research nature. The lectures will 
extend over the three terms of the university session and & 
written examination will be held at the end of the session. 
On successful completion of the examination and the 
project, the student will become eligible for the award of 
a Diploma of the University of Southampton. Students 
recognized by the University for entry to a higher degree 
course and who pass the examination at a high standard 
may then proceed with a special project for an additional 
three months and submit a dissertation for the award of 
an M.Sc. degree. Application for entry to the course should 
be made, before June 30, to the Academic Registrar, 
University of Southampton. 


Endeavour Prizes 


Prizes totalling 100 guineas are offered by Imperial 
Chemical Industries Ltd., publishers of the international 
scientific review Hndeavour, for essays submitted on 
scientific subjects. In addition to the cash prizes, the 
prizewinners will receive invitations to attend the whole 
of the British Association meeting at Cambridge during 
September l-3. Accommodation will be provided in 
Cambridge, and travelling expenses within the United 
Kingdom will be paid. As the primary purpose of these 
awards is to stimulate younger scientists to take an 
interest in the work of the British Association and to 
raise the literary standard of scientific writing, the 
competition is restricted to those whose twenty-fifth 
birthday falls on or after September 1, 1965. Five prizes 
will be awarded, namely: a first prize of 50 guineas; 
a second prize of 25 guineas; a third prize of 15 guineas; 
two special prizes of 5 guineas each for competitors who 
have not passed their eighteenth birthday on September I, 
1965. The subjects for the essays are as follows: (1) 
physics of the Moon; (2) physiological basis of memory; 
(3) molecular sieves; (4) chemicals from oil; (5) mech- 
anisms of enzyme action; (6) strength of materials. 
The essays, which must be in English and typewritten, 
should not exceed 4,000 words in length, and only one 
entry is permitted from each competitor. All entries 
should be addressed to: the Deputy Secretary, British 


Association for the Advancement of Science, 3 Sanctuary 


Buudings, Great Smith Street, London, 8.W.1, and the 
envelope should be clearly marked ‘Endeavour Prize 
Essay’. The latest date for receipt of entries is June 1, 
1965. The essays must be submitted without signature, 
and the competitor’s full name and address and date of 
birth should be enclosed in a sealed covering letter 
attached to the essay and addressed to the Deputy 
Secretary of the British Association. 
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Announcements 


Pror. P. J. W. D=BYz, professor emeritus at Cornell 
University, and wirner of the 1936 Nobel Prize for 
chemistry, has been awarded the fourth American 
Physical Society High-polymer Physics Prize, sponsored 
by the Ford Motor Campany. The 1,000-dollar award was 
presented to Prof. Debye in recognition of his original 
researches on polymer structure. 


Dr. A. T. MoPHERSON retired from his position as 
special assistant for Insernational standards in the Institute 
for Applied Technolozy, U.S. National Bureau of Stand- 
ards, on February 26. Dr. McPherson is distinguished for 
his contributions to the development and advancement 
of standards of practice, electrical insulation, natural and 
synthetic rubber and. high polymers. 


A. CONFERENCE on. ““Medical Diagnostic Applications 
of Ultrasound”, sponsored by the Postgraduate Medical 
Program of the Uriversity of Pittsburgh School of 
Medicine, will be held in Pittsburgh during May 20-21. 
Further information 2an be obtained from Dr. C. Moses, 
University of Pittsburgh School of Medicine, Pittsburgh, 
Pennsylvania. 


A. CONFERENCE on “‘Components and Materials used in 
Electronic Engineering’ will be held at the Institution 
of Electrical Enginears during May 17-20. The pro- 
gramme will include sessions on: resistors; capacitors 
and dielectrics; magnetic materials and other memory 
devices; componente under environmental stresses and 
construction techniques; electromagnetic devices; some 
aspects of component reliability; microelectronics; semi- 
conductor devices. Further information can be obtained 
from the Institution of Electrical Engineers, Savoy Place, 
London, W.C.2. 


A symerosrom on “Electrical Conduction at Low 
Temperatures”, organized by the Low Temperature and 
Testing Groups of the Institute of Physics and the Physical 
Society, will be held at the Royal Aeronautical Society, 
London, during May 20-21. The programme will include: 
electron scattering by impurities, dislocations and other 
lattice defects; size effects; magnoto-resistance; factors 
determining the current carrying capacity of super- 
conductors; alternating current losses in super-conductors. 
Further information can be obtained from the Administra- 
tion Assistant, the Institute of Physics and the Physical 
Society, 47 Belgrave Square, London, S.W.1. 


INTENSIVE courses of four weeks’ duration will be held 
at the Department o? Production and Industrial Adminis- 
tration, College of Aeronautics, Cranfield, during the 
1965-66 session. The.complete programme of postgraduate 
courses now planned -ncludes: one- and two-year full-time 
residential courses, two-day management appreciation 
courses and four-we2k specialist short-duration courses. 
These courses are zoncerned with the application of 
instrumentation and automation to machine tools and 
production equipment, with particular emphasis on the 
need for flexibility ix operation and precision in manufac- 
ture. Further information can be obtained from the 
Registrar, College of Aeronautics, Cranfield, Bedford. 


AN international symposium on “Autoclaved Calcium 
Silicate Building Prcducts”, arranged under the auspices 
of the Road and Building Materials Group of the Society 
of Chemical Industry, will be held at the School of 
Pharmacy, London, during May 18-21. The symposium 
will include sessions on: the chemical, physical and 
mechanical properties of the hydrous (autoclaved) calcium 


silicates; manufacture of calcium silicate building 
products; design, properties and behaviour of building 


structures (including industrialized unit construction) in 
these materials. Further information can be obtained 


„from Mr. H. N. Lee, Welwyn Hall Research Association, 
‘Church Street, Welwyn, Herts. 
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FURTHER EDUCATION OF ENGINEERING GRADUATES IN 


SOUTH 


N examination of the qualifications of engineers in 
South Africa by Prof. G. R. Bozzoli (S. Afr. J. Sci., 
60, No. 12, 1964) shows that in 1958 roughly 10 per cent 
of them held a higher degree, mostly in engineering, but 
a significant number in other fields, such as economics or 
administration. About half of them obtained their higher 
degrees m other countries, and it appeared that only 
about 5 per cent of the engineering graduates in South 
Africa held a master’s or a doctor’s degree gained at a 
South African university. Disregarding the post-war 
ex-servicomen peak dumng 1948 and 1949, the average 
number of enrolments per annum of higher degree candi- 
dates was about 50; the average number of higher degrees 
awarded, each year was 7-6 during the six years 1950-56. 
The number of degrees awarded in engineering at the 
University of the Witwatersrand showed no upwards or 
downwards trend over a 23-year period, averaging 5-2 
until 1957; there were 19 in 1962 and 22 in 1963. 

The graduate of the past few years has been so stimulated 
by the intellectual excitement of modern engineering work 
that he has developed the desire to broaden or deepen his 
knowledge by further study after graduation. This has 
also been made financially easier by the small but significant 
number of bursaries and scholarships awarded for graduate 
study and research, particularly from the C.S.LR. The 
more valuable scholarships, however, have been tenable 
only in universities in other countries, mainly in Europe. 
So the pattern of the more able young South Africans 
leaving to pursue advanced study and research overseas 
is perpetuated. ‘This in itself 1s good, but it has two 
unfortunate consequences, namely that the growth of 
graduate schools in South Africa ıs slowed down and a 
significant proportion of the ablest graduates never 
return. 

A country such as South Africa, with an industry 
expanding explosively, and becoming more dependent 
than before on her own resources of material and man- 
power, essentially requires to educate her best engineers 
beyond, the first degree. To do this she must have highly 
competent university engineering staffs, she must select 
her most outstanding graduates for this education, and 
she must ensure that these gifted persons shall have 
completed their education at as early an age as possible 
in order that they may contribute fully to the country’s 
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MODEL 


NUMBER of possible approaches is available to the 

civil and structural engineer to-day, enabling him to 
deal with a wide variety of design problems for which 
solutions are required. According to Mr. R. E. Rowe, these 
include: (1) “A conventional approach based on the theory 
of elasticity . . . considering only the service or working 
load conditions”. (2) “An ultimate load approach based 
on considerations of the collapse of the structure under 
loading conditions representing the service or working load, 
conditions multiplied by an appropriate load factor.” 
(3) “The application of computers to either of the two 
previous approaches which . . . does enable much more 
complex structures to be dealt with reasonably easily in 


AFRICA 


good. The first move should be to establish a number of 
valuable scholarships of high prestige value, essentially 
for graduate study and research at a South African 
university, and for the benefit of young people of proved 
high ability. The state should continue to provide under- 
graduate bursaries liberally for matriculants. 

Assuming that finance can be arranged, there remains 
the need to offer the kind of study and leadership and 
research that will be found attractive. It 1s perhaps natural 
in the pure sciences to attempt to achieve this by setting 
up research facilities comparable with those in other 
countries. This succeeds in retaining some of the best 
graduates for a time, but suffers the disadvantage that 
many of them will be forced to emigrate sooner or later 
in the search for a permanent post of appropriate status. 
A similar policy in engineering is hkely to be fatal, since 
permanent posts of a high status in academic research are 
too few. What is needed is interesting, modern and 
well-led study and research, at a level comparable with or 
exceeding that offered in other countries, in topics which 
either promise to offer solutions to a national problem 
or alternatively form part of a national project. The 
former is the field of the sociologist, the educationist, the 
geologist, geographer, geophysicist and others in the 
humanities and appled sciences. Some engineering 
activities also belong to this group, particularly mining, 
metallurgy and certain aspects of civil engineering, 
but even in these branches one sees the best of the 
graduates being kept for some special preparation prior 


` to being launched into a study and research post else- 


where. 

Engineering departments should give attention to the 
type of graduate work of which the Orange River Project 
is an outstanding example. Whether the main purpose is 
irrigation or water conservation or hydro-electric power 
generation, such a project can be of absorbing interest 
not only to civil engineers but also to land surveyors and to 
electrical and mechanical engineers as well, at both aca- 
demic and applied engineering levels. 

Prof. Bozzoli suggests that rather than offering prospec- 
tive Ph.D.s in engineering the narrow research topics the 
main value of which is the self-advancement of the indi- 
vidual, South Africa should direct its research efforts mto 
projects conceived and directed at a national level. 


TESTING 


the design office.” (4) “The use of model analysis 
and, testing as a design tool.” This last approach was the 
theme of a one-day meeting held at the Royal Aeronautical 
Society, London, on March 17, 1964, organized by the 
Cement and Concrete Association, London, the proceedings 
of which have now been published as a separate volume 
(Model Testing, Coment and Concrete Association, London; 
pp. vi+ 58; October 1964. 25s.). ‘‘Model analysis and 
testing represent an approach in which no simplifying 
assumptions need be made. ... Furthermore, when used 
in its purest sense, it does not require prior knowledge of 
the behaviour of any structural form; a physical model is 
made and tested, the behaviour is observed and from this 
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the behaviour of the structure modelled is predicted. On the 
basis of these predictions, the final structure is designed.” 

The introductory lecture by R. B. Rowe was en- 
titled: ‘‘Model Analysis and Testing—its Relation to 
Established Methods of Design and its Accuracy in 
Predicting the Behaviour of the Actual Structure”. 
B. C. Best described ‘“Cortain Aspects of Model Testing 
for the Cumberland Basin Scheme”. G. Somerville 
discussed “‘The Model Test of the Manchester Skyway 
Bndge”. “The Model Test of the Smithfield Market Sheil 
Roof” was the subject of the lecture by L. L. Jones. 
G. D. Base contributed a paper on ““The Model Test of the 
Structure of the Metropolitan Cathedral of Christ the 
King”. “The Cost of Model Testing and the Time Required”’ 
was the subject of a second lecture by R. E. Rowe. 

A. summary of the conclusions arising from this meeting, 
at which considerable interest was shown in the papers 
presented, may be stated as follows: (1) Model analysis 
and testing have now reached a stage where they can be 
considered as a design technique in its own right which 
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can be used to predict the actual behaviour of reinforced, 
and pre-stressed concre:e structures reliably and accurately. 
(2) Cost and time required for model testing are comparable 
with those associated with established design techniques. 
(3) Future developments in the use of model testing are 
likely to be considerakle in providing & means of defining 
the appropriate structural form as well as providing the 
relevant design information for that form. It 1s envisaged 
that a number of models will be used for any given project. 
(4) The availabihty of this technique should free the 
designer from the need to utilize structural forms lying 
within the scope of analytical procedures, enabling him 
to design rationally and economically the imaginative 
structures such as city redevelopments as foreseen in the 
Buchanan Report. 

An appendix describes briefly the work of the Istituto 
Sperimentale Modelli. a Strutture (1.S.M.E.S.), Bergamo, 
Italy, officially set up in 1951 to provide a model testing 
service primarily for dams and other hydroelectric 
structures in that coumtry. 


FORMATION OF RAINDROPS 


HE condensation process, the three-phase (or Ber- 

geron-Findeisen) process, and the collection process, 
it is generally believed, are the three processes which lead 
to the growth of water-drops in a cloud and eventually to 
the formation of rain. Only small droplets are initiated 
by the condensation process, but the other two processes 
are sufficiently rapid to result in the formation of rain- 
drops. 

U. Shafrir and M. Neiburger, in the first of the series 
of Occasional Papers from the University of California, 
consider a particular aspect of the collection process, 
namely, the collision efficiency of two spheres falling in 
@ viscous medium (Collision Efficiencies of Two Spheres 
Falling in a Viscous Medium for Reynolds Numbers up 
to 19-2. Pp. ix+140. Berkeley and Los Angeles: Uni- 
versity of California Press; London: Cambridge Univer- 
sity Press, 1964. 3 dollars). At a given instant and for a 
given size distribution of droplets in a cloud, there is a 
definite distribution of fall velocities of the droplets, and 
relative to the air the larger droplets (drops) fall more 
rapidly than the smaller droplets. For the collection of 
a droplet by a drop, the two have not only to collide but 
also to coalesce. The coalescence will depend on several 
factors such as impact speed and angle, the surface tension 
and electrical polarity of the droplet and drop, and on 
the physical properties of their environment. The exact 
determination of the collection efficiency in a cloud is 
therefore a complicated problem, but the basic process is 
that of two spheres falling in a viscous medium, and the 
computation of the theoretical collision efficiency has 
been treated by several investigators for particular cases. 


For example. Hocking considered both spheres to be small 
(Re < 0-44 corresponding to a radius of the larger sphere 
of about <30 u for vater droplets in air) so that the 
non-linear terms in the equations of motion of the fluid 
could be neglected. Es results, which are shown graphic- 
ally, are taken by Shafrir and Neiburger as a reference 
for the range of small Reynolds numbers (Re < 0-44) where 


` the Stokes’s approximation is valid. For larger Reynolds 


numbers, Hocking’s mathod is not applicable. and Shafrir 
and Neiburger base thair computation on the assumption 
that an accurate numerical solution of the equations of 
fluid motion around ons sphere, including all the non-linear 
terms, can furnish the approximate drag force on the 
other sphere in a relatively simple form. The disturbance 
influencing the drag orce on each sphere is taken to 
depend on the flow round the other sphere alone, and 
the equations of motion of the spheres are then integrated 
numerically to obtain the grazing trajectories. 

In the first two chapters, a description is given of the 
equations of motion and of their integration, and of the 
computation of the callision efficiencies. The flow fields, 
including the non-linear effects, are evaluated using a 
modification, of the method employed by Jensen, and the 
numerical work, whick was performed with the aid of an 
IBM 7090 digital carnputer, is fully described in the 
appendix to the article. Tables of numerical values for the 
vorticity fields and strsam function cover some 75 pages, 
and the values are given to three decimal places for the 
range of Re= 0:9677 to 19-1936, that is for water-drops 
of radu 40u-136y, felling in air at 900 mbar pressure 
and 0° C temperature. 


OCCUPATIONAL VISION SCREENING 


RECENT survey by Paul E. Ungar in an electronic 

equipment manufacturing company (Occupational 
Health, 16, No. 6, 1964) showed that 30 per cent of the 
employees had a significant, uncorrected visual defect— 
this in. a factory where good eyesight is an asset to speedy 
and accurate production. About half the employees 
examined already wore spectacles, but they were often 
inadequate. Of the 56 employees who failed the screening 
tests, 35 did so wearing their spectacles. Similar surveys 
carried out in other plants revealed much the same state 


of affairs; in some instances the incidence of visual 
defects was as high as. 40 per cent. 

Even to-day, the mcst widely used method of checking 
on the eyesight of employees is the Snellen letter chart. 
This can only measure monocular distance visual acuity. 
Sometimes—but by no means always—a near vision 
test also is given, using one of the several test types 
available for this purpose, such as Jaeger’s test types. 
Where good colour vision is required, it is most frequently 
tested with the Ishihara colour test plates. Safety, as 
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well as job performance, has to be borne in mind now 
that many hazards are indicated by colour codes. These 
test procedures have a number of shortcomings. Tests 
assess what each eye is capable of seeing with its fellow 
occluded, Often this is something different from what 
one eye will see when the other eye is open, as is the 
case under ordinary working conditions. Moreover, 
these tests are based on the subject’s ability to recognize 
and interpret letters or words, whereas, occupationally, 
a more competent test is one incorporating the need 
for correct recognition of form or pattern such as fine 
criss-cross lines or dots. This is equally true for persons 
engaged in clerical work, for which acuity tests using such 
patterns are also generally more valid. The Ishihara 
plates are indeed most useful so long as they are used 
under the type of illumination for which the particular 
book of plates has been designed. 

The testing of distance and near visual acuity and 
colour vision, however, is not in itself sufficient for 
a complete assessment of a person’s visual fitness and 
suitability for his or her job. Many who have perfectly 
clear distance and near vision may complain of head- 
aches, lack of concentration or eye-strain. They may 
lack accuracy and speed in the performance of their 
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work, They may have difficulty in using instruments 
such as binocular microscopes. Any and all of these 
problems may be due to defects of ‘binocular vision’. 
If the two eyes do not work properly together as a 
well-matched pair, if there is disturbance in the muscle 
balance or eye co-ordination, fatigue with all its conse- 
quences may result, faulty visual judgments may be made 
and the sufferer may become more accident-prone. 
Side field of vision can also be of considerable importance, 
as in the case of drivers, truck and crane operators. 
Normally termed ‘vision screening’, a comprehensive 
eye check is a practical proposition m every factory, 
office or store, with modern equipment specifically de- 
signed, for the purpose. 

A, ‘vision screener’ is a compact, entirely self-contained 
optical instrument of high precision. It is basically & 
stereoscopic device and all kinds of binocular tests can 
be performed with it. An ingenious application of the 
principles of stereoscope design makes it unnecessary ever 
to occlude one eye—even when testing monocular visual 
acuity. These instruments have been designed so that 
they can easily be operated. It should be emphasized, 
however, that no machine can be a substitute for an eye 
examination by a qualified ophthalmic practitioner. 


VAN DER WAALS INTERACTION AND THE STABILITY OF 
HELICAL POLYPEPTIDE CHAINS 


By P. DE SANTIS, E. GIGLIO, A. 


istituto Chimico, Universita, di Napoli, Napoli (aly) 
(CNR) 


E have previously reported'~* analyses of the 

geometry and relative stability of helical macro- 
molecules consisting of repetitions of equivalent skeleton 
bonds (A~—A~—A ... chains) and of pairs of skeleton bonds 
(A-B—A-B...chains). We calculated the conformational 
potential energy of helices as a function of the angles of 
rotation about the skeleton bonds of a monomer unit. 
To do this, we postulated structural equivalence of 
monomers along the fibre axis and used semi-empirical 
potential functions to describe the pairwise van der 
Waals interactions between ‘non-bonded’ atoms in the 
chain. Conventional bond-lengths and bond-angles were 
used. 

The angles of rotation of the most stable helices were 
obtained by locating the deepest minima of the con- 
formational potential energy in one- and two-dimensional 
plots for A-A and A-B chains respectively. The corre- 
sponding helical parameters, namely, the number of 
monomers per turn K and the monomer repeat on the 
helical axis d, were then derived from the angles of rotation 
following a matrix method?:45, 

The parameters, so calculated, agreed with those 
derived?-4 from the interpretation of fibre diffraction 
photographs for all the polymers considered, showing 
that this method can predict the most stable helices of 
linear macromolecules with a simple skeleton from van 
der Waals interactions between ‘non-bonded’ atoms. 


This approach has now been extended to polypeptide - 


chains which should be formally considered as A-B-C 
chains but, taking into account the rigid nature of the 
amide group, may be treated either as A-B chains 
(polyglycine and poly--«-alanine) or A—A chains (cis and 
trans poly-L-proline). 

Van der Waals conformational potential energy of helical 
polypeptides. The conformational potential energy of 
helical polypeptide chains was calculated as a function 
of the angles of rotation about the non-rigid skeleton 
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bonds of an amino-acid residue, using the set of potential 
functions’ shown in Table 1 to describe the van der 
Waals interactions between ‘non-bonded’ atoms. Bond- 
lengths and bond-angles were fixed according to the 
values of Corey and Pauling". 

The two-dimensional plot of the conformational 
potential energy of polyglycine contains three minima 
which will be referred to as I, II, III in the order of 
increasing energy values (Fig. 1). The angles of rotation 
about the skeleton bonds of the stable structures corre- 
sponding to these minima are listed in Table 2 together 
with the helical parameters. Structure IT is an «-helix. 
Structure I is similar to the three-fold helix proposed by 
Crick and Rich? from the X-ray diffraction photograph 


Table 1, POTENTIAL FUNCTIONS OF PAIRWISE INTERAOTION BETWEEN 
‘NON-BONDED’ ATOMS 
Interaction Interaction energy? in keal/atom pair (when r is in A) 

HE... H 8-726 x 10° x exp — 3-070 r}— 89-52 x r-* i 

T E $ 7:20 x 10? x 7-899 (1-7 <r<230 A) 

Nesai N 1:057 x 10° exp( — 4-608 7) - 125 1 xr- (r>2380 A) 

CH;.... CHa 2.800 x 104 x p?"37 (r<3-20 A) 
2:739 x 10° x exp(~3 329 r)— 2942 x r+ (r > 3°20 A) 

O....0 8012 x 10° x 7-33 ~ 327-2 r 

ears Mees 3-847 x 10t exp(— 1-585 r}— 5890 r 

G... . OMVa* 2'879 x 10° x exp(~ 1 664 r)— 1,235 r- 

fi....CH,* 3190x 10x exp(— 3199 r)— 2,089 x r-* 

Oxice H" 1-982 x 104 x exp — 3:839 r)— 497 6 xr 

N sss H 

O....CH,* 1 702 x 105 x exp — 3 969 r} — 796 2 7 

N...CH; 

O... O* 1 785 x 105 x exp( ~ 2:304 r}— 2022 r+ 

Nivea 


* The mixed interactions were minimized using the fohoiing values of the 
z der Waals radii: Ra=1:20 A, Ro=170 A; Roms = 200 A; Ro=1-85 A; 
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Fig. 1. Two-dimensional plot of the van der Waals conformational 


potential energy of a polyglycine chain as a function of the angles of 
rotation Yoy—¢ and Yea-y about the non-rigid skeleton bonds of the 
amino-acid residue. Contour lines are drawn at intervals of 1 kcal 


first obtained by Bamford et al... However, structure I 
and the helix of Crick and Rich are related by an inter- 
change of the angles of rotation about the non-rigid 
skeleton bonds which is formally equivalent to an inter- 
change of the C-O and N-H groups. It may be difficult 
to decide which is the right structure. 

Structure ILI corresponds to the hydrogen-bonded 
antiparallel pleated sheet of silk fibroin’. The isoenergetic 
helices with opposite screw sense have obviously the same 
helical parameters as conformations I, II and ITI, but 
angles of rotation given by 2n-dce-o, 2T-ỌN-Cas Yo-n. 
The conformational potential energy map of poly-L- 
alanine contains five minima (I, II, III... in order of 
increasing energy values) (Fig. 2). The deepest minimum 
occurs at angles of rotation close to those of a right- 
handed «-helix. Due to the asymmetric «-carbon atom, 
the corresponding minimum in the'helix with opposite 
screw sense (IV) has a higher potential energy and is 
also distorted with respect to its enantiomorph. The 
minima II and III correspond respectively to Pauling’s 
extended antiparallel chain (left-handed) and to a right- 
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peac 


Two-dimensional plot of the van der Waals conformational 

potential energy of a chain of poly-L-a-alanine as a function of the angles 

of rotation Yoa-o and yog—-yn about the non-rigid skeleton bonds of the 
amino-acid residue. Cocmour lines are drawn at intervals of 1 kcal 


Fig. 2. 


handed threefold helix, similar to polyglycine II. Mini- 
mum V corresponds to a helix which has never been 
considered. 

The rigidity imposed on the N-Co bond by the pyrroli- 
dine ring makes it possible to calculate the conformational 
potential energy of paly-L-proline by setting the angle of 
rotation about this bond to a fixed value of 76°. The 
bond-angles and bond-lengths were those used by Cowan 
and McGavin?®. The angle of rotation about the conju- 
gated C-N bond was in turn assumed to be m and 0°, 
corresponding to trans and cis poly-L-proline. The 
conformational potential energy of the two isomers was 
then calculated as a function of the angles of rotation 
about the non-rigid Ca-C bond (Fig. 3 and Table 4). 

The predicted most stable conformation of trans 
poly-L-proline corresponds to a left-handed helix with 
k=3-04 and d=3-11 A, in agreement with the parameters 
(k=3-00, d=3-12 A} deduced from the X-ray fibre 
photograph’). The most stable conformation of cis- 
poly-L-proline is a right-handed helix with k=3-25 and 
d=1-98 A which may be identified with the helix proposed 


Table 2, PREDICTED HELIOAL PARAMETERS AND ANGLES OF ROTATION ABOUT TAÐ NON-RIGID SKELETON OF A POLYGLYCINE CHAIN 





d(A) (monomer repeat 
on the helical axis) 


I 2 70 


K (No. of monomers 
per turn) 








60° 
II 1 51 50° 
III 3 60 180° 








i 
d(A) (monomer repeat 


K (No. of monomers 
on the helical axis) 


per turn) 






















C—N Assignment 
— 148° 180° Threefold helix A = 4 i: 
55° 180° a-helix d=1:49 
k=3°6 
150° 180° Antiparallel chain d=3-5 
Extended k=2:0 












Assignment 





| 
— 60° 180° | a-helix (R) d= i 49 
— 142° 180° |  Antiparallel chain d=3-5 
Extended k=20 
—135° 180° Threefold helix (b) (R) d=34 
52° 180° a-helix (L) d=1-49 
h=36 
— 175° 180° 


Tourfold helix (L) 
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Table 4, PREDICTED HELICAL PARAMETERS AND ANGLES OF ROTATION ABOUT THE NON-RIGID SKELETON BONDS For A trans AND cts-POLY-PROLINE CHAIN 


| d(A) (monomer repeat 
Heal 


E (No. of monomers 
on the he 2X18) t 


per turn 


Assignment 
Poly-t-proline IT (L) 


Poly-1-proline I (R) 





15 
b 
a 
10 
By 
5 
0 60 120 180 240 300 360 
do,0 


Fig. 83. Van der Waals conformational potential energy of a poly-1- 
proline chain as a function of the angle of rotation yo,-¢ about the non- 
rigid skeleton bond. a, trans poly-L-proline; b, cts poly-L-proline 


by Traub and Shmueli!!) (4=3-3, d=1-9 A). Note that 
the helical conformations of cis and trans poly-u-proline 
have opposite screw sense in agreement with the predic- 
tions made from the mutarotation accompanying their 
inter-conversion. in solution!. 


Intramolecular van der Waals interactions clearly 
control the conformation of simple synthetic polymers as 
well as those of helical polypeptides. The -helix is often 
thought to be stabilized by hydrogen bonds between 
amide groups. Since intramolecular van der Waals 
interactions between non-bonded atoms allow both the 
stability and screw sense of an «-helix to be predicted 
(for poly-t-alanine), it was decided to estimate the 
additional contribution due to intramolecular hydrogen- 
bonding. 

The potential energy due to hydrogen-bonding between 
C—O and N-H groups was therefore calculated as a func- 
tion of the angles of rotation about the non-rigid skeleton 
bonds using a technique similar to that adopted in the 
calculation of the intramolecular van der Waals inter- 
actions. 

A potential function proposed by Stockmayer? to 
describe interactions between polar molecules was found 
particularly useful for this purpose. 

This function may be represented as: 


Pia -G)]-* 


The first term describes the non-bonded interaction 
between an H atom of an N-H. group and an oxygen atom 
ofa C-O group. The second term represents the hydrogen 
bonding as an electrostatic interaction between two point 





PoPa — Po) (1) 


dipoles of magnitude ua and u» centred on the hydrogen 
and oxygen atoms. The directional character of such an 
interaction is ensured by the angular dependence of the 
function: : 


g (Da, Bo, Pa — Go) = 

2 cos Da cos p — sin Da sin dy cos (Po — Pa) (2) 
where $4 and 9 are the angles which the C-O and N-H 
bonds form with the segment O ... H connecting the 
oxygen and hydrogen atoms. 9— 9a is the angle between 
the plane containing the hydrogen bond and the N-H 
and C-O bonds respectively. The parameters £=, o and 
uaua were obtained by minimizing the first term of 
equation (1) at the van der Waals distance between. the 
oxygen and hydrogen atoms and the whole function at a 
hydrogen bond distance of 2:85 A with the C-O and 
N-H bonds arranged co-linearly. 

The potential energy of hydrogen-bonding obviously 
contains several minima for the many possible hydrogen- 
bonded rings formed between successive amino-acid 
residues. It is interesting that the minimum correspond- 
ing to hydrogen-bonding between every third amino-acid 
residue as in the «-helix is found at angles of rotation 
very close to those of the right-handed helix having the 
minimum van der Waals potential energy, and signifi- 
cantly different from the angles of rotation defining the 
less stable left-handed helix. This effect is due to a 
slight distortion which distinguishes the two enantio- 
morphous helices from each other. Whereas a right- 
handed helix of poly-u-alanine is stabilized by both van 
der Waals interactions and hydrogen bonding, a com- 
petition between these two forces tends to destabilize a 
left-handed helix. 

Extension of the foregoing analysis to polypeptides 
with complex side chains suggests that perturbations of 
the stable helical conformation of poly-L-«-alanine may 
be exerted by side chains with bulky groups close to the 
a-carbon atom, such as those in poly-L-valine and poly- 
L-isoleucine. This explains the reluctance of such poly- 
peptides to form «-helices** and accounts for the inverse 
correlation between the content of L-valine and L-iso- 
leucine residues and the helix content of many globular 
protems, All calculations have been carried out with 
the aid of an IBM 1620 electronic computer. 


FLiquori, A. M., Chimica Inorganica Avanzata, Varenna, 1959, 311 (ed. 
cad. Naz. Lincei, Roma, 1961). 


2 Liquori, A. M., Chimica delle Macromolecole (ed. Consiglio Nazionale delle 
Ricerche, Roma, 1963). 


3 De Santis, P., Gigio, E., Liguori, A. M , and Ripamonti, A., Nuevo Cim., 
26, 616 (1962). 


‘De Santis, P., Giglio, B., Liquori, A. M., and Ripamonti, A. J. Polymer 
Sei., A, 1, 1383 (1963). 


5 Shimanouchi, T., and Mizushima, S, J. Chem. Phys., 23, 82 (1955). 
€ Corey, R. B., and Pauling, L., Proc. Roy. Soc., B,141, 10 (1953). 
7 Crick, F. H. C., and Rich, A., — 176, 780 (1955). 


? Bamford, O., H., Brown, L E. M., Elliot, A., Hanby, W. E., and 
Mal colm, E. K, Nature, 76. "306 1968). 


? Marsh, R. B, Corey, R. B., and Pauling, L., Acta Cryst., 8, 62 (1955). 
1° Cowan, P., and McGavin, S , Nature, 178, 501 (1955). 


n Traub, W., and Schmuell, V., Aspects of Protein Serene: edit. by Rama- 
chandran, G. N., 87 (Academic Press, New York, 1963). 


ia Kurtz, J., Bergen, A., and Katchalski, E., Nature, a 1088 (1958). 
18 Stockmayer, W H , J. Chem. Phys., 9, 398 (1941). 


“4 Blout, E. R. in Polyamingaoids, Polypeptides and Proteins, edit. by 
Stahman, M. A., 275 (Univ. Wisconsin Press, 275, Madison, 1982). 


18 Davies, D. B., Mol. Biol., 9, 605 (1946). 


? 
i 


No 4983 May L 1965 


NATURE 


4.59 


A CONTEMPORARY PICTURE OF THE CHEMICAL ASPECTS OF 
POLYPEPTIDE CHAIN STRUCTURES AND CERTAIN 
PROBLEMS OF MOLECULAR BIOLOGY 


By Pror. DOROTHY WRINCH 


Smith College, Northampton, Massachusetts 


ECENT advances in the organic chemistry of peptides 
have modified earlier views regarding chemical 
aspects of such structures: an important innovation is 
the presence in certain peptides not only of the one-bond 
CO-—-NH peptide groupmg (which is the only grouping 
present according to the amide hypothesis) but also of 
multiple peptide groupings!. Such additional groupings 
comprise the somewhat labile two-bond —CO(—-CO-—-)N-—— 
diacyl amino grouping, followed by the still more labile 
two-bond -—-C(OH){(—NH-—)—-NH-—- diamino carbinol 
grouping and higher multiple peptide groupings also con- 
taining a C(OH) tertiary carbinol fragment. Each multiple 
grouping brings a centre of instability into a peptide 
structure which may result in a transfer of amine or 
carboxyl type. 

Of all peptide structure types, the open and closed 
polypeptide chains are presumably the simplest structures 
into which multiple peptide groupings can be introduced. 
and afterwards examined. Further, the chain polypeptides 
play crucial parts in several problems of molecular biology?. 
The many new findings relating to this particular type of 
peptide, some of which are in conflict with the amide 
hypothesis, are therefore of considerable moment. Pro- 
gress in peptide chemistry since the turn of the century 
has depended largely on the adoption of a hypothesis, 
actually the amide hypothesis: in this way a framework 
was provided within which innumerable data found 
niches. Now that increasing numbers of data are reported 
for which niches within this particular framework cannot 
be found, the major task for peptide chemistry is dis- 
covering the most reasonable generalization of the amide 
hypothesis which simultaneously covers all the ‘anomalies’, 
and developing its implications. 

Considerations such as these prompted a recent 
enquiry into chemical aspects of polypeptide chains 
in the light of recent experimental findings, as they 
present themselves within the cyclol theory, the only 
alternative to the amide theory extant. This investiga- 
tion? follows the first such enquiry which looked into 
chemical aspects of the ergot tripeptides and other very 
small peptides. Here, as there, ıt is found that the 
accumulating ‘anomalous’ data can readily be accom- 
modated within the cyclol system. This conclusion has 
a direct impact on problems such as the nature of the 
covalent bond systems within the active sites on enzymatic 
surfaces‘~? and of enzymatic reactions*~), the chemical 
events taking place in the synthesis and degradation of 
peptides'!:12, and the part played by peptides in molecular 
genetics. In view of the speed with which investigations 
into the functioning of polypeptide chains in these and 
other problems of molecular biology are being pursued. 
we give here a preliminary account of some of the highly 
relevant chemical aspects of this class of compound which 
have emerged in this enquiry. 

Some chemical aspects of polypeptide chain structures in 
general. We are nowadays forced to remark on the reactiv- 
ity not only of their head-end «-NH, and tail-end «-COOH 
groups, but also of their CO—-NH amide groupings. 
_ Fig. 1 epitomizes the standard cyclolizations along poly- 
peptide chains which, judging by various experimental 
findings'4-1*, can apparently be brought about by reactions 
in which amide groupings take part, given appropriate 
physicochemical circumstances. 


Thus in (a)-(e) we examine a piperazine cyclolization 
and in (a’)-(e’) a hydantom cyclohzation and remark that 
degenerations can be brought about not only by hydro- 
lysis but also by protox migration. We also remark the 
associated transitions, the carboxyl transfers (a)-(e) and 
(a’)~{e’) involving only >roton migrations and the amine 
transfers (a)—-(d) and (¢’)-(d’) involving the elimination 
and subsequent consumption of water molecules. Worthy 
of note is the nature of the labile grouping which intro- 
duces the centre of instability into the cyclized chains 
(b) and (b). This three-bond cyclol grouping has one 
endocyclic bond and tw > exocyclic bonds in one case and 
and all three bonds endoeyclic in the other. In consequence 
the transfers proceeding via an intermediate containing 
& piperazine ring cleavve the chain, leaving either the 
head-end or tail-end fragment with a terminal piperazine 
ring, while the transfers via an intermediate containing 
a hydantoin ring resultcin rearrangements. These remark- 
able conclusions, supporied by various experimental facts 
recorded in the literatare, prepare us for the striking 
features characterizing and distinguishing between the 
grossly different piperazine and hydantoin cyclolizations 
along polypeptide chains. 
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Fig 1. (a) A polypeptide chain and (b) a (4,9) eyclol type of proton 
migration [NH,OC to N—<(EO}C] down the cham in which a piperazine 
ring is formed and (æ) amcther chain which in (b) undergoes a (7,3) 
cyciol type of proton migration up the chain in which a hydantoin ring 
13 formed. (c) One degeneration product of fb) obtained by proton 
migration and (e) the corresponding degeneration product of (b’), the 
other such degeneration prodlucts being the original chains shown in (R 
and (a’). (d) and (d'} show the remalning degeneration products of (b 
and (b’) respectively: these-are obtained by hydrolysis. (e) Degeneration 
products shared by (c) and C), and (f) degeneration products shared by 
(d) and (a), with (e’) and (J^) correspondingly defined. Note in (b), (9, 
(d) and (Œ) that o stands for C(OH) 
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Fig. 2. (a) and (c) depict R ring-closures within the dipeptides 
Agu(y—a)Ay and Ag—Agia and (b) and (d) the corresponding R ring- 
closures within the dipeptides Ay(a—y)Aqgap and Adap—Av' m each 
case, the other degeneration of the cyclized peptide is shown on the right. 
Structures to left and right are partners in a carboxyl transfer in (a) and 
(d), in an amine transfer in (b) and (ec). The four ring-closures are intra- 
monomeric: hence all four transfers result in cleavage of the dipeptides. 
(e) The common intermonomer ring-closure In Agin(y—a)Ay and Agu 
(a—a)Ay, namely the cyclized dipeptide Agiy[a—(y—)a] Ay, and (f) the 
common intermonomer ring-closure in Ay(a—y)Aday and Ay(a—a)Agan, 
namely the cyclized dipeptide A,[a(—y}—a]Agap. The uncyelized 
dipeptides, to left and right, are partners in an amine transfer in (e), ins 
carboxyl transfer in (f), both resulting in rearrangement. Note in (a), 
(d) and (f) that o stands for C(OH) 


Some chemical aspecis of polypeptide chains of appro- 
priate composition. Nowadays we cannot fail to notice 
the ever growing number of findings establishing the 
reactivity also of R side-chains carrying various electro- 
philic or nucleophilic groups as, for example, in the case 
of the polymyxin decapeptides?? 38, Fig. 2 epitomizes the 
situation as it develops within the cyclol theory as regards 
R ring-closures and other chemical events in which not 
only terminal «-groups but amide groupings and reactive 
&-groups take part, as confirmed by various experimental 
findings!*-=, Wo remark the four types of intramono- 
meric R ring-closures (a)—(d) containing labile bonds for 
which the associated transfers, whether carboxyl or 
amine, result in cleavage and the two types of intermono- 
meric .R ring-closures (e) and (f) also contain labile bonds 
which can result in rearrangements. Picturing the 
replacement of the diamino butyric acid component Adab 
n (b) and (d) by diamino propionic acid Adap and indeed 
by the corresponding hydroxy and sulphydryl amino- 
acids, we visualize the standard ring-closures formulated 
for peptides containing such monomers. Such structures 
bridge the gap between the O to N acyl migrations in 
serine peptides postulated by Bergmann eż al.*4 in 1923 
and recent findings. 

Labile bonds in peptides and the nature of cyclol groupings. 
Of prime importance, as we survey the features in the 
contemporary picture of polypeptide chain structures 
epitomized in Figs. 1 and 2 which the organic chemical 
findings seemingly force on us, is the systematic array 
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of cases in which labile bonds are introduced: these 
afford an interrelated set of organic chemical situations 
calling for detailed investigations to supplement the first 
experimental implementations of synthetic cyclol chem- 
istry which, beginning in May 1961 with the total syn- 
thesis of the cyclol tripeptide of ergotamine**, have already 
built a bridge between the necessarily hypothetical cyclol 
theory and the experimental facts. A preliminary account 
of these initial contributions to cyclol chemistry, which 
emanated from Basle and Moscow and Liverpool, was 
given in these columns?! in August 1963. 

Subsequent publications from the Sandoz Laboratories 
in Basle and Hanover, N.J.*?-35, and from Moscow**-*° 
record the total synthesis of the cyclo! tripeptidos of ergo- 
sine and of the valine analogue of ergotamine (which has 
not yet been found in nature) and also of a number of new 
cyclol compounds related to the ergot tripeptides. Stereo- 
specific cyclolizations resulting in one rather than another 
form of the C(OH) tertiary carbinol fragment have also 
been achieved. (The techniques developed in such 
researches may, at long last, open the door to an under- 
standing of the inversion of the prolme component of 
ergot tripeptides during degradation reported many years 
ago’?, According to Synge**, this finding “throws in doubt 
practically every single assignment of optical configura- 
tion of amino-acids obtained by hydrolysis of proteins 
and peptides”: certainly it is still, years later, regarded 
as of considerable moment*®.) 

Important conclusions follow from the investigations 
cited. Various problems concerning the synthesis, stability 
and. degradation of cyclol compounds are now open to 
systematic attack by newly developed organic chemical 
procedures which, as was to be expected, are of consider- 
ablo subtlety: such procedures can to-day be supple- 
mented by infra-red and ultra-violet and nuclear magnetic 
resonance spectra which are now being used to determine 
unambiguously whether certain cyclol groupings are 
prosent or absent in various compounds. 

Applications to certain problems of molecular biology. As 
Brenner has so amply demonstrated in his discoveries 
regarding rearrangements within polypeptide chains™?*, 
the classical idea of the stability of amino-acid sequences 
is to-day in need of revision. Specially significant is what 
may be regarded as the first proposition relating to 
hydantoin cyclolizations in polypeptide chains, namely, 
the transitions depicted in Figs. la’~f’ in which an amino- 
acid, can be deleted from or inserted in a chain, the chain 
remaining intact throughout. (It is interesting to recall 
Schoenheimer’s investigations using 4°N-amino-acids*° 
which led to the suggestion that a polypeptide chain could 
incorporate a new amino-acid as a constituent: Brenner’s 
results may well provide a starting point in the inter- 
pretation of these remarkable results, which to this day 
have never been explained.) 

An idea possibly of significance for molecular genetics 
presents itself: May not some mutations consist in one 
or more such deletions or insertions or both? Turning 
to the problems of the nature of enzymatic reactions and 
of the covalent bond systems in active sites of enzymatic 
proteins, we remark that the cyclol picture of polypeptide 
chain structures yields series of new suggestions. Cer- 
tainly the transpeptidations actually observed®?’ are 
routinely covered as the cyclol picture is developed. 
Actually the presence in active sites of orthocarboxylate 
carbon atoms, suggested time and time again in discussions 
of enzyme reaction mechanisms’ to explain individual 
findings*!, constitutes a key theme in the detailed picture 
of such structures routinely emerging as the cyclol theory 
is developed. 

It is essential to an understanding of cyclol groupings 
to realize that the presence therein of the tetrahedral 
C(OH) tertiary carbinol fragment is frequently to be 
regarded simply as an expression of the vulnerability of 
carbonyl groups to attack by nucleophilic ‘reagents’, 
whether the CO is part of an amide or ester or thiolester 
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grouping and whether the ‘reagent’ is simply an —NH, 
or —OH or —SH group or belongs to some electrophilic- 
nucleophilic grouping. Here we encounter that part of the 
cyclol system which provides a systematic and detailed 
account of the experimentally suggested individual proton 
migration? and also of polymigrations of protons, a 
phenomenon which may well take place in biological 
systems. 

As we seek to take advantage of the latest findings i in 
attempts to solve problems of molecular biology, some of 
the seemingly radical changes in the present-day picture 
of this crucially important class of peptides are specially 
to be emphasized. Here we include: (1) the reactivities 
of amide groupings; (2) cyclolizations which introduce 
labile bonds in various guises; (3) the related amine and 
carboxyl transfers resulting in cleavages of polypeptide 
chains or rearrangements of their amino-acid sequences 
or both; (4) ring-closures and other reactions in which 
certain R side-chains take part. 

This work was supported by a grant from the U.S. 
National Science Foundation and by Smith College. 
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PRECIPITATION AS A CAUSE OF SEASONAL AND LATITUDINAL 
VARIATIONS IN RADIOACTIVE ,FALL-OUT 


By T. HVINDEN, A. LILLEGRAVEN and O. LILCESACTER 


Norwegian Defence Research Establishment, Division of Physts, Kjeller 
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EASUREMENTS have shown that radioactive 
bomb debris injected into the stratosphere will 
move slowly down into the troposphere, from where the 
debris is relatively rapidly removed and deposited on the 
ground, mainly by precipitation. It has also been shown 
that there are seasonal and latitudinal variations in the 
concentration of debris in ground-level air and in the rate 
of deposition. Several authors have suggested that these 
variations are caused by variations in air exchange between 
stratosphere and troposphere. 

However, since precipitation is a major factor in rə- 
moving debris from the atmosphere, it is conceivable that 
variations in precipitation will cause variations in air 
activity, as indicated by the simple fall-out model in 
Fig. 1. By this model, seasonal variations in the rate of 
precipitation would be followed by inverse variations in 
air activity, as shown by curves B and C. Curve D shows 
the corresponding deposition. The variations in precipita- 
tion used in Fig. 1 have arbitrarily been chosen to_cor- 
respond roughly with Norwegian data from 10 fall-out 
stations 1956-60 (ref. 1). 

The model has obvious limitations, but serves to 
illustrate qualitatively the influence of precipitation on 
air activity and deposition. 

As there are large-scale exchanges of air within the 
troposphere, the air activity at any single measuring site 


may not be determired by the precipitation at the site 
only, but also by the previous precipitation- and mixing- 
history of the measurad air. The correlations indicated in 
Fig. 1 may then appeer only in average values over reason- 
ably wide areas and Dng periods. 

In Fig. 2, curve 4 shows monthly mean concentration 
of caesium-137 in ground-level air during the years 
1958-64, given as average values from seven Norwegian 
measuring stations. Curve B shows the monthly pre- 
cipitation averaged aver the same stations. The precipita- 
tion values from such a limited group of stations aro 
obviously not fully representative for the wash-out 
history of the measured air. Even so, Fig. 2 shows 
that a seasonal minimum in precipitation is followed by 
a maximum in air activity, in agreement with the fall-out 
model. 

The results reveal that the variations in ground-level 
air activity at each af the seven measuring stations follow 
the same overall pastern. The single monthly values, 
however, show systematic differences from one station to 
another. 

In Fig. 3, curve 4 shows the ratio of air activity at 
Bergen to air activiry at Gardermoen, based on mean 
monthly values for the period 1958-63. The curve 
demonstrates a marked seasonal variation, the ratio being 
high in winter and low in summer. 
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Fig. 1. a, Simple fall-out model, b, calculated tropospheric concentration 
and rate of deposition, based on assumptions given in the figure 
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Fig. 2 Monthly precipitation (E) and concentration of caesium-137 in 
ground-level air (A), averaged over the 7 Norwegian stations Vadso, 
Tromso, Vaernes, Gardermoen, Finse, Bergen, and Sola 


Bergen and Gardermoen are at the same latitude, 
60° N, and 300 km apart. Bergen is situated at the coast 
on the western side of the mountains, whereas Gardermoen 
is an inland, lowland site to the east of the mountains. 
The predominant wind direction over Scandinavia is from 
the west throughout the year. However, the variability in 
the wind direction is higher in summer than in winter. 
The annual precipitation at Bergen is about twice that of 
Gardermoen. The precipitation ratio, based on mean 
monthly values during the years 1958-63, is shown in 
Fig. 3, curve B. For comparison the precipitation ratio 
for 1901-30 is given ın curve C. The precipitation ratio 
diso shows a tendency to seasonal variations, being 
generally high in winter and low in summer. It is evident 
from curve A that the air activity at Bergen is generally 
higher than at Gardermoen. An explanation of the low 
activity at Gardermoen is that air from the west has been 
washed out at the western side of the mountains. The 
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Fıg.3. Ratios between Bergen and Gardermoen values of air activity (A) 
and precipitation (B, C}, averaged over periods given in the figure 
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Fig 4, Latitudinal distribution of annual (4) and semi-annual (B, C) 

precipitation, based on ref. 3; annual (£) and semi-annual (D, F) values 

of gross 8 activity versus Etats or 6 U S. Naval Research Laboratory 
stations 
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seasonal variations in the air activity ratio may then be 
connected with the variations in the precipitation ratio and 
in the wind vanability. 

The apparent connexion between air activity and 
precipitation in Norway makes it of interest to look for 
similar tendencies in more world-wide observations. 

The U.S. Naval Research Laboratory has published data 
on gross beta, and strontium-90 activity in ground-level 
air along the 80th meridian West 1957-62 (ref. 2). The 
strontium-90 activity at the measuring stations in the 
northern hemisphere follows the same overall seasonal 
pattern as shown by the caesium-137 concentration in 
Fig. 2A. 

The precipitation in the northern hemisphere also shows 
a seasonal variation, with a minimum in spring and a 
maximum in autumn’, 

The data in refs. 2 and 3 thus indicate a correlation 
between air activity and precipitation in the northern 
hemisphere similar to that of the model in Fig. 1. 

From ref. 2 it seems that the spring peaks in the northern 
hemisphere tend to appear later at 39° and 51° than at the 
stations north and south of these latitudes. The minimum 
in mean precipitation as estimated in ref. 3 also appears 
later in the middle latitudes. This apparent correlation 
may be due to the larger exchange of air in zonal than in 
meridional direction in the troposphere. It might then be 
expected that latitudinal variations in. precipitation would 
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lead to latitudinal, inverse variations in air activity. Such 
an effect might be deduced from Fig. 4. Curve A shows 
mean annual precip-tation (December~November) from 
5° N to 90° N, basec on ref. 3. Curve E, which is the 
most complete Naval Research Laboratory profile aval- 
able over 12 months shows the average beta activity in 
air over the period December 1958 to November 1959 at 
six Naval Research Laboratory stations. 

A seasonal variation in the latitudinal distribution of 
precipitation is evident from curves B and C. In Decem- 
ber—May there is a precipitation minimum at 15°-20° N. 
In June~November the minimum is found at 30°-35° N. 
It appears from curves D and F that there 1s a correspond- 
ing shift of the air activity maximum from around 25° N 
in December 1958-May 1959 to around 40°-50°N in 
June—November 195%. 

Summarizing, it may be said that seasonal and lati- 
tudinal variations in ground-level air activity appear to be 
correlated to seasonal and latitudinal variations in 
precipitation. It 5 realized that other geophysical 
processes also cause variations in air activity. However, 
the effect discussed im the present article seems to form a 
necessary part of the complete fall-out picture. 


1 Hvinden, T., Hveding, I. Lillegraven, A. and Small, S. H., Nature, 188, 
1177 (1960). 

* Lockhart, jun., L B., Paterson, jun, R. L., Saunders, jun, A. W., and 
Black, R. W., U.S. Naval Res Lab. Rep., 6104 (1964). 

3 Moller, F., Petermanns Geosraphische Mitteilungen, 95, 1 (1951). 


TURBULENCE DAMPING AND DRAG REDUCTION PRODUCED BY 
CERTAIN ADDITIVES IN WATER 


By Dr G. E. GADD 
Ship Diviston, National Physical Laboratory, Teddington, Middlesex 


T has been found? * that very small traces of certam 
long-chain-molecule contaminants added to water can 
greatly reduce turbulent friction acting on bodies moving 
through the fluid, or on surfaces past which the fluid 
flows. Reductions of as much as 40 per cent can be 
obtained by additions of as little as 10 parts per million 
by weight. This is at first sight very puzzling, since the 
density and viscosity may be little different from those of 


uncontaminated water, and hydrodynamicists normally . 


regard the density and viscosity as the only relevant 
properties of the fluid. (The governing non-dimensional 
parameter is the Reynolds number eVl/u, where ¢ and 
u are density and viscosity, and V and l are a typical 
speed and length.) The explanation is probably to be 
sought in viscoelastic effects, discussed below. 

Earlier work?-? had been with more concentrated solu- 
tions which were shear-thinning, or ın other words, when 
tested ın a steady-flow viscometer, they had a smallor 
apparent viscosity at high shearing rates than at low ones. 
Such non-linear friction-stress shear-rate relations may 
be approximated to by a power law of the form tac (du/dy)*, 
where n is 1 for a Newtonian fluid and less than 1 for a 
shear-thinning fluid. Dodge and Metzner‘ correlated the 
friction factors for turbulent flow through pipes by pro- 
posing a family of curves plotted against a generalized 
Reynolds number, one curve for each value of n. Many 
non-Newtonian fluids fitted this correlation, which gave 
friction factors decreasing somewhat with decreasing n, 
but some ‘anomalous fiuids’ did not fit, showing much 
greater drag reductions. One such anomalous fluid 1s a 
solution of sodium carboxymethylcellulose (CMC) which 
was investigated by Shaver and Merrill’. They showed 
by injecting dye mto a tube containing flowing CMC 
solution, 0-25 per cent strong, that the additive appeared 
to weaken the turbulence. They attempted to relate this 
to the shear-thinning effect, attributing it to the viscosity 


being less near the wall of the tube, where the vortices 
are mainly formed, shan at the centre. However, this 
explanation cannot ve more than partially true, since 
the later work! with very weak solutions has shown that 
large drag reductions are possible even though the fluid 
is not shear-thinning, often mdeed having a viscosity 
barely distinguishab_e from that of water. A recent 


-paper®, though again reporting work for relatively more 


concentrated solutiors, suggests a correlation of the drag- 
reducing effect with another feature that the contaminated 
fluids exhibit, namely, inequality of normal stresses. This 
means that in simple shear flow the pressure in effect does 
not act equally in all directions, when it would do so with 
water or other Newtonian fluids. In the present paper it 
is shown that weak solutions of ‘Polyox’ (poly(ethylene 
oxide)) (the grade used was Union Carbide Polyox 
WSR301’, with a moecular weight of about 4 x 10°) and 
of guar gum, not mora than 60 parts per million by weight, 
show normal stress dicferences although they are not shear- 
thinning and have viscosities close to that of water. 

We begin, however, by discussing briefly some experi- 
ments on degradaticn}:?.5.4, which means a weakening 
of the drag-reducing and turbulence-suppressing power of 
the fluid after it has been subjected to mechanical shearing 
or to other physical ar chemical action. 


Degradation 


A simple rig was. zonstructed for demonstrating drag 
reduction and investigating degradation. It has a pair of 
identical wheels drivan at the same speed. Each wheel 
rotates in a casing so which it is mechanically uncon- 
nected, as in Fig. 1, Ent fluid, held in the outer part of the 
casing by centrifugal action, is dragged round by the wheel 
by turbulent friction. and the fluid in turn tends to drag 
round the casing, which is prevented from rotating by a 
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Fig. 1. Apparatus for demonstrating additive effects 


"spring and gauge. The reading of the gauge is a measure 
of the torque on the casing. 

For demonstrating degradation water is put in the left- 
hand casing and also initially in the right-hand one. The 
apparatus is run at some convenient speed and the 
readings of the two gauges noted. Then the wheels are 
stopped and the water is drained from the nght-hand 
casing and contaminated fluid put in its place. The 
apparatus is then run up to the same speed, so that the 
left-hand gauge records the same as before, but now the 
right-hand gauge reads lower than before, indicating drag 
reduction. The flow between the wheels and casings is 
highly turbulent, the Reynolds number at 1,000 r.p.m. 
being some 700 times greater than that for the onset of 
turbulence in the flow between two concentric cylinders 
with the inner one rotating. Thus the reduction in gauge 
reading indicates an effect on the turbulent flow. 

Fig. 2 shows how the right-hand gauge reading varies 
with time after the apparatus has been set going with a 
15 p.p.m. solution of ‘Polyox’ in the right-hand casing. 
It can be seen that the gauge reading rapidly increases 
with time until, after about half an hour, it becomes 
close to the value obtamed with ordinary water. One 
might suppose that the turbulence mechanically breaks 
up the long ‘Polyox’ molecules so that they lose their 
effectiveness. Another possibility is that the mechanical 
action renders the molecules susceptible to oxidation. 

With guar gum solution, on the other hand, little or 
no mechanical degradation seems to occur, the gauge 
reading remaining approximately constant with time in 
the rig. Tests were done on various samples, filtered from 
60 p.p.m. mixes through fine-grade filter paper to remove 
any undissolved particles. Samples left for three days, 
out of strong light, gave the same results as samples 
tested within 1 h of mixing, but a sample which had been 
exposed to sunlight over a period of 3 days showed 
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Fig. 2. Degradation of drag reduction with ‘Polyox’ (15 p.p.m.). 
x, Sample 1; O, sample 2 
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considerable degradation. Evidently the sunlight has 
some action onthe guar gum molecules, either a direct 
photochemical one, or by promoting bacterial action. 

The mechanical dogradation of ‘Polyox’ does not 
require turbulent flow, as samples subjected to intense 
laminar shearing were found to have been degraded. 
‘Polyox’ solutions can also be degraded by the admixture 
of traces of other chemicals. Thus a water-soluble 
nigrosine black dye added to a “Polyox’ solution was found 
after a few minutes time lapse to have degraded it. The 
dye molecules are unlikely to have chemically combined 
with the ‘Polyox’, but may have formed a physical 
association, with it, in effect adding branches to the 
normally unbranched ‘Polyox’ molecule. 

All this is consistent with the finding of Hoyt and 
Fabula! that the requirements of a successful drag-reducing 
additive are long molecules of high molecular weight, with 
few side branches and good solubility. It also follows that 
although ‘Polyox’ molecules may possibly be disrupted 
by turbulence, it is unlikely that this process is a significant 
source of energy-drain from the turbulence, since guar 
solution can produce large drag reductions without 
significant degradation. More probably the relatively 
flexible molecules have a spring-like character which 
makes the fluid viscoelastic’, and this is what affects the 
turbulence. i 


Simple Viscoelastic Relations 


The most fundamental way of attempting to account 
for the viscoelastic properties of solutions of long-chain 
molecules would be to perform an analysis of the kind 
made by Frohlich and Sack? for elastic spheres dispersed 
in & viscous fluid. Such an analysis would, however, be 
difficult for polymer molecules. Instead we consider a 
possible simple generalization of the Newtonian viscous— 
stress relations, and try to assess by comparison of some 
of its predictions with experiment whether or not it can 
account for the properties of solutions of long-chain 
additives. 


Tyy 
Txy 
Tyx 
} Tær 


Fig. 3. Stresses on a cube of fuid 


For a cube of fluid as in Fig. 3, the classical Newtonian 
stress relations are: 


Ou 
Tzs = — pt 2y x 


ov = 0 GG + 5) 


and so on, where u is viscosity and p is the pressure. It 
seems plausible to generalize these by adding terms 
proportional to the time derivatives of the Newtonian 
ones, and putting: 


du 
Te ea a = - o (2 xx Sida: (1) 


ou WS +e) aG 


Then in @ simple — shear flow, where a fluid- 
particle displacement s is in the æ direction and of the 
form s(y,t) = s,(y)sin wt, so that u = ws,cos wt, we 
should have: 


d 
Try = o (uw cos wt + Cw? sin wt) 










term — has the same — which the elastic 
33 in a solid given a displacement s(y) would have. 
h quasi-elastic behaviour would perhaps intuitively 
-expected of a solution of spring-like molecules, and it 
ustifies the appellation ‘viscoelastic’ applied to stress 
< relations of the general kind of equations (1) and (2). 
However, as they stand, these relations, unlike the New- 
tonian ones, are not independent of the motion of the 
axes of reference. To make them independent of any 
translation or rotation of the axes we have to add further 
terms, so that: 
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Gx oy dz dz | 


These relations are similar to ones proposed by — 
but involve a single coefficient C additional to the viscosity 
u, rather than a pair of additional coefficients, as Oldroyd’s 
A, and àa (We have tacitly set Oldroyd’s other additional 
coefficients equal to zero. Frater’s' à, and à, are defined 

= slightly differently.) Our relations are formally equivalent 

. to Oldroyd’s with A, = 0 and h, = — C/u, and for fluids 
which are only slightly non-Newtonian, they are also 
approximately equivalent with C = p(A, — ža) Thus 
Frater’s solution! for an oscillating sphere can be shewn 
to depend only on A, — àp and not M and A, taken separ- 
ately, when both A, and à, are small. 

It can be argued that the present form is inadmissible 
for positive values of C, since if the stress is suddenly 
removed from a specimen of the fluid, the strain would 
increase exponentially with time, like evtle, However, 
the concept of suddenly removing the stress, though valid 
for a quasi-solid substance like bitumen, seems to have 
little application to truly fluid substances, from elements 
of which, once set in motion, the stress cannot be suddenly 
removed. Another objection to the present relations 

_ is that the presence of second-order derivatives in them in 
_ general requires more boundary conditions than are needed 
_. for Newtonian fluids for the associated equations of motion 
„tobe soluble. This objection might be met by postulating 
~~ that the present relations can only apply to slightly non- 
Newtonian fluids, so that solutions of the equations must 
not differ radically in form from the corresponding 
Newtonian ones, and can therefore be found as the limit 
of an iteration process with the Newtonian solution used 
. as the first approximation. In many cases of interest, 
however, the higher-order: derivatives do not come into 
the equations, and no difficulty ith boundary conditions 





















le the Oldre tions! are doubtless much more 

pp ble than thè present ones, the latter have 
of simplicity in that the stresses are given 
as functions of the strains. No other merit is 
or them: they serve merely as a convenient 
natical peg on which to hang the following discus- 
16 qualitative conclusions of which are probably 
cee | dependent on the precise validity or. otherwise of the 
stress: relations used. 








justifi cation for Continuum Treatment 
_. Before applying the viscoelastic stress relations to 
arious flow situations, it is pertinent to ask whether any 
jinuum treatment can be justified for turbulence, 
er eddies of which might typically be 5 thou in 
; not — greater than the length of ‘Polyox’ 
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molecules, of the order of 1 thou (a thou, the engineer's 
unit of small length. is equal to a thousandth part of an 
inch). However, ths is the length stretched out straight: 
in solution the mckcules are probably coiled up much 
more like a loose bail of wool, with an effective diameter at 
least two orders of magnitude smaller than the length. 
This is doubtless why the solutions can be passed through — 
filter paper the pore diameters of which are of the order of — 
0-1 thou. Moreover, in a sphere of 5 thou diameter, . 
representing a smal. turbulent eddy, there will be some- _ 
thing like 3 x 10'* water molecules and 5 x 10* ‘Polyox’ 
solution, assuming ‘Polyox’ 
molecules of molecwar weight 4 x 10°, evenly dispersed. 
Thus, although there are far fewer ‘Polyox’ molecules thar 
water ones, there are still a vast number of them even in 
in the smaller regions of the flow, and a continuum treat- 
ment is therefore justifiable. . 


Viscemeter Measurements 


In an ordinary capillary-tube or rotating-cylinder © = 
viscometer the flow is steady and the speeds of fluid... 
particles do not chenge as they move down the tube or 
round the cylinders. Thus equation (4) reduces to 
Tey = p0u/dy, exactiy as for a Newtonian fluid, and the 
non-Newtonian terns will have no influence on the motion. 

A fluid obeying equation (4) would therefore not be shear- 
thinning. 

This supposition is borne out for a 30-p.p.m. solution of 
‘Polyox’ or a 60 p.pem. solution of guar, the viscosities of 
which as measured in a capillary viscometer were found 
to be sensibly constent and not much different from water 
for velocity gradienzs at the tube walls ranging from less 
than 10° to more then 10° reciprocal seconds. This covers 
the range typically encountered from the larger eddies 
to the smaller eddies. and laminar sub-layer of a fairly thin 
turbulent boundary layer in water. (A boundary layer 
is the flow-region aporeciably affected by friction adjacent 
to a solid surface—er wall, as it is often termed in fluid- 
mechanics jargon). 


Decay of Eddies 


Consider a circulasory flow where the speed q is given as 
a function of the radius r by q = afn — 277% + n°) 
0<x7n< 1,9 =rjra This is a erude representation of a 
two-dimensional edčy, rotating like a solid body near the 
centre, and with a speed decaying to zero at the larger 
radii. We do not ma«xe qo4/r at larger radii, as for a poten- 
tial-flow vortex, since at large radii the motion must be 
influenced by other vortices (and we remember that 
vortices cannot be created in isolation, but tend to occur 
in association with equal and opposite ones). Instead, 
by considering the motion in the region 0 < y < 1, we 
hope to obtain a qualitative picture of the decay of the oe 
higher-energy regions of the vortex in and fairly near the 
core. The speed coefficient a and effective eddy radius ry 
are considered to bu functions of time, the shape of the _ 
velocity profile being assumed constant. Then, applying — 
the conditions, averaged by integrating from r= @ to | 
fo that: ) 

(i) mass-aceeleraizon of the ring of fuid between r > 
and r + dr = net feiction force on it; and — 

(ii) rate of change of kinetic energy of the ring of fluid = 
rate of working by friction on it, 
we obtain for a Newtonian fluid with C = 0: 

= BF ox" 
Ot SG 7° = (ror 


where v is the kinematic viscosity p/p, p being density, 
E is the kinetic ene-gy of the motion, and a,, ra and E, 
are the initial values of a, rẹ and EF at time t = 0. Thus, 
as expected, a and Z decrease and r, increases with increas- 
ing time. | 

When C + 0, the tangential stress at radius r is given : 
by equation (4) as: 
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If then C is small enough for the solutions for @ and ry 


with C = 0 to be substituted in this expression, we can 
Say : 
2a | > 
T lcl a 
To 


where the effective viscosity ue is given by: 
Me = u + 28vC/(ro,* + 56vt/3) 


Thus the eddies can be expected to decay more rapidly 
for positive values of C than if C were zero, and this 
increased decay will particularly affect the smaller eddies. 
These in any case are the eddies subject to viscous decay: 
the larger eddies in practice break up into smaller ones 
before being appreciably weakened by viscosity. 





Fig. 4. Turbulent mixing in jets of water (left) and ‘Polvox’ solution 


(right) 


This qualitative prediction again accords with experi- 
ment, as can be seen from Fig. 4, which shows jets of 
coloured water and 30 p.p.m. “Polyox’ solution being 
squirted into fluid which is uncoloured but otherwise the 
same as the jets. The tube from which the jets are squirted 
is of 12 thou internal diameter and the mean jet speeds at 
exit are 9 ft./sec. It can be seen that the dye is much less 
evenly diffused with “Polyox’ than with water, indicating 
that the smaller-scale eddies are suppressed with *Polyox’. 


Jets over Piates and Normal-stress Differences 


Fig. 5 shows coloured water and 30 p.p.m. ‘Polyox’ 
solution jets squirted from a 12-thou bore hypodermic 
tube at 5 ft./sec over an immersed plate held at an angle 
of 20° to the tube axis. The water-jet spreads out into a 
wedge-shaped region over the plate, but the ‘Polyox’ 
jet remains narrow. 

This again is consistent with the proposed viscoelastic 
relations with a positive value of C. If we consider the 
plane of symmetry of the jet, then where the jet impinges 
on the plate a force normal to the plate must exist to 
deflect the jet. Ifv represents distance along the plate in 
the stream direction, y distance normal to the plate, and 
z is in the transverse direction, the corollaries of equation 
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(3) for the y and z directions show that at the plate surface: 


du * J 
A Jy) ): tz: —— — p 


Thus to deflect the jet through the required angle, p need 
not be as large when C is positive as when it is zero. This 
means that the differences between the transverse stresses 
Tez acting at the centre and at the lateral edges of the jet 
are less when C is positive, and hence the jet splays out 
less over the plate. 

In Fig. 5 the hypodermic tube tip is a little above the 
plate, and presumably the speed in the jet becomes more 
uniform just before it strikes the plate than at the tube 
exit, where the profile is parabolic. Hence higher shearing 
rates probably occur for the situation of Fig. 5 than when 
the tube tip rests on the plate. This probably accounts for 
the fact that in the latter configuration the difference in 
splaying angle for Polyox' solution and water is much 
less. However, there are still flow differences, and in 
particular the net frictional traction exerted by visco- 
elastic fluids on the plate appears to be less than for water. 
Thus, Fig. 6 shows pressure measurements obtained from 
a hole in the plate, the hole being half covered by adhesive 
tape of 11 thou thickness, as indicated in the insert to the 
figure. The edge of the tape was transverse to the jet, 
which impinged on it, so the pressure in the hole was 
greater than the static pressure by an amount depending 
on the skin friction on the plate. The tube tip was 0-16 in. 
above the hole and dye showed the flow at 5 ft./see to be 
laminar (that is, non-turbulent) apparently up to the 
hole. As the jet was traversed across the hole the readings 
of Fig. 6 were obtained. It can be seen that the 60 p.p.m. 
guar solution gives pressures slightly less than water, 
and the 30 p.p.m. ‘Polyox’ solution pressures appreciably 
less. One might be tempted to correlate the area under 
the curves with the friction experienced in turbulent flow, 
a correlation which would suggest that 30 p.p.m. Polxyox 
is far more effective in reducing drag than 60 p.p.m. guar. 
In practical situations the difference is not so great, but 
probably then some degree of degradation is usually 
present for ‘Polyox’, whereas in the experiments of Fig. 6 
little degradation is likely to have occurred, the laminar 
shearing in the 6-in.-long hypodermic tube not being very 
intense or of very long duration. 

The observations of Fig. 6 may nevertheless provide a 
clue as to the mechanism of drag reduction in turbulent 
boundary layers. Runstadler, Kline and Reynolds’ 
have shown that in a turbulent boundary layer adjacent 
to the wall a shifting pattern of streamwise vortices, 
rotating in alternate directions and flattened against the 
wall, occurs. Where the flow is towards the wall, some- 
what resembling our inclined jets, the skin friction is 
presumably locally high. Where the flow tends to be 


Tyy = * (p + 





Fig. 5. 


Flow over an inclined plate of jets of water (left) and *Polyox’ 
solution (right) 
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Fig. 6. Transverses across jets on plate. x, Water; ©, 60 p.p.m. guar; 
A, 30 p.p.m. *Polyox’ 
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away from the wall, accumulations of ‘dead’ fluid occur, 
and intermittently erupt into the outer boundary layer, 
provoking turbulent mixing. It seems not unlikely that 
viscoelastic effects would tend to counter this vortex 
motion at the wall. Thus viscoelastic jets impinging on 
a wall tend if anything to be deflected up away from it, 
as is evidenced by the reduced friction of Fig. 6 and as 
can also be seen by viewing the jets of Fig. 5 from the side. 
Conversely the slower-moving fluid may well tend to be 
held on to the wall, and thus prevented from erupting. 


NATURE 


467 


This process might minimize the turbulent mixing and 
generation of turbulent eddies. 

To conclude, we may claim that although the drag- 
reducing and turbulence-damping properties of dilute 
long-chain-molecule solutions may seem paradoxical at 
first sight, since the density and steady-flow viscosity are 
little different frem those in water, the viscoelastic 
characteristics whien the solutions seem to possess provide 
at least a partial explanation. 
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BIOPHYSICS OF PLANT GROWTH IN AN ELECTROSTATIC FIELD 


By L. E. MURR 


Department of Engineering Mechanics, Solid State Microstructures Research Laboratory, 
Pennsylvania State University 


XPERIMENTAL investigations of grass plant growth 
in an electrostatic field over the past two years'~* have 
revealed that it is impeded, and in certain cases lethal 
damage occurs. The electric field damage has been 
shown to be related to an enzymatic stimulation*, but it 
has not been defined in detail. In the present investi- 
gation, bio-electronic processes in the initiation of plant- 
cell damage are described, and the field activation 
mechanism is defined in terms of a corona-type charge 
density process. 

Investigations on orchard grass and grain sorghum 
were undertaken in an electrostatic environment generated 
by the system shown schematically in Fig. 1. Growing 
times, moisture requirements, and the control of related 
growth variables were identical to those employed in 
previous work', The damage response for grain sorghum 
in this electrostatic environment, as shown in Fig. 2, was 
nearly identical to that reported for seedling orchard 
grass'. It will be observed that the damage response 
shown is computed on the basis of what is defined as the 
static reference potential gradient, 


V 
B, = -7 


(1) 
where Æ, is the reference potential gradient in kV/m, Ve 
is the voltage applied to the electrostatic environment, 
and d is the total distance from the soil surface to the 
anode plate as indicated in Fig. 1. The validity of this 
field equation with respect to this particular experimental 
system, when the plant matter is neglected, has already 
been shown‘. The basis for the use of equation (1) to 
describe the field conditions of each experiment is there- 
fore to consider a volume effect of the entire active electro- 
static environment. In such a case, the presence of the 


grass plants in the environment is assumed to be nearly 
negligible dielectrivally, and the field response is computed 


as shown in equation (1). 
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Fig. |. Electrostatic power supply 
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Fig. 3. Dielectric column analogy—schematic 


Experimental results! have indicated, however, that 
each plant is individually affected by the electric field 
action, and that the field action is a dynamic rather than 
a static response. This implies simply that, electro- 
statically, each plant must be considered on the basis of 
a column dielectric. This analogy is shown schematically 
in Fig. 3. In this model, which is perhaps rather crude 
in some respects, both the upward growth of the plant 
and the propagation of roots into the soil are considered. 
We will initially make the assumption that the electric 
flux is normal at the interfaces of the dielectrics so that 
we have essentially : 


D,=D,=D,=D, (2) 
Dy = eoKn ky (3) 


Da being defined as the electric flux density, sẹ is a 
constant, Ka is defined as the relative dielectric constant 
for the material in a region n, and En is the potential 
gradient in a region n. For a potential difference of V, 
between the dielectric column of Fig. 3, we also have: 


n=4 
Fe = X Enda (4) 


n=1 


where: 


and performing the summation: 
Vo = E,d, + Ed, + Esd, + Ed, (5) 
An equation describing the electric potential gradient 


in the air-space region (n=1) immediately above the 
plant leaf is then obtained by considering equations (2) 
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and (3) and the proper substitution into equation (5), 
obtaining: 


n-En K+ e+E)| © 


Equation (6) can be simplified somewhat by considering 
the fact that the relative dielectric constant for air, K,, 
is unity; and by assuming that the relative dielectric 
constant for the root material is probably the same as 
that for the plant material, that is, K =K, Rewriting, 
we then have: 


d 
namat +g + BE) (7) 


Observations of root growth in all experiments have 
revealed the fact that by the time the plants have attained 
a height of 1-2 in. above the soil, the roots have pene- 
trated the soil to the cathode. Since this occurred before 
leaf damage was observed to occur, it will be assumed 
that, in considering the dynamic field response, we can 
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Fig. 5. Pores È of grain sorghum plants in the active environment 

o at 80 kV/m static reference potential gradient after 10 days from 

ting of ` and repeated images at (A) and (D) are indi- 

cative of the field oscillation of the leaves. Leaf damage is very 
apparent at (B) and (C) 


let d,=0 as would be the case for total root propagation 
along the dielectric column of Fig. 3. Thus, equation (7) 
would become : 


; d, d 
v= E(t B+ (8) 


Further simplification of equation (8) is possible since 
the experimental conditions have been defined by: 


Thus, substitution of the conditions of equation (9) into 
equation (8) results in: 


row m [ar + ge) +e + xk,)) a 


Experiments have also shown that the relative dielectric 
constant, K, for the grass plants considered in this 
investigation, and grasses in general, is of the order of 
1,000 or greater*. This would then imply the following 
approximations: 


( A + NE) 51 
(z. + NK, >° 


On substituting these final conditions, equation (11), into 
equation (10), we observe the very simple relationship 
descriptive of the potential gradient in the air space 
above the growing plant: 


(11) 


E, = g 


1 


(12) 


It will be noted here that (12) is quite similar to (1). 
Equation (12) is, however, a dynamic equation, while (1) 
represents a static definition of the electric field intensity. 

When the dynamic equation (12) was employed in 
plotting the leakage current detected in the electrostatic 
system (see Fig. 1), the results indicated in Fig. 4 were 
obtained for orchard grass. The change in slope observed 
for successive gatherings is indicative of a change in the 
current density for some arbitrary value of the dynamic 
potential gradient. This occurs because the leaf geometry 
is changed, for example with clipping and regrowth; 
initially the leaves were pointed, resulting in a charge 
density maximum, and, after clipping, the leaves were 
effectively flattened and became broadened. Successive 
clipping then continued to flatten the leaves while the 
blade width increased with regrowth. It is perhaps of 
interest to point out that the leakage current was detected 
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only at the onset of l«af-tip damage, as previously defined’. 
The tip damage aetivation current is observed from 
Fig. 4 to be approximately 5x 10-? amp. In the early 
experiments of Blackman and Legg‘, it was observed that 
plant growth increeses disappeared at what they des- 
cribed as an optimum current intensity of 10-* amp. 
Several examples of dynamic properties of the electro- 
static environment were observed which, along with data 
similar to those of ig. 4, suggested that a corona-type 
field activation process is responsible for the initiation of 
epidermal leaf damage. In one case, the damaged leaf 
tips were observed to vibrate in the electrostatic environ- 
ment. This vibratien, as well as leaf damage, is shown 
in the photograph ef Fig. 5. In addition to this field 
vibration phenomenon, the damaged leaf tips were 
observed to have a negative charge with respect to the 
normal positive sense illustrated in the sketch in Fig. 6. 
This phenomenon 5 unmistakably indicative of field 
polarization, and the concentration of charged bodies in 
the damaged leaf fp. This effect was observed simply 
by holding a plastic probe near the damaged leaf tip 
and observing that the tip was strongly repelled. Un- 
ed tips as well as the control plant leaves were 
strongly attracted so the probe. Although this effect 
seems to suggest the presence of ionic radicals in the 
damaged leaf tips, the presence of polarized molecules 
such as metallo-enzymes can also account for such 
behaviour. 
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Fig. 6. Normal (contro/pand damaged leaf ty as observed for grain 
sorghum plants at all reletive potential nts where leaf damage was 


Local field effects associated with the initiation of 
plant damage were further supported by experimental 
results such as those shown in Fig. 7. In the graphs in 
Fig. 7, the static reference potential gradient as computed 
by equation (1) is plotted against what is defined as a 
critical damage ratie (8,/d), where 8, is the average plant 
height at which leat damage was detected, and d is the 
total soil-surface to anode distance as indicated in Fig. 3. 
Fig. 7 shows two effects: (a) that the regrowth plant 
damage is shifted im a manner identical with the slope 
changes observed im Fig. 4, and (6) that the theoretical 
destruction gradient in the natural environment, based 
on the condition 5,d=0, is observed to be of the order 
of 110-130 kV/m by extrapolation of the curves. 

One final compamson of the static and dynamic field 
gradients associatec with the initiation of plant leaf 

is shown m Fig. 8. This offers a means of 
associating the experimental damage phenomena observed, 
with naturally ocearring electrical phenomena. Con- 
sidering the semi-log plot for the orchard grass and the 
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Fig. 7. Electrostatic field damage response for the initial growth (@) 

and first gathering regrowth (©) of grainsorghum plants. Thenumerator 

{fa} of the critical damage ratio represents the average height of the leaf 

tip above the soil surface at which damage was observed, The experi- 

mental plant population in all instances was greater than 30 pars most 
of which developed several damaged leaves before gathering 
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slight deviation from this curve for the grain sorghum, 
the following equation for this curve is obtained: 


Pi Fi / Vy’ 
(gt) = 108 [tog (F) 1] 


Now, since d = +ô, we can substitute this condition 
back into equation (13) to obtain: 


“yy UF 
i $ 


(13) 


E eee 
| toe CH) - 1] 


Observe that 5, with reference to the natural environment 
is the height at which plants will be damaged by some 
terrestrial field gradient. In this same. sense, we will 
consider that d in equation (14) is the total distance from 
the effective terrestrial anode to the Earth’s surface. 
Thus, we can see that d >> $,; and by substitution of 
this condition back into equation (14) we can write the 
following approximation: 


3, = (14) 


pe 
J 
EE came ainmnean matiin ainan ..- 


(15) 





Let us now consider storm activity where we can be 
assured that high- potential gradient levels might exist, 
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In such instances, the ceiling height will be substituted 
for d in equation (15), and is of the order of 6 km (ref. 7). 
Equation (15) then transforms into the transcendental- 
type equation: 


log Vo — 1-7 x 10° Vj’ = 4:8 (16) — 


the solution of which is Vy =9 x 10t kV. This value 
represents the critical damage voltage required under the 
assumed storm front which could theoretically initiate 
plant damage. Dividing this value by the cloud cover 
height, d= 6 km then results in a critical potential gradient 
of approximately 15 kV/m. This result is indeed of 
interest since it is known that normal cloud to ground 
field gradients during thunderstorms are 30 kV/m (ref. 7), 
or about twice the theoretically necessary field intensity 
to initiate plant-leaf damage. 

One is now led to ask: if the preceding analysis is 
valid, why has plant damage not been observed following 
such storms? The answer, perhaps simply enough, is 
that. storm durations are not sufficient to initiate complete 
and observable damage. However, in the case of severe 
dust storms and other related high-charge density 
phenomena, one might expect damage to occur by virtue 
of the exceedingly large field intensities developed. It 
seoms, indeed, that this is exactly what has been reported 
by Miller’, who relates observations of cereal damage in 
the great plains of the United States. 

T have attempted to show in this article that the physical 
and electrical properties of the electrostatic system can 
be significantly related to the biological damage observed 
in grass plants. With reference to the experimental 
evidence presented, it is apparent that leaf damage is 
indeed associated with direct field or corona-type stresses 
induced in the leaf epidermis. This phenomenon is further 
enhanced by polarization actions of plant bio-substances. 
There seems to be no need for a physiological response to 
accompany the field stress as previously proposed!, since 
the dynamic field intensities calculated at the time leaf 
damage was observed are more than sufficient to cause 
epidermal deterioration by a type of field evaporation of 
organic molecules composing the outer cells. 

At the onset of this field-initiated leaf damage, the 
respiratory mechanism of the plant is taxed to supply an 
uncontrollable abundance of biochemical substances, 
enzymes and related metallo-enzymes. Previous experi- 
mental work has shown this in the case of orchard grass?, 
and Table 1 shows a similar microchemical analysis for 
grain sorghum. There is a significant increase in phos- 
phorus content in the active grain sorghum plants which 
was not detected for orchard grass. The difference might 
possibly indicate a higher degree of polarization in the 
grain sorghum due to its different physiology. 


Table 1. SPECTROSCOPIC ANALYSIS OF GRAIN SORGHUM PLANTS 
Averages of 2 analyses . 

(% dry weight) (p p.m. dry weight) 
Sample P K Ca Mg Fe Z@n Al Mn Cu 
40 kV/m active 6610 3-69 0-86 0-340 ISi 78 «116 37 23 
40 kV/m control 0470 3-69 105 0-300 163 71 60 377 24 
60 kVim active 0-447 345 1-08 0-411 288 $80 180 720 36 
60 kVim control 0-381 333 0G 0-318 230 70 126 708 32 
80 kVim active. 0-710 333 090 0330 233 79 145° 470 30 
80 kV/m control 0-434 3:69 6-97 0-310 163 61 75 659 27 


for performing the spectroscopic analyses. The work was 
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Fund for Research, Pennsyivania State University. 
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AN ORDERED TRIPLET CODE FOR MESSENGER RIBONUCLEIC ACID | 
WITH NO TWO TRIPLETS CODING FOR THE SAME AMINO-ACID 


By Pror. EDWIN E. OSGOOD 


Division of Experimental Medicine, University of Oregon Medical School, Portland, Oregon 


HE data available in the references cited herein have 

made it possible to suggest the ordered triplet code 
shown in Table 1. This code, using 32, or exactly half the 
64 possible triplet codes, accounts for all the nitrous acid- 
induced mutants! and abnormal haemoglobin data? by 
a single substitution; it codes no two amino-acids by the 
same nucleotide sequence, and the probability is high 
that it provides the correct sequence for each triplet. 


Table 1. TRIPLET CODE WITH AMINO-AOCIDS ALPHABRTIOCALLY ARRANGED 


Ammo- Amino- 

acid Code acid Code 
ALA CGU GCU LEV UCU 
ARG GGC GGA AAC LYS AAU AAA 
ASN CGC CAU MET UGA 
ASP AGC GAU uuU 
OYS GUU PRO ACU ccc 
GLN AGA SER UGC CCU GCA 
GLU AGU THR CGA UAC 
GLY GGU TRY UUG 

S AUG CCA TYR AUU 
ILE UAU UAA VAL UGU 


Abbreviations used ın Tables and throughout article: 

Amino-acids: ALA, alanine: ARG, arginine; ASN, asparagine; ASP, 
aspartic acid; OYS, eysteine; GLN, glutamine, GLU, glutamic acid; 
GLY, glycine; HIS, histidine; ILE, Isoleucine; LEU, leucine; LYS, 
lysine, MET, methionine; PHE, phenylalanine: PRO, proline, SER, 
serine; THR, threonine, TRY, tryptophan; TYR, tyrosine; VAL, valine, 

Nucleotides A, adenylic acid; G, guanylic acid; C, cytidylic acid; 
U, uridylie acid 

In Table 1, and throughout this article, the letters for 
the nucleotides in the triplet would be read from messenger 
RNA from right to left, so that with amino-acids in 
sequence from the N-terminal end, rotating the triplet 
codes 90° counter-clockwise and reading from top to bortom 
gives the base order as read. The apparent necessity for 
three triplets each for ARG and SER, while one or two are 
sufficient for other amino-acids, may be due to the impor- 
tance of these two amino-acids in the histones and 
enzymes. While, herein, all codes refer to those in the 
messenger RNA, the actual interchanges for im vivo 
data occurred in the DNA template strand during meiosis. 

Table 2 presents all 64 possible triplet codes in a form 
convenient for showing at a glance the permissible single 
step interchanges. For each triplet there are nine theoreti- 
cally possible single-step changes. These will be found 
vertically in the same block, horizontally in the same row 
and vertically in the same relative position in the three 
other blocks. With this code, many of the nine possibili- 
ties for some amino-acids are eliminated. Other suggested 
codes may be checked against the permissible amino-acid 
exchanges read from Table 2. If they do not fit, they 
will not fit the in vivo interchanges. 

The rationale for the assignment of codes was to proceed 
from the known to the unknown. The observations 
given most weight were the discovery‘ that AUU coded 


Table 2. ORDERED* GENETIO CODE FOR MESSENGER RNA 


Code AAT Code AA Code AA Code AA 
AAA LYS GAA CAA UAA ILE 
AAG ARG GAQ CAC VAC THR 
AAG GAG CAG UAG 
AAU LYS GAU ASP CAU ASN UAU ILE 
ACA GOA SER CCA HIS UCA 
ACG GCC cco PRO uUce 
ACG GCG CCG UCG 
ACU PRO GCU ALA CCU SER UCU LEU 
AGA GLN GGA ARG CGA THR UGA MET 
AGO ASP GGC ARG cGc ASN UGC SER 
AGG GGG CEG UGG 
AGU GLU GGU GLY CGU ALA UGU VAL 
AUA. GUA CUA UUA 
AUC HIS GUC CuUCc UUC 
AUG GuG CUG UUG TRY 
AUU TYR GUU CYS oUU YUU PHE 


* Read from messenger RNA from right to left. 
| AA, amino-acid, 


TYR and GUU coael CYS; the statistical restrictions 
in the reviews'-§ cited; the numerous nitrous acid-induced 
mutants!, where a change from A to G or from C to U is 
expected; the high probability that the abnormal haemo- 
globins and the few mterchanges between. corresponding 
peptide chains of clas=ly related species were single base 
substitutions; and tre work of Yanofsky®® on the A 
chain of E. coli tryptophan synthetase. 

The observation that HIS and LYS were each frequently 
substituted by TYR, and HIS by ASP, and that ASP 
and LYS were each Fequently replaced by GLU, or vice 
versa, suggested that A was at the C-terminal coding end 
of GLU, HIS, ASP end LYS. The data developed by 
Fitch", together with the nitrous acid-induced mutants}, 
suggested the formule GGU for GLY and UGU for VAL. 
From this, and from the fact that in abnormal haemo- 
globins GLU is frequently substituted by GLY and VAL, 
the sequence of AGU for GLU could be established. 

There are eight sites with six different amino-acids 
substituted for GLU in one or another of the twenty- 
nine different abnormal haemoglobins on which exact 
site and amino-acid change is known. Many of the same 
substitutions have ocsurred repeatedly at the same site. 
From this, at least one code could be-derived for LYS, 
ASP, GIN, GLY, ALA and VAL. The frequent substitu- 
tion of HIS by TYR and ASP, and of ASP by GLU and 
LYS, provided added support for these triplets. A total 
of eleven different smino-acids are involved in these 
haemoglobin interchanges. The frequent substitution of 
ALA by CYS in other sites and peptide chains indicated 
G should be first m as least one of its codes. 

Similar reasoning led to the placing of the other codes. 
Data from both the abnormal haemoglobins and the 
nitrous acid mutants. ndicated that more than one triplet 
must code for certein amino-acids. When there are 
several differences at a single site, it is essential to use the 
same triplet in makng comparisons. All the possible 
single step alterations permitted by the relationships 
shown ın Table 2 wers observed. 

An additional code of UGG for LEU would increase the 
number of single step transitions, and UAA could be 
dropped for ILE without much loss except that ILE is 
replaced by MET in HNO,-induced mutants?. LEU is 
frequently substituted by MET, but this could be explained 
by a minute double cross-over or copy choice error in the 
DNA replication invclving two bases. This would change 
the resulting messenger RNA from UCU to UGA. That 
single base changes of this type are common is evidenced 
by frequent interchanges of PHE = UUU to TYR = 
AUU and to ILE = UAU. The latter frequently shows 
a transition to VAL = UGU, which is also an observed 
nitrous acid derivatives of ILE. The ratio of the transition 
UCU = UUU to the transversion AUU > UUU and to 
the UGU +> UUU inserchange in the material studied is 
about 5:4:1. Whcele triplet exchanges to the comple- 
ment, such as AGA for GLN to UCU for LEU, or CCU 
for SER to GGA for ARG, may occur and not be lethal. 
Transversions appearto be commoner than most investiga- 
tors have realized. urine and pyrimidine analogues seem 
especially likely to produce them and also the supposedly 
forbidden interchanges of C with A or G with U. - 

The greatest unce-tainty is for TRY, which has been 
observed to be substituted only by PHE or THR. The 
code has therefore been recorded as UUG rather than 
UGG, since the THR exchange could be explained as a 
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Table 3. NUMBER OF SITES IN PEPTIDE CHAINS TESTED, WITH NUMBER OF 
DIFFERENCES NOT EXPLAINABLE BY ONE-BASE SUBSTITUTION IN A TRIPLE? 
Sites 
With Í 
Pepride chains Species Tested dif- >1 Ref. No. 
ferences 
Hb beta Ab Hb* Man 14. 14 0 2,8 
elta 146 10 4 3 
Gamma 146 39 5 $3,12,18 
Alpha 139 78 21 83,12,13 
Man vs Alpha Horse 139 78 17 38,14,12 
eta Horse 146 37 9 8, 14, 12 
pha Carp 17 9 3 16 
Myoglobint Whale 145 100 45 16,15,13,3 
eta * 8 Primates T 72 21 5 12 
Beta B Cow 145 25 6 
Hb beta 
Horse vs. Beta B Cow 145 33 7 3 
Hb alpha Ab Hb* Man 11 11 0 2,3 
Gamma Man 189 80 23 14,12,3 
Man vs Alpha Horse 141 18 6 3,14,12 
Alpha Carp 17 6 2 15 
Myoglobin t Whale 141 104 50 18., 15, 18, 3 
Gamma Beta*® & Primates t 72 25 4 17,12 
— v8. Myogiobiny Whale 145 108 54 16, 15, 13,8 
ytour i 
chromec * 7 104 17 4 18 
Insulin A* 9 21 4 1 19,20, 21 
ACTH > Beef Pig 39 6 0 22 
Sheep 39 6 0 22,15 
TMV coat Y D 158 30 5 i 
protein HNO., 47 47 0 1 
Spontaneous 4 4 0 1 
TRYsyn- A 
thetase Spontaneous E. coh 12 12 0 9,10 


* Several differences at one site with many recurrences of same inter- 
changes. 
+ Revisions are still being made in these sequences, 


two-base interchange from UAC to UUG, as described for 
LEU to MET. 

The results of this work which seem least compatible 
with the in vitro statistical data are that a single code of 
UCU for LEU seems adequate, as explained here; that 
AAG and GGA code for ARG; and ACU codes for PRO. 
Evidence for AAC for ARG is that it interchanges 
with AAU for LYS and AUC for HIS more often than 
with other amino-acids, and often at the same site 
where HIS exchanges with AUU for TYR. Evidence 
for GGA for ARG is that it replaces AGA for GLN 
in an abnormal haemoglobin at the same site that 
another abnormal haemoglobin has AGU for GLU. 
In Yanofsky’s investigations of the TRY synthetase A 
chain of E. coli, ARG derived from GLY mutates to CGA 
for THR which frequently is replaced by UGA for MET 
in spontaneous and in nitrous acid-induced mutants'. 
Evidence for ACU for PRO is that it interchanges fre- 
quently with AGU for GLU, with AGC for ASP, and with 
GCU for ALA. Some conflicts with statistical data may 
be due to many codes being reserved for ribosomal and 
transfer RNA and to two or more codes for the same 
amino-acid, perhaps with differing frequencies of occur- 
rence confusing interpretation. 

Table 3 lists the data used in testing, with the reference 
for each peptide chain. Only exceptions to single base 
interchanges are listed, even when several one-step changes 
were observed at a single site. The number of exceptions 
would have been further reduced had such single-step 
changes as described here for LEU to MET been included. 
However, such changes as PHE to VAL, which may be a 
two-step process, are included. Each of the two triplets 
for ASP and ASN allows one-step interchanges, and all 
such have been included in Table 3 as differences. 
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Some of the most significant evidence is summarized in 
Tables 4 and 5, but only examination of all sites available 
will lead to a full appreciation of the necessity and suffici- 
ency of the suggested code. 

Inconsistencies sometimes suggest an evolutionary 
sequence. For example, at site 112 opposite CYS in the 
beta and delta chains of human haemoglobin, are THR 
in the gamma chain, VAL in the alpha chain, SER in the 
horse alpha chain, LEU in the horse beta chain, GLU in 
the cow beta B chain, and HIS in whale myoglobin. None 
of these, except the interchange of LEU with VAL and 
SER, is & one-step transition. This suggests that in a 
more primitive chain, CCU for SER occurred at a site 
corresponding to amino-acid 112 in the beta, delta or 
gamma chain, which is site 107 in the alpha chain, and that 
a transition to GCU for ALA and thence to GUU for CYS 
occurred in primitive species. Another transition to 
UCU for LEU and thence to UGU for VAL may have 
occurred, Then the common transversion from VAL 
to AGU for GLU, and a transversion from CCU for SER 
to CCA for HIS, with a transition from HIS to CGA 


Table 4. SELECTED ILLUSTRATIVE DATA FROM HAEMOGLOBIN INVESTIGATIONS 


i 


Table 5. TOBACCO MOSAIO VIRUS MUTANTS} ARRANGED IN MosT MEANINGFUL FORM 


Nitrous acid mutants 
Several sites and recurrences for most 


All left to right 
AA Code to AA Code to AA Code 
PRO coc SER ocu LEU UCU 
THR UAC ILE UAU VAL UGU 
THR CGA MET UG 
ASN olc SER UGC 
ASN* CGC ALA cay 
ASP GAU GLY GGU 
GLU AGU GLY GGU 


* Reported as ASP, but probably was ASN, 
t Reported as ASN, 


Haemoglobin chain Site AA Code 
Man Alpha 4 PRO ACU 
Gibbon, bush baby Beta 5 PRO ACU 
Man Gamma 5 GLU AGU 
Potto Beta 5 GLU AGU 
Horse Alpha 4 ALA GCU 
eta 5 GLY GGU} 
Cow Beta B 5 ALA GCU 
Whale Myoglobin 4 GLU AGU 
Man 8 6 GLU AGU 
8* Beta 6 VAL UGU 
Cc* Beta 6 LYS AAU 
Delta 6 GLU AGU 
Gamma 8 GLU AGU 
Cow, horse, 8 primates Beta 6 GLU AGU 
n, horse ha 5 ALA CGU 
Sperm whale Myoglobin 5 GLY GGU 
Man ta, 7 GLU AGU 
G San Joge’ 7 GLY GGU 
C Georgetown * 7 LYS AAU 
n Gamma 7 ASP AGC 
Alpha 8 ASP AGC 
Horse Alpha 6 ASP AGC 
2 Primates Beta 7 ASP AGC 
Horse, cow, gibbon eta 7 GLU AGU 
Whale Myoglobin 6 GLU AGU 
Man lpha 54 GLN AGA 
Mexico * Alpha 54 GLU AGU 
Shimonoseki * Alpha 54 ARG GGA 
Man Beta, delta, gamma 59 LYS AAA 
Horse, cow eta 59 LYS AAA 
orse Alpha 54 GLN AGA 
Whale Myoglobin. 60 ASP AGO 
Carp lpha 54 GLY GGU t 
Man Beta 63 HIS AUC 
M Saskatoon * Beta 63 TYR AUU 
M Emory * Beta 83 TYR AUU 
Zurich * Bata. 68 ARG AACS 
Man, horse Alpha 58 HIS AUG 
M Boston * pha ' 68 TYR AUU 
an - Delta, gamma 63 HIS AUC 
Horse, cow, 4 primates Beta 63 HIS AUC 
Whale Myoglobin 64 HIS AUC 
Man Beta 75 LEU ueu 
Gamma 75 ILE DAU 
Horee Beta ` 75 VAL UGU 
Man Beta, gamma 93 CYS GUU 
Alpha 88 ALA GCU 
Man Beta 104 ARG AAC 
Gamma 104 LYS AAU 
Alpha 99 LYS AAU 
Whale Myoglobin 105 GLU AGU 
* Abnormal haemoglobins. 
t 2-Step change counted as >1. 
| Spontaneous mutants 
All right to left 
to AA Code Code AA 
PHE UUU 
UAU ILE 
, Cag ASN 
CAU ASN 
GAU ASP * 





t 
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for THR, may also have occurred. However, there are 
other routes. There is no way of knowing, even where 
amino-acids are now identical, how many circuitous 
routes may have been taken during evolutionary time. 
So evolutionary theorizing from limited data is dangerous. 

It is tempting to speculate on the evolutionary advan- 
tages of a 32-triplet code. This would reserve half the 
triplets for ribosomal, transfer, and the special RNA 
necessary for production of the proteins and enzymes of 
the mitotic apparatus; use one DNA strand for messenger 
RNA; and leave the other free, perhaps to transcribe a 
ribosomal RNA template in a reverse direction during 
DNA replication, active in nucleoli. Until the enzyme 
systems present during meiosis and mitosis are identified, 
it is not safe to conclude they have the same properties 
as those used in in vitro systems. There is much to suggest 
that the chiasmata in meiosis are the result, not the 
cause, of DNA pairing from homologous chromosomes 
which occurred earlier in the cycle than chromatid con- 
struction. The failure of GGG to code may signify that 
three G’s means end of sentence, that more G’s may mean 
end of messenger, and that these sites on messenger may 
constitute the site of attachment of the messenger RNA 
to its complement on ribosomes. The possible relationship 
of these speculations to alpha-2 alpha and alpha-n 
mitoses** and to the electron micrographic fine structure 
of chromosomes***5 js under investigation. 

Obviously, the final answer to the code can never be 
stated with certainty since new data may necessitate 
changes, evolutionary processes may introduce new codes, 
and there are too many peptide chains for any hope that 
all mutants can ever be studied. 

I thank Drs. R. D. Koler, D. A. Rigas, and R. T. Jones 
for their advıce, and Dr. R. T. Jones for providing unpub- 
lished data from a paper being prepared, in collaboration 


NATURE 


473 


with Dr. W. A. Schroeder*, on abnormal haemoglobins 
and the delta chain of human haemoglobin. 

This work was supported in part by grants from the U.S. 
Public Health Servic, National Cancer Institute (C_A— 
6109); the U.S. Atamic Energy Commission (contract 
AT (45~1)-581); and zhe Medical Research Foundation of 
Oregon. 


? Wittmann, H. G, and Wictmann-Liebold, B., Cold Spring Harbor Symp. 
Quant Biol., 28, 589 (19538), 

* Huisman, T. H., J., Adv, Cin. Chem., 6, 231 (1963). 

` Schroeder, W. A., and Jones, R. T., Fortschr. Chem. Organ. Naturstoffe (in 
the press). 

t Wahba, A. J., Basilio, C., Speyer, J. F., Lengyel, 
Ochoa, S., Proc. U.S. Nat, Acad. Sei., 48, 1683 (1 

$ Crick, F. H. C., Prog. Nuczic Acid Res., 1, 163 (1963). 

* Speyer, J. F., Lengyel, P., Basilio, O., Wahba, A. J., Gardner, R. S , and 
Ochoa, S., Cold Spring Harbor Symp Quant. Biol., 28, 659 (1963). 

T Nirenberg, M. W., Jones, C W., Leder, P., Clark, B. F. C., Sly, W. S., and 
Pestka, S., Cold Spring Harbor Symp. Quant. Biol., 28, 549 (1988). 

* Bennett, J. O, and Dreyez, W. J., Ann. Rev. Biochem., 83, 205 (1964). 

* Yanofsky, O., Cold Spring Harbor Symp. Quant. Biol., 28, 581 (1968). 

io Yanofsky, C., Cold Spring Harbor Symp. Quant, Biol., Disc., 28, 298 (1963). 

Fitch, W. M., Proc. U.S. at. Acad. Sei., 48, 208 (1962). 

“Putnam, F. W., Chart: The Alpha, Beta, and Gamma Chains of Normal 
Human Hemoglobins (Putnam, F, W., Dept. of Biochem., College of 
Med., Univ. of Florida, Sainesville, Fia., 1963.) 

13 Perutz, M. F., Set. Amer , 211, 64 (1964). 

n Braunitzer, G., and Matsuta, G., J. Biochem., 58, 262 (1968). 

15 Brauntzer, G., and Hilse, K., Z. Physiol. Chem., 380, 234 (1968). 

¢ Watson, H. C., and Kend-w, J. O., Nature, 180, 670 (1961). 

7 Hill, B. L., Beuttner-Janusch, J., and Beuttner-Janusch, V , Geneties, 50, 
885 (1963). 

18 Margoliash, E., Canad. J Biochem., 42, 745 (1964) 

19 Sanger, F., Brit Med. Bul, 16, 183 (1960), 

20 Prout, T. B., Metabolism, 22, 673 (19638). 

23 Anfinsen, C. B., The Molecular Basis of Evolution (John Wiley and Sons, 

. Inc., New York, 1969). 

3: Li, C. H., Set. Amer., 209,46 (1963). 

* Osgood, E. E., Geriatrics, 19, 208 (1964). 

% Osgood, E. E., Jenkins, D P., Brooks, B., and Lawson, R. K., Ann. N.Y. 
Acad, Sci., 118, 717 (1964). 

2 Osgood, E. E. Proc, Niæh Congr. Europ. Soc. Haemat., 72 (S. Karger, 
Basle, 1963). 


. Miller, R. S, and 
962). 


ar 


POSSIBLE ROLE OF CITRATE IN THE CONTROL OF EPINEPHRINE- 
STIMULATED GLYCOGENOLYSIS IN RAT HEART 


By Dr. JOHN R. WILLIAMSON* 


Johnson Research Foundation, University of Pennsylvania, Pailadelphia 


REVIOUS work! has shown that in the rat heart 

stimulated with 0'2 ug/ml. epinephrine, glycogen was 
metabolized rapidly during the first minute, and shortly 
thereafter reached a constant level 40 per cent lower than 
the initial. Similarly, the rate of lactate production in- 
creased 14-fold within the first minute and declined rapidly 
after 2 min. Glucagon appears to have identical effects 
to epinephrine*. Giycogen breakdown after epinephrine 
or glucagon is initiated by the release of cyclic AMP, 
which converts the normally inactive phosphorylase 6 
to the active æ form’. The levels of phosphorylase a 
after epinephrine! * or glucagon’? treatments, however, 
remain elevated for considerably longer periods than the 
duration of glycogenolysis. These results suggest that 
compensating mechanisms other than the dephosphoryle- 
tion of phosphorylase a to phosphorylase b (ref. 6) come 
into operation shortly after the initiation of glycogen 
breakdown to limit the glycolytic flux. 

From kinetic measurements of the rate of accumulation 
of the glycolytic intermediates in rat hearts after the 
addition of epinephrine, it has been possible to locate 
several control sites during different phases of glyco- 
genolysis. Increased flux is initially permitted by increased 
activity of phosphofructokinase, and the slowest step 
appears to be at glyceraldehyde-P dehydrogenase. Shortly 
thereafter phosphofructokinase becomes the rate-limiting 
step as shown by a fall in the level of fructose-1,6-di-P 
at a time when the fructose-6-P level is still increasing. 

*-Reciplent of a Wellcome Foundation travel scholarship. 


Data presented in tais article are consistent with the 
hypothesis that phosphofructokinasoe is initially activated 
by a decrease in the phosphate potential ((ATP]/[ADP] 
[Pi]), and afterwards deactivated partly by a return’ of 
the phosphate potential towards the initial level, and 
partly by a rapid increase of citrate. These investigations 
indicate that phospkofructokinase in the intact cell is 
controlled by mechanisms similar to those which have 
been shown to regalate its activity in the cell-free 
system™3, a 
Hearts from fed, male Wistar rats were perfused as 
previously described! All hearts were perfused for 15 min 
with modified Krebs bicarbonate medium! containing 
5 mM glucose before transference to recirculation circuits 
containing 15 ml. of substrate-free medium. After a 
§-min equilibration period, epinephrine was added to the 
perfusion circuit, and time 0 for the epinephrine response 
was taken as the time when the first visible effects on the 
heart were observed or when the contractile force started 
to increase (see Fig. lezends). Hearts were rapidly frozen at 
different times after the epinephrine response by means 
of aluminium tongs* cooled in liquid nitrogen. Heart 
extracts were prepared and analysed for metabolic 
intermediates by the same methods as previously used}*2!. 
Changes in the lIsvels of fructose-6-P, fructose-1,6- 
di-P, ADP and citraze in hearts at different times after 
exposure to epinephrine are shown in Fig. 1. It may be 
seen that there was a delay of about 10 sec before any 
noticeable increase in the levels of fructose-6-P and 
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Fig. 1. Effect of epinephrine on heart intermediates. Hearts were per- 

fused with 15 ml. of substrate-free buffer containing 6x 10-° EDTA. 

Epinephrine (1-5 gg) was injected into the perfusion circuits, and the 

hearts were frozen at the stated times after the onset of the first visible 
effect on the heart contractions 


fructose-1,6-di-P could be detected, after which these 
intermediates increased rapidly, and at approximately 
the same rate, to peak levels about 15 times greater than 
the initial. The fructose-6-P peak was, however, consider- 
ably broader than the fructose-1,6-di-P peak. Thus, 
while the levels of the two intermediates 30 sec after the 
onset of the epinephrine, response were approximately 
the same, fructose-6-P was present m a 4-fold excess 
after a further 10-20 sec. Although not presented in the 
figure, the levels of glucose-1-P and glucose-6-P followed 
approximately the same time course pattern as the 
fructose-6-P, the mean ratios of glucose-1-P and glucose- 
6-P relative to fructose-6-P being 0-9 and 4:5, respectively, 
with little variation during the 2-min experimental period 
despite the change of flux. Lactate, being the major 
end-product of glycogenolysis, was formed at an acceler- 
ated rate over a period of several minutes, as described 
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earlier suggestions’ that the positive inotropic effect of 
epinephrine precedes the onset of glycogen breakdown, 
and that respiration is stimulated as a result of a local 
increase of mitochondrial ADP. The net change of ADP, 
however, ıs a function of sumultaneous changes in both 
cytoplasmic and mitochondrial spaces, and the observed 
kinetics of ADP accumulation-depletion clearly reflect 
the balance between the creatine phosphokinase and 
adenylate kinase reactions as well as that between’ the 
energy-utilizing and energy-producing reactions in both 
compartments. 

Since fructose-6-P, ADP, AMP and inorganic phosphate 
are all activators of phosphofructokinase, while ATP is 
an inhibitor’, the changes in the levels of these inter- 
mediates are all in the direction to increase the rate of 
flux from fructose-6-P to fructose-1,6-di-P. Furthermore, 
the reaction 1s to some degree autocatalytic as the reaction 
product is also an activator under some conditions’. 
Cyclic AMP may also be involved in the activation 
process although it has not yet been shown to be effective 
at the low concentrations found in tissues’. 

The rapid decrease of fructose-1,6-di-P, occurring 
between 30 and 40 sec in Fig. 1, while fructose-6-P was 
apparently still increasing, denotes the onset of control 
at the phosphofructokinase site. This can be explained 
in part by the observed. fall of ADP, AMP and inorganic 
phosphate, but the levels of all these intermediates 
remained considerably higher than the controls for several 
minutes. The phosphate concentration, for example, 
was twice the initial value after 50 sec. It appears prob- 
able, therefore, that some other factor is also involved 
in the control of phosphofructokinase. 

In view of the known effect of citrate in cell-free prepara- 
tions of phosphofructokinase’, the changes in the level 
of this intermediate were measured, and are shown in 
Fig. 1. The control level of citrate was similar to that 
previously reported!? (200 uwmoles/g dry wt.), and showed 
no change for about 20 sec, but increased rapidly at a 
rate of 3 ymoles/g dry wt./min over the ensuing 20 sec 
to a level 6-fold greater than the control. The level of 
citrate was thus increasing rapidly at the same time as 
the fructose-1,6-di-P was decreasing, strongly suggesting 
that it is involved in the deactivation of phosphofructo- 
kinase in addition to the changes of the adenine nucleotides 
and inorganic phosphate. ‘The increase of citrate was, 
however, transient and the level decreased after 50 sec, 
but remained higher than the control value. 

Citrate presumably accumulated for a short period 


earlier?. due to the excessive inflow of substrates to the citric acid - 


The large accumulation of the glycolytic intermediates 
implies that the rate of glycogen breakdown to hexose 
monophosphates exceeds the rate of their disposal: In 
the normal aerobic heart metabolizing glucose, phospho- 
fructokinase appears to be the rate-limiting enzyme in the 
glycolytic sequence, as shown for instance by smaller 
increases in the levels of the intermediates between 
fructose-1,6-di-P and pyruvate compared with 12-fold 
increase in the levels of the hexose monophosphates on 
addition of glucose and insulin”, 

The rapid, large increase in the levels of fructose-1,6- 
di-P during the initial phase of glycogenolysis suggests 
that the restraint normally imposed on glycolysis at the 
phosphofructokinase step has been removed. Fig. 1 
shows that ADP started to increase from time 0, and 
increased 2- to 3-fold during the first 30 sec of epinephrine 
action. Analyses for other intermediates showed, in 
addition, that AMP increased’ 4-fold from an initial level 
of 0-16 umoles/g dry wt., while inorganic phosphate 
increased from 12 to 40 umoles/g dry wt. over a: similar 
time-interval, with corresponding decreases of ATP and 
ereatine-P from initial levels of 22-7 and 35 umoles/g dry 
wt., respectively. As with ADP, no delay in the changes 
of these intermediates was observed, indicating that they 
were caused initially by the increased mechanical activity 
of the heart. These observations are in accordance with 


cycle. 


Oxaloacetate levels decreased transiently from 


10 to 2 mymoles/g dry wt. in line with the increase of 


citrate. 


The citrate level afterwards decreased partly 


due to the decreased rate of pyruvate formation and 
partly as a result of oxaloacetate depletion. The levels 
of «-ketoglutarate also decreased during the first 45 sec 
after epinephrine (from 260 to 80 myumoles/g dry wt.), 
suggesting possible control of the citric acid cycle at 
isocitric dehydrogenase with an increasing rate of respira- 
tion. 

If, as suggested here, phosphofructokinase was not 
controlling the glycolytic flux during the initial stages of 
epinephrine action, it was of interest to determine tho 
location of alternative control sites. The results of a 
separate experiment are summarized in Fig. 2. In this 
experiment the hearts were perfused without recirculation 
with medium containing 10 mM glucose. A single addition 
of 1 ug epinephrine was added to the fluid entering the 
heart, and the duration of the epinephrine response was 
measured from the time the force of contraction (measured 
with a strain gauge)!* started to increase. The distribution 
pattern of the glycolytic intermediates in this experiment - 
was generally similar to that in the previous experiment, 
although some differences in the time of peak accumula- 
tions were obtained, probably due to the slightly different 
experimental conditions or to a few seconds error in the 
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Fig. 2. Control pomts during glycogenolytic flux. Hearts were per- 


fused without re-circulation with buffer containing 10 mM glucose froma 
large reservoir placed 80 cm above the heart. After a 15-min equilibra- 
tion period, epinephrine (1 wg) was injected mto the fluid entering the 
heart at a point just beneath the reservoir. Contractile force was 
measured with a strain gauge, and hearts were frozen at different times 
after the onset of the epinephrine response. The terms Car Cas and Cz, 
refer to the content of the individual glycolytic Intermediates (expressed 
in memoles/g dry wt.) found in different hearts 21, 26 and 30 sec after the 
contractile force started to increase. The abbreviations used are PFK 
for phosphofructokinase and GAPDH for glyceraldehyde-P-dehydro- 
genase 
estimation of time 0 ın the experiment shown in Fig. 1. 
In Fig. 2, the percentage change in the levels of the inter- 
mediates at two successive times (21—26 sec, and 26-30 
sec after epinephrine) is plotted as the ordinate, versus 
the individual glycolytic mtermediates, as the abscissa. 
Glycolytic flux was increasing over both time intervals, 
as indicated by the increasing levels of lactate. The 
intermediates up to and including glyceraldehyde-3-P 
mereased over the time interval from 21 to 26 sec, while 
the other intermediates up to pyruvate were in the falling 
phase of the accumulation-depletion cycle, and showed a 
relative decrease. These changes indicate control at either 
the glyceraldehyde-3-P dehydrogenase or at the phospho- 
glyceric kinase step. For reasons previously discussed 
in detail elsewhere"!, control at the dehydrogenase step 
is considered more probable than at the kinase step. 
The times at which the hearts were frozen up to 21 sec 
were not sufficiently close together to provide an accurate 
assessment of the relative rates of the individual steps 
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prior to the 21—26-sec time-interval. Hence glycer- 
aldehyde-P dehydrogenase may be the next slowest step 
in the enzyme sequence once phosphofructokinase control 
is removed. Alternatively, it may become a control site 
over this particular. time interval as a result of product 
inhibition by 1,3-d#P-glycerate which, like the other 
intermediates, would. be expected to increase transiently. 
The analytical data et the present time are not sufficiently 
precise to resolve this point. Over the succeeding time 
interval of 26-30 ses, control at phosphofructokinase is 
re-established as shown by a relative increase in the levels 
of the hexose monophosphates and a relative decrease in 
the levels of the other glycolytic intermediates. It is 
evident that the rexoration of control at the phospho- 
fructokinase site occurred a little sooner in this experiment 
than the one presemmad in Fig. 1, possibly due to the fact 
that the epinephrine was not recirculating, and to the 
absence of EDTA, which delays the destruction of epin- 
ephrine. 

In summary, measarement of the levels of the glycolytic 
intermediates, the adenine nucleotides and certain of 
the intermediates of she citric acid cycle during the period 
of rapid glycogenolytic flux induced by a high concen- 
tration of epinephrine has allowed the location and 
control at a number of sites to be determined. Further 
investigations on the time relationship between the onset 
of the effects of epinephrine on contractility and glyco- 
genolysis are presenzed elsewhere. 

This work was supported by U.S. Public Health Service 
grant 12202-01. 
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EFFECTS OF REDUCED ACETYLCHOLINESTERASE LEVELS ON 
EXTINCTION OF A CONDITIONED RESPONSE 


By Dr. PETER H. GLOW 
Department of Psychology, University of Adelaide 


HIS article reports one of a series of experiments 
designed to establish a relationship between the level 
of acetylcholinesterase (AchE) activity in the central 
nervous system and behaviour. It is necessary to state 
the main assumptions underlying these experiments. It 
is assumed that acetylcholine serves as a chemical trans- 
mitter at central synapses, and that AchE activity reflects 
the transmission load across synapses. The inhibition of 
AchE should under these circumstances produce defects 
ın synaptic transmission. Given that complex behaviours 
are mediated by neural processes having their origin in 
the central nervous system, there should be measurable 
alterations in behaviour after inhibition of AchE. 
An attempt to test these assumptions was reported 
some years agot. In those experiments the organophos- 
phate ‘Systox’ (O-0-diethyl-S-ethylmercapto-ethanol- 


Dr: SAM ROSE 
Department of Physiology, University of Melbourne 


thiophosphate) was used to inhibit AchE irreversibly. 
‘Systox’ was administered chronically to rats in various 
concentrations in the diet. A dose of ‘Systox’, corre- 
sponding to a depression in activity of brain AchE greater 
than 60 per cent, correlated significantly with changes in 
the rate of extinction. of a conditioned avoidance response. 
The interpretation of these results, however, presents a 
number of difficultzs. The principal problem is that the 
chronic irreversible inhibition of AchE produced by 
‘Systox’ was not ccenfined to the reported reduction in 
brain AchE activity, but simultaneously and to an un- 
known extent inhibited the activity of this enzyme at all 
peripheral loci. Cors=quently, it is not possible to attribute 
the behaviour chamges to an alteration in functional 
capacity in the bran, when peripheral factors may well 
have been involved. 


AND 


AchE activity 


O 2 4 6 8 10 12 14 16 18 20 22 0 2 4 6 8 10 12 14 16 18 20 22 


Days elapsed after treatment 


Fig. 1. Percentage normal AchE activity in (a) muscle and (b) brain, as a function of 
recovery after treatment: @——@, DFP +H,0; A-~——A, DFP + (484 


The behavioural experiments reported in this article 
compare the effects of the reduction of ‘whole body’ AchE 
with the effects of a more ‘selective reduction’ of brain 
AchE. The administration of di-isopropyl fluorophosphate 
(DFP) achieves an acute and irreversible inhibition of 
AchE activity. The ‘selective reduction’ of bram AchE 
was made possible by the administration of a bes oxime 
capable of reactivating DFP phosphorylated AchE. The 
reactivator used was NN-trimethylene (1: 3)-bis (pyrid- 
inium-4 aldoxmme) bromide (C434). In the context of this 
experiment C434 has a number of noteworthy properties: 
(a) it is the most potent reactivator of the phosphorylated 
AchE complex?; (b) reactivation is confined to peripheral 
AchE, as C434 does not pass the blood-brain barrier’; 
(c) the effective reactivation dose is small, well below the 
level of recognizable toxicity. - 

In the behavioural experiment 125 female Wistar rats 
were conditioned to depress a lever, the reward for which 
was an automatically delivered standard-sized pellet of 
food. Animals were required to make a given number of 
responses for one pellet. In all cases the operating limit 
was a total of 20 pellets per day. The rats were main- 
tained on a 2-h feeding schedule, which is adequate to 
ensure normal growth, but also ensures a high level of 
food motivation during the experiment. At the end of 
three weeks of this training, the animals were injected 


and the feeding mechanism was switched off. The rats - 


were given free access to manipulate the lever for 20 min 
each day on 16 successive days. This unrewarded pressing 
of the lever produced an extinction of the conditioned 
response established during the training phase. In this 
report only the rate of extinction pressing, by animals in 
various experimental treatments, is the subject for 
analysis and discussion. 

The rats conditioned to the pressing of a lever for a 
food reward were assigned randomly to one of four 
treatment groups as follows: 

Treatment I H,O (tm)*+H,0 (ip)t x (35 rats) 
Treatment JT DFP Gm J——— (tp) x (30 rats) 


Treatment ITI DFP + H0 (1p) x (25 rats) 
Treatment TV H,O (1m) + C434 (ip) x (35 rats} 


* im =intramuscular (gastrocnemius); + ip = intraperitoneal. 


The water injected was distilled and pyrogen free. The 
DFP was given in an arachis oil vehicle at a dose of 1 mg 
per kg body-weight. The antidote C434 was injected in 
an aqueous vehicle at a dose of 50 mg/kg of body-weight. 

Parallel to the behavioural experiment, a biochemical 
control experiment was conducted to determine the levels 
of AchE activity in selected tissues after the foregoing 
regimen of treatments. The animals came from the same 
population as those used for behavioural experiments. At 
various times after treatment animals were killed, and 
tissues were removed and stored at —28° C. The tissues 
were assayed for AchE activity by a manometric tech- 
nique based on that of Ammon‘. The results from whole 
brain and muscle are set out in Fig. 1. The data reflect 
the synthesis of AchE de novo in these tissues after treat- 
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ment with DFP alone and DFP succeeded 
by the antidote C434. The significant finding 
is that, whereas C434 makes no detectable 
difference to the AchE activity levels in 
whole brain homogenates, the enzyme level 
in skeletal musele (gastrocnemius) is con- 
siderably nearer normal 24 h after treatment. 
These data, while not making an absolute 
distinction between ‘whole body’ and ‘selec- 
tive reduction’ of AchE activity, do at least 
allow for a relative distinction to be 
made. 

The results from the behavioural experi- 
ment are shown in Fig. 2. 

The mean responses per day of the extinc- 
tion period were compared as between treat- 
ment groups using the ‘?’ test. In Table 1 
are set out the values of ‘t’ and the signifi- 
cance level achieved. 

The data establish with confidence that the behavioural 
effects of the DFP and H,O treatment are characteristic- 
ally different from all other treatments. Apart from the 
considerable reduction in extinction pressing on the first 
day the most noteworthy feature is the persistent resist- 
ance to extinction in this treatment group. On the other 
hand, the DFP and C434 treatment group is essentially 
similar in its extinction behaviour to the control groups 
with the exception of the responses made on the first few 
days. These results suggest that treatment with DEP, 
whether in conjunction with a peripheral antidote or not, 
results in an initial depression in the number of responses 
made. This effect on the first few days of the extinction 
period is presumably due to a peripheral ‘weakness’ of 
greater or lesser degres. It is highly probable that the 
differences in degree of this ‘weakness’ are due to the 
striking differences in muscle AchE activity levels in the 
two experimental treatment groups. The resistance to 
extinction in the DFP and H,O treatment groups con- 
firms and extends an earher observation. 
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A 01% | 01° | ns. BS. (18. [nS | mS. | D8 | 18. hs. | na. | 1% å Ons | ns. | BS. |= TLS, | 
T27 4-26 | 1°37 0-74 O-O8 | 8-50 433 | 328 | 281 407 | 416 | 645 | 403 |243 176 288 
; O15 | Qt% | ns, | a.S. ns. ins 01I% | 1% | 2% 1% iia (01% | 1% 5% | ns. 1 5% | 
1~4 ‘th | od | OKT O12 1-86 0°86 2-02 | 120 0-65 0-78 065 | 1-86 | 1-45 1-64 0-91 O79 | G27 | 
sign, m3, | BLS. ns. ns. | DB. ns. | m8, ns. | n8 | n.8. | na. | ne, uS | mS, ns. ORB | 
2-3 TO | 363 | 020 |049 0483 | L71 228 | 416 399 | 262 |612 |382 | 271 | £34 | 259 |158 339 
sign, | 1% ons, jns |as jns 15% [01% 1% | 5% | 019% | ea% 15% |1% 15% jns |1% | 
2—4 ‘t’ 752 1 381 | 1-69 1 0-19 0-77 123 1-04 0-05 | 059 | 1-41 Sl | 230 | O84 | OTD O66 O44 | 
sign. 1% Gi% | ns. RS. mS, | WLS. | ms. TLS, n.g, | n.s, aS | 6% ns. ns. ns. | Bs. 
344 S 11.15 3-70 1-20 O13 0-94 2°51 | 313 | 3-93 | 2-03 4°72 nig i BOO 339 334 |; 687 230 
| sign O1% o Pi% | Bs. | ns ms. | 2% | 1% | 15% | ns. | tiA | a O15, § 255 1% | ns. | 5% 
H f I i l i } j i l 





— ‘There are, however, a number of distinctive features in 
s experiment which affect the interpretation of the 
sults. In the first place, resistance to extinction was 
ained only with an acute injection of DFP and not 
= with chronic- -administration of an organophosphate. 
Secondly, the resistance to extinction is not limited to 
_ avoidance-conditioning procedures but is probably evok- 
able in any operant situation. Thirdly, the resistance to 
extinction can be observed during a period when the de 
novo synthesis of AchE has rapidly increased the activity 
level of the enzyme above the 60 per cent inhibition level 
suggested by earlier workers as the optimum level for 








producing this phencmenon. The general conclusion can 
be drawn from these sxperiments that a strong peripheral 
component is involwed in the central organization of 
behavioural extinction. | 
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CARCINOLYTIC ACTIVITY OF AUXIN ESTERS IN VIVO 
By Dr. DAVID NORMAN and Dr. ROBERT D. SCHULTZ 


Space and Information Systems Division, North American Aviation, Iex., Downey, California 


HE ability of certain plant auxin analogues to kill 
free cells of the Ehrlich ascites carcinoma, in vitro, 
was demonstrated in. our earlier studies’:?. Our subse- 
quent investigations involved intraperitoneal (i. p.) m- 
jections of the auxin analogues in aqueous suspension into 
mice bearing this tumour. Some of the analogues, notakly 
certain auxin alkyl esters, killed an appreciable fraction 
of the cells in vivo within 2h. We can now report that such 
injections can significantly prolong the survival of the 
tumour-bearing mice. As noted earlier’, we suspect 
. that the auxin esters, on entering the tumour cells, are 
interacting with a biochemical system that is similar to, 
if not identical with, a system involved in the growth 
-< control of plant cells. 
Male Webster white Swiss mice, initial body-weight 
20 + 2 g, were used in these experiments. The Ehrlich 
ascites carcinoma, grown intraperitoneally in passage 
animals of this strain for 7 days, was gathered as an ascitic 
fluid by means of sterile, heparinized syringes. With 
minimum delay, the tumour was transplanted to healthy 
_. mice by ip. injections of O. mol. undiluted fluid per animal. 
-The fluid contained approximately 2 x 10° tumour cells/ 
3 cell viability was determined by an eosin dye- 
xcelusion technique®-4. 
All test. compounds were checked for purity * in infra-red 
ctrophotometry. Each auxin ester (prepared to our 
er by Cyclo Chemical Corporation, 1922 East 64th 
xt, Los Angeles 1, California) was suspended, at a 
neentration of 10 mg/ml., in our standard vehicie: 
‘distilled water containing ‘'Tween-20 at 5 yl./ml., ‘Myva- 
eet’ (distilled acetylated monoglycerides, Distillation 
Products Industries, division of Eastman Kodak Corpora- 
_ tion) at 25 mg/ml. and 1,2-propanediol at 25 yl./ml. 
A single Lp. injection of the auxin ester suspension, at 
A dose of either 0-5 ml. or 1-0 ml. per 20 g of body-weight, 
“was given to each drug-test mouse 24 h after tumour 
plantation. (Hereafter, all dose quantities will be 

















The ‘purity of the TABU(t) used in these experiments is still in question 
f ditticulties in crystallizing the compound. 


given per 20 g of bedy-weight.) The purpose of these 
relatively large injeetions was to facilitate direct contact 
between the test cempound and the free tumour cells 
within the peritoneai cavity. 

Since preliminary studies had shown that glucose in the 
high concentration « 50 mg/ml. is, by itself, cytocidal to 
free Ehrlich tumour ells in vitro, we checked the effect 
of ghicose on the survival of tumour-bearing mice in the 
hope that glucose wculd prove to be an adjuvant to the 
auxin esters. A doss of 0-5 ml. of an aqueous solution, 
at the foregoing coneentration, and 0-5 ml. of our standard 
vehiele, was injected mtraperitoneally on day 1 (24 h after 
tumour implantation). These animals form the vehicle 
control group in Fig: 1. A similar glucose injection, with- 
out the vehicle, was given to each of these mice on days 
2, 3 and 4. Asa saliae control, another group of tumour- 
bearing mice were ivjected with 1-0 ml. of physiological 
saline solution on day 1 and with 0-5 ml. of the same 
solution on days 2, = and 4. It is.seen that the glucose- 
injected vehicle comtrol mice did live somewhat longer, 
on the average, tham the saline control group. 

More importantly, Fig. 1 shows that a single 10-mg 
injection of IABu(t} the t-butyl ester of the natural plant 
auxin indolyl-3-acetwe acid (TAA), administered 24 h 
after tumour impleatation, significantly prolonged the 
life of the drug-treated group beyond that of the saline or 
vehicle control growes (note that the drug-treated mice 
has also received the glucose injections). Each graph in 
Fig. 1 represents the average of data from two separate 
experimental runs, cach with 10 animals per condition. 








In one of these russ, some of the drug-treated animals- : 


survived beyond 58 «ays. orori no attempt is being 
made to interpret ths result. 

The marked difference in appearance, 15 days after 
tumour implantaticr. between a typical TABu(t) drug- 
treated mouse and a typical saline-control mouse, is 
shown in Fig. 2. The treated animal has a normal appear- 
ance; the saline-con-rol animal is bloated with a fully 
developed ascites tumour, 
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Fig. 1. Effect of a single 10-mg i.p. injection of t-butyl indolyl-3-acetate, 


—— on the survival of Webster white Swiss 

mice bearing the Ehrlic oma. Drug injection was given 

24 h after tumour peate aa Drug-treated as well as vehicle-control 
animals received massive injections of glucose 


IA Bult), in aqueous sus 





Fig. 2. Effect of a single 2 i.p. injection of LA Bult), in aqueous 

suspension, on the appearance of a Webster white Swiss mouse, 15 days 

after implantation with the Ehriich ascites carcinoma, The appearance 

of —— treated animal is typical of the surviving members of the drug- 

ted group of Fig. 1 at 15 days. The appearance of the control 

—— is typical of the surviving members of the — ———— control group of 
Fig. | at the same time 


Naphthyl-l-acetic acid (NAA) is perhaps that one of 
the non-indolylic synthetic auxins which most closely 
resembles the endogenous auxin LAA in its action on 
plant tissue. Mice given a single 10-mg injection of 
NAPr(n), the n-propyl ester of NAA, showed a mean 
survival time (MST) of 24:3 days, compared with an MST 
of 9-5 days for the saline controls (see Fig. 3). The curves 
in Fig. 3 represent data from two separate runs, each with 
20 mice per condition. 

Autopsies of NAPr(n)-treated animals revealed a change 
in tumour morphology from the familiar free-cell form to 
a semi-solid form. We were able to propagate this semi- 
solid form of the Ehrlich carcinoma in the peritoneal 
cavities of passage animals and, afterwards, to trans- 
plant it to test animals. Fig. 4 shows that a single i.p. 
dose of 10 mg of NAPr(n) also prolongs the life of mice 
implanted with this semi-solid tumour; the MST for the 
drug-treated animals was 21-6 days, compared with 14-3 
days for the saline controls. The curves in Fig. 4 represent 
data from two separate runs, each with 20 mice per condi- 
tion. 
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The ability of multiple daily intraperitoneal injections 
of auxin analogues to inhibit the development of the 
Ehrlich ascites carcinoma has been investigated only to a 
limited extent. Present data indicate that such treatment 
can sharply reduce the number of viable free tumour cells 
within the peritoneal cavity; in some instances, the 
appearance of ascites tumour fluid is delayed for at least 
8 days (Tables 1 and 2). As Figs. 5 and 6 show, injections 
of I[APe(n) produce better increases in survival than 
the higher homologues [AHex(n) and [AOct(n). However, 
a single 25-mg dose of IAPe(n), given intraperitoneally 
24-h post- -implantation, i is about as effective as a seriesof 
eight 5-mg injections administered over a 4-day period 
(Fig. 7). 

During the 24 h between tumour implantation and the 
first drug injection, some of the free tumour cells migrate 
to and infiltrate the tissues in the vicinity of and remote 
from the peritoneal cavity. The injected auxin esters 
fail to kill the migrant cells because the effective drug 
concentration reaching them is so much weaker than the 
concentration within the ascitic fluid immediately after 
injection. It is believed that metastases of this origin 
are responsible for the eventual death of the drug-treated 
animals. Thus, multiple i.p. injections of [AOct(n) can 
completely eliminate viable free Ehrlich ascites carcinoma 
cells from the peritoneal cavities of mice for at least 8 
days (Table 2), and yet produce no appreciable increase 
in survival (Fig. 6). In rats bearing the Ehrlich ascites 
carcinoma, according to unpublished test results kindly 
communicated to us by Prof. G. A. H. Buttle®, even 
[ABu(t) and TAPe(n) produce no significant increase in 
survival. 

In some tests, 2,4-dichloranisole (DCA), a well-known 
anti-auxin type inhibitor of plant growth and one which 
had shown appreciable cytocidal activity against free 
tumour cells in vitro, was administered as a possible 
adjuvant to the auxin esters. Although DCA did not 
increase animal survival when injected alone and did not 
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Fig. 3. Effect of a single 10-mg i.p. injection of n-propy!naphthyl-1- 


acetate, NAPrin), in aqueous suspension, on the survival of Webster 
white Swiss mice bearing the Ehrlich ascites carcinoma. 
given 24 h after tumour implantation 
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Fig.5 Effect of eight 5-mg i.p. injections of auxin esters on the survival 
of Webster white Swiss mice bearing the Ehrlich ascites carcinoma. The 
auxin esters were suspended in physiological saline containing 5 ul. 
of ‘[ween-20’. Injections were given, morning and afternoon, over & 
4-day period starting 24 h ‘after tumour implantation. Circles, saline/ 
‘Tween-20’ controls (MST = 9-4 days); squares, non-injected controls 
(MST =10'7 days); diamonds, mice treated with n-hexyl indolyl-3- 
acetate, [AHex(n), plus 0-5 mg of 2°4-dichloranisole, DCA, per injection 
as possible adjuvant T=16-1 days): triangles, mice treated with 
IA Hexin) but no DCA (MST =16-1 days); hexagons, mice treated with 
n-penty! indolyl-3-acetate, [APe(n), plus DOA as adjuvant (MST = 23:4 
days). Each curve represents data from 20 animals 
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Fig. 6. Additional data, related to Fig. 5, on the effect of multiple daily 
injections of auxin esters on the survival of Webster white Swiss mice 
bearing the Ehrlich ascites carcinoma. Squares, controls given eight 
0'5-mg injections of DCA; eircles, saline controls; triangles, saline/ 
‘Tween-20’ controls; hexagons, mice treated with n-octyl indolyl-3- 
acetate, [AOct(n), plus DGA suspended in galine/‘Tween-20’ 
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Fig. 7. Effect of a single 25-mg i.p. injection of n-penty! indolyl-3- 

acetate, [APe(n), in aqueous suspension, on the survival of Webster 

white Swiss mice bearing the Ehrlich ascites carcinoma. Drug injection 

was given 24 h after tumour implantation (MST =27-4 days for drug- 
treated group, 9-1 days for controls) 
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act as an adjuvant to any of the auxin esters tested 
(Figs. 5 and 8), it may reduce the tumour cell count of the 
ascitic fluid (Table 2:. 

Apffel, Tregier erd Homburger? are our immediate 
predecessors in research on the anti-tumour properties of 
synthetic auxin esters in vivo. They have reported an 
activity of methyl asters of synthetic auxins, such as 
2,5-dichlorophenoxysecetic acid and 2,3,4,5-tetrachloro- 
phenoxyacetic acid, against H2712J adenocarcinoma and 
spontaneous breast Edenocarcinoma in mice. They have 
also reported that a cumber of methyl esters of auxins are 
ineffective against the Ehrlich ascites carcinoma. We 
note that these invastigators dissolved their test com- 
pounds in fatty oils and injected the resultant solutions 
subcutaneously, daily, at doses from 0-5 to 2-0 mg per day 
per animal. Because of the differences in the test com- 
pounds, doses, and injection procedures, a direct com- 
parison between their data and ours is not possible. 
However, we have found that auxin esters completely lose 
their activity against the Ehrlich ascites carcinoma if 
injected i.p. as a solction in cottonseed oil rather than as 
an aqueous suspension. This leads us to suggest that fatty 
oils, in general, are unsuitable injection vehicles in the 
study of the anti-tumour effects of synthetic auxins and 
related compounds. Nevertheless, as an approximate 
index of toxicity, welist in Table 3 our experimental values 
for the LDeeo of some df our test compounds, when injected 
i.p. in solution in esttonseed oil. (The ZD,, values of 
aqueous suspensions of these compounds will probably 
depend on the method of preparation.) 

Aqueous suspensicns of the indolyl-3 and naphthyl-1 
auxin esters, in sub-lethal doses, showed results of a similar 
Table 1. Erreor OF MurmmeLe DAILY INJECTIONS OF AUXIN ANALOGUES 
ON THE DEVELOPMENT OF THE EHRLICH ASOITES CARCINOMA, in vivo, FIRST 


Run 


Injections, i.p., Total cell count* Dead cell count* 


twice daily on Tumeur volume 68days 8days- 6days 8 days 
days 1, 2, 3, 4 8 dr Sdays (10° {109/ (10° (10% 
post-implantation (ml (mi) ml, mi.) mu.) mi.) 
Saline control 1- 20 312 130 5 2 
2T 25 216 105 2 2 
tx 20 280 140 1 2 
Le "1:0 225 138 3 3 
7 LE 210 1 
Non-injected control 04 20 248 200 1 
0E 0-5 210 140 2 
0= 10 320 133 1 
0-4. 08 268 188 4 
OL 80 0 
TAPe(n), 5:0 mg; 2,4- 0 0 
DCA, 05 mg: ini 0 0 
mi. vehicle 0 0 
" 0 
TAHex(n), 50 mg; 0. 0 
2,4-DCA, 05 mg; 0 0 
in 1 ml, vehicle 6 0 
~ g 0 
TAHex(n), 50 mg; in 0. 0 
1 ml. vehicle 0 0 7 
0 0 
0 0 
8 


* Cell counts were done ascording to procedures previously described!*, 


Table 2, EFFECT OF MUICIPLE DAILY INJECTIONS OF AUXIN ANALOGUES 
ON THE DEVELOPMENT OF — — ASCITES CARCINOMA, in vivo, 
ECOND RUN 


Injections, ip., Total cell count+ Dead cell county 


twice daily on Tumsur volume 6days Sdays 6days 8 days 
days 1, 2, 3, 4 6 dars 8 days ve any (10°/ (10°/ 
post-implantation (milo (ml.) ml, ml, ml.) ml.) 
Saline control LC 25 189 140 2 1 
T 25 146 180 1 1 
yd 15 143 178 9 t 
LE 15 127 185 1 1 
Qt 188 2 
Vehicle control 2 25 185 115 3 10 
E 25 236 195 0 . 2 
oT 25 189 149 1 2 
QE 20 156 198 i 6 
2I - 23 165 120 0 5 
TAOct({n), 5 mg; 2,4- 0 0 
DCA, 05 mg;in 1 0 0 
ml. vehicle o 
2,4-DCA,0-5mg:ini 2C 117 1 
: vehicis 1 126 2 
LE 98 1 
OF 131 1 
2r 103 1 


+ Cell counts were donerrceording to procedures previously described, 
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Table 3. LDeo OF INDOLYL COMPOUNDS DISSOLVED IN COTTONSEED OIL 
(Ip. injections into Webster white Swiss mice) 


Molecular LD so 
Compound * weight mg/20 g gikg mmoles/kg 
Indole 117 é 03 2-7 
TAMe 189 20 10 5-1 
IAE 203 23 1-1 6'5 
TAPAD 217 22 1-1 61 
Iå Pr{1) 217 27 1:3 61 
TAB 231 24 1:2 52 
IABu z 231 61 81 13 2 
TAPe(n 245 34 1:7 68 
TABOO 259 38 1-9 73 
TAvep(n 278 64 82 1186 
TAOct(n) 287 58 2-9 10-9 
TANon(n) 301 81 40 | 18 4 
TA Dec(n) 315 86 48 ` 13°6 


* IAR denotes alkyl ester of Indolyl-3-acetic acid, where the alkyl group 
R, 18 designated as Me=methyl, Et=ethyl, Pr(n)= n-propyl, Pr(i} =180- 
propyl, Bu(t) = t-butyl, ete. 


character in our preliminary toxicological studies. Single 
i.p. doses of 0:25-0:75 g/kg (5-15 mg per mouse) caused 
an intermittent hind limb stretch reflex and diarrhoea. 
The duration and intensity of these toxic effects were 
directly related to the size of the drug dose. Histo- 
pathological observations, as yet incomplete, suggest that 


NATURE 


May l, 1965 VoL. 206 


a single dose of 10 mg of these plant auxin esters can 
cause liver damage, although tissues from the lungs, 
spleen and intestinal wall appear normal. 

In summary, we think it is of interest that analogues of 
well-known auxin-type plant growth regulators and 
selective herbicides show activity, im vivo and in vitro, 
against an animal tumour. Conceivably these analogues 
interact, in the Ehrlich cell, with a key growth control 
mechanism which is appreciably different from that of the 
normal cell. If true, detailed studies on the nature of this 
interaction could shed some new light on the nature of 
the neoplastic process. 

We thank Dr. H. C. Bergman for determining the LDs5, 
values of the indolyl auxin analogues. 

We thank C. White and D. Garrison for technical 
assistance. 
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MOLECULAR MECHANISM OF THE CYTOTOXIC ACTION OF 
DIFUNCTIONAL ALKYLATING AGENTS AND OF RESISTANCE 
TO THIS ACTION 


By Dr. P. D. LAWLEY and Dr. P. BROOKES 


Chester Beatty Research Institute, Institute of Cancer Research: Royal Cancer Hospital, Fulham Road, London, S.W.3 


E have suggested!)? that the characteristic cytotoxic 

action of difunctional alkylating agents is due to 
their ability to cross-link the twin strands of the DNA 
macromolecule, thus preventing its replication. This 
conclusion followed from chemical studies of the alkylation 
of DNA which showed that the only difference between the 
action in this respect of a typical highly cytotoxic difunc- 
tional agent, mustard gas—di-(2-chloroethyl) sulphide— 
and the corresponding weakly cytotoxic half mustard, 
2-chloroethyl 2-hydroxyethyl sulphide, was that the 
difunctional agent could link guanine moieties in adjacent 
base-pairs and in each strand of the macromolecular 
structure. 

Assuming that all the DNA in a cell must be replicated 
during cell division and that one interstrand cross-link 
can inhibit this process, the mean lethal dose of a difunc- 
tional alkylating agent should be one cross-link per total 
cellular DNA. To test this hypothesis a method of measur- 
ing the extent of cross-linking is required which can be 
applied at low extents of reaction of this order. No 
completely reliable method is yet available, but the best 
assumption appears to be that the number of molecules 
of di-guaninyl derivative formed in DNA. by difunctional 
alkylation is either equal to, or is not very much greater 
than, the number of cross-links. The discrepancy could 
be due to the linking of guanine moieties in the samo strand 
of DNA, that is, by intrastrand rather than by interstrand 
linkage. 

A physicochemical method of detection of interstrand 
cross-linking can be used?:*, namely the ability of cross- 
linked DNA to ‘renature’ if denatured and returned to the 
original conditions. Denaturation can be achieved either 
by heating, by diluting at room temperature, or by making 
alkaline the solutions of DNA, and can be measured by 
determination of hyperchromicity. With DNA. cross- 
linked by alkylation it is known that heating breaks the 
cross-links by hydrolysis of the deoxyriboside bonds of 
the alkylated purine nucleotide moieties", but by 
appropriate choice of solvent and temperature it can be 
arranged that this process occurs at a convenient rate to 


+ 


be followed experimentally’. Studies of the renaturation 
of DNA in relation to extent of difunctional alkylation, 
which will be reported in detail elsewhere, have shown 
that Escherichia coli DNA alkylated in vitro with mustard 
gas behaves in a manner which suggests that approx- 
imately one cross-link per molecule of DNA, as determined 
by chemical analysis of the amount of di-(guanin-7-yl) 
derivative, leads to reversible denaturation Owing to the 
errors involved in the determinations, and uncertainties 
regarding the molecular weight of the DNA, this result 
does not completely rule out the possibility of guanine- 
guanine linkage occurring on the same strand of DNA, but 
it does show that the proportion of such intra- as opposed 
to inter-strand linkages cannot be large. For the present, 
therefore, it will be assumed that the amount of di- 
(guanin-7-yl) product resulting from alkylation of DNA is 
a measure of the extent of interstrand cross-lmnking. 

This assumption is also m agreement with the results of 
a study „of the inactivation of bacteriophage T4 by 
alkylation with mustard gas im vitro®, which indicated a 
mean, lethal dose of 12 alkylations/DNA molecule of 
360,000 P atoms, that is, 2-3 molecules of di-(guaniny]) 
ethyl sulphide/molecule of DNA. 

As an extension of these in vitro experiments, it was of 
interest to study inactivation of a more complex organism 
by alkylation in vive, and similar techniques were there- 
fore applied to investigate the action of [5*S]-labelled 
mustard gas on Æ. coli. Three strains of different sen- 
sitivity were used, B, B/r (a resistant strain obtained from 
Dr. A. Loveless) and Bjs (a sensitive strain, B/s—l, 
originally isolated by Dr. R. Hill and obtained from Dr. W. 
Harm). Overnight growth in M9 growth medium yielded 
about 3 x 10° cells/ml. in log phase, which were centri- 
fuged and resuspended in M9 buffer at about 10!° cells/ml. 
Portions (20 ml.) of this suspension were then treated with 
mustard gas, added in a small volume (about 0-05 ml.) of 
ether solution, for 30 min at 37° C; the cells were then 
centrifuged and washed, and cellular constituents were 
isolated. Nucleic acids were liberated by resuspending the 
cells in 6 per cent p-aminosalicylate solution (20 ml.) and 
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lysing at room temperature by the addition of 10 per cent 
sodium dodecyl sulphate (2 ml.). Protein was removed by 
shaking the viscous lysate with 15 ml. 90 per cent (w/v) 
phenol containing 0-1 per cent 8-hydroxyquinoline and 


_10 per cent m-cresol. From the aqueous phase DNA was 


precipitated with ethoxyethanol (1-5 vol.) and RNA could 
be obtained from the residual solution by precipitation 
with ethanol (2 vol.). The DNA was freed from RNA by 
ribonuclease treatment, followed by a second phenol 
extraction, and carbohydrates were removed from both 
nucleic acids by the methoxyethanol~phosphate procedure 
of Kirby’, the nucleic acids being recovered as cetyl- 
trimethylammonium salts which were then converted to 
sodium salts. The methods for assay of radioactivity in 
nucleic acids were as previously described?*. Protein was 
precipitated from the phenol extract and assayed by liquid 
scintillation counting by dissolving in 10 per cent aqueous 
tetraethylammonium hydroxide. 

The results showed that, up to a dose of 50 pg/ml. 
(0-31 mM) mustard gas, the three strains of E. colt did not 
differ appreciably in the extent of their initial alkylation. 
In all cases this was approximately proportional to dose, 
and @ unit dose of 1 ug/ml. yielded an extent of alkylation 
of DNA of about 7-10 pmole/mole DNA P; analysis of 
acid-hydrolysed DNA as in ref. 1 showed that 20 per cent 
of the product was di-(guanin-7-yl)ethyl sulphide. The 
specific radioactivities of RNA and protein were about 
1:5 times that of DNA. 

Thus the cause of resistance to the cytotoxic action of 
the mustard cannot be failure of cellular constituents to 
react. Estimates of the extent of alkylation corresponding 
to mean lethal doses are not easily made since the curves 
for log survival of colony-forming activity versus dose are 
not linear. They can be assumed, however, to be of the 
same order of magnitude as the doses reducing survival to 
37 per cent. As estimated from the survival curves for 
alkylated bacteria, these are, for B and B/r, respectively, 
2 and 6 pg/ml., or 24 and 72 cross-links per total cellular 
DNA, assumed to contain 6 x 108 DNA P atoms, that is, 
far greater than the value of one cross-link per total cellular 
DNA. However, for the sensitive strain B/s—1 the value is 
much closer to theoretical, being of the order of 5 cross- 
links per total cellular DNA. 

In order to account for the relative resistance of strains 
B and B/r we must postulate, therefore, that these 
organisms are better able than the B/s strain to overcome 
the assumed lethal damage to their DNA. Evidence has 
recently been obtained by Loveless et al.1* (confirming an 
earlier note by Harold and Ziporin"’) that a time-de- 
pendent recovery of alkylated Æ. coli B or Bir does occur 
when the cells are kept suspended in buffer. Furthermore, 
since these strains are cross-resistant to alkylation and 
radiation, both by ultra-violet and X-rays, it ıs likely 
that this resistance involves an enzymatic mechanism 
similar to that found for recovery from damage to DNA 
due to ultra-violet radiation!*»5. Tho first stage of this 
recovery 1s the enzymatic excision of the damaged part 
of the DNA. Strauss and Wahl!‘ reported an enzyme from 
Mvrecrococcus lysodetkticus which specifically degrades 
methylated DNA. 

Evidence in line with these concepts was obtained in the 
early stages of the present work when it was observed that, 
if heavily alkylated Æ. coli (doses of mustard gas of 100 
ug/ml. and above) was kept in M9 buffer at 37° C, the yield 
of highly polymeric DNA which could be extracted fell 
off markedly. This degradation seemed unhkely to be 
chemical, since, although it was known® that alkylated 
purines are hydrolysed from DNA at a finite rate at 37° C, 
the half-life of this process is about 50 h, and the sub- 
sequent hydrolytic fission of the macromolecular chain is 
This observation suggested that the 
degradation was enzymatically mediated, and evidence 
for such a process was therefore sought in more detail. 

Bacteria were alkylated in a suspension of about 101° 
cells/ml. in M9 buffer with 25 or 100 pg/ml. [°58]-labelled 
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mustard gas for 10 mm at 37°C; the suspension was then 
diluted to about 5 x 10° cells/ml. with M9 medium con- 
taining 2 per cent glucose. At various intervals 200-ml. 
portions were poured Dn to ice, the cells then being centri- 
fuged, the celular coastituents isolated and their specific 
radioactivities determined. At the same sampling times 
portions were taken for determination of optical density of 
the suspension (1 ml. diluted to 5 ml.), and for determina- 
tions of the amounts of cellular DNA, RNA and protein 
(10 ml.) by the Dische, orcinol, and Folin~Lowry pro- 
cedures, as in ref. 13. 

It was found that koth strains B/r and B/s~1 continued 
to grow after alkylaticm when diluted into growth medium 
and incubated. This was shown both by the increases in 
optical density, and bz the increases in amounts of cellular 
RNA and protein, which began after a short lag of about 
5 min and continued for at least 2 h (Fig. 1). However, 
DNA synthesis was generally inhibited, although in one 
case of B/r following tzeatment at 25 pg/ml. of mustard gas 
a small increase in amount of DNA did occur. These 
findings agree with those previously reported for strains B 
and Bjr by Harold and Ziporin®. 

The specific radicactivities of the isolated cellular 
constituents from fhe incubated alkylated bacteria 
decreased with time of incubation, with the notable 
exception of DNA fram strain B/s—1. However, when the 
changes in total radicactivity in each cellular constituent 
were obtained by allowing for the increasing weights of 
cellular RNA. and protein in the cultures, ıt was evident 
that up to 30 min no loss occurred from either RNA or 
protein from either 3/s or B/r strains, and that after- 
wards up to 90 min only small losses of about 20 per cent 
were found. The DNA from strain B/s—I also showed no 
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Fig, 2, Amount of [**S] remaining bound to DNA at various incubation 
times after alkylation of Æ. con er = B ‘ with [958]-labelled mustard gas 
Hgm. 


loss of radioactivity even after 2 h incubation (Fig. 2), but 
the DNA from strain B/r behaved quite differently in that 
it consistently showed a loss of about 50 per cent of the 
bound [5S]. This occurred during the first hour of 
incubation of the cells, the total radioactivity remaining 
constant thereafter (Fig. 2). 

It seemed, therefore, that whereas the sensitive strain 
B/s could not remove the alkylated groups from its DNA 
the B/r strain could do so. To investigate this effect 
further, samples of DNA isolated at zero time and at 1 h 
in an experiment of the type illustrated in Fig. 2, using 
50 ug/ml. of [S]-sulphur mustard, were hydrolysed with 
acid and chromatographed on paper. The distribution of 
radioactivity along the paper was determined both by use 
of a gas-flow chromatogram scanner and by eluting of 
segments of the paper and counting in a liquid scintillation 
counter. With the DNA isolated at zero time both tech- 
niques gave the usual pattern of two principal radioactive 
spots, the one near the origin being di-(guanin-7-yl)ethyl 
sulphide and the second of Rp = 0-4 being 7-hydroxy- 
ethylthioethylguanine. A similar study of the DNA 
isolated 1 h after alkylation showed the complete absence 
of the omgin spot, the remaining radioactivity being 
present largely as 7-hydroxyethylthioethylguanine (Fig. 3). 
Thus it was clear that the resistant cell had excised from 
its DNA all the cross-linked guanine moieties but only part 
of the monofunctionally alkylated guanines. 

Further evidence that the removal of alkylated moieties 
of the DNA by Bjr cells is enzymatically mediated was 
sought by investigating the effects of a sensitizing agent, 
iodoacetamide. ‘This compound is thought to owe its 
biological effects to its ability to react with proteins rather 
than with DNA, and quantitative support for this concept 
has recently been obtained by Roberts and Warwick! 
using an isotopically labelled analogue, bromacetate. 
These authors found that, while both bromacetate and 
2-chloroethyl 2-hydroxyethyl sulphide reacted with cellu- 
lar proteins of ascites cells, the extent of reaction of 
bromacetate with DNA was very small, less than 0-04 
of that with protein, whereas the helf sulphur mustard 
reacted about equally with both DNA and protein. 

In the present work the effects of iodoacetamide at 
concentrations up to 10-2 M were studied. After alkylation 
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with 100 pg/ml. [S]-labeled mustard gas, as described 
here, B/r cells were diluted into growth medium contain- 
ing various concentrations of iodoacetamide. After 1 h 
incubation the cellular DNA was isolated and the loss of 
radioactivity compared. with that from control DNA. As 
shown in Fig. 4, the higher concentrations of the sensitizing 
agent prevented the excision of the alkylated moieties 
from DNA, a concentration of about 5 x 104M being 
required to yield a 50 per cent inhibition of this 
process. 

To summarize the present findings, therefore, it has been 
shown that the initial effect of a difunctional alkylating 
agent on the DNA of bacteria does not differ for strains 
resistant or sensitive to the cytotoxic effect of the agent. 
However, incubation: of resistant bacteria in growth 
medium after alkylation results in excision of alkylated 
guanine moieties, more specifically the difunctionally 
alkylated guanine moieties, from DNA. This selectivity 
of action suggests that difunctional alkylation is the 
significant lesion in DNA preventing its replication. A 
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Fig. 3. Chromatographic analysis of alkylation products in DNA of 
E. coli Bir immediately following alkylation of bacterla with 50 mg 
(7-25 ye.)/mil. “*8-labelled mustard gas (‘zero time’), and after Incubation 
of alkylated bacteria for 1h. Procedures for alkylation of bacteria and 
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wide strips of Whatman No. 1 paper with methanol : conc. HCl . water, 
7:2:1, by vol.,assolvent. The papers were divided into 2-cm segments, 
which were cut into small strips, and placed in scintillation-counter 
bottles with 0-3 ml. 6-1 N HCl; after 18 h, 10 ml. phosphor was added 
and the samples were assayed by Hquid scintillation counting. Under 
these conditions 1 muce Tac) gave 1,250 c.p m. 
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similar conclusions was reached as a result of work® on 
the inactivation of bacteriophage by mono- and difunc- 
tional sulphur mustard, when it was shown that at low 
levels of reaction monofunctional alkylation was largely 
ineffective in inhibiting plaque formation in contrast to 
the powerful inhibitory action of the difunctional agent. 

The cytotoxic action of difunctional alkylating agents 
is not associated with inhibition of ‘growth’ as measured 
by RNA or protein synthesis, but with inhibition of DNA 
synthesis. It appears, therefore, that this cytotoxic action 
is due to inhibition by interstrand cross-linkage of DNA 
of its template function for DNA, but not necessarily for 
RNA, synthesis, and that bacteria resistant to this action 
can excise the affected portions of the DNA as a first stage 
towards restoration of its function as a template for further 
DNA synthesis. Whether such a mechanism of resistance 
can operate in mammalian cells is not known but is bang 
investigated. 
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INTENSITY OF FUNCTION OF STRUCTURES OF THE DIFFERENTIATED 
CELL AS A DETERMINANT OF ACTIVITY OF ITS GENETIC 
APPARATUS 


By F. Z. MEERSON 


Laboratory of Physiology and Pathology of the Myocardium, Institute of Normal and Pathclogical Physiology, Academy of Medical 
Sciences of U.S.S.R., Moscow 


HE physiological function of the differentiated cell, 

which during the hfe of the organisms undergoes 
extensive changes, can maintain its stability only under 
conditions of regeneration of cellular structures. Present 
concepts of the mechanism of protein synthesis permit us 
to believe that an adequate renewal of structures during 
a change of functional level of the differentiated cell is 
ensured by changes in the activity of genes, consisting of 
DNA, on which are formed informational ribonucleic acids 
with the role of matrix in the protein synthesis. 

Evidently, for realization of such opportune and quan- 
titatively exact changes of activity of the genetic appar- 
atus, the latter must receive exact information about the 
changes of the level of function and deterioration of 
structures. This information about the level of physio- 
logical function, sent from the cytoplasm to the nucleus, 
regulates the activity of the genetic apparatus and 
prevents the deterioration of cellular structures!. This 
fit back implies that the level of physiological function 
may exert an influence on the activity of the genetic 
apparatus and this influence plays a definite part in 
protein synthesis. 

It has been shown that hyperfunction of the heart in 
cardiac disease*~4, of a single kidney after nephrectomy®', 
of the hepatic lobe after hepatectomy’-®, and of the lung 
after pulmonectomy” regularly involves activation of 
protein, RNA and DNA synthesis in the cells of these 
organs. This activation of synthesis of nucleic acids and 
protein arises on the first day after the onset of hyper- 
function. 

According to the type of cells, it either results in their 
mitotic division or leads to an increase of ploidy and 
cellular size. In both cases the activation underles the 
increase of the mass of differentiated cells constituting 
the organ. 

It is of importance that after the hypertrophy of the 
organ has been completed and its increased function has 
been distributed within the increased mass of functional 
structures, the activation of the genetic apparatus of 


differentiated cells coases—-the intensity of RNA, DNA 
and protein synthess!-5»°, and accordingly the mitotic 
activity of the organ=*™" returns to the normal level. 

Such dynamics of activity of the genetic apparatus in 
hyperfunction and Eypertrophy of the organs may be 
understood only on tie base of the concept that the level 
of protein synthesis m differentiated cells of the organ is 
determined not by the function of the organ as awhole 
but by the ‘intensity of function of 1ts structures’ (TFS). 
This relates the funcaion of the organ to the mass of its 
functional elements and may be conventionally expressed 
as a quantity of furction effected by unit mass of the 
organ. At the beginning of the process in question the 
hyperfunction is performed by a non-hypertrophied organ 
of normal mass, and sherefore involves an increase of the 
quantity of function performed by unit mass of the organ, 
that is, by the increase of IFS. This in turn enhances 
the production of erergy, and the synthesis of nucleic 
acids and protein, which underlies all kinds of growth, 
including the increas> of the cellular mass of the organ 
during its hypertrozhy. The development of hyper- 
trophy leads to decrease of IFS, and consequent normal- 
ization of the production of energy and synthesis of 
nucleic acids and protein when hypertrophy has pro- 
ceeded to a certain level. 

If this conception holds good, then a considerable 
decrease of function of the hypertrophied organ must 
lead to a marked decrease of IFS, a resulting inhibition 
of protein synthesis In differentiated cells, counteracting 
the hypertrophy. We have studied the dynamics of 
protein synthesis and the weight of hypertrophied heart 
at different periods efter cessation of its hyperfunction. 
Hyperfunction of tha heart in adult albino rats was 
produced by repeatec action of high-altitude hypoxia in 
a pressure chamber (Darocamera). 

Twenty-five animes were kept in the barocamera at a 
simulated height of 7500-7,600 m above sea-level for 5 h 
daily during 33 days ‘165 h). A high-altitude hypoxia of 
such intensity and dcration produces considerable hyper- 
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(Mean values obtained from five rats) 














Relative heart weight 






p 
hyperfunction 


After hyperfunction Control 
0 0040 + 0 00017 0-0028 + 00001 
0 0040 + 0:0001 0-0028 + 0-0007 
7 days 0:0038 + 0-0009 9 0027 + 0:0008 
15 days 0:0033 + 0 0006 00027 + 0-0009 
0 0030 + 0:0007 0 0028 + 0:0008 


function and hypertrophy of the myocardium. Two hours 
after the final exposure to hypoxia and also after 3, 7, 
15 and 30 days, groups of 5 animals were injected intra- 
peritoneally with **S-methionine at 0-1 pe./10 g body- 
weight. Simultaneously the isotope was given to the same 
number of control animals not subjected to hypoxia. 
The animals were killed 2 h after introducing *S-meth- 
ionine. The degree of hypertrophy was indicated by the 
relative weight of the heart and the intensity of protein 
synthesis—by incorporation of 358 into the total protein 
of the ventricular myocardium. 

Simultaneously with each group of experimental 
animals, incorporation of 35S methionine into the myo- 
cardial’ protein of 5 control rats was determined. The 
protein for determination of activity was precipitated 
with trichloroacetic acid and prepared by the usual 
method. The results of five experiments performed on 
50 animals are shown in Table 1. 

From the data in Table 1 it follows that after 33 
‘ascensions’ the relative heart weight exceeded the control 
value by 43 per cent. Three days after the last ‘ascension’, 
and cessation” of hyperfunction of the heart, its relative 
weight remained at the same level. After 7 and 15 days 
it gradually decreased and by the thirtieth day reached 
its normal value. The relation of incorporation of the 
*58-methionine into the myocardial protein of experi- 
mental and control animals 2 h after the last ‘ascension’ 
was somewhat higher than a unit. Three days after 
cessation of the ‘ascension’ and the hyperfunction of the 
heart, while the relative weight of the heart was still 


high, there occurred a considerable decrease of incorpora- ’ 


tion of **S.methionine into the myocardial protein in 
the experimental animals and accordingly ‘the indicated 
ratio dropped to 0-86. Later the incorporation of 
*S-methionine into the myocardial protein in experi- 
mental animals continued to decrease and by the fifteenth 
day reached the lowest level. -At this time the ratio was 
indicated by the value 0-71. 

By the thirtieth day, when the decreasing mass of the 
heart reached its normal level, the incorporation of 
*5S-methionine into the myocardial protein increased to 
normal; the ratio between the incorporation of isotope 
in experimental and control animals returned to unity. 

The principal result of these experiments was that after 
cessation of ‘ascensions’ and hyperfunction of the heart, 
when the hypertrophied heart began to perform its normal 
function and IFS was decreased as compared to normal, 
intensity of protein synthesis fell below the normal. Some 
time later the mass of the heart decreased. As soon as 
hypertrophy was reversed, the heart weight, and accord- 
ingly IFS, returned to normal; the intensity of protein 
synthesis in the myocardium also returned to its normal 
level. There was no further decrease in the mass of the 
organ. This fact is in accordance with the concept and 
suggests that in the differentiated cells of mammalian 
organs the quantity of specialized function related to the 
unit of mass, that we have referred to as the IFS, plays 
an important part in regulating the activity of the protein 
— apparatus, that is, the genetic apparatus of the 
cell. 

Thus, the intracellular mechanism controlling the 
bilateral relationship between the physiological function 
and the genetic apparatus of the differentiated cell ensures 
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After Significance to control 

of differences | hyperfunction Control of differences activity 
P<005 370+13 1:276 
P<005 2724+ 8 1:022 
P <005 252+ 8 0-802 
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a situation in which IFS represents simultaneously a 
determinant of activity of the genetic apparatus and a 
physiological constant maintained at a permanent level 
owing to necessary changes of activity of the genetic 
apparatus. 

Investigations of the mechanism of interrelation between 
IFS and the activity of the genetic apparatus described 
by us in detail elsewhere’ 4:14 have led to the two following 
statements: (1) The increase of intensity of function of 
the structures is regularly followed by increase in the rate 
of their deterioration. In acute hyperfunction of the 
organs this is manifested by, for example, accelerated 
release of labelled amino-acids incorporated into proteins’, 
increased release of polypeptides into the blood?*, and 
accumulation of the non-protein nitrogen”? in the tissue. 
It is probable that IFS regulates the activity of the genetic 


, apparatus of differentiated cells by changes of concen- 


tration of the breakdown products of structures. Such 
‘metabolites of structural deterioration’, or other meta- 
bolites associated with cell function, may serve as effectors 
eliminating the repression of regulatory genes in the 
mechanism of synthesis regulation‘. (2) It has been shown 
by direct experiment that after introducing actinomycin-D 
into the animal organism the compensatory hyperfunction 
of a single kidney, of a single hepatic lobe or of the myo- 
cardium, does not activate the genetic apparatus of 
differentiated cells of these organs—neither RNA-activa- 
tion, nor protein or DNA synthesis, nor rise of mitotic 
activity is observed}*. In so far as actinomycin-D 
electively inhibits DNA-dependent synthesis of RNA, it 
may be concluded that the increase of DNA-dependent 
synthesis of RNA constitutes a necessary initial link in 
the activation of the genetic cellular apparatus on increase 
of IFS. 

In evaluating the interrelation of physiological function 
and genetic apparatus one must bear in mind that under 
conditions of the whole organism the level of function of 
the organ, and consequently the IFS of differentiated 
cells constituting the organ, are regulated by neuro- 
endocrine factors. Under normal conditions, the postu- 
lated mechanism of regulatory shifts in activity would 
maintain an equilibrium and prevent the deterioration, of 
cells throughout the whole organism. Disturbance of the 
equilibrium “TFS = activity of genetic apparatus”? may 
lie behind diverse pathological phenomena. 
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MODIFICATION OF INTENTION TREMOF IN MAN 


By Drs. RICHARD ALLEN CHASE, JOHN K. CULLEN, jun. 
and SCOTT A. SULLIVAN 


Department of Psychiatry, Johns Hopkins University School of Medicine, 3altimore, Maryland 


AND 


Dr. AYUB K. OMMAYA 


Surgical Neurology Branch, National Institute of Neurological Diseases and Blindness, 
Bethesda [4, Maryland 


HE tremor observed in patients with Parkinson's 

disease is present at rest, and may be markedly 
attenuated during voluntary movement. This observa- 
tion was made by James Parkinson ın his classical deserip- 
tion of the disease which bears his name}, In contradis- 
tinction, the tremor observed in association with lesions 
of the cerebellar system invariably accompanies voluntary 
movement, and is only rarely observed at rest. 

We have attempted to determine whether the sensory 
feedback of patients with abnormalities of motor control 
is different from that of normal subjects, and whether 
the sensory feedback of patients with intention tremor 
differs from that of patients with rest tremor. Initial 
efforts involved the use of tests in which the subject is 
required to maintain a finger at a reference point in space, 
utihzing visual feedback displays presented on a cathode- 
ray tube to give information about'finger position and 
reference position. In a typical experiment, the subject’s 
arm and hand are placed in a positioning device, and the 
extended index finger is fixed in a cup attached to a pulley 
system (Fig. 1). The subject is required to keep his 
finger at the point in space it would reach if extended 


C) Pulley System 








A) Finger Cup 


G) Finger Guard 


The subject’s arm and hand are 

positioned so that the Index finger is fixed in the finger cup, and the 

vertical component of movement about the metacarpo-phalangeal joint 
1s recorded using a linear. rotary-motion potentiometer 


Fig. 1 Finger motion transducer. 


B) Ball-ond-Socket Joint 





parallel to the gramnd, and a linear, rotary-motion 
potentiometer is usec to generate a signal proportional 
to the movement of the finger in the vertical plane about 
the metacarpo-phalargeal jomt. The extended position 
of the finger resulted in the appearance of intention 
tremor in all patients with cerebellar system disease 
studied. All the patients with Parkinson’s disease showed ` 
the same morphology of tremor activity in this position 
that they showed whan the index finger was flexed in a 
conventional ‘resting position. Although some of our 
patients with Parkinson’s disease showed a decrease in 
tremor amplitude when they performed voluntary move- 
ment, in every such case the voluntary movement had to 
be much grosser than shat required by the extended index 
finger position used in this experiment. The signal 
generated 1s used to cbtain a linear analogue recording of 
the pattern of finger movement, and is also used to activate 
one beam of a modified cathode-ray oscilloscope, presented 
as & 2-cm horizontal kar. The second beam of the oscillo- 
scope ıs used to provice another 2-cm horizontal bar which 
remains fixed in the mid-vertical axis of the oscilloscope 
screen, and serves asssn analogue reference corresponding 
to the position in spase at which the subject is trying to 
keep his finger. The subject’s task is to keep the two 
lines on the oscilloseoze screen superimposed as closely as 
possible as much of the time as possible. The task 
thereby defined is a compensatory tracking task with zero 
input. The subject correcting for his own movements 
about a stationary target. This task provides a sensitive 
condition for observazion of a subject’s ability to obtain 
fine control of volunzary movement. 

In one series of experiments, subjects were required to 
maintain superimposision of the lines under six conditions 
characterized by diferent relationships between the 
amount of actual displacement of the two lines on the 
oscilloscope sereen?. It was observed that as larger 
displacements of the lines were presented for the same 
actual displacement cf the finger from the target (increas- 
ing ‘gain’ of a proportional visual feedback display), 
normal subjects meimtained their finger movements 
centred more precise-y about the actual target position. 
However, this was 230 observed in the case of patients 
with rest tremor and >atients with intention tremor. The 
improvement in motcr control shown by the patients was 
superimposed on tteir basic pattern of involuntary 
movement, which remained essentially unmodified. We 
concluded from these observations that our patients were 
processing the visual feedback information in a manner 
qualitatively similar to that demonstrated by normal 
subjects, and that thsre were no significant differences in 
the effects of the visual feedback displays on motor control 
between patients with rest tremor and patients with 
intention tremor. 

We therefore decidad to study the effects of alterations 
in patterns of sensory feedback generated by receptor 
systems in the arm on patterns of motor control. All 
subjects were required to perform the same compensatory 
tracking task descrived here. The visual display was 
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Fig. 2. Polygraph records showing the effects of upward-directed weights on patterns of 
finger movement for a normal subject (4), and patients with cerebellar degenerative 


disease (B), and Parkinson’s disease (C) 


always presented with an amplification of 10 x with respect 
to. the actual position of the finger from the reference 
position in space. However, we now altered the relative 
amounts of flexor and extensor activity of forearm muscles 
by placing weights on a counter-pulley such that the 
patient had tocounteract either an upward-directed force 
or a downward-directed force to maintain his finger in 
extension at the target position (Fig. 1). A striking obser- 
vation emerged from these experiments. When patients 
with cerebellar system lesions counteracted an upward- 
directed force (by pressing the finger down with greater 
force) there was marked attenuation of intention tremor 
(iig. 2). This was observed in 17 of 20 patients tested. 
In most cases, progressive attenuation of intention 
tremor was noted as the magnitude of the upward-directed 
force was increased by mcreasing the values of weights 
placed on the counter-pulley through the range: 0, 25, 
50, 75 and 100 g (the actual force exerted by the subject 
was 0-65x the applied weight). Thirteen patients with 
Parkinson’s disease were similarly tested, and only two of 
these patients showed significant ettenuation.of their 
tremor activity during any of the upward-directed weight- 
loading conditions. Sixteen normal subjects were also 
tested in the same way. Twelve of these subjects showed 
marked attenuation of finger movernents during condi- 
tions of upward-directed weight loading in the range of 
25-100 g. The percentage of subjects showing attenuation. 
with upward-directed weight loading in each group studied 
was as follows: Parkinson’s disease, 2/13; intention tremor, 
17/20; normal subjects, 12/16. A y? test performed 
on these data showed that the probability that these 
three percentages could be obtained within a homo- 
geneous population was 1/10,000. It is obvious that 
the patients with Parkinson’s disease predominantly 
account for the population non-homogeneity. The 
observation that normal subjects also show attenuation 
of finger movement under conditions of upward-directed 
weight loading suggests that the peripheral functional 
component involved m the mechanism of intention tremor 
1s a part of the normal mechanism of voluntary movement. 

In view of the marked attenuation of intention tremor 
noted in patients with cerebellar system disease under 
conditions of counteracting an upward-directed force, 
12 of the 20 patients in this group were studied under 
conditions of counteracting a downward-directed force. 
Weights of 0, 25, 50, 75 and 100 g were again used, but 
under these conditions the patients had to increase the 
amount of extension of the finger in order to maintain the 
finger at the target position. All 12 patients demonstrated 
marked increase in the amplitude of intention tremor 
under conditions of counteracting a downward-directed 
force and, in most instances, the amplitude of the tremor 
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increased as a function of the increase in 
the weight used. 
We conclude from these observations 
that a per:pheral functional component is 
` part of the mechanism of abnormal volun- 
tary movements which characterize cere- 
bellar system lesions, and that there is an 
asymmetry in the function of this peri- 
pheral component with respect to the 
flexor and extensor muscle systems of the 
forearm. 
The marked attenuation of intention 
tremor observed in patients with cerebellar 
hy Mong system disease under conditions of upward- 
À directed weight loadmg might be related 
to increased activity of flexor muscles, 
decreased activity of extensor muscles, or a 
100 critical change in the ratio of extensor 
muscle activity. In order to decide 
among these possibilities we have produced 
temperature differonces in the flexor and 
extensor compartments of the forearm by 
water-bottles at 0° C and 45° C placed over 
the compartment under investigation. We argued that 
whether the peripheral functional component operating as 
part of the mechanism of intention tremor was a neural 
element or a transducer element, serial warming and cool- 
ing should effect differential function, and might thercby 
permit localization within either the flexor or extensor 
compartment. Our expectations were realized, for 8 out 
of 13 patients with intention tremor demonstrated marked 
attenuation of intention tremor after a water-bottle at 
0° C had rested on the extensor surface of the forearm 
between 7 and 30 min. In two of these patients intention 
tremor ceased completely after topical cooling of the 
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Fig. 3. Polygraph records showing the effects on finger movement of 
placing an 1ce-bag over the extensor surface of the forearm of a patient 
with intention tremor 
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Fig. 4. Stroboscopic photographs showing the cessation of gross inten- 
tion tremor of the right upper extremity in a — with intention 


tremor of both upper extremities following 0-5 h of cooling of the extensor 

surface of the right forearm with an ice bag at 0° C. Each photograph 

represents a composite of five exposures made 1 sec apart. (A) shows 

the arms extended prior to cooling, and (B) shows the arms extended 
immediately after cooling 


extensor surface of the forearm. One of these patients 
(B. D.) was a 9-year-old girl with Friedreich’s ataxia, 
and the other (J. B.) was a 22-year-old girl with a history 
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of non-progressive intention tremor of both upper extremi- 
ties since early childhood. The effects of progressive 
extensor surface cooling on the intention tremor of patient 
J. B. may be seen in Fig. 3. After 30 min of cooling with 
a 0° C water-bottle, patient J. B. was free of intention 
tremor in the cooled extremity for approximately 30 
min. During the post-cooling period, handwriting was 
virtually normal, and there was normal control of the 
hand in full extension of the arms, which invariably 
resulted in tremor of the entire upper extremity before 
cooling (Fig. 4). There was no detectable decrease 
in extensor muscle pewer associated with cooling of the 
extensor surface of ths forearm. There were no changes 
in intention tremor during conditions in which the water- 
bottle filled with water at room temperature was used, 

Neither cooling of the flexor surface of the forearm, nor 
warming either the flexor or extensor surfaces of the 
forearm, resulted in attenuation of intention tremor in 
any of 10 patients so studied. In 4 of these 10 patients 
an increase in the amplitude of intention tremor was 
noted to follow warming of the extensor surface of the 
forearm. 

We feel that the tctal series of observations reviewed 
indicates that there is a peripheral functional component 
which operates as an integral part of the mechanism of 
abnormal movements which characterize cerebellar 
system lesions, and that this peripheral component func- 
tions asymmetrically with respect to the flexor and exten- 
sor muscle compartments of the forearm in the case of 
intention tremor of the hand. The fact that cooling over 
the extensor surface ofthe forearm resulted in attenuation 
of intention tremor in she same manner as upward-directed 
weight-loading makes it more likely that the effects of 
cooling are not being mediated by skin receptors, but 
rather by changes im deeper structures, possibly trans- 
ducers in skeletal musele. Our experiments do not permit 
identification of this peripheral functional component 
as being a neural or a non-neural part of a peripheral 
transducer system. The similar effects of upward-direct ed 
weight-loading on patterns of finger movement in normal 
subjects, and in patients with cerebellar system lesions, 
suggest that qualitatively similar mechanisms mediate 
the control of moverr=nt in both. 

A 7-min, 16-mm, sient, colour film showing the changes 
in intention tremor ebserved in patient J. B. following 
topical cooling of the extensor surface of the forearm 1s 
available on loan from Dr. Richard Allen Chase, 
Neurocommunications Laboratory, Department of Psy- 
chiatry, Johns Hopkins University School of Medicine, 
Baltimore, Maryland 21205. 


! Parkinson, J., An Essay on the Shaking Palsy, 23 (Sherwood, Neely and 
Jones, London, 1817). 

2? Chase, R. A., Cullen, jun. J. K., Openshaw, J. W., and Sullivan, $. A., 
Quart, J. Exp. Psychol. (in the press). 


CHROMATIC OPPONENT CELLS IN SQUIRREL MONKEY LATERAL 
GENICULATE NUCLEUS 


By Dr. GERALD H. JACOBS* and Dr. RUSSELL L. DE VALOIS 


Department of Psychology, Indiana University, Bloomiagton 


HERE is a growing body of evidence which indicates 
that colour information is transmitted in the primate 
visual system by neurones which show chromatic opponent 
response patterns’. Such units respond with excitation 
when the eye is diffusely stimulated with light of certain 
spectral wave-lengths; they respond with inhibition when 


* Present address: Department of Psychology, University of Texas, 
Austin 12. 


the eye is stimulatec with light from other spectral loci 
Observations are reperted here on units of this type which 
have been found in tae squirrel monkey lateral geniculate 
nucleus (LGN). 

The squirrel monksy (Saimiri sciureus) has been shown 
to be like a humaa protanomalous trichromat in its 
psychophysical colour vision capacities’. This being so, 
it is interesting to sompare the responses of opponent 
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Fig. 1. Superimposed records of the response of a single chromatic 
opponent cell to various wave-lengths taken from an equal-energy 


spectrum. Stimulus duration: 1 see 


‘ine bed 


cells in the squirrel monkey to similar data reported for 
the macaque monkey’, a primate the colour vision of 
which is that of a normal human trichromat. 

The methods and general procedures have been given 
previously*. The electrical activity of single 
cells in the squirrel monkey LGN was isolated 
with microelectrodes, the responses of the 
cells to diffuse light stimulation of the eye 
being monitored and recorded in the con- 
ventional fashion. The response of each cell 
to light of several different wave-lengths 
and intensities was examined. In some cases 
the effect of a high-intensity chromatic adapt- 
ation on the response of the cell to different 
wave-lengths was studied. 

There are two general classes of cells in the 
squirrel monkey LGN with respect to their 
response to diffuse retinal illumination. One 
class comprises those cells that give the same 
type of response, either excitation or inhibi- 
tion, to all spectral stimulation; these cells 
seem to carry information about the bright- 
ness of the stimulus‘. The other class is 
made up of those that show the chromatic 
Opponent response pattern. Records from 
one such cell are shown in Fig. 1. As can be 
seen in that illustration, the response of a iS 
chromatic opponent cell consists of a modula- 


Mean number of spikes 


tion of the spontaneous discharge rate, in the 10 
direction of excitation in response to some - 
spectral stimuli and of inhibition in response 5 

to others. In either case, the amount of 


change is graded according to the wave- 
length of the stimulus light. 

The loci of the excitatory and inhibitory 
peaks and the magnitude of the response 
recorded from the chromatic opponent cells 


Fig. 2. 
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monkey LGN. The responses are to equal-energy spectra. The dashed 
mean spontaneous discharge frequency for the cells of each class 
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vary from unit to unit. Furthermore, the response 
pattern for any given cell depends on the intensity 
of the light; both the magnitude of the response 
and the location of the response peaks change when the 
light intensity is changed. Nevertheless, there is enough 
uniformity from cell to cell to be able to group the units 
according to their spectral response. It is possible to 
separate these chromatic opponent cells into four reason- 
ably distinct classes if one considers both the spectral 
loci of maximal excitation and inhibition and the spectral 
locus at which the response changes from excitation to 
inhibition. Mean spectral response curves for several 
units from each of these four classes are shown in Fig. 2. 
The classes formed appear distinct to the extent that there 
is little overlap in the response patterns of the cells in the 
various classes. Variations in stimulus intensity did not 
change the response patterns of any of the cells enough to 
permit them to be placed in more than one class. In 
reference to the spectral regions of maximal response 
these cells have been termed red excitatory, green inhibi- 
tory cells, ete. If the direction of the response change 
(that is, excitatory or inhibitory) is not considered, it 
would be possible to group all these units into two classes: 
a red-green system and a yellow-blue system. 

The response characteristics of a large number of 
chromatic opponent cells from the LGN of the macaque 
monkey have been analysed, and it is possible to use the 
data as a template of the coding of chromatic information 
in the normal trichromat against which results from the 
protanomalous squirrel monkey may be examined. 

The most striking difference in the opponent cells from 
these two types of monkeys is the gross difference in the 
proportion of opponent cells found in their LGNs. There 
are proportionally many more chromatic opponent cells 
in the LGN of the macaque monkey than there are in the 
LGN of the squirrel monkey. The problems of sample 
bias in the single-cell recording approach preclude the 
possibility of any reliable quantitative statement of this 
difference, but it seems likely that the opponent cells 
make up no more than 10-15 per cent of the total number 
of cells in the squirrel monkey LGN while they constitute 
more than 50 per cent of the macaque LGN‘. Indeed, 
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paucity of opponent cells in the squirrel monkey 
akes it impossible, as yet, to give any quantitative 
sis of them, although the LGNs of some thirty 
uirrel monkeys have been investigated. 
The proportions of cells in the various classes are indi- 
-¢ated approximately by the numbers of cells given for each 
of the class response curves in Fig. 2: there are more cells 
of the yellow-blue system than of the red-green system. 
In the macaque monkey there are more red-green than 
yellow-blue cells’, With the few units at present available 
from the squirrel monkey it is possible that the observed 
preponderance of cells from the yellow-blue system coes 
not indicate a real difference. 
In addition to the difference between the proportions of 
_ opponent cells in the squirrel monkey and the macaque, 
-these visual systems differ in the nature of the opponent 
~- eelis. The spectral response plots of the blue-yellow, the 
` yellow-blue, and the green-red cells in the squirrel monkey 
appear not to differ from the corresponding cells in the 
TO maeaque monkey. The evidence, however, tends to 
indicate that there are differences in. the red component. 
al the red-green cells in the squirrel monkey as compared 
swith the macaque. The spectral peaks of the red excita- 
tory phase of these cells in the squirrel monkey are dis- 
placed some 20-30 my toward the shorter wave-lengths 
as compared with units of the same class from the macaque 
“.. monkey, the macaque red cell peak occurring at about 
655 mu whereas the squirrel monkey red cell peak is at 
about 630 mu. From about 600 my to 440 my, the curves 
from the two types of monkeys coincide exactly. 
An even clearer indication that there are some speeific 
-differences between the red components of the chromatic 
opponent cells of the squirrel and those of the macaque 
monkey comes from observations on the effects of intense 
chromatic adaptation on the opponent cell responses. It 
has been shown! that chromatic adaptation of the appro- 


























priate wave-length can be used to eliminate either 
excitatory or inhibitory phase of the opponent resp 
pattern. Furthermore, in the macaque monkey, 
spectral sensitivity of the component remaining a 
chromatic adaptatien agrees well with estimates of 
spectral sensitivities of retinal receptors obtained fri 
other types of expe-iments®. It has so far been possible 
to get information about the effects of chromatic adap 
tion on only a few eells. The results tend to indicate: 
(a) the spectral sens:tivity of the green component is ve 
close to that of the green component from the macaq 
monkey, and (b) the spectral sensitivity of the red co 
ponent: has a peal sensitivity which is displaced towe 
the shorter wave-lengths as compared with that of th 
macaque red component. oe 
It has sometimes been suggested that protanor 
can best be explained by assuming that the red mechanism 
in the protanomalcus individual is less sensitive than tha 
mechanism in the nermal trichromat, and that the spectra 
location of the mechanism is shifted toward the shorte 
wave-lengths relative to the normal. The observations. 
reported here indieate that the chromatic opponent cells: 
of the protanomaicus squirrel monkey constitute a far 
smaller proportion of the total number of cells in the — 
LGN than they de in the normal trichromatic monkey, © = 
and that the red meshanism is displaced spectrally toward = = = 
the shorter wave-lengths. ee 
This work was s:pported by a postdoctoral fellowship = 
from the U.S. Natienal Institutes of Health to G. H. J. 
and by grant NE-02274 from the U.S. Public Health 
Service to R. L. De V. 













1 De Valois, R. L., Jacobes. H., and Jones, A. E., Optik, 20, 87 (1963). 

2 Jacobs, G. H., J. Comp Physiol. Psychol., 58, 616 (1963). 

2 De Valois, R. L., in Contrsbutions to Sensory Physiology, edit. by Neff, W. D, 
(Academic Press, 1i). 

4 Jacobs, G, H., Vis. Kes, A, 221 (1964). 


SUGGESTED SEQUENTIAL MODE OF CONTROL OF CHANGES IN CELL 
BEHAVIOUR IN ADULT BONE REMODELLING 


By R. HATTNER, B. N. EPKER and Dr. H. M. FROST 


Wayne State University College of Medicine, University of Detrait School of Dentistry, 
and Henry Ford Hospital, Detroit, Michigan 


SPECIFIC functional relationship between resorp- 

tive and formative cellular activity in adult bone 

has not been described previously, although one has been 
suggested by Young’. We here report evidence for such 

a relationship, obtained by evaluating the order in which 
individual bone formation processes occur with respect to 
individual bone resorptive processes. The evaluation is 
based on the following properties of bone, and of bone- 
remodelling activity. First, as seen under the light 
mieroscope, bone resorption and formation oceur in 

-o physically and temporally discrete units of cellular 
-aetivity (for examples, osteon and trabecula). Secondly, 
resorptivo activity on a bone surface is revealed by a 
_- -geries of surface concavities described by Howship in 
_ 1817, here called ‘scalloping’ (Fig. 1). Thirdly, when new 
“pone is deposited on pre-existing bone, the interface 
C between the two is called a cement line and is optically, 
physically and chemically distinguishable from the sur- 
rounding tissue (Fig. 1C, LD). Fourthly, when new bone 

_ is laid down on a smooth bone surface, the cement line 
-C between the old and new is smooth and when new bone 
is laid down on a scalloped surface, the cement line is 
<= gealloped. Fifthly, these characteristics of contour do 
not change during the subsequent lifetime of the bene®. 
Thus, inspection of the contours of bone surfaces and of 






cement lines reveals whether resorption has or has not 
occurred there previously. 

Such an inspectien was carried out in 150 mineralized 
cross-sections, 50u thick and stained with basic fuchsin, 
of bones taken #om 75 metabolically normal people 
whose ages ranged from 20 to 75 years*. The sexes were 
nearly equally represented. Trabeculae (that is, bars of 
spongy bone lying the marrow cavity) were selected for 
evaluation. A Zeiss ‘integrating eyepiece I’, which eon- 
tains five equidistant parallel lines in its reticule, was used 





with a 0-32 N.A. chjective to obtain systematically dis- 


persed intersections of the reticule lines with both cement 
lines and with free bone surfaces (surfaces, that is, covered 
only by soft tissue elements‘). The presence of scalloped _ 
contours was evaluated at the points of intersection of 
the reticule lines with 5,357 separate cement lines and 
5,092 free surfaces These data revealed that scalloping 
was present in 96-7 per cent of the cement lines, while 
only 18-5 per cent cf the free bone surfaces were scalloped. 
The data are summarized in Table 1. 

These findings iraply that at least 96-7 per cent of the 
bone formation processes in adult spongy bone occur only 
after a resorptive process has occurred on the same part 
of the bone surface: While the 3-3 per cent of the cement — 
lines that were smcoth could represent bone being formed 
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bone sections (x ¢. 200). The 
right side of the cement line to appear brighter 


without previous resorption, they could also represent 
‘overflow’ of formation processes extending beyond the 
perimeter of the bone formation preceded by resorption. 
This does occur to some extent, so that the frequencies 
in column 5 of Table 1 are too low, although it cannot be 
said how much so. 

This temporal and spatial relationship between resorp- 
tion and formation is probably not determined by factors 
in the fluid environment of the cells. Both resorption and 
formation processes can be found in all stages of evolution 
in the same bone at the same time, while being supplied 
by the same blood and bathed in a fluid environment 
held nearly constant in composition and physical prop- 
erties’. A surface tactice effect which causes a freshly 
resorbed bone surface to induce the appearance of osteo- 
blasts might be invoked to explain the data. But this 
cannot be reconciled with the two following facts: (a) 
during growth of the skeleton, some surfaces are sub- 


Table 1 
Cement lines in trabeculae Surfaces of trabeculae 
Total No. seal- Cement Total No. Sealloped 
Median No. No, loped lines No. scal- inter- 
age cases cement cement cS fia free loped sections 
lines lines (% surfaces —— (%) 
25 7 541 622 96-4 % 505 104 10-6 
$1 8 516 500 96-9 473 100 21-1 
39 7 566 554 97-9 486 108 22-2 
46 R 617 601 97°4 390 90 23-0 
50 7 563 538 95-6 488 107 22-0 
55 8 524 500 95-4 454 42 92 
61 7 518 500 96-5 350 50 14:3 
67 8 562 547 97:3 725 115 15-8 
73 7 484 469 96-9 602 107 178 
81 8 466 450 96-6 619 116 187 
Totals or 
means 75 65,357 5,181 (96-7) 5,092 939 (18-5) 
Standard deviation 0-65 31 
Precision 0-5 2-8 
‘t’ test of the hypothesis that columns 5 and 8 are of the same set: P 0-001. 
The sample is divided into groups of seven or eight cases, arranged in order 
of see we deg and in the order in which they were measured. The numerical 
values for the various measurements of each group are listed in the correspond- 
ing rows. The standard devia 8 rd errors of the means, p on, 
and ‘f° test are given in the bottom four rows. 


The sampling pone was 
designed to yield a valid measure of the charac the —— 
rather than of the individual, so that individual case anal would not be 
; there were an average of only 72 structures evaluated per case. 
We found no significant difference in the measured values according to sex, 
or to the bone examined, or to age. 
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jected to continuous resorption (called drift) for periods 
exceeding 15 years, without the appearance of any osteo- 
blasts; (b) other surfaces are subjected to continuous 
formation for the same period without the intervention 
of resorption’. 

The foregoing facts are compatible with the supposition 
that a special mechanism exists which determines the 
sequence of resorption — formation at the local, cellular 
level. This mechanism (as reflected in the cell behavioural 
changes) displays two interesting dynamic properties. It 
functions like a progression, and the order of events in 
the progression seems invariant. The proposed mechanism 
could lie inside the cell nucleus, since this organelle is 
known to display analogous modes of behaviour (pro- 
gressions, and invariance of order of events in progres- 
sions) at the molecular level. Such modes occur, for 
example, during the transcription of information from 
the genetic material to messenger RNA, and during the 
development of the embryo’. 

Standard texts of human histology and pathology con- 
tain numerous descriptions of changes in cellular behaviour 
which are compatible with this hypothesis. For example, 
a destructive phase usually precedes a productive one in 
the turnover of cortical bone, in enchondral ossification, 
in the healing of a fracture, in the replacement of the 
fracture callus with mature (lamellar) bone, and in the 
healing of soft tissue wounds*:*. Other examples com- 
patible with invariant progressions have been described 
in the processes of forming epidermis, red blood cells, 
plasma cells, ova, spermatozoa, adrenal cortex and bowel 
epithelium’, The kind of cell behaviour seen in trabecular 
bone remodelling may, therefore, be of general occurrence, 
and evidence of it may be found in other cell systems. 
As to the suggestion that the determining mechanism 
exists within the cell nucleus, it is not intended to question 
the cell induction hypothesis or that cell behaviour can 
be controlled by factors outside the cell. The endogenous 
and exogenous mechanisms probably act in concert, so 
that observed cell behaviour is the result of an interplay 
between them. This idea is not new in principle since, 
as an example, it is accepted that control of the chemical 
composition of a protein resides in the genetic material in 
the cell nucleus. It is proposed that this basic idea be 
extended into the more complex field of changes in the 
integrated behaviour of the whole cell, and of small groups 
of cells analogous to that which produces a bone-forming 
process. Such changes in adults have usually been 
assumed to be governed wholly by mechanisms situated 
without the coll’. 

This work was supported by grant 293, Henry Ford 
Hospital, and grant AM-—04186, National Institutes of 
Health, U.S. Public Health Service. 
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-o (XYMPOSIA on haemoglobinometry were held at the 
D ninth Congress of the European. Society of Haema- 
~ tology, Lisbon, 1963 (see Erythrocytometric Methods and 
their Standardization, Bibl. haemat., Fase, 18, 1964), and 
<... the tenth Congress of the International Society of Haema- 
tology, Stockholm, 1964 (Standardization, Documentation 
and Normal Values in. Haematology, Bibl. haemat., 
Fase. 21, 1965). A technical committee on haemoglobmo- 
metry met in Stockholm on September 2, 1964, to 
_ diseuss problems associated with the production of a 
standard solution. On the basis of this diseussion and 
“the conclusions reached at the symposia the following 
yecommendations have been made by the Interna- 
«tional Committee for Standardization in Haematology 
oo) AECSH). 
Definition, Haemoglobin is.a chromoprotein. On the 
-Basis of the chemical structures of its « and B chains and 
of haem it is tentatively assumed to have a molecular 
weight of 64,458 (refs. 1-3).. Assuming the presence of 
4 atoms of iron in the molecule the iron content will be 
(347 per cent, provided that water is absent. Data eon- 
cerning the haemoglobin content of blood should be 
expressed in grams per 100 ml, 

Method. Photometric determination of haemiglobin- 
cyanide (cyanmethaemoglobin) is recommended as the 
standard method. If any other method is used (for 

- example, photometric determination of oxyhaemoglobin, 
iron determination, gas analytic methods) it should be 
adjusted to obtain comparability with the haemiglobin- 
eyanide method. The determination of haemoglobin as 
haeminchloride (acid haematin) is not recommended 
because of its inaccuracy. 

* Reagent. The haemoglobin derivatives existing in 
blood, with the exception of verdoglobin (sulphaemoglo- 
bin), are converted into haemiglobincyanide by the use 
of an appropriate reagent. This must be of such a quality 

that after dilution of the blood there is no turbidity. A 

=c guitable reagent with a short conversion time (recom- 
— mended by E. J. van Kampen and W. G. Zijlstra, Clin. 

` Chim. Acta, 6, 538; 1961) contains the following constitu- 
ents dissolved in 1 l. of water: (i) potassium ferricyanide 

200 mg; (ii) potassium cyanide 50 mg; (iii) potassium 
dihydrogen phosphate 140 mg; (iv) a suitable quantity 

© of a colourless surface-active agent (0-5 ml. of ‘Sterox 
SEV (Hartman-Leddon Co. of Philadelphia) ) or 1 ml. of 
: ‘Nonidet P40’ (Shell Chemical Co. of London) has been 
>. — guecessfully used). The pH should be 7-0-7-4 (checked 

“by pH meter); if stored at room temperature in a black 

»olythene bottle, the solution keeps for several months, 
jut should be checked regularly. It must not be allowed 
o freeze. To assure complete conversion the photometric 
letermination must be delayed until conversion of haemo- 
lobin is complete. 

2O Batinction measurement. When a spectrophotometer is 

“aged the blood should be suitably diluted (for example, 

1:251) with the reagent and measured at 540 nm (or 

~ with mercury lamp at the mercury line 546 nm). 

oo When a photo-electrie colorimeter (filter photometer) 
sused the blood should be suitably diluted (for example, 
51) with the reagent and measured through a yellow- 
n filter with maximal transmission near 540 nm 
xample, Iford 625’). 































RECOMMENDATIONS AND REQUIREMENTS FOR HAEMOGLOBINOMETR' 
IN HUMAN BLOOD ; 









When a visual-reading hacemometer is used the b 
should be diluted with the reagent and the measuren 
carried out in acecrdance with the instructions of 
manufacturer. a | * 

Standard. In each case the instrument must be ca 
brated by means of a haemiglobincyanide standard solu 
tion. This solutior should be manufactured in a way 
similar to that used for the preparation of the ICSH 
reference standard (see below) and it should be related to 
that International Standard. A check of the calibra- 
tion of the instrument by means of the standard 
solution should be performed at regular intervals. Even: 
minor changes in the set-up of the method may cause oo ç < 
significant deviatioas in calibration. When a photos žć < 
clectrie colorimeter is used, the condition of the filter: | 
should also be cheeked at intervals to ensure that noo 
defect has developed in its transmission efficiency. cee 

ICSH haemiglobincyanide reference standard. The |. 
reference standard is prepared on behalf of the Committee — 
by the Rijks Instisuut voor Volksgezondheid, Utrecht, 
Netherlands. Detads of the method are given by A. H.  __ 
Holtz (Bibl. haemet., Fasc. 21, 1965). The standard _ 
consists of human washed red cells, haemolysed by toluene: 
and centrifuged free from debris. The haemolysate iso 
converted to haemlobincyanide. It is equivalent to a 
haemoglobin content of approximately 60 mg per 100 ml. 

Tt must be used as a sterile solution and is dispensed in 
10 ml. ampoules cf amber glass. It was agreed that 
whereas the interrational reference solution would be 
aqueous, national boards might provide glycerinated 
solution if preferrec. ue 

Each batch is tested by five laboratories nominated by. 
the Committee in accordance with the principles which _ 
are detailed in the appendix. At present these laboratories _ 
are: Cleveland (U.S.A.) Reference Laboratory, College of = 
American Pathologists, Cleveland Clinic, Cleveland, = _ 
Ohio (J. W. King’. Freiburg i. Br. (Germany), Medi- 
zinische Universitétsklinik (A. von Klein-Wisenberg). 
Groningen (Netherlands), Fysiologisch Laboratorium 
Rijks Universiteit _W. G. Zijlstra) and Diaconessenhuis 
(E. J. van Kamper). London (United Kingdom), Post- 
graduate Medical Szhool (I. D. P. Wootton). Stockholm 
(Sweden), Karolinsxa Sjukhuset (B. Thorell). 

The standard will be labelled with the batch number, È 
the valuo of its haemoglobin content (mean and standard =. 
deviation) and an expiry date. Users will be notified 
if continuing control of stability indicates that a par- ` 
ticular batch ceases to be acceptable before the expiry 
date. | 
The standard wil be made available, for reference use 
only, to national stendards committees for haematological 
methods or to official government-nominated holders. 
Where no committe or official holder exists it might be 
distributed to an individual appointed by ICSH. The —~ 
national holder mast ensure that manufacturers and == 
distributors are gwen the opportunity to have their | 
product checked against the international standard in 
conformity with national regulations. of 

In Britain the use of the standard is being controlled 
by the British Committee for Standards in Haematolo 
in collaboration with the British Standards Institutio: 
Standard solutions which are prepared in accordance wit 

























specifications may be labelled accordingly by th 
facturer. Supplies of standard solution, for use in routine 
hasemoglobinometry, are now available commercially, 
from British Drug Houses Ltd.; C. Davis Keeler Ltd., 
Wigmore Street, London, W.1; Diagnostic Reagents 
Ltd., 60 North Street, Thame, Oxon. 

A British Standard for Cyanmethaemoglobin (Haemi- 
globincyanide) solution for Photometric Haemoglobinometry 
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conforming to the ICSH specifications is being 
prepared. Enquiries concerning the reference standard 
should be addressed to Prof. I. D. P. Wootton, Post- 
graduate Medical School, Ducane Road, London, W.12, or 
to ICSH Secretariat, Sterrenbos 1, Utrecht, Netherlands. 


* Braunitzer, Q., el al., Hoppe-Seylers Z. physiol. Chem., 326, 283 (1961). 
? Braunitzer, G., Bibl, Haemat., Fase. 18, 59 (1964). 


* HN, R. J., and Konigzberg, W., et al, J, Biol. Chem., 237, 1549, 2184, 
2547, 3151, 3157 (1962). 


MATERNAL BEHAVIOUR OF FERAL- AND LABORATORY-REARED 
MONKEYS FOLLOWING THE SURGICAL DELIVERY OF 
THEIR INFANTS 


By Dr. GILBERT W. MEIER 


Laboratory of Perinatal Physiology, National Institute of Neurological Diseases and Blindness, 
National Institutes of Health, San Juan, Puerto Rico 


HESUS monkeys (Macaca mulatta) which have been 

A laboratory born and individually reared in wire 
cages without peers or mothers, real or surrogate, with 
only auditory and visual contact with other monkeys may 
demonstrate essentially normal reproductive behaviours 
when observed at 3-5-5 years of age!. Thus the animals 
of the Laboratory of Perinatal Physiology reared under 
conditions of social deprivation of the tactual stimulation 
naturally afforded by mother, sibling, or peer mated 
satisfactorily with the species-typical positioning, con- 
ceived at the age expected for this colony, responded 
appropriately to the appearance of the infant at vaginal 
birth, and provided the necessary sustenance for adequate 
survival of the offspring. By contrast, monkeys reared in 
the primate colony of the University of Wisconsin? under 
comparable conditions of social isolation? with or without 
mother surrogates failed to show normal reproductive 
behaviours, either those leading to conception or to 
adequate infantile care. 

In the course of the colony routine and the demands of 
other researches, females of the primate population from 
which the earlier samples were drawn were observed 
when presented with their infants immediately after 
surgical delivery. Whereas the behaviour following 
vaginal delivery of the laboratory-reared females was 
considered normal except for the intensity of the responses 
to human presence and intervention in the earlier investi- 
gation, the possibility remained that the adequacy of the 
behaviour following delivery and infantile contact. under 
more impoverished conditions, that is, surgical delivery, 
would become clearly inadequate for infantile susten- 
ance. 

At the time of these observations, the thirteen females 
the behaviour of which is described here were part 
of the regular breeding colony of this laboratory. All 
except two, I-116 and I-149, were mated within the 
colony and were of known stage of pregnancy at the 
beginning of the experiment. Of the thirteen, seven were 
feral-reared and introduced into the programme after 
capture when adult; six were born and reared in the 
laboratory: that is, they were maintained in individual 
wire cages which provided only auditory and visual stimu- 
lation from other monkeys and were hand-fed by the 
laboratory personnel for no more than the first ten days 
of life. Periodically, thereafter, they were weighed or 
otherwise handled for medical care. (For additional 
information on this colony and the procedures used in the 
breeding and rearing programmes, see refs. 4 and 5.) 

As indicated in“Table 1, the obstetric histories of these 
animals were varied. Most of the feral-reared females had 


had at least one pregnancy prior to the one pertinent to 
this investigation. Only one, 1-116, was presumed to be 
nulliparous prior to the present pregnancy as judged 
from the overall appearance of the female and the condi- 
tion of the uterus at time of delivery. Of the laboratory- 
reared remales, four had had an earlier pregnancy, and 
three were nulliparous prior to the present pregnancy. 
(Female 150 had had two pregnancies both of which 
are reported here.) Female 70 is the only animal in the 
investigation known to have had extensive maternal 
experience following a vaginal delivery, which is described 
in the earlier reporti. 


Table 1. OBSTETRIC AND post-partum DATA OF THE TWO GROUPS OF FEMALES 


Female Previous Gestational , 
No. pregnancies * age (days) Acceptance Aggression 
Laboratory-reared 
45 CLS 157/158 0 0 
63 None 156/157 0 o 
70 FID 156/157 0 E) 
128 None 156/157 Q ü 
150 None 176/177 Q 0 
150 CIS 157/158 0 0 
152 A 157/158 0 0 
Feral-reared 
1-7 ViD; CIS 156/157 2 2 
I-15 CIS; A 156/157 2 2 
1-116 None Est, 160 l 1 
I-149 None Est. 180 1 1 
V-197 VID; CIS; CIS 173/174 i 1 
X-617 CJS 156/157 2 3 
X-954 CiS; FID 155/156 2 2 


Entries under ‘Acceptance’ and ‘Aggression’ indicate on which test day 
the behaviour was first seen, 


* C/S, eaesarean section; V/D, vaginal delivery; A, abortion. 


All infants were delivered surgically near term under 
sterile conditions®. Since the gestational ages of two were 
unknown, the infants were delivered at an age when they 
were believed to be sufficiently mature for independent 
extra-utermine existence, as estimated by palpation of the 
female and from the time she had been in the colony. 
Subsequent observations confirmed the validity of these 
judgments. Two were delivered between 173 and 177 
days after conception, somewhat later than is typical for 
this colony (mean: 168 days). The decision for the first 
delivery (of female 45) was made in the interest of health 
of the female and viability of her offspring since natural 
labour did not progress properly. The decision for the 
second delivery (of female V~197) was made in the interest 
of gathering comparable prolonged gestational data from 
the feral-reared group. The remainder of the infants 
were delivered when they were between 155 and 158 days 
of gestation. 
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fforts were made to perform the caesarean delivery 
uickly as possible. Rather than a general anaesthətic 
ch could introduce other problems for both the mother 
and the infant, as well as delay the observations, the 
‘female was restrained physically and a local anaesthetic 
- was used at the site of the incision. The time to delivery 
was about 15 min; the time to completion of surgery was 
about 45 min. The infant was taken to the nursery 
immediately after delivery, where the cord was tied and 
trimmed and various vital signs recorded (for example, 
weight, heart rate, respiration rate). Thereafter, it was 
placed in an incubator until it could be presented to its 
mother. 
© o The mother was returned to her cage immediately 
after completion of the surgery. At this time she was 
obviously discomfited by the stricture of the cords used 
 . to tie her to the operating table as well as by the incision 
itself. Moreover, although the female usually maintained 
-an upright position while regarding her environment, her 
“responsiveness to human intrusion was clearly depressed. 
In this respect, the two groups of females were indis- 
tinguishable. 
© After settling the female in her home cage in the 
pregnancy colony, the experimenter introduced the infant. 
Holding the infant in the cloth-lined box routinely used in 
nursery care, he first presented the infant for her visual 
inspection, and then removed the infant from the box 
and placed it on the floor of the mother’s cage. He con- 
tinued observing the mother and infant for the next 
15-30 min and then at irregular intervals thereafter for a 
total span of 2h. If the female reacted appropriately to 
the infant during this period, that is, ifshe picked it up and 
clutched it to her breast, he judged her behaviour as nor- 
mal, and ceased further observations. The experimenter 
separated the pair and returned the infant to the nursery. 
If the female did not react appropriately during the 2-h 
period, the experimenter picked up the infant and placed 
it on her side or breast, whichever was most available. 
After a reasonable period of time, he removed the infant 
and returned it to the nursery until the following day 
when. the test. was repeated for a second 2-h period. The 
experimenter repeated the test for a third and final 
period on the next day, the second day after delivery. 
Since the infant of female 150 was to be used for another 
* investigation’, the experimenter was able to make observa- 
tions on only the first day—-the day of delivery. 

The behaviour of the groups of females is indicated in 
“Table l, in the two right-hand columns. In the first, 
oo Jabelled ‘Acceptance’, are listed the sessions in which the 

approach and clutching responses of the female were first 
seen. (These and earlier observations indicated that 
once the acceptance or aggressive response is elicited it 
will continue to be so, readily, in similar situations on 

the next few days. Thus the values listed imply similar 
behaviour on the subsequent tests.) These responses 
-occurred in the typical ventral—ventral relation between 
the female monkey and her infant. As indicated, none 
‘of the laboratory-reared females responded appropriately 

to her offspring in any of the three test sessions. In 
contrast, all the feral-reared females responded appro- 
prisately by the second day: one, I-149, took the infant 
from the experimenter’s hands and immediately clutched 
it to herself; the others first responded appropriately 
- either later in the first session or some time during the 
Co "Phe laboratory-reared females, 45, 70, 150 (second 
delivery) and 152, responded to their infant to the extent 
of carefully regarding it visually and then grooming 

it on at least one of the three days, but not on all three. 

In the case of female 70, she permitted the infant to 
grasp the fur on her breast and even made some effort 
to keep the infant in that position, but only in the initial 
tempts on the first day. The other females responded 
th indifference or active avoidance when the experi- 
ter tried to force contact between mother and infant. 
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In the second column, labelled ‘Aggression’, are listed th 
first sessions in which were seen aggressive response 
directed toward the experimenter as he placed the infan 
in the cage with the female or removed it from her at th 
end of the 2-h peried. These responses included intense 
vocalization (barking and screaming), threat (opening of 
mouth, exposure of teeth, shaking of head, cage, ete.) 
and physical attack (slapping, attempting to bite). Again, 
the laboratory-reared females showed no such behaviour, 
whereas all the feral-reared animals responded appro- 
priately, but with somewhat greater variability in the 
intensity of response than was shown for the acceptance 
behaviour. > 

Although maturetional and experiential differences 
exist between the swo groups of females they do not 
appear to be related so the observed differences in maternal _ 
behaviour. As a group, the feral-reared animals were- 
older at the time o these observations, had more preg- 
nancies, and, probally, had more experience with infants. 
However, four of tha seven laboratory-reared females had 
had earlier pregnanzies as well. One of the laboratory- 
reared females, 70, bad had a successful maternal inter- 
action following the earlier pregnancy, which terminated 
with vaginal delivery, but reacted inadequately on the 
second. Two at least of the feral-reared females were 
estimated to be as yaung as the average of the other group 
at the time of delivery, and their maternal behaviour in 
this experiment was satisfactory. Moreover, within 
each of the groups, the females responded sufficiently alike 
that neither experience nor age could be related to the 
individual behaviour for either the feral- or laboratory- 
reared animals. 

Presumably from “he earlier observations!, all the female 
monkeys of the present investigation, laboratory- and 
feral-reared alike, would have been capable of adequate 
maternal behaviours had the infant been born vaginally. 
However, the laboratory-reared, socially deprived females, 
which are not as intense in their maternal behaviour even 
under more optimal conditions', failed to respond appro- 
priately to their surgically delivered young. Reasonably, 
for the elicitation of adequate maternal behaviour im 
any adult female monkey a number of conditions must 
be met, collectively and in interaction, conditions which 
may be ontogenetic (‘there and then variables’) or con- 
temporary (‘here aad now variables’*), none of which, 
however, is either necessary or sufficient. Conditions 
which differed between this and the earlier investigation 
and which could explain the differences in the behaviour 
of the feral and leboratory-reared monkeys are: (1) @ 
fundamental difference in the endocrinal systems of the 
two groups of females as dependent on the rearing experi- 
ence; (2) the absenee of the endocrinal changes and the 
stimulus complex which attend natural parturition, m 
both groups; (3) the presence of an infant whose vocal 
responding is less than normal’ in both groups. Each of 
these, in conjunction with, but not independently of, the 
ontogenetic uniquexesses of the animals, could make the 
present observations understandable. The likelihood of 
the development and evocation of adequate maternal _ 
behaviours is over-determined such that only when several 
of these conditions are lacking, for example, established 
social behaviour, present appropriate endocrinal state 
and effective infantde stimulation, will effective maternal- 
infant relations not be established. 

I thank Miss Consuelo Garcia Rodriguez for her assist- 
ance and Dr. Ralpk J. Berger for his advice. 
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Effect of a Dissolved Electronegative Gas 
(Sulphur Hexafluoride) on the Breakdown 
Strength of Liquid Dielectrics 

Is a previous communication! we reported the effect of 
dissolved sulphur hexafluoride (SF,) on conduction cur- 
rents in transformer oil. The effect of this electronegative 
gas on pre-breakdown and breakdown phenomena is 
reported in the present communication. 

The test liquid used was B.30 transformer oil of Peruvian 
origin which was filtered through a No. 5 sintered glass 
filter and degassed to a pressure of 4 x 10- torr. Spheri- 
cal stainless steel electrodes (6 mm diameter), which had 
been mechanically polished, were used in all the experi- 
ments. 

During the experiments recorded here, luminescence 
was observed in the gap near the cathode. It was found 
that when an oil sample containing dissolved SF, was 
stress conditioned at 600 kV/cm it tock about 2 h before 
luminescence started to appear, during which time the 
conduction current increased by about two orders of 
magnitude. This observation is contrary to those reported 
by previous workers for fluorescence in degassed liquids 
or liquids containing gases other than SF, (refs. 2 and 3), 
when luminescence appeared once a sufficiently high 
electrical stress was applied without the need for a condi- 
tioning period. 

Photographs of pre-breakdown and breakdown pheno- 
mena, taken through an ultra-microscope, revealed some 
interesting observations. It was found that for oil 

Samples, containing dissolved SF,, complete breakdown of 
the liquid was invariably preceded by ‘initiating events’ 
at anode sites and breakdown sparks started at the anode 
and proceeded towards the cathode. So far as we are 
aware, this is the first time that breakdown in a liquid 
dielectric has been observed to proceed from the anode. 

- Breakdown measurements showed that the electrical 
strength of the oil was sensitive to the partial pressure of 
~ dissolved SF,. As an illustration, breakdown voltage- 

gap spacing characteristics for degassed transformer oil 
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and for oil containing SFe at an equilibrium pressure of 
1 torr, are shown in Fig. 1. Both samples were stress 
conditioned for 2 h before breakdown measurements were 
made and each value is the average of fourteen break- 
downs. It can be seen that the characteristics for the 
degassed liquid lie on a straight line passing through the 
origin, whereas the characteristic for oil containing 
dissolved SF, is a line which curves upwards for large gap 
spacings and has an apparent intercept with the voltage 
axis at zero gap. Such intercepts have been reported by 
previous workers for the case of oils containing oxygen or 
nitrogen in solution’. It should be emphasized, however, 
that the breakdown strength of an oil sample containing 
SF, was dependent on the previous history of the sample, 
that is, whether the sample was subjected to stress con- 
ditioning or not. Stress conditioning considerably reduced 
the breakdown strength. 

Thus the addition of SF, to transformer oil caused: 
(a) luminescence to occur only after the liquid had been 
stress conditioned; (b) an apparent intercept in the 
breakdown voltage-electrode gap characteristics corre- 
sponding to zero gap; (c) a lowering of the breakdown 
strength with stress conditioning. In addition it was 
found that breakdown was preceded by luminous events 
at the anode. 

We thank the directors of C. A. Parsons and Co., Ltd., 
for permission to publish this communication and Mr. 
G. H. Hickling and Mr. R. Lawrence for their help. 
Dr. M. E. Z. Eldine and Dr. A. A. Zaky were associated 
with the original concept and the design of the apparatus. 
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Neutron Groups from the Beryllium-9(<,n) 
Reaction and Levels in Carbon-13 | 


Since the beryllium-9(«,7) reaction has been widely used 
as a neutron source’ it is of interest to investigate its 
resonances. In addition these resonances can provide 
information on excited states in carbon-13. The reaction 
has been studied prior to 1964 by a number of authors?~* 
for «-energies extending to 8-4 MeV and more recently by 
Miller and Kavanagh’ for a-energies of 2-00—-11-80 MeV. 

By using pulse-shape discrimination’ to eliminate 
y-ray background and by distinguishing between the 
neutron groups to the ground and first excited states in 
carbon-12, it was possible to obtain more information 
about the energy-levels in the rango of excitation of 12—19 
MeV in the compound nucleus carbon-13. 

A beryllium target of approximate thickness 25 g/cm? 
was prepared by evaporation on to a tantalum backing. 
This target was bombarded with He*++ ions from the 
ANU 12-MeV tandem Van de Graaff accelerator. The 
neutrons were detected in an NH213 encapsulated liquid 
scintillator of diameter 5-1 em and length 7-6 em placed 
at 0° to the incoming bearn at a distance of approximately 



















em from the target. Neutron pulses were separated 
m y-ray pulses in a pulse-shape discrimination circuit 
uclear Enterprises, Ltd., model NH#5553). The linear 
utput pulse was fed into a RIDL pulse height analyser 
gated with the pulse-shape discrimination output of the 
unit. Neutron energies above approximately 4 MeV were 
detected. 
The entire energy range between 5 MeV and 12 MeV 
was covered at least twice in 50 keV steps and the region 
between 2 MeV and 5 MeV was covered also in 50 keV 
steps. Backgrounds taken on the reverse side of the 
target were found to be negligible. 
A computer programme, written for the IBM 1620 com- 
‘puter, was used to determine the neutron yields for the 
ground and first excited states in carbon-12 at each 
energy. This programme subtracted backgrounds, cor- 
rected for non-linearity in the N#H213_ scintillator, 
— moothed and integrated the spectra and fitted straight 
dines (by linear least squares analysis) to the integral 
speetra to determine the required neutron yields. The 
non-linearity in the scintillator was found to be well 
represented by: 






Pulse height proportional to (Ep + 0-17 Ep’) 


for neutron groups proceeding to the ground and first 
excited states in carbon-12. 

The excitation functions for the neutron groups leading 
to the ground and first excited states of carbon-12 are 
shown in Fig. 1. It is evident, as noted by Deshpande 
etal.’ (in the energy region 8-0-8:5 MeV), that these excita- 
tion functions are markedly different. 

The observed resonances in the neutron yield to the 
ground and first excited states of carbon-12 are listed here. 
The figures given are the a-energy in MeV (lab.), the 
excitation energy in carbon-13 in MeV (c.m.) and the 
approximate width in keV (e.m.) respectively for each 

ee — Brackets denote that the resonance is doubt- 

eee ead, — l 

-- Ground-state: 2-58, 12-44, 90; 4:18, 13-54, 570; 5-40, 

; 14°39, 280; 6-25, 14-94, 350; 7-10, 15-54, 220; 7-94, 16-15, 
` 210; 9-05, 16-92, 280; (9-60, 17-36, 240); 10-10, 17-64, 170; 
(10-60, 17°99, 40); 10-95, 18°23, 210 and 11-60, 18-68, 60. 
First. excited state: 4-00, 13-42, 60; 4-48, 13-75, 90; 5-02, 
14-12, 90; 5°75, 14-63, 210; 7-00, 15-54, 220; 7-75, 16-01, 
210; 9-70, 17-36, 240 and 11-60, 18-68, 60. The resonances 
_ at 418 MeV, 5-40 MeV, 7 ‘94 MeV and 11-60 MeV as well 
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as a doubtful rescnance at 10:60 MeV have not bee 
previously reportes. | 
Prior to 1964 Cae various neutron groups had bee 
resolved in only lizaited ranges of «-energy: 17-48 Me 
(ref. 3) and 8-0-8-5 MeV (ref. 5). The total neutron yie 
is very insensitive to the neutrons to the ground state 
of carbon-12 since-he yield to the first excited state may — 
be up to 10 times greater than the yield to the ground 
state. This is shown by the fact that all the resonances 
observed in the firs: excited state excitation function have — 
been observed previously with the exception of the 18-68- 
Me V level. 
Miller and Kavenagh’ used a solid-state detector to : 
observe the neutron yield leading to the ground state. 
carbon-12 for the energy range Ea = 2:00 MeV to Ea =- 
11-80 MeV. They covered the energy range in 50 keV 
steps and observed. resonances at «-energies of 6-20 MeV 
7-05 MeV, 9:10 MeV, 9-65 MeV, 10:15 MeV and 11-00- 
MeV. These resonences were also observed in this experi- 
mont. E 
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Rate of Growt? of Ice at an Aluminium- Water 
Interface 


As part of an investigation of the way in which water 
freezes on solid surfaces, we have measured the depend- 
ence on temperature of the velocity of a freezing front 
advancing across aa aluminium-water interface. We find © 
that at least two distinct modes of growth occur and that > 
the appearance of one or the other or both depends on 
the amount of super-cooling and on the manner of nuelea- 
tion. For one of these, the orientation of the c-axis iso __ 
nearly perpendicular to the interface and the structure ae 
is multiply branched (Fig. 1B). For the other, the c-axis oo 
makes a much smaller angle with the interface and the 
structure is that of tightly bound feathers (Fig. 1A). The 
branched structurs dominates at lower temperatures, =- 
choking off whatewer feathered structure may start. At - 2 
temperatures close to 0° C, the converse is true and the _ — 
growth becomes predominantly feathered. Fig. 1 is a 
photograph of a sample in which both types of growth 
were nucleated ata temperature. such that their growt 
rates were nearly qual. he: Cae er se 

Two different seas of experiments were performed 
the first, a shallow dish 2-5 in. x 5 in. was made by ceme 
ing ‘Lucite’ walls to an aluminium plate 0-25 in. thiek. * 
inside surface of te dish was burnished with fine eme 
paper using lengthwise strokes. The purpose of this treat- 
ment was to create a uniform surface which would reflect 
polarized light in a diffuse manner without significa: 
depolarization. A thermo-couple was mounted in a hole 
drilled up from the under side of the dish so that the 
temperature close to the freezing interface could be- 
measured. The dixa was filled with demineralized distilled - 
water to a depth f about 2 mm and placed on a cold. - 
plate located in & freezer so that the system would cool - 
uniformly from the bottom. In this way, the aluminiun- 
water interface was always colder than the air-water 
interface. The apparatus was illuminated with plar 
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C AXIS OF SEED 
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CENTIMETERS 


Fig. 1. Photograph of ice growing along an aluminium-water interface. 
Growth was nucleated by means of a single crystal oriented with its c-axis 
in the plane of the interface as shown. The resulting growth produced 
two fabrics; one with its c-axis making a low angle to the interface (A) 
and the other with its c-axis nearly perpendicular to the interface (B) 


polarized light directed at an angle of about 60° to the 
surface. A ‘Cine Kodak Special’, 16-mm motion picture 
camera equipped for rapid single framing was mounted 
directly above the dish and fitted with a polarizing filter 
aligned for extinction when there was no ice in the system. 

When the desired temperature was reached, the camera 
was started at a known framing rate and the system was 
nucleated by dipping a suitably oriented seed through 
the water to the interface. In our first experiments ‘a 
seed crystal oriented with c perpendicular to the inter- 
face was used to nucleate the c perpendicular growth and 
a seed with c parallel to the interface was used to initiate 
low-angle growth. However, it was soon found that 
when the seed with ¢ parallel was used some renucleation 
occurred almost immediately giving rise to the c perpen- 
dicular growth as well. In this way both kinds of growth 
were nucleated almost simultaneously in one experiment. 
In the measurements reported here, the c axis of the seed 
was always in the plane of the interface. Immediately 
on nucleation, a dendritic growth of ice spread out along 
the interface from the point of nucleation. Because the 
incident and reflected light travelled through the ice at 
different angles, some rotation of the plane of polarization 
occurred even for growth in which the optic axis was 
normal to the surface. Thus, ice films as thin as a few 
tens of microns could be seen and photographed. Multiple 
nucleation experiments were performed to show that the 
ico front did not extend appreciably beyond the point 
at which it became visible. Rate measurements were 
made by projecting the motion-picture film, frame by 
frame, and plotting distance versus time. When the 
temperature along the plate was constant, the resulting 
graph was a straight line the slope of which was the 
growth velocity. Results so obtained for growth perpen- 
dicular to ¢ are plotted as bars in Fig. 2. The length of 
the bar is an indication of the experimental error in 
temperature (+0-3° C). The error in rate varied from 
10 to 20 per cent depending on the particular experiment. 

As these experiments progressed, it became apparent 
that the region between zero and — 1° C was one of special 
interest because of the appearance of the second growth 
mode. In order to explore this region, better temperature 
stability and accuracy were required. Thus a new appar- 
atus was built. A new dish 7 in. wide and 11 in. long and 
0-5 in. deep was milled out of a l-in. thick aluminium 
plate. Provision was made for mounting thermo-couples 
in several places so that the temperature gradients within 
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and along the plate could be measured. Since at this time 
a high speed, automatic rewind, 35-mm still camera 
became available, we substituted it for the motion-picture 
camera. With this apparatus, interface temperatures 
could be measured to +0-1° C and growth rates to an 
accuracy of 5-]0 per cent depending on the experiment. 
Both modes of growth were measured, and the results 
are plotted in Fig. 2. For the mode with the c-axis nearly 
(+10°) perpendicular to the surface, the data are plotted 
as circles. For the other, the results are plotted as crosses. 
The c perpendicular data can be summarized by: 


v = (0-43 + 0-1) Atento for At > 08°C (1) 


where v is the growth velocity in cm/sec, At is the super- 
cooling in °C and ¢ is the temperature (°C). Within the 
limits of experimental error, this agrees with the results 
of the first experiment which was done using a different 
aluminium surface. Above about —1° C there seems to 
be a systematic departure from equation 1. Although 
this is in a region in which experimental errors are large, 
we believe that the departure is real. It should be noted 
that in this temperature region the c perpendicular growth 
structure becomes more open and rounded than that at 
lower temperatures. 

The results for the low-angle growth are so scattered 
that it seems there must be some parameter not considered 
in our experiments which is important in determining the 
growth rate. We suspect that the scatter indicates the 
existence of at least two low-angle modes and have indi- 
cated this by the dashed lines in Fig. 2. These low-angle 
structures grow along the interface at initial angles to 
the c-axis of the seed (Fig. 1) of 0, 30, 45, 60 and 90 degrees. 
It was first thought that the points of a given curve might 
correspond to specific angles of initial growth, but no 
such relation was found. Nevertheless, it does appear 
possible to associate the points belonging to a particular 
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Fig. 2. Growth velocity of ice on aluminium as a function of the tem- 

—— of the aluminium-water interface, The points with bars show 

he results derived from motion-picture data ol ed gener growth. 

The open circles and crosses give the results o from still: picture 

measurements of ¢ atta — and low-angle growth respec- 
vely 
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line with the appearance of the structure; the upper line 
resulting from & more curved and open structure than the 
lower. 

The low-angle mode, or modes, has a rate which exceeds 
that for the c perpendicular mode at small super-cooling 
but which rises more slowly as temperature falls. Thus, 
given an opportunity to occur, either by deliberate 
nucleation or accidental renucleation at a surface imper- 
fection, the low-angle growth dominates at high tempera- 
tures and the c perpendicular growth dominates at lower 
temperatures. ‘The cross-over occurs at about —1° C. 
Since the subsequent growth as the ice sheet thickens is 
conditioned by this initial growth, the final structure 
depends quite critically on the temperature at which 
growth first occurred. This fact may be a matter of some 
importance if it is true for solids generally. Thus, systems 
which were allowed to super-cool slightly before freezing 
would have quite different final fabrics from those which 
were frozen with some nuclei already present to prevent 
super-cooling. 

So far, we have been unable to measure accurately 
the orientation of the c-axis with respect to the interface 
as the growth progresses. However, in several cases we 
have remounted the sample on glass plates after growth 
was complete and measured the orientation of the more 
prominent grains. We find that the high-angle grains 
are mostly between 75 and 85 degrees to the interface and 
the low-angle grains between zero and 50 degrees to the 
plate. Because extensive recrystallization and grain 
growth take place as the sample thickens, and even after 
all the water is frozen, these measurements may not 
describe accurately the orientation of the initial growth. 

Equation (1) may be compared with a power law 
obtained from the measurements by Lindenmeyer et al.} 
of the growth velocity (orientation and structure not 
reported) on brass: 


v=0-18 Atè: emjsec for 3° C> Ai>1° C (2) 


Over this restricted temperature range, our velocities are 
50-100 per cent larger than theirs, a fact which seems to 
support their thesis that heat conduction in the substrate 
plays an important part in determining the growth 
velocity. 

P. R. Camp 

C. F. BARTER 
U.S. Army Cold Regions Research 

and Engineering Laboratory, 
Hanover, New Hampshire. 


! Lindenmeyer, 0. S., Orrok, G. T., Jackson, K. A., and Chalmers, B, J. 
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METEOROLOGY 


Effect of Solar Activity on Atmospheric 
Ozone 


THE ozone layer in the atmosphere constitutes a physical 
link of considerable importance between the upper 
atmosphere on one hand, and the lower atmosphere on 
the other. The former is known to respond directly to 
variations in the ultra-violet and corpuscular radiation 
from the Sun ag evidenced by ionospheric and geomagnetic 
variations. On the other hand, the response of terrestrial 
weather and climate to solar activity has not been estab- 
lished with any degree of certainty; indeed, many of the 
solar-weather relationships investigated from time to 
time have remained controversial. The possible effect 
of solar activity on the ozone layer itself is thus of con- 
siderable importance in the context of the general problem 
of solar-terrestrial relationships. Ever since systematic 
measurements of total ozone by the Dobson speciro- 
photometer commenced, numerous attempts have been 
made to seek a relation between long-period variations 
in total ozone and solar activity, but the results obtained 
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so far have been inconclusive. Among recent investiga- 
tions on this problem may be mentioned that of Willett, 
who after a study of world-wide ozone for a period of 
about 27 years came to the conclusion that there is a 
significant negative correlation between world-wide 
monthly average of total ozone and the monthly mean 
sunspot number. Mitchell? has, however, reviewed 
Willet’s statistical results and expressed doubts about the 
significance of the results. London and Haurwitz® have 
also re-examined Wellet’s data and method of analysis 
and have shown that the correlations have no significance. 
The behaviour of total ozone in response to geomagnetic 
activity at individual stations has been examined by 
Ahmed and Halim’, who did not find any significant 
correlation. Kulkarni’, however, after studying the 
meridional gradient cf total ozone during severe magnetic 
storms, has shown that in association with such 
storms the total ozore in high latitudes tends to decrease 
and that in middle letitudes it tends to increase. All this 
work refers to the total ozone. The relationship between 
solar activity and the fractional amount of ozone that is in 
photochemical equilibrium in the upper stratosphere 
appears not to have been examined. 

It is well known that ozone is in a state of photochemical 
equilibrium only at heights above 35 km. From computa- 
tions made with UN KEHR data it has been found that 
the amount of ozone above 35 km constitutes only 15-20 
per cent of the totel ozone in the case of the tropical 
stations and 10-15 per cent in the case of middle- and high- 
latitude stations. There are reasons to believe that this 
fraction of ozone might possibly respond directly to 
variations in solar activity. Most of the ozone below this 
level is protected from photo-chemical dissociation, and 
its vertical distribution is governed solely by transport 
processes involving vertical and horizontal movements in 
the middle and iower stratosphere. Since the variations 
in the larger portion of ozone in the middle and lower 
stratosphere brought about by advection and vertical 
motion are of a much higher order than the variations 
that could be causec_in the upper ozone layer, it is obvious 
that the total ozon» is not suitable for detecting solar- 
ozone relationships. In this report the preliminary results 
of a computation of the fractional ozone above 35 km at 
a tropical station during a five-year period covering high 
and low sunspot act-vity are presented. 

For the study of ozone above 36 km the UMKEHR 
data of Marcus Island (lat. 24° N., long. 154° E.), an 
ozone station in the Pacific Ocean, were used. From a 
limited number of stations for which UME EHR observa- 
tional data, were available, this low-latitude station was 
chosen because the variability of total ozone is smaller at 
low latitudes, and thus the reliability of the UMKEHR 
observations is greater than in the case of middle-latitude 
stations. Furthern-pre, the complicating influences like 
‘sudden stratospher:c warming’ of the type reported by 
Dutsch® are less effestive at low latitudes. The computa- 
tion of ozone above 36 km (fw 35 km) was made in the 
case of 104 sets of UMKEHR observations covering the 
period 1958-62 using the method ‘A’ of Walton’, one 
of the two standard methods recommended by the Inter- 
national Ozone Commission. This method was adopted 
in preference to the more elaborate method ‘B’ for two 
reasons. First, so Tar as the evaluation of ozone above 
36 km is concerned, the method ‘A’ was found to be more 
objective and hence-subject to less personal error than the 
method ‘B’. The superiority of the latter is that it is 
capable of giving a more accurate picture of ozone distribu- 
tion in the layers beow 30 km. The second consideration 
was the finding of Walton? that the two methods yield 
practically identical ozone distributions above 36 km. 
Computations were made by the graphical method and 
the total ozone above 36 km was determined with an 
accuracy of one Dobson unit in each case. For most of 
the 60 months comprising the five-year period, the mean 
monthly ozone above 36 Em was obtained on the basis of 
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during the period 1958-62 compared with solar activity 


Fig. 1. 


two UMKEHR observations during the month. In 
some events, however, only one observation was available. 
Fig. 1 shows all the individual monthly values for the five- 
year period. It is seen that an appreciable decrease in the 
ozone has taken place during the period 1959-62, roughly 
but not exactly coincident with the dechne in sunspot 
activity. The maximum ozone appears to have occurred 
in 1959 with a lag of about a year from the epoch of sun- 
spot maximum. During each of the years, the ozone 
value is seen to attain a peak during the winter or spring 
season (marked A, B, C, D in Fig. 1). To eliminate this 
annual effect, 12-monthly running means of ozone were 
obtained which have been plotted as a continuous line on 
a diagram. To compare the trend of ozone with solar 
activity, 12-monthly running means of Zurich sunspot 
numbers have also been plotted. Correlation co-efficients 
between the 49 values of 12-monthly running mean ozone 
and the 12-monthly mean sunspots for lags of 0, 6 and 
12 months are found to be 0-69. 0-70 and 0-82 respectively, 
all of them being statistically significant. In view of the 
short period for which data were available, too much 
importance should not perhaps be attached to the high 
correlation co-efficients; however, one could form the, 
reasonable conclusion that the upper part of the ozone 
layer does respond to solar activity, the ozone amount 
there tending to become higher during an epoch of high 
solar activity. 

The highest and lowest values of the smoothed ozone 
amount above 36 km are 55 and 35 Dobson units respec-* 
tively during the period studied. According to Paetzold 
and Regener? the photochemical equilibrium amount at 
any height is proportional to “Vits where å, is the 
absolute intensity of the solar ultra-violet radiation in the 
wave-length à < 2424 A and i, the absolute intensity for 
A < 11,340 A, the latter including the visible solar- 
spectrum also. Since the energy in the visible and near 
ultra-violet spectrum was not found to vary appreciably 
with solar activity, it may be assumed as a first approxima- 
tion that variations in V7,/i, take place mainly through 
changes in 7, only. With these maximum and minimum 
values of ozone above 36 km it can be shown that the 
intensity of ultra-violet radiation à < 2424 has decreased 
by a factor of 2-4 during the recent decline of the sunspot 
activity. This value may be compared with what is 
obtained in the case of ultra-violet radiation of still 
shorter wave-lengths from ionospheric date for the #-layer. 
The monthly mean value of critical frequency of the 
E-layer at Ahmedabad (lat. 23° N.) for the zenith Sun 
has decreased from 4-4 Me/s in 1958 to 3-6 Mc/s in 1962. 
Since, for the H-layer, the ionizing radiation flux can be 
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taken to be proportional to the fourth power of the critical 
frequency, the ratio of the flux may be calculated to be 
about 2°2, which is in reasonable agreement with that 
for the flux 4 < 2424 A in the upper ozone layer. 

A brief comment may be made on possible errors in 
the foregoing method of analysis. In the method ‘A’ the 
main source of error is in the assumption of a uniform 
concentration of ozone in the rather deep layer 24-36 km, 
which holds the greater part of ozone. The actual vertical 
distribution at Marcus Island as determined by the method 
‘BP’ shows a rather sharp peak between 24 and 30 km, 
in all seasons. The day-to-day, month-to-month and 
year-to-year changes in total ozone are small and the 
profile of vertical distribution does not undergo appre- 
ciable change from season to season. Hence the errors 
tend to be more or less constant and the relative values of 
ozone above 36 km during the extended period are not 
likely to be vitiated much. In the calculations only the 
relative intensities of the ultra-violet radiation scattered 
from zenith sky for solar zenith angles 60°, 80° and 86-5° 
are used and hence secular changes occurring in the 
instrumental constants are not likely to cause fortuitous 
errors as when total ozone is measured. - 

S. RanGARAJAN 

Meteorological Office, 

Poona 5, India. 
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OCEANOGRAPHY 


Preservation of Some Marine Current-bedding 


IN the open shelf seas of north-west Europe there are 
largo areas where the sand floor has been wrought into 
ridges lying approximately normal to the paths of the 
strongest tidal currents!. In the southern part of the North 
Sea, for example, these sand waves are on average about 
300 yards apart and about 15 ft. high, though very variable 
in dimensions. The asymmetry of their cross-sectional 
profile suggests that they are moved forward by removal 
of material from the gentle slope for deposition on the 
steeper lee slope. Thus, it is fair to assume that current- 
bedding is being made in the open sea just as it can be 
observed, to be made in the shallow waters of an estuary 
or in & flume. 

The abundance of sand waves, towards the end of a 
transport path, on certain existing sea floors and of 
current-bedded marine sands of the geological past has 
been taken to suggest a genetic relationship for some of the 
latter. The examination of such current-bedded rocks 
has led to the formulation of one mechanism of preserva- 
tion?, which has been the subject of some dispute®->. The 
theory is that each sheet of current-bedding represents 
the basal part of a separate sand wave, so that a train of 
sand, waves builds up a vertical succession of sheets. Thus, 
it can be concluded that although the sheets lie one on 
another the bounding surfaces are not time planes but 
young in the direction of sediment transport. 

A study of existing sand waves suggests that a different 
mechanism for preservation of current-bedding is operative 
for open reaches of the North Sea. This new mechanism 
depends only on observed variations in current strength 
and is inferred to give rise to current-bedding which 
youngs in normal upward sequence. Here, the region 
of rapid transport of sand (indicated by the presence of 
sand waves) has a sharp boundary with the region of 
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relatively slow transport of sand (indicated by an almost 
flat sand floor). However, this boundary is not static but 
moves in response to variations in current strength. 
During spring tides, for example, sand waves are generated 
for about ten miles beyond their neap-tide limit and they 
have been observed to occur as much as 20 miles beyond 
that limit when aided by (presumed) storm conditions. 

During the following period of neap tides the recently 
formed sand waves are no longer the stable bed-form and 
so become progressively smoothed off, rather as can be 
observed for small crests where exposed in an estuary". 
The destruction here or in the open sea is not complete, 
because of the lesser competence of the neap tidal currents, 
and only leads to smoothing of the crests and filling of the 
troughs with (presumed) flat or ripple-bedded deposits. 
During the following spring tides more sediment will be 
brought into the area, and sand waves will again be 
generated, but unless these tidal currents are more 
competent than those of the previous period of spring 
tides they will be unable to rework the whole of the earlier 
deposits. Accordingly, in a region of rapid deposition, 
it might be supposed that each period of spring tides 
would be represented by a sheet of current-bedding and 
each period of neap tides would be indicated by an 
erosion surface with some remnants of flat-bedded deposits. 

In practice it seems likely that the record will be far less 
complete because the dimensions of the sand waves, the 
depth of trough-cutting during spring tides and the degree 
of smoothing during neap tides vary both geographically 
and in time. The result of this process will be a three- 
dimensional complex of current-bedded lenses with 
occasional intercalations of flat or ripple-bedded sands, 
younging in upward sequence. It seems likely that the 
longest dimension. of the lenses will extend along the strike 
of the current-bedding (since the length of sand-wave 
crests appear to be more than five times greater than their 
wave-length), and that their thickness will be much 
less than 13 ft., the maximum observed height in this 
zone. However, it is possible that current-bedding result- 
ing from extreme water movements may be recognizable 
as a single event. It would occur further along a transport 
path than the complex of current-bedded lenses described 
above and would be preserved between. flat-bedded sands 
of the same grade. 

I thank the members of the staff of the Lowestoft 
Fisheries Laboratory and the Hydrographer of the Navy 
for taking echo-sounding records for my use, and Dr. M. A. 
Johnson and Mr. R. H. Belderson for their help. 
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GEOPHYSICS 


Hydromagnetic Instabilities caused by a 
Gyrating Proton Stream 


EXTENSIVE literature published in recent years concerns 
the generation of very-low-frequency hydromagnetic 
waves in the Sun—Harth environment. These waves often 
appear at the Earth’s surface as regular pulsations in the 
continuous record of the terrestrial magnetic field varna- 
tions. The period of these pulsations may extend from a 
fraction of a second to several minutes!. 

According to Ginzburg*, these naturally occurring 
hydromagnetic waves can be radiated by gyrating protons 
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trapped in Van Alien belts. In seeking to understand 
more fully the mechartsm of the generation of these waves 
by particles spiralling-eround the magnetic field lines, two 
problems are natural:y suggested. One involves the 
‘single particle effect’ snd the other the ‘collective (many 
particle) effect’, Ginz>urg’s investigation was concerned 
with the single particls effect, that is, with the radiation 
produced by a single proton moving along & helical 


trajectory coaxial wiih the lines of the magnetic field 


while no account was taken of the collective interaction 
in a stream of such prstons, called a “helical stream’. 

This investigation is concerned with the ‘collective 
effect’. It is assumed that the generation of hydromagnetic 
waves results from an instability which occurs when a 
helical proton stream in a Van Allen belt interacts with 
the surrounding exospheric plasma. We have recently 
discussed’ the generetion of hydrodynamic waves by 
gyrating electrons (now protons). 

There is a significent difference in the spectrum of 
radiated hydromagnetic waves in the case of a single 
particle compared wita the case of a stream of particles. 
A. single gyrating prozon radiates discrete frequencies in 
the surrounding plasma, whereas the spectrum which is 
excited m the plasme by a helical proton stream com- 
prises waves the freqnencies of which are continuously 
distributed along the frequency axis. A classification 
recently introduced‘ cistinguishes between two types of 
hydromagnetic instablities produced in a plasma by 
a helical proton stream: a ‘P-instability’ and a ‘B- 
instability’. 

In a P-instability the growing hydromagnetic P-wave 
has a frequency which differs very little from the fre- 
quency of a wave radiated by a single gyrating particle. 
In a B-instability the hydromagnetic B-wave does not 
have this property. Zhe frequencies of the B-waves are 
continuously distributed in a relatively wide frequency 
range in the neighbourhood of a P-instability and repre- 
sent a continuation of the P-instability along the fre- 
quency axis‘. 

Let Bye and Bie represent, respectively, the velocity 
components of gyrating protons in the direction parallel 
and perpendicular to zhe Earth’s magnetic field Bẹ. It is 
assumed thats, the zabio of the stream density to the 
density of the surrounding exospheric plasma, is very 
small compared to one, and the stream plasma interaction 
ig examined for instabilities which result in growing 
hydromagnetic waves aligned along the direction of the 
Earth’s magnetic fielc. 

Using simplifying assumptions applicable to hydro- 
magnetic waves, one tan modify the dispersion equation 
of the plasma stream system as formulated by Zhelez- 
niakov® and represent it as follows: 


— Ort 
o — ckBy + a(i — pet T 
Bi(ck* — o?) 
Io cii + a(t PNF] = 0 


where w is the frequency and k is the wave number of a 
hydromagnetic wave aligned in the direction of B,; 
x = Mi/M, (M; 1s tre mass of an ion in the stationary 
plasma and Mp is the mass of the protons in the beam); 
Qu is the ion gyrofrequency; B = (BP + B92; A = 
c(4rn M)? ; : Í ; . 
— and n is the density of ions in the stationary 
plasma. 

Solving the dispersion equations by means of a method 
previously used‘, it can be shown that the hydromagnetic 
P-instabilities occur at two discrete frequencies, w’ and 
wo”, These are the frequencies of two hydromagnetic 
waves which can be propagated through the stationary 
plasma in the absenc2 of the beam and at the same time 
are in resonance with the Doppler-shifted gyrofrequencies 
of protons in the be=m. One has: 


Ata? — oth? — oad2Q') 
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In most practical situations, one has A®) > 1 and 
consequently o’ > 0 and w” < 0. A negative frequency 
indicates a wave in which the sense of rotation of the 
electric vector is such as to assist the natural gyrations 
of plasma ions, while a positive frequency indicates a 
wave in which the sense of rotation is such as to assist 
the gyrations of plasma electrons. 

The rates of growth |im3’| and |im8”| for the two 
waves having frequencies w’ and œ”, respectively, can be 
expressed as: 
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In contrast to the P-waves occurring at discrete fre- 
quencies w’ and w”, the hydromagnetic B-waves have 
frequencies w which are continuously distributed in two 
frequency ranges. One of these is 0 < œ < w’ and repre- 
sents a continuation of the P-instability at o’ into the 
region œw < w’. The other frequency range is o” < w < 0 
and represents a continuation of the P-mstability at œw” 
into the region jw|< [@’|. Assuming that wo <aQi 
(1 — 8%)1/2, the rate of growth of excited hydromagnetic B 
waves becomes: 


Ars O78 (1 — 82)8/2 jua 
DL A%a® — (L — pey]! 
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The foregoing expressions for frequencies and growth 
rates are subject to certain restrictions imposed on the 
quantity c. When the beam is very tenuous, that is, when 
c is very small, the hydromagnetic B-instability is ‘weak’, 
that is, it has a relatively small rate of growth, whereas 
the hydromagnetic P-instability is ‘strong’, that is, the 
corresponding rate of growth is relatively large. The 
contrast between the weak B-instability and the strong 
P-instability decreases for increasing beam intensity, and 
for less tenuous beams the situation is reversed, that is, 
the P-instability is weak, whereas the B-instability is 
strong. Applying numerical analysis to the dispersion 
equation for the plasma stream system, it has been shown 
that for less tenuous beams, that is, for increasing o which 
is still subject to the inequality o < 1, the rate of growth 
of an excited hydromagnetic B-wave increases with the 
decrease of |w]. Thus the hydromagnetic B-waves may 
be particularly significant for extremely low frequencies in 
the neighbourhood of |w] ~ 0, since in such case one deals 
with magnetic field pulsations of a very long period. 
These pulsations represent the dominant instability since 
their rate of growth exceeds in magnitude the rate of 
growth of B-waves of relatively higher frequencies and 
the rate of growth of P-waves. 

This work was sponsored by the U.S. Atomic Energy 
Commission under contract with the Union Carbide 
Corporation. 
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Sampling Polar Ice for Radiocarbon Dating 


GLACIOLOGISTS have long recognized the need for a 
method of age-dating ice samples to help them in their 
investigations of ice-flow phenomena and tho genesis of ice 
sheets. The necessity of an accurate method of age-dating 
has become particularly urgent for use in the analysis of 
ice cores’ now available as the result of the recent develop- 
ment by the U.S. Army Cold Regions Research and 
Engineering Laboratory of techniques of deep ice core- 
drilling?. 

Investigations have been carried out on the use of the 
radiocarbon dating technique in ice samples from a 
Norwegian temperate glacier? and later on polar iceberg 
samples that had spalled off the great ice discharge 
cliffs that reach the sea along the coast of West Green- 
landt. Unfortunately, the amount of ice necessary to 
obtain enough carbon (contained in the carbon dioxide 
component of the occluded atmospheric air trapped 
when firn is naturally compacted into glacier ice) was 
6-16 metric tons, which at that time made the application 
of the carbon dating technique to detailed glaciological 
problems impracticable; this was particularly so in the 
case of the deep-ice cores 7-5-12-5 cm diameter. 

During the past few years highly sensitive low-level 
counting devices have been developed at the University 
of Berne’. These instruments enable measurements to be 
made of carbon samples as small as 30 mg, or approxim- 
ately the amount expected to be contained in about 1 
ton of polar ice. The availability of such instruments 
made it feasible once again to attempt to use the radio- 
carbon technique for dating small ice samples and possibly 
to apply it to deep-ice cores. 

To test this possibility, the U.S. Army Cold Regions 
Research and Engineering Laboratory, the University of 
Berne and the Swiss Glacier Commission undertook a 
joint research project, during March—April 1964, in the 
Tuto Ice Tunnel, North Greenland (near latitude 76° N., 
longitude 68° W.). The ice tunnel was originally oxcavated 
for research and military engineering purposes in 19585, 
and runs horizontally approximately 350 m into a marginal 
lobe of the polar ice sheet. The mean annual air tempora- 
ture in the tunnel is about —10° C and never naturally | 
rises above the melting point. 

The main object of our research was to develop the 
methods and techniques of sampling, handling and proces- 
sing unaltered glacier ice and to extract the carbon dioxide 
component of the occluded atmospheric gases. Duplicate 
ice samples were processed by two completely different 
methods for the purpose of cross-checking the results and 
evaluating the efficiencies of the various techniques, 
procedures and extraction methods used. 

In one procedure, the extraction technique was similar 
to that used by Scholander et al.4, but with two major 
differences; our large vacuum-melt vessel had a volume 
of about 1,000 1., which allowed us to process 850-kg 
samples, and electric heaters were used to melt the 
ice samples. After melting, the sample was boiled 
under vacuum and the expelled gases were first pumped 
through sulphuric acid for drying and then through 
sodium hydroxide free of carbon dioxide with barium 
chloride to precipitate the carbon dioxide as barium 
carbonate and sodium carbonate. With the second 
procedure, a new method was developed and applied. In 
this procedure the ice sample was melted in a 150-1. 
vacuum-melt vessel by infra-red irradiation. To avoid 
solution of the carbon dioxide in the melt water 
the gases were continuously pumped through molecular 
sieve type 3 A to retain the water vapour and molecular 
sieve type 4 A to capture the carbon dicxide. Six to 
ten such runs with this system provided a sample of about 
100 cm? of carbon dioxide. 


4 
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Table 1. —— RESULTS OF TETEN OE PROPERTIES OF THE 


OLAR IGE USED FOR CARBON DATING 
Distance Air content Bubble pres- Ice density 
Sample from (range) sures (range) — 
location entrance(m) (em?jkg) (kg/cm?) (g/cm$ 
1 200 19-21 28-30 0-91138-0 9114 
2 300 22-40 3°04] 0 9065-0-9111 


At each sample location four individual one-ton samples were processed for 
radiocarbon dating. 


A total of 10 separate samples for carbon dating 
were processed in the ice tunnel: 4 at each of 2 sites 
approximately 200 m and approximately 300 m from the 
tunnel entrance, and 2 from the present air existing in the 
tunnel. 

An integrated investigation is being conducted on some 
of the other properties of the melt water from the samples 
collected for carbon dating and on other ice samples from 
along the entire 350 m length of the tunnel. These investi- 
gations include: the volume of air and the pressures con- 
tained in the air bubbles, the total gas composition of the 
occluded air and the variation in its carbon dioxide con- 
tent, the ice-crystal sizes and crystal orientation, the 
determination of the deuterium and tritium content, the 
soluble ionic chemistry of the melt water sample, ice 
density and its variation, and the cosmic and terrestrial 
dust content of these samples. 

Some preliminary results of studies on the physical 
properties of the ice samples collected for carbon dating 
(Table 1), indicate that the glacier ice exposed along the 
tunnel walls contains an average air content of 34 cm3/kg 
ice with variations, depending on the quantity of bubbles 
present, ranging from 4 cem? to about 50 cm! air/kg ice. 
To enhance the carbon content of our samples we selected 
the more bubbly ice horizons where the air content varied. 
between 30 and 45 cm/kg. Measurements of ice density 
varied between 0-9065 g/cm? and 0:9114 g/cm ® and gas 
pressures in the entrapped bubbles ranged from 2-8 to 
4-1 kgjem?, with no apparent systematic trends, but, 
interestingly enough, approximately reflecting the 30-m 
thick load of the overlying ice. Ice crystal sizes, in cross- 
sectional area, as viewed in two dimensions, average about 
5:8 mm? at the 200 m location and 10-3 mm? at the 300m 
location. Crystal orientation measurements show strong 
alignment of the c axes perpendicular to apparent shear 
planes visible along portions of the tunnel wall and indi- 


“cate that the ice has been subjected to strong deforma- 


tional forces. 

Field data also indicate that the carbon dioxide content 
of the extracted gas is about 1-3 per cent by volume, or 
nearly two orders of magnitude higher than the present 
atmospheric content. Therefore, 1 ton of average ice 
should contain 50-150 mg of elemental carbon. 

Table 2 shows the laboratory results of a soluble chemis- 
try analysis done on samples from the two carbon dating 
locations. Column ‘a’ gives the average results of the 
melt water analysis from the actual carbon-dating sample. 
after filtering to remove the suspended solids. Column 
‘b gives the average results from unfiltered samples taken 
adjacent to those samples removed for carbon-14 measure- 
ments. Thetotalsolublesalts measured aresomewhat higher 
than the inland Greenland deep core samples from site 2, 


` but considerably lower than the salts contained in ordin- 


5 


ary drinking water from Hanover, New Hampshire. 
Filtering the total solids from the entire samples used for 
earbon dating through a membrane shows that the total 
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amount of debris incluced in the ice ranges between 0-44 
mg and 0-62 mg/l. melt water. 
This work was supported in part by a National Science 
Foundation grant. 
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Binary System: KAISi;O.-BaAhSinO, 


During the investigation of the physical and optical 
properties of natural members of the potassium—barium 
feldspar series, researck on the binary system was under- 
taken to supplement deta available from the rare natural 
materials. To this end, charges for end-membors were 
prepared using K,CO,. BaCO,, pure aluminium powder 
(kindly supplied by the British Aluminium Co.) and 
ethylorthosilicate; details of the method of preparation 
will be published elsewhere. 

Both orthoclase and celsian (monoclinic) were synthe- 
sized at 500°C and 700° C under 2,000 atm. pressure 
under hydrothermal conditions. The cell-dimensions of 
the synthetic end-members together with those of a natural 
celsian are given in Tale 1. 


Table 1 
Ortheclase synthesized by 


Roy 
(run No. 350) 


a= 8:808 +0002 A 
b= 1302540001 A 
ex 14 36240-00383 A 
Ba 116 09°+0-01° 
V = 1,446-2 £3 


RLonoclinic ceisian 
Natural (No. 331038) Synthetic (run No. 335) 
celsian = 97 0 per cent (mo I.) at 700° C, under 2 kbar 


a= 8-632+0 006 A a= 8-642 +0 002 Å 

b= 13-045 0 003 Å b= 13 050 +0002 A 

c= 14:416 +0010 A c= 14:409 +0 004 A 

B= 115 09° +0 07° p= 115°13°+ 0 02° 

V= 1,470-2 4? V= 1,471-2 4° 

The intermediate members of the orthoclase—celsian 

series were also synthesized. Their cell-dimensions and 
densities were calculated and plotted against composition 
and it was found that the series shows complete solid- - 
solution at 500° C and 700° C under 2,000 atm. pressure. 
For natural members pf the series, which is incomplete 
in the range 65-80 mol. per cent celsian, there is a marked 
discontinuity in the determined density curve in this 


Donnay and Donney? 


e= $617+0-003 A 
b= 13-030 +0 005 A 
e= 14:352 +0008 Å 
B= 116-08°+0 01° 
Y= 1,447 4 į? 


Table 2. AVERAGE RESULTS OF CHEMICAL ANALYSES OF TUTO TUNNEL SAMPLES OF POLAR IOE USED FOR CACBON DATING (a) AND ADJACENT TO THEM (b). 
Site 2 and tap water from Hanover, New Hampshire, analyses are given for comparative purposes 





Sample location 





Tuto tunnel No. 1 
Tuto tunnel No 2 


Site 2, Greenland? (300 m deep-ice cores) 
rdinary tap water from Hanover, N H. 


(mg/l.) 
gtt 


8-020 


3 015 





0 10 20 30 40 50 60 70 80 


90 100 
Or Mol. per cent celsian Cn 


Fig. 1. Variation diagram of dias (A) against composition m mol. per cent 

celan: (1) @—@ natural specimens; (ii) O members syn- 

thesized af 700°C, under 2,000 atm pressure for 7 days; Gh) A---— A, 

members synthesized at 500° C, under 2,000 atm. pressure for 7 days. 
Point shown on ordinate (W) 1s after Donnay and Donnay’ 


— — ⸗— 


range and a change in optic orientation (Roy, in the 
press). The variation diagram for d-spacings of the most 
suitable reflexion (132) (the reflexion 1s indexed on the 
basis of the 14 A c-axis cell) against composition also 
shows a break for natural specimens (Fig. 1 (i) ); the data 
used in Fig. 1 (1) are those of Gay?, who, unaware of the dis- 
continuities in other physical properties, drew a smooth 
variation curve in this region. It seems that this may be 
related to the structural change in the series which is 
indicated by the doubled c-axis dimension for pure 
celsian?:*, This was indicated by the presence of ‘b-type’ 
maxima, both on electron diffraction patterns and on the 
c-axis oscillation photographs (X-ray beam parallel to 
a-axis) of natural specimens the compositions of which 
are higher than 80 mol. per cent celsian. The determina- 
tion of the exact composition at which this structural 
change occurs in natural specimens was not possible, due 
to the lack of material available within this region of 
composition, as has already been noted. From electron 
diffraction patterns of the synthetic members of the solid- 
solution series, it is found that ‘b-type’ maxima are not 
present for a celsian-content of 65 mol. per cent. They 
appear when the composition is equal to, or higher than, 
70 mol. per cent celsian. In the plots of dıs: against 
composition of the members of the series synthesized at 
700° C and 500° Ç, there is no obvious discontinwty 
(Figs. 1 (ii) and 1 (iii), respectively). 

I thank Dr. P. Gay and Dr. J. D. C. McConnell for their 
help, and Dr. C. H. Kelsey for helping in the computer 
programming. Thanks are also due to the Commonwealth 
Commission for financial support. 
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3 Gay, P , Acta Cryst , 9, 474 (1956). 
t Newnham, R. E, and Megaw, H. D.. Acta Cryst., 13, 303 (1960). 


we CRYSTALLOGRAPHY 


Structure Data for some Arsenic- and 
Germanium-rich Compounds of Molybdenum 
THE following four compounds of molybdenum have 

been prepared and examined by X-ray diffraction tech- 
niques; MoAs,, Moy.,As,, MoGe, and MoGe,.;,. Single 
crystal techniques have been used to determine the 


NATURE 


May l, 1965 VOL. 206 


space-group symmetries. For all but MoGe,., the struc- 
tures have been refined by the least-squares method from 
single-crystal intensities recorded in a Weissenberg camera 
using molybdenum Kea radiation. The unit cell dimensions 
were evaluated from measurements of powder patterns 
recorded in a Guinier-Higg focusing camera using 
chromium Kea radiation. Sihcon (a, = 5-43054 A) was in- 
corporated in the powder specimens as an internal cali- 
brant. Details of the crystal structures are given below. 


MOoASy, a ae C2; NbAs,-type structure; M = 4. Cell dimensions 
R 


@ = 9067 + 2,5, = 3 300 + 1, co = T718 + 2,8 = 119 835 + 3° 

Atomic positions, parameters and temperature factors B in A? 
x y z 

Mo in4(c) 0845242 05 0 2982 + 3 


0-3 
Asr in4(c) 00977+3 04956+ 28 0393843 0-4 
Asnin4(c) 01440+3 00226+29 00812+3 03 


Mo, ,A8,° Orthorhombic P n n m; defect C 18 (marcasite}-type; 
Cell dimensions in A 

Qg = 5 299 + 2, bo = 5 983 + 2, Êg = 2-885 ae 

Atomic positions, parameters and temperature factors B 

0:4 Moin 2 (a) 0 0 0 05 

Asin 4 (g) 01762 + 8 03625 + 3 0 0-3 

Orthorhombic P n C 23 (PbCI,)-type; 

Cell dimensions in A i 

da = 6343 + 2,5, = 3451 + 1, & = 8 582 + 2 


B 
13 
1+2 
5+ 3 


= 2, 


— 
pB 
* ooo Be 


MoGe, m a&i; 


< 
l 


£ y Z B 
Mo in4(c) 0 2498 + 8 0 25 01716 +2 0:50 + 2 
Ger in 4 (c) 0 8650 + 3 0°25 0 0407 + 3 0-63 + 2 
Genin 4 (ce) 09869 + 4 0 25 0:6319 + 3 0°74 +3 


The compound MoGe,., has a tetragonal crystal struc- 
ture with the space group [4,22 and cell dimensions: 


ay = 5:994 + 4, co = 43-995 + 8A 


The space group and approximate cell dimensions were 
established from the direct representation of the reciprocal 
lattice planes (A0) and (All) recorded on a precession 
camera using copper Ka radiation. This procedure was 
necessary because of ambiguity in indexing Weissenberg 
patterns, even those obtained with copper K radiation, 
arising from the combination of a relatively large c 
dimension and many non-systematic extinctions. Rota- 
tion patterns obtained with the crystal mounted in the 
[001] direction show that layer lines with = 9n are much 
stronger than the remainder. This observation is taken 
to indicate the presence of a structural sub-cell with the „= 
dimensions: 

Ay) = 5'994, cı = 4-888 A 


MoAs, belongs to a newly discovered class of compounds 
formed between transition metals and elements of group 
V (refs. 1-3); isostructural phases include VP, (ref. 4), 
VAs, (ref. 4), NbP, (ref. 6), NbAs, (refs. 1 and 3), NbSb, 
(refs. 2 and 3), TaP, (ref. 4), TaAs, (ref. 1), a-WP, (ref. 4) 
and WaAs, (ref. 4). The compound MoGe, belongs to a 
class formed between transition metals and elements of 
groups V and VI; isostructural phases include TiP, 
(ref. 4), ZrP, (ref. 4), ZrAs, (ref. 5), HfP, (ref. 4), HfAs, 
(ref. 6), ThS, (ref. 7), ThSe, (ref. 8) and orth. US, (ref. 7). 
Of these compounds only NbAs, (ref. 3), NbSb, (ref. 3) and 
ZrAs, (ref. 5) have hitherto received detailed investiga- 
tion by single crystal methods. In the remaining instances 
work has been restricted to powder examinations and: 
precise atomic parameters have not been obtained. 

Note added in proof: Recent examination of the Mo-Sb 
system indicates that only one intermediate phase is 
formed. This is the compound Mo,Sb, which crystallizes 
with the D8f (Ir,Ge,)-type structure, space group 1m3m. 
The cubic cell dimension and unrefined atomic parameters 
are as follows: 

d = 9-5688 + 0-0001 A 
Mo in 12(e), « = 0-338 
Sb, in 12(d), 

Sb,,in 16(f), em 0-163 


Of the three Mo—Sn phases prepared so far, the most 
tin-rich phase has an estimated composition of MoSn,., 
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and crystallizes with hexagonal symmetry, space group 
P6,22 or P6,22. The measured cell dimensions are: 
a,= 5491+ 1A,¢6,= 14171 + 3A 
ALLAN Brown 
Institute of Chemistry, 
University of Uppsala, 
Sweden. 
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CHEMISTRY 


Electron Spin Resonance Signals of 
Tetrazolium Compounds 


TETRAZOLIUM compounds have been of mterest for a 
number of years both from a purely chemical and from 
a biological point of view. The stereochemistry! and 
chemical properties of tetrazolium and tetrazoluum-like 
compounds have been the subject of many papers’. 
These compounds have found widespread applications in 
the staining of vital tassues*, kinetic studies of enzymatic 
reactions, radiation detection systems®, and as radiation 
protective compounds‘. Thus, it was felt that attention 
might be called to the following observations on the 
electron spin resonance (ESR) spectra obtained from 
commercially available tetrazohum compounds and 
laboratory synthesized compounds. 

When, during the progress of an experiment, the ESR 
spectra of solid 2,3,5-triphenyl formazan was run, an 
unexpectedly strong signal was observed (Fig. 1). This 
strong resonance could not be readily explained from the 
structural formula of the 2,3,5-triphenyl formazan 
involved which does not suggest the presence of an 
unpaired electron. 


H 


NN — 


gL — 
an 
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The g value for this signal was determined to be 2-0037 
by measuring both the frequency and the magnetic field 
during the scan. When a benzene solution 
of the formazan was examined, a strong, 
nine-peaked resonance was found (Fig. 2) 
which had an apparent g value of 2-0039, 
which was determined in the same manner 
as the solid. Therefore, it was decided to 
investigate the ESR spectra of common 
tetrazolium compounds and determine the 
origin and generality of the phenomenon. 
A number of different types of tetra- 
zolium salts and formazans were secured 
from commercial sources. These com- 
pounds of standard laboratory quality 
were studied both as the solid and as 
benzene solutions where applicable. In 
each case, the spectra were determined at 
room temperature using 5 mm sample 
tubes and a Varian electron resonance 
spectrometer Model ‘4500-10A’ (100 ke/s 
modulation) equipped with a dual sample 
cavity and recorded as the first derivative. 
Diphenylpicrylhydrazyl in the second 
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cavity served as a standard. With a few exceptions a strong 
resonance was observed although not necessarily that 
characteristic of an unpaired electron. 

The 2,3,5-triphenylformazan was investigated further 
as being the simplest representative of this class of 
compounds. Chromatographic and micro-melting-point 
data from the normal commercial varieties were suggestive 
of the presence of an impurity. A small amount of a 
light-coloured material was isolated from a benzene- 
cyclohexane solution. A benzene solution of this substance 
gave the signal which nad been observed in the original 
formazan, yet the substance was clearly not formazan. 

In order to test the aypothesis that the observed ESR 
signal was due to an -mpurity, formazan was prepared 
by four different methods from pure, ESR unpaired 
electron signal free 2,2,5-triphenyl tetrazolium chloride: 
(1) alkaline ascorbic acid reduction5; (2) alkaline stannous 
chloride reduction; (€) photo-reduction by ultra-violet 
light®; and (4) alkaline glucose reduction’. Despite the 
varying vigour and nature of reduction, the resulting 
formazans in benzene solution had the same nine-peak 
resonance found in ths commercial product. Repeatep 
crystallizations of the f>rmazans produced by methods (1) 
and (2), and of the commercial variety, yielded crystalline 
products which did not have an ESR signal (‘Tables 1, 2). 
The spectrophotometris molar extinction coefficients of 
the recrystallized material agreed with the literature values 
while the commercial material gave low results. Elemental 
analysis of the recryszallized material agreed with the 
calculated values (Calc: C = 76-0 per cent, H = 5-4 per 
cent, N = 18-6 per cert, found: C = 75-9 per cent, H = 
5-3 per cent, N = 18-7 ser cent), but the usual commercial 
material did not (found: C = 76-5 per cent, H = 5-4 per 
cent, N = 17-6 per cert). Similarly the melting-point of 
the recrystallized material was 174:5° C, but the commer- 
cial material (standard to ‘purified’) was 1°-15° C 
lower. Thus, the resonance observed clearly arises from 
an impurity probably formed during reductive preparation 
of the formazan. 

The unpaired electron, free radical, nature of the 
impurity was tested ky its reaction in benzene solution 
with N-n-decylmercap-o ethyl amine (decyl MEA). This 
is a free-radical scavenger similar to MEA but with more 
favourable solvent characteristics. On the addition of 
decyl MEA, the nine-peaked spectra diminished in 
proportion to the amount added. The disappearance rate 
of the signal was relatively slow. This result and the g 
value of 2:0039 leave little doubt that the signal is due 
to an unpaired ‘free radical’ electron. 

To investigate the possibility that the resonance 
observed might be thet of the reported 2,3,5-diphenylene 
5-phenyl tetrazolium radical, 2,3-diphenylene 5-tetra- 
zolium chloride was prepared by the method of Jerche! 
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Fig. 1. First derivative spectra of con-mercial solid 2,3,5-tripheny] formazan 
Fig. 2. Firat derivative spectra of a — solution of commercial 2,3,5-tripheny! 
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Table 1. ESR SPEOTRA oF SOLID TETRAZOLIUM COMPOUNDS 
Compounds 


1 2,3,5-triphenyl tetrazol- No 
ium chloride (commercial) 

2 “Practical” -tri- 
phenyl tetrazollum 
chioride 

3 2,3,5-triphenyl formazan 
(commerclal—purified) 


Comments 


signal characteristic of an unpalred 

kloon. background oniy 

Strong signal, symmetrical, — about 2, 
free radical type 


Strong signal, asymmetrical, 2 shoulders on 
each side, complex spectra, g value about 


4 2,3,5-tripheny!l formazan 


Strong signal~as above, g value 2 0037 (see 
(commercial) Fı 16 1) 


5 No, 4 recrystallized No signal 

6 2,3,5-triphenyl formazan Signal # similar to No 4 
syn-ascorbic acid method 

7 No. 6 recrystallized No signa 


8 2,3,5-triphenyl formazan, 
syn-SnCi, method, un- 
recrystallized 

9 2,3,5-triphenyl formazan, 
syn-alkaline glucose 


method 

10 Neotetrazolium chloride 

11 Neotetrazolium formazan 

ormazan’”’ 

12 Tetrazolium violet 

13 Tetrazolium violet 
formazan 

14 Tetrazolium blue 

15 Nitroblue tetrazolium 


16 P-:0donitro tetrazolium 
violet 


Stroud 8 — broad non-free radical type, 
possible free radical signal buried in 
broad signal 

Weak signal, resembhing No. 4, but more 
complex, g value about 2 


Strong signal, asymmetrical, shoulder ons 
side, free radical type, g value about 2 

Strong signal, free radical type, g value 
about 2 

Weak signal, g value about 2 

Strong signal, asymmetrical, one shoulder, 
g value about 2 

Strong signal, asymmetrical, complex, g 
value about 2 

Strong signal, asymmetrical, 
value about 3 

Wide signal, non-free radical type 


complex, g 


Table 2, ESR SPECTRA OF FORMAZANS IN BENZENE 


Concen- 
tration 
(g/16 ml.) 


1 2,3,6-triphenyl formazan — 
(commercial—purified) 


Compound Comments 


Strong nine peak signal, apparent 
g value about 2 


2 2,8,6-triphenyl formazan 00345 Strong nine peak si apparent 

(commercial) A ees 2:0039, 8 a 1 (see 
‘ig 

3 2,3,6-triphenyl formazan 00024 Strong, similar to No. 2 
syn-ascorbic acid method 

4 No. 8 recrystallized 0:0338 No signal detected 

5 2,3,5-triphenyl formazan 00940 Strong signal similar to No. 2 

6 No. 5 recrystallized 0-0322 Slight evidence of signal 


7 2,3,5-triphenyl formazan — 


Strong signal similar to No, 2 
syn-photoreduction method 


8 2,3,5-t phenyl formazan 10:0377 Weak nine peak signal resemb- 
syn-alkaline glucose ling No, 2 


meth 


and Fischer®, and the radical was synthesized from this 
salt by the method of Kuhn and Jerchel*®. The ESR spectra, 
of the olive-green radical in both chloroform and carbon 
tetrachloride solutions yielded typical free-radical curves 
which, however, did not resemble the nine-peaked forma- 
zan signal. 

The signals observed from the commercial formazans 
are probably due to impurities formed during their 
synthesis, particularly if reductive methods are used. The 
fact that the 2,3,5-triphenyl formazans prepared from 
signal-free tetrazolium salt showed the same type of 
spectra regardless of the reduction method used implies 
that there is a secondary pathway resulting in the free 
radical substance or a further reduction of the formazan 
resulting in the impurity. The formation of this material 
may have important implications in tetrazolium applica- 
tions. For example, is the substance formed during the 
reduction of the tetrazolium salts used in following enzym- 
atic reactions and, if so, does the presence of the unpaired 
electron material influence the progress of that reaction ? 
Likewise, when tetrazolium salts are used as radioprotec- 
tive drugs, does the possible formation of the free radical 
influence the radioprotective action? Apart from these 
implications, in any experiment where purity is critical, 
the purest available tetrazolium compounds should be 
secured and both the molar extinction coefficient and the 
ESR spectra should be studied. When the reduction of 
the tetrazolium salt is part of the chemical mechanism 
of the reaction, the possibility and consequences of the 
formation of this unpaired electron material should not 
be overlooked in evaluating the results. 

I thank Dr. Te Tse Chang and Richard Forman for 
assistance in obtaining g values, Dr. Harold M. Swartz 
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for making the ESR measurements and Dr. A. T. Krebs 
for advice. 


Rosertr T. Lorsere 


Walter Reed Army Institute of Research, 
Walter Reed Army Medical Center, 
Washington 12, D.C. 
? Hausser, I, Jerchel, D., and Kuhn, R., Ber., 82, 545 (1949). 
*Nineham, A. W , Chem. Rev., 55, 355 (1955). 
3 Engster, J., Radiol. Clan , 22, 130 (1953). 


t Puckett, N., Bellick, S., and Krebs, A. T., Army Med. Res. Leb., Fort Knox, 
p. No. 72 (March, 1952), 


* Kuhn, R., and Wertz, H. M., Ber., 86, 1199 (1953). 
* Hausser, [., Jerchel, D., and Kuhn, R., Ber., 81, 195 (1949), 


7 Cheronis, N. D , and Stein, H , Proc. Second Int. Microchemical Congress, 
Mikrochimica Acta, 142 (1956). 


s Jerchel, D., and Fischer, H., Ann., 590, 216 (1954). 
? Kuhn, R , and Jerchel, D., Ann., 578, 1 (1952). 


Electrical Discharge Mechanisms. 
and Isoprene-d, 


Tse mechanistic pathways of reactions in an electrical 
discharge are of interest because of their relevance, on 
one hand, to reactions in primordial atmospheres! and, 
on the other, to mass spectrometric electron impact 
mechanisms*-*, Although simple mixtures containing 
methane have been studied, relatively little is known 
about the mechanisms of electrical discharge reactions of 
other organic molecules’-1. We have chosen to make a 
detailed examination of the products and mechanisms of 
the reactions of isoprene in an electrical discharge, because 
isoprene is & relatively simple molecule which contains 
loosely bound x-electrons and should be capable of forming 
interesting higher molecular weight products, and also 
because of the wide occurrence of isoprenoid units in 
compounds of biological importance. 

Reactions were carried out in an H-shaped tube by 
passing isoprene vapour (under vacuum) at a pressure of 
about 0-4 mm over mercury pool electrodes at about 
10,000 V a.c. potential. The exit vapours were immediately 
trapped at liquid nitrogen temperature so that fewer 
products of secondary reactions would be formed. Essen- 
tially the same products were formed with tungsten wire 
electrodes (although in lower yields), indicating that the 
mereury vapour was not responsible for the reaction. 

Under these conditions isoprene (1) reacts to give about 
8 per cent conversion to distillable products, about 10-25 
per cent polymer, and the remainder unreacted isoprene. 
About 20 products were obtained, in relative yields that 
were very reproducible from run to run, according to 
high-resolution gas chromatography. Nine of the products 
have been isolated by very careful preparative gas chroma- 
tography. Mass spectra of these nine compounds showed 
that they have the following molecular formulae: 


isoprene 


three C,H, isomers 
CH0 
sio 
three C,H; isomers (not isoprene) 
C;Hs 


. The most abundant of these products is a compound 
(C,H,.) shown to be 2-methyl-2-pentene (I1) by comparison 
with an authentic sample, giving retention times on gas 
chromatography, mass spectra at three different ionizing 
voltages, and nuclear magnetic resonance spectra which 
were identical within experimental reproducibility. We 
also examined isoprene-1,1,4,4-d, (IIT) to learn more about 
the reaction mechanisms. The mass spectra of the nine 
products were obtained, and it was found thet variable 
numbers of deuterium atoms were incorporated, suggesting 
fairly extensive scrambling of H and D. Compound II, for 
example, contained molecules with 4—8 deuterium atoms, 
corresponding to the addition of the elements of CH., 
CH,;D, CH,D,, CHD; or CD, to isoprene- -das 


di 
? 
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Five additional low-molecular-weight products were 
tentatively identified by taking a low-voltage mass spec- 
trum of the vapours of the most volatile components of the 
crude product mixture: methane, acetylene, ethylene, 
propyne and propene. Small amounts of ©, products, 
which have not yet been completely resolved by gas 
chromatography, are also formed??. 

The mass spectra of a number of the other eight C; and 
Cs components agree reasonably well with published mass 
spectra, but we do not feel justified in speculating about 
their structure until the relatively large quantities needed 
for nuclear magnetic resonance spectra have been col- 
lected. The polymer is not of great interest, for it is formed 
on the walls by a presumably heterogencous mechanism. 

It is only recently that analysis of complex produci 
mixtures has been feasible!-?°:!1, using gas chromatography. 
Our experiments differ from those involving continuous 
reaction of simple compounds as a means of studying 
formation of complex structures under primordial con- 
ditions'~* in that we plan, by using a flow system and 
condensing the effluent with liquid nitrogen, to find out 
what products are formed initially and to study the 
reaction mechanisms in more detail. 

This work was supported by grant GM-10693 from the 
U.S. Public Health Service. 
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Chemical Effects of Nuclear Recoil following 
(n,y) Reactions in Bromates 


THe chemical distribution of radioactive recoil atoms 
arising from nuclear reactions in solid state is the con- 
sequence of a series of complicated processes and depends 
on many factors such as the nature of nuclear reaction, 
the chemical environment of the recoiling atom and the 
conditions of experiment. Investigation of the effects of 
these factors on the chemical fate of recoil atoms is re- 
quired to clarify the mechanism of the whole recoil process. 
The present communication describes the recoil effects of 
?Br(n,y)*"Br and *4Br(n,y)**Br reactions in a variety of 
bromates. The isotope effect reported by Jach and 
Harbottle for alkali bromates' was also found for bromates 
of other metals. The retention of radioactive bromine 
atoms as bromate was found to be affected by the basicity 
of the cation. 

Bromates shown in Table 1 were subjected to neutron 
irradiation in a pneumatic tube of the JRR~-1 reactor for 
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§ min. The irradiatec salts were stored at dry-ice tem- 
perature until dissolution to prevent annealing reactions. 
The salts were dissolved in water containing a small 
amount of potassium kromide. Each solution was passed 
through a column of cation exchanger to eliminate radio- 
active cations. Bromine species of lower oxidation states 
were separated by the procedure of precipitating bromide 
as silver bromide. Completeness of separation and absence 
of isotope exchange reactions were checked with Br as 
tracer. The radioactivity of 8°mBr in the aliquots taken 
from the solutions becore and after the separation was 
measured by means of a Geiger—Miiller counter. The 
B-ray from Br was absorbed with an aluminium foil. 
The radioactivity of “Br was measured with a sodium 
iodide scintillation counter, after ®™Br had decayed out. 

The results of the sverage of five determinations for 
each salt are shown in Table 1. 


Table 1 THE RETENTION OF RADIOBROMINE AFTER (2, y) REACTIONS IN 
BROMATES 
“mBr (%) “Br (%) 
NaBrO, 128403 14:2 £03 
KBrO, 128 +02 146 02 
Neg(BrO3)¢6H2O0 145 + 0-3 18-4 + O-4 
Ba(BrO;), H,O 117403 124402 
Al(BrO,)s3'0H,O 27°0 + 0-3 31-5 + 1-3 
T1BrO, 89402 72 + 0-1 
Co(BrO,),6H,O 152 + 0:3 18-2 + O02 
Ni(BrO;),:6H,0 14:8 + 0°3 19°0 + 0°3 
Cu(BrO,), 60H30 17-4404 222 £03 
Cu(BrO.)4°2H,0 140403 159 + O04 
Zn(BrOs,), 6H;0 148404 208404 


In any bromate investigated, except for thallous salt, 
the retention of **Br was higher than that of ®mBr. 
Jach and Harbottle showed that in alkali bromates a 
difference in retention between both isotopes appeared 
when the irradiated salts were subjected to thermal 
treatment!. It was ncr possible to decide whether or not 
the difference in retextion observed in the investigation 
reported here was caused by thermal annealing, since the 
irradiation was carriecLout at pile temperature. The higher 
retention for the bromates of metals of lower basicity may 
suggest participation of the cations in recoil reactions. 
Anomalous behaviour of thallous salt might be related 
to the oxidation-redaction reaction between thallous 
and thallic ions. 
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Why is the P=O;* Ion the Predominant 
lonic Species cf Phosphorothioic Acid that 
reacts with Alkylhalogenides ? 


In a series of earlier papers (summarized in ref. 1) it was 
shown. that phosphorothioic acid reacts with a number of 
alkylhalogenides (substituted and unsubstituted) and 
with certain cyclic compounds, such as ethylene oxide’, 
with the formation of acids of the general formula 
RSPO,H.. The sulphur atom was shown to be the sole 
reactive site of phosprorothioic acid in this type of reac- 
tions. 

A closer examination of the mechanism revealed that 
of the various existing ionic species of phosphorothioic 
acid the triply charged anion, PSO,°-, was the predominant 
reactive one*. This was found to be true whether the 
phosphorothioate ion reacted with charged or with 
uncharged compounds. When cations, such as: 
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CH, R, CH, R, 
t 
XS 30 
oH’ Na, CH, R, TPBO; 
(5) 


io) 8 & © 
R,R,HNCH,CH,Br = f,R,HNCH,CH, + Br 
~+ R,R,NCHCH,SPO,?© 


(where R, and R, 1s H or alkyl) react, it is obvious that an 
increased negative charge on the phosphorothioate ion 
should increase the reaction rate. However, -the fact that 
uncharged molecules, like ethylene oxide, react exclusively 
with the triply charged anion would indicate that coulom- 
bie forces alone do not give a satisfactory explanation. 

Obviously the HPSO,*- ion and the PS0,- ion can 
exist in several forms, for example: 


O OH OH 
@ © $ fe) $ Ə 
O—P—SH = O—P=S < 0—P—S 


be l 


(IT) (III) 


8 gə 
| Mi 
©0—P—00 60 


be l 


(IV) (V) 


Of the protomeric and mesomeric forms of the HPSO,?- 
and the PSO,'- ions shown above, II and IV containing 
doubly bonded sulphur would be expected to be the least 
reactive with alkylhalogenides and with ethylene oxide. 
The fact that the HPSO,?- 10n reacts extremely slowly 
in this type of reaction suggests that in aqueous solution 
this ion is predommantly present as the unreactive form 
IT, while in the reactive PS0,- ion the contribution of 
the mesomeric form (V) is the most important. 

Recent investigations by Steger and Martin?* on the 
configuration of the various ionic species of phosphoro- 
thioic acid in solid hydrated form leave little doubt 
. that the above assumptions are correct. Infra-red and 
Rama spectra confirm forms (II) and (V), respectively. 

Due to the greater electronegativity of oxygen com- 
pared with sulphur the double bond should mainly exist 
between phosphorus and oxygen in the PSO,?- ion. The 
probable explanation for the predominant existence of 
form (II) of the HPSO,*- ion is that the three oxygen 
atoms are equal in respect to proton bonding, thus leaving 
the double bond in this ion mainly between phosphorus 
and sulphur. 
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Structure of the Viscous Phase of Liquid 
Sulphur 


A FEW years ago McLaughlin presented arguments 
against the polymerization theory of liquid sulphur!. No 
further arguments against the theory have so far been 
offered by other investigators. On the contrary, an in- 
creasing number of experiments have contributed to the 
general acceptance of the theory. An examination of the 
objections raised by McLaughlin therefore seems to us of 
enough interest to present our counter-arguments. 
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Roughly speaking, the polymerization theory states 
that from about 160° C upwards the eight-atomic sulphur 
rings break open and combine to form very long chain- 
like polymers. When a small amount of iodine is added to 
the sulphur the iodine will react with the free valencies at 
the ends of the chains and so the chemical activity of the 
chain ends is neutralized. This hinders polymerization and 
so reduces the chain-length, so that if the amount of iodine 
is increased the viscosity of the polymeric sulphur 
decreases. 

From this picture McLaughlin concluded that the 
decrease in viscosity would depend on whether iodine was 
added at the measuring temperature or before heating up 
to that temperature. In the former case the long polymers 
would have been formed already, and McLaughlin ex- 
pected that the 1odine would no longer have any influence 
on the chain-length or the viscosity. The results proved 
not to be in accordance with this conclusion, and he 
therefore rejected the starting point of his reasoning, the 
polymerization theory. 

In our opinion, McLaughlin’s arguments do not hold in 
that at high temperatures the polymeric molecules and 
the rings in liquid sulphur must not be seen as definite 
and inactive molecules but as the results of an equilibrium 
maimtained by continual reactions. It will, therefore, 
always be possible for the added iodine to take part in 
these chemical reactions. 

The best evidence for the persistence of reactions at 
higher temperatures lies in the work of Gardner and 
Fraenkel’, who even calculated the rate of one of the 
chemical reactions involved from the line-widths of their 
electron spin resonance measurements. 

J. A. Pours 
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Di-imide and the Chemiluminescence of 
Luminol 


THe light emitted when luminol reacts with hydrogen 
peroxide is usually? supposed to come from excited luminol 
molecules formed by the decomposition of a luminol 
peroxide?, However, Albrecht? has proposed that luminol 
molecules are excited by di-imide, N,H, formed during 
the oxidation of luminol by hydrogen peroxide. 


NH. 0 


NH 


NH 


0 


Luminol 


Di-imide was formerly postulated only as a reactive 
intermediate, but it has recently been isolated as a solid 
at low temperatures! and detected in gases by mass 
spectrometry®. A growing body of evidence indicates that 
it is the reducing agent in solutions containing either 
hydroxylamine - O - sulphonic acid®, or hydrazine’ or 
p-toluens-sulphonyl hydrazine, which are used to 
hydrogenate unsaturated compounds. 


We find that luminol in aqueous solutions of these. 


reagents emits light even in the absence of hydrogen 
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peroxide, providing the solutions are alkaline and all the 
reactants are in the concentration range 10-104 M. The 
rate of formation of di-imide in these solutions is reported 
to increase on warming®-§, So also does the brightness of 
the light from luminol dissolved in them. The luminescence 
is comparable with that obtained from luminol in solutions 
of either hydrogen peroxide or of potassium ferricyanide, 
but it is less than that emitted when both these substances 
are present. The light-emitting solutions contained dis- 
solved air. When it was removed by a stream of hydrogen, 
the chemiluminescence was reduced in each case. It has 
been reported? that the yield of di-imide from hydrazine is 
less if oxygen is excluded. 

These observations are as expected if Albrecht’s 
mechanism? is correct, and they show that the formation 
of a peroxide is not essential. 
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Peroxidic Polymer from the Auto-oxidation 
of Tetrafluoroethylene 


THe oxidation under mild conditions of unsaturated 
compounds presents many unknown aspects, particularly 
with respect to the reaction mechanism. The primary 
products of these oxidations have been recently investi- 
gated, and this has brought about a convenient classifica- 
tion of olefines into two main types: those containing 
unreactive double-bonds and active allylic hydrogens give 
allylic hydroperoxides!?; while olefines with activated 
double bonds give polyperoxides together with some 
epoxides and carbonyl compounds? . 

Auto-oxidation of highly halogenated olefines, such as 
trichloroethylene and _ tetrachloroethylene*, has been 
shown to give chloro-acetyl chlorides, phosgene, and 
olefine oxide, the last-mentioned being easily isomerized 
to the acid chloride. 

Similar products have been found in the oxidation of 
monochlorotrifluoroethylene®:*, but besides them a liquid 
peroxide was also observed, which was supposed to have a 
cyclic structure®. 

An explosive polyperoxide has been obtained on oxida- 
tion of vinylidene chloride”. 
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In a more. recent -eport® the oxidation of tetrafluoro- 
ethylene by oxygen, induced by ionizing radiations, has 
been described. The products were reported to be COF, 
tetrafluoroethylene oxide, and a liquid-polymer, supposed 
to have a structure which is not in agreement with our 
results, 

Reactions between C.F, and molecular oxygen have 
been studied in ths laboratory with the purpose of 
explaining the formetion of explosive products occasion- 
ally observed during the distillation of C,F,. (While 
our work waa in progress, some chemical and mechanical 
properties of a copolymer C,F,—O,, which agree with our 
results, were describe by Pajaczkowski and Spoor*®.) We 
have found that a mixture of tetrafluoroethylene and 
oxygen, kept at temperatures ranging between — 80° C 
and + 20° C, and under pressure, reacts in an approxim- 
ately 1:1 molecular ratio to give a rubber-like polymer 
together with minor amounts of volatile products, mainly 
tetrafluoroethylene oxide, COF., and perfluorocyclo- 
propane. A very lorg induction period is often observed 
for this reaction, wnich is, however, very fast in the 
presence of even traces of ozone. For example, when the 
oxygen contains les: than 10-2 g of O, per N litre, no 
induction period is apparently observed at — 40° C. 

The polymer sho-vs explosive properties and much 
caution. has to be ex=rcised in isolating ıt. It can safely 
be handled when. either swollen or dissolved in perfluorin- 
ated solvents. Its Infra-red spectrum is represented in 
Fig. 1. 

The polymer reaczs readily with a solution of 57 per 
cent aqueous hydrogen iodide in glacial acetic acid at 
room temperature tc give iodine and oxalic acid in the 
molar ratio 1:1, together with varying quantities of CO, 
and HF. The amourts of oxalic acid, iodine and the part 
of HF associated wita them (2 equivalents per equivalent 
of oxalic acid) correspond only to a fraction of the polymer 
that varies randomly between 30 and 75 per cent. The 
remaining part is msinly decomposed to CO, and HF. 

In spite of these irreproducible results obtained by_ 
reduction, the fluonne-19 nuclear magnetic resonance 
spectra of the polymer dissolved in hexafluorobenzene 
always show a single strong band at +14°6 p.p.m. 
(CF,—COOH as internal standard). This band, repre- 
senting more than & per cent of the resonating nuclei, 
indicates that the mein part of the polymer is structurally 
homogeneous. On the ground of both the chemical and 
nuclear magnetic resonance evidence, the structure is 
deduced to be: 


(C7,—CF,—O---O Jn- 


The reduction of polyperoxides by iodide is known to 
lead to erratic results!®. Thus the chemical results 
obtained by reduction of our polymer are not unexpected. 

The peroxide structure (CF,—CF,—O—O), attributed® 
by Caglioti et al. to their liquid polymer shows the main 
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fluorine-19 nuclear magnetic resonance band at — 23-3 
p-p.m. This is not in accordance with our findings. 

We thank Mr. A. Bergomi and Mr. G. Camaggi for 
carrying out part of this work. 

Note added in proof: Since this report was submitted 
for publication a number of papers have been published 
on the subject matter!!-, 
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BIOCHEMISTRY 


Enzyme Kinetics, Half-life, and Immunological 
Properties of lodine-I3]-labelled Transaminases 
in Pig Blood 


DISAPPEARANCE rates of enzymes after injection into 
experimental animals have so far only been measured by 
sequential determination of serum enzyme activity. The 
very short half-life of the enzymes after their entrance 

“into the blood, in comparison with ordinary plasma 
proteins, has lent support to the assumption that enzymes 
might undergo some inactivation process during their 
presence in the bloodstream. Schapira et al.1, however, 
failed to see any inactivation of aldolase in the blood using 
an iodine-131 technique. 

The disappearance rates of the clinically important 
enzymes glutamate-oxalacetate (GOT) and glutamate- 
pyruvate transaminase (GPT) were determined after 
labelling with iodine-131. Enzyme activity, radioactivity, 
immune inhibition of enzyme activity with specific anti- 
body, and in some specimens the Michaelis constants of 
these enzymes were measured simultaneously. Antibodies 
were obtained from rabbits by immunization with highly 
purified enzymes from pig heart (purchased from Bio- 
chemica Boehringer Mannheim, Germany). The rabbit 
antiserum reduced immediately the catalytic 
activity of the enzymes*-*. For the immune inhibi- 
tion test 36 mu (u = international unit®) GOT, 
contained in pig serum, were mixed with 0-03 ml. 
rabbit antiserum, and 36 mu GPT with 0:06 ml. 
rabbit serum against GPT. 

The percentage immune inhibition of the enzyme 
activity was determined after incubation for 30 


min. The iodine-131 labelling technique was car-  __ 10* 10° 
ried out according to Wormall et al.*. The iodine- | Bx 10" | 
131-labelled GOT was freed from unbound iodine- J 
131 by column chromatography on DEAE-‘Sepha- z 2 10° 2x10" 
dex’; iodine-131 GPT was dialysed for three days = IPH 10 
against 0-1 M phosphate buffer pH 7-5. The loss - 8 ra 
of enzyme activity after iodination amounted to E z 
15-20 per cent in the case of GOT, and to 98 per 8 E 


cent for GPT under the conditions of the experi- - 
ment. The labelled enzymes, however, had the 
same electrophoretic mobilities as the unlabelled 
enzymes. 
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Table 1 
Percentage Percentage 
Time of speci- of tota of total — 
men — after radioactivity m enzyme activity 
injection (h) supernatant in supernatant 
GOT experiment 7 8-5 0-3 
(Tig. 1) 57 5-0 8 
GPT experiment g*° 66 08 
(Fig. 2) 2239 41 0-4 
» » 34" 36 07 
s s 425 38 283 
és n 71° 25 05 
z K 103% 11 2-7 
119% 12 7 


33 ži 


The isolated iodine-131 GOT was concentrated down to 
l-2 mg protein and mixed with 8 mg of the native 
enzyme (specific activity 180,000 mu GOT/mg protein) 
and injected parenterally into a young pig weighing 
about 10 kg. The results presented in Fig. 1 demon- 
strate the exponential decrease of enzyme activity in 
the serum with time. Fig. 2 ulustrates the same course 
after subcutaneous injection of a mixture of 4 mg iodine- 
131 GPT and 6 mg of the native enzyme (specific activity 
18,000 mu/mg protein). Table 1 shows the percentage 
enzyme activity and radioactivity in the supernatants 
after precipitation of the pig serum with ammonium 
sulphate (1 ml. serum plus 2-33 ml. 100 per cent saturated 
ammonium sulphate). Nearly 95 per cent of the radio- 
activity was bound to serum protein. Several sera were 
separated electrophoretically and examined autoradio- 
graphically. The mobility of the radioactive serum zone 
corresponded to the bands obtained with iodine-131- 
labelled GOT and GPT. 

These results demonstrate that enzyme activity and 
radioactivity disappear at approximately the same 
rate after their appearance in the bloodstream. From 
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Fig. 1. Disappearance rate of GOT. Ordinate, enzyme activity in muv/ 
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the results of three experiments in three pigs the half-life 
of GOT determined by measuring enzyme activity (after 
deduction of serum enzyme activity before the injecticn) 
was 18 h, while radioactivity measurements gave a result 
of 16 h. For GPT the results were 51 h and 57 h respec- 
tively. Fleisher et al.” found approximately the same half- 
lives in dogs using determination of enzyme activity only. 
The percentage immune inhibition of enzyme activity of 
both GOT and GPT was also unaltered during the course 
of experiment (Figs. 1 and 2). 

We have determined the Michaelis constants of pig 
GOT 10-5 and 30 h, and of pig GPT 7, 30 and 78 h, after 
the intravenous injection in pig serum according to Line- 
weaver-Burk. Km values for GPT (0-1 M, and 10 mM 
using «-ketoglutaric acid and L-aspartate) were unchanged. 
Km values for GPT (0:09 mM, and 17-5 mM using «- 
ketoglutaric acid and L-alanine) were also identical during 
the time of the experiment. 

These experiments have shown that these clinically 
important enzymes do not undergo measurable inactiva- 
tion while present in the bloodstream. The immunological 
characteristics and the kinetic properties of these enzymes 
also remained unaltered under the experimental condi- 
tions. 

, SADEGH MASSARRAT 

Medizinische Univ.-Poliklinik, 

Marburg/Lahn, 
Germany. 
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Metabolism of Oestrogenic Isoflavones in 
Sheep 


BiocHaNINn A (I), genistein (II) and formononetin (IT) 
have been shown to act as oestrogens in mice, rats and 
guinea-pigs, and are considered to be responsible for the 
depression of fertility noted in sheep grazing subterranean 
clover?. An examination has now been made of the urinary 
metabolites produced when these isoflavones are adminis- 
tered to sheep. Nilsson? reported that biochanin A, 
injected intraperitoneally into rats, was largely excreted 
in the faeces as biochanin A and genistein or their con- 
jugates. In our experiments with sheep, only trace amounts 
of free or conjugated isoflavones were found in the faeces. 
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Biochanin A and genistein, given intraruminally to 
ovariectomized ewes, were extensively degraded and 
p-ethyl phenol was isolated as the major metabolite. 
Both p-ethyl phenol and the small amounts of undegraded 
biochanin A and genistein were excreted in conjugate 
form, and were extracted after acid hydrolysis of the 
urine. In untreated ewes and in ewes treated with 
formononetin, p-ethyl phenol was only a minor component 
of the urine phenols (< 5 per cent), which consisted mainly 
of p-cresol (up to 65 per cent of the total phenols). The 
amount of p-ethyl phenol in the urines was roughly pro- 
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portional to the dos= of biochanin A or genistein, and at 
high dose levels (5 g cer day for 4 days) the yield of p-ethy] 
phenol amounted to 60-65 per cent of the total phenols, 
and was equivalent to 60-80 per cent of the ingested 
isoflavone. Urine fram animals given intraruminal doses 
of biochanin A (5 g per day) yielded more biochanin A 
(about 130 mg/day) aan genistein (trace only), suggesting 
that demethylation is necessary before metabolism to 
p-ethyl phenol occuzs. Biochanin A or genistein given 
intramuscularly (0-25 g/day for 4 days) did not increase 
the p-ethyl phenol cantent of the urine. 

Formononetin gtven intraruminally did not alter 
significantly the composition of the simple urine phenols; 
the metabolites identified were daidzein (IV) and the iso- 
flavan, equol (V), wth a little unchanged formononetin. 
The mode of adminstration is important, for formono- 
netin injected intrarcuscularly appeared to be largely ex- 
creted unchanged. However, the proportion excreted is not 
known. with certainty because of incomplete absorption 
of formononetin into the bloodstream: as much as 80 
per cent of the injected formononetin was recovered by 
extracting the tissue surrounding the injection sites. It 
has been claimed® taat genistein is partially converted 
into equol in hens, bat this apparently does not apply to 
sheep. In our exper-ments equol could not be detected 
in the urine of sheep ziven genistein or biochanin A either 
intraruminally or intramuscularly. 

Nilsson’® has demonstrated that the major reaction 
occurring in rumen Lquor incubations of biochanin A and 
formononetin is demethylation to genistein and daidzem 
respectively. We have obtained similar results and have 
found no evidence oF more extensive degradation of iso- 
flavones in rumen liquor in vitro. 

The oestrogenic aczivity of the phenols recovered from 
sheep urine after intcaruminal or intramuscular adminis- 
tration of isoflavones-was determined by bioassay in mice. 
The activity was low, and of the order expected from the 
known amounts of isoflavones present. It has been sug- 
gested that the isoflavones are pro-oestrogens®, but if in 
fact they are converisd into more active oestrogens in the 
animal these are eitiaer not excreted or are decomposed 
during the acid hyd-olysis of the urine. These findings 
are being checked with isoflavones labelled with carbon-14, 
and a more detailed_sccount of this work will be published 


later. T. J. BarreRHAM 
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Distribution of Selenium in Tissues of Normal 
and “ystrophic Chickens 


In our earlier work on dystrophic chickens we 
determined the selenium content of fresh eggs from 
normal and dystrofhic birds'. We found about 11 ug 
of selenium per egg-end no difference between the normal 
and dystrophic stata. 

We then proceeced to investigate whether all the 
selenium in the egz is incorporated into the embryo 
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during the 3 weeks of incubation, or whether some of the 
selenium is lost in a volatile form. Its distribution in the 
different tissues was studied at three stages of develop- 
ment: at birth, at 3 months, and at 10 months. 

A few hours after hatching, and without any food, the 
animals were decapitated, and the blood was collected 
directly into centrifuge tubes containing a small amount 
of heparin; plasma and cells were separated. Fresh tissue 
samples of the muscle of the leg and breast, gizzard, heart, 
spleen, liver and kidney were immediately removed. 
Eight complete chickens were homogenized in a special 
blender with water to a total volume of 1 1. Aliquots of 
all samples, including eggs, were freeze-dried, and 
ae was determined by the method of Taussky 
et al.2:3, 
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The results of our investigations are seen in Fig. 1. 
In the upper left-hand corner is shown an egg containing 
on the average about 11 ug of selemum, and below it a 
chicken at birth, still containing the same amount of 
selenium; therefore, nothing was lost during the 3-week 
incubation period. The open columns represent the 
arithmetic mean of micrograms of selenium per gram of 
fresh tissue at birth, and the adjoining columns that at 
3 and 10 months, respectively. 

Though the absolute value of selenium in the different 
tissues increases with age and the influence of food, the 
pattern of distribution 1s already well-established at birth. 
The fact that-selenium is not distributed evenly through- 
out all the tissues may point to a specific function of 
selenium in some tissues more than in others. 

The investigations did not show a difference between 
normal and dystrophic chickens. 

Work is now in progress on the distribution of exogenous 
selenium compounds injected into the yolk and the 
albumen of fertile eggs before incubation. 

This work was supported in part by a grant from 
Muscular Dystrophy Associations of America, Inc. 
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Distribution of selenium ın tissues of normal and dystrophic male and female 
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New Method for the Determination of the 
Activity of Viscosity-reducing Enzymes 


THE quantitative estimation of enzymes which are 
capable of reducing the viscosity of substrate solutions, 
by the taking of flow-time readings after a fixed and often 
considerable incubation period, can give rise to errors, as 
was pointed out by Dixon and Webb!. The method to 
be described, first developed in connexion with a study 
of mannanase activity using salepmannan as substrate’, 
determines the initial velocity of reaction from observa- 
tions which can be completed within 10 min. The tech- 
nique is applicable to any enzyme which can be assessed 
by measurement of the loss in viscosity of its substrate 
in solution. This report describes the technique with 
special reference to the quantitative estima- 
tion of endopolygalacturonase. 

The viscometer used was of the Ostwald 
U-tube type (A. Gallenkamp and Co., Ltd., 
Size C). The substrate was commercial 
sodium pectate (1:2 g per 100 ml. water), 
the enzyme was commercial ‘Pectozyme’ 
preparation (1-00 g extracted with 100 ml. 
water and diluted to give a range of enzyme 
concentrations) and the buffer 0-1 molar 
citric acid/sodium hydroxide at a pH. value 
of 4:5 (which approximated to the optimum 
for this particular batch of ‘Pectozyme’). 

The reaction mixture, consisting of 2:0 ml. 
stock pectate solution and 9:0 ml. buffer, 
was introduced into the viscometer and 
equilibrated to 30° C. The flow rate was 
noted and 0-1 ml. of the enzyme solution 
under test (a volume small enough to have 
negligible effect on measurements) was intro- 
duced and mixed rapidly with the substrate 
by forcing the liquid backwards and forwards 
through the viscometer under pressure. The 
flow times were determined, with a stop-watch 
at short time intervals after the addition of the enzyme 
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Fig. 1. The course of viscosity decrease in sodium pectate solutions 
due to the addition of pectinolytic enzymes (equivalent to 0-800 ug of 
‘Pectozyme’ preparation). A =level of 20 per cent substrate utilization. 
Curves are for 0-800 ug enzyme a Incubation temperature. 
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solution, the true time of each observation being taken as 
the mid-point of the fiow-time. When calculating viscosivy 
by the usual equation the difference in density between the 
solution and water is small enough to be neglected. Plots 
of the decrease in viscosity against time, for a range of 
enzyme concentrations equivalent to 100-800 ug of 
original dry “Pectozyme’ preparation, are illustrated in 
Fig. 1. Fitted curves were constructed with a flexible 
rule. The initial velocity of substrate breakdown V, was 
determined from the first portion of the plot in each case, 
taking care that the level of 20 per cent substrate utiliza- 
tion (see Dixon and Webb!) was not exceeded. For the 
present experiments the limits of a 30-sec time-interval 
were used in the calculation of V,. Initial velocities of 
enzymatic action (in cP x 10-* decrease per min) can 
then be plotted against enzyme concentration and the 
linear calibration curve obtained used to determine the 
activity present in test solutions. 

Perhaps the chief advantage of the present method is 
that an attempt is made to measure the initial velocity of 
reaction. In addition, the amount of enzyme and sub- 
strate required for each test 1s very small and the period 
of incubation is very short (15 min per experiment is 
normal) without loss of sensitivity as compared with 
techniques such as that of Bell, Etchells and Jones’, thus 
minimizing enzymatic inactivation. 

Although the present assay is almost specific for endo- 
acting polysaccharide-degrading enzymes, the reaction 
mixture may be further incubated and used for the 
estimation of reducing group liberation and consequent 
fuller characterization of mixed enzyme extracts. 
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Intracellular H+ Concentration of the 
Isolated Urinary Bladder of the Toad 


A CONSIDERABLE body of evidence now supports the 
proposal of Orloff and Handler! that adenosine-3’,5’- 
monophosphate (cyclic AMP) is an intracellular mediator 
of the antidiuretic response to the neurohypophyseal 
nonapeptides. Experiments with an isolated target 
tissue, the urinary bladder of the toad, showed that the 
permeability changes occur at the urinary (mucosal) 
surface of the responsive cell; the nonapeptides, however, 
are active only via the body fluid (serosal) surface’, 
Knowledge of the cellular level at which the nonapeptides 
react with initial receptors is therefore valuable in defining 
the mode of the hormonal action. Recent studies on the 
uptake of °H-oxytocin by the toad bladder showed rapid 
and continual penetration of the hormone into the cells’. 
The local conditions (ionic composition, pH, etc.) vital to 
the initial hormonal interaction, therefore, may well be 
those within the cell. 

One important determinant of the degree of response of 
the toad bladder to the nonapeptide hormones is the 
pH of the medium. For further definition of the molecular 
nature of the hormone-receptor interaction, however, the 
relevant local H+ concentration now appears to be that 
within the cell rather than that of the medium bathing the 
target tissue. As a basis for further work on the bio- 
chemical pathways of the antidiuretic response, intra- 
cellular H+ concentration (H7) was estimated as a function 
of the H.+ concentration of the medium bathing the isolated. 
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toad bladder. The distribution of the weak acid 5,5- 
oxazolidine-2,4-dione (DMO) was used as the method for 
measuring mean Hf. The results of these measurements 
of Hy, and a potentia source of serious error in its estima- 
tion, are presented ir this report. 

As the DMO tecknique was originally described for 
studies of mammalien tissues, the pK’ for DMO was 
determined at the temperature (22° C) and ionic strength 
(0-13) of the present work. The pK’ for DMO was determ- 
ined from the extinczion at 208 mu of solutions of DMO 
dissolved in the serosal medium at three pH levels: 9-0, 
6-3 and 2:9. From these data the pK’ was calculated by 
standard equations®. The mean apparent pK under these 
conditions was 6:28 — 0-02 (S.E.M). 

Techniques have Deen described for removing hemi- 
bladders of the toad. Bufo marinus and mounting them in 
glass chambers®. Tt» bladders form a vertical partition 
between a closed chamber bathing the mucosal (urmary) 
surface and an open chamber bathing the serosal (body 
fluid) surface. The =srosal medium was modified amphi- 
bian Ringer’s solution’. The HCO; concentration of this 
medium was 2:4 m.squiv./l., the osmolality 0-235, and 
the H+ concentratior 0-4 x 10-8 M (pH 8-4) when gassed 
with air. The H+ concentration of the serosal medium 
(Hj) was varied by perfusing the solution with air or an 
appropriate mixture of CO, and air. A Beckman probe 
electrode and model GS meter measured H; directly in 
the chambers. The osmolality of the mucosal solution, 
was 0-045 (ref. 3). 

Since DMO is not Jegraded by tissues‘, its distribution, 
was traced by means of DMO-2-C (obtained from New 
England Nuclear Corporation). Estimates of intracellular 
pH with tracer amounts of DMO-2-“C agree with resulta 
obtained with high concentrations of unlabelled DMO 
(ref. 7). Extracellular space was measured in the control 
hemibladder (at the same H* as the test hemibladder) 
from the distribution of inulin-carboxyl-“C. After 
the bladders had bean exposed to the tracers for 3 h, 
the exposed portion of each was excised, lightly blotted 
with filter paper, weighed, and dried overnight to determine 
water content. To balance the slight quenching effect 
of the tissues on C-cadioassay, 8-0 mg of albumin (equal 
to the mean dry weight of the exposed portion of the 
bladders) was added <o all samples of the serosal medium. 
Both the tissues and the samples of the medium were. 
digested in sealed counting vials by heating them at a 
temperature just below boiling point for 45-60 min with 
1-0 ml. of a mixturs of equal parts of formamide and 
0-1 N HCl. The d:gests were decolorized with H,0O,, 
dissolved in 15 ml. of a scintillation solution, and assayed. 
in @ liquid scintillaticn spectrometer (Packard Instrument 
Corp.). 

In an initial series of studies the tracers (DMO-*C and. 
inulin-#4C) were added only to the serosal bathing medium 
(unilateral labelling). This approach was based on the 
assumption that only negligible amounts of tracer would 
be lost across the re:atively impermeable mucosal mem- 
brane’. To test thi= assumption H? was also estimated 
at H? of 10 x 10 M with the tracer present in both, 
serosal and mucosa. media (bilateral labelling). The 
estimate of H; basec. on unilateral labelling was 67 per 
cent higher than thet obtained with bilateral labelling. 
The DMO method fr determining H; is based on the 
assumption that the activity of the un-ionized form of 
DMO is the same inside and outside the cell. This condi- 
tion was not satisfied when the DMO-C was added only 
to the serosal medium, leading to an overestimation of 
H; (see below). In subsequent work, therefore, both 
techniques were used. over a wide range of H} to obtain a 
valid estimate of H; (bilateral labelling) and to estimate. 
the magnitude of error resulting from unilateral labelling. 
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Fig. 1. The relationship of estimated intracellular H+ concentration 


(H;) to the H+ concentration of the medium (HÑ) bathing the serosal 


surface of the isolated urinary bladder of the toad. The upper curve 

(----) represents studies in which DMO-"C was added only to the 

serosal medium; the lower curve (—) represents studies with DMO-##0 

present in both the serosal and mucosal media. The height of the vertica! 
bars represents + one standard error of the mean 


The estimated H; as a function of Hf in both sets of 
experiments is shown in Fig. 1. Unilateral labelling led 
to overestimation of H7; the discrepancy was greatest 
when H‘ was greater than 2 x 10-8 M. With bilateral 
labelling, Hf was a linear function of Hj for H? values 
greater than 5 x 10- M. For H? between 1-8 and 4 x 
10- M, Hý changed only slightly. 

The present investigation does not define the cause of 
this error, but a probable explanation can be inferred. 
To obtain an approximate estimate of the loss of DMO-“C 
from the epithelial cell, the concentration of DMO-“C 
in an aliquot of the mucosal medium was determined 
after unilateral (serosal medium) labelling for 3h. The 
concentration of DMO-“C in the mucosal medium did 
not exceed 1-8 per cent of the concentration in the serosal 
medium. However, the amount of tracer lost to the 
mucosal medium was large compared with the amount 
present in the epithelial cells of the toad bladder (the 
volume of the mucosal medium was 400-fold greater than 
the volume of intracellular water). This suggests that 
with unilateral, serosal labelling, equilibrium of distribu- 
tion of DMO-4C did not occur because DMO-“C was 
continuously lost into the mucosal medium. The finding 
of an increasing discrepancy in H} estimated with uni- 
lateral labelling compared with that estimated with 
bilateral labelling as H; approaches the pK’ for DMO 
(6-28) supports this interpretation. As H? approaches the 
pK’ for DMO a greater fraction of total intracellular 
DMO is available for escape into the mucosal medium 
in. the form of the more diffusible un-ionized acid. 

An elementary explanation of the complex form of the 
dependence of H; on H} (when pCO, is the independent 
variable) can be deduced. It is reasonable to assume 
steady state conditions when the toad bladder has been 
exposed to a constant pCO, for an hour or more. At 
steady-rates of O, consumption and CO, production the 
difference between the partial pressure of CO, in the cell 
[(pCO,):] and in the serosal medium [(pCO,)s] should be 
constant: 


(pCO2), — (pCO2)s = ApCO, (1) 
Substitution in equation (1) from the equilibrium relation- 


: — a(pCO,) — 
ship K’ = TEA ECO (HICO;) yields: 


(H1})(HCO5): — (Hz) (H003) = (Z) Apco, (2) 
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Since the composition of the serosal medium was fixed, 
(H.CO;). can be assigned a fixed value of 2-4 m.equiv./l., 
and equation 2 may be rewritten: 

ApCoO, 


+. 24 æ 
H = (Ht). + (z, (HCO; (3) 


(HCO3): 

For the linear portion of the dependence of Hý on Ht it 18 
reasonable to assume that (HCO}): and ApCO, are invariant. 
Within the limits 5 x 10-°M < HÍ < 17 x 10-*M the cal- 
culated value of (HCO;); 1s 12 m.equiv./l. (compare curve 
obtained with bilateral labelling, Fig. 1). This value is 
in the range of (HCO;): reported for mammalian muscle®. 
The inflexions at Hy of 1:3 x 10- M, 4:0 x 10-8 M and 
50 x 10-§ M presumably represent changing ApCO,, 
changing (HiCO;); or a combination of both. 

A less complex dependence of H} on H? has been ob- 
served in mammalian muscle’. In rat diaphragm ( (HCO;)s 
maintained constant at 22 m.equiv./l.) the regression of 
H‘, defined by the DMO method, on H* consisted of three 
linear segments. For Hy < 4 x 10-8 M the slope was 
quite steep; for the range 4 x 10-° M < HY < 8 x 10-8 
M, H; was virtually constant; and for Hf > 8 x 10-°M 
the slope was again fairly steep. : 

I thank Dr. I. S. Edelman for his advice and Mrs. 
LeMoyne Mueller and Miss Ella Highland for their help. 
This work was performed during the tenure of an advanced 
research fellowship of the American Heart Association, 
Inc., and was supported in part by U.S. Public Health 
Service grant HH-06285. 
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Rise in Deoxyribonucleic Acid Polymerase _ 
Activity in the Absence of Deoxyribonucleic 
Acid Synthesis in Cultured Kidney Cells 


In the liver cells of the partially hepatectomized rat 
and in kidney cells cultured directly from ths rabbit, the 
stimuli to cell multiplication are not followed immediately 
by DNA synthesis. Instead, there is a long presynthstic 
period (12-18 h in rat liver!, 30 or more hours for the 
cultured cells?) during which metabolic changes occur 
that endow the cells with the ability to replicate DNA. 
In both the liver? and kidney cells* a marked increase in 
DNA. polymerase (EC 2.7.7.7) activity occurs, beginning 
at about the same time as DNA. replication. Ths tem- 
poral coincidence could mean that DNA synthesis begins 
after the rise in level of enzymes involved in its synthesis 
or, conversely, that initiation of DNA synthesis indirectly 
stimulates the manufacture of higher levels of enzymes 
and substrates needed for replication. 

To distinguish between these possibilities we have 
investigated the effect of phleomycin® and mitomycin C 
(ref. 6), agents that block DNA synthesis without 
markedly affecting RNA formation, on the rise in the 
level of DNA polymerase. Kidney cells were cultured 
directly from the rabbit as previously described*, except 
that the heated extract of adult rabbit kidney cortex was 
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Table 1. EFFECT OF PHLEOMYCIN AND MITOMYCIN C ON THE INCREASE IN 
ACTIVITY OF DNA POLYMERASE 
Incubation Cellular DNA DNA Labelled 
period Inhibitor synthesis polymerase nuclei 
th} Fer cent of 95 h controls 
0 None 16 0 
95 None 100 100 100 
95 Phieomyoin (5 ug/ml) 5 108 6 
95 Mitomycin C (1-5 ugjml.) 4 56 5 


The inhibitors and 1C-thymidine (0-1 ue./culture, 38 ue./umole) or H- 
thymidine (0 5 uo. Jeulture, 500 xe./umole) were added to the kidney cultures 
at zero time. The cells were collected after 0 or 95 h incubation as dicated. 
“Cellular DNA synthesis’ refers to the Incorporation by cells of “C-thymuidine 
into an acid- and ethanol-insoluble fraction. ‘DNA polymerase’ refers to 
the incorporation of *H-dCIP by cell homogenates measured as c p.m. por 
mg of DNA in the homogenate, The values given under the heading ‘Labelled 
nuclei’ describe the autoradiographic results obtained with nuclei purified 
with citric acid, Nuclei were scored as labelled or unlabelled, 


omitted from the culture medium and 0-01 M magnesium 
chloride was used in place of the protein factor prepara- 
tion (ethanol IT fraction). The estimation of cellular 
DNA formation with “C-thymidine’, of DNA poly- 
merase with ‘H-dCTP (ref. 4), and of RNA synthesis with 
*H-cytidine’, and the autoradiography of *H-thymidme 
labelled nuclei purified with citric acid? have been pre- 
viously described. Phleomycin was obtained from Dr. 
Joseph Lein, Bristol Laboratories, and mitomycin C from 
the Nutritional Biochemicals Corp. 

The experiments summarized in Table 1 show that 
concentrations of phleomycin and mitomycin C that 
almost completely prevented DNA formation by the 
kidney cultures had relatively little effect on the increase 
in DNA polymerase activity. In order to conclude that 
DNA polymerase activity had risen in the absence of 
DNA. synthesis, it was necessary to eliminate the possi- 
bility that all the inhibitor-treated cells had begun DNA 
synthesis as in the control culture but had not continued 
beyond 5 per cent of the controls. As can be seen from 
Table 1, within the limits of the method, autoradiography 
of nuclei from *H-thymidine labelled cells showed that 
the inhibitors did, in fact, prevent the initiation of DNA 
replication in 95 per cent of the cells, as compared with 
the untreated control. In the remaining 5 per cent, 
synthesis proceeded normally so that the average grain 
count per labelled nucleus with both inhibitors (about 60) 
was the same as for the control. In other experiments, 
the sensitivity for detecting initiation of DNA synthesis 
was increased by using twenty times the concentration of 
%H-thymidine. The grains above the labelled nuclei were 
too dense to be counted, but the percentages of labeled 
nuclei, both from the treated and control cultures, were 
essentially the same as shown in Table 1. The inhibitors 
used here did have some effect on RNA synthesis, but the 
inhibition was small compared with that observed with 
DNA. Tested at 95 h with cultures that had been incu- 
bated with 5 ug per ml. of phleomycin from the time of 
their preparation, DNA and RNA syntheses were 3 and 
67 per cent, respectively, of the untreated control 
cultures. The comparable, values for mitomycin C (1:5 
ug per ml.) were 7 and 58. 

These results rule out any dependence of the rise in 
DNA polymerase activity on the stmultaneous formation. 
of DNA. There is a remote possibility that the rise is 
triggered off by the synthesis of a very small amount of 
DNA, perhaps one gene, not detectable by *H-thymidine 
incorporation. If, however, phleomycin acts by combining 
with the 3’-hydroxyl ends of the DNA chains’, even a 
requirement for an infinitesimal amount of DNA. formation 
woud be unlikely. 

The experiments reported here suggest that DNA syn- 
thesis follows the rise in the level of polymerase activity. 
The results are therefore compatible with the hypothesis 
that the level of DNA polymerase activity is one of the 
factors that controls DNA. synthesis in this kidney 
preparation. However. temporal and quantitative con- 
trols exist even in rapidly multiplying cells. In such cells 
DNA synthesis occurs only during a part of the mitotic 
cycle and is limited to the production of a single copy of 
the cell DNA. The fact that the level of DNA polymerase 
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remains essentially constant throughout the mitotic cycle 
in a rapidly multipl<ing L cell culture®!° indicates that 
factors other than eazyme-level control the extent and 
timing of DNA synresis in such cells. (Sunilar results 
had been independertly obtained by us. Thus, in con- 
firmation of the observations of Littlefield et al.®, with L 
cells partially synchronized with aminopterin, no sig- 
nificant differences n DNA polymerase activity were 
found in cultures in which 11-76 per cent of the cells 
were in the period of DNA replication.) It is probable, 
therefore, that the erzyme deficiency characteristic of the 
extended G1-like period of non-dividing cells is limited to 
such celis and represents an additional control factor 
superimposed on thc= that operate in rapidly multiplying 
cells. $ f 

This work was sxpported by Atomic Energy Com- 
mission contract AT(30-1)-1818 and grants CA—03476, 
CA-06663, and C4—4302 from the National Institutes 
of Health, U.S. Public Health Service. 
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Chromogen Formation and Epimerization of 
N-Acetylhexosamines on Paper impregnated 
with Pstassium Tetraborate 


Kuhn and Krüger! have shown that under mild alkaline 
conditions, N-acetyiclucosamine is partly converted into 
three chromogens which react directly with an acid 
p-dimethylaminobenzaldehyde reagent to produce violet 
colours. Roseman and Comb?, and Kuhn and Brossmer’, 
have reported that under alkaline conditions, N-acetyl- 
glucosamine and J-—acetylmannosamine are converted 
into each other by epimerization. Fujii and Kushida‘ 
have recently reported that N-acetylgalactosamine is 
epimerized to N-actyltalosamine under mild alkaline 
conditions. In a previous paper® from this laboratory, 
it was demonstratd that N-acetylhexosamines can 
be specifically detec:ed on paper chromatograms by the 
use of the potassium tetraborate and p-dimethylamino- 
benzaldehyde spray reagents. This communication 
describes chromoger formation and epimerization of the 
N-acetylhexosamines on paper impregnated with potas- 
sium. tetraborate. 

The experiment was carried out in two steps: the first 
step was to treat the V-acetylhexosamines with potassium 
tetraborate on paper, the second consisted of two-dimen- 
sional electrophoresis and chromatography of the resultant 
chromogens, unchanged N-acetylhexosamines, and epimers 
of the N-acetylhexcsamine formed by epimerization on 
the same paper. ‘The origin of a Whatman No. 3 MM 
paper strip, with dimensions as shown in Fig. 1, was 
sprayed with 0-025 Tf potassium tetraborate solution and 
spotted with an N-cretylhexosamine solution. The strip 
was heated at 95° C Dr 5 min and then lightly sprayed with 
0-025 M potassium tetraborate solution. The strip was then 
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Table 1. TWO-DIMENSIONAL ELECTROPHORESIS CHROMATOGRAPHY OF N-AOCETYLHEXOSAMINES TREATED WITH POTASSIUM TETRABORATE ON PAPER 








| Spot separated on paper electrochromatogram 





9 



















N-Acetylhexosamine treated — i 
with tetraborate on paper 1 2 8 5 | 6 
GleNAc* Colour Colour Vv I-V Ft-V Ft~L-V 
es 
EM 00 30 8-2 81 
CM 0-0 8-1 15°8 4-1 
Colour Colour V Ft-V 
test 2 
EM 00 3-0 
CM 0-0 159 
ManNAc* Colour Colour L-V y L-V 
test 1 BM 00 8-2 78 
COM 0-0 8-1 3-9 
Colour Colour L-V 
test 2 EM 0-0 
o 00 
GalNAc* Colour Colour y t- Ft-V 
test 1 E 0-0 3: 4°7 
0 0-0 15 34 
Colour Colour Vv Fi- 
test 2 E 0-0 3 
C 00 16° 
GileNAct Colour Colour Int—V 
(Untreated) test 1 EM 2:5 
OM 8°5 
ManNAct Colour Colour Inft-V 
(Untreated) test 1 E os 
C * 
GalN Act Colour Colour Int-V i 
(Untreated) test 1 EM 4'4 
C 3:5 — 





* N-Acetylhexosamine solution in concentration of 5 mg/ml, was used in this work. 
t The N-acetylhexosamine was subjected to the two-dimensional paper electrophoresis chromatography without pretreatment with potassium tetraborate 


on paper. 


E M: Electrophoretic mobility (em). All spots except spot 1 were migrated to the anode. C M: Ohromatographio mobility (om). 


V, violet; Ft, faint, 


int, intense; L, light; GIcNAc, N-acetylgiucosaminc; ManNAc, N-acetyimannosamine; GalNAc, N-acetylgalactosamine, 


placed in an electrophoresis apparatus and the parts A 
and (another) A were dipped in 0-025 M potassium tetra- 
borate solution and the part O was hung in air. The 
voltage was connected 10 min later, to allow the complete 
diffusion of potassium tetraborate solution. Electro- 
phoresis was carried out by the horizontal open strip 
technique at 200 V for 6h. Platinum electrodes were used. 
After electrophoresis, the strip was dried at room tempera- 
ture in a current of air for not less than 2h. The two tags 
(A + B and another A + B) were cut off from the strip. 
The dry strip, now 18 x 24 cm, was irrigated in n-butanol— 
pyridine—water (2: 2:1, by volume) at 7°-9° C for 16h 
by the ascending technique. After development, the strip 
was dried at room temperature in a current of air. In this 
experiment, two paper strips were used and each strip was 
subjected to the tetraborate and two-dimensional treat- 
ments described here. One of the two paper electro- 
chromatograms obtained was first sprayed with the water- 
saturated n-butanol spray and heated at 95° C for 5 min 
and then sprayed with the p-dimethylaminobenzaldehyde 
spray? at room temperature (colour test 1). The N-acetyl- 
hexosamines and chromogens gave violet spots on an 
almost white background. Another paper electrochroma- 
togram was sprayed with the p-dimethylaminobenzalde- 
hyde spray at room temperature (colour test 2). The 
chromogens gave violet spots on a white background, but 





FE lectrophoresis 
(First dimension) 


Fig. 1. Dimensions of paper strip used for ——— electro- 


phoresis chromatography (unit: em 


the N-acetylhexosamines did not react under this condi- 
tion. 

N-Acetylglucosamine, N-acetylgalactosamine and N- 
acetylmannosamine were used in this work and the experi, 
mental results are summarized in Table 1. Spots 1, 3, 4- 
5, 7 and 8 were identified as chromogens by the colour 
reactions on paper. Spots 2, 6 and 9 were identified as 
N-acetylglucosamine, “N-acetylgalactosamine and N- 
acetylmannosamine, respectively, by: the colour reactions 
and by their electrophoretic and chromatographic 
mobilities on paper. The results given in Table 1 show that 
the main reaction of the three N-acetylhexosamines on 
paper is chromogen formation, and the reversible epimer- 
izations of N-acetylglucosamine and N-acetylmannos- > 
amine occur as a side reaction, but N-acetylgalactosamine 
gives no epimer. These findings indicate that, in general, 
chromogen formation and epimerization of the N-acetyl- 
hexosamines on paper impregnated with potassium 
tetraborate are similar to those! of the N-acetylhexos- 
amines in alkaline aqueous solutions. 

We thank Prof. T. Furuhata for his advice, and also 
Drs. M. Watanabe and E. Fujiwara for their help. 
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AA Anti-convulsive Action of 
—* Gamma-Aminobutyry! Choline ~ 


y-AMINOBUTYRYL choline (QABA-choline) is a substance 
isolated by Kuriaki et al.1 from the trichloroacetate-soluble 
fraction of normal dog brain, and it was shown by Take- 
hashi et al.? that this substance had a pronounced sup- 
pressive action against the local electrical response to 


i 


No, 4983 May L 1965 


direct electrical stimulation, of the cerebral cortex. In the 
work recorded here, the anticonvulsive action of this 
substance was examined in detail in the rabbit, dog and 
ep-mouse’*, Convulsions can be regularly induced in 
animals by intravenous injection of a given concentration 
of “Metrazol’ at a set speed, and a generalized clonic 
seizure followed by a tonic seizure always occurs when 
a certain quantity has been injected. The effect of GABA- 
choline on this seizure was examined. 

(1) Action of GA BA-choline in the rabbit. GABA-choline 
was injected subcutaneously in a dose of 10 mg/kg in 12 
rabbits in which the threshold-level for inducing ‘Metrazol’ 
seizure had been predetermined. After 30 min, the 
threshold dosage of ‘Metrazol’ was mjected intravenously. 
A convulsion suppressing effect was noted in 9 of the 12 
animals. Injection of 1 mg/kg of GABA-choline in a 
similar group of 16 rabbits followed by injection of the 
threshold dosage of ‘Metrazol’ after 10 min resulted in a 
suppression in 10 of the 16 animals. 

(2) Action of GABA-choline in the dog. Mature, mongrel 
dogs, weighing 4-7 kg, were used. GABA-chohne was 
injected subcutaneously in a dose of 30 mg/kg and, after 
20 min, “Metrazol’ was given intravenously. Generalized 
clonic and tonic seizures did not occur and only a loco- 
motive seizure was observed. The time required for return 
to the normal resting status and elevation of the head was 
about 3-5 min earlier compared to the control. When 
5 mg/kg of GABA-choline was administered intravenously 
and ‘Metrazol’ was injected 3 min later, a generalized 
clonic and then a tonic seizure occurred, but the duration 
of the seizure was about 2 min and the head was raised 
after 3-4 min. The time required for recovery was 
2~3 roin shorter than in the control. 

In a separate experiment, 2 mg/kg of GABA-choline 
was injected intracisternally and then ‘Metrazol’ was 
injected intravenously after an interval of 1 min. Marked 
acceleration of respiration and increase in heart beat 
occurred, but seizures were not observed clinically or 
electroencephalographically. 

When ‘Metrazol’ was first injected intravenously and 
then successively 2 mg/kg of GABA-choline was injected 
intracisternally, there was a shortening of recovery time 
both clinically and electroencephalographically of about 


—,2 min. compared to the control. The duration of the anti- 


convulsive effect of GABA-choline was examined by 


“injecting 2 mg/kg intracisternally and then injecting 


“Metrazol’ intravenously after 3, 7, L1 and 24h. It was 
found that the suppressive effect lasted up to 11 h. Oral 
administration of GABA-choline in a dose of 1:0 g had no 
suppressive effect. 

Examninations of the blood pressure, body temperature, 
pulse, respiration and electrocardiogram were performed 
after intravenous injection of 5 mg/kg of GABA-choline. 
An immediate drop in blood pressure of about 15 mm 
mercury was observed; it returned to the previous level 
after about 1-25 min. The body temperature, pulse, 
respiration and electrocardiogram showed no change. 

(3) Action of GABA-choline in the ep-mouse. GABA.- 
choline was injected subcutaneously in a dose of 2 mg in 
the ep-mouse, which is congenitally in a pre-convulsive 
state, and seizures are usually induced by the postural 
stimulation. Five minutes later, the animal was stimulated 
by tossing it up in the air, but no convulsion was induced 
in 9 of 10 animals. Tt was clear that GABA-choline had 
an excellent suppressive effect. 

(4) GABA-choline and the blood-brain barrier. In 
another experiment, an attempt was made to examine 
the permeability of GABA-choline through the blood- 
brain barrier; that is, 0-5 uc. of 4“C-GABA-choline was 
injected intraperitoneally in mature CF-] strain mice and 
the incorporation to the various organs was determined. 
The quantity of the incorporated “4C-GABA-chohne in 
the brain was comparatively small compared with other 
organs, but about 10 times greater than the “C-GABA. 
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This fact suggests that GABA-choline acts directly on 
cerebral cortex and exhibits the suppressive effect. 
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*ep-mouse: the name of a stram of mouse in which seizures are usually 
induced by postural stinculation (abbr. epileptie mouse). 


Influence of Tobacco Smoke on the Elimination 
of Particles from the Lungs 


DuRING respiration in man, larger atmospheric particles 
are retained in the uppger respiratory tracts and some of the 
smaller particles reacking the alveoli are immediately got 
rid of by expiration. This effect is due to the physical 
relationships between. the size of the particles and air 
flow in the respiratozy pathways. In addition to this 
mechanical defence, however, there 1s also an active 
process by which the lungs dispose of some of the par- 
ticles which enter them. 

Lung clearance of various particles—bactoria, viruses 
and parasites, dead organic and inorganic substances—is 
very effective. Even if the external environment is con- 
siderably polluted the deep parts of the lungs are kept 
relatively clear and. szerile. 

Elimination of sold particles in the region of the upper 
respiratory tract is based on the ciliary action of the 
bronchial epithelium. The layer of mucus is transported 
in an oral direction ky the cilia and carries solid or in- 
soluble particles with it. The ciliary epithelium extends 
from the lower edge of the epiglottis to the terminal 
bronchi. In the nasal cavity mucus and particles are 
carried towards the pharynx by the cilia. From the 
pharynx this material from both the nose and bronchi 
enters the stomach, except that which is coughed up or 
sneezed away. Partic:es deposited in the alveolar part of 
the lungs have a more complex fate. 

Fine insoluble paracles deposited in the alveoli are 
removed by two prcncipal paths, towards either the 
bronchial or the lymphatic system. Phagocytosis has long 
been known to participate here. This process leads to the 
intracellular positioning of extracellular solid or fluid 
particles of exogenous or endogenous origin. 

The original assumption, still put forward to-day’, is 
that phagocytes migrete from the blood capillaries or the 
interstitial tissue into the air spaces, consume the foreign 
material and then resurn into the interstitium, whence 
they come into the lymph nodes via lymphatic pathways. 
In recent years, many authors have doubted thist-®.6-8-12, 
It is now more generally thought that phagocytes arise 
from alveolar cells ard clear particles from the alveoles 
via the bronchial pathway out of the body and not into it. 

Quantitative investigations of lung clearance performed 
largely during the pass ten years apply chemical or redio- 
isotope techniques. Wesually, the eliminated amount is 
determined indirectly as the difference between the 
deposited and retained amounts Within a certain time 
interval. In the case of chemical techniques, several 
groups of animals have to be used, since they have to 
be killed for chemical determinations. Animals are either 
exposed to the test substance in a suitable enclosure 
where the substance :s dispersed in the air, or else the 
substance is injected Airectly into the lungs. 
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Our experiments were performed as follows: Albino 
Wistar rats, strain Dobrá Voda, weighing 150 g on the 
average were used. Rats were exposed to solid particles 
in a single session of 6 h in an aerosol chamber of 200 1. 
Air from a compressor was passed through a high column 
of ground SiO, in a glass vessel (geometric mean of 
particles, rg = 0-72u; standard geometric deviation 
g = 2-29). Under constant conditions 400-900 ug of 
particles (initial deposition) was found in the deep parts 
of the lungs after 6 h of exposure. The mean for 15 
experiments (about 300 rats) was 672 + 132 pg. The 
small variability is shown by the fact that when 20 rats 
were exposed simultaneously, and divided into two random 
groups on the next day and killed, the values for the SiO, 
content were 448 + 101 and 457 + 66 pg for the two 
pore SiO, was determined according to King, Stacy 
et al.§, 


Table 1. THE EFFEOT OF TOBACCO SMOKE INHALATION ON SiO, RETENTION 
DETERMINED 25 DAYS APTER EXPOSURE TO SIO, 


Duration of 


No smokein- Smoke inhalation be- Sid,/rat 
Group rats halation (h) fore exposure on day ug % 
i 10 — None (init. dep.) 6174134 1000 
2 8 — None (control) 313+ 94 50-7 
3 9 ixi First 332+ 87 53-8 
4 9 1x1 On dgy of exposure 453+ 56 73-0 
5 10 3x1 Third, second, first 426+ 80 69:0 
8 10 1x3 First i 330+ 64 53:0 


Significance of difference between groups: groups 2 and 4, P <0 01; groups 
2 and 6, P <0 05. 


On the next day, 18 h after the end of exposure one 
group of 10 animals was killed and the amount of SiO, in 
the lungs was measured. This gave the value for the 
initial deposition. After 25 days the other groups were 
killed. The amount of iO, in the lungs of that group 
gave the amount of SiO, retained. The difference between 
those two values indicated the amount eliminated. 

In our previous work?-* we were able to show that the 
dynamics of lung clearance are affected by influencing 
the macrophages. Practically any solid particle entering 
the alveoli and coming into contact with the macrophages 
may act as an excitatory stimulus. Fluid particles, how- 
ever, also are phagocytosed. It should thus be possible 
to affect lung clearance by various stimuli. Tobacco 
(cigarette) smoke, consisting of many chemical sub- 
stances, was tested. It enters the alveoli as an aerosol. 
Most smoke particles have a size of 0-2—0-4u, the largest 


being ly (ref. 13). In smokers, 80 per cent of these par-- 


ticles are retained in the respiratory system. 

A group of rats were placed in a desiccator and air 
was rornoved with a water pump. Air entered the desic- 
cator through a narrow tube while a cigarette was placed 
in a wider tube also entering the desiccator. The flow 
of air across the cigarette was interrupted in such a way 
that the cigarette was burned in 10 min by 10 interrupted 
blasts of air. Five cigarettes were thus burned in 1 h 
with a 10-min interval between the third and fourth one. 

The results are evident from Table 1. If tobacco smoke 
had been inhaled just before exposure to SiO, (group 4) 
elimination was slowed down, while application of smoke 
one day before exposure had no effect (group 3). This 
indicates that inhalation of smoke has an immediate and 
unfavourable effect on the functional state of the macro- 
phages. A I-day interval sufficed for complete recovery 
of the initial conditions. This was so even if the duration 
of smoke application was extended to 3 h one day before 
exposure to SiO, (group 8). 

In addition, it appears that there is a difference between 
@ single exposure to smoke for 3 h (group 6) and three 
such exposures of 1 h each (group 5). Elimination of SiO, 
after exposure to this substance one day later was slower 
in group 5 than in group 6. These results show that the 
functional state of the alveolar phagocytes at the time 
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particles are deposited in the alveoli is very important in 
the mechanism of lung clearance. 
J. FERIN 
G. URBÁNKOVÁ 
, : A. VLKOVÁ 
Institute of Experimental Hygiene, 
Slovak Academy of Sciences, 
Bratislava, Czechoslovakia. 
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Acetylcholine Sensitivity of Cerebellar 
Neurones 


A PRELIMINARY communication from this laboratory 
reported that feline Purkinje cells were excited by electro- 
phoretically administered acetylcholine and carbamino- 
choline’. On the assumption that the presence of acetyl- 
cholinesterase in particular nerve fibres is indicative of 
their cholinergic nature*, and on the basis of the distribu- 
tion of this enzyme in the cerebellum of the guinea-pig’, 
it was proposed that the sensitivity of Purkinje cells to 
cholinomimetics may be related to a transmitter function 
for acetylcholine at the parallel fibre—Purkinje cell 
dendrite synapses of the cat. 

However, recent work on the distribution of acetyl- 
cholinesterase in the feline cerebellum has shown that 
this enzyme is confined to the granular layer*. If the 


location is similar to that of the rat, in which acetylcholin- 
esterase is related to mossy fibres from reticular nucle’, ~ 


a 


then such histochemical findings raise the possibility 
that certain mossy fibres in the cat may be cholinergic, 
and thus some granule cells, particularly those in the 
superficial portion of the granular layer*, may be cholino- 
ceptive. If this were so, 1t could be suggested that the 
sensitivity of Purkinje cells to cholinomimetics may be 
due, not to the presence of subsynaptic acetylcholine 
receptors on Purkinje cells, but to the excitation of under- 
lying and synaptically related granule cells. Indeed, it 
has been reported that cells of the granular layer were 
excited by acetylcholine, whereas Purkinje cells were 
insensitive, but this finding has recently been modified 
following more positive identification of the cells which 
were tested”. 

In the present series of experiments, carried out mainly 
on cells located within 600. of the surface of the superficial 
folia of the vermis (culmen and lobus simplex) of cats, 
extracellular spike responses were recorded by means of 
the central barrel of five-barrel micropipettes, and drugs 
were administered electrophoretically as in the earlier 
investigation’, Some experiments were also performed 
on neurones located along tracks which penetrated to 
depths of up to 5 mm, both anterior and posterior to the 
primary fissure. Individual neurones were identified by 
their depth beneath the cortical surface, the type of 
spontaneous activity and the responses to orthodromic 
and antidromic activation. More than 75 per cent of the 
Purkinje cells tested were excited by acetylcholine. On 
the basis of the electrophoretic currents required for this 
effect (usually 60-100 n.amp), these cells were much less 
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sensitive to this substanco than were spinal Renshaw cells. 
Carbaminocholine and dl-muscarine were more potent 
excitants than acetylcholine, while nicotine and acetyl-ß- 
methylcholine were of approximately equal potency to 
acetylcholine. Excitation by all these agents was slow in 
onset, and was often delayed by an initial depression of 
spontaneous firing which was not produced by the electri- 
cal current required for the electrophoretic ejection. 
Although the acetylcholine sensitivity of some cells was 
reduced by locally administered dihydro-6-erythroidine 
this was an extremely weak antagonist. On the other 
hand, intravenously administered atropine sulphate, 
in doses of the order of 0-1 mg/kg, readily blocked the 
excitant action of acetylcholine, but reduced neither the 
spontaneous firing of Purkinje cells nor the sensitivity to 
excitant amino-acids. 

Preliminary experiments had indicated that cells in the 
granular cell layer were excited by amino-acids such as 
DL-homocysteic acid, but were insensitive to either acetyl- 
choline or carbaminocholine'. Considerable difficulty 
was experienced in recording from single neurones in this 
layer. Whenever the extracellularly recorded spike 
‘activity’ was apparently increased by acetylcholine, it 
was often possible by careful movement of the pipette to 
isolate a single acetylcholine-sensitive neurone which 
almost invariably could be identified eventually as a 
Purkinje cell, either by the occurrence of spontaneous 
‘inactivation responses’, or by antidromic invasion after 
stimulation of the ipsilateral fastigial nucleus. It was 
thus probable that acetylcholine-sensitive neurones 
apparently located in the granular layer were in fact 
Purkinje cells located at some distance from the pipette 
orifices, 

However, it was impossible by this method alone to 
decide with absolute certainty whether Purkinje cells 
or ‘the immediately subjacent granule cells were sensitive 
to acetylcholine, and advantage was taken of the lamin- 
ated and ordered arrangement of neurones in the cortex 
to assess the sensitivity of granule cells in an indirect 
fashion. Using two five-barrel micropipettes on separate 
micromanipulators it could be shown that ejection of 
pi-homocysteic acid into the granular layer resulted in 
short latency firing of Purkinje cells located within 400p 
' “}7direct line along the folum (an excitation transmitted 
/via. parallel fibres), and in inhibition of Purkinje cells 
located to the side of this line (relayed via parallel fibres 
and basket cells). Administration of carbaminocholine 
under the same conditions did not result in similar altera- 
tions in the firing of Purkinje cells. Furthermore, although 
ejection of the excitant amino-acid near the presumed 
location of basket cells resulted in short latency depression 
of the spontaneous firing of Purkinje cells within 360p 
directly across the line of the folium, carbaminocholins 
had no such action. This insensitivity of basket cells 
to cholinomimetics may be taken as evidence that 
parallel fibres synapsing with such cells sre non- 
cholinergic. 

These results suggest that vermal granule cells are 
neither cholinoceptive nor cholinergic; and the non- 
involvement of acetylcholine as a transmitter along 
synaptic pathways involving these cells was further 
indicated by the failure of either atropine sulphate or 

dihydro-§-erythroidine hydrobromide, injected intra- 
venously in doses as high as 1 mg/kg, to affect the responses 
of Purkinje cells which followed electrical stimulation of 
the ipsilateral external cuneate nucleus, ipsilateral lateral 
reticular nucleus, mossy fibres near the ipsilateral fastigial 
nucleus, or the superficial parallel fibres beneath the 
cortical surface. These acetylcholine antagonists also 
failed to influence the ‘firing of Purkinje cells evoked by 
electrical stimulation of the contralateral inferior olive; 
although, as the synaptic excitation of these cells by 
impulses in climbing fibres is so powerful®, this cannot be 
used as conclusive evidence that acetylcholine is not 
involved at these partioular synapses. 
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It may be proposed. 1 therefore, that these findings raise 
doubt as to the significance of the presence of acetyl- 
cholinesterase in the cerebellum as an indicator that 
acetylcholine has a function as a synaptic transmitter. 
It is possible that the excitation of Purkinje cells, by what 
must be comparative:y high concentrations of cholino- 
mimetics, is a direct 2ffect of these substances on non- 
synaptic components of the nerve cell membrane, an 
effect which may be more apparent with these cells 
because of the extensive surface area associated with 
dendritic branching. Similar, apparently ‘muscarinic’, 
receptors have been detected on cells elsewhere in the 
central nervous system and some of these may also be 
unrelated to the operation of acetylcholine as a trans- 
mitter. 

It has recently been proposed that ergothioneine, identi- 
fied as the ‘cerebellar factor’, could be a transmitter within 
the cerebellum’. Howaver, when ejected electrophoretic- 
ally (0-1 M solution, pH 3, California Corp. Biochem. 
Research), this substance neither excited nor depressed 
Purkinje or granule cells. Thus it appears unlikely that 
the increase in the electrical activity of the cerebellum 
which follows intra-arzerial injection of ergothioneine is 
associated with a direct action on cerebellar neurones. 

D. R. Curtis 
J. M. CRAWFORD 
Department of Pkysiology, 
Australian National University, 
Canberra, 
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PHARMACOLOGY 


Apparent Potertiating Effect of a Second 
Dose of Drug 


WHEN a second dose of a drug is administered immedi- 
ately after the apparent disappearance of the pharmaco- 
logical effect of the mitial dose, a considerably greater 
and more prolonged effsct may be obtained). The purpose 
of this communication is to suggest a pharmacokinetic 
basis for this apparen= potentiation. 

Let it be assumed that (a) the intensity of the pharma- 
ecological effect is relased linearly to the logarithm of the 
amount of drug in the body, and (b) drug elimination is 
an exponential process. Assumption (a) is usually forma- 


lized as: 
E mM log +e (1) 


where # is the intensity of the pharmacological effect, 
A is the amount of drug in the body, m is the slope of the 
line when # is plotted against log A, and e is the intercept 
of the line on the # axis. One may also write: 

log.4 = MH + loga (2) 
where M is the slope of the line when log A is plotted 
against Æ, and a represents an. amount of drug in the body 
which must be exceecad before a measurable pharmaco- 
logical effect is obtained. By rearrangement of equation 
(2) one can obtain: 


log 4, 3 
(3) 


i =—, 
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This relationship can also be expressed as: 
yu Be (4) 
M 


where C is the plasma concentration of drug, and e is the 
concentration of drug in the plasma which must be 
exceeded before a measurable pharmacological effect 
is obtained. Equation (4) is based on the relationship 
A = VC, where V is the volume of distribution (which 
cancels out in equation (4) except when it is concentration- 
dependent). In equation (4), Æ may be taken as the 
magnitude of the initial pharmacological effect after 
administration of a rapidly absorbed (intravenously 
injected) dose which yields maximum drug plasma 
concentration C. When a second dose is administered 
immediately after disappearance of the effect of the first 
dose (when drug concentration in the plasma has declmed 
to c): 


C 
log E2 _ log (5 + 1) 
M — M 


Thus, the pharmacological effect elicited from a second 
(and equal) dose will be greater than that obtained from 
the initial dose. 

' The consequences of the relationship depicted as 
equation (5) are: (a) the smaller the initial effect (or dose), 
the larger is the increase in effect from a second dose; 
(6) there will be no further increase in pharmacological 
effect from third and subsequent doses; this is a useful 
criterion to decide whether the apparently potentiating 
effect of a second dose is ascribable to pharmacokinetic 
considerations, or whether it is due to ‘sensitizing’ or 
other types of mechanisms; (c) potentiating effects may 
be prevented by using A as the initial dose, and (A — a) 
for all subsequent doses. 

The relationship described here may be illustrated by an 
example based on data from Bellville et al.? as interpreted 
by Levy®: tubocurarine was eliminated by a human 
subject by an exponential process (K = 0:03 min-*) while 
its pharmacological effect (measured as percentage de- 
crease in grip strength) declined at a constant rate of 1:5 
per cent per min. Based on these data, ¢ is 0-11 y/ml., 
while M = 0-0089 per cent“. Taking as an example the 
case of an initial dose yielding an immediate plasma 
concentration of 0-25 y/ml., one may calculate from 
equation (4) that E, = 40 per cent. On administration 
of the second dose (using equation (5) for the calculations), 
E, = 58 per cent. Thus the maximum effect from the 
second dose is almost 50 per cent grontor than that from 
the first dose. 

The duration of effect may be —— by use of the 
exponential expression: 


E, = (5) 


K 

loge = log C — py t (6) 
where ¢ is the duration of pharmacological effect and the 
. other symbols have the previously defined meanings. As 
calculated by use of equation (6), £ = 27 min after the 
first dose, and i = 40 min after the second dose. While 
direct comparison is not possible, it is of interest that the 
potentiation and prolongation of effect observed by Bush 
and Baraka! after administration of a second 5-mg dose 
of tubocurarine is of a relative magnitude compatible 
with the results of the foregoing calculations. 


GERHARD Levy 


School of Pharmacy, 
State University of New York at Buffalo, 
Buffalo 14, N.Y. 
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Role of Mast Cells in Allergy of Delayed 
Type 

NUMEROUS experimental investigations have revealed 
the importance of mast cells for allergic reactions. Symp- 
toms of anaphylactic shock result from the liberation of 
biologically active substances by mast cells. However, 
the way in which mast cells are affected by antigen- 
antibody reactions is still not understood. 

Morphologically, the liberation of biologically active 
substances from mast cells is characterized by the extru- 
sion of metachromatic granules into the surrounding 
connective tissue. This phenomenon does not occur in 
allergic reactions exclusively. A number of chemical 
substances will cause identical morphological and bio- 
chemical changes. Chemicals inducing the liberation of 
biologically active substances from mast cells were called 
‘histamine-liberators’ as, among the liberated substances, 
histamine is most easily determinable. It would seem 
more appropriate to discuss such substances as ‘mast- 
cell-depletors’ since 5-hydroxytryptamine, slow-reacting 
substance, and other substances not yet exactly de- 
fined, are also liberated. Mast cell depletors cause a 
degranulation of mast cells and, in larger amounts, a 
destruction of mast cells in vivo and in vitro. 

Biochemical investigations have shown that the mast 
cell depleting substance ‘Compound 48/80’ liberates 
histamine of mast cells. Tissue histamine’, however, 
cannot be liberated by compound 48/80 or similar 
substances. 

It was decided to investigate the action of allergen on 
® tissue in which mast cells have been totally degranu- 
lated; in such a tissue no mediator substances are avail- 
able for the allergic reaction. Most investigations in this. 
field were confined to the phenomenon of immediate 
type allergy. Most authors reported a reduced allergic 
reactivity after administration of mast-cell depletors, 
some authors obtained contradictory results (refs. 2 and 3). 
The fact that most of these experiments have not been 
repeated may well be due to the difficulty in removing 
the active substances from all mast cells without causing 
fatal shock. 

My own investigations concerned the question whether. 
a contact dermatitis, that is, an allergic reaction of th 
delayed type, can be elicited in mast-cell depleted skin. 
The experimental conditions in the dermis are especiaily 
favourable, as an almost complete destruction of mast 
cells can be achieved by local injections of compound 
48/80. The number of intact mast cells in the nuchal 
skin of 25 guinea-pigs was reduced by 80 per cent 20 min 
after local injection of 0-5 mg compound 48/80 in 0-2 ml. 
saline. On the site of injection, a typical weal developed. 
The intraperitoneal injection of 1 mg compound 48/80 
(2 mg/kg body-weight) in 20 guinea-pigs affected the mast 
cells of dermal connective tissue to a lower degree only, 
but caused general toxic reactions. 

In the experimental study of allergic dinitrochloro- 
benzene dermatitis in guinea-pigs‘, 0-05 ml. of a 0-09 per 
cent solution of dinitrochlorobenzene in acetone was used 
as challenging agent. In 25 sensitized guinea-pigs, this 
agent was applied to a skin in which the majority of the 
mast cells had been depleted by local injection of com- 
pound 48/80. In this group of animals, no clinical or 
histological signs of an allergic dermatitis were found. 

In a long-term experiment, 1 mg of compound 48/80 
was injected intraperitoneally into 10 guinea-pigs daily, 
over a period of 10 days. In this series, a higher number 
of intact mast cells was found in the dermal connective 
tissue than after a single injection. These histological 
findings in guinea-pigs confirm the biochemical findings 
in. rats’ of an increased histamine content of the tissues 
following prolonged administration of mast-cell-depleting 
agents. Further experimental evidence® indicates that 
adaptation to mast-cell-depleting stimuli is possible. 


_ This fact might be adapted to therapeutic use in man. 


a! 
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In 5 of the 20 sensitized guinea-pigs which were pre- 
treated with daily injections of compound 48/80 over 
10 days, a weak allergic reaction was observed. This 
indicates that, in contrast to the local injections, a pro- 
longed systemic administration of mast-cell-depleting 
substances does not inhibit allergic reactions completely. 
This result confirms previous reports?*, The weak 
allergic reactions in the guinea-pigs with prolonged 
administration of compound 48/80 seem to be connected 
with the greater number of intact mast cells and the 
larger amount of disposable mediator substances in the 
dermal connective tissue. It was further established in 
these series that, in skin treated with compound 48/80, 
epidermal contact with the allergen resulted in an increased 
rate of mast cell development. 

Toxic skin reactions to croton oil or cantharidine are 
not influenced by previous destruction of the mast cells 
in dermal connective tissue??-11, 

Pretreatment with increasing doses of histamine results 
in & reduced sensitivity to endogenous histamine liberated 
in anaphylactic shock. Similarly, mast cell depletors 
administered boforeanaphylactic shock reduce its intensity. 
In both experiments, histamine adaptation is involved. 
Adaptation as a result of a single injection of compound 
48/80 is most unlikely. 

There can be little doubt that the inability to develop 
allergic dermatitis after treatment with local injections of 
compound 48/80 is related to the mast cell depletion. 
The present results underline the opinion that in delayed 
type allergy the antigen-antibody reaction causes a 
liberation of biologically active substances from the mast 
cells. In dermal connective tissue with depleted mast 
cells allergic dermatitis is inhibited. 
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PATHOLOGY 


An Inhibitory Factor associated with the 
Mammary Tumour Agent in Mice 


Aortviry of the mammary tumour agent from mice has 
been associated with the supernatant fraction of extracts 
of stomach milk after ultracentrifugation!. In skimmed 
breast milk, containing the agent, considerable activity 
was found in pellets of ultracentrifuged milk?)*. Because 
activity is found in both supernatants and in pellets, 
there is an indication that there may be several factors 
causing mammary adenocarcinoma or that a fragment of a 
sedimentable agent is active. An attempt was made to 
isolate the active principle from the pellets which con- 
tained virus-like B particles, said to be the causative 
agent of mammary tumours*5. 

B particles were found in a single broad band after 
equilibrium density gradient centrifugation of suspended 
pellets of active, versene clarified skimmed milk in caesium 
or rubidium chloride’:?. However, pre-treatment of 
skimmed milk with nucleases separated B particles of 
varying degrees of intactness into different regions in 
density gradients after centrifugation. Because of the 
enhanced resolution it became possible to determine 
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whether this activity was associated with intact virus-like 
particles or with the cther fractions. 

Nuclease pre-treatec skimmed milk (25 ug/ml. RNase 
and 10 pg/ml. of DNase, 37° C, 0-5 h) from mouse strain 
BALB/C* which contsined the mammary tumour agent 
was ultracentrifuged. The resuspended pellets were over- 
laid on a non-buffered caesium chloride solution of 
density 1-25 g/cm’. After centmfugation for 21 h in a 
Spinco SW 39 rotor, nine fractions were extracted from 
the gradient tube, dialysed and examined for the presence 
of virus-like B particles. Five fractions, three of which 
scattered visible light, were diluted to 10-* of the starting 
volume of milk and inoculated into test mice. 

The results of these sxperiments are shown in Table 1. 
Biological activity wes found in all regions that were 
tested, except in fractzon 5, and was not confined to the 
region of B particles, factions 4-6. Although B particles 
have been found ubicuitously in milks from mice con- 
taining the mammary tumour agent, suggesting a causal 
relationship, the highest activity was at a lower density 
than that of the B particles. 


Table 1. BIOASSAY OF CAESIUM CHLORIDE DENSITY GRADIENT FRACTIONS 


Distance Below No, tumours Tumours, 
Fraction meniseas — — ë average time 

No. (em) No, mice (days) 

2 0-15 — C90 2/10 150 + 12 

3 0-90 — 1-70 8/8 286 + 19 
5 1:93 — 225 0/9 co 

7 2-49 — &=80 2/10 250 + 12 

8 280 — =80 2/5 233 + 67 


sanoa dying before the appezrance of the first tumour were not used in the 
culation, 

Test animals were the BA LE/C, 3—4 weeks of age, forco bred, Dose injected 
intruperitoneally ~ 03 mi. of 16° dilution of milk. 


The fact that no tumours were produced by fraction 5 
is probably due to the action of a potent inhibitor which 
had been localized. The presence of an inhibitor was also 
demonstrated by the average time required for tumour 
development for the various samples tested. The closer 
@ given fraction was to the inhibitor (fraction 5), the 
greater was the average time. That an inhibitor exists 
and that separation of agent from inhibitor had occurred 
is further substantiated by the fact that the average 
length of time for tunrpur development was shorter when 
mice were inoculated with fractions not containing 
the inhibitor than when the agent was transmitted to the 
young by suckling cn agent-containing mothers. In 
natural transmission, she time required for tumour pro- 
duction probably depənds in part on the interaction of 
the inhibitor and the agent. This gives a plausible explana- 
tion of the various average lengths of time for tumour 
development in various strains of mice. 

It was not expected that biological activity would 
extend over such a large volume, since high molecular 
weight material from tne ultracentrifuged pellet which was 
overlaid on a caesium chloride solution would not have 
diffused over so large a region. Hence, it appears that 
the spread of activity may be attributed to two entities 
that carry activity and are separated by an inhibitory 
factor. The multiplicity of active components and an 
inhibitor may represent the complex nature of the mam- 
mary tumour agent. However, another explanation 
of the results is that tha agent may be adsorbed to proteins, 
cellular components or-viruses, and consequently be spread 
throughout the gradient tube. The agent may even be 
present in fraction 5 -with the inhibitor, but its action 
may be overridden bythe inhibitor. 

Heretofore, such working hypotheses could not be 
adequately tested beczuse workers have been plagued by 
low tumour incidences in any attempts made to purify 
the agent. These resuzts, showing high biological activity 
and localization of an inhibitory factor, make it possible 
to explore the interreiationship of agent and inhibitor in 
the neoplastic processes. More extensive results using 
additional strains of nice are being reported elsewhere. 
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Influence of Thymectomy on Viral Oncogenesis 
in Rats 


WHEREAS thymectomy markedly decreases the inei- 
dence of leukaemia in rats! and mice®, thymectomy 
performed at birth has been shown. to increase the sensi- 
tivity of rats‘ and mice® to the oncogenic activity of 
polyoma virus. An analogous effect has been described 
for the development of visceral lymphomatosis in chicks 
after bursectomy’. 

. The present investigation deals with the pathogenesis 
of the increased sensitivity to polyoma virus previously 
found in rats thymectomized at birth, and with the age- 
dependency of the phenomenon. The period for which 
thymectomy may be postponed, before a high degree of 
sensitivity to viral oncogenesis is lost, was also determined. 

To investigate the age-dependency on viral oncogenesis, 
20 litters of the inbred ‘R’ strain were thymectomized at 
birth and inoculated subcutaneously at different ages 
(2, 3, 5, 7, 11 and 14-21 days) with 0-05 ml. polyoma, 
virus (108 TOLD so per ml.). A control group of nine litters 
was inoculated in the same. way after 2, 3 and 5 days. 
Rats developing visible tumours were bled at the retro- 
orbital plexus for the determination of the haemaggluti- 
nation-inhibiting (H.1.) antibody titres by the method 
of Rowe et al.?, and for leucocyte counts and leucocyte 
differentiation. The rats were killed under ether anaes- 
thesia and the lymphoid organs as well as brain, kidney 
and tumours were removed for histological examination. 
At the end of the experiment (3 months) all surviving rats 
were treated in the same way. In order to determine 
whether the higher sensitivity previously found in thymec- 
tomized animals is due to an increase in virus multiplica- 
tion, 4 litters thymectomized at birth and three non- 
operated control litters were inoculated subcutaneously 
within 24 h after birth with 0:05 ml. polyoma virus. At 
different ages (4, 8, 12 and 16 days), two control and 
two thymectomized rats were exsanguinated and the 
individual organs (spleen, kidney, brain) were removed 
aseptically. The tissues were treated as previously 
described? and inoculated into mouse embryo tissue 
cultures. These cultures were kept for 3 weeks and 
examined for the appearance of cytopathic effect and 
haemagglutinating activity in the medium. 

As seen in Table 1, the tumour incidence obtained in 
rats thymectomized at birth and inoculated with the 
virus at different ages decreased with age. The tumour 
incidence dropped from 89 per cent in the 2-day-old 
inoculated rats to 25 per cent in the animals injected 
between 14 and 21 days. Apart from a lower tumour 
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incidence there was also a change in tumour localization, 
the cerebral haemangioma being the most frequently 
recorded tumour in the rats inoculated when more than 
one week old. No now histological type of polyoma 
tumour was found. Wasting disease as described in mice? 
thymectomized at birth was not observed in our rats. 

The determination of the presence of infectious polyoma 
virus in the individual organs tested gave consistently 
negative results, no infectious virus being recovered from 
the organs of the control or thymectomized rats. Yet 
the method. used for the virus isolation proved its reliability 
in the determination of the growth curve of the virus in 
mice’. This indicates that there is very little or no growth 
of complete virus in the rat tissues and that the higher 
tumour incidence obtained in thymectomized rats is most 
probably due to an impairment of the homograft reaction, 
as mentioned before*. The last explanation is also made 
more likely by the absence of a significant difference in 
H.I. titres between the control and thymectomized rats 
indicating that the humoral immunity against the virus 
is not affected by thymectomy. 


Table 1. POLYOMA TUMOUR INCIDENCE IN ‘R’ RATS INOCULATED AT 
DIFFERENT AGES 

Age at No. sur- Rats Tumour type 
inocu- No. viving with Kidney Subcut- Cerebral 
lation Treatment inocu- over2 tumours sgar- angous haeman- 
(days) ted weeks No. % coma sarcoma* gioma 
~ 2 Thymectomized 19 18 16 89 15 4 2 

2 one 14 13 4 Bi 8 1 0 

3 Thymestomized 22 18 12 66 12 5 0 

3 None 42 88 i 3 1 I 0 

& Thymectomized 15 13 9 69 9 3 1 

5 None 7 6 0 0 0 0 

? Thymectomized 16 15 6 40 4 2 $ 
11 Thymectomized 12 11 4 87 0 1 4 
14-21 Thymectomized 28 28 7 25 0 0 7 


* Subcutaneous lipo-, fibro-, or osteo-fibrosarcoma. 


Table 2. TUMOUR INOIDENCE IN ‘R’ RATS INCOULATHD WITH POLYOMA 
VIRUS AT THR AGE OF 8 DAYS AND THYMECTONMED AT DIFFERENT AGES 


No. sur- Tumour type 
Age at No. viving Rats with Subcut- Cerebral 
thymectomy inocu- over tumours Kidney  aneous haeman- 
lated 2weeks No. % sarcoma sarcoma glioma 
<12h 22 18 15 83 12 5 0 
24-48 h 24 22 19 86 17 12 1 
8 days 28 24 i7 71 16 10 0 
4 days 28 19 15 79 15 9 0 
5 days 15 14 11 78 10 8 1 
8 days 30 28 21 69 20 13 6 
Control group 
{not th 
tomized) 42 39 1 3 1 1 0 


To determine for how long a period the thymectomy 
may be delayed while maintaining a high degree of sensi- 
tivity to viral oncogenesis, 24 litters were inoculated 
subcutaneously at the age of 3 days with 0-05 ml. polyoma 
virus (108 TOID,, per ml.). At different ages (<12 h and 
2, 3, 4, 5 and 8 days after. birth) a total of 142 virus- 
inoculated ‘R’ rats were thymectomized. Forty-two rats 
inoculated at the same age (3 days) with the virus but not 
operated on were kept as control group. Animals develop- 
ing visible tumours, and rats surviving until the end of 
the experiment (3 months), were treated in the same way 
as described above. 

-The results of this experiment are summarized in 
Table 2. It may be concluded that the age at which 
thymectomy is performed is not very critical. Indeed, 
even, in animals thymectomized at the age of 8 days 
susceptibility to viral oncogenesis remained very high, 
69 per cent still déveloping polyoma tumours. Whereas 
in the group of rats thymectomized at birth atrophy of 
the lymphoid system was regularly found at histological 
examination, only exceptionally were such alterations 
observed in the lymph nodes and spleens of the animals 
thymectomized at a later age. However, all rats thymecto- 
mized either at birth or later showed a marked depletion 
in the number of circulating lymphocytes. In control 
rats, whether inoculated with polyoma virus or not, an 


average of 7,500 (3,600—-11,600) lymphocytes were recorded, 
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whereas the average number of lymphocytes in the thym- 
octomized rats was 3,600 (1,200-7,600). As observed in 
the first experiment no significant difference in H.L. 
antibody titres was recorded between the control and the 


thymectomized rats. 


> 


The results obtained indicate that rats thymectomized 
at birth and inoculated at different ages with polyoma 
virus were much more sensitive to viral oncogenesis than 
were control rats. This finding confirms and extends 
previous observations‘. Evidence is given that this 
increased sensitivity in thymectomized rats is not due 
to an increase in virus multiplication but to an impairment 
of the immunological response against the foreign antigens 
present in polyoma tumours’. That these tumour antigens 
are weak, or at least do not provoke a strong antigenic 
reaction in the host, is further indicated by the long period 
during which thymectomy may be postponed before the 
sensitivity to viral oncogenesis decreases. 

This investigation was aided by a grant from the 
‘Nationaal Fonds voor Wetenschappelijk Onderzoek’. 

Note added in proof: Since submitting this letter, 
other reports have shown the influence of thymectomy on 
the oncogenic activity of polyoma virus in mice (R. 
Malmgren, A. Rabson and P. Carney, J. Nat. Cancer 
Tnst., 1, 101; 1964) and in mice and hamsters (V. Defendi, 
R. A. Roosa and H. Koprowski, The Thymus in Immuno- 
biology, edit. by R. A. Good and A. E. Gabrielson, 504 
(Hoeber—Harper, New York) ). 
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Site of Multiplication of Human Leprosy 
Bacilli inoculated into the Foot-pads of Mice 


Tue evidence for the transmission and multiplication 
of human leprosy bacilli in the foot-pads of mice'-* was 
formally accepted by a special committee of the Eighth 
International Congress of Leprology in 1963 (ref. 4). 
Quantitative analyses have shown that the multiplication 
of Mycobacterium leprae is limited, is dependent on the size 
of the inoculum and is confined to the foot-pad. For 
example, inocula of 10* Myco. leprae (counted as acid-fast 
bacilli) yield 10° in 6-8 months, and although smaller 
inocula may eventually give the same yield, larger ones 
give no higher yields, and inocula of 10° or more fail to 
multiply significantly. Once the bacterial population in 
the foot-pad has reached approximately 10° it remains 
steady for many months although there is a gradual 
increase in the proportion of dead bacilli*. Myco. leprae 
recovered from foot-pads can be passaged apparently 
indefinitely, their bacteriological characteristics remaining 
unchanged. 

The successful transmission of Myco. leprae to animals 
offers for the first time an opportunity for examming 
human leprosy experimentally. Since one of the most 
consistent mahifestations of leprosy in man is the pre- 
dilection of Myco. leprae for nerves, a systematic his- 
tological analysis of all the tissues of infected foot-pads was 
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Fig. 1. ‘Micro-colony’ of wable Mycobacterium leprae within a satellite 
cell in a striated muscle fibre — aoe — rrow denotes nucleus 
of satellite ce 


started. The complete pad, from the calcaneum to the 
heads of the metatazsals, was dissected free from the 
underlying bones and fixed in formol-sucrose*. This 
permitted selected parts of the specimens to be specifically 
stained to show both nerve fibres and acid-fast bacilli 
under the light microscope, and other portions to be 
prepared for electron microscopy. For light microscopy 
sections were cut on a freezing microtome, stained with 
silver® and counterstained with carbol fuchsin. Samples 
for electron microscopy were treated with osmium tetrox- 
ide, embedded in ‘Araldite’, sectioned, mounted and 
stained with lead. 

So far, 20 foot-pads have been examined from batches 
of mice which were infected 3-21 months previously with 
Myco, leprae (11 direct from patients and 4 from mice in 
first passage) obtained from 11 patients. In 16 of the 
20 foot-pads a few isolated irregularly stained (degener- 
ate®) acid-fast bacilli were found in macrophages situated 
in the epineurium of cutaneous nerve bundles and in 
scanty cellular infiltrates in the region of dermal neuro- 
vascular bundles. A few macrophages, containing some- 
times as many as 15 regularly stained bacilli, were also 
found in the connective tissue sheaths of the muscles. 
Occasionally irregularly stained organisms could be seen 
in perineurial cells of cutaneous nerve bundles but, 
surprisingly, none in Schwann cells within the perineurium. 
Moreover, none was found in relation to motor nerves. 

The most striking indings were the presence of small 
foci of densely packed bacilli, having the appearance of 
‘micro-colonies’, situated in and closely adjacent to 
striated muscle fibres and the absence of any cellular 
infiltrate. The number and density of bacilli within such 
colonies varied from animal to animal and muscle to 
muscle, but they wer always oasy to find in specimens 
where macrophages, containing irregularly stained organ- 
isms, were present. Where individual bacilli could be 
identified within the ‘micro-colonies’ they always appeared 
to be uniformly stamed with carbol fuchsin (viable*). 
The muscle fibres in these specimens had been cut both 
longitudinally and transversely and it was thus possible 
to determine the position of these bacilli quite easily. 
The larger ‘micro-coionies’ lay in vacuoles within the 
sarcolemma often in close relationship to a darkly stained 
nucleus morphologically quite distinct from those of the 
musele fibres themselves (Figs. 1 and 2). Others lay in 
relation to similar darkly stained nuclei which appeared 
to have squeezed themselves between the muscle fibres 
and adjacent capillazies, being partly inside and partly 
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Fig. 2. Viable Mycobacterium leprae in a satellite cell. The cell ties inside 

the sarco of the muscle fibre of mouse — 5 — and has a dark 

elongated nucleus. The nearby nucleus (arrow) of the muscle fibre is 
oval and lightly stained 


outside the limiting sarcolemma., In addition, smaller 
colonies and sometimes evenly stained single organisms 
were seen inside single muscle fibres. Many of these were 
lying at some distance from the surface of the fibre. 

The presence of relatively large numbers of healthy 
acid-fast bacilli in muscle fibres was quite unexpected, 
particularly in view of the previous description of the 
histology of Myco. leprae in the mouse foot-pad'. More- 
over, so far as we are aware comparable nests of viable 
bacilli have not been reported in the muscles of patients 
with leprosy, or other mycobacterial infections. On the 
other hand, it is significant that bacilli have been observed 
in striated muscle in the ears of hamsters inoculated with 
Myco., leprae’. 

The majority of viable organisms lay either free in 
muscle fibres or in ‘satellite eells’ within the fibres. The 
latter may either reside within the basement membrane 
of muscle fibres or reach them from without, and it is of 
considerable interest that the existence of cells of this 
type in frog muscle* and in patients with progressive 
muscular dystrophy” has recently been reported. 

These observations suggest that the limited multi- 
plication of Myco. leprae in the mouse foot-pad occurs 
predominantly in striated muscle fibres rather than in 
association with nerve fibres or in cells of the reticulo- 
endothelial system. It has been suggested that Myco. 
leprae multiply in the mouse foot-pad because the tempera- 
ture is low and it is assumed that Myco. leprae, like other 
known cultivable species of mycobacteria’™ affecting 
the skin, multiply only at temperatures below 37° C. 
The fact that the majority of healthy Myco. leprae lie 
not in the skin or subcutaneous connective tissues but in 
striated muscle fibres must throw doubt on this hypothesis, 
for the temperature will be high, not low, in this particular 
tissue. Doubt concerning the low-temperature hypothesis 
is greatly strengthened by finding that the inoculation of 
Myco. leprae into mouse thigh muscles also results in their 
multiplication and localization as in the foot-pad. 

At present we have no explanation for the attraction 
of muscle fibres and satellite cells of muscle fibres for 
Myco. leprae in the mouse foot-pad. But it is not without 
interest that, in man, Schwann cells have an exquisite 
attraction for Myco. leprae and a functional role in 
relation to nerve fibres which satellite cells may well have 
for muscle fibres. Further, comparative investigations 
in the mouse foot-pad and in thigh muscles with several 
other species of mycobacteria have demonstrated that 
only Myco. leprae has a specific predilection for striated 
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muscle fibres. None of the other species is taken up by, 
or multiplies in, muscle fibres or satellite cells. 
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IMMUNOLOGY 


Normal Pregnancy and Parturition in Rats 
with Acquired Immunological Tolerance to 
their Mates 


For the period of gestation, the mammalian embryo 
exists as a successful homograft to its mother. However, 
once born, the recent foetus and its mother will both reject 
transplants made from the other. Indeed, tissue of the 
embryo transplanted from the uterus to another location 
in the mother during pregnancy is promptly rejected’. 
Since allogeneic grafts are rejected from the lumen of the 
uterus’, and since trophoblastic tissue is not immunologi- 
cally rejected from extra-uterine sites*, attention has 
shifted from the antigenic character of the foetus to that of 
the foetal placenta (for review see Bardawil and Toy*, and 
Schlesinger*). Increasing evidence is accumulating that 
the tissue of the embryo, though immunologically vulner- 
able, is not rejected because it is protected from the 
mother’s immunological defences by the foetal placenta, 
which is not antigenic*:*. 

The suggestion was made by von der Heide’ that the 
overall stimulus for parturition occurs as a result of the 
mother becoming sensitized to the embryo. While no 
clear evidence for this hypothesis has been found, the idea 
has persisted. There is considerable evidence that tropho- 
blastic cells from the foetal placenta are often transported 
from the uterus to other sites, where they are not rejected 
during pregnancy, but disappear shortly after parturition‘. 
Hulka, Hsu and Beiser* have presented indirect evidence 
that antibodies against placenta are found in the serum of 
women shortly after parturition, but not before. These 
findings provide some support for the hypothesis concern- 
ing the development of sensitivity by the mother to the 
foetal placenta at the time of parturition. 

Some evidence against the hypothesis that the mother 
rejects the foetus or the foetal membranes at parturition 
also exists. Strains of mice which are sufficiently inbred to 
allow grafts to be accepted between members have normal 
pregnancies. Unless the embryos or foetal membranes at 
the time of parturition were more antigenic than other 
tissues, this evidence mitigates against the hypothesis. 
Moreover, McLaren’ has made female inbred mice tolerant 
to the Y antigen of the same inbred strain, with no 
apparent disturbance in reproduction when mated to the 
males of the same inbred strain. However, the evidence 
derived from inbred strains is not conclusive because some 
immunological differences between members probably 
do exist, even though these differences do not involve 
histocompatibility. 


= 
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The present experiments were designed specifically to 
determine whether or not the rejection of the foetal mem- 
branes by the mother was necessary for parturition to 
occur. About one-half of the spleen was removed from a 
young Sherman black-hooded male rat. A suspension of 
the live spleen cells was prepared according to the method 
described by Billingham". Approximately 4 million cells 
in « volume of 0-02 ml. was injected into each of the 
embryos of a Sprague-Dawley female which had mated 
with a Sprague-Dawley male 17 days earlier. Four weeks 
after the birth of these embryos, the females among them 
were grafted with black skin from the male rat from which 
the spleen cells were taken. When the grafted skin had 
been in place long enough to indicate that a Sprague- 
Dawley female was tolerant to a Sherman black-hooded 
male, the female was mated with the specific male to which 
she was tolerant. Five such pairs were obtained. We 
reasoned that since the female was naturally tolerant to 
her own antigens, and had been made tolerant to those of 
her mate, she would not be able to react immunologically 
with the foetuses. Thus, if parturition occurred normally it 
would provide evidence against an immunological cause 
of parturition. If, on the other hand, parturition was 
abnormal or delayed, an immunological factor in parturi- 
tion would be indicated. 

In our experience with untreated rats, skin grafted from 
Sherman black-hooded to Sprague-Dawley rats is con- 
sistently rejected within 14 days. The normal gestation 
period is 22 or 23 days. As seen in Table 1, five tolerant 
Sprague-Dawley female rats have not rejected the skin of 
the Sherman black-hooded males from which they received 
spleen cells for more than 100 days, indicating that 
tolerance had been established. Yet, in all five rats parturi- 
tion occurred normally 22 or 23 days after mating, with 
the number of young normally encountered in these rats. 


Table 1. GESTATION PERIOD IN FEMALE SPRAGUE-DAWLEY RATS MATED TO 
SHERMAN HOODED MALES TO WHICH THEY WERE TOLERANT 


Age of skin graft 


Rat from mate at Gestation Litter size Present graft 
time of mating period age 
(days) (days) (days) 

1 59 22 9 138 
2 59 22 10 138 
3 23 23 —* 105 
4 27 23 8 105 
5 30 22 11 105 


* Not observed, 


Billington™ has recently demonstrated that there is a 
correlation. between the size of the placenta and the genetic 
diversity between the mother and her foetuses, and sug- 
gests that immunological factors must play some part in 
placentation. This suggestion is not supported by the 
present experiments, which provide further evidence that 
an immunological reaction between the mother and her 
foetuses is not a required factor for a successful pregnancy. 

This work was supported in part by an institutional 
research grant from the American Cancer Society, and by 
grant HD-00624—02 from the National Institute of Child 
Health and Human Development, United States Depart- 
ment of Health, Education and Welfare. 
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Preparation of Antiserum to an Antigen 
of Low Molecular Weight 


THE molecular weight of a protein has been considered 
of prime importance n relation to its antigenicity. Thus 
aà protein with a mclecular weight of less than 10,000 
has not been demonstrated to have stimulated the forma- 
tion of antibody. Experiments using polymerized amino- 
acids illustrate this cearly!*. 

For some immunolegical investigations of fibrinogen’ it 
was of interest to obtain precipitating antibodies to the 
fibrinopeptides, that is, to those parts of the fibrinogen 
molecule which are split off by thrombin during the 
fibrinogen—fibrin transformation. From human fibrinogen 
two main peptides, called A and B, are released during 
the transformation to fibrin. The structure of these 
fibrinopeptides has recently been elucidated'*. Human 
fibrinopeptide B, whch was the fibrinopeptide used in 
this work, has a mokcular weight of about 1,400. The 
sequences of its amine-acid residues are shown in Fig. 1. 

Immunization of rabbits with the fibrinopeptide accord- 
ing to conventional immunization schedules did not give 
rise to any demonstrable antibodies. However, after 
combining the fibrinoveptide with acrylic plastic particles 
a potent antiserum was produced. 


Pyr-Gly-Val-Asn-Asp-Asn-Glu-Glu-Gly-Phe-Phe-Ser-Aia-Arg 


Fig. 1. The amino-acid sequence in human fibrinopeptide B (after 


B. Blombäck, M. Blombäck and P. Edman) 


For the immunizat-on a 0-125 per cent human fibrino- 
peptide solution (prepared and donated by B. Blombiick, 
Stockholm) dissolved in 0-05 M citrate buffer of pH 4-1 
was coated on polymethylmethacrylate particles of 0-6u 
in diameter in an ll per cent solution (prepared and 
donated by AB Bofors, Sweden) by incubating the solu- 
tions in the proportion of 5 : 2 at 37° C for 1 h. Thereafter 
the mixture was injected alternately, intravenously and 
subcutaneously in therabbits. When given subcutaneously 
it was emulsified with incomplete adjuvants (paraffin 
oil and ‘Arlacel A’ Atlas Powder Co., Wilmington, 
Delaware). The injections were performed at 10-day 
intervals. 

After five immunizations with the fibrinopeptide-coated 
acrylic plastic particles, antisera were obtained containing 
antibodies to the fibrinopeptide as demonstrated with 
the diffusion-in-gel amalyses (Fig. 2). The fibrinopeptide 
developed a dense precipitate with the homologous anti- 
serum. The antiserem did not, however, produce any 
precipitate when fibrmogen was used as antigen, nor did 
it react with the acrylic plastice particles. 





r basins; left and right, anti- 
; lower left, fibrinopeptide B; 
lower right, tibrinogen 


Fig. 2. Diffusion-in-gel analysis. Up 
fibrinogen; centre, antifibrinopeptide 


Because of the sma! molecular size of the fibrinopeptide 
B the lack of demonstrable antibodies after conventional 
immunization was mot surprising. The production of 
antibodies after coating the fibrinopeptide on the acrylic 
plastic particles migkt be due to a diminished excretion 
rate of the antigen. “The plastic particles, though them- 
selves inert, might abo stimulate antibody formation by 
means of increased Phagocytosis or by offering the anti- 







_ body-producing tissues 
ean react. 
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ANATOMY 


Ventral Thoracic Neuromast Lines of 
Placoderm Fishes 


Ix the past forty years, following Stensid’s! pioneer 
work on the arthrodire Macropetalichthys, much informa- 
tion has come to light in support of the view that the 

Palaeozoic placoderms and the still surviving elasmo- 
- branchs and holocephalians are more closely related to 
-each other than to any other group of fishes’. These 
fishes have thus recently been grouped as the Elasmo- 
branchiomorpha® (with the possibly erroneous inclusion 
of the Acanthodii), and a particularly close relationship 
has been claimed between the ptyetodont placoderms and 
the holocephalians*. Attempts have been made to inter- 
pret the cephalic neuromast system of placoderms after an 
elasmobranch-holocephalian model*, but the true nature 
of the sensory lines on the ventral plates of their thoracic 
armour has remained obscure. However, some recent 
observations on the extant selachian Squatina squatina 

may throw some light on the problem. 

The most complete development of the transverse 
ventral sensory line, in the Placodermi, is seen in the 
coccosteomorph Brachythoraci*’ (Fig. 1, Coccosteus, 
Plourdosteus, Dickosteus, Holonema), where it is repre- 

. sented by a shallow groove in the surface of the bone. 

_ The same line is also present, but less well developed, 
in the Dolichothoraci (Actinolepis*), Ptyctodontida (Rhyn- 
chodus*) and Petalichthyida (Lunaspis sp. from Spits- 
bergen’). Within the Placodermi it is thus present in 
what are believed to have been both bottom-haunting 
and free-ranging forms. It is situated on the anterior 

ventrolateral and anterior median ventral plates, that is 
to say, posterior to the gill chamber and branchial 
openings, and mesial to the spinal plate and other pectoral 
= din. structures (Fig. 1). 
_ There can be little doubt that the transverse ventral 
-line was a typical neuromast line in life, for in well- 
preserved specimens evenly spaced foramina for the 
-ramuli of the lateral line nerve to the neuromasts can 
bo seen along the bottom of the groove. There is, however, 
_ another structure on the ventral armour, which must be 
-considered here. In certain of the Dolichothoraci and 
. Brachythoraci, there is a transversely situated sulcus on 
the ventral lamina of each interolateral plate; it is very 
variable in its development and it is by no means certain 
- that it is a neuromast line groove. In Coccosteus (Fig. 1), 
_ this sulcus is fairly deep and it broadens out towards the 
_ mesial end of the bone, where it is abruptly ended by the 
edge of the anterior median ventral plate. If it did not 
_ carry a neuromast line, it may have housed cutaneous 
-sense organs, as has been suggested in the case of the 
‘pits which occur on the suborbital and postsuborbital 
cheek plates in this genus and other members of the 
-Coceosteidae®. Orvigs has considered the possibility that 
ach sense organs may have been comparable to the 
ampullae- of Lorenzini, which are principally found in 
lasmobranch. fishes, where they appear to be confined to 
-the head. Another possible function of this sulcus is 




































Fig. 1. Coccosteus cuspidatus Miller ex. AG. Schematic representation of 
ventral surface of anterior part of body, to show relationships of trans- 


verse ventral sensory line to pectoral fin structures’ and branchial 
openings. Shape of fins conjectural. AMY, anterior median ventral 
plate; AFE, anterior ventrolateral plate; JL, interolateral plate: 
PMY, posterior median ventral piste, P VL, posterior ventrolateral 
plate; Sp, spinal plate; avs, anterior ventral suleus; op.br, branchial 
opening; pt.f, pectoral fin; val, transverse ventral sensory line 


that it carried both a neuromast line and sense organs, 
for in elasmobranchs the ampullae of Lorenzini are 
commonly situated in long bands adjacent to the lateral 
lines" (ef. the osteolepid Crossopterygii). Obrucheva?® 
has described it as the canalis oralis, but because of its 
position on the body, such an interpretation would appear 
to be quite out of the question. 

A sensory line which is comparable with the transverse 
ventral line of placoderms is present in the sclachian 
Squatina squatina (Fig. 2). It is obliquely positioned on 
the ventral surface of the body, posterior to the gill slits 
and mesial to the pectoral fins. It opens to the surface _ 
through distinct, widely spaced pores and is apparently” 
the homologue of that described by Garman, as the 
sternal line, in the batoids Rhinobatos and Zapteryx (as 
Rhinobatus and Syrrhina; see ref. 15). Garman’s 


observations have been overlooked in all recent accounts 
of the elasmobranchiomorph neuromast system. From ©.. 
its topographical relationships, the ‘sternal’ line of o =o 


Squatina, Rhinobatos and Zapteryx is not an anterior 
ventral extension of the main lateral line, nor is it part. 
of the extensive system found on the expanded pectoral. 
fins of batoids. Rather, it appears to be equivalent. to 


ptf 
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Fig. 2. &. squafina Risso. Generalized. outline of ventral surface of 
anterior part of body with position of ‘sternal’ sensory line indicated after. 
a specimen of 5. squatina. No attempt made to show individual pores of 
line. gas, gill slits; pt.f, pectoral fin; skl, ‘sternal’ sensory fine 
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Mf I line | i ns and pat of the 
| age of the — and elasmobranch 
168 of the elasmobranchiomorph stock. It gives us 
nntially well-known sensory line with which we can 
npare those in a similar position in fossil forms. There 
, however, differences between the extant and extinct 
arms considered above, in the detailed course of the line. 
_. They may, perhaps, be accounted for in the dorsoventral 
ae flattening of the body and the expansion of the pectoral 
fins in the recent forms. In any event, the relative position 
> of the line to the. pectors T fin. structures is broadly the 
same. As a final point, it may be noted that the 
juatinidae and. Rhinobatidae are not closely related 
lies of elasmobranchs'*, and have a separate 
wolotionary history from at least, the end of the 
Mesozoic?’. | 
‘This work was supp orted: by a NATO. research fellow- 
hip. The observations on Squatina were made on a 
_. dried specimen sent. by Dr. M. Ioannou, director of the 
- _Hydrobiological Station of Rhodes, to Dr, T. Orvig in 
2 pene and put at my disposal for study. 
x Roger 8. MILES 
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ae ‘Post-irradiation Recovery of E. coli ‘B’ after X- 
and a-Irradiation in Oxygen or Nitrogen 


‘Tur survival of X- or neutron-irradiated E. coli ‘B’ 
creases if bacteria are grown after irradiation not on 
complete but minimal media, at increased temperatures, 
in the presence of metabolic inhibitors or under anaerobic 
conditions’, This phenomenon is. due to the post- 
irradiation recovery. There is a. relation between the 
© recovery and the ‘amount. of oxygen’ effect; the latter 
increases in conditions favourable for recovery** 8: 

g affect is small under the action of ionizing 
adaton of high ion. density? . It may be suggested 
ecovery after «-irradiation should be insignificant. 
erimental: data obtained from investigation of re- 
after o-irradiation are rather varied. Recovery 
I radiation was not noted in human kidney cells in 
-It was quite insignificant in B. coli according 
mutation and did not differ from that found in 
































Bil ‘los —— ) grown on solid E media were 
‘adiated (180 kV, 20 m.amp, without filter, dosage 


containing < 10-¢ per cent oxygen) according 
ified: technique described by Howard-Flanders 
13, Irradiation was carried out on ‘Millipore’ 

OF. eolls/filter) at a distance of 0-3 mm from 








such conditions. 
-in other conditions v 


krad/min) in controlled gas conditions (air or 
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the disk (9 = 10 em? with plutonium dioxide. Irradia- = 
tion was performed in a chamber of ‘Lucite’ in air or.” 
nitrogen. 

Irradiated bacteria avere plated on complete meat pep- 
tone agar (MPA) andon- the minimal medium M-9. The 
plates with MPA were ' grown at 19°, 37° and 45° C, and 
those with M-9 at 37° C. Survival was determined by 


the number of macroeolonies after 24-48 h. 


The results are represented in Fig. 1 and Table 1. The 
survival of X-irradiased and «-irradiated bacteria was 
least when they were grown on MPA at 19° C. It was 
suggested that no (or minimal) recovery occurs under 
The extent of post-irradiation recovery 
was estimated as a dose-reduction’ — 
factor (DRF) in respect to the minimal survival (MPA, 

19°). 7 
The recovery was always less” after. a- than after X- 
irradiation. Two h ~otheses can be suggested for the 
explanation of this difference: (a) «-irradiation causes 
more profound (less easily repaired) injuries of the repro- 
ducing system of the cell than. X-rays; (b) the damage 
to the reproducing system cause d by «- and X-irradiation 
is the same, but x-rays produce greater injuries in the cell 
recovery system. a : 

To make a choice we- ‘investiga fod À ` post-irradiation : 
recovery combining œ- and X-irradiation. Bacteria were _ 
irradiated first with «-and then with X-rays i in increasing | 
— The irradieted cells were plated on MPA at 


























37° © (recovery absent or minimal) and on MPA at 45° 
Table 1, EXTENT OF POST-IZRADIATION. ‘Recovary or E. coli ‘B’ AFIER 
a- AND X-IRRADIATION Z 
Level of a-Irradiation — X-Irradiation 
DRE mortality In air In Ny In air In Ns 
MPA, 37° 50 1-0 14 1-0 I 
MPA, 19° 00 10 1-2 1-0 b 
99 1-0 12 1-0 1 
MPA, 45° 50 1-0 1a 28 ü 
MPA, cl . 90 12 16 1-8 = 
a9 1-1 15 1-6 
M-9, ar 50 1-0 L8 2-8 4E 
MPA, 19° 90. 10 16 1-6 25 
o 9 1-0 1-5 1-4 18 
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Fig. 2. Survival of X-irradiated Æ, coli ‘W followed by a preliminary 
airradiation, @, MPA, 19° C; A, MPA, 45° C; +, M-9, 37°C 
and M-9 at 37° C (conditions favourable for recovery). 
Had the first hypothesis proved to be correct, «-irradia- 
tion would not have influenced the recovery after X-ray 
injury. The absence of recovery after X-irradiation 
accords with the second hypothesis. 

As can be seen from Fig. 2, under the action of a small 
dose of «-rays (a 60 per cent decrease in survival), recovery 
from the X-ray injury was almost the same as that observed 
in the control, that is, in the case of X-irradiation alone. 
Hence, even in cases when the cell repair system is not 
damaged the injury of the reproducing system caused by 
x-irradiation is irreparable. Thus the results obtained 
support the first hypothesis and agres with the suggestion 
concerning a more profoundly injurious effect of «-irradia- 
tion on DNA and living objects'* 5. With increase of the 
dose of «-irradiation (90-99 per cent decrease of survival) 
recovery after an additional X-irradiation considerably 
decreases (Fig. 2). Hence the increase in x-ray dose results 
also in damage of the recovery system. Therefore, the 
hypotheses suggested can be regarded as not being 
mutually exclusive alternatives. 

Recovery after g- and X-irradiation depends on the 
atmosphere during irradiation. One can see from Table 1 
that in all cases recovery was less after irradiation in 
air than in anoxic conditions. This phenomenon influences 
the extent of the oxygen effect (see Table 2). With 
X-irradiation it varied between 1-5 and 3-0 (at LD) 
whereas during «-irradiation it was between 1:2 and 2-2. 
In conditions when recovery was not observed (MPA at 
19°), the oxygen effect was least, and differed but little 
for radiations of low and high ion densities (DRF = 
1-2-1-3). In conditions favourable for post-irradiation 
recovery the oxygen effect considerably increases for 
X- as well as a-irradiation, but it was always less for 
x-irradiation. 


‘Table 2. OXYGEN ENHANCEMENT — OF a- AND X-IRRADIATED E. coli 


Level of MPA MPA MPA M-9 
mortality we 37° 45° 37° 
-.a-<[rradiation 
50 5h o. 17 2-2 2-2 
ap LS 16 17 21 
X-irradiation 
50 15 24 $0 2-9 
90 LR 24 2-9 28 
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That the oxygen effect was small in experiments with 
no recovery probably means that oxygen slightly in- 
creases the damage of genetic structures. The increase 
in the oxygen effect in experiments with recovery shows a 
preferential oxygen sensitization of the cell recovery 
system. In E. coli B' the reproducing system is affected 
according to the single-hit principle (survival curves are 
exponential when there is no recovery). Unlike the 
reproducing system the recovery system is damaged 
according te the multi-hit principle. It is indicated by the 


sigmoid shape of the survival curves observed in the- 


cases of recovery and also by a decrease of the latter due 
to the increased dose (see Table 1). Thus the oxygen 
effect reflects chiefly the degree of damage of the recovery 
system and shows the extent of cell recovery in the given 
experimental conditions. 

A small extent of the oxygen effect caused by irradia- 
tion of high ion density is probably due to the ‘profound- 
ness’ (irreversibility) of injuries of the reproducing system : 
this is why an additional injury to the recovery system in 
the presence of oxygen is not pronounced. 

Our conclusions accord with the point of view of 
Alper'®1?7 on the existence of two sites of irradiation 
effects in relation to the sensitizing effect of oxygen. 


It can be suggested that the site N corresponds to the: 


reproducing system and site O to the recovery system. 
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BIOLOGY 


Contractile Proteins of Vertebrate Smooth 
| Muscle 


In vertebrate smooth muscle actomyosin can be 
extracted at low ionic strength as well as at high ionic 
strength. Attention was first directed to this by Laszt 
and Hamoir! and later by Huys?, who found an aceto- 
myosin in vertebrate smooth muscle, soluble at low ionic 
strength (J = 0-1 and less) in the presence of 0-1 mM 
ATP, which they called tono-actomyosin. The sedimenta- 
tion constant, electrophoretic mobility and relative 
viscosity with and without ATP of tono-actomyosin are 
all different from those of normal actomyosin, but after 
treatment of tono-actomyosin with potassium or sodium 


chloride of high ionie strength (I = 0-35) these values - | 


become the same as those of normal actomyosin. 

On examination of vertebrate smooth muscle by X-ray 
methods? or with the electron microscope’ differences 
from skeletal muscle were found. Elliott, using X-ray 
methods, found evidence for the presence of actin filaments, 
but none for the presence of myosin in filament form. In 
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progress in purity 1915 to 1965 


Fifty years ago a ‘List of Reagents for Analytical Purposes’ was published in Great Britain by 
the Institute of Chemistry and the Society of Public Analysts. It contained ‘notes indicating 
the standards of purity regarded as necessary for analytical work’ relating to 89 chemicals. 
Chemicals meeting these standards were designated by the letters ‘A.R.’ 

Thirty years ago ‘AnalaR’ specifications were introduced, describing more precise methods 
of testing and interpreting the tests in terms of maximum permitted limits of impurities. 
The first (1934) edition established standards for some 240 reagents, 

Four more editions have been published since—a sixth edition is in preparation—extending 
the range of 'AnalaR’ reagents to 289, and successively incorporating, with advances in 
analytical methods, more rigorous procedures and more exacting standards. _ 
Against the demands of specialised and instrumental methods of analysis still more highly 
purified reagents have been made available, as for spectroscopy and for micro-analysis, 
and for a number of specific individual applications. 7 

The most recent introductions of very highly purified chemicals however, have been 
concerned not directly with analysis but with radar and electronics, in the BDH 
‘Electronic Grade’ acids, for example, impurities are measured in terms of one or two parts 
per thousand million. These materials are available for analytical purposes. As other 
_ substances of comparable purity are needed, in the laboratory or out of it, BDH will apply 
itself to the job of supplying them. foe a | 
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Fig. 1. Electron micrograph of myosin and actin filaments from verte- 
brate smooth muscle (x 140,000) 


thin sections of fixed and stained vertebrate smooth muscle 
examined with the electron microscope, only one type of 
filament can be seen consistently, that is, thin filaments 
closely resembling the actin filaments of skeletal muscle 
and invertebrate smooth muscle. Slightly thicker and 
darker filaments irregularly and rather scantily distributed 
in the muscle were described first by Choit and later by 
Needham and Shoenberg’, who found that they are usually 
present in fresh fixed muscle, but are absent or less 
frequently and clearly visible where the cell membrane 
has been injured and the injury followed by prolonged 
washing in solutions of low ionic strength (I = 0-1) before 
fixation. The erratic distribution of the dark filaments, 
combined with the fact that these cannot account for the 
total amount of myosin present in the muscle, leads me to 
suggest that the myosin is present, in the resting muscle 
at least, as tono-myosin which in fresh muscle aggregates 
or is deposited on the actin filaments during fixation. 

I have, however, now obtained filaments of myosin 
from vertebrate smooth muscle (taenia coli of guinea-pig) 
by mechanical disintegration of the muscle in solutions of 
low ionic strength (I = 0-13 and less). The procedure used 
is that described by Huxley* to obtain the structural 
proteins of striated muscle. However, it proved essential 
to treat the muscle with collagenase in order to break down 
the large amount of collagen present in smooth muscle. 
Without collagenase no myosin filaments could be obtained 
(Hanson and Lowy’ also failed to get myosin filaments 
when they homogenized smooth muscle at low ionic 
strength by the Huxley method): the collagenase was 
applied for 2-4 h after some homogenization (2 x 15 sec) 
and some further homogenization (3 x 15 sec) was carried 
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out during this time. Preparations made in this way 
always contained actin alaments (similar to those obtained 
by Hanson and Lowy®* and by Huxley*) and frequently 
less-clearly defined myosin filaments; if, however, the 
preparation was allowed to stand overnight and was 
treated further with ATP (2-4 mM) the myosin filaments 
were always clearly vsible as in Fig. 1. The myosin 
filaments are from 0-3 to 0-7u long and about 350 A in 
diameter and often have the thickened endings found by 
Huxley* in synthetic myosin filaments. They resemble 
in appearance (being shorter and wider than skeletal 
muscle myosin) those sbtained from vertebrate smooth 
muscle by Hanson and Lowy’, who extracted actomyosin 
from uterus with potassaum chloride (J = 0-6) and obtained 
the myosin from their preparations by diluting this to 
I = 0-1. Their filaments were approximately 0-7y long 
and 250 A in diameter. Hanson and Lowy’s method for 
obtaining myosin filaments from vertebrate smooth muscle 
corresponds to the method used by Huxley for obtaining 
synthetic myosin filaments from striated muscle. 

Experiments are in progress to investigate whether 
the filaments obtained after collagenase treatment are 
naturally occurring filaments or filaments being built up 
in solution on standi 
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Cosslett and Dr. A. V. Grimstone for providing electron 
microscope and other facilities. This work was supported 
by a grant from the Royal Society. 
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Light Measurements in Plant Growth 
Investigations 


Ir is generally agreeé that the best method of measuring 
daylight as a part of the plant’s microclimate is to integrate 
the light with respect to time. The total amount of light 
received may be noted avery day or week according to the 
time-scale of the experiment. Several light-integrating 
instruments have been developed. They usually work by 
charging a condenser with the current from a photocell, and 
discharging the condenser at a fixed voltage through a 
counter. If the photocell response is linear, the number of 
counts in a given timeinterval is a measure of the inte- 
grated amount of ligh received during that interval. 

This method of measarement is based on a false premise. 
There is nothing in the literature to indicate that plants 
have a linear response to light. Published curves of carbon 
dioxide uptake imply that individual leaves may saturate 
at a level as low as one-tenth of full sunlight, and whole 
plants at a rather higher level depending on the degree of 
shading of the lower leaves. Though the actual relation- 
ship may vary with the type of plant, the stage of growth 
and the growth condisions, it will practically never be 
linear. It is therefore not reasonable to expect a good 
correlation between the integrated current from a linear 
photocell and the growth of a plant. 

A good correlation would be expected if the response of 
the photocell were to be made to match that of the plant 
before the integratiom was performed. Because of the 
differences between plants, a single non-linear modifica- 
tion would not be satisfactory. However, the principle 
ean still be applied br determining the response of the 
plant being studied, by measuring its carbon dioxide 
uptake at various light levels, and applying the results to 
daylight measurements made with a linear photocell, 





by multiplying each reading by an appropriate factor. 
Because the plant is non-linear in its response, a number of 
multiplying factors would be required, each appropriate 
to a given light level. The total time spent at each light 
level could be read from a continuous record of the light, 
or it could be measured automatically by a light meter 
which integrated the time for which the light was between 
each of a series of defined levels. 

The instrumental details are of secondary importance. 
The techniques can be refined to whatever degree is 
desired. The first essential is to choose a rational basis 
for the measurements. K. J. MOCREE 


Physics and Engineering Laboratory, 
Department of Scientific and Industrial Research, 
Lower Hutt, New Zealand. 


Effect of Temperature on Mortality and Rate 
of Development of the Eggs of the Pike (Esox 
lucius L.) and the Perch (Perca fluviatilis L.) 

DURING some recent work on fish eggs the effect of 
water temperature on the rate of development and mortal- 
ity of the eggs of the perch and the pike was observed. 
So far as is known, these facts are not recorded elsewhere ; 
it was therefore felt that they were worth recording. 

The pike eggs were stripped from one female fish and 
were fertilized, by the dry method, with the milt from two 
males. The eggs were placed in trays in constant environ- 
ment aquaria at the same water temperature as that in 
which the fish were caught. The temperature controls 
were adjusted to the various temperatures of the experi- 
ment and the water was allowed to attain the selected 
tomperature during the course of a few hours, During 
the experiment the water in the aquaria was held within 
01° C of the selected temperature. Throughout the 
experiment, except for brief inspection periods, light was 
excluded from the aquaria, which were supplied with 
running water and were continuously aerated. Daily 
records were kept of the number of dead eggs or hatched 
alevins in each aquaria. Fertilized perch eggs were ob- 


Table 1 
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tained from Windermere within 24 h of being spawned 
and treated in the same way. 
The results of the experiments are given in Table 1. 
The upper lethal temperature for tho eggs of both fish 





was recorded. Owing to a failure in the cooling system on ~ 


the 33rd day of the perch work, the lower lethal tempera- 
ture was not obtained. This failure also resulted in the 
incompletion of the hatch of the perch eggs at 8° and 6° C; 


at this point the eggs at 6° C were at the point of hatch 


but had not in fact yet emerged. 
No explanation can be offered for the complete mortality 
of the perch eggs at 14° C. 
D. R. Swirr* 
Freshwater Biological Association, 
Ferry House, Arnbleside. 
* Present address; Unilever Limited, U,K, Milling Group, St. Bridget’s 


House, Bridewell Place, London, E.C.4. 


Inversion of Growth Patterns in Normal and 
Mineral-deficient Plants at High Temperatures 


THE fact that at high temperatures, that is, between 
30° and 40° C, the growth response of many plants to 


mineral deficiencies is strikingly altered does not appears* 


to have been recorded. At these temperatures plants 
grown in sand cultures on a fully balanced mineral 
nutrient solution are appreciably smaller than ones grown 
on solutions lacking one essential trace element such as 
boron, copper, manganese, molybdenum or zine, and this 
effect has been observed here for six seasons. This is the 
reverse of what is normally observed at more moderate 
temperatures, where the control tends to be the largest 
and healthiest: plant in any experiment. 

Beans, radish, nasturtium and wheat all show the 
inversion quite clearly if grown in a glasshouse which is 
subjected to at least 4 h at more than 30° C. Table 1 
shows the marked influence this has on the foliage of the 
nasturtium, Tropaeolum majus L. The control has less, 
but much healthier, foliage than the deficient plants. 

The influence of copper deficiency on wheat (Sokkies) 
was also studied. Various types of container and different 


| | 
! j l i 
: 
i 


















































20°C 18° C we | we wc | we | ec eco | 
—— — — ö— —— — — ~i — — 
No. | No. | No. | | No. | No. | No. | No. | | No. | No. | 
Day |hatched Day |hatched Day | hatched! Day hatched | Day | hatehed | Day | hatched) Day — Day hatched Day | hatched | 
— — —— ö— — rn —— — ere aar] 
| 8} 2 | 6} 4 | 7! a | 71) 5 | aliad | U | b4 | 16) 1 | A | 1 i 8g | log | 
| | 6 386 8 oF 8l a0 | 15 | 78 | 17 5 9 | 2 | Alive not 
| L 7 | š) | 9 | 52 | | | 19 | 12 | 30 3 | hatched 
| | | | | | 20 5 | 33 | 5 
| l ; | | i | | i | 21 5 33 i 
| i ! | | ! | i | 22 8 ‘Alivenot 84 | | : 
l i | | | | | 233 | 8 hatched | 
ae eee eee eee ee || — — 28 — | 
| Average No, days to hatch: | | l i 
3 63 | 7 8-3 = í 146 20-9 32-8 33 | 
Mla ne Non Sua ee ee ta Ee cate dc a ee eet a — moe 
| | | | | | | 
| Temp o | 2 | g | % | 1 | a Co Od: ma ees a ae l r 
| % Mortality | 100 77 | 658 | 639 | 492 | 100 SS o oaa o 70 
} i i t i H | 
SR a RA TS —— i | 
(b) Pike | i j i : 
| + W0 | 18°C 16°C | 14°C | 12° € | 10°C | B° © : e 
= | No | | No | | No | | No. | | No. | | No, | | No | | | No | 
| Day (hatehed Day hatched Day | hatched! Day (hatched) Day | hatched) Day | hatched | Day [hatehed) Day hatched 
— — Ae Ra aN, — — Sa etc tac — — —— — 
alee. 4 P — 3J ar | fyi oe | 8 7 | UNI uo | B s | 2 | 5 | 
5 E cae OY ae oF OD 204 B : i8 111 0 4 15 
| | | i 6 | æ | 6 88 10 z+ | | 47 | 8 | Bh) me | 
| | | 7 | 82 |n 3 CBU ey 4 ee. 
| | | | | | BR 2 | a M o a ee 
S ee ee re re ee er a! ee ee 
oe ee | | | | ! | | | PESEE EIEE 
| Average No. days to hatch: : ; Í , | 
50 50 51 | 58 | , 
ae ee lt , 
Temp. "O AO 22 | 20 | 1 
%o Mortality | 100° 100 | 867 82-8 





5 
öůI—— — — — — — — — —, —————————— —— a a ea —— 


No. 4983 May l, 1965 


Table 1 


Leaf area of 10 Avera area 
plants (cm)* per leaf (em) + 
Control 330 33 
-B 977 71 
—Ou 985 6-6 
— Mn 895 5-8 
— Zn 871 63 


* Very significant difference between the area of the control and of the 
deficient plants (P <0:001), 

+ Average leaf area of the control is very significantly smaller than that of 
the deficient plants (P <0-001). 


Table 2 
Mean Mean leaf Mean leaf Mean Mean 
height length width No. root 
(em) (em) (cm) grains ratingt 
Control 427 29:3 078 00 3-0 
54-6 * 204 O75 153+ 2-3 


— Ou 
Sample size 14 plants. 


* — Cu very significantly taller than control (P < 0-01). 
i No fruiting on control. 
Subjective rating: 1, good; 2, medium; 3, poor root development, 


method of sand culture were investigated. All showed 
that the copper-deficient plants were taller than the 
controls but only one group was amenable to statistical 
analysis. With wheat the leaf length and width are not 
altered, but grain number per plant and root rating 
are, as can be seen in Table 2. 

Finally, heat-loving plants such as pumpkin and 
squash grow well in sand culture at these high tempera- 
tures. These plants do not show growth inversion as 
described here. In pumpkin molybdenum-de ficient and 
control plants produced the same quantity of dry matter. 
There was no sign of either decreased or increased growth 
under these conditions. 


K. H. SCHÜTTE 


Botany Department, 
University of Cape Town, 
South Africa. 


ENTOMOLOGY 


Sites of Fibroin Formation in the Silk Gland 
in Bombyx mori 


Ir has been clear from micro-autoradiography that 
glycine, one of the constituents of silk fibroin, is incor- 
porated into the posterior division of the silk gland in the 
silkworm'!, though the intracellular organelles on the 
fibroin formation and the intracellular transport of 
newly synthesized fibroin are yet unknown. To determine 
whether or not both intracellular organelles, the rough 
endoplasmic reticulum and the Golgi region are responsible 
for fibroin formation in the silk gland of Bombyx, glycine 
labelled with tritium has been used for the demonstration 
of the supposed sites of fibroin formation in the glandular 
cell situated in the posterior division of the silk gland, and 
of intracellular transport of newly synthesized fibroin. 

The specimens were fifth instar 4-day-old larvae of the 
silkworm; fibroin formation had begun in the glandular 
cells of the silk gland and many intracellular organelles 
were visible in the cytoplasm*. Glycine-2-*H of 20 ue. 
was introduced into the digestive tract through the mouth 
by means of a micro-syringe, and the silk gland was 
dissected out 15 min afterwards. A small piece of the 
posterior division of the silk gland was fixed in 1 per 
cent osmium tetroxide adjusted to pH 7-6 with verona! 
acetate for 1 h, embedded in ‘Epon’ by Luft’s method after 
dehydration in ethanol, and sectioned on an ultra-micro- 
tome. The method of Mizuhira et al.* was used to cover 
each section with photographie emulsion ‘NR—M1’, which 
was developed after 6 weeks exposure, stained by Mizuhira 
and Kurotaki’s method and photographed in an electron 
microscope. 

As shown in Figs. 1 and 2, fully developed rough 
endoplasmic reticula, Golgi regions, mitochondria, and 
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Fig. 1. Electron microscope autoradiograph of a part of the glandular 


terior division of the silk gland, Grains originating from 

glvcine-2-H are seen in toth rough endoplasmic reticula and Golgi 

regions ( x ¢, 12,000). CH, chromatin; ÆR, rough endoplasmic reticulum ; 
G, Golgi region; M, misochondrion; N, nucleus; NO, nucleolus 


Fig. 2. The grain is seen en the fibroin globules situated in the Golgi 
ragion (xe. 12,000) 


cell in the 


fibroin-like globules were observed in the cytoplasm of the 
glandular cell. There were many nucleoli, and the general 
cytology of the cell confirmed that secretory activity was 
high at this stage. 

The grains originatiag from glycine-2-*H were observed 
in the rough endoplesmic reticulum and in the Golgi 
region, as well as on tae fibroin globules which were seen 
in the Golgi region. Such grains were not observed on 
the fibroin globules in the region of the cytoplasm away 
from the Golgi region Figs. 1 and 2). This was observed 
consistently in many preparations. These results suggest 
that within 15 min after the ingestion of glycine, labelled 
glycine is incorporated into the rough endoplasmic 
reticulum for fibroin sormation in the silk gland; newly 
synthesized, radioactive fibroin is then transported to the 
Golgi region and is concentrated there, coinciding with the 
function of Golgi regien in pancreatic acinar cell*. 

We thank Drs. V. Mizuhira and M. Kurotaki for their 
advice, Dr. A. Hirata, Konishiroku Photo Ind. Co., Ltd., 
for supplying photographie emulsion, and Mr. H. Matsu- 
mura for the electron microscopy. 
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2-Heptanone in the Mandibular Gland 
Secretion of the Honey-bee 

Worker honey-bees produce alarm pheromones in 
their sting apparatus and in their mandibular glands!. 
One of the components of the sting pheromone? has been 
identified as isoamyl acetate which releases strong alarm 
behaviour in bees. When filter paper treated with 
isoamyl acetate is placed at the hive entrance the bees 
nearby become alerted and greatly agitated. They 
assume a characteristic aggressive posture and run 
jerkily in circles or short zigzags preferentially toward 
the paper. The same behaviour can be observed when 
mandibular glands or crushed heads of worker bees are 
presented at the hive entrance. 

The secretion contained in the mandibular gland 
reservoir has a strong smell which, according to Forel’, is 
quite similar to that of the secretion of the anal glands 
of certain ants (for example, Tapinoma erraticwn, Latr.). 

We have identified an alarm substance from the 
mandibular glands of the honey-bee as 2-heptanone. 

Heads of bees were collected and held at dry-ice 
temperature until used. Pentane or petroleum ether 
(0-5 ml.) was added to 10 heads which were then erushed 
with a flat-ended spatula and mixed thoroughly with the 
solvent. After centrifuging, the supernatant liquid was 
drawn off and a 5-ul. aliquot was injected into a MicroTek 
GC2500R gas chromatograph equipped with a hydrogen 
flame ionization detector. In the lower molecular size 
range a single prominent peak was present. A typical 
ketonic odour was readily detectable at the instrument 
outlet when this component emerged. The retention 
times on three different columns are compared in Table 1 
with those for an authentic sample of 2-heptanone 
(purchased from Eastman Organie Chemicals, Rochester 3, 
New York). 


Table 1, GAS CHROMATOGRAPHY OF BEE-HEAD EXTRACTS AT 70° © 
Retention times (min) 


Column Bee head Reduced 
Column length com- 2-Hep- bee head 2-Hep- 
(ft.) ponent tanone component  tanol 
10% ‘Apiezon L’ 6-5 6-25 6°25 7-78 772 
2% ‘Carbowax M20’ 8 7°26 72 17-4 17-1 
10% ‘DEGS’ 4-5 2-50 2°50 3-9 3'8 


— Column support: ‘Anakrom 4 BS’ 150/160 mesh. Carrier gas: nitrogen, 
70 ml/min. 


A portion of the bee-head extract was treated in ether 
with sodium borohydride. The resulting alcohol was also 
subjected to gas chromatography and the retention timos 
(Table 1) are compared with a sample of 2-heptanol. 

From an extract of 200 heads of forage bees a fraction 
was separated by gas chromatography and collected! 
for analysis by infra-red spectrometry. The spectrum 
of the isolated component was identical to that of authen- 
tic 2-heptanone. A 2,4-dinitrophenylhydrazone deriva- 
tive was prepared, but insufficient material was obtained 
for a determination of the melting point. However, thin 
layer chromatography of the derivative on a Kiosolgol 
G plate (chloroform developed) showed the same Rp as 
a sample of the 2,4-dinitrophenylhydrazone of 2-hepta- 
none, 

In order to show that 2-heptanone did originate in the 
mandibular glands, the glands were excised from the 
heads of five bees and were analysed after extraction 
with 0-1 ml. petroleum ether. The yield was 8-6 ug of 
2-heptanone per bee. This represents about 40 per cent 
of the amount recovered from the crushed heads of 


- foraging bees, which is in the range of 15-23 ug per bee. 


The difference is probably due to loss during dissection. 
Heptanone was not recovered from bees which had not 


yet flown, nor from the heads of either young or old 


-= queens, nor from the heads of drones. 

_ Hexane extracts of heads of foraging bees and a solution 
of authentic 2-heptanone in paraffin oil were tested for 
The substances were applied 


board directly in front of the entrance to the hive. Guard — 








bees became alerted and agitated. These bees came forth | 
from the hive and attacked the cork and removed it from ~ 
the hive entrance. Control corks with paraffin oil alone | 
did not elicit any of these reactions. — 

This is the first reported occurrence of a heptanone in 
bees. However, in the dolichoderine ant, Iridomyrmex — 
pruinosus, Roger, 2-heptanone has been identified as a 
constituent of its alarm substance. | 
D, A. SHEARER 
Analytical Chemistry Research Service, 

R. Boon 
Entomology Research Instituto, 
Canada Department of Agriculture, 
Ottawa. 

t Maschwitz, U., Z. vergl. Physiol., 47, 598 (1964). 


"$ Boch, R., Shearer, D. A., and Stone, B, C., Nature, 195, 1018 (1962). 


* Forel, A., The Senses of Insects (Methuen, London, 1908), 
s — D. A., Stone, B. G, and McGugan, W. A., The Analyst, 88, 147 
(1963). 


* Blum, M. S., Warter, S. L., Monroe, R. S. and Chidester, J. C., J. Insect 
Physiol., 9, 881 (1963). 


MICROBIOLOGY 


Nucleotide Composition of Soluble 
Ribonucleic Acid of Streptomyces fradiae 

THe nucleotide composition of bacterial DNA varies 
widely from species to species and the G + C moles per 
cent particularly range from 30 to 70. Instead, the G + C 
moles per cent of sRNA seem to remain at about 60-62 
per cent in almost all species examined. A few results 
were available for species with high G + C DNA content; 
thus, in order to explore this range in other bacterial 
species, we have examined the nucleotide composition of 
the sRNA. of Streptomyces fradiae PSA 156 (DNA G + C 
content of this strain is 72-4 from buoyant density and 
78-5 from temperature of denaturation midpoint determ- 
ination). 

The cells were grown at 30° while shaking in a medium 
containing 0-5 per cent ‘Bactopeptone’, 0-3 per cent yeast 
extract, 0-2 per cent beef extract, 0-1 per cent casamino- 
acids and 0-1 per cent glucose. After several hours, the 
cells were collected and washed in 0-01 M tris buffer (pHs | 
7:3) containing 0-01 magnesium acetate. 

sRNA was prepared according to the method of Tis- 
siéres? from the bacterial extract from which the ribosomal 
traction had been carefully removed (180 min at 105,0009). 
Ultracentrifugal analyses showed that the sedimentation 
coefficient of purified sRNA was 459. 

Spectrophotometrical analyses revealed the charac- 
teristic absorption spectrum of RNA. | — 

SRNA was precipitated by cold 0-5 M PCA, subjected 
to 0-3 M KOH hydrolysis for 18 h at 37° C, then adjusted. 
to pH 1 and pH 3-5 with cold PCA*, The nucleotides 
were fractionated by paper electrophoresis in ammonium =- 
formate buffer pH 3-5 at 1,000 V, 4 m.amp, for 5 h 30 
min‘. On the electrophoresis paper the spots were clear. 
and separated. The guanilic acid spot extended dividing | 
two components, both of which showed the same character- 
istic absorption spectrum of guanilic acid. Following the- 
method of Davidson and Smellie, we retained these- two 
components isomeric guanilic acids and properly guanilic ` 
2’ and 3° phosphate. In the result the value of guanilic - 
acid comprised both isomeric compounds. 

The separated bands were eluted in pH 2 1 N formic acid ` 
and ultra-violet absorbancy of the eluate was determined... 

The results were expressed as moles of each component, 
per cent moles of all nucleotides. 

The analyses of nucleotide composition showed: 
adenylic acid, 19-5 per cent; cytydilic acid, 26-8 per cent; 
guanilic acid, 35-2 per cent; and uridylic acid, 18-5 per — 
cent. 

The standard deviation for the mean values of each 
component was in the range of 1:2-25 per cent. 

























sion, we have seen that the sRNA nucleotide 
ion of Streptomyces fradiae is very similar to that 
‘ micro-organisms examined, G + C content being 
62 per cent. 
» constancy of percentage of nucleotide composition 
RNA in micro-organisms involves-a similar constancy 
the related cistron of DNA. This could be explained, 
following a hypothesis by Silvestri and Hill*, by assuming 
shat the cistron was only slightly affected by mutations 
-during evolution, because a mutation at any site of this 
_ cistron would disturb complementarity and therefore pre- 
nt the formation of the helical structure of sRNA 
nd hence exact recognition by the activating enzyme. 
mutation at the site determining the triplet comple- 
ment to the codon almost certainly involves lethal 
alteration in code reading. — 
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: A Role for Inorganic lons in the Maintenance of 
- Intracellular Solute Concentrations in a Marine 
e Pseudomonad 


OnE of the earliest observations of a physiological nature 
made by marine microbiologists was that marine bacteria 
_ prefer sea water or a solution of sodium chloride to fresh 
water in the medium for growth. Recent studies have 
shown that the need of marine bacteria for sea water in 
- ehemically defined media represents a requirement for 

inorganic ions? and that inorganic ions play at least two 
essential paris in the growth and survival of the cells. 
First, inorganic ions are required for the nutrition and 
anetabolism of marine bacterial cells. Specific requirements 
fora number of the ions of sea water for growth*4, 
xidative metabolism’ and active transport® have been 
lemonstrated. Secondly, inorganic ions are required to 
event lysis of marine bacterial cells. Studies with a 
rine pseudomonad have shown that the requirement 
for inorganic salts to maintain the integrity of the ceils 
‘ina suspending medium is not due to the osmotic activity 
_.. of the salts in solution but to the fact. that inorganic ions 
are intimately involved in maintaining the mucopeptide 
layer of the cell wall intact’. 












A third role for the ions of sea water in the survival of 
-marine bacteria has now come to light. This is a role in 





















arine bacterium. Evidence for this role arose in the 
course of studies of the uptake of .«-aminoisobutyric 
1-4C by cells of marine pseudomonad B-16. This 
ound, which is not metabolized by the cells, can be 
ulated intracellularly to a concentration some 3,000 
greater than that prevailing in the medium. The 
port mechanism invelved in this uptake has been 
to be activated specifically by Natt. When cells 
f the organism which had been allowed to accumulate 
the compound labelled with carbon-14 were centrifuged 
the medium and resuspended in various salt solutions, 





aintaining intracellular solute concentrations in cells of 
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Fig. 1. Effect of various suits on the capacity of cells of a marine 


pseudomonad to main MC-a-aminoisobutyric acid 


supernatant solution was removed, the interior surface 
of the tube was swabbed dry with a tissue and the cells 
resuspended in the sali. solution to be tasted. One-ml. 
aliquots of the suspensieas were filtered through ‘Millipore 
HA’ filters at appropriate intervals. The cells on the filter 
were washed three times with 1-ml. portions of the same 
salt mixture as was usec in the incubation medium. The 
filter and its adhering cells were transferred to a vial, 
air-dried, a scintillatiea mixture was added and the 
radioactivity of the cells was measured using a Packard 
“Triearb’ liquid scintillation spectrometer. 

The results are shown in Fig. 1. When the cells centri- 
fuged from the incubation medium were resuspended in a 
mixture of sodium c&leride, potassium chloride and 
magnesium sulphate of che same composition as was used 
in the incubation medium, the level of the labelled com- 
pound in the cells was maintained. If the cells were 
resuspended in magnesiara sulphate alone, at a concentra- 
tion of 0-05 M, the labelin the cells was lost, and so rapidly 
that the rate of loss comd not be measured. This loss was 
not caused by lysis of tae cells since magnesium sulphate 
at this concentration protects the cells of this organism 
against lysis better thar any of the other salts‘. Further- 
more, the addition of 29dium chloride to the suspension 
of cells in magnesium sulphate caused uptake of the 
labelled compound from the medium again, in line with 
its function in transport®. Lithium chloride and to a lesser 
extent potassium chlomde, though neither can function 
in the uptake of the labelled compound, were both 
partially effective in preventing its release. Tt is thus 
evident that inorganic jens have a marked capacity to 

ilit” properties of cells of this marine 
bacterium. This property might well be expected to play 
an important role in the survival of the cells. 
CABRIEL R. DRAPEAU 
ROBERT A, MACLEOD 
Department of Bacteriology, — 
Macdonald College of McGill University, 
and 
Marine Sciences Center, 
McGill University, 
Montree... 
a eee We Ergebnisse der Pfsnkton-Expedition der Humboldt-Stifting, 4, 









2 MacLeod, R. A., and Onofres, R., J. Bact., 71, 661 (1956). 
a Me R. A., and Onoftey. B., J. Cel. and Comp. Physiol., 50, 389 
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« MacLeod, R. A., and Onofres, B., Canad. J. Microbiol., 8, 753 (1957). 

t MacLeod, R. A., Claridge, C.a., Hori, A., and Murray, J. F., J. Biol. Chem., 
232, 829 (1958). 

ë Drapeau, G. R., and MacLea®, R. A., Biochem. Biophys. Res. COMMA . 
111 (1963). 

? Buckmire, F. L. A., and MacLeod, R. A. (submitted for publication). 

è MacLeod, R. A., and Matula, T., Nature, 192, 1209 (1961). 





Inhibition by Interferon of Production of 
Double-stranded Semliki Forest Virus 
Ribonucleic Acid 

Tue formation of virus-specific RNA? and of infectious 
RNA? is inhibited in cells treated with interferon. This 
communication presents evidence that interferon also 
inhibits the formation of the double-stranded form of 
RNA appearing in cells infected with Semliki forest 
virus (SFY), 

Double-stranded forms of virus RNA have been 
reported in bacterial plant and animal cells infected with 
RNA viruses*. Such forms appear to play an important 
part in virus multiplication. A double-stranded form of 
RNA has also been reported in primary chick embryo 
fibroblasts infected with SFV‘. Since SFV is quite sensi- 
tive to the antiviral action of interferon, the effect of 
interferon on the formation of the double-stranded form 
of SFV was studied. 

Preparation of chick embryo fibroblast cultures, virus 
Strains, and media used in this laboratory has been 
previously described!*, Each experimental group con- 
tained 108 cells. The cells were treated with 50 units of 
interferon or with buffer for 4 h at 36° C, (A unit of inter- 
feron reduced by 50 per cent plaque formation by vaccinia 
virus on chick cells.) The cells were then washed and 
infected with SFV at a multiplicity of 10-20 plaque- 
forming units per cell. After 1 h at 36° C for virus adsorp- 
tion | pg/ml. actinomycin D was added and the cells left 
overnight at 4° C. The next morning the cells were 
replaced at 36° C, and this time was considered to be the 
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onset of virus growth. RNA synthesis and infectious 


virus production have been closely studied under these 
conditions. 

After 2 h and 5 h of virus growth, a 1-h pulse of 60 ue. 
and 20 uc. respectively of tritium-labelled adenosine was 
added to one set of interferon-treated and ono set of control 


cells. After this l-h labelling period, the cells were scraped 


off the glass and homogenized in 0-1 M potassium phos- 


phate buffer, pH 7-2, in a Dounce homogenizer. N uelei 
were removed by centrifugation and the cytoplasm treated. 


with 5 per cent sodium dodecyl sulphate for 4 min at 


37° C. Preparations were analysed by sedimentation in a: 


La 


6-30 per cent sucrose gradient with chick ribosomal 
RNA as an optical density marker ; fractions were collected 
by piercing the bottom of the tube. Tritium was counted 
in a scintillation counter. Details of these methods will 
be published later’. 

Fig. 1 shows the sedimentation pattern of RNA ex- 
tracted from cells labelled at 2-3 or 5-6 h after infection 
together with the optical density of the unlabelled chick 
ribosomal RNA used as a marker. The results resemble 
those of previously reported investigations‘ in that 2 viral 
RNA components are seen in material extracted from cells 
both early and late in infection. In the cells labelled at 


2-3 h after infection, however, the slower-sedimenting 


component predominates. This component is ribo- 
nuclease-resistant and has been identified as the double- 
stranded form of Semliki forest virus RNA. 

In the time-periods examined both the slow- and fast- 
sedimenting components were markedly depressed or 
completely absent from the cells pre-treated with inter- 
feron. 

Since interferon markedly inhibits the formation of the 
double-stranded form of Semliki forest. virus RNA, it is 
evident that the biochemical event(s) blocked by interferon 
must occur quite early in infection. Levy’s results’, 
however, indicate that at least some virus-specific proteins, 
the inhibitors of cellular RNA and protein synthesis, 
which are produced very early in infection, are made in 
interferon-treated cells. The point of action of interferon 
would therefore appear to be somewhere between the 
production of virus specifie early proteins and the pro- 
duction of double-stranded virus RNA. 
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Recent investigations indicate that the antiviral actions 


of interferon appears to depend on the synthesis by cells 
of an induced antiviral protein’. These findings are con- 
sistent with the hypothesis that interferon acts by induc- 
ing the synthesis of a protein which inhibits net synthesis 
of virus RNA. . 
Ropert M. FroepMan * 
JOSEPH A, SONNABEND 
National Institute for Medical Research, 
Mill Hill, London, N.W.7. 
* U.S, Public Health Service. Present address: National Institutes of 
Health, Bethesda, Maryland. 
? Taylor, J., Biochem. Biophys. Res. Comm., 14, 447 (1964). 


* Grossberg, 8. E. and Holland, J. J., J. Immunol, 88. 708 (1962). DeSomer, 
P., Prinzie, A., Denys, P., and Schome, E., Virotogy, 18, 63 (1962). 

* Weissman, C., and Borst, P., Science, 142, 1188 (1963). Montagnier, L., and 
Sanders, F. K., Nature, 199, 664 (1963). Burdon, R. H., Billeter, M. A., 
Weissmann, O., Warner, R, C., Ochoa, S., and Knight, ©. A., Proe. U.S. 
Nat, Acad, Sei., 58, 768 (1084). 

t Sonnabend, J. A. Dalgarno, b., Friedman, R. M., and Martin, E. M., 
Biochem. Biophys. Res, Comm., 17, 455 (1964), 

5 Friedman, R. M., and Sonnabend, J. A., Nature, 203, 366 (1964). 

* Taylor, J., Virology (in the press). 

* Dalgarno, L., and Martin, E. M., Virology (in the press), 

* Levy, H. B., Virology, 22, 575 (1964). 


GENETICS 


Monosomic Interchange Heterozygote of 
Diploid Chrysanthemum 
Dericrency of whole chromosomes is normally viable 
in species with polyploid ancestry where previous duplica- 
tion of chromosomes seems to compensate for missing 
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genetic material. Monosomic organisms that are basically 
diploid are rare, and the present report of a monosomic 
specimen of Chrysanthemum carinatum is of interest since 
this species is considered a basic diploid in the unique 
polyploids-complex system of this genus which shows a 
‘wide range of somatic chromosome numbers extending 
from 18 to 198 (ref. 1). 

The monosomic specimen was discovered when 20 
plants were analysed for meiotic chromosomal associations 
in the progeny of a cross between interchange hetero- 
zygotes of two distinct varieties of Chrysanthemum 
carinatum, namely, a Hungarian variety “Spectalite’ and a 
local type. The cross was made with a view to finding 
whether the single interchange observed in these two 
populations involved the same or different pairs of chromo- 
somes*. The monosomic, which was morphologically 
indistinguishable from other plants of this group, was 
relatively less vigorous and showed 61-2 per cent pollen 
fertility, as indicated by carmine-staining test, against an 
average of 87:5 per cent for the rest of the hybrids. A 
cytological study of meiotic process in pollen mother cells 
revealed that the monosomic plant was characterized by 
regular formation of a multiple association of four chromo- 
gomes, six bivalents and a univalent (Fig. 1). As in the 
ease of parents, the interchange multiple showed mostly 
disjunctional orientation at metaphase in the monosomic 
specimen. The univalent was observed to lag at anaphase 
in 54 out of the 80 pollen mother cells studied and was not 
included in either of the daughter nuclei. Presumably, 
the deficient gametes did not function, as indicated by 
high seed sterility shown by this plant. 
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Fig, 1. Photon h of a pollen mother cell from the monosomic 
plant showing a multiple association of four chromosomes, six bivalents 
and a univalent (arrow). (x 1,850) 


Unbalanced variation in chromosome number is known 
to be a characteristic feature of the perennial hexaploid 
species of Chrysanthemum”. The fact that an annual 
diploid species is also capable of withstanding loss of a 
whole chromosome supports the view of Darlington‘ 
that capacity to tolerate chromosomal unbalance 
appears to be more pronounced in this genus than in 
others. 

Aneuploids have also been reported to be viable in 
another diploid species, Godetia whitneyi (2n = 14) 
(refs. 5 and 6). It is interesting to note that Chrysanthe- 

“mum carinatum, like Godetia whitneyi, shows chromosomal! 
polymorphism involving structural heterozygosity’. It 
seems probable that structural rearrangements in 
these species have led to the duplication of genetic 
material, enabling them to bear loss of whole chromo- 
somes. 
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I thank Dr. M. 8. Swaminathan and Dr. H. K. Jain 
for their advice. R. S. Rana 


Botany Division, 
Indian Agricultural Research Institute, New Delhi. 


t Darlington, C. D., and Wylie, 4. P., Chromosome Atlas of Flowering Plants 
(London: Allen and Unwin 1956). 


? Rana, R. S., and Jain, H, K., Heredity (in the press). 
® Dowrick, G. L., Heredity, 7, 5% (1953). 


t Darlington, C. D., Chromosome Botany and the Origins of Cultivated Plants 
(London: Allen and Unwim, 1963). 


è Hakansson, A., Hereditas, 31, 129 (1045). 
* Hakansson, A., Hereditas, 82, 405 (1946). 
7 Rana, R. 8., and Jain, H. K., *aturwiss., 51, 44 (1964). 


Incidence of Hairy Pinna in Australian Aborigines 
Harry pinna, that is, hair growing especially from the 
scaphoid fossa of the ear but also on the helix and some- 
times the lobe (Fig. 1), is now accepted as a genetically 
determined trait!, possibly male sex-linked':**. The 
condition has been observed in Indians, Sinhalese, Iranians, 
Traqui, Jews, Maltese, Italians and other Europeans'**. 

Gates? states that he saw a slight example of hairy 
pinna in a Pintubi tribesman in Central Australia. On 
various expeditions from this Department we have found 
a number of instances im full-Aborigines in different parts 
of Australia, The condition here conforms to the standard 
description in being restricted to males over the age of 
about twenty years ard in being independent of any 
other secondary hair growth in the affected individuals. 
The hair in question retains its dark pigmentation much 
longer than hair elsewhere but does turn white in time. 
We noted also that the condition is more marked in men 
over forty years than in those under that age and that the 
two ears may be involved asymmetrically®. 

Hairy pinna was recorded for 37 out of 189 adult full- 
Aboriginal males, giving an overall incidence of 19-6 per 
cent but with much regional variation as follows (per 
Sa Northern Arnhem Land 53 
South-westere Arnhem Land 9-1 
The Kimberleys 24-1 


West Central Australia 21-4 
South Centra Australia 34-3 


This last figure apprcaches the high percentages given 
for Ceylon by Dronamraju', and our observations, so far 
as they go, suggest tha- hairy pinna is more common in 
western and south-western Aborigines than in those of the 
north and north-east; but we need more, and more widely 
separated, observations to be sure of this. 

What we have found supports the view that hairy pinna 
is a genetically determined character, but we have no 





Fig. 1. Marked hairy pinna n a Pintubi man aged about fifty years at 
Haast’s Bluf in West Central Australia 
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genealogical data with which to test the hypothesis that 
the inheritance is Y-linked. 
A. A, ABBIE 
Department of Anatomy, | 
University of Adelaide, South Australia. 
1 Dronamraju, K. R., J. Genet., 87, 230 (1960). 
* Gates, R. R., and Bhaduri, P. N., Mankind monographs, I, 38 (1961). 
* Sarkar, S. S., Banerjee, A. R., Bhattacharjee, P. and Stern, C., Amer. J. 
Hum. Genet., 18, 214 (1981). 
t Slatis, H. M., and Apelbaum, A., Amer. J. Hum, Genet., 15, 74 (1963). 
3 Abbie, A. A., and Rao, P. D., P., Human Biol. (in the press). 


PSYCHOLOGY 


Human Dream Processes as Analogous to 
Computer Programme Clearance 

Recent experiments! have led to a renewed interest in 
the very long-standing problem of dreams. With perhaps 
the single exception of the contribution of the nineteenth- 
century psychoanalysts, dream theories have been based 
on negligible experimental evidence and have never been 
sufficiently rigorous or explicit to attract serious scientific 
interest. The work of Dement, however, demonstrates 
what appears to be a convincing behavioural measure of 
dream periods and, though criticized on several counts, 
has had an undoubted effect from the point of view of 
stimulating further experimental investigations and 
theoretical considerations. We have ourselves recently 
proposed elsewhere? that the dream process might be 
likened in function to the systematic programme clearance 
which is absolutely necessary where computer pro- 
grammes are being continuously evolved to meet changing 
circumstances. The greater the change in circumstances 
being programmed for, the greater must be the amount 
of programme evolution and the more urgent the pro- 
gramme clear-out. In our view, the primary function of 
sleep is probably to allow such a clearing process to get 
under way without interference from external informa- 
tion; ‘dreams’ occur when the level of consciousness 
shifts for one reason or another and the clearing process 
is interrupted. Prolonged deprivation of the opportunity 
to dream would inevitably produce a breakdown in human 
efficiency, most probably in the region where novel situa- 
tions must be handled. More recently yet, Kales et al.? 
have attempted an experimental reappraisal of Dement’s 
original findings; but, while depriving subjects of the 
opportunity to dream for a number of nights, they did not 
notice any significant deterioration in their performance 
in certain psychometrie investigations. In substance they 
agree that dream-prevention leads to increased attempts 
on the part of subjects to dream, but noted no ‘psychic 
changes’ as the result of this deprivation. However, the 
apparent discrepancy between the results of Kales and 
those of Dement is not, we believe, serious for present 
theoretical interpretations of the dream-deprivation in- 
vestigations, for a number of reasons which we shall 
consider here. 

Perhaps the most important factor which needs to be 
considered is our proposition that the dream clearance is, 
in fact, an examination of novel material collected by the 
system in the course of the day. Thus, the degree of dis- 
organization caused by interrupting dreaming will be a 
function of the amount of new material ‘‘added to the 
existing programmes” in the course of recent experience. 
As Lilly* has pointed out, when individuals are subjected 
to quite abnormally constant environments (for example, 
in a space-capsule orbiting the Earth), the required period 
of sleep appears to fall off dramatically and may be 
reduced to as little as 2 h. If we have interpreted their 
account correctly, Kales et al. have, in fact, provided a 
very restricted environment to their two subjects, allowing 
them to be generally idle in the course of the day and 
confining them (for purposes of observation) to a single 
room. Thus, inadvertently, they seem to have weighted 









their experimental conditions against the possibility of © 


there being severe psychic effects. 7 | 
The second point which needs to be considered has, we — 
believe, not been raised in any of the previous work. The- 
view stated here, based on the early experiments, is that- 
patterns of eye movements give a reasonably behavioural 
indication that an individual is dreaming when they- 
occur. This is suggested by the fact that subjects awakened _ 
during such periods of activity report that they have — 
been dreaming. The not unreasonable (or ‘safe’) assump- 
tion is that: dreaming does not occur when eye movements _ 
are not present, for no dreams are reported under these ~ 
conditions. We suggest, however, that the rapid eye move- 
ments which Dement et al. report may be indicative only 
of a particular type of dream, that is, one involving 
oculomotor accompaniment and containing marked visual — 
imagery. Such dreams, we propose, would be easy to 
‘recall’ or ‘verbalize’ when the sleeper is interrupted, and ` 
since the greatest proportion of novel information 1s 
absorbed through the visual system we might therefore 
consider them to be among the most important. How- | 
ever, the presence of ‘non-visual’ dreams not accompanied 
by eye movements would seem to be required. These 
would include ‘dreams’ involving auditory and proprio... 
ceptive information, and often with much sub-verbal 
emotional overtones. Thus, through our programme 
clearance we can imagine a set of circumstances in which 
interruption of rapid eye movements alone would not 
produce major psychic disorders—unless the interruption 
was prolonged excessively. A third comment, a ermticism: 
which cannot unfortunately be verified or, for that matter, 
answered, would relate to the obvious difficulties of 
ensuring that subjects did not take ‘cat naps’ here and 
there, or indulge in some really intensive ‘day-dreaming’. 
Were subjects, for example, watched unremittingly at all 
times of the day: Kales’s own finding that visual 
dreaming was reported as rapid and extremely vivid in 
some cases would itself suggest that in ‘emergency’ 
situations some very rapid programme clearance will be 
undertaken by the system at the first opportunity. 
We suggest, therefore, that before the crucial nature of 
the function of dreams can be satisfactorily uncovered, 
it will be necessary to test the programme clearance 
hypothesis more stringently. We do not know for certain 
how many nights’ dream deprivation will produce the 
kind of massive breakdown which we predict; in the 
appropriate circumstances it might be as little as three, 
perhaps more than seven. Whatever the time-interval, it 
will certainly be important that the individual is not given 
a kind of holiday in his waking hours, but subjected to 
a good deal of experience of novel information of bio- 
logical significance; experience, in fact, that would have < 
required modification of their normal programme. : 
The new view of dreaming which Dement’s important | 
work and our own interpretation of his findings have 
allowed may yet be of more than academic interest. The | 
implications for the treatment of psychiatric disorders | 
could be appreciable, though the extended Russian | 
experiments in sleep therapy seem to run against this — 
point. The nature of sleep induction is probably vital; it- 
is well known that barbiturates, while provoking a very. 
heavy sleep, do not always produce a refreshing one. — 
Probably the ‘level’ to allow dreaming qua programme- 
clearance to operate most effectively is critical. Too deep 
asleep (that is, barbiturate induced) may inhibit dreaming _ 
greatly; too shallow asleep (as in feverish states) produces- 
the familiar symptoms of restless, repetitive scanning of 
trivia, | E. A. NewMan 
ee C. R. Evans E 

Autonomics Division, oo 

National Physical Laboratory, Teddington, Middlesex. | 


1 Dement, W., Science, 191, 1705 (1960). 

® Evans, C. Ro and Newman, B. A., New Set., 24, 577 (1964). 

* Kales, A., Hoedemaker, F. S8., Jacobson, A., and Lichtenstein, E. L., 
Nature, 204, 1337 (1964). 

‘Lilly, J. ©. (personal communication). 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, May 3 


UNIVERSITY OF LONDON (in the Botany Theatre, University College, 
A, B. Severny (Crimean. 


Astrophysical Laboratory): “Solar Magnetic Fields in Active Regions.* 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, 5.W.7), 
at 6 p.m.—‘‘Qataban and Sheba” (Colour film with commentary by Dr. 
Wendell Phillips), f 


INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND STUDENT 
SECTION (at Savoy Place, London, W.0.2), at 6 30 p.m —Annual General 
Meeting, followed by Dr. J. O. Vickery: “Some Aspects of Transistor Tape 
Recorder Design”. 


SOCIETY oF CHEMIOAL INDUSTRY, LONDON SECTION (at 14 Belgrave 
Square, London, S.W.1), at 6.80 p.m.--Annual General Meeting. Mr, A. J. 
Gait’ Chairman’s Address. 


Tuesday, May 4 


INSTITUTION OF ELECTRICAL ENGINEERS, SOLENCE AND GENERAL DIVISION 
(at Savoy Place, London, W.C.2), at 5.80 p.m.—Dr. J. 8. Aronofsky: Com- 
puters in the Petroleum Industry-~Past, Present, and Future” (Third 
Annual Lecture). 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 5.80 p.m.— 
Prof. G, Porter, F.R.S.° “Patterns of Chemical Change” (Lecture for Sixth 
Form Boys and Girls from Schools in London and the Home Counties. To 
be repeated on May 5, 11 and 12.) 


UNIVERSITY OF LONDON (at Queen Blizabeth College, Campden Hill Road, 
London, W.8), a6 5 30 p.m.—Prof. Kurt M. Mislow (Princeton University): 
< The Stereochemistry of Sulfoxides”’. * 


~ UNIVERSITY OF LONDON (in the Botany Theatre, University College, 
Gower Street, London, W.C.1), at 5.30 p.m.—~Prof. A. B. Severny (Crimean 
Astrophysical Observatory): “The General Magnetic Field of the Sun’’.* 


PLASTICS INSTITUTE, LONDON SECTION (at the Wellcome Building, Huston 
Road, London, N.W.1}, at 8.30 p.m -Annual General Meeting. 


Wednesday, May 5 


ROYAL MICROSCOPIOAL Soorety (at the Institute of Ophthalmology, Judd 
Street, London, W.C.1), at 5.30 p.m —-Conversazione, * 


UNIVERSITY OF LONDON (at Bedford College, Regent’s Park, London, 
N.W.1), at 5.80 p.m.— Prof, Kurt M. Mislow (Princeton University): “Quan- 
titative Studies of Conformational Equilibria”. * ~ 


UNIVERSITY OF LONDON (at Guy’s Hospital Medical School, London 
Bridge, 8.5.1), at 5.30 p m.—Prof Mildred Trotter (University of Washing- 
ton}: “Race, Sex and Age as Factors in Skeletal Variability’’.* 


UNIVERSITY OF LONDON (in the Botany Theatre, University College, 
Gower Street, London, W.C.1), at 5.30 p.m —Prof. L. Fowden: ‘The 
Chemical Approach to Plants’? (Inaugural Lecture). 


INSTITUTION OF MECHANICAL ENGINEERS, RAILWAY ENGINEERING GROUP 
(at 1 Birdcage Walk, Westminster, London, S.W.1), at 6 p.m.—Mr. R. G, 
Sell, Mr. G. P. Prince and Mr. D. Twine. “An Experimental Study of the 
Overhead Contact System for Electric Traction at 25 kV". Mr. R. B. 
Morns’ “The Application of an Analogue Computer to a Problem of Panto- 
graph and Overhead-Line Dynamics”. 


Wednesday, May 5—Friday, May 7 


INSTITUTION OF ELGOTRICAL ENGINEERS, POWER DIVISION (at Savoy 
eesti London, W.0.2)—Conference on “The Application of Large Industrial 
riyeg”. 


* 


Thursday, May 6 


ROYAL Socrmry (at Burlington House, Piccadilly, London, W.1), at 
430 pm.—Prof. J. Z. Young, F.R.S.: “The Organization of a Memory 
System" (The Croonjan Lecture). 


UNIVERSITY OF LONDON (at the Royal Veterinary Colleges, Camden Town, 
London, N.W.1), at 5 p.m.—-Prof. R. R. Marshak (University of Pennsyl- 
vania): “Recent Studies on Bovine Leukaemia” (Further lecture on May 7). * 


INSTITUTION OF CIVIL ENGINEERS, ENGINEERING MANAGEMENT GROUP 
(at Great George Street, Westminster, London, S,W.1), at 5.30 p.m— 
Informal Discussion on “Management Teaching Methods 2—The Harvard 
Case Method” introduced by Mr. B. W. Denning. 


UNIVERSITY OF LONDON (at the School of Pharmacy, 29-89 Brunswick 
Square, London, W.C.1), at 5.30 p.m.—Prof. Finn Sandberg (Stockholm): 
“The Effect of Various rugs on the Human Uterus”, * 


CHEMICAL SOCIETY (in the Physics Lecture Theatre, Imperial College of 
Science and Technology, South Kensington, London, §.W.7), at 6 p.m— 
Prof. J. O. Polanyi: “Energy Distribution Among Reaction Products, and 
Infrared Chemuluminescence” (Centenary Lecture). : 


INSTITUTE OF REFRIGERATION (at the National College for Heating, 
Ventilating, Refrigeration and Fan Engineering, Southwark Bridge Road: 
London, S.E.1), at 6 p.m.—Dr. J.O Fidler: “Controlled Atmosphere Storage 
of Apples’’. 


INSTITUTION OF MECHANICAL ENGINERRS, HYDRAULIC PLANT AND 
MACHINERY GROUP (at 1 Birdcage Walk, Westminster, London, 8.W.1), at 
6 p m.—Discussion on “Is There Anything in the Constantinesco Theory of 
Sonic Transmission ?” 


SOCIETY OF CHEMICAL INDUSTRY, MICROBIOLOGY GROUP (at 14 Belgrave 
Square, London, S W.1), at 6 p.m-~Annual General Meeting, followed by 
Mr. J. J. H. Hastings: “Problems in Antibiotic Production”. 


~ ROYAL AERONAUTICAL SOCIETY (at 4 Hamilton Place, London, W.1), at 


6 30 p,.m.—Annual General Meeting. 


Friday, May 7 


UNIVERSITY OF LONDON (at Queen Mary College, Mile End Road, London, 
E. 1), at 5.30 p.m.—Prof. E. A. Bevan: “The Recombination and Segregation 
of the Life Sciences” (Inaugural Lecture). * 
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UNIVERSITY OF LONDON (at che School of Pharmacy, 29-39 Brunswick 
— London, W.0.1), at 5.3) p.m.—Prof. Finn Sandberg (Stockholm). 


“Arrow Poiwons—Their Origin, Chemistry and Action”. * 


Monday, May 10 


ROYAL GRoGRAPHICAL Socrery (at 1 Kensington Gore, London, 5,W.7), 
at 5 pm.—Mr. G. R. Crone: “New Light on the Hereford Map”, 


IMPERIAL COLLEGE OF SOIRNTE AND TECHNOLOGY (in the Main Lecture 
Theatre, Department of Electrical Engineering, Exhibition Road, London, 
— at 5.80 p.m—Mr. P. G. Law: “Communication with Moving 

rains”. 


INSTITUTION OF ELECTRICAL ENGINEERS, SOIENOE AND GENERAL DIVISION 
cat — Place, London, W.C.2), at 5.30 p.m.—Discussion on ‘Properties 
of Ceramics”, 


THE WELLCOME Trust (at The Wellcome Historical Medical Library, 
The Wellcome Building, 183 Euston Road, London, N.W.1), at 5.380 p.m.— 
r — Théodoridés: “Casimir Davaine (1812-1882)—a Precursor of 
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APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before 
the dates mentioned: 

LHOTURER or ASSISTANT LECTURER (reproductive studies) IN THE DEPART- 
MONT OF VETERINARY CLINICA: StuDIeEs-——The Registrar, The University, 
Liverpocl, quoting CV/638/T (Mey 8) 

— IN DENTAL MEDICINE—The Registrar, Senate House, Bristol 8 

ay 18). 

VETERINARY OFFICERS (M.E-C.VS., with at least one year’s practical 
postgraduate experience) at the Ministry of Agriculture, Fisheries and Food 
ao Commission, Savile Row, London, W.1, quoting 180/85 

ay 
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EGECTRONIO DESIGNER, at -he Nuffield Radio Astronomy Laboratories, 
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Laboratories, Jodrell Bank, Macclesfield, Cheshire. 

CHIEF TSETSE OFFICER (male, with a degree m zoology, entomology, 
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A pponiments Officer, Ministry of Overseas Dera ett Room 301, 
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ENGINEERING—Prof. R. M. Kenedi, University of Strathclyde, George 
Street, Glasgow, C.l. z 

CuEmsT at the National Biological Standards Laboratory, Canberra, 
Australia—Chief Medical Offer, Australia House, Strand, London, W.C 2. 
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BOOKS, LIBRARIES AND GOVERNMENT POLICY 


BROADCAST talk on university libraries given by 

Mr. W. Thomas in the B.B.C. Third Programme has 
now been printed in The Listener for April 8 (78, No. 1880, 
519; 1965). While it contains little that is new, it is 
welcome because it directs the attention of a wide audience 
to & situation the seriousness of which has been emphasized 
in much evidence laid before the Committee on Libraries 
(sep up by the University Grants Committee and the 
Ministry of Education to enquire into the use and needs 
of libraries in universities, colleges of advanced tech- 
nology, central institutions and training colleges). He 
begins by pointing out that a university library worthy 
of the name is the outcome of many years of accumulation 
by purchases and gifts, guided by determined vigilance to 
fill deficiencies when they occur. It is not put together in 
a few months, and to-day the difficulties of putting to- 
gether such a library, especially in the arts faculties, are 
greater than ever. 

So far as the physical sciences are concerned, the cost 
of books is overshadowed by the cost of research material 
and equipment. The rapidity with which books are 
superseded makes the problem less acute than that of 
coping effectively with the growing mass of research 
publications in the form of papers and abstracts. It was 
to the last-mentioned aspect that the attention of the 
annual conference of the Association of Special Libraries 
and Information Bureaux (Aslib) at Exeter last Sep- 
tember was particularly directed. The papers collected 
in the conference report (now published under the title 
Looking Forward in Docwmentation*) are concerned 
exclusively with this and do not glance at the problems 
encountered in the collection of the older literature, 
which in the field of arts, for example, or, for that matter, 
in the field of history and philosophy of science, may 
form the source material for enquiry and research. 

Mr. Thomas gives three main reasons for these diffi- 
culties. The first is that the new books are being published 
at higher prices, and he observes that even many univer- 
sity teachers cannot afford to purchase the books on their 
own subject. This in itself can inflate the demands for 
coverage which are made on a university library and, 
added to this, Mr. Thomas suggests, the undergraduate 
to-day reads more detailed work and requires a more 
scholarly library in any arts subject than the under- 
graduate of a generation ago. 

While the rising cost of books and periodicals—mainly 
the outcome of higher printing charges and higher costs 
of paper—is a commonplace, its implications for the 
university library appear to be no more appreciated than 
they are for the publie library and elsewhere. The latest 
returns from the University Grants Committee give the 
expenditure on books for university libraries in 1962-63 
as slightly more than £750,000 and on periodicals £400,000 
compared with £383,000 and £212,000 in 1957-58 and 
£200,000 and £119,000, respectively, in 1951-52. Over 
the period 1952-63 total expenditure on university 
libraries rose from £988,000 to £3°3 million. Again, Mr. 
Thomas notes that each new university has received 

*Aslib Looking Forward in Documentation: Papers and Discussion 


(Aslib 38th Annual Conference, University of Exeter, 1064.) Pp. 122 
Lonon . Aslib, 1965.) 18s. 


through the Committee £175,000 for establishing its 
library, after which Hbrary needs must be met out of the 
annual grant to the whole university. 

This sum may look large, but with the common sense 
that characterizes bs whole talk, Mr. Thomas observes 
that it means only about 85,000 books, at the reasonable 
average price of 40s. each, even disregarding other 
library expenses. Tvided among half a dozen or more 
faculties, it begins to look derisory, while the average 
college library in Oxford or Cambridge may approach 
50,000 volumes. Apart from the limitations which pro- 
vision of this slender magnitude place on the purchasing 
power of the university librarian, it also cramps the 
planning of syllabuses. These must be planned in accord- 
ance with the books that are actually available, and it 
should also be remembered that, with the tendency for 
books to go out of orint much more readily and earlier 
than before the Second World War, a book that is not 
ordered on publication may not be obtainable. 

In this situation, Mr. Thomas reminds us, the needs of 
the research graduate and the university’s reputation as 
a centre of scholarsinp a decade hence tend to be pushed 
further and further Tom consideration. The situation is 
made worse by the two further reasons which he notes. 
The most important of these, the drain of books abroad, 
was noted in a memorandum of evidence submitted by 
the Library Association to the Committee on Libraries f,. 
which quoted the emphatic views expressed by Dr. 
J. N. L. Myres in his presidential address to the Associa- 
tion in 1963. Unless our university libraries, both old 
and new, are given massive and persistently expanding 
support, and unless their needs have priority over other 
university needs, “there is no possibility, in the present 
acutely competitive condition of the international book 
trade, that they will achieve or retain the value or the 
status necessary to make their universities worthy of the 
name”. Two years later, Mr. Thomas can find little 
evidence that any bsed has been paid to that warning, 
although it should be noted that a passage in the vale- 
dictory report of the Advisory Council on Scientific Policy 
suggests that that Council had seen the red light. 

The third reason, and more important than the rising 
cost of new academic books, is the decay of the second- 
hand market. While new books go out of print very 
rapidly, it has become increasingly difficult to trace 
second-hand. copies of rare books and of scholarly and 
classic publications. Matters are made worse, it might 
be added, by the indifference, lack of interest or ineffici- 
ency of at least some second-hand booksellers, added to 
which is the rise in price with scarcity which Mr. Thomas 
himself notes. The tame when a young teacher or student 
could accumulate a large scholarly library by browsing in 
the second-hand booxshops is passing. 

To remedy this situation, Mr. Thomas makes one or 
two suggestions, bus not without condemning in forth- 
right terms the parsumony and shortsightedness that are 
really responsible. The founding of seven new universities 

+ The Library Associaticn Memorandum of Evidence to be laid before 
the Committee on Libraries set up by the University Grants Committee, 
the Ministry of Education and the Scottish Education Department to enquire 


into the use and needs of Libraries m Universities, Institutions and Training 
Colleges, Pp. 26. (London : The Library Association, 1964.) 
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has only made almost intolerable a bad situation of which 
we should long have been ashamed. Furthermore, he 
exposes the shallowness of some palliatives that have been 
proposed, indicating the real implications of excessive 
reliance on inter-university loans or even visits, and 
the limitations inherent in photographic reproduction so 
far. 

The first concrete proposal is in relation to students’ 
book grants, for which is allocated some three times the 
annual expenditure through the University Grants Com- 
mittee on books for all Britain’s university libraries. Mr. 
Thomas’s assertion that the average student spends on 
books only a fraction of the £30 which he or she is allowed 
is unlikely to be challenged any more than his assertion 
that the present expenditure on university libraries is 
inadequate by any standards. It is by implication only, in 
his remark that we “have the money, could we but 
allocate it sensibly”, that he seems to suggest that the 
first priority should be the university libraries and not 
book grants for students. 

Whatever room there may be for adjustment of the 
proportions, the proposal scarcely seems sound in the 
absence of any determined attempt to check the admitted 
abuse of book grants. One such suggestion is made by 
Mr. L. L. Ardern in the Library Association Record for 
March. The Anderson Committee rejected*the idea of 
tying part of’a student’s grant for book purchase, but the 
Association of University Teachers regarded the Com- 
_ mittee’s reasons as unconvincing. Mr. Ardern suggests 
that the difficulty inherent in a token or voucher system 
of preventing sale by the unscrupulous could be overcome 
by means of a document of the traveller’s cheque type 
which the student signs when he makes his purchase or 
choice in the bookseller’s shop, his signature being com- 
pared with that on the first page of the document. 

Mr, Ardern recognizes that the many vouchers left with 
the booksellers would have to be submitted for repayment 
to some central body at regular intervals and this would 
involve establishment by the Ministry of Education and 
Science, or possibly by local authority organizations, of a 
Refund Department. Alternatively, this might be done 
by Book Tokens, Ltd., for a fee. These possibilities are 
already the subject of preliminary enquiry. Mr. Ardern 
also points out that it is important that a proportion of 
the book grant should be left as cash so that the student 
can buy a second-hand book or make an occasional 
purchase when not carrying his voucher book. 

The point is, of course, that purchase of books by 
students should ‘be encouraged and it should no longer 
be possible for a student to be unaware of the amount in 
his grant which is earmarked for this purpose. Clearly 
the service which the university libraries can render will 
be improved if the whole of the sum allocated for book 
grants is, in fact, used by students to purchase the 
books they need for the whole or a major part óf their 
course. The Library Association in its memorandum to the 
Committee on Libraries recommended that the whole 
system of students’ grants for books should be re-investi- 
gated and improved to ensure that an adequate basic 
sum is available for expenditure specifically on books. 
But that grant must be so used, and before we consider 
increasing the grant from £30 to £40, as the National 
Union of Students is urging, theré must be an end to 
conditions in which the grants are misappropriated to the 
extent of at least half, as the librarians of. the -new 
universities ‘estimated in their evidence ; to ‘the® Com- 
mittee’ on Libraries. {+ ‘ aie ENP 
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If that is one way in which the pressure on the university 
libraries could be eased and more effective service made 
possible with existing resources, the primary need is for 
these resources to be increased to a point which makes 
them far more realistic in face of the functions which the 
university library is called on to serve. This is no less true 
of the libraries of the colleges of advanced technology, 
and the Library Association points out in its memorandum 
that an annual expenditure of £10,000-£20,000, at present 
prices, for each library of books, periodicals, binding and 
sundries, barely suffices to permit the acquisition of 
regular new material. Gaps in stocks of books or runs of 
periodicals could still only be filled by capital grants. 

Mr. Thomas makes the further suggestion that the 
number of copyright libraries might well be increased by 
including perhaps a dozen of the university libraries, 
pointing out that this would be insignificant compared 
with the number of review copies at present supplied by 
publishers. Even if this were done at the expense of 
review copies—possibly to the general advantage—it 
could only make a small contribution to the great 
generosity in financial provision which is essential if the 
university librarian is to be in a position to make the 
acquisitions which scholarship and research demand. 
Petty-mindedness, no more than parsimony, cannot build 
up @ great lbrary. 

Mr. Thomas may be inclined to underrate the import- 
ance of inter-library lending and co-operation or the 
possibilities inherent in some of the new techniques such 
as were discussed at the Aslib conference, but he is 
right to insist that adequate finance is the first essential. 
It is only when the university library commands the 
resources, and, when necessary, the priority which Dr. 
Myres desiderates, that ıb can play its proper part in 
inter-lbrary lending and co-operation, or indeed that a 
national system can contribute effectively to the efficiency 
of the university library. The national system which 1s 
overdue and which is still so largely neglected depends 
essentially on the efficiency and adequacy :of its con- 


stituent parts. When they are neglected or starved the - 


whole system suffers. The sincerity of the new Govern- 
ment’s concern for scientific and technical advance and 
for the development of higher education will largely be 
attested by the extent to which it ensures that adequate 
resources are made available for the building up of a 
national library system. Certainly, the Government 
would do well to show a new urgency in the establishment 
of the National Reference Library of Science and Inven- 
tion, in supplying adequate finance for the libraries of the 
universities and the colleges of advanced technology, and 
in the removal of the existing obstacles to the develop- 
ment of the public library service at regional as well as 
at local level. 


APPLICATIONS OF FREEZE-DRYING 
TECHNIQUES 


Aspects Théoriques et Industriels de la Lyophilisation 
Research and Development in Freeze-Drying. Edited by 
Prof. Louis Rey. (Actualités Scientifiques et Industrielles, 
Nr.‘1316.) Pp. 653. (Paris: Hermann, 1964.) 84 Francs. 


HIS is a well-balanced and uniformly competent 
account of the present state of knowledge in the 
medical and food industrial applications of freeze-drying. 
Eight of the thirty-four papers are in French, the remainder 
in English. It is especially rewarding for those practising 
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in either field of application to be able to learn about 
developments in the other’s field. Ono of the lessons to 
be learnt is how much of the progress that has been made 
depended, and still depends, on the extent to which the 
process is wanted—and to what extent the want is repre- 
sented in terms of willingness to pay for the resultant 
product. §. C. Tease, for example, ends his account of 
progress in the United States with the positive remark 
that continuous food freeze-drying “will be provided in 
the United States upon development of specific requirement 
justification”. This author pays a well-merited tribute to 
the Ministry of Agriculture, Fisheries and Food’s Research 
Establishment at Aberdeen where, until it closed in 
1961, pioneer work was done on the accelerated freeze- 
drying (A.F.D.) process. 

Adequate attention is directed to the importance of pre- 
treatment and subsequent storage of the processed 
material, U. Hackenburg, in his paper on the basic 
principles, giving equal prominence to the three phases. 
Audrey Smith contributes a most fascinatang and readable 
article on low-temperature biology under the heading 
“Some Problems in Supercooling and Freezing Living 
Cells, Tissues and Organisms”, in which she remarks 
that “a study of proteins in the nucleus, the cytoplasm 
and the external membranes of the mammalian cells 
after freezing under different conditions would be a reward- 
ing task for any biochemist competent to undertake it”. 
Those who know the work of the biochemists at Torry 
Research Station on the tissues of fishes will appreciate how 
justified this comment is. This work is briefly mentioned 
by J. Kuprianoff. (If justice to this and other outstanding 
research on the freezing of tissues has been overlooked, 
it is entirely. due to the failure of the publishers to provide 
an index. It is incomprehensible that in a book of this 
size, potential value and importance should not be 
indexed. I am tempted to recommend, on those grounds, 
that the book should not be purchased, but that would 
be treating the contributors to a fate they do not deserve.) 
It is possible that somewhere in the text Altmann, who 
m 1890 introduced the process as a histological technique, 
is mentioned, but it would be a long and arduous task to 
discover whether or not this is so. 

Freeze-drying is a happy hunting-ground for the physi- 
cist, and several of the articles are devoted to problems 
of heat and mass transfer during the freezing, sublimation 
and rehydration stages. That these are not, however, 
merely theoretical exercises is amply brought out in their 
interpretation in technological practice. Not only are 
efficient cycles necessary in commercial design and opera- 
tion, but they are also often fundamental to success in 
preserving functional properties in biological material. 
This principle is well illustrated in many fields—the 
preparation of viruses, bacterial cultures, vaccines, 
plasma, enzymes and tissue banks. L. Rey, the editor, 
both introduces and concludes the volume with admirable 
essays on the present state and the future prospects of 
the art of lyophilization. E. C. BATE-SMITH 


GAS CHROMATOGRAPHY IN 
MEDICINE 


Biomedical Applications of Gas Chromatography 

Edited by Herman A. Szymanski. (Based on Lecturəs 
presented during the Fifth Annual Gas Chromatography 
Institute at Canisius College, Buffalo, New York, 1963.) 
Pp. 324. (New York: Plenum Press, 1964.) 12.50 dollars. 


introductory chapter by Dr. H. A. Szymanski is 


~ Pal N 
A intended to sketch briefly the basic theory of gas 


chromatography which is taken for granted by the authors 
of the main papers in Biomedical Applications of Gas 
Chromatography. This treatment is, however, rather too 
skimpy to be anything but confusing to the tyro, while it 
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is doubtful whether it is likely to be required by those 
who will benefit most from this publication, that is, 
workers already engaged in similar fields. 

The first renew by Fales and Pisano (49 pages, 109 
references) deals with amines, alkaloids and amino-acids, 
giving details for the extraction and clean-up of biological 
samples and choice of column packing and temperature. 
Chromatographic Cifficulties encountered with these 


‘ compounds and their volatile derivatives are discussed, 


with emphasis on precticalities, several illustrative tracings 
are included. VandenHoeuvel and Horning (63 pages, 
116 references) discuss the separation, identrfication and 
estimation of steroids, the sections on quantitation, 
derivative preparatcon, and radioactive determinations 
being particularly valuable; .a useful review of some 
practical applications is also included. 

A comparatively short chapter on the gas chromato- 
graphy of bile acid= by Sjoval (19 pages, 32 references) 
summarizes the retantion times of various substituted 
methyl cholanates >n columns of different stationary 
phases; some idenicfication and quantitative procedures 
are also mentioned. Carbohydrates are reviewed by 
Wells, Sweeley and Bentley (57 pages, 57 references), who 
predict that gas chromatography will rapidly become a 
routine method for the analysis of these and related 
compounds. The sestion describing the clinical and bio- 
chemical applicatiors of gas chromatography is note- 
worthy and incluces serum glucose determinations, 
galactosaemia diagrosis, sugar phosphate metabolism 
studies and quantitaave radioactivity measurements. 

An essentially practical paper by Williams and Sweeley 
(47 pages, 82 referents) on urinary aromatic acids includes 
details of the preparztion of volatile derivatives and infra- 
red identification of compounds trapped from the effluent 
gas stream. The properties of thirty-two individual acids 
are catalogued and diagnostic applications to congenital 
diseases and tumour secretions are well illustrated.. A 
chapter reviewmg the gas chromatographic analysis of 
fatty acids and therr derivatives by Supina (37 pages) 
lists 311 references, but gives little comment on their 
content. The final paper by Lowe and Beckham (18 
pages, 30 references) describes procedures for the determ- 
ination of volatile crzanic anaesthetics in blood samples. 

This volume is cleimed to be “...a thorough résumé 
of present-day appkcations of gas chromatography to 
biomedical analysis ...a primer in this field and a useful 
handbook ...”. These claims are well justified, and the 
comparative speed with which this volume has beem 
published is to be welcomed ; frequently such lectures 
enter a limbo from which few return. This very speed, 
however, appears to have had an unfortunate effect on 
the presentation of this useful information; the type-face 
is poor and spacing of letters and words is very uneven, 
thus impeding fluent reading, while printing errors are 
not infrequent. These faults apart, the book is a ‘must’ 
for libraries of laboretories dealing with any biochemical 
aspects of gas chromatography. D. C. ABBOTT 


DRUGS WHICH AFFECT THE STATE 
OF THE MIND 


Psychopharmacological Agents, Vol. | 

Edited by Maxwell Gordon. (Medicinal Chemistry: a 
Series of Monographs, Vol. 4.), Pp. xvi +678. (New York: 
Academic Press, Inc: London: Academic Press, Ine. 
(London), Ltd., 1964.) 168s. 


HE development during the past ten years of a large 
number of psychoactive drugs, some of which are 
frequently referred to only by a manufacturer’s reference 
number, has created a need for a compendium of the 
drugs which have ar effect on the state of the mind. 
Maxwell Gordon has edited an excellent review of the 
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recent developments in such drugs. There is now so 
much information available on the phenothiazine com- 
pounds, which include chlorpromazine, that these have 
been ‘omitted and are to form the subject of a second 
volume. Psychopharmacological Agents is written mainly 
for medicinal chemists and pharmacologists by authors, 
most of whom are associated with the drug industry and 
have contributed to the discovery and development of 
the drugs under review. The information contained in 
the book will, however, be of use to workers in many fields 
of biological research. 

Each section of the monograph deals with the history, 
synthesis, pharmacology, metabolism, analysis and clinical 
uses of a group of drugs which are related by chemical 
structure or by pharmacological activity. The introduction 
by Maxwell Gordon gives the aims and scope of-the book 
and is followed by a concise review, by E. Schlittler and 
A. J. Plummer, of the tranquillizing drugs obtained from 
various species of Rauwolfia, of which reserpine is the 
chief example. The third chapter, by F. Hafliger and 
V. Burckhardt, is concerned with iminodibenzy] and related 
compounds. These include the drugs imipramine and nor- 
tryptiline, which are used in the treatment of depression. 
F. M. Berger and B. J. Ludwig review meprobamate and 
its associated compounds, tranquillizing drugs which were 
originally investigated for their centrally acting muscle 
relaxant activity. Chlordiazepoxide and other drugs 
derived from 1,4-benzodiazepine are discussed by L. H. 
Sternbach, L. O. Randall and S. R. Gustafson. Although 
only two drugs of this type are in general clinical use, the 
authors anticipate that other derivatives will find a 
clinical application and include several of these compounds 
that have been prepared and tested. The stimulant drugs 
related to 2-benzylpiperidine are described in Chapter 6 
by G. L. Krueger and W. R. McGrath. H. G. Morren, 
V. Bienfet and A. M. Reyntjens review the piperazine 
derivatives other than the phenothiazine compounds in 
Chapter 7. These range from antihistaminics with sedative 
properties to tranquillizing drugs. E. Jacobsen is the 
author of a section on benactyzine, a centrally acting 
anticholinergic agent, and this is followed by details of 
derivatives of thiaxanthene, some of which are analogous 
with the drugs derived from phenothiazine. This chapter 
is by P. V. Petersen and I. Meller Nielsen. The group of 
chemicals described under the title ‘“Benzoxazoles, 
Benzothiazoles and Benzimidazoles”’, by ©. K. Cain and 
A. P. Roszkowski, includes centrally acting muscle 
relaxant drugs with a long duration of effect and with 
uricosurie propérties. Nearly one-third of the book is 
required to cover the monoamine oxidase inhibiting drugs. 
This is not surprising when one considers the number of 
such agents which have been developed. This subject is 
treated in two sections. The recent developments in 
hydrazine derivatives are reviewed by J. H. Biel, A. 
Horita and A. E. Drukker and the non-hydrazine mono- 
amine oxidase inhibiting compounds’ are discussed by 
C. L. Zirkle and ©. Kaiser. The final chapter by C. F. 
Downing is on a group of drugs classed as psychotomimetic. 
Such a drug is defined by the author (p. 556) as ‘‘one which 
will consistently produce changes in thought, perception, 
and mood, occurring alone or in concert, without causing 
major disturbances of the autonomic nervous system 
or other serious disability”. Many of such compounds are 
found naturally in fungi or higher plants, but the psycho- 
tomimetic properties of several synthetic drugs are also 
described. Í 

The clear, diagrammatical presentation of the synthetic 
chemistry of the drugs described in this book will enable 
the interested pharmacologist to read it without reaching 
too often for a text-book of organic chemistry. The editor 
has allowed some duplication of the synthetic methods in 
different sections which allows each chapter to be read 
as a complete review of its subject. In the treatment of 
the pharmacology of the drugs emphasis is laid on the 
relationship of chemical structure to activity and much of 
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the information comparing the activities of the compounds 
in different pharmacological and biochemical tests is 
presented in tabular form. The clinical uses of the drugs 
are dealt with simply and concisely. Each chapter is well 
supplied with references and there are adequate author 
and subject indexes. The publication of the second 
volume will complete a valuable work of reference for 
those interested in psychopharmacological agents. 
D. F. SHARMAN 


PROGRESS IN INFRA-RED 
SPECTROSCOPY 


Progress in Infrared Spectroscopy- 

Vol. 2. Edited by Herman A. Szymanski. (Based on 
Lectures from the Sixth and Seventh Annual Infrared 
Spectroscopy Institutes, held at Canisius College, Buffalo, 
New York, 1962 and 1963.) Pp. 298. (New York: Plenum 
Press, 1964.) 12.50 dollars. 


HE practice of holding institutes and summer schools 


4 


devoted to such topics as infra-red spectroscopy fulfils # 


a useful purpose in bringing together practitioners of the 
technique to discuss their problems and to hear lectures 
from distinguished experts. Whether publication of these, 
lectures in a special volume is justified may, however, be 
open to doubt. 

In Volume 2 of Progress in Infrared Spectroscopy some 
selection has been made, and the majority of the articles, 
which are mainly of a review nature, have evidently been 
modified and brought up to date. They include authorita- 
tive reviews by C. L. Angell on polarized infra-red spectro- 
scopy, with particular emphasis on single-crystal measure- 
ments and work on polymeric materials; by John R. 
Ferraro on organophosphorus compounds; and by 
Francis J. Bajer on the organometallic spectra of silicon, 
germanium, tin and lead. The last two articles summarize 
present-day information in fields where relatively few 
structural correlations are firmly established, and in 
which a great deal of work is being published. 

More than & quarter of the volume is devoted to a 


review by S. 8. Mitra and P. J. Gielisse of the infra-red — 


spectra of crystals, which deals especially with optically 
active vibrational transitions in all types of crystals and 
with multi-phonon absorption in semiconducting crystals. 
Some knowledge of crystallography is assumed, and the 
article is apparently intended primarily for solid-state 
physicists. 

Brief and rather general reviews are given of the infra- 
red spectroscopy of biological materials, by Leopold May, 
and of the theory, instrumentation and applications of 
near-infra-red spectroscopy, by James D, McCallum. These 
are typical of the kind of lecture given at local section 
meetings of scientific societies and scarcely seem to merit 
separate publication. 

The book includes an account by the editor and nine 
co-workers of hitherto unpublished work on the use of 
arsenic trichloride as a solvent for infra-red and proton 
magnetic resonance spectroscopy, including a number of 
rather repetitive spectra. Though undoubtedly of interest, 
this paper seems out of place in this volume and one 
wonders why it was not published through the normal 
channels. g 

Finally, there are reviews by Robert G. White of progress 
in ultra-violet and visible spectrometry and of irrelevant 
absorption ın quantitative ultra-violet spectrometry. 
These both cover their fields well and are models of brevity, 


but who would expect to find them in a book with this ™ 


title? 

The spread of topics in this book is such that compara- 
tively few articles will be of particular interest to any 
one individual, who would, in any event, be deterred from 
buying this volume by its price. On the other hand, most 
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librarians will not welcome this additional demand on 
budgets already extended in keeping pace with conven- 
tional specialist journals, in which, in my opinion, the 
more worth-while of these articles should have been 
published. R. J. Meser 


INTRODUCING GENERAL 
TOPOLOGY . 


Elements of General Topology 

By Prof. Sze-Tsen Hu. (Holden-Day Series in Mathe- 
matics.) Pp. x+214. (San Francisco and London: 
Holden-Day, Inc., 1964.) 8.75 dollars. 


URING the past few years, books on general topology 
have proliferated like so many rabbits. By general 
topology, in this connexion, I mean roughly that part of 
topology which constitutes the subject-matter of, say, 
W. Sierpinski’s book of this title. It is therefore pertinent 
to point out that the contents of Prof. 8.-T. Hu’s Elements 
of General Topology do not entirely conform to this 
definition; indeed, half the book is devoted to topics not 
normally contained in books on general topology. If only 
for this reason, Prof. Hu’s book can be regarded as 
something of an event. 

It starts off, in conventional fashion, with an account 
of sets, functions and Cartesian products; the treatment 
is uncomplicated and brief. Then, in Chapter 2, the student 
is introduced to the notions of topological spaces, map- 
pings, sub-spaces, disjoint sums and topological products, 
with a final word or two about homotopy and isotopy. 

Chapter 3 continues with the conventional ‘general 
topology’ and includes, among other things, the different 
separation axioms, the variations on the theme of compact- 
ness, an account of Moore-Smith convergence, a batch 
of theorems about the various kinds of connectedness, 
and a proof of Urysohn’s imbedding theorem. Then 
follows Tietze’s extension theorem and a short account 
of metrizability and metric spaces; next there is a brief 
description of the ‘one point’ and Stone-Cech compaciifi- 
cations and the chapter concludes with a useful list of 
hereditary properties. 

Prof. Hu is to be congratulated on disposing of the 
material of the first three chapters within the space of 
about 100 pages. Remarkably enough, this does not 
mean that the treatment is hurried; indeed, if anything, 
the opposite is true; this is, to a great extent, due to 
Prof. Hu’s refusal to side-track his discussion by excursions 
into the ‘pathology’ of his subject. 

Chapter 4, entitled ‘“‘Polytopes’’, covers the properties 
of simplicial polytopes, adjunction spaces and ‘“‘cellular 
polytopes”. The latter is the author’s term for the so-called 
CW-complexes of J. H. C. Whitehead. It is asserted that 
this is the first exposition of the properties of such com- 
plexes to be given in a book. This may be true to some 
extent, but one must not overlook the substantial section 
on this subject in P. J. Hilton’s Cambridge Tract (An 
Introduction to Homotopy Theory). 

Chapter 5 is concerned with the space Map (X, Y) of 
all mappings of a topological space X into another, Y, 
with the compact-open topology, and with spaces of paths 
and loops. Accounts of these topics have hitherto been 
available only in the more advanced literature. 

The treatment of the fundamental group in Chapter 6 
is also unusual; it begins with the construction of the 
much larger “fundamental groupoid’ and obtains the 
fundamental group as a sub-group thereof. The funda- 
mental groups of spheres are then calculated and the book 
concludes with a brief introduction to the higher homotopy 
groups. 

The book is well presented, with enough ‘narrative’ 
between the mathematics to make it readable. Examples 
and exercises are plentiful and serve to illustrate the 
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main development >f the book. Only a few original 
sources are quoted, but the bibliography of books on 
general topology is very comprehensive, running to nearly 
fifty titles. In this connexion, it is a little irritating to see 
N. E. Steenrod’s hok quoted as The Topology of Fiber 
Bundles (when Steearod used the traditional spelling of 
‘fibre’) and to see the title of J. H. C. Whitehead’s 1949 
paper misquoted as Combinatory Homotopy. Apart from 
these, there are few misprints. Intending students of 
topology will find it an excellent introduction to the 
subject. J. A. TYRRELL 


NEUROLCGICAL MECHANISMS 
OF HEARING AND SPEECH 


The Neurological Mechanisms of Hearing and Speech 
in Children 

By Ian G. Taylor. Pp. xii+ 237+ 15 plates. (Manchester: 

The University Press; .Washington, D.C.: the Volta 

Bureau, 1964.) 42. net. 


HE central mechanisms of hearing and speech are 

poorly understcod. The neuromotor mechanisms are 
well known, and much has been learned about the areas 
of the brain involved in language, but there is a wide 
gap between the anatomy, physiology and psychology of 
this activity, and clinical studies of language disorders 
proved to have serioas limitations. It is necessary to apply 
knowledge gained from phonetics, from the study of 
normal developmen: of speech, and from communication 
theory (Russell, 18E1). 

Auditory percepmon is determined not solely by the 
crude auditory stimulus. The number of phonetic units 
which can be recaznized is much greater if they make 
sense, and if they are presented as words rather than 
syllables, or as sentences rather than words. The influence 
of syntax on mearing implies the physiology of serial 
order in the nervous system. The physiological basis of 
pattern recognition. which is important in this context, 
can only be specifiedan statistical terms and by probability 
laws. The probabilty theory and the principles of com- 
munication theory zan be applied experimentally to the 
study and better understanding of the central mechanisms 
of speech. 

The physics of tha inner ear have been worked out and 
electronmicroscopical investigations have revealed new 
details. Details of the central auditory pathway have 
been disclosed anc the auditory areas of the cortex 
studied. .But our understanding of the fundamental 
central mechanisms of hearing is still in its early 
infancy. 

A book called Thz Neurological Mechanisms of Hearing 
and Speech is opened with the hope that a comprehensive 
review of the subjec; will be forthcoming and new observa- 
tions added. But tke subject indicated in the title is only 
incidental to a dessription of certain difficulties in the 
diagnoses of children with communication disorders. An 
attempt is made to eview generally what is known about 
hearing and speech, but this consists of a string of refer- 
ences and abstracts, without conclusions or useful sum- 
maries, and very unreadable. 

According to the author, “the main purpose of the 
book was to discuss the diagnoses of auditory impairment 
in children,'the value of various hearing tests in different 
disorders and the inferences which must be made as 
regards guidance to varents and teaching of deaf children’. 
However, one shou:d not exclude the possibility of new 
clinical observations contributing to the better under- 
standing of the censral mechanisms of speech and hear- 
ing. 
The selection of children was not done according to a 
rule for experimental observation. Those were selected 
“who presented particularly interesting diagnostic prob- 
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lems in the clinic for pre-school children”’, and this method 
of selection is obviously biased in favour of the author’s 
argument. : 

Five categories of children were recognized: (1) peri- 
pherally deaf; (2) aphasic and dysphasic; (3) mentally 
deficient; (4) cerebral palsied; (5) visually handicapped. 
The common symptom is an initial suspicion of deafness. 
There were differences in reaction to sounds, in performance 
in a test procedure which requires co-operation, and in 
learning ‘language. Children with ‘peripheral deafness’ 
responded readily to sounds of sufficient intensity; their 
responses were repeatable, they performed well, and 
learned language well. The other children behaved 
differently. Their responses to sound were not normal 
and were very inconsistent. They were unable to perform 
in the test procedure, and to learn language. Accord- 
ing to the author they are “brain damaged”. It is not 
easy to distinguish between the two’ main groups at. an 
early age. EEG audiometry, according to the author, is 
a great help in deciding which child is ‘‘peripherally deaf’ 
and which has a “‘central disorder”. 

There is a long description of each group and long case- 
histories, often copies of clinical notes. This gives the 
impression of well-documented material, but it is presented 
in such a manner that comparison of one group with an- 
other is difficult. Most groups are too small (for example, 
4 children in the “visually handicapped group”) for 
generalizations. Most important, his description of the 
groups of children, their symptoms and behaviour, does 
not tally with the everyday experience of clinicians who 
see these children in other centres. The symptoms he 
attributes to children with ‘central disorders” are often 
recognized in children who undoubtedly are “‘peripherally”’ 
deaf, and many children with undoubted central damage 
(for example, cerebral palsied children) do not exhibit 
any of the symptoms as described by the author. The 
account of the cerebral palsied group would be the easiest 
to criticize if there were enough space. The author’s 
observation, based on sixteen. children, is so contradictory 
to other people’s detailed study and hearing tests, based 
on many hundreds of children followed up for several 
years, that his conclusions must be taken with doubt. 

The possibilities of EEG “audiometry” are over- 
estimated. In difficult cases, even in the author’s admis- 
sion, the results cannot be interpreted and often the 
result is of doubtful value. Surprisingly, he used only a 
subjective type of interpretation of the tracing of the 
EEG. Often a response cannot be detected because it is 
hidden ‘in the background of general activity, and it is 
now accepted that without a computer (which adds and 
averages the responses) a correct interpretation of the 
results is difficult. 

The basic plan of the book is at fault, and this, combined 
with the poor style of writing, which is obscure and wordy, 
makes it difficult to digest. Many elementary mistakes 
indicate unsatisfactory proof-reading. The author has 


tried to write a book for the specialized medical public, 


and at the same time for teachers of the deaf and other 
non-medical readers—a difficult undertaking. The ele- 
mentary description of medical subjects makes it boring 
to the medical reader and at the same time unintelligible 
to the lay person. 

On the positive side, the contribution of this book is 
_ Taylors emphasis that it is not enough simply to apply 
@ hearing test to these children; a full and comprehen- 
sive clinical examination is essential. One must also give 
credit to the author for making a serious attempt to 
study and follow-up systematically children who exhibit 
unusual behaviour and have communication difficulties but 
are not deaf. It is quite possible that investigation of these 
children may contribute in the future to the better 
understanding of the central mechanism of speech and 
language, when a consistent experimental method will 


be applied. 
L. Fisox 
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PALAEOMAGNETISM AND 
CONTINENTAL DRIFT 


Paleomagnetism and Its Application to Geological and 
Geophysical Problems 

By E. Irving. Pp. xvi+399. (New York and London: 

John Wiley and Sons, Inc., 1964.) 147s. i 


POPO and Its Application to Geological 
ani Geophysical Problems summarizes our present 
knowledge in the relatively new subject of palaeomag- 
netism. The subject has been somewhat- controversial 
and has its sceptics. Irving goes to great lengths to demon- 
strate the reliability of palaeomagnetic results and, where 
appropriate, uses independent criteria from other branches 
of geology and geophysics. The approach is just what ıs 
needed and should do much. to dispel criticism. 
Palaeomagnetism has many applications, but the main 
one has been the study of continental drift. Two assump- 


tions are made. First, rocks are assumed to be magnetized ~ 


parallel to the magnetic field at the time of their formation 
and to retain this direction of magnetization throughout 
subsequent geological history. Secondly, it is assumed that 
the Earth’s magnetic field in the past may be represented 
by an axially symmetric dipole. The directions of reman- 
ent magnetism of orientated rock samples are measured 
and an ancient pole position is calculated with reference 
to the collecting site. If the continents have remained 
stable relative to each other the remanent magnetism of 
rocks of the same age from different landmasses should 
yield the same pole position. If this had been found to 
be so, it would have been the end of the hypothesis of 
continental drift. Instead, it was found that poles from 
sites from each continent are self-consistent but not 
consistent from continent to continent. This has led to a 
surge of new interest in continental drift and indeed im 
the history and evolution of the Earth. 

It is of prime importance to verify the assumptions, and 
Irving does this meticulously, listing and explaining all the 
criteria. The most powerful tests of the first assumption 
are from field criteria. For example, it is found that 
remanent magnetism directions become consistent after 
correction for folding, indicating that the magnetization 
has remained stable at least since the time of folding. 
In the case of conglomerates, the magnetization is often 
nearly random. From such evidence, ıt is known that 
rocks can retain fossil magnetism unaltered in direction 
for 1,000 million years or more. 

The second assumption, that the Earth’s magnetic field 
has been an axially symmetric dipole in the past, is less 
easy to verify, but Irving takes pains to demonstrate that 
the circumstantial evidence is now very strong indeed. 
Attention is given to the consistency of results within 
landmasses, and it is gratifying to find that the wealth 
of Russian results which are now available are consistent 
with the northern European results. A good test of the 
dipole hypothesis is to look at completely independent’ 
criteria which are latitude-dependent, such as evidence 
of past climatic factors from stratigrephy. There 
is a long and detailed discussion of the correlation 
between palacomagnetic latitudes and the latitudinal 
distribution of palaeoclimatic criterid such as evaporites, 


coals, red beds, desert sandstones and palaeotempera- - 


tures from oxygen isotope ratios. A good correlation 
is found for so many criteria for the same region that 
it gives very strong support to the assumption that the 


- geomagnetic field has been dipolar at least since the 


late Pre-Cambrian. 

With the aid of the above assumptions and what is now 
a very large amount of experimental data, Irving concludes 
that apparent polar wandering is true with respect to the 
region of observation and that these regions have moved 
relative to one another. The systematic, full and careful 
presentation of the evidence should be convincing to even 
the most hardened sceptics! e = 
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The book sets out to cover the whole subject of palaeo- 
magnetism with the exception of measuring apparatus and 
techniques. Other aspects include a clear discussion of the 
basic theory of the magnetic properties of rocks, general 
features of the geomagnetic field, statistical processes used 
in palaeomagnetism, reversals of magnetization and inten- 
sity of the palaeogeomagnetic field. The final chapter 
deals with special topics such as local rotations of the crust, 
stratigraphical uses of reversals and the use of fossil 
magnetism in elucidating problems concerning the omgin 
of igneous rocks. For good measure, we find a discussion 
of the hypothesis of an expanding Earth. The book 
ends with a reference list of palaeomagnetic results with 
46 pages of explanatory notes. _ 

The author has himself worked extensively in the subject 
and has made major contributions, first in England and 
then for 10 years in Australia where he worked out the 
palacomagnetic history of that continent. With his 
geological and geophysical training, he is thus very well 
qualified to write this first admirable book on the subject. 

The book has one failing and that is its price. It should 
be widely read as a text among geologists and geophysicists 
in addition to being a useful reference work, but the price 
is about 50 per cent higher than some recent comparable 
books in the earth sciences. Seven guineas seems to be 
too much for a book of 400 pages with no photographic 
plates for the first of many books to be written on this 
subject. R. W. GIRDLER 


RADIATION AND MINING 


Radiological Health and Safety in Mining and Milling of 
Nuclear Materials 
(Proceedings of the Symposium. held by the International 
Atomic Energy Agency, in co-operation with the Inter- 
national Labour Organization and the World Health 
Organization, Vienna, 26-31 August 1963.) Vol. 1: 
Pp. 482. 210 Sch. ; 60s.; 10 dollars. Vol. 2: Pp. 562. 
231 Sch. ; 66s. ; 11 dollars. (Vienna: International Atomic 
Energy Agency ; London: H.M. Stationery Office, 1964.) 


F all the industries in which a hazard from ionizing 
radiations is involved the mining of radioactive 
materials must be the oldest, and this Symposium has 
brought together the wealth of experience and data 
accumulated over the years. 

At 11 scientific sessions, 70 papers were presented, 18 
of them in French, 4 in Russian and 3 in Spanish. 

A short historical review by A. Schraub (Germany) 
opened the first session which then continued to deal with 
epidemiology. The paper by V. E. Archer et al. (United 
States) reported the results of a study of some non-fatal 
effects of uranium mining. J. K. Wagoner et al. (United 
States) presented a preliminary report on the mortality 
pattern among United States miners and millers from 
1950 to 1962. Thew evidence indicated an excess of 
respiratory cancer among miners with long term under- 
ground experience and suggested the cause is to be-found 
in the airborne radioactive maternal. 

Session 2 was introduced by a paper by D. A. Holaday 
(United States) which outlined some of the unsolved pro- 
blems in uranium mining. Subsequent papers dealt with 
the general control of radiation hazards and health physics 
management in mines and processing plant in Canada, 
France, Spain, Japan, India and South Africa. 

Toxicology was the subject of Sessions 3 and 4; the 
effect of the inhalation of radon received prime attention. 
Factors affecting the retention, translocation and excretion 
of radioactive particles were considered at length. Much of 
the content of these two sessions is relevant to places other 
than mines where radioactive sources are present or used. 

In Sessions 5 and 6 the problems associated with the 
measurement of concentrations in air of radioactive dusts 
and gases, and the techniques employed to solve them, 
were discussed. The difficulties in relating environmental 
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measurements to posible intakes of radioactive material 
were stressed. E.C. Hyatt (United States) confirmed what 
has been found in other fields, that the most accurate 
method at present available to determine the weighted 
average exposure to the total airborne uranium dust is by 
the use of personal samplers worn by the worker. 

P. Pellerm et al. (France) described a practical method 
for systematically evaluating the radioactivity in the air 
of mine galleries. I: consisted of measuring immediately 
the activity of the axtive deposit of the daughter products 
of radon-222 fixed o2 solid or liquid aerosols in suspension 
in the atmosphere of the galleries. Samples are taken in 
series by suction or fixed filters which are then rapidly 
centralized. The threshold sensitivity of the counts was 
said to be of the order of 100 pe./m! air. 

These Sessions showed that further work is necessary 
to develop firm numbers for threshold limit values for 
radon and radon davghters. 

The technical proklems of radiological protection formed 
the subject of Sessicn 7. R. Avril and J. Pradel (France) 
described the preceutions applied in French uranium 
mines where the emphasis is placed on rigid environmental 
control rather than the use of personal protective devices. 
These include the hermetic sealing of unused galleries, 
elimination of infiltrating water, provision of powerful 
ventilation and the customary dust-prevention techniques. 
E. C. Hyatt (United States) gave comprehensive details of a 
respirator programm for uranium mills and described the 
types available, their advantages and limitations, methods 
of testing and the factors involved in their selection for 
use. He stressed tkat although respirators can play an 
important protective part, the control of the dust at 
source should be the primary consideration. 

In the discussion Hllowing the paper by J. A. Northcott 
(United States) on dust prevention in nuclear material min- 
ing, N. Chesnokov (C_S.8.R.) gave details of the precautions 
required in mines ir the U.S.S.R. He reported that wet 
drilling is compulsory and that a simple throwaway type 
of respirator was ncrmally worn. Unfortunately details 
were not given of the efficiency of filtration of these res- 
pirators, which woud have been useful, particularly as a 
very low breathing resistance of 2-3 mm water was quoted. 

Session 8 surveyed the subject of the management of 
radioactive waste. Four papers were presented which 
reported the studies made in the United States, Japan, 
France and Yugosla~ia on the production of waste and its 
influence on the env-ronment. 

Monitoring programmes in mines, mills and the environ- 
ment were reported in Session 9. D. R. Rushing, W. J. 
Garcia and D. A. Clark (United States) described the 
methods they had found to be satisfactory for analysing: 
(a) effluents and environmentalsamples from uranium mills; 
(6) biological samples for radium, polonium and uranium. 
E. C. Tsivoglou (United States) outlined the control pro- 
gramme which has -esulted from water monitoring near 
uranium mills. The monitoring was mainly for radium-226 
with determinations of uranium and strontium-90 when 
desirable. G. Michon (France) had considered the possible 
contamination of mik in the area of uranium mines and 
processing plant, bus concluded that, at least in respect of 
the area in France he studied, the contamination of mulk 
did not constitute a hazard to the local population. 

Medical supervisicn, including the criteria to bo taken 
into account for meCGcal examinations and the assessment 
of internal contammation, was included m Session 10. 
Five papers described urine estimation for lead-210, 
polonium, uranium and thorium. A device to measure 
radon in the breath-was also described. 

The final session consisted of three papers which outlined 
the safety regulations and standards in France, the 
United States and Australia. 

The discussions following the papers are well reported 
and the production of the two volumes is up to the usual 
high standard of the International Atomic Energy 
Agency. I. K. LEGGE 
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Advances in Space Research 

(Proceedings of the First Inter-American Symposium on 
Space Research, Buenos Aires, November 1960.) Pp. 
viii -+ 438. (London and New York: Pergamon Press, 
1964.) 120s. net. l 


f er title of this book is somewhat misleading. Since 
it records the proceedings of a conference held in 
1960, ‘Advances’ should be read as ‘Past Advances’; and 
its subject is not only space research but also allied subjects 
like aerodynamics, rocket motors and other aspects of 
space technology. Despite their advanced age, however, 
many of the contributions are still of considerable interest. 
There are three general papers, all of which retain their 
value. R. W. Porter describes international co-operation 
in. space and suggests possible aims for countries in Central 
and South America. H. L. Dryden outlines the future 
National Aeronautics and Space Administration pro- 
gramme: its planning was so good that his survey needs 
scarcely any amendment to-day. The third review is by 
H. E. Newell, on rocket sounding of the upper atmo- 
sphere. 

It is only possible to mention a few of the specialized 
papers. There are several on aerodynamics: D.W. Holder 
describes the hypersonic research equipment at the 
National Physical Laboratory; F. G. Gravalos contributes 
a general review of supersonic aerodynamics, including 
free-molecule flow, Rockets receive a good deal of atten- 
tion and there is a mathematical study of the effect of 
launcher length on rocket dynamics by E. Lorenzelli and 
J. F. Diharce. The subjects of other papers include space 
research in Japan (by T. Hatanaka), the National Aero- 
nautics and Space Administration: satellite tracking 
network (by J. T. Mengel), the use of high-altitude balloons 
for space research (by H. C. Ingrao and D. H. Menzel) 
and studies of solar ultra-violet radiation (by T. A. Chubb 
and W. A. Rense). 2 

Though many of the papers are interesting, thoy would 
have been far more so threo years ago, and the delay in 
publication is regrettable. The book, printed in Hungary, 
has quite an attractive týpe and layout. The number of 
misprints 1s above average, however, and so is the price. 

D. G. Kuxne-HELE 


Refractory Transition Metal Compounds 

High Temperature Cermets. By G. V. Samsonov. Trans- 
lated by Scripta-Technica, Inc. Translation edited by 
G. E. Gurr and D. J. Parker. Pp. viii+220. (New York: 
Academic Press, Inc.; London: Academic Press, Inc. 
(London), Ltd., 1964.) 72s. 


HIS is a well-produced book dealing with a very 

complex subject in a very specialist manner. It 
contains nineteen papers by various authors, the papers 
varying in length according to the amount of information 
available on the subject under discussion. 

Nearly half the papers are concerned with the interpreta- 
tion of X-ray spectral data in terms of electron redistribu- 
tion and orbital variations due to bonding in such materials 
as transition metal carbides, borides, nitrides and silicides. 
A number of these papers attempt to. correlate the bond 
structure with the physical properties of the compounds 
and some interesting structure parameters are proposed. 
The possibility of predicting gross physical properties 
from electron-orbital parameters is shown to have some 
success. f 

In his introduction the editor points out that most 
reliable results are obtained by parallel investigations 
involving X-ray analysis and study of physical properties 
respectively. i 

There is abundant evidence of much painstaking 
experimental work in many of these papers, but actual 
experimental details are almost completely absent. One 
or two contributions rely on previously published work 
for their understanding. i 
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On the whole, these papers provide a wealth of evidence 
to show that transition compounds are amenable to 
systematization and gradation on the basis of their 
electron structure. There is perhaps a lack of physical 
data concerning these compounds, but this is understand- 
able. 

The remaining papers cover electrical and thermionic 
emission properties of a large number of transition 
compounds. Again, the theme of many contributions is 
the search for relationships between structure and proper- 
ties; for example, a relation was found between a structure 
parameter and metal-semiconductor transformation in a 
series of compounds. Conclusions drawn from this work 
are strangely reminiscent of Hume-Rothery. 

Fitting rather awkwardly into the general theme of 
this book are papers on the preparation and properties 
of iron : silicon compounds and migration in solid solutions 
in an applied potential gradient. They are obviously 
included because of their unique magnetic and electrical 
properties rather than, possession of high melting points: 

There is a great deal to recommend in this small volume. 
Not least are the clarity and precision of the text, reflecting 
a very high standard of translation, adequate references 
(292 in all) and a useful index. L. W. Derry 


Thermophilic Fungi 

An Account of their Biology, Activities and Classification. 
By D. G. Cooney and R. Emerson. Pp. xii+ 188. (San 
Francisco and London: W. H. Freeman and Company, 
1964.) 36s. ` 


EW fungi or other organisms thrive at temperatures 

above 40° C, fewor still are able to grow only at high 
temperatures. The present book is concerned with these 
few, thirteen species of fungi incapable of growth at 
temperatures below 20° C and with upper temperature 
limits between 50° O (Humicola stellata) and 60° C (H. 
lanuginosa). Five additional species not studied by the 
authors bring the total number of known thermophilic 
fungi to eighteen, a heterogeneous group scattered widely 
through the systematic system, including two Phyco- 
mycetes, five Ascomycetes, and eleven Hyphomycetes. 
At temperatures below 40° C these fungi tend. to be over- 
grown. by the common mesophilic moulds so that, though 


their spores may be widely though sparsely dispersed in 2 


Nature, their active mycelia are foundnormally in materials 
that have been through some natural process of microbial 
self-heating or have been held temporarily at temperatures 
around 35°-55° C by some other agency. They play an 
important part in raising the temperature of damp-stored 
plant materials from 35° to 40° C, a level induced by activ- 
ity of mesophilic moulds like Rhizopus nigricans and Pent- 
cillium glaucum, to 60° C or over, until autocatalytic 
chemical processes start to operate, causing further heating 
and ultimate ignition. Thermophilic fungi occur also 
commonly in animal excrement and in birds’ nests, while 
two species of Mucor and Humicola lanuginosa have been 
implicated in animal mycoses. The role of these organisms 
in Nature, as well as their possible use in industrial 
processes involving curing, fermentation or composting of 
plant products, remains largely unexplored and offers a 
fertile and exciting field for research in the near future. 
R. W. G. DENNIS 


Manual of Vascular Plants of Northeastern United 
States and Adjacent Canada 
By Dr. Henry A. Gleason and Dr. Arthur Cronquist. 
Pp. li+ 810. (Princeton, N.J.: D. Van Nostrand Company, 
Inc.; London: D. Van Nostrand Company, Ltd., 1963.) 
92s. ; 
R. H. A. GLEASON’S ‘hope and intent’ that the 
three volumes of The New Britton and Brown 
Illustrated Flora should be condensed into a field manual 
to serve as @ companion volume „has here been realized- 


à 
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with the collaboration of Dr. A. Cronquist. The treatment, 
though modified for some groups in the light of studies 
subsequent to the parent work, remains essentially the 
same, and the Englerian arrangement of the Angiosperm 
families is retained. 

The present volume invites comparison with the most 
recent edition of Gray’s Manual of Botany (Fernald, 1950), 
which covers almost the same geographical area. In 
general, Gleason and Cronquist take a slightly broader 
view of species, are less concerned with infraspecific taxa, 
and make a somewhat different choice of adventives. In 
Labiatae, for example, the authors fully treat ten fewer 
species (125) than Fernald, setting broader limits on 
species like Mentha aquatica, Nepeta cataria, and Satureia 
glabella. To the genera they have in common (37), 
Gleason and Cronquist add Ocimum basilicum, Phlomis 
tuberosa, and Sideritis romana, while Fernald includes 
Hyptis mutabilis and upholds Méicheliella (for Collinsonia 
verticiliata). The newer work lacks the text-illustrations, 
etymology and italicized essential characters of the 
Manual of Botany, but is tidier and clearer in layout. 

A brief comparison of the new volume and the recent 
second edition of the Flora of the British Isles (Clapham, 
Tutin and Warburg, 1962) also seems relevant. Although 
the American volume covers six or seven times as large 
an area with two or three times as many species, in less 
detail and more compactly, both are models of concise 
layout and clear presentation for a serious field manual 
and in physical size they are very similar. The subspecies, 
so consistently used by one (Clapham, Tutin and Warburg), 
is, however, conspicuously absent from the other, where 
varietas is the only infraspecific category admitted. It 
is a sad reflexion on plant taxonomy and nomenclature 
that the same variant may be treated as a subspecies or 
as a varietas (often with a different epithet) without any 
disagreement as to its actual taxonomic value and limits, 
according to whether one subscribes to a predominantly 
European or predominantly American school of thought 
concerning the definition of the major infraspecific 
categories. D. R. Hunt 


Rice Genetics and Cytogenetics 

Proceedings of the Symposium, Los Banos, Philippines, 
February 1963. Pp. xv+274. (Amsterdam, London and 
New York: Elsevier Publishing Company, 1964.) 80s. 


ITH the co-operation of the Government of the 

Philippines, the Ford and Rockefeller Foundations 
jointly founded the International Rice Research Institute 
at Los Banos. The book reviewed here is the record of the 
first main symposium which was sponsored by the 
Institute in 1963, in fact just one year after the Institute’s 
formal dedication. Within another year this edition of the 
proceedings has been printed, and both the Rice Research 
Institute and the publishers should be congratulated on the 
speed and standard of the production. 

The symposium was divided into seven sessions : 
(1) taxonomy ; (2) gene symbolization and nomenclature ; 
(3) chromosome morphology in Oryza species ; (4) genetic 
and cytogenic evidence for species’ relationships ; (5) 
nature of intervarietal hybrid sterility in Oryza sativa ; 
(6) inheritance studies, gene markers and linkage groups; 
(7) a concluding survey. f 

For the first time, within one cover, we have a clear 
and up-to-date account of the views of the main groups of 
research workers in these fields in Japan, Taiwan, India 
and the United States. One of the main hindrances to 
progress in the past has been the problem of communica- 
tion, particularly between the Indian and American groups 
on one hand and the Japanese on the other. This book 
emphasizes the practical value of overcoming this difficulty 
by bringing together workers in the same fields, for 
although different views have by no means been com- 
pletely reconciled, important advances were made in 
resolving problems of taxonomic and genetic nomenclature. 
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In fact sufficient progress was made for the symposium 
to adopt a standard classification and nomenclature of the 
genus Oryza and also a standard system of symbols for its 
genomes. This standardization and clarification will 
undoubtedly facilitate the integration of future research. 
But the symposium also served to emphasize differences 
of opinion, for example, as to the type of breeding 
barriers which operate, particularly between varieties of 
indica end japonicaraces of O. sativa. We still do not know 
whether the barriers are genic as the evidence of Oka and 
others would sugg=st, or are due to cryptic structural 
hybridity as Henderson suggests. Furthermore, it is 
evident that we da not know how much reliance to place 
on some of the mazor lines of evidence which are used in 
the arguments, sucn as pachytene analysis. Again, there 
is still some divergance of opinion as to whether the two 
cultivated species of rice, O. sativa and O. glaberrima, 
have the same genome or not. There are different views, 
also, as to some aspects of the taxonomy of rice but, now 
that more reliance is being placed on an experimental 
approach in this area of research, it seems likely that a 
greater convergence of opinion will be reached in the not 
too distant future. 
This book is essential to anyone interested in the taxo- 
nomy, genetics, cytogenetics and breeding of rice. 
E. H. ROBERTS 


Ore Deposits 

By Prof. C. F. Parz, jun., and Prof. R. A. MacDiarmid. 
(A. Series of Books :n Geology.) Pp. x+475. (San Fran- 
cisco and London: W. H. Freeman and Co., 1964.) 70a. 


HE latest addizion to the Freeman series of geology 

books deals with the occurrence and nature of ore 
deposits and contains special emphasis on the reasons for 
the formation and .ocalization of economic deposits. It 
is pleasing to be eble unreservedly to recommend Ore 
Deposits as a suitable text for students of economic 
geology. 

The book rightly emphasizes the observed field relation- 
ships without endeavouring to be a compendium of 
information about she principal mining districts in the 
world. Brief, clear presentations of the widely differing 
theories concerning the origin, migration, deposition and 
nature of ore-bearinzg fluids or gases are fairly, yet firmly, 
given, and the reader is left with no illusions about the 
present manifold uncertainties concerning ore genesis. 
Nevertheless, when the evidence plainly favours one 
interpretation the suthors do not hesitate to point this 
out. An overall impression is conveyed that the authors 
are free from prejucice and that multiple hypotheses are 
essential to explain all the occurrences even in each single 
type of ore deposit. 

Following a modification of Lindgren’s classification the 
various categories of ore deposits are described and 
illustrated with a few well-chosen examples of each type. 
Not only are geological maps, sections and figures provided 
but also the origin of each deposit is carefully examined 
and the references as the end of each chapter are divided 
into those directly zvited in the text and those dealing 
with a few other appropriate mining areas not dealt with. 
These latter refererces will be invaluable for students 
wishing to make detailed studies of some of the most 
important areas of each class of mineralization. The scope 
of the book is cosmopolitan and, although both authors 
are American, exam>les from the United States are given 
no more than their >roper prominence. 

I found the excessive use of hyphens to interpolate a 
comment annoying: the use of commas would have 
been better. The bcok is nevertheless well written, aptly 
and generously illustrated and, with its integration of 
description and genesis, holds the interest of the reader. 
It will be widely welcomed as a first-class text-book on 
the subject, and for zts quality and size is most reasonably 
priced. BERNARD E. LEAKE 
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CELL DIVISION 


By Dr. A. C. R. DEAN 
Physical Chemistry Laboratory, University of Oxford 


AND 


Sin CYRIL HINSHELWOOD, O.M., F.R.S. 
imperial College of Science and Technology, London, S.W.7 


ELL division is one of the central phenomena of 
biology, and abnormalities in ıt present a major 
problem of medicine. Thera exists a great wealth of 
experimental observations on the factors which advance 
or retard it, and on the appearance and behaviour of 
dividing cells. They do not yet form a wholly coherent 
picture, and particular aspects of the phenomenon have 
often inevitably tended to be considered without reference 
to the rest. : 

In previous articles of this series’? we have discussed 
adaptive and regulatory properties in terms of the overall 
composition of a whole community of cells, introducing 
the fact of division as something given, and necessary to 
prevent the scale effect from destroying any possibility 
of a steady state. We believe this discussion to have 
shown that some of the most characteristic properties of 
living matter follow from very general physico-chemical 
laws without the need of (though not necessarily in con- 
tradiction of) more specific mechanistic hypotheses. In 
what follows we would hke to discuss the phenomenon of 
division in a similar general way, and to arrive ıf possible 
at a clearer understanding of its meaning. This review 
will provide an imcidental opportunity of dealing with some 
objections to the treatment of adaptive and similar 
changes in terms of bacterial mass of a large number of 
cells taken as a whole. 

Cell properties depend on an intricate interplay of 
structure and function. Consideration of one without the 
other gives a very partial view. It is, for example, not 
very satisfactory to postulate something on structural 
grounds which is functionally inexplicable, and to deal 
with the difficulty by invoking, like a slave of the lamp, a 
special enzyme which is supposed to be able to deal with 
the situation (cf. Zamecnik*). 

In order to focus the whole problem a little more 
sharply we begin by asking the rather naive question: 
“What is a living cell ?” in the hope that this gives some 
indication of the kind of factors which must be involved 
in its eventual division into two more or less identical 
versions of its original form. 


What is a Living Cell? 


Questions of essence posed ın too general terms tend 
to be unanswerable, but the problem raised here has a 
limited scope only and we wish simply to consider the 
physical and chemical characteristics which make the cell 
into a system capable of reproducing itself by division. 
The cell 1s the unit of living matter, in the sense that only 
cells can reproduce themselves. Viruses can be reproduced 
but only with the aid of intact cells. 

Can the cell be regarded as a chemical compound, a 
complex macromolecule of heterogeneous parts like an 
elaborate copolymer ? Is it a colloidal particle? Is it, on 
the other hand, ın the old phrase, ‘a bag of enzymes’ ? 
Is it simply a system containing various substances 
engaged in an integrated set of chemical reactions within 
a suitably permeable wall? It seems in fact to partake 
of the nature of all these things simultaneously. The 
further question arises whether its chemical reactions 
have any special characteristic in common. 


To regard the cell as a complex chemical compound is 
clearly too crude an over-simplification, but before the 
idea-is dismissed completely it is worth some considera- 
tion, which will serve to direct attention to certain impor- 
tant facts. Chemical compounds must now be realized to 
possess a much wider range of characters than early 
chemistry ever supposed. The constancy of composition 
which was one of the original pillars of the atomic theory 
must still hold on a strict mterpretation even for the most 
complex macromolecules. A copolymer containing one 
million units of A and one millon units of B is, rigidly 
speaking, a different molecule from one in which the 
numbers are one milhon and a milhon and one. Yet in 
practice the situation is almost indistinguishable from the 
existence of a compound of continuously variable com- 
position. The array of structural types among chemical 
compounds 1s now known to be very wide, as is shown 
by a mere recital of covalent and electrovalent links, 
co-ordination compounds, ligands, metallic bonds, hydro- 
gen bonds, clathrates and so on. Sometimes the relevant 
forces impose structure in a very unexpected way, as may 
perhaps be illustrated by the fact that methane, a gas 
normally condensing at —161-5° C, forms with water a 
solid hydrate capable on occasion of blocking gas mains. 
The major components of cells, nucleic acids, proteins 
and polysaccharides, form numerous complexes with 
themselves or with one another. The metal ions which 
play a subtle but vital part in cell chemistry, besides 
entering into electrovalent interaction with ionizable 
groups in the organic components, have often powerful 
co-ordinating powers. 

Thus what has variously been called the spatial map of 
the cell, the cytoskeleton and the field of organized physt- 
cal and chemical conditions? can well be determined by 
the orienting forces which control chemical compound 
formation in general. Yet we cannot regard the cell 
simply as a rather special kind of copolymer, since, 
although variability of composition need not forbid this, 
the picture so created would fail to do justice to the free 
water content, the metabolic pools ın the cell, and the 
relatively easy mechanical separability of some of the 
components. To this extent the conception of the cell as 
a colloidal particle is more correct, as Oparin® and before 
him in a different way Loeb? have stressed, and this view 
allows for a heterogeneity of phase within the cell itself. 
Nevertheless the analogies of copolymers and of colloidal 
systems suggest that there need be little hesitation about 
supposing the spatial map of the cell to be under the 
control of strong polarizing forces which impose structure 
and about the essential origin of which there need be no 
mystery. The operation of such forces tends to bring the 
system in which they act to a condition of minimum 
potential energy. 

The idea of a simple association of enzymes under- 
stresses the dependence of the cell on stored and trans- 
mitted information, the importance of the spatial map 
itself. and the need for co-ordination. Conversely, exclu- 
sive attention to a self-replicating code of information 
ignores the major question of function. On the other hand, 
the conception of a network of mutual dependences, 
protein on nucleic acid, nucleic acid on protein and so on, 
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has been shown, by itself, to explain many of the striking 
adaptive powers of cells!*. Moreover, the mterplay be- 
tween two tendencies, that towards a minimum potential 
energy of the spatial structure on one hand, and on the 
other hand that towards the establishment of a steady 
state in the reaction network, will explain phenomena 
connected with the rate of adaptation and the stability of 
adapted states?:*. The question now 1s how, in the light 
of this general picture of the cell, the process of division 
itself is to be regarded ? 


Possible Role of Free Valencies 


Before the problem of division itself is pursued further 
another relevant chemical matter must be introduced. 
The reactions in a living cell seem to occur, under the 
influence of the enzymes, much more readily than most 
corresponding reactions in vitro. Their facility may to 
some extent be understood in terms of a very precise 
fitting between the very delicately adjustable spacings on 
enzyme catalysts and tho corresponding distances between 
reactive groups in substrate molecules. There are indeed 
in inorganic chemistry examples of correlations between 
catalytic activity and molecular spacings’. ‘There is, 
however, another analogy from chemistry in vitro which 
is probably very significant. 

Many reactions occur as chain processes depending on 
free atoms and radicals. The polymerization of ethylene, 
for example, is initiated by a free radical, which adds 
itself to a molecule of ethylene giving a larger radical 
which adds more ethylene and so on. In this reaction a 
process known as chain transfer may take place, shown 
by the equation: 


f&(CH,)nCH,CH,CH.,: — f(CH,)zCH=CH, + CH, 


The growing polymer radıcal 3t some stage may shed a 
small radical which is ready to initiate a new chain of 
polymerization®. Chain transfer could conceivably play 
a part in the conditioning of cell division, in so far as it 
represents the attainment of a certain size followed by a 
fresh start. 

Another process familar especially in the chemistry of 
oxidation reactions in the gas phase is that of chain 
branching’. In its simplest form it is illustrated by a 
reaction sequence common in the combustion of hydro- 
carbons. 

R- * O, — RO⸗ 
RO, + RH —> ROOH + R- 
ROOH — RO- + HO: 


In successive acts of chain branching the number of free 
valencies present in the system steadily multiplies. 

Tf the facility of cell reactions 1s in any way conditioned 
by free valencies in its structure, then any branching 
reactions which occurred would allow the reactivity to be 
maintained during exponential growth, and indeed an 
important chain branching would be the condition that two 
daughter cells could each contain as many free valencies 
as the parent cell. 

It cannot yet be definitely stated that free valencies 
are in fact directly involved in the major cell reactions. 
But there is positive evidence for the idea. In ordered 
structures like a cell such free valencies could persist for 
long periods. In some polymers they do so, and the 
polymer may be made to show a ‘stop and go’ process of 
growthio. 

Tho structure of the cell could then be regarded as a 
framework in which free valencies could persist for quite a 
long tims ready to initiate polycondensation reactions as 
soon as the necessary material ıs presented. Their 
gradual saturation and loss of this power would reflect 
the tendency of most cells to lose viability when not 
maintained in active growth. 

Thus reactions involving free valencies, and the processes 
of chain transfer and chain branching, well authenticated 
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in the chemistry of non-living matter, possess character- 
isties which are very suggestive of what is needed to 
explain the great facility of cell reactions, and to satisfy 
some of the conditions which must be fulfilled in cell 
growth and division. 

Theoretical ideas about free radicals in cells have been 
current for along time. In 1936 Michaelis et al.11 proposed 
the participation of free radicals in biological redox 
reactions. In 1946 the cell was described as being or 
containing “a macramolecular polyfunctional free radical 
system stable up to a pomt because of its organised 
structure, yet requiring respiration or an equivalent 
fermentation to maintain these free valencies even when 
no growth occurred’ ??. 

More recently the presence of radicals in some enzymatic 
redox reactions has been inferred from measurements of 
electron spin resonance!*»14. The formation of what may 
be flavin radicals has been qualitatively shown in the 
oxidation-reduction >rocesses of flavins and flavoproteins 
and other biological systems though little evidence exists 
about their detailed -role!4. Active tissues such as those 
of leaves and some nimal organs show a high content of 
free radicals as judgsd by the magnetic criterion’®. The 
paramagnetic resonance has been stated to be associated 
with proteins and to disappear when the proteins are 
denatured?*, 

If these and similer observations do not add up yet to 
more than a general presumption that free valencies are 
playing an ımportanz part, this idea has a basic plausibil- 
ity. During growth cells can build up from simple mater- 
ials compounds the formation of which involves a large 
increase in free enerzy. They do this at the expense of 
coupled oxidations o` fermentations in which this increase 
is fully compensated. It is precisely in the non-biological 
analogues of these oxidations that branching chain 
reactions are very common indeed. 

Though it is only one of many possibilities the trans- 
formation —S—S— — 2 SH—, which is sometimes stated 
to be implicated in cell division!’~-!*, is one which can very 
easily be thought of in terms of a branching chain step 
—§—S— — 2—8-. Dxidaiion-reduction reactions abound 
in cells, division is somehow connected with the RNA/DNA 
ratio??, which, indirestly at least, involves a redox balance. 
The kind of oxidation processes in chemistry in vitro which 
involve branching ckains frequently give hydrogen perox- 
ide in a side reaction, and in this connexion the common 
presence of the enzyme catalase which would protect the 
cell against the deleterious effects of hydrogen peroxide 
may be significant. 

At this stage we should refer to another matter which, 
although simple, can easily: escape attention. If ıt be 
true, as at least seems likely, that free valencies exist 
in the cell, then the number of these must roughly be 
doubled when one cell becomes two. In other words, if 
there are free radicsl chain reactions at all, there must 
be some branching to allow for the fact of division, and 
conversely this branching may itself play some part in the 
mechanism of the division process. Macromolecule 
formation by free radical chain processes, with transfer 
and branching, will vive rise to large building blocks of 
cells. These blocke will not yet have the structural 
organization of a cell, but, when a sufficient complement 
of them is present, tha prefabricated parts might, as it were, 
be bolted together by some of their free valencies in parts 
of the cytoskeleton itself which is a prerequisite of the 
new cell. The supply of these free valencies, if indeed 
they are required, is something which would not appear 
unduly difficult to s-udents of chemical kinetics. 

Setlow and Pollaré!, discussing the fragments produced 
by the irradiation of cells, consider chain reactions 
unlikely, since chain reactions, they say, demand the 
condition that “the whole medium must be quite. homo- 
geneous”. They say further: “‘unless such chain reactions 
can be demonstratec either in polypeptide bonds, or the 
base-sugar bonds of aucleic acid, or in the carbon-carbon 
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chains of lipids, there are no regions in the cell with the 
desired homogeneity”. But itis precisely in the formation 
of these macromolecules that the analogy of the radical- 
induced polymerizations is most suggestive (though here, 
too, 1t must be admitted that polymerizations of the 
Ziegler—Natta type may occur by mechanisms which are 
not of a true chain type**). Nor 1s it really fair to describe 
the environment in which known chain reactions occur as 
“quite homogeneous”. In any event, the analogies of 
chain polymerization are too suggestive to be lightly 
brushed aside. 


Analogies with Cell Division 


The way in which a liquid column may break up into 
drops under the influence of surface tension has been cited 
in this connexion. Another parallel is the usual fragmenta- 
tion of a large crystal into a mosaic of small ones. These 
comparisons are really helpful only in so far as they 
direct attention to the importance, for the equilibrium, 
of the surface-volume relations, to which we shall return 
presently. 

With its strong binding and orienting chemical forces, 
its high degree of internal co-ordination, which still per- 
mits regions of diffusion and free reaction space, the cell 
can not unfairly be regarded as a special kind of phase of 
matter. This brings us to another extremely important 
analogy. As conditions change, and in particular when 
the quantitative composition changes??, material phases 
may become unstable and suffer a transformation from 
one structure to another. In solid phases polymorphic 
transformations involve changes in space lattices and 
possibly in molecular complexity, and with metals the 
pattern of atoms and electrons alters. With liquids, 
although the state of affairs is more random, there is still 
on the average some kind of spatial pattern, and this too 
changes when, for example, a homogeneous mixture 
separates into two conjugate solutions. 

If one thinks of what must be happening to the internal 
patterns during these phase changes it becomes evident 
that elaborate streaming movements of the constituent 
particles must occur during the passage from one state of 
equilibrium to another. The states of equilibrium 
themselves are determined by the condition of minimum 
free energy (or in systems at a temperature where structure 
is more importent than thermal energy, largely by a condi- 
tion of minimum potential energy), but the paths followed 
by individual particles will be such as to conform to the 
minimum disturbance. This analogy serves to show that 
there need be nothing very mysterious in principle about 
the karyokinetic phenomena and movements seen in 
dividing cells, 

Another suggestive analogy is provided by the well- 
known experiment with floating magnets in which as the 
number is increased a single ring of magnets at a certain 
stage breaks up into two. This, however, is in some ways 
a special case of the phase change analogy. 


Degree of Centralization in Cell Organization 


At the outset of any discussion of division the question 
arises whether the cell is to be treated as a very highly 
or as a much more loosely centralized system, and whether 
the material basis of its various functions is repeated once 
only, or a few times or many times throughout its volume. 
In metaphorical terms, is the cell to be likened to a mon- 
archy or to a cantonal or federal system ? Or again is the 
cell to be compared with a single large departmental 
store or to an organization of chain stores which, although 
in some degree under central control, present numerous 
regions of nearly identical activity ? 

A certain presumption, though in no way a demonstra- 
tion, that the cell is not likely to be an absolutely central- 
ized system arises from the consideration of its evolution. 
The cell as we know it consists of a constellation of colloidal 
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particles contained within a boundary, which as Oparin’ 
has emphasized is of the greatest importance in defining 
and preserving its individuality. Thus it is itself a com- 
munity; but it is not an absolutely closed one, as the 
phenomena of conjugation, of transduction, symbiotic 
co-existence with bacteriophage?* and the entry of resist- 
ance transfer factors all bear witness**. In all these there 
is an entry into the cell of foreign elements which it comes 
to terms with and incorporates into its own organization. 
Oparin’s view of the development of cells is that at first 
very simple forms of self-reproducing matter arose and 
that once they had developed the property of surrounding 
themselves with a boundary they could receive other 
elements of organization which gradually allowed the 
elaboration of their machinery up to the level now com- 
moni. In so far as this view is believed in, it suggests 
the analogy of a federal system and indeed the idea that 
even what we are accustomed to think of as a cell of a 
quite definite species is itself a symbiotic community’. 
It is indeed true that various functions of a cell may 
be damaged or destroyed by mutagenic agents while the 
cell itself remains perfectly viable and functional. The 
simplest self-reproducing systems do not need to be very 
complicated, and indeed Penrose** has shown that the 
property of autoreplication may be possessed by relatively 
primitive pietes of machinery. The gradual predominance 
of the more elaborate, multiple-functioned systems is 
provided for by natural selection since the more capacities 
they have added to themselves the more widely can they 
survive and flourish. But it is at least understandable that 
these successful systems should still retain something of 
the incompletely centralized character which their origin 
demanded. Wigner?” has indeed calculated that on quan- 
tum mechanical grounds the probability that one organism 
as complex as a living cell should give rise to two of the 
same kind is 80 small as to demand a miracle for its accom- 
plishment. Miracle or not (and ways out are suggested by 
Landsberg**), the whole state of affairs seems easier to 
understand if the central control is not too strong. 

There are numerous particulate structures in the cell, 
the mbosomes for example”, and these form a constella- 
tion. It must be such as to allow the amounts of the 
various kinds of material and the distribution of the 
individual particles to be consistent with an optimum 
growth rate once the cell has become fully adapted to the 
environmental conditions. The diffusion paths from one 
centre of chemical activity to another must be such as to 
allow the optimum value of the various rate constants 
appearing in the network theorem which we have already 
discussed’. It is difficult to see how this condition could 
remain even roughly satisfied for long in a system where 
each function was localized in one single particle. 

Cell sizes can show much variation, and in particular 
under conditions where nutrients run short division may 
continue for an appreciable but limited time without the 
formation of extra substance, so that abnormally small 
cells result®°. These are nevertheless fully viable and have 
no obvious loss of activity. This would suggest a sub- 
divisibility of the function-bearing structures, most 
easily understood if each function is shared among & 
multiplicity of particles. 

We shall assume therefore that the most appropriate 
picture of the cell for our purpose is one of a constellation 
of many particles held in a state of maximum stability 
by a whole range of physical and chemical forces. 


Necessity for Cell Division ; 


The surface/volume ratio changes as a cell becomes 
bigger. Access of nutrients to the interior grows more 
difficult and loss of metabolic products is impeded. Diffu- 
sion paths change and the relative rates of chemical 
reactions alter. A steady state of continued autosynthetic 
growth demands that all these variations shall occur only 
between restricted limits about a more or less constant 
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average. Periodic division is thus a necessary condition 
for anything like our growth equations to apply?-3. 

Only cells with a division mechanism could have 
survived evolutionary processes. Although the demon- 
stration of survival value seems sometimes to be regarded 
as a good enough explanation for the existence of some- 
thing, no selective advantage can ever explain how any- 
thing arises in the first place. It 1s not very helpful 
simply to assume that the potentialities of life are infinite 
and that selection can explain the rest. As Lucretius 
said, “... nequeunt ex omnibus omnia gigni, quod certis in 
rebus inest secreta faculias’’ (Not everything can be born 
from anything, since in particular things there lies a special 
power). 

Just as adaptive processes and some considerable 
plasticity of living matter can be foreseen from the general 
theorem about growth®, so there should be general prin- 
ciples governing cell division, quite apart from the post 
hoe consideration of its necessity for steady chemical 
states!-°. 


Factors Tending to Promote Cell Division 


If there is ın the cell some structure serving as a centre 
of organization, then the duplication of this could provide 
the opportunity for re-organization of the whole, part 
round each new centre. This might be called the ‘bee 
swarming’ analogy. 

In so far as the cell consists of a constellation of particles 
between which a whole variety of structure-imposing 
chemical and physical forces exist, then, with increasing 
number of particles, the tendency to split into two inde- 
pendent groups-may increase. This might be called the 
‘floating magnets’ analogy. 

If it ıs indeed true that the reactivity of the cell is a 
function of free valencies, then for the number of these to 
increase, as 1b would have to in replication, branching 
chains are required, and the chance of branching would be 
closely looked with division. This might be called the 
‘degenerate explosion’ analogy, after the name given to 
the steady build-up of free radicals in many combustion 
reactions. 

If cell wall is formed more rapidly than the rest, it 
could tend to wrap up what is inside into two parcels; 
this might be called the ‘packaging’ analogy. 

None of these various factors is incompatible with the 
others and all could operate simultaneously. Nor are any 
of them incompatible with the operation of another factor 
which, we suggest, is more general still. 


An Essential Principle Governing Cell Division 


If the cell is regarded in the most general way as a 
particulate constellation, then, at the most stable phase of 
its own individual life-cycle, the configuration will corre- 
spond to a minimum potential energy with respect to any 
mechanical or electrical interaction of one part and 
another. As the cell grows the potential energy must 
move away from this minimum. When, and only when, 
everything present has doubled is there the possibilty 
of restoring the exact status quo by a re-arrangement to 
two identical versions of the original cell, each back in a 
state of minimum potential energy. 

In its general form the essential principle governing 
division might perhaps be stated as follows. The inte- 
gration of chemical reactions within the cell tends to 
impose a constant ratio of all the various cell components?. 
This condition is quite incompatible with the maintenance 
of an unchanged geometrical form without the creation of 


mechanical {or electrical) stresses which become pro- 


gressively more pronounced. The resulting increase of 
energy ultimately forces a re-arrangement to two smaller 
structures, and when these can be two versions of the 
original the increased potential energy can be wholly 
run down 
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To make the argument clearer we will consider a some-. 
what special case, though it should be emphasized that the 
Let us 
treat the cell as though it had two components, ‘surface’ 
material and ‘average’ material. Let the former be 
deemed to occupy a layer of thickness ò round the peri- 
phery of a cell assumed spherical. The surface material 
18 present in amount proportional to 4nRk?8 and the 
average material in emount proportional to 4/37H?, where 
È ıs the radius. Su>pose when the potential energy is a 
minimum that R = Rẹ When thecell grows and Ro 
increases to R, then to maintain a thickness à the surface 
material needs onilr to increase in the ratio (R/R,)?. 
But by the operation.of the chemical steady-stateequations 
it will tend to have =ncreased ın the ratio (#/R,)*, that is, 
constancy per unit mass. It will therefore be in a state of 
relative compression of R/R,. This ratio gives the excess 
matter ın the surface region, and if for simplicity we keep 
ô the same, then the area of the layer is virtually reduced 
in the ratio #,/f. This compression is associated with an 
increase of potential energy which may be roughly set 
proportional to [(# — R,)/Ry]*, on the assumption of the 
simplest kind of e.astic distortion®®. The increase is 
progressive with HR Since E/E, = (V/V,)3, the excess 


energy may be writsen: 


G-a] 


Now suppose the cell divides into two parts of volume 
Va and v respectively. V = V, +v. The excess energy 
of the F, portion 1s now back to zero. 

When v is less taan V, the surface material is not 
compressed but stretched, but the same expression for 
the energy will hold-since it is mdependent of the sign of 
(R — R). š 

Replacing v by (F — V,) we have for the excess energy 


of the v portion: 
Ke wel 
s Fo — 


and zero for the V, portion. While v remains small the 
energy of that porticn (even if there were no other factors 
forbidding its separation) would be greater than that of 
the undivided V, so that no tendency towards division 
would exist. At a certain point, however, the energy of 
the V. and v portions falls below that of V and a mechani- 
cal urge towards separation now comes into play and 
grows to a maximam when F = 2 V, The state of 
affairs is ulustrated. by the graph in Fig. 1. where the 
tendency towards division first appears about 60 per cent 
of the way to the doabling of volume. At this point there 
may well, of course, still be other 1mpediments to division, 
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Fig. 1. Energy relations of an undivided and a divided model cell 
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especially, one would think, insufficient supplies of matenal 
for various vital functions in the interior. 

This illustration has referred to surface material, but 
the general principle of the essential incompatibility, 
without division, of the chemical network equations 
on one hand and the maimtenance of a constant geometry 
on the other is quite general. Moreover, the ordering 
and orienting forces which are undoubtedly present in 
the cell ensure that this incompatibility expresses itself 
in mechanical actions tending to promote movement 
of the parts into states of lower energy. 

This view of the matter differs entirely from that based 
on the breaking up of droplets in so far as the driving 
force 1s the direct result of conformity with the chemical 
network equations which prescribe a material balance 
forcing a periodic re-arrangement. It includes, however, 
the ‘packaging’ effect mentioned in the section headed 
“Factors Tending to Promote Cell Division’. Cell 
division in effect is the inescapable result of the interplay 
between structure and function. 


Mitotic Figures 


In cells of different kinds, variable and sometimes 
elaborate patterns of movement are seen during the 
process of division. These are known as mitotic or karyo- 
kinetic figures, in any event in cells possessing nuclei. 
Patterns of movement occur in other cells even if the word 
karyokinetic 1s not appropriate. 

In his classic book On Growth and Form, D’Arcy 
Thompson?%, speaking of karyokinetic phenomena in 
general, said that ‘it is open to doubt whether they will 
be found in the end to possess more than a secondary, 
even a remote, biological significance. Most, if not all, of 
them would seem to follow immediately and inevitably 
from certain simple assumptions as to the physical con- 
stitution of the cell, and from an extremely simple 
distribution of polarized forces within it. We have 
already seen that how a thing grows, and what it grows 
into, is a dynamic and not a merely material problem; 
so far as the materal substance is concerned, it is so only 
by reason of the chemical, electrical and other forces 
which are associated with it”. Further on in support of 
this view he remarked: ‘‘A multitude of cells divide to the 
accompaniment of karyokinetic phenomena; but others 
do so without any visible karyokinesis at all”. 

From what was said in the last paragraph the simplest 
way of looking at mitotic phenomena would be to regard 
them as the motion of & collection of particles acted on 
by forces from one configuration to another configuration 
of lower potential energy. The movement of all the 
masses involved would then conform to the standard 
dynamical laws as embodied, for example, in the principle 
of least action. This process would certainly give rise to 
some kind of streaming figure, possibly of some com- 
plexity. 

But the separation of chemistry and mechanics may 
not be as clear-cut as such a statement implies. There 
may well be resistances to re-arrangements which them- 
selves are overcome by specifically chemical means, 
waiting, for example, for the development of an enzyme 
which can weaken or dissolve some kind of barrier, or for 
the precipitation of wall-forming substance at a place 
where wall should be formed. 

None of these factors, affecting the rate and course of 
division, lessens the importance of the potential energy 
relation between undivided and divided cell. They 
affect ways and means of achieving what the general 
principle demands. 


Replication of Deoxyribonucleic Acid 


Different factors may influence cell division more or 
less independently. If they do they may act in or out of 
& precise timing and so give rise to variability. The 
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period between. divisions of cells does in fact vary statistic- 
ally about a mean}, 

Some kinds of cell have well-defined nuclei and clearly 
discernible chromosomes. Nuclear structures are much 
less clearly differentiated ın bacteria, but there are regions 
rich in DNA which presumably perform a kind of nuclear 
function. DNA is now widely held to be the major 
repository of genetic information. It has a tendency to 
form aggregates of a more or less’ crystalline nature*, 
and these can vary in size. There are indications that in 
bacteria certain internal masses of a more or less nuclear 
type may break up before the cell as a whole divideg??:33, 
If there is indeed any tendency for some important part 
of the cell to divide internally when it reaches a critical 
size, and a DNA aggregate might conceivably do this, 
then this process might provide new centres of organiza- 
tion playing important parts in the re-arrangement which 
occurs on division. 

The DNA content of any one given type of cell shows a 
very definite tendency to remain constant in a wide range 
of conditions (over which cell size and growth rate may 
change a good dealt); but this is by no means a rigid 
rule. There is a tendency, rather, to a compromise 
between two principles, that of a constant amount of 
DNA per unit of mass and that of a constant amount in 
each cell®®, Nevertheless, DNA does suggest itself as a 
component which has much to do with deciding the actual 
moment of division. In so far as this state of affairs 
exists, ib might suggest the analogy of the centrally 
controlled system, the ‘bee-swarming’ picture, with a 
DNA. aggregate in the role of the queen. But nuclear 
material in bacteria is not concentrated in one place, nor 
is the moment of division sharply defined, so quite a 
number of DNA aggregates might be concerned. In 
this connexion it is worth noting that as the cell increases 
in size, the reducing potential in the interior will tend to 
increase and that this may favour a shift in balance from 
RNA. to DNA by a change in the balance of the inter- 
mediates from which the two are synthesized. 

The significant step in the handing on of genetic 
information is now widely assumed to be the growth of a 
second, helix of DNA climbing, as it were, round an existing 
one by the pairing of complementary bases, the new 
ones being incorporated because they fit geometrically 
m a way which allows hydrogen bond formation®*. If the 
double helix unwinds afterwards, we have two new tem- 
plates instead of the original. This view, however, leaves 
a good deal unexplained. The first question is why the 
free-energy relations which favour double helix formation 
do not maintain it in the dimeric state and what therefore 
the driving force for the unwinding can be. This would be 
as important an element in division as the replication 
itself. Nor is DNA the only thing in the cell which is 
replicated. Everything else is replicated too, and even 
if the codes contained in the DNA structure are really 
moro fundamental than those contained in the proteins 
and polysaccharides, these substances still have to be 
bult up. To return for a moment to the queen bee 
analogy, it is no use @ second queen appearing if there is 
no swarm to follow the new centre of attraction. Once 
again we ignore the total integration principle!-* only at 
the cost of superficiality. 

What could happen is that any failure of DNA double 
helices to respond to those overall chemical influences 
which unwind them (whatever these may be) could delay 
the onset of division even after other conditions had 
become favourable. Experiment does in fact show that 
cell growth and cell division are to some extent incom- 
pletely coupled processes!*-**, and that, while division may 
be advanced so as to give smaller cells with a somewhat 
reduced DNA content, this occurs only in a limited 
de 20, whereas, on the other hand, under certain condi- 
tions (such as in media containing drugs) division may be 
almost indefinitely delayed so that the cells grow to long 
filaments!*.37, Many kinds of interference besides that 
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with the unwinding of helices could, however, be imagined 
to delay the completion of a process which requires 
replication of all elements in the cell. 

Individual cells in a culture vary in size about a mean, 
often with an approximately normal Gaussian, but some- 
times more skew’, size distribution. The median size 
varies with the conditions of growth. The presence of 
drugs may greatly increase the median size, and may 
give rise to abnormal distributions’. From a detailed 
study of size distributions under different conditions 
Lodge and Hinshelwood**.*° concluded that growth and 
division of cells were largely independent functions, 
that the balance between them could be altered by drugs, 
and that abnormal division could sometimes be gradually 
eliminated by the process of training the cells to the 
medium favouring it. The size distribution law suggested 
very strongly that division was not determined solely 
by the size of the cell at the moment when it occurs but 
by the probability of conjunction of various more or less 
independent events. 

From what has been said about the potential energy 
relations of divided and undivided cells, the possible need 
for a critical amount of DNA replication, and perhaps 
also an unwinding of helices, the demand for a proper 
complement of all essential enzymes and perhaps also for 
some chain branching to generate fresh free valencies, 
there is evidently no lack of events the conjunction of 
which could statistically be advanced or delayed. _ 

The experimental observations on size distributian 
which have just been referred to were made with Aero- 
bacter aerogenes. Nickerson®*, however, has found similar 
relations with yeast and several other authors have 
referred to the incomplete coupling of division with growth 
and size, Some authors stress the importance of the 
precipitation of cell wall forming substances in the region 
between two new cells, and Nickerson says that with 
yeasts a local softening of the cell wall occurs, some of 
the contents of the original cell being extruded and a new 
wall being formed (presumably from a precursor) around 
the bud. 


Growth Rate of Single Cells between Divisions 


Some writers go to the length of questioning the validity 
of any kinetic equations applicable to the bacterial mass 
as & whole, a view which seems to us to be mistaken. It is 
based largely on the observation of individual cells. 
According to Swann’ their increase is not autocatalytic 
and exponential, and according to Prescott** individual 
growth curves do not show any acceleration of rate between 
divisions, nor does the absolute growth rate depend on 
cell size. With the amoeba the rate is stated to be greatest 
immediately after division. The rate of synthesis of 
protein during interphase of the organism Tetrahymena as 
measured by the incorporation of carbon-14 does not 
change**. Different quantities used to measure the 
extent of growth may vary independently. With yeasts 
increase in volume has been stated to occur at a constant 
rate during the greater part of the cell cycle*4. With 
B. megatherium the rate of volume increase is said to be 
more than linear but less than exponential: with S. 
faecalis it falls, while with Paramecium it rises*‘. 
B. cereus the rate of increase in length is reported to 
Increase as the organisms get larger, and there is stated 
to be no hesitation before or after division®*. In this 
work batch cultures were examined by a photographic 
technique, a method more likely to give reliable results 
than the observation of single cells in the restricting 
conditions of some special observation chambors. Length 
at division varied and so did the lengths of the daughter 
cells. Schaechter et al.** found that with E. colt, Proteus 
vulgaris and Salmonella typhimurium in balanced growth 
the cells did in fact grow exponentially between divisions, 
and concluded that increase in length measured increase 
in mass since the refractive index does not vary appre- 
ciably between individuals of different ages**. 
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The denial on the basis of single cell observations that 
growth is essentially an autocatalytic phenomenon seems 
to us to imply & basis misunderstanding of the situation. 
A given mass of bacterial substance in the proper condi- 
tions increases exporentially with time. It does so by 
no means other than the operation of a set of linked 
chemical processes. Chemical processes which give a 
total product increasing exponentially with time are auto- 
catalytic no matter kow the total mass at any instant is 
divided up among tke particles present and whether or 
not at a given moment all the particles are changing at 
corresponding rates. To question this is to ignore the 
plain meaning of language. 

The use, therefore, of equations relating to the total 
mass is quite legitimate. The constants entering into 
these equations are average values taken over all the 
particles. The average itself, which as a matter of obser- 
vation, does remain constant for the system as a whole 
during the logarithmis phase, can only do so in so far as 
periodic division allows the average chemical condition 
of the cells to remain more or less constant. How the 
contribution of each individual particle (cell) varies at 
each moment of its own interdivision period is a quite 
separate question. The averaging over all the cells is 
smooth, and over finise ranges the mass increase is auto- . 
catalytic. ~ 

As to the rate constants prevailing in individual cells 
(the constants, that is, which average out to those used in 
the overall growth equations), our previous discussions 
indicate what should be expected. At the optimum the 
spatial map of the cell conforms to & set of diffusion paths 
and steric conditions corresponding to a maximum growth 
rate’-*. As the mass of a cell in that state mereases the 
conditions within it -ecome less favourable and the rate 
constants will show a general tendency to fall away, 
though particular ons may not and may even increase. 
The total effect is to lower the growth rate for that cell. 
On the other hand, the amount of nucleic acid is increasing 
so that more protein can potentially be formed and the 
amount of enzymes present increase so that more nucleic 
acid can be potentially built in unit time. Thus we have 
an. increasing mass o? chemically active material in the 
cell operating at a more or less rapidly falling efficiency. 
The result will be a less than exponential increase during 
part of that cell cycle though one which may still be greater 
than linear, or it maz even for part of the time be less 
than linear. By compensation it may be nearly linear 
over part of the range. This picture is indeed what the 
experimental results saggest. 

Those factors whick make the kinetic rate constants of 
the reaction. network change in the course of an individual 
cell cycle and which may slow down the overall rate as the 
cell grows can also give rise to variations in the proportions 
of the separate components. But these variations con- 
stitute a fine structure within the individual cell super- 
posed on the steady proportions averaged over the whole 
of a culture in the sseady state, or superposed on the 
adaptive variations in the average composition as the 
culture modulates from one steady state to another. 

The examples in tks literature refer to cells of many 
different types, not recessarily to bacterial cells. The 
pattern is by no means uniform, and results, for example, 
with Tetrahymena* dc not always agree with those found 
with bacteria®*-45, Nevertheless, all these individual 
observations serve to snow the kinds of phenomenon which 
the laws of growth may throw up, whether in steady or in 
non-steady states. Tus nuclear RNA has been observed 
to increase relatively during the interphase, and DNA to 
double during the latter half?®. Glutathione fluctuates 
during the cell cycle and has been supposed to play a 
special part in divisior processes'$:1®, a fact which may be 
related to the idea that the reduced, —SH, condition of 
—§—S-——~ links is sail to be implicated!7~?®. Pools of 
metabolites in general have also been stated to vary‘, as, 
of course, would be expected if relative rates of formation 
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and incorporation are themselves varying. Before 
division of Tetrahymena, nucleoside triphosphates are 
stated to build upt. Cells actually in division are said 
not to depend on respiration’. l 

It would not be surprising if the whole integration of 
cell processes were largely in suspense during the actual 
rearrangement of the spatial map which we know occurs 
at division. Observations of the kind which has just 
been.mentioned are only to be expected. They are 
difficult to mterpret in detail since they refer to many 
different kinds of organism and, moreover, often refer to 
organisms which even on an average taken over the whole 
culture are far from a state of equilibrium with their 
environment. In such conditions almost any shift of 
proportions can be imagined. 


Separation of Growth and Division 


In some circumstances, especially under conditions 
where nutrients are becoming deficient, cells may continue 
to divide without much increase in total substance, and 
in this process they naturally shrink in size. As we have 
already pointed out, a balance is struck in this process 
between the two tendencies, one to maintain a constant 
ratio DNA/mass and the other to maintain a constant 
ratio DNA/cell. As a result of the compromise the 
latter falls and the former rises, the extra DNA being 
provided at the expense of some of the RNA. The 
average cell size in a culture depends on the state of the 
medium and in particular on the presence or absence of 
various substances which seem to play the part of ‘division 
factors’®°®. 

These various observations all underline the fact that 
increase in cell substance on one hand, and division on 
the other, although they must be in some way coupled, 
have a measure of independence, as they would, for 
example, if division were determined by a number of 
factors, each of which was somewhat differently affected 
by changed circumstances. l l 

` As a counterpart to the phenomenon of ‘division without 
growth’ there exists a set of phenomena in which certain 
internal structures in the cell multiply without division 
of the whole. Schaechter et al., for example, report that 
in various types of cell nuclear masses divide but that this 
nuclear division does not trigger off cell division, and that 
the interval between the two processes is variablo“s 
(cf. also Robinow??). According to Powell® the separation 
of daughter cells may be influenced by circumstances 
which are biologically of no great significance and which 
come into play after the more regular processes of replica- 
tion are completed. Some authors also discuss an uneven 
sharing of constituents at division*. 7 

With this complex situation it is not surprising that 
many shades of opinion have been represented, and 
indeed varying results found, in the investigation of cell 
size distribution curves (cf. refs 38-40, 45, 50-53). 

Sometimes, especially under the influence of drugs or 
in abnormal osmotic conditions, cells elongate to filaments 
many times the normal lengtht®*, These may be multi- 
nucleate, and may even have partitions, in which case they 
approximate to the chams of organisms like anthrax 
bacilli which are composed apparently of fully formed 
cells adhering together. Some filaments, however, are not 
multinucleate?* 37. 

During the growth of some cultures filaments form at a 
certain stage of the growth cycle and afterwards break up 
completely, the delay in division having been temporary”. 
If they do not break up before the stationary phase is 
reached they tend to persist indefinitely. If free valencies, 
as indicated earlier, play a part in the re-arrangements 
accompanying division, and if these valencies tend to be 
lost in secondary reactions as time goes on, the active 
inhibition of division for a limited time would be expected 
to lead to a permanent arrest. 


NATURE 


May 8, 1965 von 206 


Conclusion 


We will now attempt to gather together the various 
threads which have been followed. The picture of base- 
pairing by hydrogen bonds along a DNA helix® gives a 
solution to an important structural problem and adds 
precision to the old concept of template action. But in 
itself it has little to say about the functional as distinct 
from the structural side. To suppose that when the new 
helix has grown it unwinds and acts like a queen bee to 
gather a new community around it begs all the questions, 
why ıt unwinds, how ıt gathers other matter round it, 
what has been happening to this matter in the meantime 
and why the cell as a whole divides. 

The multitude of ribosomes?*, the scattered distribution 
of enzymes in a cell®‘, the disperse nuclear-type material, 
and the observation of multinucleate undivided struc- 
tures‘® all favour the conception of a cell as a constellation 
of which no one restricted element is in unique control. 
This, moreover, in the general sense of Oparin’s views’, is 
more likely on evolutionary grounds. 

The replication of all parts of the cell must occur, and 
more or less in balance, though there is some latitude 
in the relative proportions and some variation in the 
relative rates of increase. The proportions corresponding 
to growth in a given environment have an optimum but 
not a unique value. The equations of growth predict a 
chemically steady state in which these proportions settle 
down to constant values characteristic of the environ- 
ment'-°, But the constellation as a whole cannot increase 
and maintain steady proportions of functionally different 
components such as wall and nuclear substance without 
creating mechanical tensions which increase the potential 
energy of the system. At a certain point of growth the 
energy would become greater than that of two separate 
constellations. At the point where the swollen cell could 
divide to give two copies of the original the relief of strain 
in the spatial map 1s complete. Division could, so far as 
some considerable relief of instability is concerned, oceur 
at any point over a finite range. 

The mechanical (or mutatis mutandis electrical) urge to 
re-arrange and. divide follows thus from the incompatibility 
of a chémically steady state with a minimum potential 
energy of the spatial map. 

So far this principle has said nothing about the detailed 
ways and means for this re-organization. These are in 
principle similar to those by which phase changes in solids 
and liquids in general have to occur. 

Any further hypotheses about the course of the process 
are necessarily more specific than the general principle 
defining its nature, and more than one mechanism could 
easily be compatible with this principle. Some of the 
considerations set forth earlier in this article suggest that 
the operation of free valencies may play a quite important 
part in what happens. The presence of these in the living 
cell is indicated by physical evidence and is consistent 
both with the exceptional chemical activity of living 
cells and also with their tendency to lose viability when 
not in active multiplication. Even though the participa- 
tion of free valencies in cell reactions may be regarded as 
unproved, nevertheless it will be of interest to consider 
how they may play a part in the actual mechanism of 
division. If they do occur, then, apart from pools of inter- 
mediate metabolites, the cell components would consist 
in a large measure of immense macromolecular free radi- 
cals. (In viable but resting cells these will have been 
stabilized In some way.) Two new cells must contain 
about twice as many free valencies as the parent from 
which they grew, and this necessity implies the occurrence 
of branching chain reactions, of the general type which 
are almost universal in combustion processes. In poly- 
merization reactions, moreover, chain transfer processes 
occur whereby a growing radical is limited in size but 
engenders fresh centres to continue the polymerization. 
There is no reason why, if chain branching® occurs at 
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all, it should be gauged so nicely as exactly to double the 
number of free valencies by the time division occurs. An 
excess is just as likely, and it could be a major function of 
these to join up numerous newly formed polyradicals into 
a new spatial cytoskeleton and thus provide one set of 
chemical tools by which the growing mechanical instability 
is relieved. 

In so far as a process like this determined when division 
occurred, the provision of bolts for the new cytoskeleton 
structure would be the dominant consideration. But 
other factors might on occasion assume dominance. Cell 
wall will tend to form in relative excess and can exert 
the packaging effect referred to above. DNA masses may 
separate and exert orienting effects favouring cell 
division. 

Interference with any of the several separate sets of 
events could delay division, and one or other could become 
limiting in given circumstances just as it could vary 
in importance from one type of cell to another. But most 
of the complex phenomena would appear to reflect varia- 
tions in the method by which cells seek relief from the 
instability created periodically by the fundamental 
incompatibility between chemically steady states and a 
constant geometrical form. 
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THE SIGN OF THE CONSTANT OF GRAVITATION | 
By Pror. W. H. McCREA, F.R.S. 


Royal Holloway College, University of London 


SPEAKER in a recent broadcast asserted that, were 

the gravitation-constent negative instead of positive, 
Newton’s apple would have soared away into the sky 
instead of falling on Newton’s head. However, had that 
happened,, Newton also would have soared away and 
there would have been no legend to record. In fact, 
there cannot be a world for which gravitation is not 
attractive. The clam made from time to time for some 
new theory that ıt shows gravitation to be necessarily 
attractive, while it can scarcely not be vahd, also cannot in 
itself denote much improvement on existing theory. 

We shall see that the sign of the gravitation constant 
is essentially a matter of convention. On the other hand, 
when we consider electromagnetism as well as gravitation, 
we shall see that there ıs a genuine ambiguity of sign in 


any elementary treatment. The way in which this ambigu- 
ity occurs implies thst no unified theory of gravitation and 
electromagnetism caa be gained simply as a modification 
of an elementary treatment. 


Gravitazion : Classical Theory 


We begin with familiar notions of classical physics. 
Any body to be corsidered is supposed for simplicity to 
have spherical symmetry, and its position means the 
position of its centre. We consider two bodies having 
gravitational masse: M *, m* and inertial masses M, m; 
let r be the position vector of either body relative to the 
other. If the bodies move under their mutual gravitation 
only, then from Newtonian theory the equation of the 
relative motion is: ; 
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d*r/de? = — G*M*m*(M- + mre (1) 

(@* is the gravitation constant). We follow standard 

classical theory in taking M* = uM, m* = wm where 

u, G* are universal physical constants, but we do not pre- 

suppose a particular sign for either constant. Then 
equation (1) becomes: 

dêr/d = —G(M + mre (G = PGR *) (2) 

We shall call gravitation ‘attractive’ if in (2) the co- 
efficient of ris negative. Thus, if gravitation is attractive, 
when the two bodies are released from relative rest they 
move towards each other, and conversely. A periodic 
orbit is possible if, and only if, gravitation is attractive. 

It is simplest for the moment to think of the case where 
M, say, is numerically large compared with m. Then 
gravitation is attractive if, and only if, GM is positive. 
Since the sign of the product only is significant, we may 
postulate that G is positive, and consider the significance 
of the sign of M. Then gravitation is attractive if, and 
only if, M is positive; this conforms to the usual conven- 

. tion as to what we call positive mass. 

Like any other theory, classical theory provides a model 
of the physical world. It does this by formulating certain 
laws and postulating the existence, in the model, of enti- 
ties that obey these laws. It is usual to postulate as 
much as a theory can self-consistently admit. If we get 
more features, or fewer, than we want, in order to put the 
model in correspondence with experience of the actual 
world of physics, we should judge the theory to be less 
satisfactory than one that gives precisely enough for this 
purpose. In keeping with this procedure, in the present 
context we postulate the existence in the model of bodies 
of positive mass and bodies of negative mass. We then 
have to see how the consequences correspond with the 
physical experience. 

We see that we could have a system held together by 
its own gravitation, such as a star or a globular cluster 
of stars, if all its parts have positive mass, but not if 
all its parts have negative mass. Thus we could make a 
body of arbitrarily large positive mass by assembling 
together any available portions of material of positive 
mass. We could not make any composite body by 
assembling portions of material of negative mass, for such 
portions of material would repel each other. Conse- 
quently, the theory requires any body that has negative 
mass to be ‘given’, not ‘assembled’. i 

The situation in classical theory is not that there exists 
an answer to the crude question as to whether the 
theory requires G to be positive or negative. It is that 
the natural formulation of the theory admits two sorts of 
matter: one sort reproduces all the ordinary phenomena of 
gravitation in a generally satisfactory manner; the other 
sort, while not interfering with these phenomena, may or 
may not be of interest in other ways. It is by no means 
certain that a different theory admitting only the first 
sort of matter would necessarily be a better theory. 


Gravitation : General Relativity 


In general relativity the field of a gravitating mass 
(again supposed spherically symmetric) is described by 
the Schwarzschild exterior metric. The world line of a 
test-particle is taken to be a geodesic. So the orbit of the 
particle is independent of its mass; this corresponds to 
the circumstance in the classical case that, as m tends to 
zero, there is a definite limitang form of equation (2) 
giving the orbit of any test-particle. In solving 
Einstein’s field-equations there appears a constant of 
integration (/]], say. We then find that the particle orbits 
are generally like those in the classical case if ()}] = GMc-?, 
where c is the speed of light. Being a constant of integra- 
tion, the theory imposes no restriction on the sign of (M; 
so we get the same sorts of possibility as in the classical 
case. All the preceding discussion mey be taken straight 
over into general relativity. 
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A further feature is of interest. In the Schwarzschild 
metric, a factor (1-2.//r-1), where r is again the radial 
co-ordinate, occurs in such a way as to render not only 
r= 0 a singularity but also r = 2()}), if (Y) is positive. 
The latter is the Schwarzschild singularity ; the immediate 
significance is that, with the convention G > 0, a body 
of positive mass M cannot havo radius less than 2()}?7 = 
2G iMc~*, I have recently discussed a physical interpreta- 
tion of this result'. If M is negative, the same discussion 
shows that on physical grounds we should not expect there 
to be any singularity other than r = 0, as is indeed the 
case. This means that, according to the theory, a body 
of negative mass may have an arbitrarily small co- 
ordinate radius, unlike a body of positive mass. On the 
other hand, while a ‘particle’ of positive mass may be 
regarded as being held together by its own gravitation, a 
particle of negative mass cannot be so regarded. Were a 
particle of negative mass liberated under no internal 
forces other than its self-gravitation, it would simply 
fiy asunder. 

The notion of a particle of negative energy (or mass) 
has been exploited by Synge? in his employment of 
‘internal impulses’. Such particles thus prove to be a 
desirable feature of the relativistic model of physical 
experience. Admittedly, as Synge uses them, they may 
be said merely to enable him to write down a useful 
mathematical description of this experience. But it is 
not easy to distinguish sharply between things that exist 
in this sense and things that are commonly deemed to 
exist in a more concrete sense. At any event, it seems 
to be a merit of the theory, rather than otherwise, that it 
admits this notion. 


Electromagnetism 


The foregoing discussion naturally raises analogous 
questions about electromagnetic interactions. These 
lead to elementary but possibly illuminating reflexions 
on the difference between gravitation and electromag- 
netism. 

For the moment, we revert to classical theory. Let the 
two particles M,m previously considered now carry 
electric charges @,qg. At the appropriate stage in the 
formulation of electromagnetic theory, we postulate that 
the electrostatic force between such particles is CQqr-r, 
where O is a universal constant. Let us suppose we are 
dealing with an example in which this force is numerically 
large compared with the gravitational interaction. The 
equation of relative motion is now: 

dr/di? = CQq(M- + m-)r-e (3) 
Again it is convenient to consider the case where M is 
numerically large compared with m. Then (3) shows that 
the electrical interaction is attractive if, and only if, 
OQqm- is negative. 

We postulate that both positive and negative charges 
exist. Here we see that all properties are symmetric 
between positive and negative charges. So it does not 
matter which we actually call positive. We lose no 
generality by requiring Q to be positive. Then the 
numerical value of C depends only on the choice of unit 
of charge. So the essential possibilities are C = + 1 and 

= — 1; a self-consistent theory can be constructed on 
either possibility. The cases that yield attraction are: 


O= +1 m positive g negative Neutral atoms possible 
m negative q positive No neutral atoms 

C= —1 m positive g positive Wo neutral atoms 
m negative q negative Neutral atoms possible 


These are also the cases that admit the possibility of 
periodic orbits. Since Q is taken positive, those in which 
q is negative admit the possibility of neutral atoms. 

The theory with C = + 1, m positive, is the familiar 
one. It admits the possibility of neutral atoms of positive 
mass and so of material systems the large-scale behaviour 
of which is not dominated by electromagnetic forces but _ 
which may be held together by the mutual gravitation 










rts. On the other hand, we see that if an 
n` of negative mass can exist, it cannot form part 
neutral atom, but it could form an atom with a 
ton’ having electric charge of the same sign. If the 
‘proton’ has positive mass, the result would be a harmless 
curiosity. But if the ‘proton’ also has negative mass, we 
could have an assembly of ‘atoms’ all of like charge held 
together by their mutual attraction! Of course, if a 
particle of negative mass exists, it need not carry any 
charge at all. | . 
The theory with C = — 1, m positive, does not admit 
the possibility of neutral atoms. Only charged ‘atoms’ 
would be possible; those of one sign would adhere together 
and repel those of opposite sign. We could have neutral 
‘atoms’ made with ‘electrons’ of negative mass. 
- The situation in regard to the sign of C is totally 
-different from that in regard to the sign of G (or the sign 
of mass, as we have preferred to take it). In the treatment 
-of mass and gravitation the two possibilities of positive 
and negative mass are not mutually exclusive. We 
recognize that one possibility matches our ordinary experi- 
ence, but we have no reason to say that we shall never 
have experience to match the other possibility. In the 
treatment of charge and electrodynamics, we have two 


<- possibilities that are mutually exclusive. Everything 


: admitted by one possibility (0 = + 1) for the case of posit- 


ive mass is matched by experience. The theory can allow 
only one possibility or the other, but it cannot itself 
tell us that we ought to choose the one and not the other. 


Lagrangian Formulation 


In relativity theory a matter-tensor may be defined as 
the variational derivative of some invariant, which it is 
convenient to call the Lagrangian. A certain set of 
identities satisfied by a tensor derived in this way are 
interpreted as the equations of motion of the matter. In 
this formulation, no variational. principle is postulated ; 
we have to deal only with identities*. . 

If the Lagrangian is the so-called Riemann invariant 
formed from the gravitational potentials, its variational 
derivative is the Einstein tensor. The matter-tensor then 
has the usual form used in general relativity. It is 
conventional to introduce a factor of proportionality and 
to relate this to the gravitation-constant. However, this 


. formulation makes it specially clear that this step is no 
more than a convention. For a constant factor in the 


a Lagrangian has no physical significance; it simply allows 
us to say which sort of mass we call positive and to choose 


our units. 


oo If the Langrangian is a linear combination of the 
= Riemann invariant and a certain simple invariant formed 
from the electromagnetic potentials, then the variational 
derivative gives the usual form for the matter tensor 
combined with the Maxwell momentum-energy tensor. 
The two invariants may be normalized by suitable choice 
of units of mass and charge. Then the linear combination 
is simply the sum or difference of the two. Obviously, 
. these two linear combinations give two distinct resultant 


-. Langrangians that lead to two physically different 
systems, these being mutually exclusive. 


7 They are 
ia ‘precisely our previous possibilities C = + lorC = — I. 
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_ From this point of view, the purely gravitational case 
is entirely satisfactory. is. 
precisely what is required to meet purely conventional 
requirements : | 





factory to the extert that there remains the choice 
between two entirely distinct physica! possibilities depend- 
ing on the sign of the ratio of the constants. 

We cannot retain the desired arbitrariness, but exclude 
the undesired ambiguity, by any simple device. We seem 
compelled to admit shat the theory gained from the 
combined Lagrangian. is as satisfactory as could be ex- 
pected at this level of sophistication, The discussion 
indicates that any unified theory that eliminates the 
ambiguity must also remove the freedom to choose units 
of both mass and charge. Such a theory would be on a 
quite different level of sophistication. If the present 
discussion is valid, it is an added reason for the 
futility of seeking as a unified field-theory some simple 
extension of general relativity. 





Hoyle and Narlikar’s Theory of Gravitation 


The present discussion naturally does not deny the 
possibility of interesting extensions of general relativity 
other than attempts tc obtain a unified field theory. Thus 
the new theory of gravitation proposed by Hoyle and 
Narlikar* appears to be a fundamental advance... Never- 
theless, in the light of aur discussion, the particular claim 
that it shows that gravitation must be attractive scarcely 
denotes an improvement on standard relativity or even 
classical theory. For, as in these theories, the new theory 
again associates attraction with mass of a particular 
sign. If our argumeats are valid, no improvement on 
existing theory is demanded in this particular regard. 

From time to time there is speculation regarding 
cosmological, or evem geophysical, consequences of a 
hypothetical time-dependence of @ (see, for example, 
Creer). In classical theory, this would signify a drastic 
change in the law o? gravitation, but classical theory 
alone could not exclude it. In relativity, however, such 
a change is not permitted. As we have seen, the constant 
of gravitation enters irto general relativity as a conversion 
constant: this makes it a constant and nothing else. 
Of course, some totally:different theory of gravitation could 
be formulated, but thes would then not be the theory of 
general relativity as we know it. 

Also from time to time there is speculation regarding 
a possible difference in gravitational behaviour between 
matter and anti-matter. The discussion in the present 
article shows that ordinary classical theory, or ordinary 
relativity theory, wouid admit no such difference. 


' McCrea, W, H., Nature, 201, 389 (1964). 

* Synge, J. L., Relativity: the Special Theory, 210 (4956): Relativity: the General 
Theory, 159 (1960). 

* See, for example, Eddingten, A. S., Mathematical Theory of Relativity, 
second ed., §§60, 79 (Cambridge, 1924), 

‘ Hoyle, F., and Narlikar, J. \.., Proc. Roy. Sot., A, 282, 191 (1964), 

5 Creer, K. M., Discovery, 34 February, 1965). 


ALLEN CLARK RESEARCH CENTRE OF THE PL=SSEY CO., LTD., 







f opened a new research block (Fig. 1) at the Plessey 
oup’s Research Laboratories, at Caswell near Tow- 
ester, Northants, as a memorial to Sir Allen Clark, 
hairman of The Plessey Co., Ltd. 


p © N March 20, 1964, H.R.H. Tho Duke of Edinburgh 


CASWELL, TOWCESTER, NORTHANTS. 


Sir Allen Clark first established the Research Labora- 
tories at Caswell in Nevember 1940 with a small team of 
seven who had been working in materials research at The 
Plessey Co.’s laboratory at Ilford, Essex, for the purpose 
of continuing this work specifically towards new and 
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improved devices to meet the needs of a rapidly expanding 
industry. It is of interest to note that five of these founder 
members are still associated with the establishment and 
took a major part in its development under the direction 
and guidance of Sir Allen until his death on June 30, 
1962. Over those twenty-two years they saw and in- 
fluenced a steady growth and broadening of the Labora- 
tories’ work and its personnel, who now number 320 and 
of whom approximately 40 per cent are qualified scientists. 

In 1940 Caswell House (Fig. 2) was a private residence, 
standing in 230 acres of typical Northamptonshire hunting 
country, and the surrounding fields, being mainly of 
pasture, were used for grazing a hunting stud. The out- 
buildings had been used for keeping farm implements and 
dealing with farm matters, including a courtyard of 
loose-boxes and saddlery for the horses. During the early 
stages of development the farm buildings were gradually 
converted to laboratories and offices, and the traces of 
this conversion are still visible, The time came in 1956 
when all the available space had been absorbed and the 
first new building of 4,000 sq. ft. was added. During the 
ensuing years a gradual extension took place until, during 
the last year of his life, Sir Allen attained his ambition 
of establishing a new well-designed laboratory where 
basic research would be done. 

The fields of interest of The Plessey Group of Companies 
have expanded considerably over the years and include 
electronics, radio communications, television, telephony, 
satellites, aircraft, rockets, nuclear energy and all aspects 
of light mechanical engineering. This expansion has 
created increased opportunities of introducing new ideas 
into the organization. 

The principles of operation at the Caswell establishment 
are that the development of any new component starts 
with a thorough investigation into the basic chemistry of 
the materials involved. This is followed by an equally 
comprehensive study of the physical propertics before 
mechanical problems are considered. In this way com- 
plete background information is obtained on the com- 
ponent or process, greatly assisting future development. 
When the process and a ‘device’ have reached a technically 
acceptable stage, a pilot plant operation is initiated to 
develop the process mechanically and produce quantities 
of the ‘device’ for life-testing and market assessment. It 
is usual, and preferable, to carry out the pilot-plant opera- 
tion near to the production unit likely to take over the 
work, and the background information and liaison con- 
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tinuity are provided by transferring the technicians who 
have carried out the practical work, together with the 
experimental equipment which they used to achieve the 
results. 

The programming of work within the establishment is 
influenced by several factors and, in conformity with 
existing Company policy, the Management expects 
guidance from the research laboratory to assist in planning 
for the future. Therefore there are two major factors 
which must be continuously surveyed. These are, first, 
the Company's market research and growth policy, 
secondly, the scientific trends throughout the world. In 
a research laboratory such as the Allen Clark Research 
Centre new ideas must be generated and encouraged, and 
it is from this source that true research programmes are 
initiated and built up. Over the twenty-four years of 
gradual expansion in the field of material science and 
technology, experience has established precise procedures 
and principles on which to approach targets. 

Much care is taken in recruiting and training staff for 
the laboratory. There is a Resident Training Officer 
who looks after the education of all junior staff, and several 
educational schemes are available. Many of the staff 
have been recruited from local boys whose school careers 
have been watched from early stages and who have been 
encouraged through, in many instances, to university. 
To this end local bursaries to grammar schools are made 
each year especially to encourage those taking science 
subjects in the sixth form. Much importance is attached 
to the employment of vacation students from university 
since this gives a good opportunity for assessing suitability 
for working in the laboratory. 

The scientific personnel of the laboratory are mainly 
chemists and physicists in approximately equal numbers, 
and they are split into groups with the appropriate number 
of technicians, each group working in a different area of 
materials, and there are two basic sections, research and 
development. 

In the Research Section there is a New Materials Group 
which initiates the approach into the development of new 
materials, making use of the internal library information 
services and a small team of chemists and technologists. 

There is a Magnetic and Dielectries Group, which is 
equipped for the fabrication of ceramic shapes and for 
measurement of their magnetic, dielectric and piezo- 
electric properties. This Group also works in the field of 
thin-film technology of evaporation and sputtering of 
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Fig. 1. The new research block at the Allen Clark Research Centre of The Plessey Company, Caswell 
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metals and oxides. Further, there is a section whieh 
deals with the anodization of various metals, studying 
the mechanism of oxide growth and correlating the results 
with the electrical properties. Examples of components 
developed in this Group are ceramic capacitors, many 
forms of ferrites, computer storage devices, thin-film 
resistor and capacitor component networks and olectro- 
lytic capacitors. 

A High Temperature Materials Group works in the field 
of materials associated with applications in the aircraft, 
nuclear and high-temperature component fields. Examples 
of the work include metal ceramic seals, high-purity dense 
alumina and cermets, the latter being mixtures of metals 
and metal oxides. 

A Radar Materials Group is concerned primarily with 
research and development of materials for microwave 
applications, microwave absorbers being the principal 
interest. Examples of the applications are the building 
of dark-rooms in which microwave measurements can be 
carried out without interference from undesirable echoes 
from the surrounding walls. Another is the improvement 
of precision radar approach systems on airfields where 
false echoes thrown up on the observer’s radar screen by 
the structure supporting the light housings seriously 
interfere with the clarity of the picture. By coating the 
light housing supports, the radar screen gives a clear 
picture of the landing. Similar applications occur at sea 
where false echoes from the superstructure of ships 


Caswell House at the Allen Clark Research Centre of The Plessey Company, where reseacch and development started in 1040 


produce false images on the radar screen and can confuse 
the observer’s interpsetation of the picture. 

Finally, there are wo groups which are closely allied. 
They work in the elds of Solid State Chemistry and 
Solid State Physics. They are concerned with a wide 
range of materials ading to the development of all 
forms of semiconducsor devices working in the field of 
super-pure materials, single-crystal thin films by epitaxial 
growth and low-temperature physics. Examples of the 
applications include various forms of transistors and 
diodes, solid circuits thermoelectric generators, olectro- 
luminescent devices and lasers. 

The Development Division is equipped to take over ideas 
from the Research Section, and, with the aid of a small 
pilot plant unit, to prepare the way to full-scale produc- 
tion. This unit is prmmarily concerned with semiconductor 
device development, and items of major interest at present 
are solid circuits and solar cells. 

In a laboratory sue as the Allen Clark Research Centre 
it is essential to have a good central technical service 
for the chemical aad physical investigations of the 
products. In this respect there are many facilities, such 
as radio-chemistry, X-ray crystallography, electron 
microscopy, spectroscopy, etc. Scientific informat ion 
and advice are prowided by maintaining close contact 
with the universitiestthrough a consultant staff of lecturers 
and professors ami an effective central library 
system. 


OBITUARIES 


Sir David Brunt, K.B.E., F.R.S. 


Sm Davin Brunt, a member of the Meteorological 
Office from 1916 until 1934, professor of meteorology at 
the Imperial College of Science and Technology from 1934 
until 1952, and physical secretary of the Royal Society 
from 1948 until 1957, died on February 5 at the age of 
seventy-eight. 

Brunt was born into a large family in the hamlet of 
Staylittle, Montgomeryshire, where he attended the local 
Board School until the age of ten. The family then moved 
fo Monmouthshire and Brunt attended the Intermediate 
School, Abertillery, which he left at eighteen for University 
College, Aberystwyth, where he took a ‘first’ in mathe- 
matics. He proceeded to Cambridge but with the love of 


his soil, particularly of Central Wales, strong within him, 
and he would retum to walk its countryside whenever 
opportunity later ofred. A ‘first’ in the mathematical 
Tripos led to the Isaac Newton studentship (1911-13) and, 
under the stimulus of F. J. M. Stratton, to work in 
astronomy. He ran into problems of observational 
analysis which, joined with a liking for the manipulation 
of numbers, led Brent to prepare his well-known book 
The Combination of Ghservations. It appeared first in 1917 
and continued, throwzh several editions, to meet & demand 
until well after the =cond World War. 

From 1913 until #915 Brunt lectured in mathematics, 
first at the University of Birmingham, and then at 
Monmouth Teachers Training College. He entered the 
Meteorological Officein the early days of 1916 and after a 
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few months of preparation proceeded to France to provide 


meteorological advice to the Army and the Royal Flying 
Corps. On demobilization he was appointed superinten- 
dent of Army Services in the Meteorological Office, and by 
virtue of that position or of the time it left available for 
other activities Brunt was quickly able to influence the 
development of meteorology in Britain. Thus, he was 
responsible for a famous research group on atmospheric 
diffusion at the Chemical Defence Establishment, Porton, 
Wiltshire, and in a day when Government science was not 
much given to basic research encouraged that group to 
take the broadest view of its scientific responsibilities. The 
dividend was unquestionable. Again, Sir Napier Shaw 
had retired from the directorship of the Meteorological 
Office in 1920 to become the first holder of a part-time 
professorship of meteorology at the Imperial College of 
Science and Technology, and he quickly enlisted Brunt’s 
assistance as a visiting lecturer for a course in physical 
meteorology. That course, given at a time when no ade- 
quate text existed, laid the foundations of Brunt’s 
Physical and Dynamical Meteorology, which was to appear 
a decade later. 

The chair at Imperial College became a full-time 
appointment in 1934 and Brunt was its first holder, the 
Department being essentially postgraduate. He had no 
other staff until 1939 when he was joined by a reader, but 
the Second World War came and the Department went 
into ‘cold storage’. Then, in the post-war period, the 
Department grew and blossomed so thet when, in 1952, 
Brunt retired he left behind him one of the most notable 
and active schools of meteorology in the world. 

Brunt’s own research in meteorology covered a broad 
front. It began effectively in 1919 with the question of 
long-term periodicity in weather about which extravagant 
claims had been-——and sometimes still are—made. His 
periodogram analysis of the long Greenwich temperature 
record and, later, of central European records, showed that 
these records had in themselves no predictive value. Work 
on various dynamical problems followed, particularly on 
the rate of dissipation of the kinetic energy of the winds 
and, with C. K. M. Douglas, on weather-producing air 
motions associated with the field of barometric tendency— 
so-called isallobaric winds. Atmospheric (water vapour) 
radiation, its intensity and role as an agent of heat transfer 
in the atmosphere, was a later interest, and Brunt finally 
directed his attention to the reaction of the human body 
to its environment. Nearly all his work carried a very 
personal stamp—of the isolation of a moderately self- 
contained problem, commonly presented by a body of 
observations, of its illumination by simple but incisive 
physical insight and its transformation by suitably 
chosen but generally quite unsophisticated mathematics. 
Beyond all his research, however, Brunt’s outstanding 
contribution to meteorology was his classical text Physical 
and Dynamical Meteorology (1934, second edition 1939). 
In it a coherent field of study began to emerge, and though 
the subject has now outgrown the text at many points it 
remains the most valuable single volume for to-day’s 
serious student. 

Brunt was a devoted servant of physical science in 
Britain. He was president of the Royal Meteorological 
Society from 1942 until 1944, having earlier edited its 
Quarterly Journal; he was president of the Physical Society 
from 1945 until 1947, and then followed his nine years of 
unsparing service to the Royal Society as physical secre- 
tary. In that capacity he supervised Britain’s contribution 
to the International Geophysical Year and, particularly, 
the Royal Society expedition to Halley Bay in Antarctica 
an ice shelf is now named in his honour there. He also 
encouraged the development of electronic computers in 
Britain and saw to it that they were made available to 
university scientists. 

Many honours came to Brunt. He was knighted in 1949 
and created K.B.E. in 1959. The Royal Meteorological 
Society awarded him its Buchan Prize in 1937 and its 








Symons Gold Medal in 1947. He received a Royal Medal in 


1944 

Brunt’s zest for life was outstanding, and the many 
who enjoyed his companionship could not fail to be infected 
by his enthusiasm. Utterly loyal to his friends and 
colleagues, he hated the pompous or sham and was short 
with it. His attitude to life, as to science, was empirical, 
and he distrusted theory until it had been through, the 
fire of experience. This was his strength. 

P. A, SHEPPARD 


Prof. Thomas Wallace, C.B.E., F.R.S. 


Emeritrus Proressor Tuomas WALLACE, before his 
retirement professor of horticultural chemistry in the 
University of Bristol and director of the Long Ashton 
Research Station, was one of the outstanding agricultural 
scientists of his time. Graduating just before the First 
World War, he served with distinction in Flanders and 
Gallipoli, where he won the Military Cross and was 
severely wounded, an injury which left him with a per- 
manently stiff knee. Characteristically he never com- 
plained of a handicap which must have made his later 
work in the field difficult. 

On his release from military service in 1919, he was 
appointed as research chemist to the Long Ashton 
Research Station. In 1923 he became deputy director 
and in 1943 director of the Institute, a post he held until 
his retirement in 1959. Soon after his appointment to 
Long Ashton, Wallace began his classical studies on plant 
nutrition. From the beginning his work had the stamp of 
the outstanding scientist, in that his experiments were 
direct and simple. He knew the questions to ask and how 
to ask them of the plant itself. His experimental work 
was, however, simple only in its conception. The tech- 
niques he used were difficult; others who had tried to use 
them had only partially succeeded. They involved the 
growing of plants in sand culture in which the concen- 
tration of the element under examination was reduced 
beyond the limits of detection by the most sensitive 
chemical methods. This called for skilled, painstaking and 
often arduous work. One by one the difficulties were 
overcome and the results applied in the field. At no time 
did Wallace lose sight of the practical objective from 
which his work had started. However fundamental the 
investigation might become there was always a clear link 
with the growing plant. Two years after his appointment 
to the Institute he published the first of his many papers 
on plant nutrition. At that time he was concentrating on 
fruit trees and made his first contribution to the fruit 
growers by showing that the serious disease of marginal 
leaf scorch was due to a deficiency of potash and could be 
cured by manurial treatment. 

When for the second time war brought the need for 


intensified food production, Wallace extended his work to ; 
He devised simple 


horticultural and agricultural crops. 
field experiments, based on his knowledge of the visual 
symptoms of micronutrient deficiencies, to show where 
the newly ploughed land was deficient in these elements. 
Time and again he was able to point to the cause of crop 
failures and to show how they might be overcome by simple 
manurial treatments. It became clear that these visual 
symptoms, which Wallace and his co-workers could 
recognize, should be widely known. This meant colour 
printing in the middle of the war, but Wallace was 
determined to accept only pictures which portrayed the 
conditions accurately. Print after print was examined 
and rejected until at last he was satisfied, and in 1943 his 
book The Diagnosis of Mineral Deficiencies in Plants by © 
Visual Symptoms: a Colour Atlas and Guide, was published. = 
It is now in its third edition and is accepted as the standard 
work on the subject. | ' 
The impact of Wallace’s work on agriculture and horti- 
culture has been felt throughout the world. Evidence 
of micronutrient deficiencies has been recognized and 
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corrected with dramatic results on the yields of crops. 
Wallace himself travelled extensively to lecture and 
advise. He visited Australia, New Zealand, the United 
States and many countries in Europe, and in later years 
his laboratory received a constant stream of students and 
visitors. 

To those who were fortunate enough to know Wallace, 
the loss is not just that of a distinguished scientific 
colleague, but that of a kindly, warm-hearted and enter- 
taining friend. It was to his essential human qualities 
that much of his success was due, It brought around him 
& group of devoted workers, who knew that he had the 
personal interests of each one at heart. It endeared him 
to horticulturists and farmers; they felt that here was a 
man they understood and who understood them and their 
problems. In those responsible for financing research it 
engendered confidence, which was demonstrated in 1952, 
when the Agricultural Research Council established in the 
Institute at Long Ashton a unit for the investigation of 
the more basic problems of plant nutrition. 

Wallace received in his life many honours, the C.B.E. in 
1947, the Fellowship of the Royal Society in 1953 and in 
1957 he became a Membre Etranger Academie d’Agri- 
culture de France, but his death does not bring to an end 
his work. As the pressure of population brings new land 
into cultivation, his book and his other writings will be 
searched for the solution to the crop failures which are 
certain to arise. This will be the true memorial to the 
man and his work, that he will have helped to feed the 
hungry. He would be content with that. 

W. K. SLATER 


Dr. W. P. Jacocks 


Dr. Wintiam Proarp Jacooxs, a public-health physi- 
cian with the Rockefeller Foundation in the West Indies, 
Ceylon, India, and the American South, died on February 
17 in Windsor, North Carolina. He was eighty-seven 
years old. 

In a professional career that spanned three decades, 
primarily in foreign countries, Dr. Jacocks was active 
in the campaigns against hookworm then being waged 
throughout the world. He joined the Rockefeller Sanitary 
Commission in 1913 in his home State of North Carolina, 
and later, after the Commission had been merged with the 
Rockefeller Foundation, he worked in Texas, Arkansas, 
and Tennessee, helping to organize county-wide treatment 
centres. In 1915 he was sent to the West Indies with the 
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U.S. National Academy of Sciences Gibbs Brothers 
Medallist : Dr. F. H. Todd 


Dr. F. H. Topp, scientific adviser to the Technical Direc- 
tor of the David Taylor Model Basin, Washington, has 
been awarded the Gibbs Brothers Medal of the U.S. 
National Academy of Sciences for outstandmg contribu- 
tions to naval architecture and marme engineering. 

The Gold Medal was established by Wiliam Francis 
Gibbs, member of the Academy and president of Gibbs 
and Cox, Inc., New York City, and Frederic H. Gibbs, 
vice-president and treasurer of the firm of naval architects 
and marine engineers. This is the first award. Dr. Todd 
is well known for his contributions to the theory of ship 
design through model experiments, and for the leadership 
he has given to hydrodynamic and ship research, both in 
his native England and the United States. He first 
joined the scientific staff of the David Taylor Model Basin 
in 1948 as technical director of the Hydromechanics 
Laboratory, after serving for twenty years in research 
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Foundation’s Internasional Health Commission, and two 
years later was assizned to Ceylon, where hookworm 
had made severe inrcads among the workers on the tea 
plantations. The systems he established there are still 
the basis for public health operations in Ceylon. 

With the exception of a year in the Army Medical 
Corps in 1918 and thcee years at Johns Hopkins working 
on a doctorate in pubic health, which he received in 1925, 
Dr. Jacocks remainedin the Far East until 1942. In 1929, 
in addition to his work in Ceylon, he undertook a public 
health programme ir Travancore, India, for the Inter- 
national Health Div-sion, and in 1934 he became the 
International Health Division’s regional director for India 
and Ceylon, a post he held until his retirement in 1942. 

After his return to she United States during the Second 
World War, Dr. Jacocks accepted a position with the 
North Carolina State Board of Health, and was in charge 
of school health work until 1948. He was very interested 
in local history, and at his death had just completed a 
history of Bertie Cotmty, North Carolina, where he was 
born in 1877, and where he died. 


Dr. H. Leaderman 


Dr. HERBERT LEADERMAN, retired physicist of the 
U.S. National Bureau of Standards, died on February 20, 
at the age of fifty-ons, after a long illness. 

Dr. Leaderman, well-known world-wide for his pioneer- 
ing work in the fielcs of rheology and polymer. physics, 
joined the Bureau staff in 1948. While at the Bureau he 
received the Bingham Medal of the Society of Rheology 
for 1955 for outstanding contributions to science. In 
1956 he was awardec the Silver Medal of the Department 
of Commerce for outstanding work. 

Before going to the National Bureau of Standards, 
Dr. Leaderman was = physicist for the Firestone Tire and 
Rubber Co. During 1938-46 he worked at the Massa- 
chusetts Institute of Technology, serving as a member of 
the Institute’s radiation laboratory staff. 

Born in London, Dr. Leaderman graduated from the 
University of Cambridge in 1934 and was awarded his 
M.S. (1938) and FPa.D. (1941) by the Massachusetts 
Institute of Technclogy. He was a recipient of two 
Fulbright fellowships, a Fellow of the American Physical 
Society and a past-chaiman of its High Polymers Division. 
He was a member of the American Chemical Society, the 
Society of Rheology, and the Washington Academy of 
Sciences. 
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and administrative positions with the U.K. National 
Physical Laboratory, when, during 1957-62, he was 
director of the Lakoratory’s new Ship Hydrodynamics 
Laboratory at Feltham, and had responsibility for its 
design and development. In addition to his awards from 
the U.S. Society of Naval Architects and Marine Engineers, 
Dr. Todd has received the Gold Medal of- Britain’s 
North East Coast Institution for work in ship vibration, 
premiums of the Royal Institution of Naval Architects, 
London, and the Institution of Engineers and Ship- 
builders in Scotlanc, and two medals from the Swedish 
Engineering Society for his work on vibration. methodical 
series experiments with models, and the seagoing qualities 
of ships. 


Royal Geographical Society Medals and Awards for 1965 


H.M. THe QUEEN has approved the award of the 
Roysl Medals as folbws: Patron’s Medal, Dr. E. F. Roots 
(Department of Mires and Technical Surveys, Canada), 
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for polar exploration and research, with special refer- 
ence to the Canadian Arctic; Founders Medal, Prof. 
Lester C. King (University of Natal), for geomorpho- 
logical exploration in the Southern hemisphere. The 
Council of the Royal Geographical Society has made 
the following awards: Victoria Medal, Prof. H. M. 
Gaussen (University of Toulouse), for bioclimatological 
mapping; Murchison Grant, Dr. J. C. Swallow (National 
Institute of Oceanography), for contributions to oceano- 
graphy; Back Grant, Lieutenant-Commander J. B. Dixon 
(Royal Navy), for hydrographic surveying in Antarctica; 
Cuthbert Peak Grant, Lieutenant G. P. G. Robinson 
(Royal Engineers), for exploratory surveys in Southern 
Arabia; Gill Memorial, Dr. G. T. Warwick (University of 
Birmingham), for contributions to cave research; Mrs. 
Patrick Ness Award, Dr. D. R. Stoddart (University of 
Cambridge), for investigations of coral cays in South and 
Central America; Lady Dorothy Malls Award, Miss 
Milada Kalab (University of Durham), for proposed 
research and field work in Cambodia. 


second Chair of Botany in the University of Sheffield : 
Prof. J. L. Harley, F.R.S. 


Dr. J. L. Haniey, who has been appointed to the 
newly created second chair of botany in the University of 
Sheffield, was educated at Leeds Grammar School and 
Wadham College, Oxford. He was placed in the first 
class in the Final Honours School of Botany in 1933 and 
in the same year was elected Christopher Welch Scholar 
and Pollard Student. In 1936 he obtained his D.Phil. 
and was awarded a senior 1851 studentship, which he 
held until his appointment as demonstrator in the Depart- 
ment of Botany in Oxford in 1938. In 1940 Dr. Harley 
was commissioned to the Royal Corps of Signals. He 
served in Burma and at Lord Mountbatten’s head- 
quarters in Ceylon, and held the rank of Lieutenant- 
Colonel when he was demobilized in 1945. He returned 
to Oxford as University demonstrator and was elected to 
a fellowship atthe Queen’s College. In 1962 he was made 
reader in plant nutrition in the Department of Agriculture 
at Oxford. Since 1961 he has been an editor of the New 
Phytologist. Dr. Harley is well known for his elegant and 
distinguished investigations into the physiology of 
mycorrhiza, and in particular into the phenomena of 
ion-uptake by the fungal sheath and of transfer to the 
host. He was elected Fellow of the Royal Society of 
London in 1964, 


Physics in the University College of South Wales and 
Monmouthshire : Prof. C. A. Taylor 


Dr. C. A. TAYLOR, reader in physics in the Faculty of 
Technology, University of Manchester, has been appointed 
to the chair of physics in the University College of South 
Wales and Monmouthshire. Dr. Taylor, although a 
graduate of Queen Mary College, London, studied at 
Cambridge during the Second World War when the 
students were evacuated there. He came under the 
influence of Sir Lawrence Bragg’s teaching of physical 
optics and this stood him in good stead when he was 
appointed to the Physics Department of the Faculty of 
Technology of the University of Manchester in 1948; 
here Prof. Lipson assigned him the task of developing an 
optical approach to X-ray diffraction problems that had 
been suggested by Sir Lawrence. He distinguished him- 
self by designing an elegant instrument—the optical 
diffractometer—which has proved to be remarkably suc- 
cessful, both as a research tool and as a device for teaching 
physical optics. On the basis of this work he was promoted 
to a readership in the Department in 1958 and was 
awarded the degree of D.Sc. in 1959. He is now exploring 
the use of this device for studying imperfect structures, 
æ field to which computer methods are not readily applic- 
able. With Prof. Lipson he has published two books-—~one 
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theoretical and one experimental—on his research sub- 
ject; he has also published a book on another of his 
interests—-physics and music. Dr. Taylor succeeds Prof. 
A. J. C. Wilson, who has been appointed to the newly 
established chair of crystallography in the Department of 
Physics in the University of Birmingham (Nature, 204, 
1035; 1964). 


Expenditure on Scientific Research in Britain 


In a written answer in the House of Commons on 
April 14, the Secretary of State for Education and Science, 
Mr. A. Crosland, stated that the estimated expenditure 
for 1964-65 on civil scientific research for which he was 
responsible was £43-5 million. The estimated cost of 
scientific research undertaken by the universities in the 
same year was £37-4 million, and the total of £81 millon 
was broadly comparable with the £77 million quoted in 
the last report of the Advisory Council on Scientific 
Policy. The corresponding total of £98 million for 1965—66 
included £45-4 million in respect of universities. Future 
requirements of civil scientific research would be con- 
sidered in the light of advice from the Research Councils 
and the Council for Scientific Policy. 


Morecambe Bay Barrage 


In reply to a series of questions in the House of Lords 
on April 14 regarding the proposed Morecambe Bay 
Barrage, the Jomt Parliamentary Secretary, Ministry of 
Land and Natural Resources, Lord Mitchison, said that 
the proposal was being examined by the Water Resources 
Board as one possible means of meeting the needs for 
additional supplies of water in the North-West which 
were expected to develop between now and the end of 
the century. The economic aspects would no doubt be 
examined by the Department for Economic Affairs, and 
Lord Mitchison was confident that the Water Resources 
Board would have the Solway Barrage proposals and other 
possibilities in mind. He insisted that the need for 
additional water supplies was independent of technical 
considerations and declined to comment on the latter 
aspects, though he admitted that the amenity aspects had 
also to be considered at this stage. 


Council for Natlonal Academic Awards 


Tas Council for National Academic Awards, which was 
established by Royal Charter in September 1964, with 
powers to award first and higher degrees to students in 
higher educational establishments other than universities, 
has now issued its first statement (Pp. 14. London: 
Council for National Academic Awards, 1964). This 
indicates its intention to continue the work of the National 
Council for Technological Awards, and to extend the 
provision of awards at honours degree level to other 
fields of higher education outside the universities. At the 
same time, the Council intends to direct attention to the 
desirability of degrees of a different type and at a different 
level, as mentioned in the report of the Robbins Com- 
mittee. The Council has decided to set up two Boards 
of Studies, to be known as the Committee for Science 
and ‘Technology and the Committee for Arts and Social 
Studies. The Council will not expect these Committees 
to be able to deal with other than broad questions of 
policy relating to the nature of courses, examination 
arrangements, etc. Subject boards working to the 
Committees will also be set up; for example, for the 
Committee for Science and Technology, there will be an 
Electrical Engineering Board and a Chemistry Board. 
The Council is also giving high priority to a decision about 
the titles of its first degrees. Until a further announce- 
ment is made about the degrees, which the Council will 
grant to students who successfully complete courses for the 
Diploma in Technology, recommendations by colleges for 
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the award of these diplomas to successful students should 
continue to be submitted in the normal way to the 
Secretary of the National Council for Technological 
Awards, The statement also indicates that the Council 
will make degrees available for students completing 
courses at honours level in science and technology, 
whether awarded on a full-time or a sandwich basis. As 
soon as a Business Studies Board has been established, 
the Council will consider proposed honours courses in 
business studies, planned in accordance with the report of 
the National Advisory Council on Education for Industry 
and Commerce (the Crick Report), and colleges are 
invited to submit proposed courses for consideration. 


Support of University Research in Canada 


THE annual report on Support of University Research 
1963-64, issued by the National Research Council of 
Canada and the Medical Research Council, lists the awards 
made in the year ending March 31, 1964, to university 
staffs and in scholarships and fellowships (Pp. v+205. 
NEC. No. 8253. Ottawa: National Research Council 
and Medical Research Council, 1964. 50 cents). For 
the National Research Council, direct support in 1963-64 
totalled 12-85 million dollars, compared with 10-6 million 
dollars in 1962-63, of which 1:45 million dollars was for 
scholarships, 686,000 dollars in fellowships and 7-3 million 
dollars in research grants, with a further 1:05 million 
dollars for major installations. For the Medical Research 
Council, the total for 1963-64 was 5-16 million dollars 
compared with 4:36 million dollars in 1962-63; of this 
426,000 dollars was for fellowships, 100,000 dollars for 
scholarships and 4 million dollars for research grants. 
Information ıs meluded on university research pro- 
grammes administered by the National Research Council 
for the Atomic Energy Control Board, the Fisheries 
Research Board and the North Atlantic Treaty Organiza- 
tion. 


Science and the State in India 


In his presidential address to the combined fifty-first 
and fifty-second session of the Indian Science Congress 
at Calcutta, H. Kabir discusses science and the State, 
and makes some reference to the migration of scientists 
overseas generally (Pp. 8. Calcutta: Indian Science 
Congress Association, 1964). Most gifted scientists, he 
believes, are attracted to foreign countries by more satis- 
factory conditions of work and the promise of earlier and 
greater achievement, but he does not think that the prob- 
lem has yet assumed serious proportions in India. The 
tendency for scientists to migrate to the United States 
is most effectively checked by building up scientific teams 
within the home country, by expanding research facilities 
in universities and the laboratories and by improving the 
conditions of service. The conditions which obtain within a 
university department or research laboratory have a direct 
bearing on the movement of scientists, but it is only 
where there is no atmosphere of creative activity that 
frictions abound. The creation of such an atmosphere 
is primarily the work of the senior scientists, though the 
State could help by removing impediments or creating 
conditions where scientific work could be easily carried 
out. To this end he suggests that the creation of a number 
of centres of research in particular fields might be of 
advantage. In this the Indian Science Congress has an 
important part to play as the most representative body 
of scientists in India. However, the State must play a 
greater part in supporting scientific research without 
trying to mfluence directly the arms or programmes of 
scientific organizations, or individual scientists. Special 
organizations are required to supplement the research 
work of the universities, and the National Research 
Councils seem to be the most suitable instruments for the 


_ purpose, provided they work in close contact with the 
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universities and shere in trainmg future generations of 
scientists. Nationel Research Councils can be most 
effective when they-have complete autonomy in their own 
fields, but it ıs also desirable to create three or four 
advanced research centres in each major field of science 
with the necessary staff and equipment and facilities. 
Individual scientist= should be given the freedom, and 
indeed encouraged, to pursue independent lines of research, 
and special attentior should be directed to developing the 
initiative of younger scientists. For effective guidance of 
research an Advisary Council is needed on which ‘the 
various National Research Councils, the Atomic Energy 
Commission, the Defence Science Organization, the 
University Grants Ccmmission, and independent scientists, 
are represented. 


International Commission on Zoological Nomenclature 


Notice is hereby given of the possible use by the 
International Commission on Zoological Nomenclature of 
its plenary powers ir. connexion with the following cases, 
full details of which will be found in the Bulletin of 
Zoological Nomenclature (21, Part 6; December 31, 1964): 
(1) Validation of ihe probable vernacular usage of 
‘tergypes’ in a generic sense by Cuvier, 1805; suppression 
of Tergipes dicquemcri Risso, 1818, and Tergipes brochi 
Risso, 1818 (Gastroroda). Z.N.(S.) 1044. (2) Grant of 
precedence to Holis farrant Alder and Hancock, 1844, 
over Amphorina alberti Quatrefages, 1844 (Gastropoda). 
Z.N.(S.) 1102. - (8) Sappression of Kalydon Hutton, 1884, 
Murex mancinella Tianaeus, 1758, Triplex foliatus Perry, 
1810, Fusus duodecinus Gray, 1843, and Murex hippo- 
castanum Linnaeus, 1758; designation of type-species for 
Mancinella Link, 1807, Polyplex Perry, 1810, and Thalessa 
H. and A. Adams, 1853 (Gastropoda), 2Z.N.(S.) 1623. 
(4) Designation of type-species for Gymnetis MacLeay, 
1819 (Insecta, Coleoptera). 2Z.N.(S.) 1641. (5) Ether 
(a) removal from the Official List of Specific Names, and 
suppression for the purposes of the Law of Priority of 
Mytilus anatinus Lirnaeus, 1758, or (b) designation of a 
neotype for Mytilus anatinus Linnaeus, 1758 (Bivalvia). 
Z.N.(S.) 1643. (6) Emendation to Séringocephalus of 
Strygocephale Defrarre, 1825 (Brachiopoda). Z.N.(S.) 
1646. (7) Designation of a type-species of Cryptorhynchus 
Tiliger, 1807 (Insecte, Coleoptera). 2Z.N.(S.) 1648. (8) 
Validation of Thuwrus South, 1845 (Pisces). 2Z.N.(S.) 
1652. (9) Designazion of a lectotype for Turritella 
kanieriensis Harris, 1897 (Gastropoda). 2Z.N.(S.) 1659. 
Any zoologist who wishes to comment on any of the 
foregoing cases should do so in writing to the Secretary, 
International Commssion on Zoological Nomenclature, 
cjo British Museum: (Natural History), Cromwell Road, 
London, 8.W.7, before June 31. 


Society of Chemical Industry : Chemical Engineering 


Group 


THE Proceedings cf the Chemical Engineering Group 
(Society of Chemicai Industry) for 1962 bas recently 
been published (VaL 41; 1962) as a separate bound 
volume of reprints Fom Chemisiry and Industry (1965, 
1 guinea). Apart ftem the annual report for 1962, the 
papers presented are ‘“‘Pottery in the Home”, by G. N. 
Hodson and G. S. Shipley; “Some Effects of Surface-active 
Agents on Waves anc. Ripples”, by J. T. Davies; “‘Indus- 
trial Applications of Explosives”, by R. Westwater; “The 
Production of Acetylene by the Partial Oxidation of 
Methane”, by E. M. Hughes, E. H. Howland, P. Groot- 
enhuis and N. P. W. Moore; and “Modern Methods of 
Aluminium Producticn (Summary}’, by A. R. Carr and 
C. E. Rinsley. Discussions of the last four papers are 
separately printed, at the end of the volume. The titles 
reflect the progressively wide outlook and interests of the 
Chemical Engineering Group of the Society, and the 
papers maintain the hgh standard we have long associated 
with its members. 
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Manchester Literary and Philosophical Society 


Mr. L. Conen’s presidential address, “A Shopkeeper’s 
Notes on his Trade”, has been published in a recent issue 
of the Memoirs and Proceedings of the Manchester Literary 
and Philosophical Society (106, 1963-64. Pp. 131+ 
li+4 plates. Manchester: Manchester Literary and 
Philosophical Society, 1964. 31s. 6d.). This issue also 
contains Mr. M. J. B. Birks’s account of the geography, 
recent history, peat stratigraphy and pollen analysis of 
Chat Moss; Prof. D. G. Christopherson’s comparison of 
university practice in Great Britain and the United 
States; Prof. H. J. Eysenck’s review of the causes and 
cures of neuroses; A. P. Hatton and J. W. Flowett’s 
account of Clegg’s model of a Watt ocean engine; a brief 
assessment of the future of atomic power by 8. A. Ghalib; 
and an account by R. Frankenberg of John Aiken (1747— 
1822)—-doctor and philosopher. 


Maxwell's International Subject Bibliographies 


Maxwell's International Subject Bibliographies, Special 
Subject Bibliography, No. 13 (second edition, July 1964), 
covers textiles, fashion, clothing, dressmaking and asso- 
ciated subjects for the period 1961—June 1964. No. 16 
(second edition, September 1964) deals with child psy- 
chiatry and psychology, including psychopathology, 
psychodynamics and psychoanalysis of children, and 
covers the period 1953—June 1964. No. 20 (second edition) 
1s concerned with vacuum science and technology and 
covers the period 1958—July 1964. No. 37 (second edition) 
deals with tropical agriculture (including soil science, 
forestry, sylviculture, horticulture, livestock, bee-keeping, 
fisheries) and covers the period 1960-September 1964. 


An Improved Means of Bleaching in Paper-making 


BLEACHING is a most important, if not a key stage, in 
the production of pulp used in manufacture of many 
types of paper. This treatment aids purification of pulp 
fibres, such as wood and waste paper, and imparts to 
them the required degree of whiteness. There are numerous 
methods of bleaching pulp, mostly dependent on chemical 
oxidation in which chlorine.derivatives are used in a 
multi-stage system; for example, in the case of bleaching 
powder (calcium chloro-hypochloride, otherwise ‘chloride 
of lime’), the active agent is essentially nascent oxygen. 
An alternative oxidation system favoured in recent 
years involves the use of sodium and hydrogen, peroxides. 
There is, however, another standard technique used in 
bleaching paper-pulp, one based on a powerful reducing 
agent such as zine hyposulphite (‘hydrosulphite’), A new, 
high-purity compound of this type is now being produced 
under the name ‘Protolin Z’, which is claimed by the 
manufacturers, Rohm and Haas Co., Philadelphia, as 
offering several advantages over other bleaching tech- 
niques; a brief account of this is given in Rohm and Haas 
Reporter (22, No. 5; September-October, 1964, Phila- 
delphia, Pa. 19105; subsidiary Lennig Chemicals, Ltd., 
London, W.C.1). ‘‘Protolin 2... provides a substantial 
improvement in pulp brightness at low cost. Moreover, 
bleaching may be carried out in existing or only slightly 
modified equipment. In contrast. bleaching with chlorine 
and peroxide usually calls for specialized equipment.” 
The same Company also supplies another form of ‘hydro- 
sulphite’ known as ‘Lykopon’, a highly purified sodium 
derivative. In bleaching of pulp both products are inter- 
changeable in terms of performance, but ‘Protolin Z’ 
ig generally preferred on the basis of lower cost. This 
latter compound provides substantial increase in ‘bright- 
ness’ in the sense of reflectance value as understood by the 
paper industry in measuring level of colour. A further 
attribute of ‘Protolin Æ’ is that, es a highly uniform 
product, free-flowing, non-dusting, white powder with 
excellent stability, this new grade of zinc hyposulphite 
bleach is ideally suited for automatic feeding devices in 
modern paper-making machmery. 
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Modern Methods of Manufacturing Formalin 


FORMALIN, the commercial solution of formaldehyde, 
has long been known as a preservative for biological 
specimens. In this age of plastics, however, it has perhaps 
an even more important application; it is one of the basic 
raw materials used in making synthetic resins, especially 
for wood adhesives and textile finishes. The formalin 
production plants at CIBA (A.R.L.), Duxford, operate 
on a truly large scale; they, and the process involved, 
are described in the latest issue of CIBA Journal (No. 32, 
Winter 1964/65; CIBA, Ltd., Basle, Switzerland). At 
the present time there are four plants, the latest and 
largest having only recently been put into operation. 
These plants are of particular interest because they 
operate continuously and are almost completely auto- 
matic; their design enables them to be manned by only 
eight men working in four shifts. The process used is one 
of dehydrogenation and oxidation of methanol, passed 
with air over a crystalline silver catalyst, at about 600° C, 
by means of which a solution of formaldehyde and meth- 
anol in water is produced. The final product is stated to be 
a 40 per cent v/v (by volume) solution with 36-6 per cent 
w/w (by weight) formaldehyde and 6-5 per cent w/w 
methanol. Control instrumentation is applied throughout 
all plants; all four installations are controlled from one 
control room. Strict fire and safety precautions are main- 
tained because of the inflammabulity of methanol and the 
wide explosive range of methanol-water-air mixtures. 
Another important factor in the process is purity of raw 
materials, particularly as a safeguard against catalyst 
poisoning; a continuous check is made of all liquids in 
contact with the catalyst, which is itself analysed both 
before and after use. “The product ıs analysed for 
specific gravity and for formaldehyde, methanol and 
formic acid content at regular intervals. The formalin 
supplied to users is manufactured to a predetermined 
specification.” This article is not only fully explanatory 
of both plant and process, but it also includes impressive 
illustrations of two of these plants and instrument panels 
in the control room, and also a flow diagram providing a 
schematic view of the formalin manufacturing process 
as practised at Duxford. 


Persistence of Insecticides in Soil 


A coop deal of publicity has recently been given to 
public anxiety about pesticides generally, and insecticides 
in particular, in their transmission in food chains and 
possible harm to both human and wild life. The docu- 
mented review of scientific investigations on the question 
by ©. A. Edwards entitled, “Factors Affecting the Per- 
sistence of Insecticides in the Soil”, which appears in Soils 
and Fertilizers is, therefore, welcome (27, No. 6, 451; 
1964). Many insecticidal chemicals are now applied 
directly to the soil or reach the soil from foliar sprays, and 
the most common residues are chlorinated hydrocarbons, 
other insecticides breaking down quite rapidly. Numerous 
related. factors are obviously concerned in the volatiliza- 
tion, degradation or leaching of these materials; it seems 
that proportionately more is lost in a given time from a 
small than from a large dose and the rate of disappearance 
at a particular dosage is fairly constant after the initial, 
more rapid, loss. The loss increases with rise in tempera- 
ture unless the soil is dry, because both volatilization and 
microbial activity are increased by moisture and heat. 
The persistent insecticides are not easily dissolved but 
may be carried down a slope or into the soil mechanically 
and the bulk of the residues is usually found in the top few 
inches, even. after cultivation. The insecticide is held by 
the organic matter in the soil so that it persists much 
longer in a humose than in a mineral soil. On average, 
the percentages of material applied remaining after one 
year are about 80 for DDT, 75 for dieldrin, 60 for lindane, 
55 for chlordane, 45 for heptachlor and 26 for aldrin, and 
the half-life of dieldrin may be 4-7 years. 
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Geological and Marine Microbiology at the Florida 
State University 


Tae Florida State University, Department of Biological 
Sciences and Oceanographic Institute, is introducing a 
programme in geological and marine microbiology. The 
programme will be conducted by Carl H. Oppenheimer, 
formerly of the Marine Laboratory, University of Miami, 
and Prof. Wilhelm Schwartz, formerly head of the In- 
stitute of Microbiology, University of Greifswald. The 
programme will be closely affiliated with the Departments 
of Geology and Chemistry, thus providing a wide range 
of curricula needed for background in the many diversities 
in this science. The primary emphasis of the programme 
will be to train students in the laboratory and field. Field 
research will initially be confined, but not limited, to the 
many ecological parameters of the waters of the adjacent 
Gulf Coast. A limited number of assistantships are now 
available to qualified graduate students. Requiremenis 
include @ basic scientific background in biology, chem- 
istry, mathematics and, if possible, geology. Problems 
for research include marine microbiology, microbial 
ecology, pollution, sanitary aspects, diagenesis of organic 
matter and the origin of oil, geochemistry and microbial 
diagenesis of sediments, and economical aspects of 
microbial fouling, deterioration of plastics, corrosion, ete. 
Further information can be obtained from the Adminis- 
trative Assistant, Florida State University, Tallahassee. 


Oliver Memorial Fund Award 


THe Committee of the Oliver Memorial Fund for Blood 
Transfusion has announced its intention to make the 
seventeenth annual award of an inscribed plaque and a 
cash grant to any British subject, whose original work or 
service in the field of blood transfusion is considered by 
the adjudicators to be an outstanding contribution to the 
science, organization or donor aspect of this subject. The 
Committee will welcome communications directing their 
attention to suitable candidates and reserve the right to 
divide the award in the event of a tie. In accordance 
with the rules, the award will this year be restricted to 
members of the medical profession. Further information 
can be obtained from Mrs. F. E. Bedborough, 27 Penarth 


Gardens, Thornlea Park, Littlehampton, Sussex. The 
closing date is May 30. 
University News Belfast 


Tue following lecturers have been appointed: Dr. 
B. J. S. Barnard and Mr. A. Jennings (civil engineering); 
Dr. P. F. Binnion (physiology); Mr. D. T. Bickley and 
Dr. J. Dunwoody (engineering mathematics). 


London 


Mr. P. H. Hesr has been appointed to the chair of 
education tenable at King’s College. Dr. J. H. E. Jeffes, 
lecturer at the Imperial College of Science and Technology, 
has been appointed to the readership in extraction metal- 
lurgy tenable at that College. The following titles have 
been conferred: Professor, Dr. F. H. Ludlam (meteorology, 
at the Imperial College of Science and Technology); Dr. 
W. H. McMenemey (pathology, at the Institute of 
Neurology); Dr. A. G. E. Pearse (histochemistry, at the 
Postgraduate Medical School of London); Reader, Dr. 
D. K. Butt (physics, at Birkbeck College); Dr. A. Elliott 
(biophysics, at King’s College); Dr. K. S. Kirby (chemis- 
try, at the Institute of Cancer Research, Royal Cancer 
Hospital). 


Sheffield 


Dr. J. R. Quay, senior lecturer in biochemistry, has 
been appointed to the West Riding chair of microbiology 
from July 1. Dr. J. P. C. Roach, Fellow of Corpus Christi 
College and university lecturer in education in the 
University of Cambridge. has been appointed director of 
the Institute of Education and professor of education in 
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the Institute. The Zollowing lecturers have also been 
appointed: Mr. W. E- A. Ellis (geography and education, 
tenable at the Instituse of Education); Mr. R. L. Wright 


(geography). 
Announcements 


Dr. GEORGE GA¥LORD SIMPSON, of the Museum of 
Comparative Zoology in Harvard University, has been 
awarded for the seccnd time the Daniel Giraud Eliot 
Medal of the U.S. ixational Academy of Sciences—the 
first instance in the 43-year history of the award that the 
same person has twice been named recipient. The Eliot 
Medal is given for ths most meritorious published work 
in zoology or palaeontology during a previous year, and 
is presented to Dr. Simpson in recognition of his book, 
Principles of Animal Taxonomy, published in 1961 by 
the Columbia University Press. 


Mr. G. C. Eppim, who was seconded for three years to 
the White Fish Authority by the Department of Scientific 
and Industrial Research in April 1962, has accepted a 
permanent appointment at the London headquarters of 
the Authority, where he will retain his post as technical 
director in addition. to becoming deputy to the chief 
executive, Mr. C. I. Mek. Mr. Eddie was the first head of 
the Industrial Development Unit of the Authority, which 
was established in Hill just over two years ago, and his 
place as head of the unit will be taken by Mr. R. Bennett. 


Tae second international congress on “Hormonal 
Steroids” will be held m Milan during May 23-28. Further 
information, can be obiained from Dr. L. Martini, Depart- 
ment of Pharmacology, 21 Via Andrea del Sarto, Milan. 


Tus annual delegaze conference of the Institution of 
Professional Civil Servants will be held at Eastbourne 
during May 24-26. Further information can be obtained 
from the General Secretary, Institution of Professional 
Civil Servants, Northumberland Street, London, W.C.2. 


A ONE-DAY course on ‘Fine Structure in Biological 
Tissues”, arranged by the Joint Biology Committee, will 
be held in the University of London on May 22. The 
programme will include: fine structure and function in 
plant cells; the shapes of molecules; exploring the brain 
with the electron microscope; a molecular basis for the 
transmission of genetic information. Further information 
can be obtained frcm the Treasurer, Joint Biology 
Committee, lla Lonmsdale Gardens, Tunbridge Wells, 
Kent. 


Erratum. It is regretted that the illustration in the 
communication entithd “Linearization of Evoked Re- 
sponses to Sine Wave-modulated Light by Noise”, which 
appeared on p. 913 ef the February 27, 1965, issue of 
Nature, was inadvertently cut on the left-hand side. The 
complete figure is reproduced here. 





§°6 c/s 11°2 c/s 








Le 
/ ~® 


564 


GLUCURONIC ACID 


To early interest shown by Japanese workers in the 
chemistry and biochemistry of glucuronic acid, which 
was demonstrated by classical studies of the enzyme 
B-glucuronidase, has been sustamed and considerably 
intensified during the past decade. Many pharmacological 
investigations into the use of administered glucuronic 
acid and its derivatives have also been made in that 
country, aided by the now considerable production of 
glucuronolactone (“Guronosan’) and glucuronamide (‘Gur- 
onamin’) by the Chugai Pharmaceutical Co., employing a 
process of degradative oxidation of starch with nitric acid. 
Although it is now established that glucuronide biosynthe- 
51S, one of the most common mechanisms by which the 
excretion of foreign and endogenous organic compounds is 
facilitated, does not normally occur by direct combina- 
tion with glucuronic acid, Japanese workers have firmly 
contended that this compound, when administered, acts 
as a general detoxicating agent. Many studies have been 
made of its effects on carbohydrate and drug metabolism 
and on experimental liver injury which tend to support 
this hypothesis'. These results have been presented at 
annual conferences devoted solely to glucuronic acid 
research, one of which has previously been reported on by 
Fishman?. 

The tenth anniversary symposium on “‘Glucuronic Acid 
Research”, held at the Nichifutsu Kaikan Hall in Tokyo 
during December 2-3, 1964, was organized by the Tokyo 
Biochemical Research Foundation, the director of which, 
Prof. M. Ishidate, has himself made impressive contribu- 
tions to glucuronic acid chemistry and biochemistry. On 
this occasion, in addition to several hundred Japanese 
scientists, some European biochemists were invited to 
participate; they included Prof. R. T. Williams (London), 
G. F. Dutton (Dundee), R. E. Dohrmann (Bonn), F. Darnis 
(Paris) and myself. Unfortunately, Prof. W. H. Fishman 
(Massachusetts) was unable to attend due to illness. 

The meeting was divided into sessions each devoted to a 
separate topic, and after the introductory address by Prof. 
Ishidate, there followed a symposium on the mechanism 
and possible implications of the recently discovered 
glucaric acid pathway of glucuronolactone metabolism. 
C. A. Marsh reviewed the subject and presented evidence 
to show that administered glucuronolactone was converted 
¿n vivo to a powerful 8-glucuronidase inhibitor, presumably 
glucaro-1,4-lactone, suggesting that a detoxicating effect 
by glucuronolactone might be due to increased overall 
formation of glucuronic acid conjugates by inhibition of 
their hydrolysis before excretion. M. Okada (Tokyo) 
described a chemical method for the identification of 
glucaric acid, and confirmed previous reports of its occur- 
rence in normal urme and its greatly enhanced excretion 
after oral glucuronolactone administration to humans, 
when it is also present in measurable quantities in serum. 
The identification of glucaric acid in normal bile was 
described by T. Sato (Tokyo), who suggested that forma- 
tion of the 1,4-lactone could account for the inhibitory 
properties of bile towards 8-glucuronidase. 

In the next session, which was devoted to glucuronide 
formation, the various theoretical and probable pathways 
were enumerated by G. F. Dutton, and apparent anomalies 
in the specificity of UDP-glucuronyl transferase between. 
different substrates and animal species were discussed, 
together with the possibility of a biological transferase 
system catalysed by 8-glucuronidase. The enzymatic 
formation and excretion of stable amide-type N-glucuron- 
ides after meprobamate and sulphonamide administra- 
tion were described by H. Yoshimura, (Kyushu), and the 
formation of N-glucuronides by transglucuronylation by 
8-glucuronidase was postulated by 8. Takanashi (Chugai 
Pharmaceutical Co.). Other workers described the synthe- 
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sis of stable N-glucuronides of pyrimidine bases, and the 
protective effects of glucuronolactone on phenol conjuga- 
tion. A special lecture was given later by Prof. R. T. 
Wuhams on the role of glucuronic acid conjugation in the 
biliary excretion of drugs, in which the relative importance 
of size and chemical structures of exogenous and endo- 
genous compounds in relation to their biliary excretion 
as glucuronides was discussed. 

In a symposium on bilirubin metabolism, papers by T. 
Kondo (Okayama) on the characterization of direct- 
acting bilirubin, and by F. Iwanami (Tokyo) on pediatric 
studies, made ıt apparent that there is still much uncer- 
tainty over the precise structures of bilirubin conjugates. 
F. Darnis presented a very detailed classification of icteric 
patients based on the investigation of thew bilirubin 
metabolism. Many communications were also presented 
concerned with fundamental and clinical studies of 6- 
glucuronidase, including the examination of the enzyme 
activity under different physiological conditions such as 
infancy and pregnancy and in various pathological states. 
R. E. Dohrmann described the particularly high serum 
enzyme activity in cases of diabetes mellitus, and the 
presence of an inhibitory factor in the globulin fractions 
of normal human serum. Radioactive labelling of the 
enzyme with iodine, without appreciable inactivation, and 
its subsequent selective distribution between different 
organs after injection to rats was described by M. Waka- 
bayashi (Kobe). 

Papers dealing with pharmacological investigations of 
glucuronic acid and its derivatives were presented at 
another session. S. Namura (Tokyo) described experi- 
ments in which the preliminary or simultaneous admini- 
stration of glucuronolactone was found to reduce con- 
siderably the toxicity of methamphetamine for mice, and 
partially to suppress the prolonged tetanus-like effect of 
the drug on the respiratory muscles in rabbits. A signifi- 
cant decrease in the analgesic action of morphine in mice 
by pretreatment with glucuronic acid, and increased 
excretion of free and conjugated morphine in glucuronic 
acid-treated animals, was discussed by E. Hosoya (Keio). 
The beneficial effects of glucuronic acid by delaying the 
fatigue due to physical exercise was described by’ 8. 
Tamura (Tokyo). 

Nearly all the thirty-six original papers given at the 
meeting were presented in English, a pleasant courtesy to 
the foreign visitors present. The provision for speakers 
of a pocket radio transmitter in conjunction with an 
excellent sound amplification system permitted an unusual 
freedom of movement, and another innovation for 
Westerners was the simultaneous use by many speakers 
of two slide projectors, each with its screen, to facilitate 
comparison of the data. One speaker in Japanese used 
the second screen to provide a running English com- 
mentary on the illustrated results, an interesting com- 
promise perhaps worthy of consideration for other multi- 
lingual conferences. 

The wide embrace of the subject-matter presented at 
this conference gave ample indication of the virility and 
quality of present glucuronic acid research in Japan; 
and the sumptuous Eastern hospitality and friendliness 
of our hosts, and their obvious pleasure in showing us 
the fascination of the contemporary Japanese scene, made 
this a most memorable occasion for all the foreign delegates. 
The generosity of the Tokyo Biochemical Research 
Foundation in providing financial support for our attend- 
ance is herewith acknowledged with many thanks. 

C. A. MARSH 


1 Glucuronie Acid; Outline of Baste and Clinical Studies (Chugal Pharma- 
ceutical Co. Lid., Tokyo, 1964). 
2 Fishman, W. H , Science, 180, 1660 (1959). 
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THE NATIONAL PHYSICAL LABORATORY, TEDDINGTON 


ECENT pubheations by the National Physical 
Laboratory, Teddington, have mceluded the annual 
report for 1963, and three new publications in the series 
Notes on Applied Serence and a reprint of No. 12, Calibra- 
tion of Temperature Measuring Instruments; as well as 
second editions of the booklets entitled The Inclusion of 
Hquwalent Metric Values in Scientific Papers? and Units 
and Standards of Measurement in Light (Photometry, 
Coloruneiry and Radiometry)’. 

The illustrated annual report includes, as usual, the 
report of the Executive Committee for 1963 which was 
presented to the General Board at its meeting on May 26, 
1964, and detailed reports by the superintendents of the 
activities of the nine divisions of the Laboratory and of 
administrative matters by the secretary of the Laboratory. 
Altogether 53 different fields of investigation are described 
in the 255 pages of the report. Several of these were on 
show during the open days on May 27-28, 1964 (see 
Nature, 203, 579; 1964). 

The executive committee reported that they reviewed 
the work of the Aerodynamics, Apphed Physics, Auto- 
nomics, Basic Physics, Metallurgy and Standards D1v1- 
sions, and that they considered the papers on the ‘‘Five- 
Year Forward-Look Proposals 1964-69” prepared for the 
Research Council and on the “Future Development of the 
Laboratory”? prepared by the Director. The opinion was 
expressed that the Laboratory should be allowed to 
expand faster than in the past and that there was no 
longer difficulty in recruiting enough staff of high quality. 
The large and successful magnetic resonance section of 
the Applied Physics Division, where the main investigation 
is that of electron spin resonance of free radicals trapped in 
irradiated single molecular crystals, and the polymer 
physics section where basic work of considerable im- 
portance to industry has been performed, are singled out 
for special mention. The Metallurgy Division, which has 
a mgh reputation internationally, has the continuing 
problem of maintaining the correct balance between 
fundamental studies and applied research. The Standards 
Division was in urgent need of additional accommodation 
and highly qualified scientific staff to further its large and 
expanding programme of maintenance and development 
of the standards of measurement. The construction of a 
hydrogen maser for use as à frequency standard and a new 
determination of the constant of gravity (G) are two major 
projects mentioned in the Committee’s report. 

The Committees attached great importance to the need 
for the scientific staff of the Laboratory to keep in touch 
with industry so that the research programme should be 
directed towards industrial needs, and to ensure that the 
results of research are apphed in industry as quickly as 
possible. 

At the end of 1963 the number of Scientific Officers, 
Research Fellows and Experimental Officers on the staff 
of the Laboratory was about 550. It is interesting to note 
that some 120 overseas visits were made by staff during 
the year. During the summer there were eight vacation 
consultants, and 43 vacation students (three holding 
grants from the Department of Scientific and Industrial 
Research) working at the Laboratory. A three-day 
international conference on the relations between the 
structure and mechanical properties of metals was held 
during January 7-10, 1963, and a much larger conference, 
with an attendance of 300, was held during June 26-28, 
1963, on wind effects on buildings and structures. The 
tenth International Towing Tank Conference met at the 
Laboratory during September 4-11, and the Hospital 
Physicists’ Association held a one-day conference on the 
dosimetry of megavoltage radiation in the Glazebrook 
Hall on November 8. 

No. 30 in the series Notes on Applied Science by 
G. Bradfield deals with the use in industry of elasticity 


measurements m metals with the help of mechanical 
vibrations. The note consists of two parts. In Part 1, a 
broad survey of the subject is given, in which values of 
the elastic constants end wave velocities for polycrystalline 
metals and associated materials at 20°C are listed, and 
the four methods of testing (resonance methods; pulse 
methods using high Fequencies; the use of surface waves 
in the ultrasonic goniometer; and the frequency modula- 
tion or frequency scanning method) are described ın detail 
together with diagrams of the appropriate equipment and 
apparatus. Test methods for small specimens, and for the 
measurement of elasticity at high pressures and high and 
low temperatures, tr compressibility of molten metals, 
and the elasticity of metals during processing, are also 
discussed. Part 2 deals with various technical points in 
elasticity measuremeat, such as dispersion and diffraction 
effects, and the influence of porosity on the elastic con- 
stants and wave velosity, and of temperature and texture 
on the elasticity of mesals!. Tables computed by the Mathe- 
matics Division of tae Laboratory giving the numerical 
corrections for dispe=sion to the velocity of longitudmal 
waves in bars of finite diameter in order to yield the correct 
value of (H/)+, where Æ is Young’s modulus and p the 
density of the bar material, cover 57 pages. Values 
are tabulated for retios of diameter/wave-length (d/) 
0-0-45 in steps of 001 and Poisson’s ratio o from 0-15 
to 0-27 in steps of 0-01 and 0-25—0-40 in steps of 0-001; 
and for d/X of 0-0-6 in steps of 0-005 and c from 0-10 
to 0-50 in steps of 0-G05. The note contains 21 tables and 
numerous graphs, together with a bibliography of 88 
references. An accompanying pamphlet, which may be 
obtained free on application, and which will be useful to 
scientists whose wor= entails the measurement of elastic 
constants by resonarce methods, lists tables of the ratio 
of (#/p)t to the true velocity for bars of o between 0-15 
and 0-40 and for d/\ between 0 and 0-45. The values given 
are accurate to six significant figures and are linearly 
interpolable in o and in d/à throughout most of the range 
quoted. 

Extensive use is made of Schlieren methods in aero- 
dynamic research for studying high-speed airflow, because 
the changes of refractive index accompanying the density 
changes across the airflow can be readily observed. 
Schlieren methods, however, are not limited to aero- 
nautical applications, and the second booklet, No. 31, in 
the series®, by D. W Holder and R. J. North, includes a 
brief section listing some of the many non-aeronautical 
applications. After » discussion of the principles of the 
various Schlieren methods and the arrangements for the 
Toepler and graded-iAlter methods, techniques for setting 
up the apparatus ani the quality required for the optical 
components are corsidered. Special Schlieren methods 
giving images in coDur, and systems using non-parallel 
light beams or doukle passage of the beam through the 
field under examinition, are discussed, together with 
methods for quant-tative use, involving photographic 
densitometry, phase-contrast and interferometry. Other 
sections deal with light sources, photography of the 
Schlieren image, and Schlieren and direct-shadow methods 
for visualizing three-dimensional flow. The very wide 
application of the method is obvious from the 269 
references listed and =rom the numerous firms the addresses 
of which are given ir an appendix, who supply equipment 
useful in Schlieren systems. 

Another is No. 34, Principles of Pneumatic Gauging’, 
by J. ©. Evans anc I. G. Morgan, and gives an up-to- 
date account of tae pneumatic method of measure- 
ment, whereby a dimensional change is converted into a 
change of air pressure. The basic principle is described 
and the empirical equations which can be used for the 
design of gauges of given magnification and range are 
discussed. Various practical matters such as the regulation 
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of the operating pressure, measurement of the variable 
pressure and the design of the measuring head are then 
considered, followed by brief descriptions of the pneumatic 
measuring instruments and machines developed at the 
Laboratory. These include a pneumatic calliper and 
machines for the measurement of reference ring gauges, 
reference plug gauges, and of thin-sheet material during 
production. Automatic equipment for the calibration of 
slip gauges is being developed. Pneumatic gauges with 
magnifications ranging from 1,000 to 20,000 can easily be 
attained, and with special equipment 1b is not difficult to 
reach a magnification of 100,000. The study of the 
pneumatic method was begun at the Laboratory during 
the Second World War, but it is only in the years since 
the War that the manufacture of pneumatic measuring 
instruments has been taken up by industry in the United 
Kingdom and overseas. The simplicity and precision of 
the method, together with its flexibility, are now well 
known. to engineers, but the technique needs to be more 
generally known and utilized. 
_ The necessity for a third edition of No. 12 in the series! 
indicates the popularity and value of this booklet, and 
also reflects the continuing attention paid to the extension 
of the temperature scale and to improvements in the 
testing of mercury thermometers. A brief reference is 
made to attempts to extend the International Practical 
Scale of Temperature below — 182-97° C, the boiling-point 
of oxygen, but it was too early to refer to the other 
revisions which have been proposed for consideration at the 
thirteenth General Conference of Weights and Measures 
to be held, probably, during 1968. The amended edition 
(1960) of the International Practical Temperature Scale of 
1948 is printed in the appendix to the booklet. 

The first edition of the pamphlet dealing with equivalent 
metric values for use ın scientific papers? was drawn up by 
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F. A. Gould in 1948 under the guidance of Sir Charles 

Darwin, and was intended to assist authors and editors to 

render numerical data expressed ın British units easily 

intelligible to readers using the metric system. The 
revised edition is by P. H. Bigg and incorporates modifica- 
tions such as degC in place of °C for temperature dif- 

ference. An addendum leaflet (dated December 1963) 

mentions the resolutions of the General Conference of 

Weights and Measures with respect to the SI system and 

the replacement of the litre by the cubic metre. Additional 

conversion factors are also given. In the new edition of the 
pamphlet on units of photometry, colorimetry and radio- 
metry’, the sections on equivalent luminance and the 
scotopic system of photometry have been brought up to 
date, but the two questions on the definition of the 
properties under conditions of partial light-adaptation, 
and of the adoption of standard colour-matching functions 
appropriate to a 10-degree field of view, are left unresolved. 

Reference is, however, made to the C.LE. (International 

Commission on Illumination) publications which deal. 

with recent discussions of these questions. 

S. WEINTROUB 

‘Hal, J. A, and Bauber, C. R., Calibration of Temperature Measuring 
Instruments, third ed. (Dept. Scientific and Industma] Research, 
National Physical Laboratory. Notes on Applied Science, No. 12. 
Pp. iv+55. London: H.M.S O., 1964.) 

2 Bigg, P. H. (revised by), The Inclusion of Equwalent Metrie Values ium 
Scientific Papers, second ed. (Pp. v+18. London’ B.M.S.O. 1963.) 

3 Units and Standards of Measurement Employed at the Nakonal Physical 
Laboratory. IUI, Light: Photometry, Colorimetry and Radiometry, second 
ed (Pp. iliti10. London: H.M.S.0O., 1964 ) 

* Table of Correction Function for Velocity of Longitudinal Waves in Cylindrwal 
Bars. (Pp. 7. Teddington: National Physical Laboratory, 1964.) 

è Holder, D. W., and North, R J., Schlwren Methods. (Dept. Scientific 
and Industrial Research, National Physical Laboratory. Noles on 
Applied Science, No, 31. Pp. x+106 with 29 plates. London: 
H.M.S O , 1963 ) 

6 Eyans, J. O. and Morgan, I. G, Principles of Pneumatic Gauging. (Dept. 


Scientific and Industrial Research, Notes on Applied Scrence, No. 34, 
Pp. i+ 48 with 8 plates. London. H.M 8.0., 1964.) 


BUILDING RESEARCH IN AUSTRALIA 


TTENTION was recently directed to the work of the 
Building Research Station, Garston, Watford, Herts 
(Nature, 205, 30; 1965), and it is therefore of considerable 
interest to read of the activities in the same field of the 
other countries, in particular in the Commonwealth; in 
this context the annual report, 1963-1964, of the Division 
of Building Research of the Commonwealth Scientific 
and Industrial Research Organization of Australia is 
welcome (C.S.I.R.O., Melbourne; 1965; pp. vi+ 64). As 
with our own building research organization, the work of 
this Division covers a wide and ever-increasing range of 
research projects in building technology to meet modern 
demands for higher standards of buildings large and small 
and in solving fresh problems of raw materials and applica- 
tion which are constantly arising both in the trade and 
m the more theoretical aspects of building science. In 
this report the subjects are treated alphabetically 
following an introduction which reviews the work of the 
Division for the year. 

In the section on architectural acoustics, activities 
were mainly concerned with noise in the community; 
reverberation and transmission chambers; absorption 
studies, and noise of rain on metal roofs. Work on 
bituminous materials included studies of durability of 
roofing bitumens and rupture of bituminous roofing 
fabrics. In the clay and clay products section, regional 
studies of Australian clays continued and other work 
embraced ceramic materials and processes, lightweight 
ceramic products, long-term expansion of clay products 
and clay technology in general. Under concrete the 
subjects reported on are lightweight concrete; efflorescence 
on concrete products; concrete roofing tiles; creep and 
shrinkage of concrete in structures, and concrete floors. 
Gypsum plaster is discussed under titles: physical chemis- 


try of calcium sulphate, special gypsum products and 
fibrous plaster. The subject of joints ıs mainly devoted to 
materials and methods available for sealing them in 
exterior walls of buildings to prevent rain penetration to 
the interior, and glazing sealants are also considered. 
As regards mortar, investigations are still proceeding 
into the effect of composition and age on the strength, 
modulus of elasticity, shrinkage and creep properties, a 
subject apparently somewhat neglected elsewhere. 

The paint section has been concerned with mould growth 
on painted surfaces, sufficiently prevalent in Australia 
to have a decided nuisance value and consequent mainten- 
ance expenditure; various fungicides mixed with paints 
have been experimented with, but it was found that these 
do not invariably prevent mould growth; so far paints 
containing zinc oxide appear to give the best performance 
in this respect. 

Structural testing and design are discussed in terms of 
flat plates, loads during construction and direct design. 
Thermal investigations include measurements of tempera- 
tures inside buildings and studies of solar radiation as 
regards intensity and direction effects on buildings. 
Tropical building investigations in this section have 
been in connexion with a survey of limestone resources 
and laboratory work on samples from Papua and New 
Guinea, and with other indigenous materials for masonry 
construction; in this subject a new series of publications 
entitled Tropical Building Research Notes has been initi- 
ated by the Division and will be issued about six times a 
year. The report concludes with an account of miscel- 
laneous investigations, including the determination of 
crystal structures of interest to building materials, plastics 
for building repairs, and studies of foundation-structure 
interaction. 


È 


No. 4984 May 8, 1965 


NATURE 


567 


ELECTRON DENSITY IN THE WHISTLER MEDIUM 
i By J. O. THOMAS 


National Aeronautics and Space Administration, Ames Research Center, Moffett Field, California, and Stanford University 
AND 


S. W. DUFOUR 


Stanford University 


HE spatial distributions of electrons and ions in a 
planetary exosphere in diffusive equilibrium under 
gravity have recently been discussed theoretically by 
Angerami and Thomas! and by a number of authors cited 
therein. In that paper, the theory was applied for condi- 
tions prevailing in the Earth’s exospheric plasma and the 
resulting computed electron density distributions were 
compared with experimental observations. The latter 
were obtained for the base of the exosphere from Alouette I 
topside ionograms. For greater distances from the Earth, 
profiles deduced from whistler data were used (Fig. 1). 
The analysis clearly indicated that the temperature and 
ionic composition assumed at the base of the exosphere 
together with the latitudinal dependencies of these 
quantities were of prime importance in the calculations", 
since the equatorial electron density profiles {ne{ħ) 
curves) were deduced from computed n-(s) distributions 
along field lines. Thus the main factors in determin- 
ing the electron density at a point at a given altitude, 
in the equatorial plane, are not the magnitudes of 
the temperature or ionic relative abundances at the 
exospheric base-level vertically beneath the point 
concerned, but are, rather, the magnitudes of these 
quantities at some higher latitude where the field line 
through the point intersects the ‘critical level’ near 900 
km*'5 at the base of the exosphere. Although the latitudi- 
nal variation of the electron density at that altitude was 
known® at the time when the calculations referred to 
earlier were carried out, few measurements were available 
concerning the nature of the positive ions and their relative 
abundances at the base of the exosphere as a function of 
latitude. Recently, however, data from the Ariel I 
satellite? have provided a clear picture of the dependence 
of the ionic relative abundances both on position and 
time. In addition, more information is now available® on 
the diurnal and latitudinal variation of the electron 
density at the Alouette I orbit, which is at approximately 
1,000 km above the Earth. 
The main purpose of this article is to Investigate the 
implications of the Ariel data and the new Alouette data 
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Fig. 1. Examples of experimental observations of exospheric electron 
density in the equatorial plane The arrow, f, represents a range of values 
obtained by the incoherent scatter technique. The other data are 
derived from whistler observations (ses refs.) made at different times 
under a wide variety of solar and magnetic conditions. The arrow, 4, 
approximates the mgion in which the Alouette I observations of electron 
density for 1,000 km lie. a, ref. 19; b, ref. 20; c, ref. 15; d, refs. 21 and 22; 
e, refs. 23 and 24; f, ref. 25; g, ref. 26, h, ref. 27 


for the theory of the exosphere as outlined in the Angerami— 
Thomas work. In that paper, attention was directed to 
the fact that the electron density in the whistler medium, 
under magnetically quiet conditions, as observed experi- 
mentally, is a factor df ten smaller at three to four Earth 
radii than is predictex. theoretically and that the theoretical 
rate of decrease with distance is much smaller than is 
observed (Fig. 2). Furthermore, it was predicted that in 
order to explain the observed electron donsities in the 
whistler medium, tha light ions at the hase of the exo- 
sphere would have to decrease in abundance relat:ve to 
the heavy ions from aquator to pole. This prediction has 
since been confirmec. experimentally for the Ot and Het 
relative abundanceszmeasured by Ariel J, thus supplement- 
ing the evidence fran Alouette I low-latitude data for the 
existence of a latitxdinal gradient of ionic composition 
and of a light ion ‘belt’? over the day-time equatorial 
ionosphere?)®. 
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Fig. 2. Comparison of =xperimental and theoretical electron density 

distributions in the whistler medium. The shaded area represents 

approximately the zonin which the experimental profiles of Fig. 1 he. 

Curves a and b were taxen from Bates and Patterson*, curve c from 

Dungey”! and curve d ffcm Johnson‘. The electron density distribution 

given by Johnson applic along a line of force. The equatorial profile, d, 
was obtained using a constant density at the reference-level 


Tt is shown below that with the ionic relative abundances 
observed by Bowen 4 al.’ and the corresponding latitudinal 
distribution of electron density at the base of the exosphere 
as determined from Alouette I data (Fig. 3), the theory 
produces an electror density profile which is in agreement 
with the whistler observations if, and only if, proton 
distributions similar to those shown in Fig. 4 are used. 
Thus this article presents theoretical models for the 
abundance of H* at 1,000 km which, together with the 
new Ariel data aut the new Alouetie data, resolve the 
discrepancy betwee theoretical and experimental electron 
density profiles in the whistler medium. It is suggested 
that it is important +> design experiments to check whether, 
in fact, the predictad proton distributions are observed 
and. hence to test tha validity of the assumptions made in 
the theory. 


The Theory and the Assumptions on which it is 
Based 
A. complete exposition of the relevant theory (which 
applies to the approximate height range, 1,000-32,000 km 
(~5 Earth radii)) is given by Angerami and Thomas? 
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Fig. 3 @ and b. Assumed latitudinal variation near noon (upper curve) 

and midnight (lower curve), (a), and. assumed diurnal variation, for a geo- 

magnetic latitude (2) of 50°, (b), of the electron density at the Alouette I 

orbit based on the experimental data of Thomas and Sader! and Thomas, 

Rycroft and Colin*®. The broken curve indicates extrapolated values. 
The data refer to a sunspot minimum epoc 
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Fig. 4. Theoretically predicted abundance of H+ ions at 1,000 km as a 

function of geomagnetic latitude near 1500 and 0300 L.M T. calculated 

for the summer of 1962—the period in which the published Arwel I data 

were recorded. The experimental points A and B derived from the 

Ariel Het—>H* ‘transition altitude’ data’ lie very close to the theoretical 
curve calculated in the way described in the text 


and will not be repeated here. The main assumptions on 
which the theory is based are the following: 

(1) The upper atmosphere above 1,000 km consists of 
neutral particles together with a neutral mixture of singly 
charged positive ions and electrons only, and these are 
in diffusive equilibrium. The positive ions are Ot, Het 
and H+. (2) The partial pressure for each species is 
balanced by the Earth’s gravitational and centrifugal 
forces and the electric field arising from charge separation. 
(3) The charged particles are constrained to move only 
along the lines of force so that the distributions along 
different lines of force are quite independent of each 
other. (4) No electrons are produced by the action of the 
Sun’s ionizing radiations above 1,000 km. (5) The rate 
at which electrons recombine is so small in comparison 
with other effects that the loss of electrons from this 
cause can be neglected in the calculations. (6) The 
Earth’s magnetic field is a dipole field, and the axis of 
rotation of the Earth coincides with the magnetic dipole 
axis. The following assumptions are not inherent in the 
theory but have been made in order to simplify the calcula- 
tions. (7) The electrons and ions have the same tempera- 
tures (Te = 74). (8) The ion temperatures (and therefore 
the electron temperatures) are constant along a magnetic 
field line above 1,000 km. 

In the nomenclature used by Angerami and Thomas? 
{and used throughout this article), assumptions 7 and 8 
above correspond to the conditions C=Ze/Tis==1 and 
T(s)/f,=1, respectively. Here the subscript zero refers 
to quantities measured at & reference level at 1,000 km 
above the Earth and s is a distance measured along a line 
of force from its foot at the reference-level. 
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The electron density ne as a function of distance, s, 
along a line of force is given by*: 

| habe gl} 
Meo n> AORE Hi 


ae pA 
where nes is the electron density on the line of force at 
the reference-level at the base of the exosphere, H; is 
the scale height of oxygen, helium, and hydrogen atoms 
for i = 1, 2, 3, respectively, and 7: is the number density 
of each positive ion normalized to the Ot number density, 
that is, ys = m/n, Note that: 
Me = (1 + qe + RaMa = N M 
so that the quantity n/n which appears in equation (1) 
is merely the fractional abundance of the 7th ion in the 
mixture. 
In equation (1) the quantity z for a point at a distance 
8’ along a field line is defined by?: 
s=8 f Toads [=F f 
z= Jo TO= Jo ds (2) 
in which f is the total force acting on an ion and g, is the 
acceleration of gravity at the base-level. The quantity z 
at the apex of the field line in the equatorial plane can 
be calculated from the relation: 
Qro 


A (cos? a ) (3) 


(equation (B.5) ibid.). Here r, is the distance from the 
centre of the Earth to the reference-level, 9) is the geo- 
magnetic latitude of the particular field line at the 
reference-level, Q is the angular velocity of the Earth’s 
rotation about its geographic axis, and g, is the acceleration 
due to gravity at the reference-level. 


(1) 








Z="p È — COS? 0, + 


Application of the Theory 


If sufficient data were available to provide latitudinal 
distributions for the quantities nep Ne, Ns and T., the 
ion temperature (which is a factor in the scale height, 
H;), then it would be possible to use equations (1) and (3) 
to calculate a theoretical electron density profile to compare 
with the profiles deduced from the whistler observations. 
Unfortunately, however, the Ariel I satellite was able 
to measure the abundance of H+ only for short periods 
during the night. Hence, the quantity 7, is not well 
determined by the results available, and, consequently, a 
theoretical ne() profile cannot be produced without making 
some assumption about the proton distribution. Ib is 
possible, however, to calculate the proton distribution 
which, together with the experimental data for “eo, 
7, and T'i, would be necessary to produce a theoretical 
ne(h) profile which agrees with the results of the whistler 
observations. Equation (1) can be solved for ns: 


(1 + ym? — ho 21s wm G7 2lHy 
m ag 


(4) 


assuming n’ (written for ne(s)/neo, the normalized electron 
density) is taken as a known quantity. Hence, in order 
to compute the relative abundance of protons, 73/n, at 
1,000 km as a function of latitude and time, it is necessary 
to have numerical data for the four quantities ne, Ti, Neo 
and ha These are based on experimental observations 
as indicated below. 


4 


Experimental Data on n, Ty Ne and a, 


(1) The quantity ne is taken as the electron density 
in the equatorial plane as given by whistler observations 
(see, for example, Helliwell!? and refs. cited in Fig. 1). 
A model ne(h) profile consistent with these observations 
has been assumed and is shown in Fig. 2. At distances 
less than 3 Earth radii, the model profile is such that the 

* The diffusive equilibrium of two ion species In the exosphere was first 


described by Dungey™. It was discussed earlier, for stellar atmospheres, by 
Pannekoek and by Hddington (see ref. 11). ; 
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electron density at a given altitude is considerably lower 
than the value given by most of the whistler observations. 
The model profile was chosen to be low in this region for 
two reasons: (a) It was found by trial and error that a 
higher model ne(h) profile would cause the resulting values 
of a/n at the reference-level to be higher. This result 
would have conflicted with the fact that the proton abund- 
ance at 1,000 km was so small during the day-time that 
the Ariel I satellite was unable to measure it. Henee, 
the abundance of H* at 1,000 km was restricted to remain 
less than 1 per cent of the total day-time mixture. (b) The 
electron density has been observed to decrease more 
rapidly at 1,000 km than would be indicated by many of 
the observed whistler profiles (Fig. 1) near 2-5 Earth radii. 
Our n(h) profile (Fig. 2) is roughly consistent with the 
observed electron density gradient near 1,000 km. 

(2) The relevant magnitude of T given by Bowen et al.’ 
was derived from the expression: 


2 
T (°K) = 1,340 + 295 cos z4 m(14—L.S.T.) 


for the atmospheric temperature, T, as indicated by 
satellite drag observations’. It was assumed that 7 =T; 
and that T; did not vary with latitude. 

(3) The quantity neo was derived from a detailed study 
of the electron density at the Alouette orbit®. Fig. 3 
shows the model distributions, based on the Alouette data, 
of neg versus latitude and local time which were used in 
these calculations. 

(4) The magnitude of the latitude dependent quantity 
Nx, the helium ion number density at 1,000 km relative 
to the oxygen ion number density at that level, can be 
obtained directly from the Ariel I data. At local times 
around 1,500 for a summer day, 7, can be derived from 
Fig. 71 of Bowen et al.?. For other local times, a reasonable 
estimate of ha can be obtained from Fig. 70 of the same 
paper which shows the diurnal variation of the transition 
altitude hs defined as the altitude at which n,=n,. The 
quantity z,. can be obtained from A, by combining equa- 
tions (A.1) and (B.4) in ref. 1 to get: 

te _ , Or [ —— 9 

tamie] l — — 240 cos? Oo l — fo j (5) 


in which re is the radius of the Earth. Equations (28) of 
the same paper can then be used to calculate y, from 2,9: 


a= exp E i (6) 





Results of the Calculations 


Once ne Ti, Meo and ha have been determined as 
already described here, then equation (4) can be used to 
calculate ņa. The resulting proton latitudinal distributions 
at 1,000 km for summer day-time (L.s.r. ~ 1500) and 
night-time conditions (L.8.T. ~ 0300), are shown in Fig. 4. 
It is clear that the abundance of H+ decreases markedly 
with increasing latitude. At relatively high latitudes, the 
decrease of proton number density becomes quite large, 
in agreement with the very recent observations of Barring- 
ton, Belrose and Nelms". 

Although little direct experimental information is 
available concerning the distribution of protons with 
latitude at 1,000 km it is possible to deduce the proton 
abundance for the early morning hours from the unpublished 
Ariel data on ‘transition altitudes’ at 10° and 50° geo- 
magnetic latitude. Thus values of hia and Aes for local 
time 0300 were read from Fig. 70 of Bowen et al.” and 
%; was computed from the relation (see equation (28) in 
ref. 1 


3 as 

Ne = Na OXP | — Fe H, 
using values of z,, and Zs, computed from equation (5) 
and values of 7, computed from equation (6) above. The 
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resulting observed reiative-proton abundances, which are 
plotted as points A and B in Fig. 4, lie close to the 
theoretical curve deduced in the way described earlier 
indicating good agresment between the predicted curve 
(based on Alouette I and whistler observations) and the 
experimental observetion made using the Ariel I satellite. 

In Figs. 5 and 6 the proton distributions resulting from 
the calculations described above are combined with the 
relative abundances of O+ and Het from the Ariel data 
to give a complete pxture of the ion relative abundances 
at 1,000 km. In derving these diagrams, essentially the 
absolute proton abundance required to account for 
the observed whistler electron density profile was first 
computed in the way described earlier. Once the latitudi- 
nal dependence of this quantity had been determined, 
it was assumed that the remaining O+ and He? relative 
abundances were as given by the Ariel J observations 
(Figs. 71 and 70 in ref. 7) for the particular time and solar 
epoch concerned. In Figs. 5 and 6, the relative abundance 
of O+, He~ and H+ st any latitude is given by the radial 
width of the shaded area corresponding to each ion. It 
should be noted, however, that in Fig. 5 the number of 
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O* ions in the night-time and the number of H+ ions in 
— day-time are too small to be visible on the scale shown. 
This is illustrated by a slight thickening of the lines over 
the regions concerned. 


Discussion 


it is important to ask whether agreement could be 
reached between the theoretical neh) profiles and the 
whistler observations by varying parameters other than 
the proton number density, that is, whether the magnitude 
and slopes of the experimental profiles could be explained 
by the theory if the proton abundance did not decrease 
rapidly in relatively high latitudes. 

For T; <2,000° and for z > 4,000 km (hk >27 Earth radii), 
exp (—z/Hs) is at least 200 times greater than exp (—z/H;) 
which is itself at least 108 times greater than exp (—z/H,). 
Hence, the electron density in the outer exosphere is 
essentially independent of the O+ and He* relative abund- 
ances at the reference-level and under these conditions 
equation (1) reduces to: 


he~ neo (Nain) exp (—2/H,) 


in which the quantity a/y is the fraction of protons in 
the total composition of H+, Het and Ot ions. The quantity 
on the right-hand side of the foregoing equation must 
decrease by a factor of 6 between 3 and 5 Earth radii in 
order to agree with the experimental me(h) profiles deduced 
from the whistler observations. ‘The parameters involved 
are discussed here, in turn: 

(1) The Alouette I data indicate that the electron density 
at 1,000 km (neg) rarely decreases by as much as a factor 
of 6 and often increases over the interval 50°-60° geo- 
magnetic latitude (the field lines with apexes at 3 and 5 
Earth radii intersect the reference-level at about 50° and 
60° geomagnetic latitude, respectively), 

(2) The quantity exp (~—z/H,) would decrease if, and 
only if, either z increases, or the temperature, T}, decreases 
with latitude. Tt can be seen from equation (3) that the 
former situation can occur only if G decreases, that is if 
the magnetosphere slips and rotates more slowly than 
the atmosphere closer to the Earth. However, the effect 
of changing Q with radial distance from the Earth is not 
sete v — — between the theoretical and 
“xperimental me rofiles for alti 
eee (hk) p ‘or altitudes greater than three 

(3) The only remaining variable other than 43/7 which 
might bring about a decrease by a factor of 6 in the fore- 
going expression for ne is the temperature. Indeed, if the 
temperature decreased rapidly from 59° to 60° geomagnetic 
latitude, then a theoretical n.(h) profile could be produced 
which, even though 73/7 remained constant with latitude, 
would agree with the experimental profiles. However, 
experimental evidence! indicates that the temperature 
increases from equator to pole. 

Hence, if the theory given by Angerami and Thomas? 
adequately describes the Earth’s exosphere, then the only 
possible explanation for the slope and magnitude of the 
whistler profiles is that the proton distribution at 1,000 
km must decrease as shown in Fig. 4. 

In the foregoing analysis, attention has been directed to 
the overall magnitude and to the rate of decrease with 
distance of the experimentally derived electron-density 
profiles in the whistler medium without regard to detailed 
changes of the overall distribution with time or with 
magnetic activity. In particular, in the magnetosphere, 
the electron density exhibits a diurnal variation of up to 
30 per cent at 3 Earth radii, whereas, in the calculations 
performed above, the n.(h) profile was taken to be the 
same during the day-time as at night. This variation in 
Me would not, however, change the major features of 
Figs. 4, 5 and 6. 

_ Furthermore, it should be noted that any changes of 
slope or any irregularities observed in the electron-density 
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profiles beyond 3 Earth radii can be reproduced in © 


theoretical (4) profiles by corresponding changes in the 
proton distribution model. Hence, a theoretical ne(h) 
profile could be produced exhibiting the ‘knee’ effect 
observed by Carpenter if a corresponding ‘knee’ were 
present in the proton distribution at the base of the 
exosphere. It is suggested that the movement of such a 
‘knee’ during magnetically disturbed periods might be 
associated with an increase of temperature during the 
storm. Our calculations indicate that an increase of 
temperature on a field line is usually accompanied by a 
decrease in the number of protons present at the base of 
the field line at 1,000 km. If this decrease in the proton 
distribution were sufficiently large, the electron density 
in the whistler medium would be reduced, and the ‘knee’ 
would appear to move in towards the Earth. The diurnal 
outward movement of the ‘knee’ observed (Carpenter, 
private communication) during quiet days in which the 
‘knee’ moves from about 3-5 Earth radii near dawn to 
about 6 Earth radii in the evening might be associated 
with the day-time growth of the upper F region of the 
ionosphere due to both an increase of the rate of production 
of electrons low down and a subsequent expansion of the 
atmosphere following the diurnal temperature cycle with 
the consequent increase of scale height and associated 
increase of ionization throughout the lower exo- 
sphere. 

It is interesting to speculate on the possible association 
between the rapid decrease in proton abundance near 
L=4 at 1,000 km predicted in this article, the increase 
of temperature at approximately 3-5 Earth radii observed 
recently by Serbu!* through in situ experimental measure- 
ments on the IMP I satellite, the ‘knee’ phenomenon 
observed by Carpenter, and the electron-density troughs 
near L=4 which are particularly evident in the night- 
time observations of Thomas and Sader? as minima near 
dip latitudes of 65° and in the data of Sharp’? and 
Muldrew?! obtained for altitudes near the F region peak. 
It seems likely that the southern edge of such ‘troughs’ 
represents the termination of the normal ionosphere in 
each hemisphere. The outermost edges, as has been 
shown by Sharp”, are due to the existence of external 
(auroral) ionization sources which contribute, at least 
in part, to the maintenance of a high latitude iono- 
sphere. Since the extra ionization can only be produced 
at relatively low altitudes (where there is sufficient atmo- 
sphere to ionize) it appears reasonable to assume that the 
northerly ‘wall’ of the trough will tend to become less 
pronounced at higher altitudes so that the ‘knee’ phenom- 
enon may be associated with the termination of the 
normal ionosphere indicated by the rapid decrease of 
electron and ion abundance (Fig. 4) occurring at D~ 3-5. 


Conclusions 


It has been demonstrated that, provided proper 
allowance is made for the latitudinal dependence of the | 


ionic relative abundances at the base of the terrestrial 


exosphere, the experimentally observed values for the © 


overall magnitude and rate of decrease with distance 
from the Earth, of the electron density in the whistler 


medium, can be understood in terms of a relatively simple | 
theory based on the diffusive equilibrium of ions and | 
electrons under gravity, in the presence of a geomagnetic ` 
field. The agreement between experimental n.-(h) profiles — 


deduced from whistler observations and theoretical ne(h) 


profiles calculated from Alouette J data and from Ariel I | 


data requires the proton abundance at 1,000 km to decrease 
rapidly in moderately high latitudes. There is relatively 
good agreement between the theoretically predicted 
night-time H+ abundances and those deduced from 
‘transition altitude’ data observed by the Ariel I satellite. 
The theoretically predicted H+ distribution is also in 
close agreement with experimental results (published since 
this work was completed) by Barrington et al. in which 
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the rapid drop in proton number density at high latitudes 

(Fig. 4) is clearly observed. 
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AN ASTROPHYSICAL THEORY FOR AURORAL FLUCTUATIONS 


By Pror. R. S. IYENGAR 
Mount Allison University, New Brunswick, Canada 


HE role of atmospheric dynamics in some astro- 

physical and geophysical phenomena is apparent 
from the work of several authors'!-*. In recent years the 
dynamics of the upper atmosphere has been investigated 
by rocket techniques'*. Optical investigations of the 
aurorae have shown fluctuations in small regions of the 
order of a few kilometres*. At least some of the fluctua- 
tions during an extended period of my observations are 
seen in conjunction with moving and active forms of 
aurorae (for example, Fig. 2). I have considered here a 
model for some of these auroral fluctuations that might 
arise from the atmospheric dynamics or from the motion of 
auroral luminescence across the field of view. It is well 
known that auroral light is caused by particle excitations. 
Intensity fluctuations may well be due to variations of the 
number density or energy of the impinging particles. They 
may be due to the variations in the current systems of the 
upper atmosphere during such periods, or they may be 
caused by any other processes. In such a complex phe- 
nomenon as the aurorae, it cannot be denied that several 
types of effects may well be combined. It is here intended 
to point out only that one such effect is the contribution of 
the medium itself. 
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_1. Radii of the Fresnel zones; O is the foot of the perpendicular to the 
we wave surface through P 
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In an elegant treatment of scintillations of the galactic 
light, Little’ has shown that the irregularities in the 
emergent wavefront are of the order of the first Fresnel 
zone. When the distance from the aperture of either the 


2 
point of observation or the source is = or less (see Fig. 1), 


then the aperture uncovers one or more Fresnel zones. 
The outer radii of the first few Fresnel zones are propor- 


tional to the square *oots of the successive integers (n). 
In the notation of Fig. 1, this is given by’: 

Ry =o (1) 
Here, à is the wave-length of observation. From the 
observed ‘striations’ ia hysical work at intervals of 
5 em at ground level, irregularities in the emergent wave- 
front of this order of size are inferred. The height of the 
disturbing region so seduced is of the order 4-6 km (see 
Table 1) for optical ware-lengths. Let us now consider the 
height of the disturbimg region at 100 km. Accordingly, 
for optical wave-lengrns, one gets sizes of the order 20-25 
cm for the irregularities in the emergent wave-front. In 
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Table 1. APPROXIMATE SIZES OF THE IRREGULARITIES AND HEIGHTS OF 
THE DISTURBANCE LAYER (OPTICAL WAVE-LENGTHS) 
Height of dis- Wave-length of 
Size fem) turbance layer (km) observation (A) 
~ 4~6 4,000 ~ 6,000 
20 ~ 25 ~ 100 4,000 ~ 6,000 
Table 2. APPROXIMATE SIZES OF THE IRREGULARITIES AND HEIGHTS OF 


DISTURBANCE LAYER (RADIO WAVE-LENGTHS) 


Approximate Height of distur- Wave-length 
size (km) bance layer (km) (m) 
08 108 8 
1-0 100 10 
+0 1,660 10 


fact, it is not difficult to conceive of ‘striations’ at this 
interval as superimposed on those at a 5-cm interval. 

Secondly, at radio wave-lengths, irregularities of size 
about 0-8 km are found to exist in the east-west direc- 
tion®.*, If this size of irregularities is considered at a 
wave-length of, say 6 m, the height of the disturbing region 
is about 106 km (see Table 2}. Furthermore, this size of 
irregularities is very much closer to the eddy sizes observed 
by Blamont? near the 100-km level. Irregularities of 
about 4 km are also known to exist!®, These are close to 
some of the sizes observed at times in auroral lumines- 
cence’, Iyengar and Shepherd? have found correlated 
signal patterns for two identical fields of view at about 3° 
separation. At the zenith, for a height of 100 km this gives 
a linear size of about 5 km for the sizes in fluctuation. 
Each field of view being about 0-5° for the double photo- 
meter technique of this kind, it is possible that the sizes 
of the auroral irregularities are at times less than 5 km. 
Besides this, lack of correlation is also seen in the signal 
for 3° separation of the fields of view. Thus the irregu- 
larity sizes may perhaps be reconciled with the relation 
given by (1) for larger values of n for the first few integers. 
However, it is seen from Table 2 that the height of the 
disturbance layer can be thousands of km. Harrower’ has 
rigorously deduced values in the neighbourhood of 1,000 
krn for the height of the disturbance region for irregularity 
sizes of 0-8 km. In any event, at least part of the scintilla- 
tions at radio wave-lengths indicated in Table 2 may arise 
from the lower ionosphere at 100 km level due to zenithal 
irregularities. 

In the aurorae, fluctuation periods of 2—10 sec range are 
found®, During some auroral periods this range of time 
scales is also found from the Cygnus signal". Generally, 
the scintillation is enhanced at times of aurorae. Some- 
times, the scintillation activity could give a random signal. 
This is true of aurorae also. Fig. 3 shows an auto- 
correlation curve for auroral fluctuations, for example. The 
almost Gaussian form points to the random signal. The 
power density spectrum in this case, however, showed 
some low frequencies®. Therefore, it is likely that auroral 
light, to some extent at least, is subjected to the same 
effects as the galactic light while propagating through the 
turbulent regions of the lower ionosphere at about 100 km. 
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Fig. 3. Auto-correlation curve of z signal pattern due to auroral fluctua- 
ons 
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Fig. 4, Fluctuation periods versus speeds of motion of luminescence: 
1, for 5-km irregularities; 2, for — irregularities; 3, for i-km irregu- 
arities 


There is the possibility also of the superimposed effects 
due to tropospheric turbulence. These effects are not 
considered here. 

We next consider some of the fluctuation effects result- 
ing from the apparent motion of celestial bodies. Due to 
the rotation of the Earth the celestial bodies have an 
apparent motion. This gives rise to fluetuations in the 
observed signal. In the absence of winds such effects 
could give periods of about 3 min’. Turbulent motion of 
the irregularities or their motion as a whole due to winds 
might also produce fluctuation effects. In what follows, 
motion of auroral luminescence is considered as a cause of 
some fluctuations. 

In the case of apparent motion of a source of light, the 
received light at a point on the ground moves relative to 
the irregularities in the optical path. The ratio of the 
angular subtension of the irregularities in the wave-front 
to the angular velocity of the moving body gives an 
estimate of the period of fluctuation. This effect may be 
present in the signal due to moving luminescence; Fig. 2 
(a, b) shows two examples of this kind. The two identical 
fields of view in this case are separated by about 3°. The 
correlation of the signal pattern in the two channels is 
strikingly good in (a); and there is only some similarity in 
(b). In this latter case, however, the time-delay in one of 
the channels indicates the motion of the auroral lumines- 
cence across the fields of view. The orientation of the 
moving form may sometimes, while moving in one direc- 
tion, produce the impression of motion at right angles to it. 
In any case, the component in the direction of motion may 
be considered. Thus, displacements of the order ~ 3° in 
1—2 sec have been found by Iyengar! for moving lumines- 
cence at the zenith. Periods of fluctuation of the order of a 
few seconds could, accordingly, be expected (see Table 3). 
Fig. 4 shows the possible periods for different speeds of 
auroral motion. Irregularity sizes of about 5, 4, and 1 km 
are considered. 

In conclusion, the Fresnel diffraction model for fluctua- 
tions in optical and radio wave-lengths may be thought of 
at 100 km. Some of the auroral fluctuations may be due 
to the same effects as affect the galactie light at this level. 
Motion of auroral luminescence relative to the irregulari- 
ties of the optical path may cause some fluctuation effects. 


Table 3. PERIODS OF FLUCTUATION FOR DIFFERENT SPEEDS OF MOTION 
OF LUMINESCENCE, AT ZENITH, FOR DIFFERENT IRREGULARITY SIZES 


Speed Period (see) 
Approximate 
a/s degjs irregularity—- 5 4 1 
size (km) 

200 0-12 25-0 20-0 5-0 

500 0-30 10-0 &-0 2-0 
1,000 {60 5-0 40 1-0 
2,500 1-50 2-0 16 0-4 
5,000 300 1-0 8 0-2 
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The sizes of the irregularities may range from less than 
1 km to a few km. 
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SELECTIVE HYDROGENATION OF LINOLENATE GROUPS IN 
SOYA-BEAN OIL 


By A. poe JONGE, J. W. E. COENEN and C. OKRERSE 


Unilever Research Laboratory, Mercatorweg 2, Vlaardingen Holland 


INCE the Second World War much biochemical 
and biological research work has been done on the 
influence of the fatty acid composition of fats on cardio- 
vascular abnormalities. The results of this work have 
convinced many investigators that higher levels of poly- 
unsaturated fatty acids in fats are able to prevent or 
inhibit the appearance of these abnormalities. Conse- 
quently, in the past few years margarines with a high 
polyunsaturated fatty acid content have been marketed. 
For the production of such margarines fatty oils with a 
high content of polyunsaturated fatty acids are needed. 
One of the most .attractive oils for this purpose is soya- 
bean, oil, since it contains about 8 per cent linolenic acid 
and 50 per cent linoleic acid. Itis generally accepted, how- 
ever, that taste and keeping quality of soya-bean oil are 
unsatisfactory so that large quantities cannot be incorpor- 
ated in compositions of margarine. There is evidenco that 
linolenic acid is—directly or indirectly—responsible for 
the poor flavour stability of soya-bean ollt. Consequently, 
it is generally believed that by preferential elimination of 
linolenic acid from soya-bean oil an oil of good taste and 
keeping quality and of high nutritive value can be ob- 
tained®. Linolenic acid can be eliminated completely by 
hardening soya-bean oil in the presence of a nickel catalyst. 
However, then most of the linoleic acid is converted into 
less unsaturated acids so that the biological value of the oil 
is lowered. Therefore, many investigations have been 
devoted to a more selective hydrogenation of linolenic acid 
present in soya-bean oil, in which process most of the 
natural linoleic acid—9 cis, 12 cis-octadecadienoic acid-— 
should also be saved. 

The hydrogenation of the linolenic acid (Le) and linoleic 
acid (L) in soya-bean oil to octadecenoic acid (O) may be 
represented by the following equation (consecutive first- 
order reactions): 


Le + H,———>L * H,———>0 
(trione) le (diene) 44 (monoene) 

In this article the selectivity of a catalyst for the hydro- 
genation of the linolenic compounds (Sze) is defined in the 
usual way, namely, as the ratio of the rate constants of the 
linolenic and linaleic acid hydrogenation? (Ste = kte/kz). 
The value of Sz, can be calculated from the fatty acid 
compositions of the original oil and of the oil obtained 
after a certain hardening time by applying the formula 
for the kinetics af consecutive first order reactions‘. 

In the United States, where an important part of the 
world stock of soya-bean oil is produced, great interest is 
shown. in the selective hydrogenation of linolenic acid in 
soya-bean oil- Johnston. et al." investigated the selec- 
tivity characteristics of commercially available hydrogena- 
tion catalysts (nickel, palladium and platinum on different 
carriers). In hydrogenating a linoleate-linolenate equi- 
mixture they found Sy,.-values between 1:33 for platinum 
on. carbon at 25°:C and 2-71 for nickel catalyst at 140° C. 
Willard and Martinez" tried to establish the hydrogenation. 
conditions under which the natural linolenic acid (9 eis, 


12 cis, 15 cis-octadecatrienoie acid) 1s converted into the 
natural linoleic acid (9 cis, 12 cis-octadecadienoic acid) 
virtually without formation of other unsaturated fatty 
acids. They invest:gated different types of catalysts, 
including reduced rickel oxide, reduced nickel oxide 
poisoned with cupric acetate, copper chromite and palla- 
dium lead catalysts. In all hydrogenations performed only 
minor amounts of 9 sis, 12 cis-octadecadienoic acid were 
formed. Starting fror soya-bean oil, Riesz and Weber!5-17 
tried to hydrogenate linolenic acid present in this oil pre- 
ferentially. The reaztion conditions were varied within 
wide limits. They inv2stigated nickel, platinum, palladium 
and rhodium catalysts. The maximal value of Ste 
found was 2-9 for a palladium on carbon catalyst. 

In conclusion, the values for Sy, reported up to now 
in the literature do not exceed about 3-0. 

Our experiments, in which we compared the properties 
of nickel and copper catalysts in hydrogenating soya-bean 
oil, yielded the surprising result that linolenic acid is 
hydrogenated much more preferentially in the presence of 
copper catalysts than in the presence of nickel catalysts. 
The Sy,-values for a nickel catalyst found by us varied 
between 2-0 and 2°& which is in good agreement with 
results already published. On the other hand, the Skre- 
values for copper catalysts varied between 7 and 10, 
indicating the very high selectivity of these catalysts. 

The experiments ware carried out in the folowing way: 
Refined soya-bean cil was hydrogenated using 0-2 per 
cent copper (as copper on guhr catalyst) at 185° C under 
5 atm. gauge pressure or with 0-1 per cent nickel (as 
nickel on guhr catakyst) at 185°C under 1 atm. gauge 
pressure. Samples were taken at different stages of the 
hydrogenation. After filtration and thorough removal of 
copper traces the saraples were analysed for iodine value 
and fatty acid composition. For this purpose the hydro- 
genated samples were converted into the methyl esters and. 
analysed by gas liquid chromatography. The amount 
of trans fatty acids was determined by means of infra-red 
spectroscopy. The selectivity (Ste) was calculated 
according to the method already mentioned’. The 
analytical results are given in Table 1. The content of 


Table 1. ANALYTIOAL RESULTS OF SOYA-BEAN OIL HYDROGENATED WITH A 
NICKEL (NOS. 1-3) OR A COPPER (NOS, 6-9) CATALYST 


Trans fatty 
No. Iodine Composition* (wt. %} acid con- Ste 
values 018:3 018 2 C18:1 C18:0 016:0 tent(wt.%) 

Ot 1323 80 52C 24-0 4-0 11-5 0 — 
1 12809 46 44 © $5 0 5:5 12-0 6-5 25 
2 1114 4:0 87°F 39-5 5:0 12:0 12-0 20 
3 1022 30 82C 45-0 60 12-0 18-5 2-0 
4 98-5 20 28°C 52°5 80 11-0 23-0 20 
5 91-7 07 23°E 58-0 7-0 11-0 25-5 2-5 
6 1270 5b 53C 26-0 40 11-5 4:0 8-0 
7 1208 27 ~ BLE 31:5 3°5 11-0 7:0 8-3 
8 1153 1% 46 E 85:0 4-0 11:0 9-0 7-0 
9 1121 07 44E 40-0 4-0 11-0 130 8-0 


+ 018-3 linolenic acid, 0 18:2 linoleic acid, 0 18:1 oleic acid, C 18.0 
pia i O 16 : 0 palmitic acid—as determined by gas liquid chroma- 


graphy 
t Original oil. 
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Starting oil 


Linolenic acid (per cent) 





p 10 20 30 40 50 60 
Linoleic acid (per cent) 


Fig. 1. Percentage of linolenic acid as a function of the percentage of 

—— acid In soya-bean ot] hydrogenated with: (a) nickel catalyst; 

(b) copper catalyst, Hydrogenation temperature 185° C, gauge pressure 
of Hy (@) 1 atm., (6) 5 atm. 


linolenic acid as a function of the percentage of linoleic 
acid is plotted in Fig. 1. 

From the introduction. it is clear that it is important 
to know how much of the lindleic acid as found by gas 
liquid chromatography is still in its natural 9 cis, 12 cis- 
state. During hydrogenation trans-isomers and positional 
isomers of the natural linoleic acid are invariably formed. 
Therefore the isotope dilution method!® was used for 
determining the content of natural linoleic acid in soya- 
bean oil hydrogenated with a copper catalyst. In Table 2 
the fatty acid composition and the amount of natural 
linoleic acid for the hydrogenated products are given. 

From the experimental results it appears that: (1) 
When soya-bean oil is hydrogenated with a copper 
catalyst linolenic acid is eliminated much more preferen- 
tially than when the hydrogenation is carried out with a 
nickel catalyst (Ste for copper catalyst is about 8, SL,» 
for mekel catalyst about 2). (2) If linolenic acid present in 
soya-bean oil is removed completely by hydrogenation, 
about 41 per cent linoleic acid remains when a copper 
catalyst is used and only about 17 per cent when nickel 1s 
applied. (3) The amount of natural linoleic acid (9 cis, 
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Table 2. Farry ACID COMPOSITION AND AMOUNT OF NATURAL LINOLEIC 
ACID IN SOYA-BEAN OIL HYDROGENATED WITH a COPPER -CATALYST 
% Natural 
Somposiuon Side % } from gas liquid Content linoleic acid 
Iodine ogra aphy of natural of gas li wid 
value. 018.3 C18. i 18. C18:0 C16:0 oe chroma 


graphy 
(wt. %) TRA acid 


133-56* 75 51-0 25°5 3:5 115 507 100 
111:3 Trace 44:5 39-5 4-0 110 34:4 77 
1128 Trace 46:0 38°5 4-0 11 0 39°9 87 
114 2 0-8 46-5 37-0 4:0 105 38°6 83 
119-2 20 500 82°5 3°5 11 364 73 


* Original oll, 


12 cis} found in soya-bean oil hydrogenated with copper 
catalyst is about 75-85 per cent of the total amount of 
linoleic acid isomers, as determined by gas liquid chroma- 
tography. (4) As to whether a copper or a nickel catalyst 
is used does not influence the amount of trans fatty acids 
formed during hydrogenation of soya-bean oil under the 
reaction conditions applied in our experiments. 
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SITE OF ACTION OF GENERAL ANAESTHETICS 
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ENERAL anaesthesia results from a depressant 
action on the central nervous system which may be 
exerted by a remarkably wide range of chemical com- 
pounds. Consideration of the mode of action of these 
substances raises a number of fundamental pharmaco- 
logical problems, which are of a different nature from 
those associated with many other centrally active drugs. 
First, general anaesthetics are unspecific in their action 
and may act in all neural areas. Secondly, there is no 
pattern of chemical structure associated with the anaes- 
thetic activity of molecules, though in the case of other 
centrally active drugs specific chemical features are 
necessary. Biochemical investigations have not defined 
unequivocally the mechanisms by which general anaes- 
thetics act, and consequently many theoretical approaches 
to the, problem have been confined to the observation of 
physico-chemical regularities. 
The physico-chemical theories fall into two main 
categories. First, those which stem from the Meyer- 


Overton fat solubility hypothesis and are based on the 
striking correlation between anaesthetic potency and 
lipid solubility (the latter often represented by solubility 
in olive oil or oleyl alcohol). The theory has been formu- 
lated in modern form by K. H. Meyeri: “‘Narcosis com- 
mences when any chemically indifferent substance has 
attained a certain molar concentration in the lipids of 
the cell. This concentration depends on the nature of 
the anmal or cell but is independent of the narcotic”. 
The second category comprises those theories proposed 
independently by Pauling? and Miller*, which postulate 
that anaesthetic action occurs in the aqueous phases of 
the central nervous system. Though these two versions 
differ in detail, both relate anaesthetic potency to the 
stability of the gas hydrates which simple anaesthetics 
form. 

Unfortunately, the predictions of both categories of 
theory are in substantial agreement and in general the 
potency of simple anaesthetics is broadly in keeping with 
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between such comrounds and more typical non-polar 
I solvents are sufficien-ly different to produce large positive 
deviations from the ideal’. Solutions of fluorine com- 
pounds deviate mc= from the ideal when the solvent 
has strong intermocular forces. Thus, CF, and SF, 
have the lowest salabilities recorded in water, whereas 
their solubility in n»en-polar solvents is less exceptional. 
Fluorocarbons also behave in an anomalous manner as 
anaesthetics. as is tlustrated in Fig. 1, which seeks to 
relate anaesthetic totency with ideal solubility. The 
only substances which do not adhere to the approximate 
overall correlation are the fluorinated molecules. 

The purpose of ths work described here is to examine 
the extent to which the anomalous behaviour of fluorine 
compounds can be used to identify the phase in which 
general anaesthetics act®. The data utilized are largely 
those of earlier workers, though an approximate measure- 

~20 —10 ment of the anaesttetic potency of carbon tetrafluoride 
Feta: Gis antaieecn ees — eee has been made, together with a determination of its 
Ley to numbers gee Lable 1. -Solla circles are fully AUE NT Gn solubility in olive oil In general, the anaesthetic pressure 
pounds, half-solid circles are partially fluorinated compounds. The line data appear to be sccurate to + 30 per cent. Results 
as OF unit slope which would have been vitiated by accompanying anoxia 
many of ther thermodynamic properties such as boiling have been excluded. Thus the data cited by Seevers 
points and ideal solubilities. Thus, consideration of the and Waters (Table Lin which 0-87 atm. methane abolished 
physical theories is limited by the fact that no method response to electrica_ stimulation and 0-90 atm. paralysed 
of discrimination between them has proved satisfactory. respiration are not considered useful estimates of the 
The situation was summarized by Pauling?, who, having anaesthetic pressure. as those effects couid be produced 
noted the correlation between anaesthetic activity and by the accompanying anoxia. The values adopted are 
the stability of gas hydrates, observed that any other given in Table 1. 
property involving the intermolecular interaction energy 
would give equally satisfactory results. 





-~30 


Aqueous Phase Theories 


Solubili f Fluorine C d The theories of Pauling? and Miller? are both based on 
OIUOLITY Or Piuorme compounds the formation of gas hydrates, though Paubng, to account 

The phase in which general anaesthetics act can only for the fact that such hydrates would be unstable under 
be identified if special attention is directed, not to sche body conditions, sugzested that the hydrates are stabilized 
general properties of the anaesthetics, but to situations by the charged side-chains of proteins. Miller, while not 
where the specific nature of the interaction between the invoking the actual presence of hydrates in the body, 
molecules of the anaesthetic and the molecules of the considered the effects of ordermg which simple’ solutes 
solvent phase is manifest. Such situations are provided are supposed, by same workers, to exert on neighbouring 
by systems which deviate markedly from the ideal. Large water molecules (the ‘iceberg effect’). It is suggested that 
deviations from the laws of ideal solubility are frequently this ordering may -ower the conductance of the brain 
observed when one component of a solution is a fluorine tissue, ‘stiffen up’ the lipid membrane or occlude pores in 
compound. Generally, fluorinated compounds have the membrane. A test of these theories suggested by 
relatively weak intermolecular forces and the forces both proponents is the degree to which the anaesthetic 


Table 1. ANAESTHETIO PRESSURES (ATM,) 








Inhibition of: 





















Anti-convulsant | Blockade of Anaesthesia 
Key Gas Value * (mice) ratsciatic | (a) Frog (b) Frog — — — — Miscellaneous 
No. use 1-6 nerve (1) prain spmat cord Men 
waves (2) reflex (2) (3) (4) (+) and (6) (7) (8) 
1 He > 261 > 82 > 82 
2 Ne 88 47-61 
8 Ar 20 310-340 41 10 
4 Kr 2-9 
5 Xe 0°85 2-1 Dog (9) 
6 N, 29 54 17 
7 N,O 0:9 2 1:0 09 
8 CH, 4.8 3°8 €97-3 0 
9 C,H, 13 
10 C,H, 0-8 0-8 OD 8-1 4 Gs 
11 0,4, 0-7 0 65 05-0 85 
12 C,H, 0:9 093 
18 C,H. 04 0-4-0 65 
14 e-C,H, 015 D 2-0 35 0-25 ‘ 
15 CF, 644 15+ 4 Mice (12) 
16 SF, 30 
i7 CE Cla 08 08 05 Dog (10) 
18 FCs 015 i 015 
19 | CHCl, 0 015 | 005 0015 | 0008 Mice (11) 
20 CHCl: 0:03 0 009 0-03 
21 H, 0-14 014 
22 OH,Cl 0-14 | O14 
23 CHI 0 07 0 065 0-07 
24 O,H,C! }-04 0°05 05-0 08 
25 C,H, Br 0-04 0 02 0 04 
26 CH;.CHF, 0-45 0-45 
27 OH, CHC, 0 026 0 026 





* Largely the values used by S. L. Miller (see general ref 8). : : 

(1) Carpenter, F. G., Amer. J. Physiol., 178, 505 (1954), (2) Marshall, J. M., Amer. J. Physiol., 166, 699 (151). (3) Marshall, J. M. (private communication, 
Bennett, P. B.) (4) Meyer, K. H., and Hemmi, H., Biochem. Z., 277, 89 (1935). (5) Seevers, M, H., end Waters, R. M., Phystol, Rev., 18, 447 (1938). 
(6) Adriani, J., The Chomisiry and Physics of Anesthesia (Springfield, Illinois, 1962). (7; Goodman, L. S , amc Gilman, A., The Pharmacological Basis of Thera- 
peutcs (Macmillan, New York, 1955). (8) Von Oettinger, W. F., The Halogenated Hydrocarbons, Toxicity and Potential Dangers, Public Health Service Publ. 
414 (Washington D.C., U.S Government Printing Office, 1955). (9) Domino, E. F, Gottlieb, S. F., Braus-, R. W., Cullen, S. C., and Featherstone, R. M, 
Anesthesiol., 25, 43 (1964), (10) Van Poznak, A., and Artusio, J. F., Torcol. and App. Pharm , 2, 363 960). (11) Robbins, B. H., J. Pharm. and Exp. 
Therapeutics, 8B, 197 (1946) (12) See text, 
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Fig. 2. Log anaesthetic pressure versus log hydrate dissociation pressure 
at 0° 0. For key ses Table 1 
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Fig. 8. Log anaesthetic pressure versus log of product of heat of solution 
and solubility of gases in water. pie key see Table 1. The line is of unit 
slope 


potency of a gas is related to the stability of 1ts hydrate 
(as represented by the reciprocal of its dissociation pressure 
at 0°C). The correlation is illustrated in Fig. 2, and, 
when the fluormated compounds are distinguished from 
the others, they are shown not to follow the general 
trend, casting some doubt on the validity of this approach. 

However, it is possible to subject the Miller theory to 
@ more general test. The heat of solution of a gas may 
be regarded as an indication of its power to induce 
structure in the neighbouring water molecules. For 
helium this effect would be negligible, as its heat of 
solution is almost zero; and in general the effect increases 
with the size of the solute molecules. The ordering power 
of a solute is regarded as proportional to the product of 
the molar heat of solution and the mole fraction of solute 
in solution when in equilibrium with the gas at 1 atm. 
pressure and 25° C (there being not sufficient data at 
37° C). This factor should be directly related to anaes- 
thetic potency but, as illustrated in Fig. 3, the fluorine 
compounds do not follow the general trend and deviate 
by amounts greater than the estimated experimental 
uncertainties. 

Finally, there is no correlation between the simple 
solubility of gases in water and their anaesthetic potency. 


This is illustrated in Fig. 4. These observations, while . 


not positively ruling out the views of Pauling and Miller, 
show that there is no evidence, of a physico-chemical 
nature, to suggest that the aqueous phases of the central 
nervous system are the site of anaesthetic action. 


May 8, 1965 von. 206 


Lipid Solubility Theories 


The traditional basis of lipid solubility theories has 
been the relation between anaesthetic potency and 
solubility in olive oul or oleyl alcohol’. The theory in the 
form given by Meyer! postulates that narcosis occurs 
when. a critical molar concentration is attamed in the 
lipids. If this is accepted, then the reciprocal; of the 
partial pressure. of gas required to produce anaesthesia 
must be directly proportional to the solubility of the gas 
in the phase in which it acts as an anaesthetic. Thus 
this reciprocal quantity should show a linear relationship 
when plotted against the solubility of anaesthetic gas in 
a similar solvent. On a log—log plot a line of unit negative 
slope should be obtained. The two basic postulates on 
which this approach is founded may be summarized: 

(1) That anaesthesia oceurs when a critical mole frac- 
tion is attained. 

(2) That each solute dissolves to the same extent in 
two solvents if both have the same solubility parameters. 

If olive oil is selected as the solvent to simulate the 
lipids there is substantial agreement for both fluorine 
compounds and other substances, as illustrated in Fig. 5. 
This tends to confirm that a non-aqueous phase is the 
site of action of these anaesthetics. Nevertheless, though 
the agreement is more satisfactory, the fully fluorinated 
compounds are significantly below the best line and the 
general deviation of the points appears to be greater than 
might be expected to arise from uncertainties in the 
experimental measurements. The position of the fluorin- 
ated compounds on this plot suggests that they are 
exhibiting greater positive deviations from ideality in 


Log [Pan] 





~ 5-0 — 40 
Log [a**° H,0] 
Fig. 4. Log anaesthetic pressure versus log solubility in water at 25° C. 
For key see Table 1 
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Fig. 5. Log anaesthetic pressure versus log solubility n ohve oll at 87° 0. 


For key see Table 1. The Hne 1s of unit slope 
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Fig. 6. Log anaesthetic pressure versus solubility in OS, at 25° C 
(6=100). For key see Table 1. The line 1s of unit slope 
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Fig. 7. Log anaesthetic pone versus log solubility in fluorocarbon 
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6=5'9: A, CFn OF; at 25° 0, 8=6 1. The line is of unit slope 
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Fig. 8. Log anaesthetic peoa hig solubility ın benzene af 25° © 


olive oil than in the vital phase. This view may be 
confirmed by reference to Fig. 1 where, when ideal 
solutions are considered, the fluormated substances lie 
above the general line based on other anaesthetics. 

To define the phase of action with greater precision, 
we must consider similar correlations for -œ series of 
solvents the solvent powers of which may be varied in a 
systematic manner. The most suitable property of 
solvents to vary is the solubility parameter. This factor 
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is defined as ð = 


ization of the solvent, V is its molar volume, and 8 is a 
measure of the strength of the mtermolecular forces 
within the solvent? The correlations observed for sol- 
vents in the range 6-10 (cal cm-*)? are illustrated in 
Figs. 6, 7 and 8, and show a systematic change in the 
position of the fluorinated compounds with respect to 
other solutes. In the case of CS, (8 = 10) the fluoro- 
carbons lie below tae main trend, again suggesting the 
positive deviations are too high. In the fluorocarbon 
solvent the positior is the reverse, suggesting that the 
solubility parameter of the phase in which the anaesthetics 
act 1s perhaps 8-5 + 1-0, a view confirmed by considera- 
tion of the benzene plot (Fig. 8), where excellent agree- 
ment ıs obtained. or the solvents benzene and carbon 
tetrachloride the deviation on such plots is about +30 
per cent, comparable with the uncertainty ın the anaesthe- 
tic pressures. 

Another view of snaesthetic potency, due to Mullins’, 
postulates that thie property depends not only on the 
solubility but also on molecular size. This theory is 
tested by examining the constancy of the factor: 


Pan». Xg» Vn 


where X, is the mole fraction of solutes at 1 atm. pressure 
and Vm is the volume of liquid gas at its boiling point. 
The deviations are of comparable magnitude with those 
obtained earlier, bus because of the relatively large size 
of the fluorocarbor. molecules the best agreement is 
obtained for solvents of somewhat higher solubility para- 
meter. The agreement for olive oil is marginally superior 
in this case; but tha general conclusions are unchanged. 


a where H, is the energy of vapor- 


Conclusions 


Detailed consideration of the nature of the phase in 
which anaesthetics set is probably inappropriate, as the 
anaesthetic data are of such heterogeneous origin and of 
such low accuracy. “Nevertheless, it is clear that the use 
of fluorinated compsunds can prove a powerful method 
of distinguishing besween the various theories of anaes- 
thesia and may prore useful in the investigation of other 
physiological effects of gases, for example, the bends. 

The evidence exarnined in this article 1s consistent with 
the view that the czitical phase for anaesthetic action is 
a non-aqueous phass rather than the aqueous phase as 
postulated by Pauling and Miller. The evidence is, how- 
ever, not sufficient to distinguish between the original 
Meyer—Overton hypothesis and its recent extension by 
Mullins. It is conceivable that with a series of accurate 
measurements of the pressures required to produce 
anaesthesia over a wide range of gases, together with 
further solubility measurements, a discrimination between 
these two versions o? the lipid solubility theory might be 
possible. But it is likely that investigations of a biophysic- 
al or biochemical nanure in which detailed mechanisms are 
considered would be a more fruitful approach. 

Finally, one comment must be made. Though the 
regularities observed are consistent with the view that 
anaesthesia is inducad at a specified molar concentration 
in a particular phase, it must be recognized that cor- 
relations of this tyde cannot prove stich a hypothesis. 
Nevertheless, the range over which the generalization 
appears to hold is a. remarkable one and, indeed, unique 
in biology. 
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EFFECT OF ADOPTIVE IMMUNITY ON EXPERIMENTALLY INDUCED 
LEUKAEMIA IN MICE 


By Dr. J. V. SPARCK and Dr. MOGENS VOLKERT 


Rickettsia end Virus Department, Statens Seruminstitut, Copenhagen 


E Rese suggestion that acquired immunological tolerance 
may form the basis of states of permanent viraemia 
was advanced as early as 1949 by Burnet and Fenner? 
with reference to Traub’s descriptions®:® of the symptom- 
less virus-carrier state in mice after congenital infection 
with lymphocytic choriomeningitis virus. The recent 
investigation by Volkert‘-* on the immunological relations 
in lymphocytic choriomeningitis has provided further 
evidence in support of the concept that life-long viraemia 
depends on immunological tolerance. Volkert succeeded 
in terminating the symptomless virus-carrier state in 
neonatally infected mice by transplanting to them immuno- 
logically competent cells from normal or immunized 
donors, that is, the viraomic state could be terminated 
by adoptive immunity, which is a characteristic feature 
of the state of immunological tolerance. It was found 
that the reduction of the high virus titres in blood and 
organs, and the simultaneous appearance of very high 
persistent antibody titres, depended on the transplanta- 
tion of living lymphoid cells. Furthermore, the dependence 
on cell dose, the dependence on genetic identity between 
donor and recipient, and the time relationships with 
respect to the immunization of the donor organism and 
the occurrence of the effects in the recipients, were all 
in accordance with relationships found to apply to 
adoptive immunity in other systems, and to the 
abrogation of acquired immunological tolerance. 

A state of acquired immunological tolerance to an 
oncogenic virus has recently been described by Rubin 
et al”. In a flock of chickens it was found that some had 
& persistent viraemia of a naturaily occurring leukosis 
virus, RIF, and regularly infected their offspring by 
maternal transmission. While the congenitally infected 
hens maintained a high level of viraemia without the 
formation of any antibody against the RIF virus, the 
viraemia-free hens were shown, after contact with the 
virus in adult life, to exhibit a low-level viraemia followed 
by a production of antibodies. This finding, indicating an 
induction of immunological tolerance to RIF virus by 
infection in the premature stage, was of special interest 
when. it was observed that the two types of chickens were 
strikingly different with respect to the occurrence of 
tumours, the frequency being about six times higher 
among the congenitally infected than among the non- 
viraemic birds. 

Gross* has also suggested that the virus-induced 
leukaemia in mice, which he was able to demonstrate, 
may be explained as the result of the acquisition of an 
immunological tolerance to the virus during foetal or 
perinatal life with a consequent persistent viraemia. 

Since at least ono case of immunological tolerance to 
an oncogenic virus being significant for the development 
of tumours had been described, and since the feasibility 
of abolishing a permanent viraomia in mice by adoptive 
immunity had been established, it was decided to test 
the possibility of abolishing an oncogenic viraemia by the 
abrogation of a hypothetical state of immunological 
tolerance. A series of experiments are in progress with 
various well-known tumour viruses to test the hypothesis 
outlined above. On the analogy with the results obtained 
by Volkert‘-* it was assumed that the grafting of immuno- 
logically competent cells from adult donors immunized 
against a tumour virus to young mice of the same inbred 
strain which had been injected with the virus at birth 
could abolish an oncogenic viraemia established in the 


recipients, and thus possibly interfere with the oncogenic 
activity. Hitherto only one experiment has progressed 
so far that a preliminary result can be reported. This 
experiment concerns an extract, prepared in our laboratory 
of tissues from inbred AKA muce with acute leukaemia. 
Livers, spleens and peripheral lymph nodes from two 
AKA mice were ground with quartz-sand and exposed 
to low-speed centrifugation, after which the supernatant 
was collected and used after freezing and thawing. After 
adjustment to a 10 per cent concentration this crude 
tissue extract was injected intraperitoneally in doses of 
0-05 ml. into 119 new-born C,H mice. The recipients were 
thus of a strain of mice in which leukaemia normally does 
not develop either spontaneously or on transfer to mature 
mice. The hypothesis was, however—in accordance with 
Gross*’—that by the incorporation of a supposed virus 
in the immunologically immature mouse a state of 
tolerance should be established, which would give persistent 
viraemia and result in the induction of leukaemia. At 
the same time as the inoculation of the new-born C,H 
mice, intraperitoneal injections of the leukaemic AKA- 
tissue-extract were given to a number of adult (and thus 
refractory) C,H mice in order to induce an immunity 
against a possible leukaemic agent. After the lapse of 
four weeks, and after a further ‘booster’-injection had 
been given, the immunized adult C,H mice were killed, 
the spleens and lymph nodes collected, and a suspension 
of living cells prepared. ‘These cells were transplanted 
in doses of about 10! cells intraperitoneally or intra- 
venously to half the young mice which had received 
loukaemic AK A-tissue-extract at birth four weeks earlier. 
The results of these treatments are shown in Table 1. 

The 60 neonatally infected C,H males and 59 neonatally 
infected C,H females are classified separately, as the 
effects were somewhat different in the two sexes. It is 
seen that 30 of the males and 30 of the females were 
injected with cells from isologous donors which had been 
immunized against the tissue extract from the leukaemic 
AKA mice. The division into groups I, IL, IL and IV 
refers to the fact that one third of the animals treated 
—group I (with group IT as contro!)—-were treated a few 
weeks before the rest—group II (with group IV as 
control). The only other difference was that group I 
animals received the immune cells intraperitoneally, while 
the anima!'s in group ITI received the immune cells by 
intravenous injection. The two routes of injection were 
found to give identical results. Table 1 shows the total 
number of deaths which have occurred in the course of 
18 months, and the number of these animals that died 
with leukaemic changes. The diagnosis was made primarily 
on the basis of macroscopic changes, involving pronounced 
or tumorous enlargement of lymphatic organs, and 


Table 1. EFFECT OF THE TRANSPLANTATION OF CELLS FROM IMMUNIZED 
ISOLOGOUS DONORS TO ONE-MONTH-OLD C,H MICE INJECTED AT BIRTH WITH 
TISSUE EXTRACT FROM LEVKAEMIO AKA MICE 

All Leukaemiec 


No. of deaths deaths as % of 
Total deaths No. of as % of ——————— 
No. within leukaemic total Total 
18 deaths No,of No of All 
months animals animals deaths 
dä Groups I + III 30 14 Q 47 0 0 
(immune cells) 
Groups II + IV 30 22 10 73 33 45 
(untreated) 
99 Groups I + ITI 30 11 3 37 10 27 
(immune cells) 
Groups IT + IV 29 16 15 55 52 94 


(untreated) 
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mic livers and kidneys. J tissues from 
eceased mice were examined microscopically. 
t appears that the crude leukaemic tissue extract had 
an effect in the C,H mice injected neonatally. In the 
control groups II and IV, leukaemia occurred in 10 out 
of 30 males and in 15 out of 29 females, that is, in 33 and 
52 per cent respectively, or in 43 per cent of the cases 
when the two sexes are taken together. These leukaemic 
deaths occurred within 11-18 months after the inocula- 
tion of the AKA extract. It is also apparent that in the 
groups to which cells have been transferred from immun- 
ized isologous denors thero was a very great reduction in 
the frequency of leukaemia. Indeed, no leukaemia, at all 
occurred among the males. When the two sexes were put 
together the frequency of leukaemia among treated mice 
was found to be less than one-eighth of the frequency 
among untreated mice, namely 3: 25. 

It may be noticed that, besides the deaths registered 
as being due to leukaemia, there were quite a number of 
other deaths—ia all 26 male and 9 female—in which 
neither macrosecpic nor microscopic evidence of leukaemia 
was found. It should be stressed, however, that a large 
number of these, about half, occurred within a short time 
when the mice were one year old. They died with the 

= symptoms of infection of the intestinal tract, and at the 
same time large numbers of mice in other sectors of the 
animal house of the institute died with similar symptoms. 
3 It appears to be justified to interpret the preliminary 
« - results on the assumption that the incorporation of a 
leukaemia-determining virus (or possibly of a few leuk- 
aemic cells) in the immunologically immature mouse 
induces a state of immunological tolerance. This implies 
that in these animals the development. of the normal mode 
of reaction against the leukaemogenic agent is hindered. 
The state of tolerance—and presumably viraemia—is 
abolished by the introduction of immunologically compet- 
ent cells from iselogous immunized donors. This interpre- 
tation of the phenomenon assumes an analogy with the 
immunological mechanism in lymphocytic choriomening- 
itis described by Volkert‘ * in which a connexion between 
immunological tolerance and viraemia and the possibility 
of reducing the viraemia by means of adoptive immunity 
-iwere demonstrated. Taking into consideration the observa- 
tion of Rubin e al.’ concerning avian leukosis, it seems 
- an obvious possibility that the tolerance-viraemia mech- 
- anism of the LCM system is applicable as a theoretical 
- model in the experimental work on virus-induced neoplasia. 
In any event sueh a model seems satisfactory to describe 
the observations presented here. 
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In case further experiments confirm that such a mech- 
anism is decisive fer the induction or the inhibition» 
tumour developmer:t, this will not necessarily imply that 
the immunological specificity is connected with a virus 
alone. Sjögren et ai.” showed that injections of polyoma 
virus to adult mice result in a resistance against trans- 
plants of tumours previously induced by the inoculation 
of polyoma virus into new-born mice, even if these . 
established polyomatumours did net contain demonstrable. 
virus at. the time cf transplantation. The resistance. is 
specific for polyoma tumours but is effective agai 
different, independeatly induced polyoma tumours w 
the same strain of mice. On the basis of similar result 
and the demonstration that this resistance does no 
depend on antivira. serum antibodies, Habel! has sug- 
gested that a specitic antigenic component is produced: 
in the cells of the polyoma-induced tumour. The adult - 
organism can react: against and reject this component. 
On the other hand, if the transformation takes place in 
the new-born, immunologically incompetent organism, 
an immunological solerance to the cellular antigen is 
established. 

It must be emphasized that the extract from the leuk- 
aomic AKA mice used in the present experiment was 
not filtered, for which reason it cannot be settled whether 
a virus-like agent alone is concerned. The possibility 
cannot be excluded that a few AK A-cells were present in 
the extract, and that these produced the leukaemia in 
the young C,H mice. Likewise, the immunity which has 
possibly been induced or stimulated in the donors might 
be directed against acellular factor. However, the effect of 
the transplanted celis is quite obvicus, and on the analogy 
of other transplantation systems it seems likely that a 
form of adoptive iramunity has been established in the 
recipients of the imamune cells. Whether this adoptive 
immunity against the induced mouse leukaemia concerns 
a viral or a cellular antigen cannot be decided until further 
experiments have been carried out. Either kind of 
mechanism could be responsible for the data presented. — 
> Burnet, F. M., and Fenner, F., The Production of Antibodies (sfaemitian, ERT 
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DRUG RESISTANCE AND ITS TRANSFER IN Saumonella typhimurium 
-By Da⸗ E. S. ANDERSON and Dr. M. J. LEWIS 










a HE contagious tr ansfer of drug resistance in Entero- 
~ bacteriaceae, first described in Japan'~, is recognized 
-as a factor of potentially major importance in the spread 
_of drug resistance in the pathogenic Gram-negative baeilli 
ich as Salmonellae, Shigellae and certain strains of 
d scherichia coli. The examination of resistance transfer 
By may yield information. about mechanisms of drug resist- 
~ cance, about the activities of the cytoplasmic particles 

known as episomes to which the resistance transfer factors 

-are believed to belong, and about the processes of con- 
jugation in the Enterobacteriaceae. From the applied 
oint of view, thase investigations may suggest procedures 
‘the control of the use of antibiotics and other chemo- 
nerapeutic agerts in human and veterinary medicine, so 
the influence of drug-resistance transfer may be 
ited so far as possible. 
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Following the suggestion of Watanabe’, we use the term — 
resistance transfer factor (RTF) for the episcme which is 
believed to mediate transfer of resistance by potentiating 
conjugation betweer donor and recipient bacterial strains ; 
and resistance factor (R-factor) for the combination of the 
RTF and the fragment of genetic material which confers 
drug resistance anc which is carried into the recipient 
bacteria. We suggest that this genetic fragment be called 
the resistance determinant (R-determinant). Thus, the 
R-factor consists o” the RTF plus the R-determinant. 
The spectrum of aatibiotic resistance is referred to as 
the R-type‘. The ‘ollowing abbreviations are used for 
resistance to the ant. biotics to be discussed: A, ampicillin; 
S, streptomycin; T, tetracycline; N, neomycin; A, | 
kanamycin; ; Su, suphonamides. A strain resistant to . 
streptomycin, tetracycline and sulphonamides therefore > 
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belongs to the R-type S T Su. The strains of Salmonella 
typhimurium studied will usually be designated by their 
phage-types only. Thus, S. typhimurium phage-type 29 
will be referred to as type 29, and S. typhimurium phage- 
type la as type la. WE. coli K12 F—will be referred to 
simply as K12; it was the only strain of Æ. coli used as a 
recipient of R- factors in this work. 

Liquid medium for the growth of cultures and of mating 
mixtures contained 20 g of ‘Bacto’ dehydrated nutrient 
broth (Difco Laboratories) and 8-5 g of sodium chloride/I. 
Solid medium for the routine growth of cultures was 
prepared by adding 13 g of New Zealand powdered agar 
per litre of this medium. 

Solid medium for the estimation of minimal inhibitory 
concentrations (MIC) of ampicillin and penicillin was 
Oxoid No. 2 nutrient broth 25 g/l., containing 13 g/l. 
of New Zealand powdered agar. 

‘Bacto’ MacConkey agar (Difco Laboratories) was used 
to distinguish between S. typhimurium and E. coli in 
plating mating mixtures. Selection of colonies resistant 
to antibiotics was effected by incorporating a suitable 
concentration of the antibiotic concerned in the Mac- 
Conkey agar: penicillin, 40 or 50 ug/ml.; streptomycin, 
40 ug, iml.; te ‘tracycline, 20 ug/ml. 

In crosses in which the donor was S. typhimurium, the 
mating mixtures were plated on antibiotic-MacConkey 
agar on which 0-25 mi. of high-titre ( >10 particles/ml.) 
anti-O phage No. 1 (ref. 5) had been spread and allowed to 
dry. The phage reduced the S. typhimurium to approxim- 
at ely 10+ of its original count, and facilitated the selection 
of discrete colonies of drug-resistant E. coli. 

When the donor was Æ. coli it was found convenient to 
pass the mating mixture through an enrichment medium 
such as ‘Selenite F’ (ref. 6) in order to raise the proportion 
of S. typhimurium before plating on MacConkey agar 
containing antibiotic. On some occasions S. typhimurium 
to which resistance had been transferred was isolated by 
this technique when direct plating of the mating mixture 
had failed. 

The examination of cultures for ĝ8-lactamase production 
was carried out by the technique of Perret’. 
S. typhimurium and E. coli, sensitive or resistant to 
ampicillin, were plated on nutrient agar containing 0-2 
per cent of soluble starch. The following morning the 
plates were flooded with a solution containing 3 mg/ml. 
of iodine, 15 mg/ml. of potassium iodide and 50 mg/ml. 
of penicillin, in phosphate-buffered saline of pH 6-4. 
The main substance of the agar was coloured blue because 
of formation of the starch—iodine complex. 
Clear colourless zones surrounding the 
bacterial colonies indicated release of 
8-lactamase by the bacteria, the decoloriza- 
tion being produced by removal of iodine 
from the starch—iodine complex by peni- 
celloic acid liberated by the action of 
8-lactamase on penicillin. The colonies 
within such zones were unstained with 
iodine because of their §-lactamase con- 
tent. The 6-lactamase was most abund- 
antly released from well-grown colonies, 
and best results were obtained with replica 
platings? from master plates to starch- 
nutrient agar plates. Sensitive colonies 
were stained brown by the iodine and were 
not surrounded by zones of decolorization. 
Cultures with a relatively low level of 
ampicillin resistance (MIC about 100 ug/ 
ml.) had narrow decolorized zones, extend- 
ing about 1 mm beyond the colony margin. 
in contrast, those having higher ampicillin 
resistance (MIC about 3,000 ug/ml.) were 
surrounded by much wider zones of de- 
colorization, extending 2-5-3 mm beyond 
the periphery of the colonies. The 
reliability of this method of identifying 


Fig. 1. 
penicillin by the action of -lactamase which has diffused from colonies of ampicillin- 
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Table 1. R-TYPES OF CULTURES OF S. typhimurium, DECEMBER 1964- 
FEBRUARY 1965 
ASTNE Su N K 
AST Su S Su 
A 5 C S ti S F 
ASCT A 
STNK C 
ST Su x 
CT T 
A, Ampicillin; C, chloramphenicol; K, kanamycin; N, neomycin; 


S, streptomycin; Su, sulphonamides; T, tetracycline. 

high and low ampicillin resistance was confirmed by 
using it for the selection of colonies of the respective 
resistance levels from artificially made mixtures of strains 
of high and low resistance (Fig. 1). 

It was proved that the zones of decolorization indicated 
the extent of diffusion of $-lactamase by excising ampicil- 
lin-resistant colonies and then flooding the plates with the 
iodine—penicillin indicator. The development of the 
decolorized zones was not affected by this procedure. 
Spontaneous reversion to ampicillin sensitivity was easily 
detected on starch plates, because revertant colonies were 
stained brown with iodine and showed no zone of decolor- 
ization. 

The rise in drug resistance in S. typhimurium was men- 
tioned in a recent paper’, and a detailed account of this is 
published elsewhere”. Continuing investigations in the 
Enteric Reference Laboratory have revealed an accelera- 
tion of this rise, so that, in a survey between December 
1964 and February 1965, of 450 cultures of S. typhimurium 
examined, 273 (61 ig cent) were resistant to one or more 
drugs. At least 18 phage-types of the organism were 
represented and a minimum of 14 patterns of drug 
resistance were found. These are shown in Table 1. 
A high proportion of the resistant cultures will transfer 
their resistance to Æ. coli. We wish to report here our 
observations on one phage-type of S. typhimurium, 
type 29, in which drug resistance, usually multiple, now 
seems to have reached 100 per cent. Type 29 was the 
commonest phage-type among the resistants, constituting 
168 (61-5 per cent) of the 273 resistant cultures. It also 
showed the widest range of R-types, the commonest 
being S T Su, which comprised 103 (61 per cent) of the 
168 resistant cultures. Type 29 is at present a common 
cause of infection—often fatal—in calves. It is also found 
in human infection. Of the 168 drug-resistant cultures of 
this type, 118 (70 per cent) were of animal and 50 (30 
per cent) of human origin. Originally sensitive to all the 
drugs discussed here, resistance to streptomycin and 





starch-iodine complex by penicillolc acid released from 
A, Type 29, highly resistant to ampicillin, wide halo; B, type 
narrow halo, (The colonies in this figure were produced by 


replica-plating.) (x ¢. 2) 










ce was added — in 1964. By June 1964 most 
ures of type 29 showed the R-type S T Su. In Septem- 
jer 1964 a new component was added, that of ampicillin 
esistance, so that the R-type A S T Su appeared, and 
within a few months most type 29 cultures that were 
isolated in particular areas—and this included human as 
woll as animal irfections—exhibited the resistance pattern 
p AST Su. It was, in fact, the precision of the phage- 
typing method which enabled us to follow the growth of 
drug resistance in this type and to study the epidemiology, 
not only of the type itself, but also of the R-factors it 
acquired. 

Investigations revealed that, in an area in which am- 
picillin resistance appeared in type 29, the drug was being 
used for the treatment of salmonellosis in calves, and we 
believe that this was the determining factor in the emerg- 
ence of the resistant strains. The parent strains from 
which the ampwillin-resistant lines arose were already 

¿>o resistance to streptomycin, tetracycline and sulphon- 
=. amides. At first in a minority, the AS T Su resistance 
type rapidly increased in frequency, so that it finally 
predominated among the type 29 cultures isolated from 
calves. 

Ampicillin resistance reported earlier in phage-type le 

< of S. typhimurium exhibited the following features: it 

“endowed the cuitures with resistance to less than 130 

> ug/ml. of ampicillin and penicillin; it was associated with 

coc the production of an enzyme destroying penicillin and 

“ampicillin (this has proved to be a B-lactamase'); and 

on transfer to Æ. cols K12 it was invariably accom- 

panied by the remainder of the spectrum of resistance, 

so that the E-type of the recipient cultures was 

AST Su. Lose of penicillin-resistance in these strains 

is accompanied by loss of 6-lactamase production, and 

is always associated with loss of resistance to all the 
other drugs. 

The drug resistance of phage-type 29, although showing 
the same spectrum, AS T Su, differs from that of the 
type la strains an the following respects: its ampicillin 
and penicillin resistance is of a much higher order, the 
MIC on solid medium being about 3,000 ug/ml.; it is 
associated with release of a much larger amount of §- 
lactamase; Im conjugation experiments with K12 the 

oo. Yesistance determinants for A, S Su and T seem to be 
transferred independently, although a combination of 
A and S Su can be detected at a lower frequency than 
either of the twe alone; and the frequency of transfer of 
the separate R-determinants is in the order, A > S Su > 
T. Streptomycia and sulphonamide resistance are always 
.. transferred together in this system. Stored cultures 
~~ which have lost their ampicillin resistance remain resistant 
to streptomycin, tetracycline and sulphonamides. As 
with: the resistant phage-typo la strains, 6-lactamase is 

| ucod when reversion to ampicillin sensitivity 
















—.  eceurs. 

Phe: MIC of E for: wild sensitive type la and 
<o o bype 29 strains, and for ampicillin-sensitive revertants of 
resistant strains of both types, is of the order of 1 ug; 

that of sensitive K12 is double this figure. 

B. coli K12 converted to ampicillin resistance by trans- 
er from resistant type la cultures acquires resistance of 
same order as that of the donor strain, the MIC being 
i Bout 100- wg/mlt. Similarly, transfer of ampicillin 
— resistance from the type 29 cultures to K12 endows the 
-.. ‘Fecipient with the same order of resistance as that of the 
< donor, the ampicillin MIC of the converted K12 cells 
being about 3,009 ug/ml. We shall refer to the R-factor 

responsible for this level of ampicillin resistance as A’ 
and, because the resistance of the type 29 cultures to 
ptomycin and tetracycline is also higher than that of 
“ype la cultures, the corresponding R-factors will be 
nated S and T”, respectively. These R-factors will 
after be grouped in the order of frequency of their 
msfer from type 29 to K12. The R-type of the ampicil- 











































lin-resistant type 29 is thus A’ S’ Su T”. As Su trainer 
was always associated with that of S’ in type 29 and with 
that of A S T in type la, and as our attention was ĉo: 
centrated principal:y on the determinants for antibiotic 
resistance, we shall omit Su from the R-types for purposes 
of brevity. The R-type of the ampicillin-resistant 29 
will therefore be given as A’ S’ T, and that of type la- 
as AST. 

When relatively small starting inocula of phage-type | 
29 A’ S’ T” and fully sensitive K12- (about 5 x 10°/ml. of 
each) were grown overnight at 37° C in 20 ml. of nutrie 
broth, the approximate frequencies of drug-resistant. cells 
in the final culture .n terms of the total terminal popul 
tion of K12 were ae follows: K12 A’, 10-7; K12 8’, 10>: 
K12 A‘S’, IOM. Tsansfer of tetracycline resistance was 
not detected with tais method. In contrast, when broth 
cultures of type 29 A’ S’ T” and K12, both approaching 
the stationary phase, were mixed in equal volumes and 
incubated overnight at 37° C, the drug-resistant K112. 
population in terme of the final total count of K12 was 
approximately: A^ 25 x 10°; S’, 10 x 107; and 
A'S, 2-0 x 10. Thus, the use of older cultures in the 
mating mixture raised the frequency of transfer of both 
A’ and S, but the increase was more marked with S. 
The frequency of jomt transfer of A’ and S’ was increased 
to about the same extent as that of S’. In this experiment 
tetracycline-resistart K132 cells appeared with a frequency 
of 2-0 x 10-6. 

An experiment im which conjugation in a mixture of 
fully grown type 2% A’ S’ 7” and K12 was interrupted at 
intervals up to 80 min by eliminating the donor cells 
with anti-O phage No. 1 showed that A’ was transferred 
first, with a frequency of about 10-* per donor cell at 
zero time. The nuraber of A’ recipients rose linearly at a 
rate of 4 x 104/mim or 6:3 x 10° transfers/donor cell/ 
min. S’ did not appear in K12 until between 60 and 
80 min. Z” had nct appeared in K12 by 80 min; but, 
as we have already pointed out, it was transferred when 
mating was allowed to continue overnight. 

This experiment gives only a maximum expression for 
the kinetics of tranefer of A’ in its earlier stages because, 
although the elimimation of donor cells by phage was 
efficient, it cannot 3e excluded that phage-infected cells 
which had already nade effective contact with recipient 
cells might complete the conjugation process and transfer 
the R-factor before they were eliminated. However, it 
can be assumed that, once infected with phage, donor cells 
were excluded fron further conjugation. To obtain a 
precise expression fcr the kinetics of resistance transfer in 
this system, mechanical interruption of mating with a 
blender™-™ would be needed. 

Our results are best explained on the assumption that 
the A’, © and T’ -esistance factors are independent of 
each other. This wiew is supported by the step-wise 
acquisition of drug resistance of phage-type 29 in the wild 
state, and by its spentaneous loss of ampicillin resistance 
with retention of that to streptomycin, tetracycline and — 
sulphonamides. Subsequent experiments strengthened it -< 
still further. | | E 

We have already referred to the herd of calves in which 
type 29 A’ S” T” had appeared. Because of the presence 
of salmonclosis the sick animals in this her were being 
— with 400 mg of oral ampicillin daily, and those 





as a ‘preventive’ — —— infection. ‘Rectal 
swabs obtained from this herd were plated on MacConkey 
agar which was incubated overnight. These plates were 
then replicated to MacConkey agar containing 50. pg/ml. 
of penicillin. Almost the only colonies appearing on the 
penicillin replicate plates were the lactose-fermenting 
colonies on the mester plates. Some of these colonies 
were picked, purified and identified as E. coli. A propor- 
tion showed the same spectrum of resistance as the S. 
typhimurium type 29 cultures isolated from the herd, 
that is, A’ S’ T. 








Two lines, designated E. coli 1b and le, were selected 


for further work. They were isolated from a calf which 
had received ampicillin but had no history of salmonel- 


losis; examination of the faeces of this calf had not yielded- 


a salmonella. Cultures 1b and le were each crossed with 
a type 29 culture isolated from this herd and belonging to 
R-type S’ T”. In both crosses ampicillin resistance was 
transferred to the recipient type 29, yielding cultures of 
R-type A’S’ 7’. Spontaneous resistance to ampicillin 
did not arise in control cultures of the recipient strain. 
Spontaneous reversion to ampicillin sensitivity has 
already been mentioned as occurring in type 29 A’ S T. 
The R-type of this revertant is S’ T” and this was restored 
to A’ S T by crossing the revertant with #. coli le. 

A strain of type 29 sensitive to all drugs was crossed 
with K12 8’. The resulting type 29 progeny was then 
crossed with K12 T’ and the progeny of this cross with 
Ki2 A’. The R-types of the resistant type 29 lines pro- 
duced from these crosses were, respectively, 29 8’, 29 8 T” 
and 29 A’ S T’. The R-factors had therefore been trans- 
ferred from resistant type 29 to K12 and then from K12 
to sensitive type 29, the R-type of the S. typhimurium 
recipient being built up in the order of its appearance in 
nature (see Table 3, crosses IT, XI, XII and XIII). The 
R-type A’ S’ T” has also been ‘synthesized’ in type 29 
in other sequences, as Table 3 shows. 

Table 2 summarizes the starting strains used in the 
experiments we have described. 

Table 3 shows the crosses that have been carried out so 
far (the symbol Su is omitted from the R-types). 

The results summarized in Table 3 are in general in 
favour of the hypothesis already raised, that A’, © and T’ 
are independent R-factors. Against this hypothesis is 
the fact that the frequency of joint transfer of A’ and S” 
from type 29 A’ S’ T’ to K12 is higher than would be 
expected if the factors were transferred independently. 

It may be added that wild-type 29 cultures have been 
isolated which show the R-type A’ S’ Su T” N K, that is, 
they are resistant to neomycin and kanamycin in addition 
to the other drugs. Experiments are planned to determine 
the mode of transfer of the additional resistance. 

We have already pointed out that the resistance of 
S. typhimurium type la A S T (Table 2, strain 1) is of a 
lower order, not only to ampicillin but also to streptomycin 
and tetracycline, than is that of S. typhimurium type 
29 A’ S’ T’ (Table 2, strain 2). When the ampicillin 
resistance of strain 2 was transferred to K12 already 
converted to A S T Su resistance with strain 1, the resis- 
tance to ampicillin of the resultant K12 progeny (Table 3, 
cross XVII, strain 32) was high, but that to streptomycin 
and tetracycline remained low, indicating that ampicillin 
resistance alone had been transferred from strain 2 in 
the progeny of the cross-selected on penicillin. The 
genotype of the resistance of strain 32 is thus probably 
A’ AST, although its phenotype is obviously A’ S T. 
However, when K12 A’ AS T was used as a donor for 
transfer to fully sensitive type 29, ampicillin-resistant 
transferees of the phenotype A’ S T only were identified 
(Table 3, cross XVIII), in spite of the fact that selection 
from the mating mixture was initially carried out on 
medium containing 40 ug/ml. of penicillin, a concentration 
insufficient to inhibit cells carrying A S T only. Type 
29 A’ and type 29 AST were not detected among 22 


STRAINS OF S. typhimurium AND E. coli USED IN RESISTANCE 


Table 2. 
TRANSFER EXPERIMENTS 


Resistance to Desig- 


Strains E-type ampicillin nation 

‘S. typhimurium phage-type la AST Su Low 1 
S, tpphimurium phage-type 29 A’ as’ Sut High 2 
$. typhimurium type 29 SS’ Su T — 3 
S. typhimurium type 29 T oo 4 
S. typhimurium type 29 — — 5 
S, typhimurium type 29 (spon- 

taneous revertant to ampicil- 

lin sensitivity) S’ au T — 6 
E. coli K12 F-- mme — 7 
E. coli 1b (wild) A’ S’ SuT’ High 8 
EB. coh 1e (wild) A'S’ Su T High 9 
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Table 3.4 TRANSFER OF DRUG RESISTANCE IN S. typhimurium AND E§eoli 


J Results Designa- 
No. of Parents — Resistance to tion of 

cross Donor x recipient R-type of progeny ampicillin progeny 
í ix 7 K112 AST Su Low 10 
II 2x 7 12 A’ High 11 
K12 8’ — 12 
Ki2 A’ 8’ High IE 
: K12 T” mia l4 
HH 3x 7 K12 F — 15 
KE T” — 16 
IV ilx 3 Type 29 A’ S’ T High 17 
7 lix 6 Type 29 4° 8’ T High 18 
VI 13x 5 Type 29 A’ High 19 
Type 29 8’ 20 
Type 29 A’ 8’ High 21 
Vil 8x 3 Type 29 4 F 7” High 22 
VIII 9x 3 Type 29 4’ F T High 23 
IX. 9x 6 Type 29 4’ 8’ T High 24 
X 4x 7 Ki2 T” — 25 
XI 123x 5 Type 29 8’ — 26 
XII 25 x 26 Type 29 8’ 7” — 27 
XIII 11 x 27 Type 29 4° S T” High 28 
XIV 13x 4 Type 29 A’ T High 29 
XV 12 x 29 Type 29 A’ 8" T High 30 
AVI 14x 21 Type 29 A’ 8’ T High 31 
XVIT 2x10 K12 A’ (AD ST High $2 
XVIN 823x 5 Type 29 4’ (A) ST High 33 


K12, Escherichia coli Ki2 F-. 
Type 29, Salmonella typhimurium phage-type 24. 


ampicillin-resistant colonies picked from these plates. 
This result requires further exploration, but the findings 
so far suggest that some form of union was estab- 
lished between the two R-factors A’ and 4A ST in this 
Cross. 

It might be thought that, for transfer of drug resistance 
to a sensitive organism to occur in nature, an ambience 
initially free from the drug concerned would be needed, 
since its presence would eliminate the sensitive organism 
before transfer could occur. This hypothesis was tested 
by exposing fully sensitive K12 to a concentration of 
400 ug/ml. of ampicillin in nutrient broth for 60 min at 
37° C, and then mixing it with an equal volume of a broth 
culture of type 29 A’ S’ T”. Immediately after mixing, 
decimal dilutions of the suspension were prepared im 
phosphate-buffered saline containing 400 ug/ml. of ampicil- 
lin, and were plated on MacConkey agar containing 50 
ug/ml. of penicillin. Control counts showed that exposure 
to ampicillin for 60 min had reduced the sensitive K12 
population from 3-0 x 108 to 1-3 x 10‘, but the counts 
of K12 A’ colonies on medium containing penicillin 
demonstrated that the efficiency of resistance transfer 
per viable cell of A12, which was about 10-*, was the same 
as that of a control mating mixture in which the K12 
had encountered no antibiotie until it was plated on 
medium containing penicillin for the selection of K12 A’ 
colonies. This experiment must be carried further; but 
it may be concluded that the presence of a drug need not 
eliminate all cells of a sensitive organism before transfer of 
resistance against that drug occurs. 

The work we have summarized indicates that resist- 
ance to the same antibiotics may be determined by a 
number of R-factors, each presumably with its separate 
RTF. While the resistance pattern A S T Su moved as 
a single unit from type la to K12, that of type 29 to the 
same drugs seemed to move as three independent units. 
The level of ampicillin, streptomycin and tetracycline 
resistance in the type la strains of S. typhimurium was 
lower than that of the type 29 strains, and this feature was 
maintained when the respective R-factors were trans- 
ferred to K12. It is therefore evident that the factors 
responsible for the drug resistance also determine its 
level. 

If the size of the halo of decolorization on starch plates 
developed with iodine—penicillin indicator is proportional 
to the amount of 8-lactamase produced, type 29, with high 
ampicillin resistance, synthesizes more of the enzyme 
than does type la, with lower resistance (Fig. 1). Loss of 
ampicillin resistance is associated with loss of B-lactamase 
production in both types. It has been provisionally 
concluded, therefore, that the ampicillin resistance of 
these S. typhimurium strains is due to their production of 












and that their — of resistance is propor- 
to the amount of 8-lactamase produced. Attempts 
nfluence the formation of the enzyme, using methicillin 
an inducer, established that the 6-lactamase was syn- 
‘thesized in maximal amounts in the absence of the 
inducer, that is; it is constitutive. 

The origin of RTF’s and of the R-determinants the trans- 
fer of which they mediate remains obscure, but there can be 
g little doubt that the rise in the proportion of wild strains 

of S. typhimuriam possessing these factors is largely due 
to the widespread use of antibiotics and other chemo- 
therapeutic agents in animal husbandry. The use of 
ampicillin in calf rearing is probably particularly favour- 
able to the seleetion of strains of intestinal pathogens of 
high ampicillin. resistance, because the drug is poorly 
absorbed from the calf intestine, and high intestinal levels 
are maintained for several hours after a single dose. We 

have observed the rapid rise in the incidence of ampicillin- 





resistant cultures of S. typhimurium type 29 in a herd of 


calves treated with arnpicillin. Strains of #. coli of the 
same R-type as that of the S tz typhimurium were isolated 
from an apparertly salmonella-free animal in the herd, and 
these cultures acted as donors of high ampicillin resistance 
to S. typhimurium. Moreover, starting with a fully sensi- 
tive strain of type 29 of 5S. typhimurium we were able, by 
-transfer of resistance, to build up its R-type to that of 
the naturally resistant strains. 

The demonstration that transfer of ampicillin resistance 
to fully sensitive K12 could take place even after exposing 
the recipient strain to a high concentration of ampicillin 
shows that conversion of sensitive organisms to drug 
resistance with R-factors may take place in the presence 
of therapeutic levels of the drugs concerned. Naturally, 
once the transter is effected, the presence of the drug 
offers a survival advantage to the newly resistant organ- 
isms, 

We have good evidence that drug-resistant strains of 
S. typhimurium have been distributed to different parts 
of the country by calf movements. It is also apparent 
that, once a resistance spectrum such as A S T Su has 
appeared, the use of any of the drugs in the spectrum will 
maintain its ascendancy until the ampicillin resistance is 
lost spontaneously. Type 29 A’ S’ Su T” has become 
prevalent in areas in which ampicillin is not used in calves 
because, once the strains have been introduced, the 
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BEHAVIOUR OF DIFFERENTIATED NUCLEI IN 


use of streptomycir, tetracycline or sulphonamides wil 
favour their persistence, and these drugs are widely used 
in the rearing of livestock. pe 

Although there = no suggestion that drug-resistant 
strains of Salmonellee are more virulent than their sensitive” 


forbears, they may gain access to the intestinal tract of 


animals in which the normal faecal commensals have been 
largely eliminated ky the drugs to which the Salmonellae 
are resistant. In these circumstances the drugs could 
provide the resistant pathogens with a survival advantage 
and better prospects of success in causing infection. 

Human infections have occurred with the resistant 
strains of S. typhimeuriwm discussed in this article, and 
the transfer of their resistance to faecal commensals such 
as E. coli is a predictable consequence. The further 
transmission of the drug resistance to essentially human 
pathogens may then follow. Resistance to ampicillin 
and other drugs may thus become a serious problem in 
the treatment of haman infections with many species of 
Enterobacteriaceae. not only because of the use of these 
drugs in man, but also because of their employment in 
animal husbandry. 
in calves. 
combined with the widespread use of antibiotics and other 
chemothorapeutic agents, both for the treatment of actual 
infections with Enterobacteriaceae and for their so-called 
prevention, favour at one and the same time the 
spread of bacterial imfection and that of contagious drug 
resistance in pathegenic Enterobacteriaceae. The time 
has clearly come for a re-examination of the whole 
question of the use of antibiotics and other drugs in the 
rearing of livestock. 
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JETEROKARYONS OF 


ANIMAL CELLS FROM DIFFERENT SPECIES 


By Pror. HENRY HARRIS 
Sir William Dunn School of Pathology, University of Oxford 


Si o a previous article some characteristics of hetero- 
CÀ karyons produced by the fusion of HeLa celis with 
Ehrlich ascites cells were described!. This article deals 
with nuclear fenction in heterokaryons made with dif- 
- ferentiated soraatic cells. These heterokaryons were 
produced by fusing HeLa cells with lymphocytes from the 
‘thoracic duct o! the rat, macrophages from the peritcneal 
cavity of the rabbit and nucleated erythrocytes from the 
blood of the damestic fowl. These three cell types were 
chosen for the following reasons: (1) They represent, 
together with the HeLa cell, four different species and two 
different orderssof vertebrate. (2) They are highly special- 
ized cells. Indeed, in some respects erythrocytes 

exhibit the mest extreme form of differentiation seen 

in vertebrate cells. (3) The lymphocyte is an ‘immuno- 
gically competent’ cell, that is to say, it is a cell capable 
mounting an immune response to a foreign antigen. 

The three ceils show marked differences in their ability 








to synthesize nuclee acids. The small lymphocytes from 
the thoracic duct cf the rat synthesize variable amounts 
of RNA, but do rot synthesize DNA. DNA synthesis 
leading to cell mulsiplication can, however, be induced in 
these cells when they are exposed to certain antigenic 
stimuli?, The macsephages which accumulate in the peri- 
toneal cavity of therabbit after intraperitoneal injection of 
paraffin oil also sycthesize RNA, but not DNA?. In these 
cells synthesis of DNA has not yet been induced experi- 
mentally. The mazure nucleated erythrocytes of birds do 
not synthesize DNA and synthesize RNA only in trivial 
amounts, if at all No condition has been described in 
which erythrocytes resume DNA synthesis or substantial 
RNA synthesis. Is would be of great interest to know, 
especially in the case of the nucleated erythrocyte, 

whether the suppression of nucleic acid synthesis produced 
by differentiation = irreversible, or whether the dormant 
nuclei can be indueed to resume the synthesis of RNA or 















We have described a situation found. = 
The imective hazards of intensive farming, — 








Fig. 1. A heterokaryon containing sd -a nuclei and 2 rat lymphocyte 
nu 


DNA, or both, when they are placed in the cytoplasm of a 
cell in which the synthesis of both nucleic acids takes place 
in the normal way. 

HeLa-rat lymphocyte heterokaryons. The lymphocytes 
were obtained by cannulation of the thoracic duct of the 
rat®. These cells formed heterokaryons less readily than 
HeLa or Ehrlich ascites cells. In order to obtain adequate 
numbers of lymphocyte nuclei in heterokaryons it was 
necessary to add about five times as many lymphocytes as 
HeLa cells to the preparation in which the cells were to be 
fused together. The technique of cell fusion was essentially 
similar to that previously used for producing hetero- 
karyons of HeLa and Ehrlich ascites cells’. The lympho- 
cytes were spun out of the lymph and washed once by 
centrifugation at 220g for 4 min in physiological saline. 
The HeLa cells were taken from a suspension culture and 
also washed once by centrifugation in physiological saline. 
A mixture containing approximately 2 x 10° HeLa cells 
and 10° lymphocytes in 1 ml. of Hanks's solution (without 
glucose) was introduced into an inverted T-tube, and 1 ml. 
of a preparation of ultra-violet-inactivated Sendai virus 
containing 8,000 haemagglutinating units (HAU)/ml. was 
added. (The virus was inactivated by exposure to ultra- 
violet light under the conditions described in the previous 
article'.) The suspension of cells and virus was maintained 
at 4°C for 15 min and then shaken for 20 min at 100 
excursions per min in a water-bath at 37°C; 0-5 ml. of 
the cell suspension was then introduced into a Petri dish 
6 em in diameter containing about a dozen 
coverslips, and 5-55 ml. of the culture medium 
was added. The techniques used for subse- 
quent maintenance and examination of the 
cultures were exactly as previously described’. 

Preparations examined on coverslips 24 h 
after the formation of the heterokaryons re- 
vealed that about 20 per cent of all multi- 
nucleate cells contained at least one lympho- 
cyte nucleus. Fig. 1 shows a heterokaryon 
containing three HeLa nuclei and two lympho- 
cyte nuclei. At 24 h about two-thirds of 
the lymphocyte nuclei still had the dimensions 
and morphological characteristics of typical 
small lymphocyte nuclei, but about a third 
of them had undergone a marked increase in 
size during this period The chromatin of 
these larger nuclei was more finely dispersed 
than that of normal small lymphocytes, and 
nucleoli were present in many cases. At 
48 h about 80 per cent of the lymphocyte 
nuclei still discernible in heterokaryons 
showed these morphological changes in some 
degree. Fig. 2 shows a heterokaryon from 
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a 48-h culture. This cell contains three HeLa nuclei 
and one lymphocyte nucleus which has undergone 
the transformation described. This nucleus is now much 
larger than a normal small lymphocyte nucleus and 
contains three distinct nucleoli. These morphological 
changes appear to be similar to those which take place in 
the nuclei of small lymphocytes when these cells are 
injected into an appropriate foreign host*. 

It has been shown that the small lymphocytes in the 
thoracic duct do not incorporate thymidine into DNA; 
only the large lymphocytes, which constitute about 
5 per cent of the cells in the thoracic duct, are labelled 
after exposure to tritiated thymidine’. However, when 
small lymphocytes are injected into an appropriate 
foreign host DNA synthesis is initiated in a proportion of 
them, and the cells into which these small lymphocytes are 
transformed undergo multiplication®. On the other hand, 
most of the small lymphocytes in the thoracic duct 
synthesize RNA; 50-80 per cent of these cells showed 
labelling of RNA after exposure for 1 h to tritiated adeno- 
sine in vitro®. In order to determine whether lymphocyte 
nuclei in heterokaryons underwent any change in their 
ability to synthesize DNA, the cultures were exposed to 
tritiated thymidine 3 h and 24 h after formation of the 
heterokaryons. Observations were not possible much 
before 3 h, since this was the time taken by the hetero- 
karyons to spread out over the glass coverslips. The cells 
were incubated with the labelled precursor at a concentra- 
tion of 10 uc./ml. for 2 h, and autoradiographs of fixed 
preparations were made in the usual way. In the 3-h 
cultures about 10 per cent of all lymphocyte nuclei in 
heterokaryons were labelled, and in the 24-h cultures 
about 40 per cent. Since not more than 2-3 per cent of the 
cells in the thoracic duct would be labelled after 2 h 
exposure to tritiated thymidine in vitro (the fraction of the 
large lymphocytes in the phase of DNA synthesis), it is 
clear that DNA synthesis is initiated in many of the 
lymphocyte nuclei shortly after their inclusion in the 
heterokaryon. During the first 24 h increasing numbers 
of these nuclei are recruited into the phase of DNA 
synthesis. 

As pointed out in the previous article’, the individual 
nuclei within a single heterokaryon synthesize DNA 
independently of each other, and it is not uncommon to 
find heterokaryons in which the lymphocyte nucleus is the 
only one synthesizing DNA. Fig. 3 illustrates such a 
cell, 

In order to determine the proportion of lymphocyte 
nuclei synthesizing RNA in heterokaryons, 24-h cultures 
were exposed for periods of 30 min-2 h to tritiated uridine 
at a concentration of 10 uc./ml. The fixed preparations 
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A heterokaryon containing 3 HeLa nuclei and 1 rat dye gb nucleus 
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lymphocyte nucleus shows three small nucleoli, and its chromatin is much less con- 
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Fig. 3. Autoradiograph of part of a heterokaryon from a 24-h culture exposed for 2 h to 
his ceil contains a number of HeLa nuclei and 1 lymphocyte nucleus. 


tritiated thymidine. 
Only the lymphocyte nucleus is synthesizing DNA 


were treated with deoxyribonuclease for 30 min at 37° C 
and autoradiographs prepared. It was found that even 
after 30 min exposure to tritiated uridine 95 per cent of all 
lymphocyte nuclei in heterokaryons were labelled. Since 
between a quarter and a half of the small lymphocytes in 
the thoracic duct are unlabelled after incubation for 1 h 
with tritiated adenosine in vitro®, it appears that in the 
heterokaryon RNA synthesis is initiated or substantially 
increased in many of the lymphocyte nuclei. Fig. 4 shows 
a dikaryon in which both the HeLa nucleus and the 
lymphocyte nucleus are synthesizing RNA. 

It has been shown that the small lymphocyte is capable 
of initiating an immunological response to a foreign anti- 
genic stimulus’. It was therefore possible that in HeLA-— 
lymphocyte heterokaryons the lymphocyte components 
might mount an immunological attack against the HeLa 
components and thus cause the breakdown of the hetero- 
karyon. However, the behaviour of the HeLa—-lymphocyte 
heterokaryons did not appear to be any different from 
that previously observed in HeLa—Ehrlich ascites hetero- 
karyons'. Progressive fusion occurred between the 
lymphocyte nuclei and the HeLa nuclei, and by the fourth 
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Fig. 4. Autoradiograph of a dikaryon from a 24-h culture exposed for 

30 min to tritiated uridine. The cell contains a HeLa nucleus and a 
lymphocyte nucleus. Both are synthesizing RNA 
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day ater cell fusion few discrete lympho- 
cyte maclei remained. In order to examine 
the sarvival time of HeLa-lymphocyte 
synkaryons (heterokaryons in which the 
HeLa and lymphocyte nuclei had fused 
together), a population of multinucleate 
cells was examined in which the majority 
contaiaed lymphocyte nuclei, When 107 
HeLa «ells and 10* lymphocytes were treated 
with 13,000 HAU of ultra-violet-inactivated 
virus, about 70 per cent of the resulting 
multimicleate cells contained at least one 
lymphocyte nucleus. The survival time of 
this pepulation of cells was found to be no 
differeat from that previously described for 
HeLa—Ehrlich ascites heterokaryons: the 
total mımber of multinucleate cells and syn- 
karyors per coverslip showed little change 
for 5 days and thereafter fell gradually. 
Many synkaryons were still alive after 2 
weeks. It thus appears that the life of a 
heteroxaryon is not materially curtailed by 
the presence within it of a foreign lympho- 
cyte nacleus. 

HeLa-rabbit macrophage heterokaryons. The 
interest in these heterokaryons lies in the 
fact that the macrophages in exudates 
induced in the peritoneal cavity of rabbits 
by the injection of paraffin oil synthe- 
size RNA but not DNA’, The technique 
used for the collection of these peritoneal 
exudate macrophages was that described 
by Mackaness*. It consists essentially 
of injecting paraffm oil into the- peritoneal cavity of 
the rabbit and coBecting the exudate 4-6 days later. 
In a satisfactory exudate 85-95 per cent of the cells 
are macrophages and most of the rest are lymphocytes. 
These macrophages do not undergo mitosis or synthe- 
size DNA either im the peritoneal cavity or in vitro, 
but all of them syn hesize RNA”, 

Macrophages fuse readily with HeLa cells, with each 
other and with the ymphocytes present in the peritoneal 
exudate, The behaviour of multinucleate cells containing 
macrophage nuclei alone and of cells containing both 
macrophage and lymphocyte nuclei has not yet been 
examined in detail; the production of such cells is men- 
tioned here merely to illustrate that heterokaryons can be 
formed not only by fusing differentiated cells with HeLa 
cells but also by fusing differentiated cells with each other. 

The macrophages were fused with HeLa cells in the 
usual way: about 2 x 107 HeLa cells and 10’? macro- 
phages were treatel with 8,000 HAU of ultra-violet- 
inactivated virus. Preparations examined 24 h after cell 
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Fig. 5. A heterokaryoa containing 1 HeLa nucleus and a number of 
mbbit macrophage nuclei 
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Fig. 6. Autoradiograph of a dikaryon from a 24-h culture exposed for 2 h to tritiated 
Both nuclei 
are labelled, and there is also labelling over the cytoplasm of the cell 


uridine. The cell contains a HeLa nucleus and a macrophage nucleus. 





Fig. 7. Autoradiograph of a heterokaryon from a 24-h culture ‘exposed for 2 h to 
The cell contains 3 HeLa nuclei and 1 macrophage nucleus, 
One of the HeLa nuclei and the macrophage nucleus are synthesizing DNA 


tritiated thymidine. 


fusion showed that approximately 30 per cent of the 
multinucleate cells adherent to the coverslips contained 
at least one macrophage nucleus. Fig. 5 shows a cell 
containing one HeLa nucleus and a number of macrophage 
nuclei. When 24-h cultures of these heterokaryons were 
exposed for periods of 30 min-2 h to tritiated uridine, 
autoradiographs of fixed, deoxyribonuclease-treated pre- 
parations indicated that virtually all the nuclei (both HeLa 
and macrophage) were synthesizing RNA. Fig. 6 shows an 
autoradiograph of a dikaryon containing a HeLa nucleus 
and a macrophage nucleus from a 24-h culture which was 
exposed for 2 h to tritiated uridine. Both nuclei are 
labelled, and there is also labelling over the cytoplasm. 
When 24-h cultures were exposed for 2 h to tritiated 
thymidine at a concentration of 10 ue. /ml. autoradiographs 
showed that about 80 per cent of the macrophage nuclei in 
HeLa—macrophage heterokaryons were labelled. Fig. 7 
shows an autoradiograph of a heterokaryon containing 
three HeLa nuclei and one macrophage nucleus from a 24-h 
culture exposed for 2 h to tritiated thymidine, The macro- 
phage nucleus and one of the HeLa nuclei are labelled. 
Multinucleate cells which contained only macrophage 
nuclei were not labelled under these conditions. This 
indicates that macrophages which do not normally 
synthesize DNA, and which do not synthesize DNA 
when they are fused together, can be induced to do so 
when they are fused with cells in which DNA synthesis 
normally takes place. Although at 24 h 80 per cent of the 
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macrophage nuclei in HeLa-macrophage 
heterokaryons were labelled by exposure 
for 2 h to tritiated thymidine, only 30 
per cent of the HeLa nuclei in these hetero- 
karyons were labelled. This again illustrates 
the fact that the individual nuclei within 
a heterokaryon synthesize DNA independ- 
ently of each other. 

Macrophage nuclei in heterokaryons fused 
with each other and with HeLa nuclei to 
form typical synkaryons. The subsequent 
behaviour of these synkaryons did not 
appear to differ from those formed by 
fusion of HeLa nuclei with lymphocyte 
nuclei or with Ehrlich ascites nuclei, 

HeLa—hen erythrocyte heterokaryons. 
Heterokaryons containing erythrocyte nuclei 
are difficult to produce. Hen erythrocytes 
are rapidly lysed by high concentrations 
of virus, and, although adhesion between 
erythrocytes and HeLa cells occurs readily, 
the erythrocytes usually lyse before their 
nuclei can be incorporated into the HeLa 
cell cytoplasm. Lysis of the erythrocytes 
releases large numbers of free nuclei, and 
many of these adhere to the surface of the 
HeLa cells. In this situation they rapidly 
degenerate. In a small proportion of the 
cells, however, true heterokaryons are 
formed in which erythrocyte nuclei and HeLa 
nuclei are present in a common cytoplasm. 
Such erythrocyte nuclei are most commonly 
seen in heterokaryons which contain several 
HeLa nuclei, but heterokaryons containing 


one HeLa nucleus and more than one 
erythrocyte nucleus can be found. Fig. 8 


shows a heterokaryon containing two HeLa 
nuclei and two erythrocyte nuclei. 

About 5 ml. of blood was taken from 
the wing vein of an adult domestic fowl into 
a flask containing heparin. The heparinized 
blood was freed of leucocytes so far as pos- 
sible by repeated centrifugation in a capillary 
tube sealed at one end. This capillary tube 
was approximately 16 em long and had 
a bore of 4 mm. The blood was centri- 
fuged in this tube at 3,000 r.p.m. for 
15 min. The tube was then scored about halfway 
up the column of packed red cells, and the part of the 
tube above this mark was broken off and discarded. This 
completely removed the buffy coat containing the leuco- 
cytes and the top half of the packed red cell column, The 





Fig. 8. A heterokaryon containing 2 HeLa nuclei and 2 hen erythrocyte 


nuclei 
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Fig. 9. Autoradiograph of a film of hen erythrocytes which had been incubated for 3 h in 
The autoradiograph was developed after exposure 
There is no significant labelling of the erythrocyte nuclei to 


medium containing tritiated uridine. 
for 7 days. 


bottom half of the red cell column was taken up in physio- 
logical saline and transferred to a fresh capillary tube in 
which the centrifugation was repeated. The top half of 
the packed red cell column was again broken off and the 
centrifugation procedure was repeated on the bottom half. 
The experiments were carried out with the bottom half of 
the red cell column produced by the third cycle of centri- 
fugation. Films were made from this sample of packed 
red cells and were stained with Leishman’s stain. An 
examination of three such films did not, 
in fact, reveal a single leucocyte. 

The ability of these nucleated erythro- 
cytes to synthesize RNA and DNA was 
tested by incubating samples of the packed 
red cells with tritiated uridine and tritiated 
thymidine. About 0-2 ml. of packed red 
cells were suspended in 5 ml. of culture 
medium containing in one case tritiated 
uridine at a concentration of 10 ue./ml. 
and in the other tritiated thymidine at the 
same concentration. The cell suspensions 
were incubated at 37° C for 3 h with gentle 
agitation, and films of the preparations 
were made. Autoradiographs of these 
films were made after the cells had been 
extracted in the usual way', and, in the 
case of the tritiated uridine sample, 
treated with deoxyribonuclease. The auto- 
radiographs were developed after exposure 
for 7 days. No labelling of red cell nuclei 
was detected either in the thymidine 
or in the uridine sample. Fig. 9 shows an 
autoradiograph of a preparation of erythro- 
cytes which had been incubated for 3 h 
with tritiated uridine. It is clear that the 
nuclei of these red cells do not, under 
the present conditions, incorporate these 
precursors into either RNA or DNA in 
amounts which can be detected by auto- 
radiography. 

A mixture containing approximately 2 x 
10° HeLa cells and 0-2 ml. of the packed red 
cells in 2 ml. of Hanks’s solution was 
introduced into an inverted T-tube and 
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Fig. 10. Autoradi 
tritiated uridine. 
contains 4 HeLa nuclei and 4 erythrocyte auclei, All the nuclei are synthesizing RNA 
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16,000 HAU of ultra-violet-inactivated 
virus n 2 ml. of Hanks’s solution were 
added. The preparation was treated in the 
usual way, and 0-5 ml. of the cell suspen- 
sion was then introduced into a Petri dish 
contaiaing coverslips and 5-5 ml. of culture 
medium. Four hours later the coverslips 
with adherent cells were washed in physio- 
logical saline to remove free erythrocytes 
and eythrocyte nuclei, dead cells and 
debris. and then transferred to fresh 
medium. Examination of the preparations 
20 h leter revealed that about 40 per cent 
of all sells with four or more nuclei con- 
tained within their cytoplasm at least one 
erythrecyte nucleus. 

In order to examine whether erythrocyte 
nuclei within heterokaryons could synthe- 
size REA or DNA, 24-h cultures containing 
HeLa—rythrocyte heterokaryons were in- 
cubated with tritiated uridine and tritiated 
thymicine. The tritiated uridine was 
added to the culture medium at a concen- 
tration of 10 uc./ml., and the cells were 
fixed efter 20 min. This short period of 
exposure to the radioactive precursor was 
chose because under these conditions 
only tae nuclei of the cells were labelled 
after 50 min; longer periods of exposure . 
the labelled precursor resulted in 

some cytoplasmic labelling also. Since 
the small erythrocrte nuclei were embedded in a 
relatively large volume of HeLa cytoplasm, labelling of 
these nuclei would be obscured if the HeLa cytoplasmic 
RNA were also labelled. The fixed preparations were 
treated with deoxyribonuclease and exposed to the auto- 
radiographic film for 3 days before being developed. 
Autoradiographs of these preparations showed that 
approximately 60 per cent of all erythrocyte nuclei within . 
the heterokaryons were labelled. As an estimate of the 
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The autoradiograph was «eveloped after exposure for 3 days. The cell 





11. Autoradiograph of a dikaryon from a 24-h culture exposed for 
2 h to tritiated thymidine. The cell contains 1 HeLa nucleus and 1 
erythrocyte nucleus. The erythrocyte nucleus is synthesizing DNA 


number of erythrocyte nuclei synthesizing RNA, this figure 
is probably a low one; radiation from some of the erythro- 
cyte nuclei deeply embedded in HeLa cytoplasm might fail 
to reach the photographic emulsion, and some nuclei 
which were not labelled after incubation for 20 min with 
tritiated uridine might have become labelled on longer 
incubation with the precursor. Since the nuclei of intact 
red cells showed no labelling after incubation for 3 h 
with the same concentration of tritiated uridine, even 
when the autoradiographs were exposed for 7 days, 
it is clear that in the heterokaryon RNA synthesis 
has been initiated, or at least very greatly increased, in a 
majority of the erythrocyte nuclei. Fig. 10 shows a hetero- 
karyon containing four HeLa nuclei and four erythrocyte 
nuclei from a culture exposed for 20 min to tritiated 
uridine. It will be seen that all the erythrocyte nuclei and 
the HeLa nuclei are labelled. 

When heterokaryons from 24-h cultures were incubated 
for 2 h with tritiated thymidine at a concentration of 
10 ue./ml., autoradiographs, developed after exposure for 
3 days, showed that about 15 per cent of the erythrocyte 
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nuclei in the heterokaryons were synthesizing DNA. As 
in the case of other heterokaryons the HeLa nuclei and the 
erythrocyte nuclei synthesized DNA independently of 
each other. Fig. 11 shows a dikaryon containing one 
HeLa and one erythrocyte nucleus from a culture exposed 
for 2 h to tritiated thymidine. Only the erythrocyte 
nucleus is labelled. Since 7-day autoradiographs of intact 
red cells which had been exposed for 3 h to the same con- 
centration of tritiated thymidine showed no labelling, it 
can be concluded that in the heterokaryon DNA synthesis 
has also been initiated in a proportion of the erythrocyte 
nuclei. 

The subsequent behaviour of HeLa-erythrocyte hetero- 
karyons did not differ from that of the other heterokaryons 
which have been described. Progressive nuclear fusion 
occurred, and by the third day few discrete erythrocyte 
nuclei were still to be seen. 

The experiments which have been described permit the 
following conclusions: 

(1) Heterokaryons can be made with highly differ- 
entiated somatic cells from different species, and even 
different orders, of vertebrate. 

(2) The processes of differentiation which result in the 
suppression of DNA or RNA synthesis in the nuclei of 
specialized cells are reversible. The nuclei of these cells 
can be induced to resume RNA synthesis or DNA syn- 
thesis or both, when they are incorporated into the 
eytoplasm of a cell which normally synthesizes RNA and 
DNA. 

(3) Heterokaryons made by fusing an immunologically 
competent cell with a cell foreign to it do not behave 
differently from other heterokaryons. The immuno- 
logically competent cell does not appear to mount an 
immune response against its partner in the heterokaryon. 

(4) In none of the heterokaryons so far examined has 
any evidence of nuclear incompatibility been observed. 
The individual nuclei within the heterokaryon, whether 
highly differentiated or not, eventually fuse together. 
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IMPAIRMENT OF SYMPATHETIC TRANSMISSION BY BOTULINUM TOXIN 


By Dr. M. J. RAND 
Department of Pharmacology, School of Pharmacy, 29/39 Brunswick Square, London, W.C.| 
AND 


Dr. B. C. WHALER 
Department of Physiology. Queen Elizabeth College, Campden Hill Road, London, W.8 


T was suggested by Burn and Rand in 1959 (ref. 1) 

that the release of noradrenaline from sympathetic 
nerve endi was mediated by acetylcholine. The 
evidence which led them to propound this hypothesis was 
that, in certain circumstances, the nicotinic action of 
acetylcholine mimicked the responses produced by sym- 
pathetic nerve stimulation, and that acetylcholine was 
roleased from a number of sympathetic nerves. Additional 
support for the hypothesis came from observations that 
drugs which affected the transmission processes at 
cholinergic junctions also had similar eects at sym- 
pathetic adrenergic junctions. 


For example, hemicholinium produces failure of trans- 
mission at many known cholinergic junctions*~* as well 
as in a number of sympathetically innervated prepara- 
tions®:*.!%-*2, although there are exceptions in both 
groups?:11.23-26, In many cases this failure of transmission 
may be due to inhibition of the transport of choline to 
the site of acetylation, with a consequent reduction in 
the synthesis of acetylcholine*'*-*, Similarly, anti- 
cholinesterase drugs may affect the responses to sym- 
pathetic stimulation in a manner which lends support to 
the existence of a cholinergic link in the release of nor- 
adrenaline**-*2, Excess acetylcholine blocks its own trans- 
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Fig. 1. Contractions of guinea-pig vas deferens in response to stimula- 

tion of the hypogastric nerve with 1-5-msec pulses at 20/sec for 5 sec 

every 1 min, In the top panel, botulinum toxin was added (43,500 

LD,y/ml., bath concentration). The records shown were continucus, 

and in the third panel, the response to stimulation failed completely, 

245 min after adding toxin. The last panel shows that the preparation 
still responded to noradrenaline (NA) 


mitter action in the ganglionic synapse** and at the neuro- 
muscular junction®*, Again, acetylcholine itself*’:**.*5, as 
well as nicotine’? and other drugs with a nicotine-like 
action®®:**, can block transmission at sympathetic nerve 
endings by preventing the release of noradrenaline. 

A number of drugs, for example, xylocholine, bretylium 
and guanethidine, also prevent the release of nor- 
adrenaline from sympathetic nerve endings. Their action 
may be again explained by blockade of the cholinergic 
process normally leading to a release of noradrenaline at 
sympathetic nerve endings, since these drugs are known 
to block cholinergic transmission both in autonomic 
ganglia and at the neuromuscular junction®?:**, 

Koelle*®*® arrived at the conclusion that acetylcholine 
may be concerned in mediating the release of nor- 
adrenaline from sympathetic nerve endings by arguments 
based on the distribution of cholinesterase. Work on 
sympathetic neuro-effector junctions using the electron 
microscope lends support to the hypothesis by revealing 
the presence of two kinds of vesicle in the nerves; one 
kind is granular and is presumed to contain noradrena ine, 
whereas the other closely resembles the synaptic vesicles of 
cholinergic nerve endings. This and other evidence concern- 
ing a cholinergic link in the release of noradrenaline from 
sympathetic nerve endings has recently been reviewed". 

We have now furthor tested the hypothesis by exam- 
ining the effects of botulinum toxin on responses to 
sympathetic nerve stimulation. This toxin causes a 
failure of cholinergic transmission by blocking the release 
of acetylcholine from motor nerve endings and at post- 
ganglionic autonomic cholinergic nerve endings**-**:**,4°, 
The sympathetically innervated preparations we have 
used for our experiments were the isolated vas deferens 
of the guinea-pig with its hypogastric nerve supply as de- 
scribed by Hukovié®®, segments of the rabbit isolated ileum 
together with the periarterial lumbar sympathetic nerves 
as described by Finkleman*! and the arrectores pilorum 
muscles in the skin of the cat tail innervated by fibres from 
the sacral sympathetic trunk®*. A preliminary account of 
these experiments was reported at the second International 
Pharmacological Meeting in Prague, 1963 (ref. 41). 
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The isolated preparations were set up in organ baths 
containing McEwer’s solution, gassed with 95 per cent 
O, and 5 per cent CO,; the vas deferens was maintained 
at 30°-32° C and «he ileum at 36°-38° C. The move- 
ments of the orgars were recorded with an isotonic or 
occasionally an auxotonic lever. The nerves were stimu- 
lated supramaximaly with rectangular pulses of 1-2 msec 
duration, using bipolar platinum electrodes**. The fre- 
quency of pulses, the duration of trains of pulses and the 
intervals between trains which were used in the various 
experiments are indicated in the text below and in the 
figure legends. The botulinum toxin used in these experi- 
ments was pure Tyve D dissolved in 66 per cent glycerol. 
Samples were diluted with 0-05 M phosphate buffer 
(pH 6-5) and stored at —23° C until required. The 
diluted solution coatained not more than 4 x 10° mouse 
LD, (intraperitoncal) doses per mi. 

Vas deferens. The two vasa deferentia from each guinea- 
pig were set up in separate baths. 1-2 ml. of the diluted 
solution of toxin was added to one preparation to give a 
bath concentration of 20,000—-50,000 LD,,/ml.; the 
other preparation served as a control and received a 
similar volume of either the phosphate buffer diluent or, 
in some experiments, heat-inactivated toxin. The pattern 
of stimulation of the hypogastric nerve was either 20/sec 
for 5-15 sec every 1-2 min or alternate 20-min periods of 
bursts at 20/sec aad 50/sec for 8-10 sec every min as 
shown in Fig. 2. 

In ten out of swelve paired experiments, the con- 
tractions of the guinea-pig’s vas deferens in response to 
stimulation of the hypogastric nerves gradually became 
reduced in the presence of botulinum toxin. After 2-5 h 
the contractions were completely, or almost completely, 
abolished (Figs. 1 aad 2). When the failure had developed, 
attempts were male to restore responses by increasing 
the strength of sfimulation, varying the frequency of 
pulses, altering the electrode position and by replacing 
the bath fluid: nene of these procedures was effective, 
although occasionally a temporary restoration of trans- 
mission could be obtained. However, the addition of 
noradrenaline bath fluid caused a contraction, 


to the 
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The 

20/se¢ or 

50/sec (as indicated), for 8 sec every 1 min. The upper record is of a 

preparation treated with 2-2 ml. of heat-inactivated toxin and the lower 

record is of one given 21 ml. of toxin (50,000 LD,,/ml. bath concentra- 

tion), in each case added 21 min before the start of panel A. Between 
pasels A and B, 70 min elapsed 


Fig. 2 


Preparations of both vasa deferentia from one guinea-pig. 
hypogastric nerves were stimulated with 2-msec pulses at 





Fig. 3. Two preparations of rabbit ileum taken from adjacent segments. The peri-arterial 
sympathetic nerves were stimulated with 2-msec pulses, The pattern of stimulation, which 
is identical in all four panels, is indicated in the upper left panel; at A, 50/sec for 15 sec: 
This pattern was repeated throughout the 
experiment. The upper record is of a preparation treated with 1 ml. of phosphate buffer 
given 2 min before the start of panel I, and the lower record is of a preparation given 1 ml, 
of toxin (10,000 LD,,/ml., bath concentration) 6 min before the start of the panel. 


at B, 10/see for 540 sec; at C, 20/see for 540 sec. 


Land LE 4-5 h elapsed 


showing that the responsiveness of the smooth muscle 
was unimpaired (Fig. 1). In control preparations, sub- 
jected to the same conditions of stimulation, the responses 
were much less reduced and no failure occurred (Fig. 2). 
In two experiments the results were equivocal; in one 
the control preparation failed, and in the other the toxin- 
treated preparation did not fail. 

Rabbit ileum. Preparations wero obtained from ten 
animals, Nineteen pairs consisting of adjacent segments 
were set up; one of each pair served as a control. Toxin 
was added to one to give a final concentration of 10,000 
30,000 LD,,./ml. and either heat-inactivated toxin or 
phosphate buffer diluent was added to the other. At 
the start of the experiments, stimulation of the peri- 
arterial nerves at 10, 20 or 50/sec gave a decrease in tone 
and the pendulum movements were inhibited at the 
highest frequency. After adding toxin to the bath and 
continuing the stimulation at regular intervals, these 
responses faded during the following 2:5 to 5 h and 
usually disappeared, whereas control preparations, stimu- 
lated in the same way, continued to respond normally. 
Results similar to that shown in Fig. 3 were obtained in 
seventeen out of nineteen experiments. In the two 
remaining experiments the results were equivocal. In the 
preparations which failed after toxin, attempts to restore 
responses to nerve stimulation were unsuccessful, although 
noradrenaline produced its usual inhibitory action. 

In a few experiments toxin was injected locally into 
the intestinal wall of one segment of ileum in anaesthetized 
rabbits, as described by Ambache", and the pieces were 
afterwards removed for testing in vitro. Again, there 
was a disappearance of the response to nerve stimulation 
and, in some experiments, when the animal was not 
killed until some hours after the in vivo injection, the 
inhibitory response was barely present when first tested. 

The actions of nicotine were also tested on many seg- 
ments of ileum. Initially, in all preparations tested, 
nicotine (5-50 ug/ml. of the bitartrate) produced a 
predominantly motor response, and this type of response 
persisted throughout the course of the experiment in the 
control preparations. However, in the toxin-treated 
preparations, when the response to sympathetic nerve 
stimulation had failed, nicotine frequently produced a 
relaxation. Ambache*? has previously described this 
conversion of a motor to an inhibitory response to nicotine 
after botulinum toxins. 
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Pilo-erection. The effect of botulinum 
toxin on sympathetically. induced pilo- 
erection in the tails of four cats was tested 
by injecting the toxin intradermally. Cats 
were anaesthetized with ether and the tail 
hair clipped, leaving 6-12 tufts on the dorsal 
surface. The base of every third tuft was 
injected with 0-05 ml. (200,000 LD,,) of 
toxin, a neighbouring tuft was injected 
with phosphate buffer and the remaining 
tuft was untreated. 17-29 h after the 
injections, the cats showed no sign of motor 
inco-ordination, but the pupillary con- 
strictor reflex to light was reduced or 
absent. They were then anaesthetized 
with chloralose, the abdomen was opened 
and electrodes were placed on the sacral 
sympathetic trunk. Pulses of 2 msec 
duration at 5-50/see were applied for 5 
120 sec. The position of the hair tufts was 
recorded photographically, before, during 
and after stimulation. Fig. 4 shows that 
the tufts treated with toxin failed to 
respond, but the other tufts were fully 
erected. Continuing the stimulation for 
up to 2 min failed to elicit responses 
from the toxin-treated tufts. Intradermal 
injection of noradrenaline produced pilo- 
erection in all the tufts. 

Our results show that botulinum toxin produces failure 
of responses in three different preparations innervated by 
sympathetic adrenergic nerves. The amcunts of toxin 
used are comparable to those needed to block the 
cholinergic phrenic nerves to the isolated rat dia- 
phragm*, 

In the case of the hypogastric nerve to the vas deferens, 
it has been argued that the nerve fibres are pre-gang- 
lhonic*?44,55-57, Tf this is so, then the action which we 
have demonstrated is not surprising, since blockade of 
the cholinergic, ganglionic synapses would be expected. 
This form of innervation would also help to explain the 
with which hemicholinium blocks transmission. 
However, according to Kuriyama**, at least some of the 
fibres in the nerve trunk are post-ganglionic; on this 
view, the complete disappearance of the response to nerve 
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Fig. 4. The upper panel shows the hair tufts on the dorsal surface of a cat 

tail in their resting position. The tufts indicated by the arrows were 

injected intradermally with 0-05 mil. of toxin (200,000 LD) 18 h 

previously. The tuft to the left of each arrow received 0°05 ml. of phos- 

phate buffer, The remaining 4 tufts were untreated, The lower panel 

shows the position of the tufts after 15 see of stimulation with 2- msec 
pulses at 10/sec 






tion ‘ maggeste a — of transmission in the post- 

nglionic (adrenergic) fibres, as well as the expected one 

e to ganglionic blockade. The periarterial nerves in the 

ileum and the fibres in the sacral sympathetic serving the 

-pilo-erector muscles are post-ganglionic. The sympathetic 

“nerves to the rabbit ileum are barely affected by hemi- 

cholinium"4, but this drug is effective in blocking the 

pilomotor response’. 

a It can be argued that the blockade of responses to 
adrenergic nerve stimulation which we have observed 
constitutes evidence for the participation of acetylcholine 
in the release of noradrenaline, and provides support: for 
the hypothesis of Burn and Rand. However, an alterna- 
tive explanation is that the toxin is not as specific in its 

action as hitherto believed, and, indeed, prior to the 
formulation of the hypothesis of a cholinergic link in 
adrenergic transmission, this would have been the explana- 
tion given for the results. If the toxin is not wholly 
specific to cholinergic mechanisms, then our results do not 
provide conclusive evidence for a role of acetylcholine at 
adrenergic nerve endings, although they are not in- 
-¢ompatible with the hypothesis. Previous reports that 
botulinum toxin is ineffective in paralysing adrenergic 
nerves are derived largely from experiments on the 
sympathetic supply to the dilator pupillae muscle; this 
musele still responds to nerve stimulation when the 
cholinergically innervated constrictor pupillae has been 
paralysed by a local injection of toxin into the anterior 
chamber of the eye. The only other sympathetic adrener- 
gic innervation, the sensitivity to botulinum toxin of 
which has been investigated is, so far as we are aware, the 
cervical sympathetic supply to the cat's nictitating 
membrane. Ambache** observed that contractions of the 
membrane in response to stimulation of the post-ganglionic 
cervical nerves were diminished after giving injections of 
toxin into the membrane. He explained his results with 
the membrane as being due, in part, to cholinergic fibres 
present in the nerve, but did not exclude the possibility 
that part of the reduction in response was due to a lesion 
of adrenergic fibres. Hilton and Lewis*®, in a paper 
describing the vascular and seeretory response to cherda 
tympani stimulation, include a figure which suggests a 
diminution of the response to cervical sympathetic 
stimulation. The authors comment that this decline may 
be due to the age of the preparation; however, in the hght 

“Of the present findings, it could be a specific effect due to 

othe toxin. Ambache’s observations?’ on the site of action 
<> Of nicotine on the rabbit ileum deserve some comment in 

. the light of our findings that the adrenergic nerves to this 

: tissue are paralysed by botulinum toxin. After treatment 

- with toxin, the response to nicotine changes from one of 

-eontraction to relaxation, which Ambache interpreted as 
the unmasking of responses to stimulation of ganglion 
cells of adrenergic neurones in the intestinal wall. It has 
now been shown that this response persists even when 
that to stimulation of the sympathetic nerves has 

been blocked. One explanation of this situation is that 






there is a double adrenergic innervation, consisting of 


the long toxin-sensitive post-ganglionic sympathetic 
fibres, which accompany the mesenteric blood vessels, 
and short axon fibres from ganglion cells within the 
intestinal wall. 

An alternative explanation is that nicotine releases 
noradrenaline by a direct action on the store associated 
with sympathetic nerve endings. If this explanaton is 


correct it has an important bearing on the question of 


whether the failure of sympathetic responses is due to an 
unspecifie effect of toxin in preventing the release of nor- 
adrenaline from the sympathetic nerve endings. The 
= hypothesis of Burn and Rand envisages that acetylchcline 
. released by the nerve impulse acts by releasing nor- 
adrenaline at the neuro-effector junction to mediate the 
adrenergic response; part of the evidence for it comes 
from the sympathomimetic action of nicotine exerted 
the nerve endings!4*.6°, This persistence of the sym- 
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pathomimetic actioa of nicotine after failure of responses. 
to sympathetic nerve stimulation lends support to the 
suggestion that the failure is due to blockade of release of 
acetylcholine, as it s in other nerves. 

Our results thus. provide additional evidence for ‘thie: 
hypothesis that ac etylcholine may be implicated as an 
intermediary in acrenergic transmission. However, it 
must be admitted ¢hat this, and the other pieces of evi- 
donce, are circumstantial, each being open to alternative g 
explanations. The strength of the hypothesis is that it 


serves to unify a bedy of otherwise unrelated data. The. _ 


inconsistencies, such as the reported failure of botulinum 
toxin to block the sympathetic nerves to the dilator 
pupillae*?)4*, do not necessarily provide evidence against 
the hypothesis; a parallel case is that the failure of 
atropine to block tae responses of many tissues to para- 
sympathetic nerve stimulation is no evidence against 
acetylcholine being a transmitter at this junction®. 

We thank Mr. P. A. Westwood for his help in this > 
work, which was supported in part by a Medical — . 
Research Council research grant to one of us (B.C. W). | 
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A COLLAGEN NET HYPOTHESIS FOR FORCE TRANSFERENCE OF 
SMOOTH MUSCLE 


By GAY L. MULLINS and Dr. WARREN G. GUNTHEROTH 
Department of Pediatrics, University of Washington School of Medicine, Seattle 


OW the individual cells of smooth muscle combine 

to transfer the force of contraction to a load is of 
fundamental importance. All the theories proposed have 
required bonding between muscle cells or bonding between 
muscle cells and connective tissue fibres'-*. Electron 
micrographs have failed to show conclusively that muscle 
cells have substantial connexions. 


c 





Fig. 1. Two wires —— na E Aee SASAS Saria n londs, 
Forcing the wires outward at C and D plates tham th LOAN @., E and 
produces a longitudinal force F , 


The follo hypothesis would eliminate the necessity 
for bonding o a the sarcolemma with adjacent cells or 
connective tissue for the purposes of force transmission. 
In the hypothesis, muscle cells are regarded as unattached 
and dispersed in a collagenous-reticular structure with 
only the collagen connecting to the load. With stimulation, 
the cell actively increases its diameter, placing tension in 
the surrounding connective tissue net. The stressed 
connective tissue transmits force to the load in a manner 
inherent in the properties of net structures. 

A model demonstrating the hypothesis consists of a 
water-filled balloon inside a knitted stocking. One stock- 
ing end is connected to a rigid bar and the other to a 
weight. Muscle contraction is simulated 
by forcing water into the balloon. A 
resulting increase in balloon pressure forces 
the knitted structure outward, thereby 
lifting weight. The model’s divergence 
from an actual muscle cell, paradoxically, 
strengthens the analogy. The contract- 
ing muscle is essentially isovolumetric 
with the resting muscle. There is no 
question that a muscle cell shortens with 
contraction and it must follow that the 
diameter of the cell increases with con- 
traction. In our model, the volume is 
increased to simulate muscle contraction, 
which would produce less shortening, or 
even lengthening, of the balloon without 
the surrounding net. The lifting of the 
— in the model is the more remark- 
able. 

Inherent in the process is a mechanical 
advantage which is readily seen with the 
help of Fig. 1. Two wires joined at points 
A and B are stretched between posts. 
Forcing the wires outward at C and D 
increases their tension with a resulting 
greater contracting force on the longitudi- 
nal axis. Force diagrams derived from the 


geometry of Fig. 1 show the force relationship to be: 
F 1 = tan 0 F L 


where F, = total outward force: Fr = load force ; 6 = 
angle between side (AC) and the longitudinal axis (A B). 

Tangent ð is the internal diameter, CD, divided by 
cell-length, AB. The force multiplication or mechanical 
advantage is the reciprocal of tangent 0, or cell length 
divided by cell diameter, AB/CD. Measurements for 
visceral smooth muscle? would yield a mechanical advant- 
age of 50 to 1 if only two strands were considered and all 
internal force were applied in the middle as in Fig. 1. 
Smooth muscle cells have a surrounding reticular struc- 
ture®:* and a relatively small increase in cell diameter 
could, by the hypothesis, increase tension in the net 





1 2 3 4 5 
Load (kg) 
Fig. 2. Tie peespuro-iond. sees fr ta een in its knitted 
—— — — ee 


length/diameter Patio. assumed to 
— from the initial costae x oof the — balloon. L, length; D, 
jameter 





Fig. 3. Increased volume to simulate muscle contraction causes —— a Penrose 
tube covered with metal braid. Top, relaxed; bottom, contra 
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4. Model of a blood vessel. Dilatation; B, constriction. Injcc- 
Fig. 4, Model ofa blood vessel. 4, Dilatati constriction (B) decreases 


outside and inside diameters 


structure with a resultant increase in longitudinal force. 
Pressure versus load curves for the balloon with its knitted 
sheath demonstrate the effect of length/diameter ratios 
on mechanical advantage (Fig. 2). The result for the 
isovolumetric case with varying load shows a linear 
relationship between balloon pressure and load, and the 
slope reflects the mechanical advantage. When more 
water is added to the balloon, increasing its diameter, 
thus decreasing its mechanical advantage, a higher 
pressure to load relationship is obtained. 

The formula predicts, in addition to considerable 
mechanical advantage, a well-known characteristic of 


muscle: increased length provides a greater force of 
contraction‘, 
Burton that smooth muscle in blood vessels 


might achieve considerable mechanical advantage through 
its coupling, but his proposed arrangement required a 
fairly complex souibinanion of 6 perpendicular bonds/eell, 
and an actual attachment to the muscle cell‘. The net 
theory here proposed can be accomplished without 
bonding between muscle cells and the load. 

A different model demonstrates radial force transference 
(Fig. 3). A piece of Penrose tubing 0-5 m long was inserted 
into an equally long, braided sheath of Belden l-in. 
— cable. Water forced into the Penrose tube with 

increased pressure, e ded the braid and 
aoned its length. inching the braid anywhere along 
its length in an isovolumetrie state increased the internal 
pressure, expanded the braid and decreased its length. 
(The braid or Penrose tube alone will increase its length 
when pinched.) Tho system has a very great mechanical 
advantage: a strong man cannot counter the pull pro- 
duced by only two on the syringe. 

Another model (Fig. 4) using the collagen net coneept 
for blood vessel contraction is created from a loop of 


j page tubing covered with the braided sheath. When 


volume in the loop is increased both the outside and 
inside diameters decrease. The model demonstrates that 
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blood v 
work. 

Sections of smoo~h muscle stained to bring out the 
reticular structure skow each cell encased in a collagenous 
network. Conrad! has shown that stress-relaxation 
curves of smooth maiscle remain substantially the same 
after a process which presumably destroys myosin fibres 
within the smooth muscle cells, a process leaving only the 
reticulum to suppor the load. 

Of considerable interest is the behaviour of our models 
with respect to hysteresis. Most biological structures 
show differences in ascending and descending limbs of 
pressure/volume curves? or tension curves, first 
pointed out by Roy an 1881 (ref. 8). Most previous inter- 
pretations have relied heavily on the physical properties 
of the individual components, elastic, collagen, and smooth 
muscle tissue® 1°, 

Fig. 5 shows a hysteresis loop of the sheathed balloon 
very similar to that shown by veins and arteries*’, Fig. 6A 
displays a time-dependent change in balloon pressure 
produced from interruptions in the movement of fluid 
in and out of the sheathed balloon. At the cessation of 
flow there is a chang» in pressure opposite to that produced 
by the fluid movement. Another time-dependent change 
(Fig. 6B) is observed when the sheathed balloon is sub- 


‘ls could constrict by use of a containing net- 





250 254 262 270 278 
Volume (c.c.) 


Pressure/vol curves for a sheathed balloon. The o 
tin S S ke ee eat oa sie iar 


Balloon pressure (cm water) 





2 
Time (min) 


5854 radual alteradons of volume (A) and suddenly applied load 
D dapa. creep’, —— — c of the sheathed balloon silat to tha! 


CE Do 


— —— 


594 


jected, isovolumetrically, to a sudden increase in load. 
Pressure rises to a peak value with the application of 
stress, then subsides to a lesser level with the maintenance 
of stress. A similar condition found in muscle which 
continues to change for a time with sustained stress is 
known as ‘creep’, It seems probable that the arrange- 
ment of the various components of elastic, collagen, and 
muscle tissue deserves more attention in explaining 
stress-strain relationships of tissues. 

In conclusion, a hypothesis of smooth muscle force 
transference has been introduced and supported with a 
model employing a balloon inside a knitted stocking. 
Cell expansion rather than shortening is seen as the prime 
mover of muscle contraction. The force of expansion is 
transferred by means of the surrounding collagenous 
structure to the load. The hypothesis is consistent with 
anatomical evidence and stress-strain response of tissues, 
has mechanical advantage, and eliminates the need for 
end-to-end connexions between cells which have not been 
eonchusively shown in electron micrographs. 
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SEROLOGICALLY ACTIVE FUCOSE-CONTAINING OLIGOSACCHARIDES 
ISOLATED FROM HUMAN BLOOD-GROUP A AND B SUBSTANCES 


By Dr. T. J. PAINTER, Dr. WINIFRED M. WATKINS and Pror. W. T. J. MORGAN, C.B.E., F.R.S. 


Lister institute of Preventive Medicine, London, S.W.! 


NVESTIGATIONS on the inhibition of haemagglutina- 

tion! and precipitation? with simple sugars, together 
with enzymatic degradation® and inhibition* experiments, 
strongly indicated that blood-group A and B specificities 
are associated, respectively, with the presence of non- 
reducing terminal residues of N-acetyl-a-p-galactosamino- 
pyranose and «-p-galactopyranose in certain of the 
carbohydrate chains in the blood-group active macro- 
molecules. The part played by the two sugars was con- 
firmed by the isolation of serologically active fragments 
from the partial acid-hydrolysis products of A and B 
substances. Thus, one active disaccharide’ and two 
active trisaccharides® isolated from A substance each 
contained, as expected, an N-acetyl-a-p-galactosamino- 
pyranosyl unit as the non-reducing end-group. Similarly 
one active disaccharide’ and two active trisaccharides* 
isolated from B substance each contained a terminal 
non-reducing «-D-galactopyranosyl unit. The A-active 
fragments occurred only in the products from A substance 


and the B-active fragments only in the products from B 


substance. The other products isolated and characterized 
from the partial acid hydrolysates of A and B substances, 
namely, four disaccharides? and three trisaccharides?®, 
were identical. On the basis of all the oligosaccharides 
isolated it was suggested that there are two main types 
of carbohydrate chain (1 and 2) in each substance for 
which the following structures were proposed’; 

A substance 


{1} a-GalN Ac-(1-+3)-8-Gal-(1--3)-8-GNAc-(1->3)-8-Gal-(1-+3)-GalN Ac 

(2) a-GalNAc-(1-+3)-8-Gal-(1-+4)-8-GN Ac-(1-+3)-8-Gal-(1-+3)-GalN Ac 
B subatance 

1} a-Gal-(1—+3)-8-Gal-(]-»3)-8-GNAc-(1-+3}-8-Gal-(1->3)-GalNAc 

(23 a-Gal-(1-—»+3)-8-Gal-{1—>-4)-8-GN Ac-t1—+3}-8-Gal-(1--3)}-GalN Ac 


Abbreviations: Gal, p-galactopyranose:; GNAc, N-acetyl-pD-glucosamino- 
prranose; GalNAc, N-acetvi-b-galactosaminopyranose, 


These structures, however, even if correct in sequence, | 


must be incomplete because L-fucose, a major component 
of both A and B substances, is not represented. The 
ready liberation of fucose under conditions of mild acid- 
hydrolysis, which bring about relatively limited dis- 
ruption of the rest of the macromolecule, earlier sug- 
gested™ that the fucose residues are attached to the main 
carbohydrate chains as non-reducing end-groups or 
branching units. This relative acid-lability of the L-fucose 


residues means that, oligosaccharides containing this sugar 
do not accumulate in the reaction mixture during acidic 
degradation of the blood-group substances, and it is 
therefore not to be expected that any evidence for the 
point of attachment of fucose residues will be readily 
obtained by examination of the partial acid-hydrolysis 
products. Previous work?? indicated that fucose-con- 
taining fragments, serologically active, were obtainable 
from the alkaline degradation products of blood-groud 
this sugar were isolated and characterized from the 
substances, and recently active oligosaccharides containing 
products of the action of aqueous methanolic triethyl- 
amine on human H and Le? substances!® 4, We now 
report the isolation by the same method of an A-active 
fucose-containing tetrasaccharide from A substance and 
a B-active fucose-containing tetrasaccharide from B 
substance. 

The blood-group substances isolated from human 
ovarian cyst fluids? (A 4:5 g; B 2-7 g) were treated at 
60° with 50 per cent aqueous methanol containing 2:5 per 
cent triethylamine as described earlier’. The diffusible 
products from each substance were fractionated by char- 
coal chromatography. The two tetrasaccharides appeared 
in fractions displaced from the charcoal—Celite’ columns 
by successive elution with 7:5, 10 and 15 per cent (v/v) 
aqueous ethanol and, after further purification by paper 
chromatography in ethyl acetate—pyridine-water (10: 4:3 
viv; solvent a), about 20 mg of each was obtained as a 
chromatographically and electrophoretically homogeneous 
syrup. 

The tetrasaccharide from A substance had [a]; = + 18° 
(c= 0-5 in water), Riactose = 1:05 in solvent (a) and 
Mg = 0-45 in borate buffer at pH 10 (ref. 16). It gave 
a negative indirect Ehrlich reaction’? and on paper gave 
a golden yellow colour with the benzidine—trichloroacetic 
acid reagent!® similar to that given’ by 4-0-8-n-galacto- 


pyranosyl-N-acetyl-p-glucosarnine (N-acetyl-lactosamino).— 


Chromatographie examination of an acid-hydrolysate of 
the tetrasaccharide indicated the presence of fucose, 
galactose, glucosamine and galactosamine. The determ- 
ination. of fucose! and hexosamine” and of reducing sugar 
by the phenol—sulphuric acid method® indicated that 
fucose, galactose and hexosamine were present in the 
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hydrolysate in a molar ratio of approximately 1:1: 2. 
The two hexosamines were found to be present in approx- 
imately equimolar proportions by taking advantage of 
the observation that in the colorimetric estimations of 
hexosamine, galactosamine gives a higher molar extinction 
than glucosamine in the presence of borate, whereas in 
the absence of this ion both sugars give the same molar 
extinction”?. Examination of the tetrasaccharide in the 
same way after reduction with sodium borohydride?’ 
established that the compound was a tetrasaccharide and 
that a glucosamine residue occupied the reducing terminal 
position. 

On heating in 0:2 N acetic acid at 85° for 4 h the tetra- 
saccharide was split mto free fucose and an oligosaccharide 
that, on paper, gave a negative indirect Ehrlich reaction 
and a golden yellow colour with the benzidine—trichloro- 
acetic acid reagent. This oligosaccharide was chromato- 
graphically and electrophoretically indistinguishable from 
the trisaccharide O-(N-acetyl-«-p-galactosaminopyrano- 
syl)-(1 — 3)-O-6-p-galactopyranosyl-(1 —> 4)-N-acetyl-p- 
glucosamine (Rigctose = 1:05 in solvent (a); Mg = 0-39 
in borate at pH 10) earlier isolated from the partial acid- 
hydrolysis products of A substance and found to be 
A-active®. On partial acid hydrolysis in 0-02 N poly- 
styrenesulphonic acid‘ at 85° for 4 h the tetrasaccharide 
yielded small amounts of the same trisaccharide, together 
with fucose, galactose, N-acetylgalactosamine, N-acetyl- 
glucosamine and two disaccharides chromatographically 
and electrophoretically identical with 3-O0-(N-acetyl-«-p- 
galactosaminopyranosyl)-p-galactose [Aiactose = 1:15; Mg 
= 0-69] and N-acetyl-lactosamine [Ractose = 1:30; Meg 
= 0:34], respectively. 

Treatment of the tetrasaccharide (3-3 mg) with 0-01 
M sodium metaperiodate (10 ml.) at 22° for 4 h resulted 
in the consumption of 3-1 mol. of oxidant and the libera- 
tion of 1-1 mol. of formic acid and 0:16 mol. of formalde- 
hyde. Oxidation under the same conditions after boro- 
hydride reduction? led to the uptake of 4:2 mol. of 
penodate and the liberation of 1-1 mol. of formaldehyde. 

The tetrasaccharide was slowly degraded on heating in 
aqueous triethylamine (5 per cent v/v) at 86°, at a rate 
similar to that of N-acetyl-lactosamine, with the formation 
of a trisaccharide with Riactose = 1:42 in solvent (a) and 
Mg = 0:40 in borate at pH 10. This trisaccharide, which 
was also present in the original mixture of alkaline 
degradation products obtained from A substance, yielded 
fucose, galactose and galactosamine on complete acid- 
hydrolysis. The compound gave a dark brown colour on 
paper with the benzidine—trichloroacetic acid reagent and. 
a negative reaction with alkaline triphenyltetrazolium 
chloride**. After selective removal of the fucose residue 
from the trisaccharide with hot dilute acetic acid, the 
residual disaccharide gave a positive reaction with 
alkaline triphenyltetrazolium chloride, and was chromato- 
graphically indistinguishable from 3-0-(N-acetiyl-x-D- 
galactosaminopyranosy1)-p-galactose. On more pro- 
longed treatment of the tetrasaccharide with hot 
aqueous triethylamine the trisaccharide initially 
formed underwent further degradation and behaved 
in a manner typical of a 2,3-di-O-substituted aldo- 
hexose (cf. ref. 27). Thus, the trisaccharide yielded 
free N-acetyl-galactosamine which was later converted into 
chromogen (Rgalactose = 2:14 in solvent (a); Amex = 
230 my)**, and a substance (X) which had the following 
properties: (1) Riactose = 1:95 in solvent (a) and Mg = 
0-47 in borate at pH 10. (2) An aqueous solution showed 
strong absorbance in the ultra-violet spectrum at 210 my 
and on acidification there was a steady decrease in the 
absorbance at 210 mu, accompanied by a sharp increase 
in the absorbance at 285 mp. (3) On paper the substance 
was immediately revealed as a brown spot on a pink 
background when sprayed with 0-01 M potassium per- 
manganate, whereas ordinary aldohexoses required about 
10 min at room temperature to develop a colour under 
the same conditions. (4) When heated in 0-2 N acetic 
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acid at 86°, rapid Eydrolysis occurred with the formation 
of free fucose and à compound having the properties of 
§-hydroxymethyl-2:furaldehyde?’? (Ry = 0-89 ım solvent 


= (a); Amax = 285 neu). 


Control experiments with 2,3-di-O-methyl-p-glucose, the 
alkaline degradation of which was originally examined by 
Kenner and Richerds?’, confirmed that ıt was readily 
converted by aquecus triethylamine, under the conditions 
used to degrade ths fucose-containing trisaccharide, into 
an unsaturated sugar derivative which closely resembled 
the substance (X) in 1ts ultra-violet absorption spectrum, 
its behaviour with permanganate and its capacity to yield 
5-hydroxymethyl-2 furaldehyde m acid. Substance (X) 
was therefore inferred to be a 2-O-fucoside of a 2,3-un- 
saturated derivative of galactose formed by the elimination 
of an N-acetylgalastosamine residue from position 3 of 
the galactose residue in the fucose-containing trisac- 
charide, according to the B-alkoxy-carbonyl elimination 
mechanism??, On the basis of these results the trisac- 
charide is identifed as 2-O-«-L-fucopyranosyl-3-0-(N- 
acetyl-a-D-galactosaminyl)-D-galactose, and the tetra- 
saccharide as: 

a-Fue 
(1-2 
a-GalNAc-(1-+3)-8-Gal-(1+4)-GNAc’ 
Abbreviation : 
Fuc, Litucopyranosyl 

The serological aczivity of the two fragments in A-anti-A 
inhibition tests was compared with the other serologically 
active compounds isolated from the partial acid-hydrolysis 
products of A substance (Table 1). The activity of the 
fucose-containing trisaccharide in haemagglutination in- 
hibition tests was similar to that of the trisaccharides 
containing an addicional N-acetylglucosaminyl] unit, but 
lacking fucose. The tetrasaccharide was more active than 
any of the fragmenzs previously described. In haemolysis 
inhibition tests ths tetrasaccharide showed about the 
same inhibiting cepacity as the trisaccharides lacking 
fucose. 

Table 1 A-AOTIVITY OF FRAGMENTS ISOLATED FROM ALKALINE-DEGRADA- 
TION AND ACID-HYDROLYSIS PRODUCTS OF HUMAN A SUBSTANOE 


Minimum amount of 
substance giving 
inhibition (#g/0 1 ml.) 
(a) (b) 


(1) Human A subæance 0°05 0-01 
Alkaline-degradationzproducts 

8 Fucose-containmng trisaccharide 60 — 

(3) Fucose-contaimmg tetrasaccharide 30 30 
Acid-hydrolysis prodacts 

(4) a-GalNAc-(1—+3)-Gal 60 500 

(5) a-GalNAc- of es AERA -GNAc 60 80 

(6) a-GalNAc-(1-25)-8-Gal-(1+4)-GNAc 60 30 


Control sugars 


(7) L-fucose > 2,000 > 2,000 
+ D-galactose > 2,000 > 2,000 
(9) N-acetyl-D-galactosamine > 2,000 4,000 


(a) Inhibition of haenmegglutination of group A cells by human anti-A 
serum, 
(b) Inhibition. of the hacmolysis of sheep cells by rabbit anti-A haemolysin. 


The tetrasacchar-de isolated from the alkaline degrada- 
tion products of B substance had [a]; = +12° (c = 0:5 
in water), Riactose = 0'87 in solvent (a) and Mg = 0-55 in 
borate buffer at pF 10. On paper the compound gave a 
negative indirect Ehrlich reaction and a golden yellow 
‘colour with the Lenzidime-trichloroacetic acid reagent. 
Chromatography o an acid-hydrolysate of the fragment 
indicated the presence of fucose, galactose and glucos- 
amine, and analysis showed that these monosaccharides 
were present, respectively, in a molar ratio of approx- 
imately 1:2:1. «After reduction of the tetrasacchande 
with sodium borohydride the glucosamine content was 
negligible, whereas the amounts of fucose and galactose 
were unchanged. 

Treatment of the tetrasaccharide with hot 0-2 N acetic 
acid selectively removed fucose from the molecule; the 
residual trisaccharide was isolated and crystalhzed and 
was shown by its m.p. and mixed m.p. to be identical 
with the crystalline trisaccharide O-a-p-galactopyranosyl- 
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(1 — 3)-0-8-p-galactopyranosyl-({1 — 4)-N-acetyl-p-glucos- 
amine® obtained earlier from the partial acid-hydrolysis 
products of B substance. 

Oxidation with sodium metaperiodate, under the con- 
ditions used for the A-active tetrasaccharide, resulted in 
4 h in the consumption of 4:05 mol. of oxidant by the 
tetrasaccharide from B substance with the concomitant 
liberation of 1:95 mol. of formic acid and 0°10 mol. of 
formaldehyde. After borohydride reduction the tetra- 
saccharide consumed under the same conditions 4:90 mol. 
of periodate and liberated 0-95 mol. of formaldehyde. 

On heating in aqueous triethylamine the behaviour of 
the tetrasaccharide from B substance was closely similar 
to that of the tetrasaccharide obtained from A substance. 
Initially a trisaccharide was formed which had Riactose = 
1-22 in solvent (a) and Mg = 0-46 in borate buffer at 
pH. 10. This trisaccharide, which was also isolated directly 
from the alkaline degradation products of B substance, 
had B serological activity (Table 2). On complete acid- 
hydrolysis the trisaccharide yielded fucose and galactose 
in & molar ratio of approximately 1:2 and on reduction 
with sodium borohydride the galactose content was 
diminished by one-half. The compound gave a dark brown 
colour on paper with the benzidine-trichloroacetic acid 
reagent and a negative reaction with alkaline triphenyl- 
tetrazolium chloride. Selective removal of the fucose 
residue from the trisaccharide with hot dilute acetic acid 
yielded a disaccharide which gave a positive reaction with 
alkaline triphenyltetrazolium chloride and was chromato- 
graphically indistinguishable from the B-active disac- 
charide 3-O-«-p-galactopyranosyl-p-galactose’. 

Table 2. B-ACTIVITY OF FRAGMENTS ISOLATED FROM ALKALINE-DRGRADA- 
TION AND ACID-HYDROLYSIS PRODUCTS OF HUMAN B SUBSTANCE 
Minimum amount of 


substance giving 
inhibition * (ug/0 1 ml.) 

(1) Human B substance 01 
Alkaline-degradation products 

(2) Fueose-containing trisaccharide 1,006 

(8) Fucose-containing tetrasacchande 60 
Acid-hydrolysis products 

(4) a-Gal-(1—>3)-Gal 250 

8 a-Gal-(1->3)-8-Gal-(1->3)-GNAc 250 

8) a-Gal-(1->3)-8-Gal-(1—4)-QNAc 125 
Control sugars 

8 I-fucose > 2,000 

(8) D-galactose > 2,000 

(9) N-acetyl-D-galactosamine > 2,000 


*Tnhibition of haemagglutination of group B cells by human anti-B 
serum. 

The B-active, fucose-containing trisaccharide on further 
treatment with hot aqueous triethylamine was itself 
degraded with the liberation of free galactose and a sub- 
stance (X); this substance was shown to be identical with 
the degradation product obtained under the same con- 
ditions from the fucose-containing A-active trisaccharide. 
It is therefore concluded that the B trisaccharide is 2- 
O-«-L-fucopyranosy]-3-O0-«-p-galactopyranosyl-D-galactose 
and the tetrasaccharide is: 

a-Fuc 
4 (12) 
a-Gal-(1>3)-8-Gal-(1>4)-GNAc 

In haemagglutination inhibition tests (Table 2) the 
tetrasaccharide was a more active inhibitor of the 
agglutination of B red cells by a human anti-B serum 
than any of the active fragments previously isolated from 
the partial acid-hydrolysis products of B substance. The 
tetrasaccharide did not inhibit a rabbit anti-H reagent??; 
but after treatment with an «-galactosidase preparation 
from coffee beans there was a fall in the B activity and a 
development of H inhibitory activity**. 

In addition to the compounds already described, the 
alkaline degradation products of both A and B substances 
contained a number of other oligosaccharides. Prominent 
among these were the H-active oligosaccharides, 2-O-«-L- 
fucopyranosyl - D - galactose and O - g - rt -fucopyranosyl- 
(1 —> 2)-0-B-p-galactopyranosyl-(1 —> 4)-N-acetyl-D-glucos- 
amine, that were isolated earlier from the alkaline 
degradation products of H substance. It is known that 
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H-specific groupings can be carried on the same macro- 
molecules as A and/or B specificitiesss and therefore the 
isolation of H-active fragments from the alkaline degrada- 
tion products of A and B substances is to be expected. The 
other oligosaccharides liberated from the A and B sub- 
stances by alkali are not yet identified. 

Alkaline degradation of the carbohydrate chains in the 
blood-group substances 18 assumed to proceed in a stepwise 
manner from the reducing ends of the chains after the 
scission of an alkali-labile linkage joining the chains to 
the rest of the macromolecule. Any oligosaccharides 
isolated from the reaction mixture should therefore 
contain the structures occurring at the non-reducing ends 
of the chains. From the structures of the A- and B-active 
tetrasaccharides ıt can be mferred that at least some of 
the carbohydrate chains of type (2), as already shown 
here, in both A and B substances carry ¢-L-fucopyranosyl 
groups attached to position 2 of the 6-p-galactose residue 
penultimate to the non-reducing end. It is probable that 
chains of type (1) also contain fucose residues attached 
in a similar position, and the A- and B-active fucose- 
containing trisacchandes could have arisen from either 
chains of type (1) or type (2). In the work recorded here 
no other A- or B-active tetrasaccharides were detected, 
but tetrasaccharides containing an extremely alkali-labile 
(1—3) linkage at the reducing end, such as would occur 
in those derived from chains of type (1), would not be 
expected to survive under the conditions used. Such 
tetrasaccharides, once liberated, would immediately be 
degraded into the fucose-containing A- and B-active 
trisaccharides already described. p 

Schiffman, Kabat and Thompson?! examined the 
products of cleavage of blood-group substances resulting 
from treatment with sodium hydroxide in the presence of 
sodium borohydride. They obtained a series of active 
fragments from A and B substances, and the most active 
ones were many times more potent in inhibiting A-anti-A 
and B-anti-B precipitation, respectively, than were the 
most active oligosaccharides isolated from acid-hydrolysis 
products. The borohydride was used to protect the 
liberated oligosaccharides from further alkaline degrada- 
tion and, as a result, all the oligosaccharides had a reduced 
sugar or sugar fragment at what would normally be the 
reducing end of the oligosaccharides. None of these 
oligosaccharides has yet been fully identified, but Lloyd 
and Kabat? proposed that the most active A-fragment 
was @ reduced pentasaccharide having the structure: 


a-L-Eue 


| (12) f 
a-D-GalNAc-(1->3})-8-D-Gal-(1—>3 or 4)-D-GNAc-R 
(R is a reduced sugar or sugar fragment) 


The similarity of this structure to the A-active tetra- 
saccharide described in the present article is at once 
evident. The very dramatic increase in activity of this 
reduced pentasaccharide in the precipitation inhibition 
tests?! compared with the activity of the trisaccharide 
isolated from acid hydrolysis products is not shown to 
the same extent in the haemagglutination inhibition tests 


_ with the A-active tetrasaccharide described in this article. 


Whether this difference is due to the method of test, or 
to the size or exact structure of the fragments cannot at 
present be determined. The fact that in both structures 
a branching «-L-fucosyl unit is attached to the B-D- 
galactosyl unit penultimate to the non-reducing terminal 
N-acetyl-«-p-galactosamine residue confirms the pre- 
diction™?? that fucose, although not a primary determinant 
of A (or B) specificity, nevertheless contributes to the 
complete determinant structure. 

In summary it can now be stated that the four blood- 
group specificities, A, B, H and Lea, can each be associated 
with a defined structure within the corresponding group 
substance. The structural information available supports 
the belief that the specific determinant groups are formed 
from a glycoprotein precursor substance through the 
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addition of sugar units in a defined sequence by a series 
of gene-controlled biosynthetic steps*. 
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work was supported in part by a grant from the Medical 
Research Council. 
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A COMPARISON OF THE AMOUNTS OF MOUSE INTERFERON OBTAINED 
FROM DIFFERENT SOURCES . 


By N. B. FINTER 


Imperial Chemical Industries Ltd., Pharmaceuticals Division, Research Department, Ajderley Park, Macclesfield, Cheshire 


T 1s of some practical interest to know what are good 
sources of interferon. Preparations can be obtamed 

from many different cells of even a single animal species 
by suitable treatments in vivo or ın vitro and, for example, 
several different sources of mouse interferon have been 
described in the literature. Unfortunately, the various 
preparations have been assayed by widely differing 
methods so that them interferon contents cannot be 
satisfactorily compared from the published data. The 
object of the work recorded here was to obtain mouse mter- 
feron for use in animal protection experiments, and nine 
different types of preparation were therefore investigated. 
Detailed investigations were made of only those prepara- 
tions which appeared in preliminary experiments to 
contain relatively large amounts of interferon. Three 
relatively potent preparations were found. When the 
best of these was inoculated into mice by the intramuscular 
route, the mice were protected against infection with 
many lethal doses of encephalitis viruses injected ntra- 
peritoneally?. 

The viruses used have been described elsewhere’. 
Tissue cultures of embryo mice and of the kidneys of 
suckling mice were prepared by trypsinization, and 
grown on Hagle’s medium? with 8 per cent calf serum. 
Earle’s L cells were grown on the same medium. The 
mice used were 18-20 g specific pathogen-free males of 
the Alderley Park strain 1, or of a sub-line of the Wistar 
BSVS strain. 

Interferons were made as deseribed here. All prepara- 
tions were clarified by centrifugation at low speed, and 
were treated at pH 2 for 1-4 days. Brain and lung extracts 
and the media from L cells treated with Newcastle disease 
virus (NDV) were also ultracentrifuged once or twice at 
speeds sufficient to sediment tissue debris and virus 
particles. ‘These procedures did not alter the titre of 
the interferons, -but removed or inactivated the viruses 
used in their production. To check that antiviral effects 
obtained were not due to traces of active virus, interferons 
made with Semliki forest virus (SFY), West Nile virus 


(WN), and NDV vere assayed both before and after 
treatment with specific hyperimmune rabbit antisera. 
Control preparations were made and processed as for 
interferons from cell cultures and tissues which were not 
treated with viruses. These controls were included in assays. 
Interferon was assayed by the quantitative haem- 
adsorption method, with experimental conditions chosen 
so that observed differences in titres of two-fold or more 
were statistically siznificant?. A reference preparation 
was included in eack set of assays. This had an assigned 
potency of 10,700 umts of interferon/ml. (since in a large 
number of assays >y the plaque-mhibition technique 
formerly used?, the mean dilution at which it reduced by 
50 per cent the number of plaques formed on L cells by 
a challenge dose of 40-80 plaque-forming units of SFV 
was 1/10,700). Other titres are here expressed in terms 
of the same units formore ready comparison of the results 
with those of other -vorkers. 
Interferon was p-epared from three different tissu 
cultures of mouse cels. Mouse embryo cells and suckling 
mouse kidney cells were treated with approximately 
10 egg-infecting doses per cell of Kunz influenza A virus, 
and media were gethered after incubation for 72 h. 
Other batches of kioiney cells were infected with small 
doses of SEV. The virus grew to a high titre, and media 
were gathered 48 h or 72 h later and treated at pH 2 
overnight. Since in ectious virus could still be detected, 
the samples were then heated at 56° for 30 min. This 
destroyed tho remaining virus, but may also have reduced 
the interferon content by up to 90 per cent, since mouse 
interferon ıs relatixely thermolabile. But even if a 
correction was made for such losses, the yields of inter- 
feron from this sysiem were not high. so it was not 
investigated more extensively. Interferon was also 
prepared from L cells by treatment with NDV, essentially 
as described by Cansell and Paucker’. Virus was added 
at a multiplicity of 2—10 plaque-forming units per cell to 
Roux bottles containing approximately 5x10’ cells. 
44 h later, the cell sneets were dramed and washed, and 
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60 ml. of fresh medium was added. On the following day 
the media were collected, treated at pH 2 for 24 h and 
then twice centrifuged at 79,000g for 45 min. The top 
two-thirds of the final supernatant fluid was assayed for 
interferon. 

Interferon was also obtained from the lungs, serum 
and brains of mice. Isaacs and Hitchcock’ found inter- 
feron ın the lungs of mice between 2 and 5 days after 
infection with PR8 influenza virus, and this source of 
interferon has since been used by other workers®”. In 
preliminary experiments, we found only small amounts 
of interferon m lungs collected 4 days after infection 
with PR8 virus, so more detailed studies were made. At 
intervals after exposure of mice to aerosols of influenza 
viruses, the lungs from five mice were pooled and blended 
in 25 ml. Hanks’s saline. A sample of each suspension 
was taken for assay of infectious virus, and the remainder 
was centrifuged at 20,000g for 45 min and then held at 
pH 2 for 24 h at 4° before assay for interferon. 

In two experiments, BS VS mice received approximately 
125 infecting doses of a mouse-passaged line of DSP 
influenza A virus. In another experiment, Alderley Park 
and BSV mice received in parallel approximately 250 
infecting doses of an egg-passaged line of PR8 virus. 
The proportion of mice dying and the titres of virus and 
interferon did not differ significantly between the two 
strains of mouse. The results of these experiments, 
summarized in Fig. 1, show that, even at the peak levels, 
the amounts of interferon in the lung suspensions were 
small. 

Baron and Buckler! found that ınterferon was present 
in the serum of mice for some hours after intravenous 
inoculation of large amounts of NDV or other viruses. 
Accordingly, BSVS mice were inoculated with 107-6 
plaque-forming units of NDV intravenously. Sera 
obtained at different times between 1 and 24 h later 
were treated at pH 2 for 4 days at 4°. In assays of these 
sera for interferon, appropriately diluted samples were 
added to cultures of L cells, which were incubated over- 
night. The cultures were then drained and washed 
before the challenge dose of Sendai virus was inoculated, 
in order to remove the virus inhibitors present in normal 
mouse serum. In spite of this precaution, sera from 
control mice moculated with normal allantoic fluid and 
sera from uninoculated mice were found to have an 
antiviral activity in the assay, equivalent to an apparent 
interferon content of between 12 and 36 units per ml. 
The nature of this activity is not known, but might be 
due, for example, to serum ribonuclease’. 

Vainio et al. found interferon ın the brains of mice 
infected with WN virus?®, and other arboviruses have 
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Fig. 1. Titres of infective virus (EI.D;9) and interferon in the lungs of 
wuce infected with influenza viruses. O, PR8 influenza A virus; 
©, DSP Influenza 4 virus 
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similarly been used to produce interferon" -!*. Interferon 
was therefore made by imfecting mice intracerebrally 
with SFV and WN viruses. 

The brains of mice infected with SFV were made into 
10 per cent (w/v) suspensions in Hanks’s saline, and 
centrifuged twice at 78,000g for 120 min. Since the 
supernatants from the second cycle of centrifugation still 
contained very small amounts of infective virus, detected 
only on blind passage, they were assayed for mterferon 
in the presence of a potent antiserum to SFV. Extracts 
of brains collected from mice four days after infection 
with 10 plaque-formmmg units of SFV contained 40 units/ 
ml. Brains collected 48 h and 72 h after infection with 
100 plaque-forming units contained 50 and 230 units of 
interferon/ml. respectively; after 72 h, the mice were 
moribund, 

As described elsewhere'’, very large amounts of inter- 
feron were found in extracts of the brains of mice inocu- 
lated intracerebrally with WN virus 3 or 4 days previously. 
Over a wide range, neither the amount of virus inoculated 
nor the time of collection was critical for obtainmg good 
yields. 

The results of assays of the different interferon prep- 
arations described above are summarized in Table 1. 


Table 1. RELATIVE CONCENTRATIONS OF MOUSE INTERFERON OBTAINED 
FROM DIFFERENT SOURCES 
No of pre- Interferon 
Cells or tissue Virus Volume  parations titres 
(ml ) tested (units/ml.) 
(1) Interferon present in extracts of mouse tissues fected with virus. 
Brain WN ~ 667* 23 500 
SFV 10 O* 2 40, 230 
Lungs PRS 33 3* 4 <, 40, 28}; 461 
DSP 33 3* 3 <; 28T; 20t 
(i) Interferon in the serum of mice Injected intravenously with NDY. 
Serum NDV — 5 1,780; 6,920, 878; 
8,320, 1,660t 
(tii) Interferon obtained from mouse cells in tissue cultures. 
L NDV 0 233T 4 360; 213, 347; 204 
Kidney SEV 0:208T 8 5; 25 
Kunz 0:208 f 1 
Embryo fibroblast Kunz 0104F 3 18; 8;3 


* Volume of suspending medium used per g wet weight of tissue. 
+ Volume of medium per sq. cm. of tissue culture cell sheet into which 
interferon released. 


t Maximum titre in a growth curve experiment. 
§ Geometric mean titre. 


Where investigations of the rates of growth and maxi- 
mum titres were made, as for interferon in lung and 
brain extracts and in mouse serum, only the highest 
titres obtamed in each such experiment have been 
recorded. The lnghest concentrations were present m 
extracts of brains from mice infected with WN virus. 
The geometric mean titre of 23 batches was 9,500 units/ml., 
corresponding to 17,000 umts per mouse brain. and 
1,600 units/mg protein. The sera of mice which had been 
inoculated 4-7 h previously with NDV intravenously also 
contained large amounts of interferon, the geometric 
mean titre for five samples being 2,450 units/ml. Tissue 
cultures of L cells infected with NDV provided the next 
best source of interferon. The mean titre of four batches 
was 269 units/ml., with a specific activity of 400 units/mg 
protein. It will be seen that the other sources tested in 
the present experiments provided relatively small amounts 
of interferon. 

This investigation has fulfilled its stated objective of 
finding good sources of mouse interferon for use in mouse 
protection experiments!, but provides no systematic 
comparison of the relative efficiency of interferon produc- 
tion by different mouse cells. For example, the mean 
concentration of interferon in the media from JL cells 
treated with NDV was 40 times less than that in extracts 
of WN virus-infected mouse brains, but this may merely 
reflect the volumes of fluid per cell into which the inter- 
feron was collected in the two systems. Approximately 
5x 10? L cells in Roux bottles were bathed with 60 ml. 
of medium, whereas each mouse brain was blended with 
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only 1 ml. of Hanks’s saline; from counts of trypsimized 
suspensions, a brain contained 1-6 x 10° cells, though how 
many of these formed interferon is not known. 
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BIOCHEMICAL AND GENETICAL STUDIES OF PURINE BREAKDOWN 
IN Aspergillus 


By A. J. DARLINGTON, C. SCAZZOCCHIO and Dr. J. A. PATEMAN 


` 


S a result of work with various organisms the main 
pathway of purine degradation has been assumed 
to be: 


1 1 2 3 
Hypoxanthine—(Xanthine)—Urie Acid—Allantoi— 


4 5 
Allantoic Acid —Urea—Ammonia (refs. 1 and 2) 


This article reports a series of mutants of Aspergillus 
nidulans defective at various stages of purine breakdown. 
This series of mutants include examples of genetic blocks 
in all the five steps of the above pathway and conse- 


. quently establish ıt as the main pathway of purine 


breakdown in Aspergillus nidulans. 

It has already been shown? that mutation at any of 
five loci can result in the inability of Aspergillus to 
utilize either nitrate or hypoxanthine as sole sources of 
nitrogen. These mutants (CNX) lack both nitrate 
reductase and xanthine dehydrogenase (X DH) activities. 
This is believed to be due to their lack of a co-factor 
required for the activity of both enzymes. Mutants 
lacking only nitrate reductase were also described. The 
complementary class of mutants, which lack only XDH 
activity, is described here. 

Mutants were induced in strain 07-1, a translocation- 
free strain requiring biotin, which was obtained from the 
Genetics Department of the University of Glasgow. 
Mutations were induced either by exposure of conidia for 
l min to ultra-violet hght using a low-pressure mercury 
vapour lamp, or treatment with 0-1 M diethylsulphate 
for 30 min. Treated conidia were plated on minimal 
media supplemented with biotin and containing 0:005 M 
ammonium tartrate as sole nitrogen source. The colonies 
which grew on this medium were replicated by the velvet 
replication technique described by Mackintosh and 
Pritchard’ on to media containing either hypoxanthine or 
sodium nitrate as sole nitrogen sources in order to identify 
those mutants unable to grow on hypoxanthine, but able 
to grow on nitrate. These colonies were picked off and 
tested for growth on various nitrogen sources by stab 
inoculation on to solid media. ‘The test plates were 
scored after incubation at 37° C for 48 h using the 
arbitrary scoring system described here. 

Mycelium to be used for enzyme assay was grown from 
a large conidial inoculum in shaken liquid culture for 
20 h at 25° C. The initial nitrogen source was urea, at a 
nitrogen concentration of 0-01 M (ref. 4). The wild type 
and mutants tested are both able to grow on urea without 
induction of X DH or urate oxidase (UO) activities. In 
order to induce X DH and UO, the urea-containing medium 
was supplemented after 15 h growth with 50 mg of the 
appropriate purine per litre. Mycelium was collected, 
blotted dry, and stored at — 20° C (ref. 4). 

Cell-free extracts for enzyme assays were prepared by 
hand grinding mycelium with ground glass and ten times 
(wt./vol.) the quantity of 0-1 M, pH 8-5 pyrophosphate 
buffer. Extracts were centrifuged at 37,000g for 1 h and 
the clear supernatant was used for enzyme assay‘. 


Department of Genetics, University of Cambridge 


X DH activity of ths supernatant was measured by the 
reduction of 2(p-iododhenyl) 3{p-nitrophenyl) 5 phenyl 
tetrazolium chloride in 0:1 M, pH 8-5 pyrophosphate 
buffer. The reaction was followed spectrophotometrically 
at 500 mu at 35° C, both in the presence and in the 
absence of hypoxanthine. UO activities were estimated 
by the oxidation of ur acid by the decrease of absorbance 
at 292 my. Protein -oncentrations were determined by 
the method of Lowrr et al.*°. Enzyme activities were 
expressed as mu mole/min/mg of protein. 

A. total of 47 strains which could grow on ammonium 
tartrate or on sodiur nitrate but not on hypoxanthine 
as a sole nitrogen source was isolated from the mutation 
experiments. On the basis of growth tests, the mutant 
strains were divided nto the following classes: Hz, no 
growth on hypoxanthine; UA, no growth on hypoxan- 
thine or uric acid; AE, no growth on hypoxanthine, uric 
acid or allantoin; AA, no growth on hypoxanthine, uric 
acid, allantoin or allantoic acid; U, no growth on 
hypoxanthine, urc acd, allantoin, allantoic acid or urea. 

The distribution of the mutants in Table 1 establishes 
that the main pathwey of purine degradation in Asper- 
gulus nidulans 1s taat shown in the introduction. 
Each block in this pathway is represented by several 
mutants except step 4, which is characterized by only 
one, AAI. 

The conversion of aypoxanthine to xanthine and of 
xanthine to uric acid is generally considered to be cata- 
lysed by a single enzyme, which ın some organisms is 
xanthine oxidase and in others xanthine dehydrogenase. 
It has been shown (Pseteman, J. A., in preparation) that 
Aspergillus XDH can utilize both hypoxanthine and 
xanthine as substrates. The leaky growth of Hx mutants 
on xanthine cannot yet be explaimed satisfactorily. It 
may be that there ıs another enzyme which can convert 
xanthine to uric acid- Another possibility is that there 
exists in Aspergillus am alternative pathway such as the 
one described in Clostridium which permits the utilization 
of xanthine’. 

Table 2 shows that Haw mutants, which can grow on 
nitrate and uric acid but not on hypoxanthine, possess 
httle or no XDH activity when grown under conditions 
which induce X DH aczivity in the wild type. It has been 


«established previously in this laboratory that growth on 


hypoxanthine, xanthme or uric acid induced XDH 
activity in the wild type. All the Hx mutants have UO 
activity. The UO activities of Hx mutants support the 
observation previously made by one of us (C. 8., unpub- 
lished) on the co-factor deficient mutants (CNX) described 
in the introduction taat hypoxanthine is not itself an 
inducer of UO, since non-leaky CNX and HX mutants 
show low UO activity when grown in the presence of 
hypoxanthine, which they are unable to oxidize. In 
general, those Hx matants which show leaky growth 
possess small but detectable X DH, and considerable UO 
when grown ın the presence of hypoxanthme. 
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Table 1. GROWTH RESPONSES OF 47 MUTANTS UNABLE TO GROW ON 
HYPOXANTHINE 


Nitrogen-less minimal medium was supplemented with biotin and various 

nitrogen sources: ammonium tartrate, sodium nitrate and urea to a nitrogen 

concentration of 0-01 molar. Hypoxanthine, xanthine, uric acid, allantoin, 
allantoic acld—2 mg per 20 ml. of medium 


Am- 

monium Sod- Hypo- Xan- Uric Alan- Alan- 
tart- ium xan- thine acid toin toic 
rate nitrate thine acid 


Mutant Urea 


++ 


bi-1 Hg13 
bi-1 Hz14 
bi-1 Hz15 
bi-1 Hx16 
bi-1 H217 


=. 

b= 

q 

h 

© 
+t ttttttttttttttt+tttttttttttttttttttttttttt+++ 
CH PHP HEE HHHHOOD COSCO OOCONOPRNNHNEEH HEH DOWD DODD DD DOD ANH 
Bee HHH HHON HEHE PNP NE NEE Be + oot A COR DO OO oT of 
DODO COOCSCOCSCOHHPERHHE HEH WOWUNNNRPHEHPHe ttt 4 
DOM m et ee Reb bot an atant ttt ttt 
DOME Reto p Ep EEEE EE EEE EE EE PEt Ett tet EE PP ttt tt 
SANIEN TAE TOTA T ttEEEHEEPEEEEHEEEOEEPEE PEER PEPE EEE HE 
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bi-1 U11 


_ Growth was scored according to the following arbitrary scale’ 0, no growth; 
1, very little growth; 2, thin, straggly growth; 3, leaky, little conidiation; 
4, leaky, stronger; 5, just less than wild type; +, as wild type. 


Hz mutants showing no detectable XDH activity have 
variable UO activity when grown in the presence of 
hypoxanthine. A low rate of oxidation of hypoxanthine 
would be sufficient to account for the observed level of 
induction. The sensitivity of the XDH assay does not 
allow the detection of such low rates of activity. There- 
fore, the UO activity of mycelium induced with H 1s 
probably a sensitive criterion for the estimation of low 
levels of XDH activity in Hx mutants. 

Heterokaryon complementation tests between all pos- 
sible pairwise combinations of 14 non-leaky Hx mutants 
show that there are at least two complementation groups. 
Genetical analysis is being carried out and preliminary 
results show that representatives of these two groups are 
the result of mutation at different independently segre- 
gating loci. _ 

Table 2 shows that the UA mutants fall into three 
groups with respect to their enzyme activities: 

(1) Three mutants, UA1, UA3, UA10, possess an un- 
usual growth habit and have almost normal XDH 
activity and high but sub-normal UO activity. 

(2) One mutant, DAII, is not leaky in growth tests. 
It has normal induced XDH activity and no detectable 
UO activity. This mutant shows the induced level of 
X DH activity when grown in the absence of purines. A 
probable explanation is that during growth on urea the 
oxidation of endogenous purines results in the accumula- 
tion of uric acid in the absence of UO, the enzyme which 
would normally remove it. Such an accumulation of uric 
acid would result in the induction of XDH. 
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(3) Eight mutants, U42, UA4, UA5, UA6, UAT, UAB, 
UA9, UA12, have very low activities of both XDH and 
UO. The levels of both enzymes are not significantly 
different in induced and uninduced mycelia. 

The complementation relations of the three mutants of 
the first group are still not clear owing to their unusual 
growth habit. The nine mutants in groups 2 and 3, 
tested for all possible pairwise combination, failed to show 
any complementation. The genetics of these mutants is 
under investigation. 


Table 2. XANTHINE DEHYDROGENASE AND URATE OXIDASE ACTIVITIES OF 
Hz AND UA MUTANTS 


Growth, induction, extraction and assay techniques are described in the text. 
Activities are expressed in millimicromoles/min/mg protein 


Urea: Urea: Urea: 

Urea Hypoxanthine Xanthine Uric acid 
ADH UO XDH UO XDH UO XDH UO 
n-1 — 1:3 15 100 17°9 5-9 15-9 73 19-2 
in-1 Hal 0 1-1 0 4:1 0 20°6 0 12-9 
bi-1 Hg2 0 11 1°4 14°4 0:5 22°4 1:4 13:9 
bi-1 H23 0 0-8 0-9 8'8 08 16-6 1:7 9-9 
Wi-1 Had 0 09 0:8 12-1 1:8 19°9 2-1 17-0 
bi-1 Hab 0 0-6 0 25 0 21-5 0 9-9 
bi-1 H28 0 0-8 0-3 10:4 0:3 17°8 0 15-6 
la-1 Had 0 0-4 02 6-9 0-3 22.2, 0 12-7 
bi-1 Hg10 0 0°4 0 1°6 0 11:8 0 18-4 
bi-1 Hæ11 0 0-3 0 1-7 0 10-1 0 85 
bi-1 Hg12 0 05 0 3-2 0 6:7 
bi-1 Hg13 0 0-7 0 0-7 0 15-1 0 10°9 
a-1 Hx14 0 02 0 6-1 0 6°5 0 7:5 
bi-1 Hæl5 0 0-5 0 11°4 0 18-7 0 10-0 
bi-1 Hxr16 0 0-6 0 12-1 0 12:5 0 11:7 
bi-1 Hæ17 0-4 06 1'1 5:8 1-1 16-0 06 15-5 
bi-1 Hx18 0 1°6 0 5:8 0 6°3 0 77 
bi-1 Hx19 9 0:5 0 3-5 0 16°9 0 18°7 
bi-1 VAL 1:4 2°3 76 12°5 55 100 7-5 10:8 
bi-1 VAB 06 0-9 55 5'6 8:5 501 5-2 6-9 
bm-1 UVA10 08 07 7:5 8-4 5'5 5-7 7-8 10:6 

bi-1 VAII 8-3 0 8-1 0 6-2 0 75 0 
bi-1 VA2 08 07 0-8 0°5 0-7 0-5 0-8 0-6 
bi-l UA4 0-8 0°5 06 1-2 0°38 0-7 0-9 15 
bi-1 UAB el 0:3 11 0-2 0-8 0-2 1'1 0'2 
bi-1 UAG 1:3 02 0'9 0-2 0-4 0-2 0-2 0'3 
bh-l UAT 1:3 0:3 04 0-3 07 0-4 1-2 0-6 

h-1 UAB 1°56 0'4 1:3 0:3 0-4 0-3 1:0 0 
bi-1 UAD 0-8 0-6 0:3 0°6 0-4 0-6 0 0-6 
bi-L UA12 0-7 0-5 1-1 Li 03 0-3 0°7 0-4 


The mutants exhibit several interesting features. There 
are two genetic loci concerned with the production of 
xanthine dehydrogenase alone, in addition to the five loci 
previously described which are concerned with a co-factor 
necessary for the activity of both nitrate reductase and 
Xx DH. The two new loci for XDH may determine poly- 
peptide sub-units of the enzyme or prosthetic groups or 
be concerned with the regulation of XDH synthesis. It 
has been shown in Drosophila! that mutation of three 
loci can result in loss or decrease of XDH activity and it 
is claimed that two of these genes determine polypeptide 
sub-units of the enzyme. 

Besides the mutant which lacks only UO activity 
there is a group of mutants which lack the normal level 
of both UO and XDH. These could be mutants in a 
purine permease, although this is thought to be unlikely 
(C. 5., in preparation). Alternatively, they could be 
mutant in some aspect of a regulation mechanism which 
is common to both enzymes. 

We thank Miss B. M. Rever and Dr. D. J. Cove for 
their advice and assistance. One of us (A. J. D.) acknow- 
ledges a research studentship from the Department of 
Scientific and Industrial Research, and another (C. S.) 
acknowledges a British Council scholarship. 
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LETTERS TO THE EDITOR 


RADIOPHYSICS 


A New Feature of the Spectrum of the 
s-Component of Solar Radio Emission 


In the present minimum of solar activity, investigations 
of the spectrum of the quiet Sun in the cm- and dm-regions 
as well as the spectrum of single centres of the slowly 
varying component (s-component) of solar radio emission 
are of particular interest. Absolute calibrations of radio 
telescopes carried out at the Heinrich Hertz Institute, 
Berlin-Adlershof (HHT), led during recent years to spectra 
of the quiet Sun flux density and of the s-component 
which are somewhat different from earlier assumed 
spectra. 

At this Institute two methods have been used for 
calibrations of radiometers operating by the Dieke 
modulation principle. 

First, the ‘standard radiometer method’ was used in 
the centimetre range. Using a calibrated horn-type 
antenna, the solar flux density can be determined by 
direct measurement of the aerial temperature by com- 
parison with the known noise-temperature of a heated 
resistor at the receiver input. This method was used 
here for absolute measurements at a wave-length of 
about 3-2 em}. 

At longer wave-lengths, the solar radio emission 1s 
much, lower, with the exception of bursts, which are not 
considered in this communication. Thus, direct absolute 
measurements would require unmanageably large horns 
with respect to the accuracy of the measurement. There- 
fore, for the decimeter-range, a second method was 
developed, which we call ‘standard field method’. This 
method was used for calibrations at 20 cm wave-length’*. 
A noise signal of known energy is fed into a calibrated 
horn representing a standard noise transmitter. The 
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Fig. 1. Spectrum of the quiet Sun during the sunspot minimum of 1964. 
HEI, Hemrich Hertz Institute Berln-Adlershof; NAG, Nagoya, Japan; 
KIS, Kislovodsk, U.S.S.R.; OTT, Ottawa, PRA, Prague 


necessary high noise temperature of 1-86 x 105 °K + 
2 per cent is supphec by a special co-axial noise generator 
with a high-vacuum saturation diode and calibrated by 
comparison with a heated resistor. The solar flux density 
can then be determired by comparison with the standard 
radiation field. 

Short-range field phenomena have been taken into 
account by calculation as well as measurement. Using a 
suitable arrangement, it was possible to avoid inter- 
ference between direst and ground-reflected waves. The 
accuracy of the measurement of soler flux density 1s 
+ 4 per cent. 

The aforementioned calibrations have been combined 
with daily observations of the Sun. Used in this way, 
they yield rehable information on the spectrum of the 
solar radio emission and its variation with time. 

Fig. 1 shows the spectrum of the solar minimum flux 
density derived from all absolute measurements at present 
known, including the new values obtained at this Institute. 
Some other rehable Lut not absolute measurements have 
been included here. The measurements made at Nagoya 
at 1,000 and 2,000 M=/s are not yet absolutely calibrated. 
In order to bring them into accordance with the absolute 
measurements at adjacent frequencies they must be 
multiplied by constant factors of the order of 1:3. 
Tentatively, these corrections are marked ın Fig. I. The 
formerly assumed sdectrum of tha quiet Sun, mainly 
represented by the Ù agoya measurements, is denoted by 
the broken line. 

The measurements made at Ondřejov, near Prague, at 
536 Mc/s, not calibrased absolutely, are confirmed well by 
comparisons with observations of the radio source Cas. A 
made at this Institcte®. 

It should be noted shat the minimum spectrum occurred 
only on a few days around July 27, 1964, and it is not 
certain that the mtluence of all local sources of the 
s-component has vanished during this time. However, 
this uncertainty shold introduce only small errors into 
the obtained spectrum. In the following discussion of the 
s-component we will consider the spectrum of Fig. 1 as 
representing the ‘qu.et Sun’. 

Fig. 2 shows spectra of the s-component, derived by 
subtracting the ‘quiet Sun’ from some monthly means of 
the observed radio dux density during 1964. Based on 
the radio data at present available, we get the surprising 
result that in many cases two maxima occur in the 
spectrum of the s-eomponent. One of these maxima, 
situated at about 6,000 Mc/s, is in accordance with the 
hitherto known features of the s-component!-’. Another 
maximum. was found unexpectedly at 1,500 Mc/s. The 
existence of a second spectral maximum would require a 
new interpretation of the physical origin of the s-com- 
ponent. The amplitude of the two maxima varies with 
time. Sometimes tre first maximum is dominant and 
sometimes the other. Simular results are obtained when 
period- of higher aetivity are investigated. The peak 
frequency of the first maximum seems to be more variable 
than that of the othər, which is fixed on a smaller region 
around 1,500 Me/s. 

As an illustration, in Fig. 3 daily values of the s-com- 
ponent are plotted in more detail in form of a dynamic 
spectrum for a selec:ed time-interval of February—March 
1964. From this we see the variation of the spectrum as 
@ consequence of the development of an active region 
and the rotation of the Sun. 
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Fig. 3. Dynamic spectrum of the s-component and sunspot numbers for 
a selected time-mterval ` 


Concerning the interpretation, local magnetice fields 
may have different influences on the appearance of the 
two spectral maxima of the s-component. As polarization 
measurements indicate, the influence of strong magnetic 
fields plays an important part in the spectral range 
around 6,000 Mc/s, but this should not be the case for 
frequencies of about 1,500 Mc/s (ref. 8). 

The new absolute measurements at wave-lengths longer 
than 10 em have led to the foregoing surprising result. 
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This shows the necessity of further absolute measurements 
at several wave-lengths. 
A. KRÜGER 
H.-St. MICKEL 


Heirich-Hertz-Institut fur Schwingungsforschung, 
Deutschen Akademie der Wissenschaften, 
Berlin. 
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(December, 1964). 


` Priese, J., Monatsberichte D.A.W., Berlin (to be published). 
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? Kriger, A., Kruger, W., and Wallis, G., Z. Astrophys , 59, 37 (1984). 
? Hirth, W., Betr. Plasma Physik (to be published). ' 


PHYSICS 


Determination of the Refractive Index of a 
Solid using a Far Infra-red Maser 


Ir the mirrors of a Michelson interferometer, illuminated 
by monochromatic radiation of wave-length à, are in the 
zero path-difference position, the insertion into one arm 
of a plane-parallel specimen of refractive index n and 
thickness ¢, placed so that the angle of incidence is 0, 
produces a path-difference x(6) given by: 

(8) = 2t {vn — sin28 — cos0} (1) 
If the specimen is rotated so that the angle of incidence 


changes from 0 to 0 the path difference increases by the 
amount: 


w(0) — 2(0) = 2¢{ y/n? — sm) — cosð + 1 —n} (2) 
and as a result m fringes pass the detector where: 
x(8) — x(0) = mr e (3) 


(2) and (3) may be combined and re-arranged to yield. the 
linear relation : 


(y + 1) = 2ng (4) 


where: 


dn =) Fe] 


A 
x i oT COS 


from which n is easily found either by direct calculation 
for each pair of y and « or from the slope of a straight 
line plot of (y + 1) against v. 

A. far infra-red Michelson interferometer (Fig. 1) was 
illuminated by monochromatic radiation of 337 wave- 
length obtained from a CN maser??. When a specimen 
was placed in the fixed-mirror arm normal to the radiation 
(9 = 0°) the moving mirror M, was adjusted to give a 
maximum signal at the detector, corresponding to a 
bright fringe, and fixed. As the sample was rotated the 
angle of incidence at which a bright or dark fringe occurred 
was recorded. Up to 6 or 7 fringes were observed for a 
maximum 6 of about 60° and readings were taken for 
positive and negative 0 both increasing and decreasing. 
y and x were calculated from the mean values of 9 so 
obtained using equations (5) and (6). It is necessary 
that the optical thickness nt of the sample be equivalent 
to about 15-30 wave-lengths for a convenient number of 
fringes to pass the detector with values of § up to about 60°. 
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Fig 1 Michelson ai for the measurement of the refractive 


ndex of solids 


The method has been applied to polythene, polytetra- 
fluorethylene (‘Teflon’) and crystalline quartz (cut with 
the optical axis perpendicular to the plane faces), the 
results for the latter two materials being used m con- 
junction with the wide-range refraction spectra obtained 
by Fourisr transformation’. The range covered by 4 was 
0-3-0-7 cm. Graphs of (y + 1) against x for each of the 
materials are shown in Fig. 2. The results obtained from 
these data are as follows: 


Polythene 1461 + 0023 (1-6%) 
“Tefion’ 1-391 + 0017 (12%) 
Crystalline quartz 2:132 + 0 028 (1-3%) 


The values of n determined from maser measurements 
support those obtained by Fourier methods and can in 
fact be used, as has been proposed’, to fix the level of the 
disparsion curve in those cases. Since refractive indices 
are already being obtained for liquids’ and gases at 
monochromatic wave-lengths in the submillimetre region 
the combination of maser and Fourier methods now 
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Fig. 2. Graphs of (y + 1) against x where: 


y= (1%) {(0- M2) = 200} 


z= (1- Bf) — cos 


(1, Polythene; A, “Tefion’; O, crystalline quartz 
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provides a valuable tool for precision infra-red dispersion 
measurements on msterials in any phase. 


J. E. CHAMBERLAIN 
H. A. GEBBIE 


Basie Physies Division, 
National Physical Laboratory, 
Teddington, M:ddlesex. 


1 Gebbie, H A, Stone, N. W. B., and Findlay, F. D., Nature, 202, 684 (1964). 

$ mets G. W., Gebbie, E. A., and Chamberlain, J. E., Nature, 205, 377 

s Chamberlain, J. E., Gibbs, J, E., and Gebbie, H. A., Nature, 198, 874 (1963). 

* Chamberlain, J. E., Finclay, F. D., and Gebbie, H. A., Applet Opties 
(to be published). 
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Solar Radiztion on Inclined Surfaces 


Ir is interesting to compare Dr. H. Heywood’s proposed 
presentation of solsr radiation data! with a method 
developed at this Station?. This method makes the 
simplifying assumptzon that the diffuse sky radiation 1s 
uniformly distributed, except in the vicinity of the Sun 
where the radiance is known to be higher. The additional 
‘circumsolar diffuse’ radiation from this region of the sky 
is regarded as augmenting the direct radiation, giving as a 
convenient basis for analysis a division of the total 
incident radiation into ‘uniform background diffuse’ and 
‘augmented direct’ components. 

For cloudless skies (0-2 oktas), the radiance of this 
uniform background diffuse component has been found to 
depend primarily on solar altitude, as shown in Table 1, 
which gives the corresponding intensities on the horizon- 
tal. Changes in atmospheric transmissivity were found to 
have a negligible effezt on this component ; such changes 
affect only the augnzsnted direct component. 


-Table 1. AVERAGE RaCKSROUND DIFFUSE INTENSITIES ON HORIZONTAL 
DE (Clear skies 0-2 oktas) 
Solar al atude Radiation intensity 

(deg) (caljem* min) 
18 0 06 
23 0-09 
38 O11 
40 0 12 
5 014 
6h 015 


The basic equation for the total intensity EH; on an 
inclined surface, derived by adding the contributions 
from augmented drect, uniform background sky and 
ground-reflectod rad:ation, is: 


E; = (En — Don) 228 + 0-5 Don (1 + cos 0g) + 
308 4H t 


0-5p En (1 — cos Oz) 


where En is total intensity on horizontal; Do, is intensity 
of uniform background sky radiation on horizontal; ig is 
angle of incidence oT direct radiation on inclined plane; 
¿g is angle of incidence of direct radiation on horizontal 
plane; p is solar reflestance of ground; 6g is inclination of 
surface to horizonta.. It is assumed that the radiation 
diffusely reflected from the ground is uniformly distributed. 

E; can be estimatsd from measurements of the total 
intensity on the horizontal En using the tabulated values 
of Dox and measuring or estimating p. Sunpath diagrams 
and transparent interpretative grids (overlays) have 
been prepared? from which Don, ia and ig can be read off. 

Fig. 1 shows the degree of agreoment between measure- 
ments at the Building Research Station on S-, E- and W- 
facing vertical surfaces and estimates given by this model. 
Results reported br Parmelee* for cloudless skies at 
Cleveland, Ohio, have also been found to conform with the 
model. 
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Fig. 1. Comparison between measured and computed total solar intensities 
on S-, E- and W-facing vertical surfaces with cloudless skies 


This model gives the following interpretation of the 
constants which appear in the equation for Heywood’s 
radiation characteristic lines: 

Do 2 | 
En Jew * P 


C= 0-5 tan a (1 — cos a 


sin 07 
Dor 
M = 1 — z) 
Hy, /av 
where a is solar altitude; p, is ground reflectance at meas- 


uring site; e is average value of Don 
E h S/ay H h 
skies. 

The method discussed here, therefore, embraces Hey- 
wood’s system of characteristic lines within a single 
equation the terms of which can be evaluated. It has 
the further advantages that allowance can be made for 
the ground reflectance at the site for which predictions 
are to be made, and that it relates the estimate of Wi to 


for cloudless 


the value of — pertaining at the time. 
h 


A. œ. LOUDON 
P. PETHERBRIDGE 


Building Research Station, 7 
Garston, Watford, 
Herts. 


1 Heywood, H., Nature, 204, 669 (1964). 
? Loudon, A. G., and Danter, B , Build. Sei., 1, 89 (1965). 


3 pitied P , Building Res. Sta. Current Paper, Research Ser. No, 39 


1 Parmelee, G. V., A S.H.V.#. Trans , 60, 341 (1954), 


THE equations developed by A. G. Loudon and P. 
Petherbridge constitute a mathematical expression of 
the graphical procedure described in my first communica- 
tion’. Both procedures have the same fundamental 
basis, and in fact I have myself derived equations similar 
to those in the preceding communication in a more detailed 
paper which was presented at the Solar Energy Society 
Conference at Phoenix, Arizona, March. 

Though synthesis of the individual factors involved 
is an ideal procedure, this can only be accomplished if 
numerical evaluation of each of these factors is possible. 
This involves the experimental difficulty of defining 
precisely how much of the circumsolar diffuse radiation 
should be included in the direct radiation and how much 
forms part of the uniform background diffuse radiation. 
The ratio of diffuse radiation flux on inclined and hori- 
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zontal surfaces respectively is shown by the curves in 
Fig. 1. These measurements were made with clear sky 
conditions at Woolwich and the disk obscuring the Sun 
subtended an angle of one-tenth of a radian at the thermo- 
pile. It is evident that the diffuse radiation flux on an 
inclined surface is affected considerably by the azimuth 
angle between the Sun and the facing direction of the 
surface, even though some of the cireumsolar diffuse 
radiation must have been screened from the thermopile. 
Total radiation flux on a horizontal surface is the only 
datum available for many parts of the world, and for this 
and the foregoing reason I proposed a method of evaluat- 
ing the total flux on inclined surfaces in terms of this 
factor. 
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Fig. 1. Ratio of diffuse radiation flux on inclined and horizontal 

surfaces respectively, cos A-= 1 for surface facing towards Sun; cos}Ar, 

0 for surface facing at right angles to direction of Sun; cos Ar,—1 for 
surface facing away from Sun 


Whether or not it is more simple to perform the com- 
putation by estimating the individual factors and cal- 
culating the total radiation therefrom, or to derive 
functions in terms of total radiation from suitable experi- 
ments, is a question I leave to be determined when more 
experience’ has been gained. The construction of the 
radiation characteristic line is, however, a potent method 
of correlating a series of experimental determinations in 
order to eliminate individual errors of observation or the 
effect of fluctuations in conditions, and, has been so used 
to analyse certain published data. 

H. Heywoop 

Woolwich Polytechnic, 

London, 8.E.18. 
1 Heywood, H., Nature, 204, 669 (1964). 


* GEOPHVSICS 
Solar Plasma Wind, Earth Currents and 
Diurnal Magnetic-field Variations 


Mzap! calculated the diurnal magnetic-field varia- 
tions caused by the umpingement of the solar plasma 
wind on the terrestrial magnetosphere. The current sheet 
produced at the magnetospheric boundary leads to a 
perturbation of the dipole field throughout the magneto- 
sphere and on the ground. A surprising result is that the 
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computed field variations, in fact, all three components, 
qualitatively follow the observed diurnal variations, 
which are commonly ascribed to dynamo-electric effects 
in the ionosphere. The computed magnitude, however, is 
too small for an identification with the observed variations. 

Hydromagnetic theory, when used to describe regular 
magnetospheric `motions?, yields the same qualitative 
behaviour of the magnetic-field variations, but a larger 
amplitude. This becomes evident from some estimates? 
(cf. also following remarks). The question arises for 
additional currents which the hydromagnetic theory 
might postulate. 

Mead’s calculations refer to a magnetosphere at rest. 
It is believed, however, that the major part of the mag- 
netosphere, strictly speaking, of the magnetospheric 
plasma, co-rotates with the Earth. The strong compres- 
sion of the sub-solar magnetosphere by the plasma wind 
requires then a vertical motion with a 24-h period, which 
entails an oscillatory electromagnetic field of this period 
in the magnetosphere. The entire process is in the view 
of an observer on the rotating Earth a hydromagnetic 
wave-field, corresponding to predominantly standing 
waves of one cycle per day*. Since the dimensions of the 
magnetosphere are much smaller than a wave-length at 
1 cycle/day, the currents in the wave-field are negligible 
compared with those at the place of origin of the waves 
(the magnetospheric boundary). One may thus be led to 
ignore the motion and to derive the magnetic-field varia- 
tions assuming the magnetosphere at rest. 

No attention has yet been paid to the boundary condi- 
tion at the bottom of the magnetosphere. The insulating 
space between ionosphere and ground is of negligible 
extension. The ground is an almost perfect reflector at the 
considered frequency. The wawve-field is consequently 
that of nearly standing waves with maximum B and small 
E on the ground. The reflexion, process is connected with 
a current system in the surface layer of the Earth, which 
definitely must have some effect on the magnetic-field 
variations. 

Crude considerations on the basis of Maxwell’s equa- 
tions suggest that the magnitudes of horizontal oscillatory 
field components are roughly inversely proportional to 
geocentric height. The obseryed amplitude of the horizon- 
tal magnetic-field component is, however, smaller than thus 
derived : in low latitudes approximately 20y. Reasons 
for a reduction to this value are easy to find. 

The vertical velocity of the magnetospheric boundary is 
at some time of the day 2 km/sec (or 1 Earth radius per 
hour). A plasma motion with this velocity is accompanied 
by a horizontal electric field strength #=vB 10-4 V/m in 
10 Earth radii geocentric height. The electric field strength 
expected on the ground, 10-3 V/m, and the surface current 
density that stops the magnetic-field variation of 20y 
permit an estimate of the ocean depth under the assump- 
tion that the Earth is homogeneously covered by ocean. 
For a conductivity of 1 Mho/m one finds 15 m, a some- 
what low value of the depth, indicating that the ocean 
in any case is sufficient for generation of the postulated 
current. It thus seems that Earth currents, which are 
a consequence of the electric field in the moving magneto- 
sphere, lead to a significant enhancement of the magnetic- 
field variations, reconciling them with hydromagnetic 
theory. 

‘Qualitative agreement between observed and theoretic- 
ally derived magnetic-field variations has already been 
noticed. With the higher amplitudes it appears likely that 
a considerable, if not the major, part of the observed 
diurnal field variations is due to the varying effect of the 
solar plasma wind on the magnetosphere above a par- 
ticular location on the Earth. 

The electric field, supposed to be present at all heights 
in the magnetosphere, causes some plasma motion even at 
lower magnetospheric (or upper ionospheric) heights. A 
velocity of 20 m/sec corresponds to 10- V/m and 0:5 
gauss. A theory of coupled hydromagnetic waves?-4 
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states that a descencing motion in a fairly steep gradient 
of the plasma density (such as is met in 300 to nearly 2,000 
km height) produces 2 suction effect of ion-acoustic nature. 
Thus an increased Horizontal magnetic-field component 
is accompanied by a reduced plasma density, which 
according tc the theory should cover a wider latitude 
range than the field increase. This may explain some of the 
F2 layer phenomenaan the diurnal cycle and in disturbed 
situations?. 

One might ask what influence the non-uniform reflexion 
characteristics of the Earth will have. Even land is a good 
reflector. The magnetic-field variation on the Earth 
should therefore show almost no land-sea effect, but the 
electric field is more strongly suppressed over sea. The 
plasma motion in the upper ionosphere or lower magneto- 
sphere, which depends on #, should be affected by the 
Earth’s surface. 

The variation of tke horizontal Æ with location leads at 


some places to a vertacal curl Æ with the consequence of a 


0B/dé (in vertical direstion). The regular diurnal variation 
of the vertical maznetic-field component at various 
stations shows in fact some peculiarities which might be 
determined by geographical factors. There may, for 
example, be a difference between east and west coasts of 
continents, though the examples at hand are not very con- 
clusive. (Compare Azincourt with Abinger and Watheroo 
with Amberlsy in Fizs. 2-4 of an article by Vestine’.) A 
more rigorous investigation of the land-sea effect has to 
allow for displacement currents. 

Near the geomaznetic equator the magnetic-field 
variation shows a singular behaviour, which is generally 
supposed to result from an equatorial electrojet and may 
not be directly related to the processes in the upper 
magnetosphere. 

I thank R. Cormisr, N. Stone and Dr. K. Toman for 


their advice. 
H. PorvERLEIN 


Upper Atmosphere Puysics Laboratory, 
U.S. Air Force 
Cambridge Research Laboratories, 
Bedford, Mass. 
1 Mead, G. D., J. Geophys. Zes., 69, 1181 (1964). 
3 Poeverlein, H., (to be publ&hed). 
* Hines, O. O., Quart. J. Roy. Meteorol. Soc., 39, 1 (1963). 
* Poeverlein, H., Phys. Rev. 136, A, 1605 (1964). 
t Vestine, D. H., The Uppe —— and Geomagnetism, Physics of the 
Upper inorphere, edit by Ratellffe, J. A~ 471 (Academic Press, New 
ork, 0). 


Magnetic Fields of Ocean Waves 


THE observation at magnetic fields set up by electric 
currents induced in osean swell by its movement through 
the Earth’s magnetis field has recently been reported?. 
The observations were mado in deep water using a rubidium 
magnetometer susperded from a buoy. 

Observations of the magnetic fields of waves have been 
made in sompwhat d-fferent conditions at tho- Admiralty 
Experimental Statior, Perranporth, Cornwall, with a free 
nuclear precession. megnetometer mounted on the sea bed 
some 5 miles from shere and in about 120 ft. of water, the 
signals from the magnetometer being fed to shore by a 
cable. The site is di-ectly exposed to Atlantic swell. A 
wave recorder consspting of a bottom-mounted echo 
sounder looking upwards at the surface is situated about 
4 miles from the magnetometer and is used to measure 
the wave profiles. The data obtained from both the 
magnetometer and the wave recorder are in the form of 
punched paper tape end are subjected to power spectrum 
analysis by computer. 

A theoretical analysis similar to that of Warburton and 
Caminiti? has been carried out, but with the necessary 
modifications to allov- for the elliptic water-particle orbits 
caused by the restricted depth. Only horizontal water 
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velocities have been considered: these are in any case 
more important because of the angle of the Earth’s field 
and, for waves of length comparable with the water depth, 
ere attenuated much less rapidly with depth than are 
the vertical velocities. An expression has been obtained 
for the power density of the magnetice fluctuations, 
Pulo) y?/¢e/s, as a function of the wave power density: 
Pulo) = 4(cH10-71)*{ f(2)}* · Pw(o) 

where o is the water conductivity in Q~ metre-', H the 
vertical component of the Earth’s field in gammas, } the 
crest length of the waves in metres and P(o) the power 
density in metres*/e/s of the waves. The function 
{f(2)} constitutes the frequency (or wave-length) depend- 
ent part of the transfer function and 1s, approximately: 


ey f OV gy Oo O 
{F(A}? = (st a) p (xr z r4) 
l 3:2 khe-#l |} 
(ik + 0-28) (Qik + 279) 


where h is the depth of water in metres, k = 2n/, and A 
is the wave-length (metres) of the ocean wave correspond- 
ing to œo. 

The limitation of crest-length is not of great importance 
but helps to avoid unrealistic results at very low frequencies 
(very long wave-lengths); but the finite water depth 
affects the function considerably. Fig. 1 shows a plot 
of the the transfer function; the marked rise at low 
frequencies will be noted and confirms the remarks made 
in ref. 1. 

Fig. 2 shows the results obtained from a half-hour 
recording made on July 29, 1964. The spectrum of: the 
surface waves is shown, together with the spectrum of the 
observed magnetic fluctuations and the magnetic spectrum 
computed from the wave spectrum. In forming the com- 
puted magnetic spectrum an estimated instrumental noise 
level of 0-017 m?/c/s has been subtracted from the 
wave spectrum: this prevents a misleading rise in com- 
puted magnetic power-density at the lowest frequencies 
while having little effect at frequencies above 0:04 c/s. 
(But no instrumental noise has been removed from the 
spectrum of the observed magnetic fluctuations.) 

The agreement between the observed and the computed 
magnetic spectra is among the best so far obtained in this 
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experiment, but is nevertheless fairly typical of the results 
of a large number of sets of observations. 

I thank R. A. Pearson and G. P. M. Heselden for 
carrying out the spectrum analysis and for assistance 
with the evaluation of the transfer function. 

D. C. FRASER 

Admiralty Research Laboratory, 

Teddington, Middlesex. 
1 Maclure, K. C., Hafer, R. A. and Weaver, J. T., Nature, 204, 1290 {1964}. 
2? Warburton, F., and Caminiti, R, J. Geophys. Res., 89, 4811 (1964). 
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Salt Marsh Erosion in Essex 


Dorina the course of a detailed sedimentological 
investigation of the Dengie peninsula mud flats in eastern 
Essex it has become apparent that marine erosion is 
currently the dominant process at work over the northern 
mile and a half of ground. The net result of this process is 
that the width of the salt marshes at the northern end, 
adjacent to Sales Point and St. Peter’s Chapel, is diminish- 
ing. Fig. 1 illustrates the position of the salt-marsh edge in 
September 1953 and June 1960, during which period it is 
clear that the edge has retreated towards the sea-wall 
anything up to 300 ft. These two positions were traced 
from. aerial photographs, but current detailed mapping on 
the ground has demonstrated that marsh retreat is still 
continuing. For example, approximately 270 yards to 
the south-south-east of Sales Point the salt-marsh width 
has decreased by 100 ft. since 1960. On the other hand, at 
about another 1,000 yards to the south-south-sast the 
decrease has been negligible. 

Apart from the changes in the configuration of the salt- 
marsh edge, detectable from photographs and mapping 
over a period of years, confirmation of active marsh erosion. 
can be seen in the intermittent presence of a highly dis- 
sected cliff line at the seaward edge. The cliff ranges in 
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height up to 3 ft. and 1s marked by slumped and slipped 
masses of laminated, shelly marsh clay. Both the cliff and 
mud-mounds (elongated tongues of mud found on the 
adjacent tidal flats and also of erosional origin) are to be 
described elsewhere. 

A significant feature of the marsh edges are shell banks, 
tongues and Hats of complex composition, structure and 
origin, and there is little doubt that the onshore migration, 
longitudinal extension and redistribution of the materials 
within these structures are related to the salt-marsh retreat. 
In essence, the shell structures (with subordinate quartz 
sand layers) are migrating from the edge of the upper 
tidal flats landwards on to the marshes. This is resulting 
in extensive modification of marsh-creek drainage systems 
with creek capture and reversal of tidal flow patterns as 
cortain major creeks are progressively inundated by shelly 
debris. The overnding of the marsh edge has also re- 
exposed marsh muds on the seaward side of the shell 
structures and these muds are being rapidly eroded by 
direct exposure to offshore tidal currents. Although 
exerting a protective influence on the salt marshes behind 
them, the fact that the shell structures are at present 
advancing towards the sea-wall means that this protection 
is ephemeral. If the present rate of advance of the struc- 
tures is maintained over the next decades it seems 
inevitable that even larger parts of the northern salt 
marshes will disappear. 


J. T. Greensarrn 
E. V. TUCKER 
Department of Geology, 
Queen Mary College, 
Mile End Road, E.l. 
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Reliability of Spectrochemical Analyses of 
Boron in Illites 


Tue reliability of previously published boron analyses 
and the direct correlation between potassium and boron 
in. illites!)? has recently been questioned’ because an iron 
line at 2497-82 A aparently interferes with a boron line 
used for analysis az 2497-73 A. Using analyses from 
various sources for 11 fine fraction illitic shales, Bugry 
and Shaw? postulated that a positive correlation exists 
between iron and potassium in illites and this positive 
correlation could ex>lain the relationship between boron 
and potassium. 

A re-examination of the analyses quoted by Bugry and 
Shaw, that is Grim et al.4, Nagelschmidt and Hick’, 
Mackenzie! and Candy’, together with further analyses of 
illite type minerals quoted by Nagelschmidt and Hick° 
and Deer et al.” (Table 1), shows that the correlation 
between iron and pctassium is negative and not positive 
as Bugry and Sha-v suppose (Fig. 1). Furthermore, 
a plot of observed boron against total iron expressed 
as ferric oxide (Fig 2) for 94 Middle Cambrian Shales 
from Wales from a variety of environments shows that 
the boron values are-unrelated to the iron concentrations. 
This agrees with the results recently published by Rey- 
nolds? which show a slight antipathetic relationship 
between boron and iron in ilitie residues from carbonate 
rocks. Even if potassium and iron were related as Bugry 
and Shaw supposed. and the eae lines due to iron 
2497-82 A and boron 2497-73 A were completely unre- 
solved, the relationship between boron and potassium 
which we have postulated? would still be valid, (Fig. 3) 
because the emission intensity of iron 2497-82 A due to 
8 per cent Fe,0, ic approximately equal to 30 p.p.m. 
boron. We accordingly refute the suggestion that our 
results were due to ivon interference. 

Although the dire=t relation between boron and potas- 
sium in illites is valid, variations of boron concentration, 
which are unrelated to potassium and believed by Walker 
and Price? and later by Walker?® to reflect palaeosalinity, 
might be due to iron interference according to the argu- 
ment of Bugry and Shaw. Recently published data on 
spectral line interference’ suggest that boron 2497-73 
is the best analysis line in the presence of iron and the 
error involved is negãgiblo if Fe,O; is less than 20 per cent. 
These figures may be accepted as a general guide, but the 
exact error will depend on instrumentation. Modern 
spectrographs, suitably adjusted, are capable of partially 
or completely resolvng boron 2497-73 A and iron 2497-82 
A, and so the error due to 8 per cent Fe,0; should be 
much less than 30 p.p.m. Maximum resolution is achieved 
by reducing the sit width on the spectrograph and 
the densitometer. ‘The boron content of most illites 
ranges between 50 p.p.m. and 400 p.p.m., and a narrow 
slit can therefore be employed. However, for studies of 
igneous rocks in whizh boron concentrations are typically 


Table 1 
Refererne KO (%) FeO, (%) 
(2) Grim et al. 6 93 6°81 
Grim et al. 8 09 6 48 
(3) Nagelschmidt ari Hick 5:22 3°30 
Nagelschmidt ara Hick 5-84 3-28 
Nagelschmidt ari Hick 5'12 1°64 
Nagelschmidt ari Hick 5-23 1-33 
Nagelschmudt arti Hick 5°34 2-71 
Nagelschmidt ari Hick 5°22 2°01 
Nagelschmidt ari Hick 4:78 11-99 
Nagelschmidt aril Hick 8-06 1:12 
(4) Mackenzie 6-31 2°85 
(5) Candy 3-92 10-15 
Candy 7-42 6-23 
(6) Deer ef al. 10°24 0°28 
Deer et al. 9-12 2-15 
Deer et al 5°72 2°98 
Deer et al 7°77 8-01 
Deer et al 5-10 5-28 
Deer et al 980 1-94 
Deer et al 10°90 1°57 
Deer et al 3°26 12°81 
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low a wider slit may be required and with such instru- 
mentation iron interference could be significant, especially 
in basic rocks, as Reynolds® has pointed out. 

The width of a spectral line as indicated by a densito- 
meter is always greater than the true width by a factor 
equal to the width of the densitometer slit, and this fact 
must be considered when assessing spectral line inter- 
ference. For example, a densitometer will record a reduc- 
tion in light transmission when the edge ofthe slit reaches 
the spectral line (Fig. 4, position @). Similarly, if the slit 
is centred between two lines a reduction in light trans- 
mission may be recorded, even though the lines are com- 
pletely resolved (Fig. 4, position c). Finally, if the sht is 
centred over the analysis line (Fig. 4, position b) the 
densitometer will read true line intensity. 

The densitometer traces published by Bugry and Shaw? 
show a saddle between the boron andiron lines, and so the 
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spectral lines must be partially or completely resolved. 
Thus interference due to 8 per cent iron is at the most 
equivalent to 10 p.p.m. boron. If boron standards for 
spectrochemical analysis contain 4-5 per cent Fe,Os, 
which is the average content for illites, the maximum 
error for marine illites containing 200 p.p.m. boron would 
be +2-5 per cent. This is comparable with the errors 
related to background, arcing and emulsion response. 
The analyses reported by Walker?:!%12.15 were inter- 
preted by a non-recording densitometer. The intensity 
of iron 2497-82 A due to 5 per cent Fe,0; in the boron 
standards was equivalent to 15 p.p.m. boron. Further- 
more, the galvanometer indicated a distinct saddle 
between, the boron and iron lines. Therefore, iron inter- 
ference is probably absent as Kroonen and Vader have 
stated"*. Even if interference exists the maximum error 
is unlikely to exceed + 2-5 per cent. Equivalent boron 
variation considered by Walker?® to reflect palacosalinity 
changes ranged between 10 and 100 per cent, and this 
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variation greatly exceeds the maximum error of 2-5 per 
cent that can be attributed to iron interference. 

Bugry and Shaw have neglected to state that the 
measured intensity of boron 2497:73 A involved a com- 
ponent attributable to silica 2497-73 A. The imtensities 
of sthca 2497-73 A and 2497-56 A are normally comparable 
provided that band emission is not too intense, and thus 
the intensity of silica 2497-56 can be subtracted from the 
observed intensity of boron 2497-73. However, the silicon 
content of most shales and illites is relatively constant 
and this correction can be neglected for most investigations 
involving palaeosalinity. 

Bugry and Shaw claimed that iron interference may be 
reduced by utilizing boron 2496-78 A in the second-order 
spectrum as the analysis line. This technique may be 
valid, but until it is supported by quantitative results, 
departure from the accepted analytical method based on 
boron 2497-73 A as the analysis lne would be a retrograde 
step. 

N. B. Prick 
Grant Institute of Geology, 
Edinburgh. 
C. T. WALKER 
Department of Geology, 
University College of Aberystwyth. 
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Primeval Strontium-87/Strontium-86 Ratio 


IN a previous communication! I described an attempt 
to estimate the initial concentrations and partition 
coefficients of rubidium and strontium. The calculation 
was performed based on two possible values of the slope 
of the line representing the abundance correlation between 
rubidium and strontium. In Table 1 are shown the results 
of previous calculations. (Series I corresponds to the 
relevant slope = 0:735, while series JI to the slope 


‘=0-865.) In addition, theoretical, corrective estimation 


of original concentration was made for three samples 
(Nos. 9, 11 and 12) by assuming that they were more or 
less affected by partial melting (Table 2). In this con- 
nexion, it has been suggested that series I is advantageous, 
though only slightly, over series IT. 

It now seems necessary to me to reconsider some 
previous observations. This is, for example, because the 
agreement between the isotopically estimated value and 
the theoretically corrected one of series I for Nos. 9, ]1 and 
12 may be too good as compered with the agreement be- 
tween the isotopically estimated value and the direcily 
observed one for Ascension basalt (No. 8) and Samoan 
basalts (Nos. 5-7). We might have noticed that the ratios, 
1-44-1-59, of theoretically corrected values of series IT 
to isotopically estimated ones about Nos. 9, I1 and 12 
are almost the same as the ratios of directly observed 
values to isotopically estimated ones about Ascension 
basalt and. Samoan basalts. On the other hand, I have 
lately found that the concentrations of rubidium and 
strontium in garnet concentrates of eclogite, Robert 
Victor Mine, South Africa, analysed by Faure’, are nearly 
in ‘commensal’ relation with the ‘initial concentrations’ 
obtained from series IT in previous calculations. (A further 
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discussion of this problem will be given separately.) 
Besides, ıb would be worth mentioning that the initial 
strontium concentration (13-2 p.p.m.) derived from series 
II is 1-20 times the shondritic concentration? (11 p.p-m.) 
of strontium. (Note that the concentration of oxyphile 
element in oxide pkase of chondrite is 1-20 times‘ its 
apparent concentration in whole chondrite.) These facts 
are favourable for series IT. However, it may not neces- 
sanly be appropriate to treat the results of two series 
as the alternatives, for, as discussed separately®, the 
presence of considerable amounts of calcium in silicate- 
melt can vary the partition coefficient. Moreover, it may 
be inferred that series IL indicates the sole mafic effect, 
while series I reflecte some influence of calcium, and that 
the result of series IT is of greater importance with the 
major parts of Eartk.’s oxide sphere. 

Here let us assume that the theoretically corrected 
rubidium/strontium ratios in line with series II are right. 
If ıt is assumed that any large-scale fractionation has 
not occurred in the source of primary magma since 
primeval differentiat-on 4:55 x 10° years ago, the system- 
atic difference betwen. the isotopically estimated rubid- 
1um/strontium ratio and the directly observed rubidium/ 
strontium ratio inelcding the theoretically corrected one 
is ascribed to the inapposite primeval strontium-87/ 
strontium-86 ratio adopted by Faure and Hurley’. They 
adopted the value of 0-7004, which was determined by 
Gast’? for the achonclrite Pasamonte, a stony meteorite 
poor in rubidium, Although it is quite reasonable to pay 
attention to a meteprite poor in rubidium as regards 
primeval strontium, an uncertainty persists unless the age 
of the meteorite is established to be 455x 10® years. 
According to the argon-potassium method, the age of 
Pasamonte is estimated to be 3-80 + 0-23 (ref. 8) or 


4-25 To (ref. 9) x 10° years. Although the argon- 


potassium age does not always indicate the age of primary 
formation of the mezeorite, this meteorite is open to the 
suspicion that its age is somewhat less than 4-55 x 10° 
years. 

In Table 3 is presented the result of calculations for 
primeval ®’§r/*Sr ratio consistent with the observed 
rubidium/strontium ratio (or corrected figures) and the 
observed, *7§r/#*Sr rafio. As seen in Table 3, the resultant, 
primeval ®’Sr/*Sr razios fall within a very narrow range, 
averaging 0-6965. In spite of the comparatively small dif- 
ference between Pasamonte (0:7004) and the estimated 


Table 1, PARTITION CorErtormnt (4), INITIAL CONCENTRATION (C), AND 
THE ENRICHMENT ACTOR (p) FOR AVERAGE BASIO ROOK 


Series I Series II 

b Sr Rb Sr 
k 0 084 0 33 0-066 0:19 
C° (p.p m ) 0-56 Q44 0-51 13-2 
R 55.3 18 8 608 348 


Table 2. COMPARISON OF LJOTOPIOALGY CALCULATED BUBIDIUM/STRONTIUM 
RATIO (A) WITH DIRECTLY OBSERVED (B) OR THEORETICALLY CORRECTED 
(C) RTBIDIVM/STRONTIOM RATIO 


Specimen A* B* A/B 
Samoan Islands (Nos. 5-7) 0-088 0 0604 1°59 
(aver.) (aver.) 
Ascension Island (No. 8) 0 035 0 0496 1-42 
Deccan, India (No. 9) 0-043 0-0885 1:59 
Mid-Atlaniac Ridge (No. 21) 0-030 0-0824 2°75 
Columbia River, Oregon (No. 12) 0 032 0 176 5:50 
Ct CJA 
A Ser. I Ser. IL Ser. I Ser. If 
No. 9 0 043 0-0485 0:0618 1-08 1-44 
No 11 0 030 0:0300 0:0478 1-00 1:59 
No. 12 0-032 0 0360 0 0465 112 1°45 
+ After ref. 6, f after ref 1. 
Table 3. ESTCIATE OF PRIMEVAL ®"Sr/**Sr RATIO 
87g BES yp *& 8tSr/**Sr 
(present) Rb/Srt (primeval) 
Nos. 5-7 0 7077 0 0604 8 0 6955 
No. 8 0:7070 0-0496 B 0 6872 
No. 9 07085 0-0618 (C a 0:6964 
No 11 0-7062 0-0476 (C II 0 6964 
No. 12 0:7087 0-0465 (C IT) 0:6972 
Average — — 0 6965 


*After ref. 6; j cf. Table 2. 
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(0-6965), it considerably effects the estimation of the 
rubidium/strontium ratio from radiogenic strontium-87, 
because the *’Sr/*Sr ratio found in basalts is approxi- 
mately 0-705-0-710. 

Here, let us estimate the *’Sr/**Sr ratio pertinent to the 
chondritie system back to 4:55 x 10° years ago. Accord- 
ing to tho investigation by Pinson and Schnetzler’, the 
present atomic ratios concerning **Rb/**Sr and ®"Sr/*Sr 
average 0-737 and 0:7466, respectively, for chondrites. If 
a system corresponding to these ratios is assumed, to have 
been maintained in a closed system for these 4-55 x 10° 
years, it follows that this system had a value of 0 6956 as 
regards the ®’Sr/®*Sr ratio 4-55 x 10° years ago. This value 
is very close to the primeval ratio obtained exclusively 
from terrestrial data. Probably it should be assumed for 
the present that these two independent values in reference 
to 4:55x 10" years ago coincide with each other within 
the limit of error. This coincidence is of great significance, 
because it suggests that the material system of rubidium 
and strontium relative to Earth developed in the same 
way as that of chondrite from its elemental birth until 
primeval differentiation 4:55x 10° years ago, and that 
the depletion of rubidium in Earth’s primitive material 
occurred just prior to the complete melting of such 
a materal. It ıs inferred that carbon monoxide and 
water vapour served as carrier gases in depleting rubidium. 
(The foregoing calculation was performed using the decay 
constant for rubidium-87 of 1:47x 10-1! year-} (ref. 11) 
in conformity with Faure and Hurley’. If the decay 
constant of 1-39x 10-1! year-! (ref. 12) is used instead, 
it turns out that the primeval *®’Sr/*Sr ratios are 0-6972 
and 0-6985, respectively, for terrestrial and chondritic 
systems. When the mean value for these decay constants 
is used, the numerical difference in the primeval ratio 
between the two systems is reduced to 0:0002.) 

Probably the depleted rubidium was either carried on 
to the Earth’s surface or lost to space. In view of the 
depletion of rubidium by a factor of about six! and the 
scarcity of compensating enriched source of rubidium in the 
Earth’s crust, the latter possibility seems to be of greater 
importance. However, it is unlikely that rubidium was 
lost to space under the same gravity field as the present 
Earth has, for incredibly high temperatures of atmo- 
sphere would be needed for the mean square velocity of 
rubidium gas to acquire the velocity (11:2 km/sec) of 
escape from the Earth. Thus, loss of rubidium into space 
is thought to have occurred under a smaller field of 
gravitation. Such reasoning can lead one to the idea that 
the rise of temperature in asteroidal bodies, the degassing 
and depletion of volatile components from them, the 
coalescence of asteroidal bodies into Earth, its complete 
melting, and the primary differentiation by fractional 
crystallization, occurred successively in a comparatively 
short time-interval. (Melting might have preceded 
coalescence sometimes.) The abrapt emission of gases 
might have given jet propulsion to some asteroidal bodies 
(depending on the shape and mass of the body and 
the rate and direction of gas emission), and might have 
promoted their collision. 
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Dimensional Changes and Radiation Creep in 
Graphite at Very High Neutron Doses 


RADIATION creep!“ is the deformation produced by the 
combined effect of stress and irradiation in a nuclear 
reactor. In graphite, radiation creep consists of a per- 
manent set, transient creep, and steady-state creep. The 
permanent set and transient creep are comparable with 
the elastic stram and it is normally assumed that the 
steady-state creep is proportional to the stress and the 
total neutron dose. It is of some interest to know whether 
the steady-state creep can become large compared with 
the elastic strain. The initial creep rate is such that this 
requires a fast neutron dose of ~ 1077 n em~. Such 
neutron doses can be obtained in the course of a fow 
months in the Dounreay Fast Reactor, at the centre of 
which the neutron flux is ~ 25 x 10% n em?. Graphite 
samples have been irradiated in the fast reactor under 
stress and creep strains of several per cont have boen 
obtained. The elastic strain at breaking in tension is 
~ 0l per cent. 


Table 1. RADIATION CREEP STRAINS (per cent) 
Pile grade A graphite parallel Near —— graphite parallel 


to extrusion P o extrusion 

1 
161 >1:50 ~ 109 2-34 * 
081 >1°38 1°23 2-64 * 
2 05 >1°833 1°25 2°34 
0°90 1°26 113 1:71 
1:32 0:96 
0 65 
1:08 


* Specimens cracked. + Specimens broken. 


Table 2 DIMENSIONAL CHANGES (CONTRACTION PER CENT) 


Total neutron Temper- Pile grade A Near isotropic 
dose (n cm-*) ature graphite graphi 
x10 (°C) i] * fl a 
1°31 $85 212 1:06 0 99 0 84 
L52 385 2:64 118 1:27 1:03 
2 08 415 5-30 0-60 2-60 1 60 
2°25 430 5°76 1-17 2-82 1-77 
288 440 5°85 0 55 2-95 1°83 
2-42 445 5:79 —0:77 Í 2:89 1:58 
2-40 460 5-80 1:40 70 1-80 
2°30 470 5°20 1-05 2°80 1-90 
2°18 480 4-80 0-60 2 50 1:80 


* Consideration of the neutron energy distribution shows that a total 
neutron dose of 10** n cm-" is equivalent to an irradiation of 47,400 MWD/te 
in a graphite-moderated power producing reactor (cf Bell el al.*). 

+ Specimens grew. 


The experiments used the restrained shrinkage method® 
in which graphite samples in the form of tensile specimens 
are uradiated under conditions which cause them to 
shrink. The shrinkage is restrained by means of cylindrical 
pads fitted inside the end flanges of the tensile specimens. 
Radiation creep is then determined by measuring the 
difference between the change in length of the stressed 
samples and the change in length of unstressed control 
samples. The results from four experiments are given in 
Table 1. Of the 20 samples irradiated under stress, two 
were broken and two were found to have cracks at the 
junction of the flange and the body of the specimen. In 
the restrained shrinkage method, the stress rises to an 
equilibrium value which ıs just sufficient to produce the 
required creep rate. The specimen will either undergo 
the required creep, or break. Breakage may be due to: 
imposition of unintended forces during the preparation 
and handling of the specimens; the equilibrium stress 
exceeding the strength of the graphite; or to reaching a 
limit in the ultimate ductility. Thus, the survival of a 
sample which has suffered a certain amount of creep gives 
a. lower limit to the ultimate ductility, while the breakage 
of a sample does not necessarily indicate that a limit has 
been reached. The results obtained indicate that the 
ultimate ductility in tension is certainly > 1-5 per cent 
and may possibly be > 2-64 per cent. 

In addition to the tensile samples, a number of speci- 
mens were irradiated to determine the dimensional 
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changes of graphite at very high neutron doses. Some 
of the results obtained are given in Table 2. 


J. H. W. SIMMONS 
A. J. PERKS 
Metallurgy Division, 
> Atomie Energy Research Establishment, 
Harwell, Nr. Didcot. 
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j CHEMISTRY 
Negative Surface lonization of Complex 
Molecules 


Lun formation af negative ions by the surface ionization 
of gases on hot metallic filaments has been used as a 
moans of determining electron affinities. In the method 
of Sutton and Mayer!, the total negative ion current 
and the total electron current were measured as functions 
of temperature, by means of a magnetron. This technique 
has been refined by Page? and extended to more complex 
molecules’. In the absence of mass analysis, the process 
~> giving rise to the negative ions is postulated a priori 

and justified on the basis of reasonableness and internal 
consistency. 

Mass spectrometric investigations of negative surface 
ionization have been confined to simple molecular species 
such as the halagens, oxygen, sulphur, etc.4. Results 
for more complex=molecules are recorded here. 

The mass spectrometer used in this work was a 12” 
radius of curvature, 60° sector field instrument. It had 
a base pressure of 10-8 torr. (A torr is defined as 1/760 
of a standard atmosphere.) The gaseous species was 
passed over an incandescent tungsten or platinum filament 
located in the ion source of the mass spectrometer. Total 
pressure in the filament zone was about 10-° torr. The 
temperature, as measured with an optical pyrometer, was 
varied from 900 to 1,600° C. 

The results are summarized in Table 1. : Only the 
largest ion peaks are included, accounting for about 90 
per cent of the total ion current. The ion current varied 
with temperature, having a maximum value of about 
10-*% amp, and @ minimum value of about 10-1: amp. 

„~ in general, the relative magnitudes of the ion currents 
~ did not change significantly with temperature. ‘These are 

shown in column 3 of Table 1, in order of decreasing 
intensity. The ions predicted by the magnetron experi- 
ments of Page et al. are shown in column 4. 

It is obvious that there is a considerable discrepancy 
between what is postulated and what is observed. Some 
of the discrepancy may arise from differences in total 
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Tabis 1 
Molecule Filament Tons observed Tons predicted 
O: W WoO,- 0-* 
N,0 Ww O-, WO;- O-* 
we Ww WO,-, o> N Og s-t 
SFe wW SEs, SE, E~ SEs, T < 1,320° Kt 
C,(CN), t C,(CN),~ CONAS 
I({CH;),CO]s Pt (CHa) CO- CH,COCH,- — 
8 WwW, Pt C,H-, Ce, CN- O. Figi 
{CHN}; wW EN- — 
* Page, F. M., Trans. Faraday Soc., 57, 859 (1961). * 


az” t Ansdell, D A., and Page, F., M., Trans. Faraday Soc., 58, 1084 (1962). 
Our results are complicated by the presence of a large Ol- peak arising from 
„à animpurity in our sample, 


t Kay, T., and Page, F. M., Trans. Faraday Soc., 60, 1042 (1964), At our 
lowest temperature, 1,270° K, SF,- is the predominant ion. 


§ Page, F. M., and Kay, J .. Nature, 199, 483 (1963), 
T Gaines, A. F., and Page, F. M., Trans. Faraday Sot., 89, 1266 (1963). 


pressure, filament purity, etc., between the two sets of 
experiments. It is more probable, however, that the 
discrepancy arises from the impossibility of predicting 
the nature of the ions which may be formed from a given 
molecular species. If chis is the case the electron affinities 
determined by the magnetron technique are probably 
unreliable. 

The presence of CN- as a major peak in the case of the 
hydrocarbons points up the very great importance of the 
interaction of gas and-filament. The nitrogen is probably 
present originally eithar in the form of physically absorbed 
or trapped nitrogen, or as metallic nitrides. 


JonHn T. HERRON 
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Wirum R. SHIELDS 
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Washington, D.C. 
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Discrepancies ketween Micellar Molecular 
Weights by Number-Average and Weight- 
Av2rage Methods 


In recent years, light-scattering techniques have been 
widely used for the cetermination of micellar molecular 
weights. On the other hand, a few workers*-* have chosen 
to make such determinations through measurement of 
colligative properties, in particular, by measurement of 
the lowering of the vspour pressure. 

In general, such mezsurements give values for the micel- 
Jar molecular weight which are much lower than those 
determined by light-scattering. This is not altogether 
surprising since, as ie well known, light-scattering tech- 
niques give ‘weight-average’ molecular weights, while 
measurement of the colligative properties results in 
‘number-average’ weights. Only in completely mono- 
disperse systems will these two averages coincide; in all 
other cases, the weight-average value will be greater than 
the number-average, and, indeed, the ratio of the two is a 


..measure of the polydispersity. 


However, the ratio between the values for micellar 
systems seems to be much larger than can be accounted 
for on the basis of whet is known about the distribution of 
micelle size, that is, >n the basis of modern theories of 
micelle formation, the distribution of micelle sizes should 
be fairly sharp. 

In fact, Debye and Doll have rejected polydispersity as 
the explanation, but rather ascribe the higher results 
obtained from light-scattering measurements to the 
presence of dust and sther impurities. 

‘Totally disregarded in all discussions of these dis- 
crepancies has been the fact that the distribution of 
molecular weights in a micellar system is not a simple 
unimodal one (to vvhich the statements about the 
significance of the weight average-number average ratio 
apply), but rather a bimodal distribution, possessing one 
peak at a molecular weight Mo, corresponding to the 
monomer of surface-active agent and a second, distant 
peak at Mm (= nM,., corresponding to the micelles, and 
where n = aggregation number. Furthermore, and most 
significant, the ratio Letween the heights of the modes is a 
function of concentraaion. (It should be pointed out that 
Debye and Prins‘ ncted that the definition of number- 
average molecular weizht in micellar systems could explain 
the concentration-derpendence observed in such measure- 
ments, but they failed to make the next step.) 

What we have, in Tact, is a system in which the peak 
corresponding to detergent monomer increases in size 
linearly with concentration until the critical micelle 
concentration (co) is mached, during which time the peak 
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corresponding to micelles has zero height. Above co, the 
monomer peak remains constant in height, while the 
micelle peak increases at a rate proportional to the 
concentration divided by n, the aggregation number. 

Let us assume, as a reasonable first approximation, that 
the distribution of micelles is monodisperse, that 18, 
n = aconstant. Now, if N is the total number of monomer 
molecules, and æ is the fraction of monomer molecules in, 
the form of micelles, then the number of free monomer 
molecules is: 


N,=(1—a)N (la) 
while the number of micelles 1s given by: 
Nm = Nap (1b) 


and where, of course, Ny + NN m = N. 
Substituting these values into the well-known definitions 
of weight-average and number-average molecular weights, 


apparent molecular weights (as functions of æ) are 
obtained : i 


M? = EN,MŽJEN,M:ı 

= [l+a(n—1)] M, (2a) 
Mi = EN,M JEN; 

= nM ,/[n—a(n—1)] (2b) 


where Mf and ME are the apparent weight-average and 
number-average molecular weights, respectively, and the 
indices are summed over 1 and m. 

If we divide both sides of equations 2a and 26 by Mo, 
the monomer weight, we obtain: 


ny = 1+a(n—1) (3a) 
nm, = niin-—a(n—1)] (3b) 


where ny and np are apparent aggregation numbers, and 
the relations now give the dependence of the apparent 
aggregation number on the true aggregation number as 
an implicit function of concentration. 

Tables of the apparent aggregation numbers for values 
of n from 5 to 150 (in steps of 5) as a function of ~ have 
been computed, using an IBM ‘1401’. Ratios of the 
apparent aggregation numbers as a function of concentra- 
tion were also computed. 

In Fig. 1 we have plotted the apparent aggregation 
numbers, ny (solid lines) and nf (dashed lines), as functions 
of log concentration for a number of values of n. For 
convenience in plotting, the concentration has been con- 
verted into multiples of the critical micelle concentration 
(c.m.c.), that is, c/co. 


and n“ 


na 
te 
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Fig. i 
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Fig. 1 reveals the reason for the differences which have 
been observed. In both methods, the apparent aggregation. 
number approaches the true aggregation number asympto- 
tically. However, the weight-average aggregation number, 
ny, rises quite rapidly to a value near that of n, while the 
number-average aggregation number, ny, rises very slowly, 
only approaching n at quite high values of c/co- 

In Fig. 2 the values of the ratio of np to np are repre- 
sented as a function of log cfco It is interesting to note 
that for all values of n, this ratio has 1ts maximum at 
twice the critical micelle concentration, and that the ratio. 
(which is a measure of the discrepancy between the two 
methods) may reach quite high values. For example, the 
maximum. ratio for n = 1101s 28, and for n = 150 itis 38. 





107 1 10 10? 10° 
Multiples of ¢.m.c. (¢/¢,) 
Fig. 2 


The observed discrepancy may be expected to be less 
than the maximum, however, since the comparison is more 
hkely to be made at higher concentrations, for example, at 
five or six times the critical micelle concentration, where 
the discrepancy would be reduced by about 30 per cent. 

Another significant parameter to be considered is the 
concentration at which the apparent aggregation number 
reaches some fraction of the true aggregation number; 
a reasonable value would be 90 per cent, since the error 
of measurement in light-scattering measurements, for 
example, may be of the order of 10 per cent. As might be 
expected, this quantity is also concentration-dependent, 
being only slightly so for nj, and markedly so for na. Thus, 


for n = 10 the required concentration for ng is 9-0co,- 


while it is 84:0¢, for n. Forn = 110, the concentration at 
which ni is equal to 90 per cent of n has only increased to 
9:9c,, while for na, 1t is equal to 1,000c,. 

From this, one may conclude that useful measurements 
of aggregation number by a number-average technique 
must be carried out at such high concentrations that the 
measurements might well be completely vitiated by the 
non-ideality of the system. This would be especially true 
in systems involving non-ionic surface-active agents where 
methods of determining (and hence correcting for) the 
‘non-ideality’ are difficult to come by. One 1s thus forced 
to the further conclusion that methods for the determina- 
tion of micellar size based on number-average techniques 
are, in general, unacceptable. 

One additional point remains to be made. Although the 
approach to the true aggregation number is rapid for 
weight-average systems, it does occur through a finite 
interval. As a result we might expect to see an upward 
deviation. from linearity of the Debye plot in the neigh- 
bourhood of the critical micelle concentration. Such 
deviations have been found in our own work, and have 
been frequently reported, most recently by Balmbra et ai.®. 
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In view of the present considerations, it is probably not 
necessary to assume (as have Balmbra eé al.) that the 
micelle size changes with concentration, although this 
cannot be decided unequivocally. For example, if their 
results are interpreted along the lines we have suggested, 
their data for the hexaethylene glycol ether of decanol 
give an approximate apparent aggregation number of 40 
at a concentration of 0-004 g/ml., while equation 3a yields 
an apparent aggregation number of 63. In view of certain 
of the approximations mvolved, this is probably good 
agreement, although, as has already been indicated, some 
dependence of micellar size on concentration cannot be 
disregarded. 

I thank Dr. J. F. Kuong for carrying out the computer 
tabulations involved in this work. 


PAUL BECHER 
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B-Decay in Preparative Noble Gas Chemistry 


Wir regard to projected research by Miller, Spratley 
and Pimentel on the synthesis of helium compounds, for 
example, and in particular the ingenious experiment 
based on the 6-decay of tritiated inorganic fluorides', it 
is interesting to recall mass spectrometer surveys of 
organic compounds labelled with 6-emitting components?-, 

For any tritiated compound, the following reaction 
might be proposed: 


RSH > R.2He + e% 


However, in the case of mono-tritiated paraffins, the 
cearbon-helium bond is ruptured during 6-recoil, and of 
the many and varied species detected in a mass spectro- 
meter containng CH,°H, the expected one, [CH He]", 
occurs only to the extent of about 0-06 per cent”. Gaseous 
C,H,*H presents a very similar mass spectrometer pattern, 
with a scarcity of the peak attributable to the [(C_H,*He}+ 
ions®. Also, [CH,®*Kr]+ ions are found in only about 
0-4 per cent of the decays from CH,**Br (ref. 4). On the 
other hand, in 70 per cent of the 6-decays In gaseous 
CEHI samples, the [(CH,3**Xe]*+ ions remained intact, 
compared with a 34 per cent survival of [CH,!*°Xe]* ions 
for the correspondingly more energetic B-decay of 13I in 
CHI vapour’. These data illustrate the general 
principle that the abundance of an intact parent carbon- 
noble gas ion depends on the carbon-noble’ gas bond 
strength, as well as the recoil energy imparted to such 
bonds from 6§-decay. 

Unfortunately, from a preparative point of view, these 
carbon-noble gas species cannot be isolated for a more 
casual laboratory examination. Despite these drawbacks, 
it is feasible that tritium decay in solid fluoride samples 
(ref. 1), 

PHE, — PHeF, 4 e°- 


will yield material of suitable stability. 
To date, no authentic chemistry has been established 
for helium, neon or argon; nor have any chlorides or 


‘bromides of krypton or xenon been synthesized, despite 


vigorous attempts to do so’. However, in the light of the 
above facts, it should be possible to extend the range 
of noble gas compounds, and reactions, such as: 
2Nak —> 2NeF + e.,; and | 
12177 Halogen], —> 1*!Xe[Halogen], + e% 
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may provide a basis Sor realizing a neon fluoride as well 
as chlorides and bromides of xenon. 
G. J. Moopy 
J. D. R. THOMAS 
Department of Caemistry and Biology, 
Welsh College of Advanced Technology, Cardiff. 
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Crystal Structure of Strontium Diborate 


SrO-2B,0, orystallizes below 1,000° C from a melt of the 
same composition. The crystals belong to the space 
group Pmn2, and hav> unit cell dimensions a = 10-711 + 
0-005 A, b = 4:427 + 0-002 A, c= 4235 + 0-002 A. 
The calculated densit7 with 2 formula units in the cell is 
4:02 g/em?. 

The structure has ksen. solved with a three-dimensional 
Fourier synthesis ani refined by the method of least 
squares. A reliability index of 12-6 per cent was obtained 
for data from 189 three-dimensional reciprocal lattice 
points. The followirg parameters were obtained: 





Fig. 1. Projection along ths a-axis. Filled circles represent boron, open 

circles represent oxygen, large dashed circles represent strontium. The 

unit cell is Indicated with dashed lines. Oxygens closest to strontium in 

projection form bridges wih layers below or above, which are mirror 
images of the layer shown 


A projection of the structure is shown in Fig. 1. Essen- 
tially the structure may be described as a three-dimen- 
sional network of BO,—— tetrahedra with an average B--O 
bond-length of 1-49 Ke The network shown in Fig. 1 is 
bonded to its own mirror image (exactly above or below) 
through the atom O,. This atom is seen close to strontium 
(dashed circle} in the projection. A noteworthy feature 
of the structure is the occurrence of an oxygen atom (Q,) 
co-ordinated by three borons. 

A detailed report ebout this structure determination 
will be published elsewhere. 

Jan Kroau-Mor 


Swedish Institute for Silicate Research, 
Gothenburg, Sweden. 


614 


Differentiating Phenols from Certain 
Inorganic lons by Paper Chromatography 


Tux identification of phenols in materials containing 
large amounts of iron and other transition-metal cations 
is often determined by paper chromatography. Classifica- 
tion of the phenolic compounds is made by reference to 
Ey values, characteristic colour reactions with spray 
reagents, and spectra of the eluted areas of the chromato- 
gram. In the course of an investigation of the extractives 
of the Orgueil meteorite!, we found that iron, nickel and 
cobalt salts possess chromatographic properties which are 
remarkably similar to those of phenols. Because of the 
widespread interest in the organic constituents of carbon- 
aceous meteorites, we wish to pomt out these similarities 
and suggest analytical techniques for differentiating the 
two classes of substances. 


Fable 1. Ry VALUES OF GROUP VILI OATIONS 
Cation Solution applied Rr in BAW * 
Fet++ Neutral, aq. 080 
Fet+t 10M HOl 0°54 
Nit+ Neutral, aq. 0 30; 039 
Nitt 1-0 M HCl 0:27 
Cott Neutral, aq 0 80; 0°39 
Cott 10 M HCI 0 25 
H+ 10M HCl 0-63 


Developing solvent: butanol/27 per cent acetic acid (1:1 v/v). 


In Table 1 are listed the Ry values of iron, nickel and 
cobalt chlorides from neutral and acid media in butanol/ 
acetic acid/water solvent. Multiple spots may be obtained 
for each by varying the acid concentration, as had pre- 
viously been shown?. Each spot absorbs ultra-violet light 
and appears dark on the paper, as do many unconjugated 
phenols. 

A number of coupling and complexing spray reagents 
are used to detect phenols on paper chromatograms?-‘. 


Table 2. COLOUR REACTIONS* OF GROUP VILL ELEMENTS WITH PHENOLIC 


SPRAYS 

Cation Solution Spray reagent} 

A B C D E F 
Fett+ Neutral NC Bl NC NC fY NC 
Fett+ 10M HCI Y Bl fPk NC fY fB 
Nit+ Neutral TY Bl NC NO NC P 
Nitt 1-0M HO! Y Pk-BI IY NC NC P 
Cott Neutral NC IB B IP NC NC 
Cott 10MHCI Bl IBI B ip NC NO 
HCl V BI NC NC NC NC 


* Colour code: B, brown; Bl, blue; P, purple: Pk, pink: Y, yellow, 


NC, no colour; f, faint; 1, light 
i Diphenylpicrylbydrazyl; a PE: ferricyanide; C, diazotized 
Fo 


sulphanilic acid/sodium carbonate; —Ciocalteau reagent; #, diazotized 
benzidine; F, p-mfirobenzenediazonium tetraflucborate/sodium carbonate. 


Table 2 illustrates the colours given by iron, nickel and 
cobalt salts with six of the most common of these reagents. 
Admittedly, most of the colours are faint; but it is 
obvious that the investigator should exercise care in 
drawing any conclusions if he is trying to dotect low 
concentrations of phenols. 

One of the common diagnostic tests for phenols, 
phenolic acids and related compounds is the ultra-violet 
spectrum. The spectra in neutral and basic solutions have 
been used to characterize many absorbing species’. One 
is again confronted, however, with the problem of differ- 
entiating the spectra of transition-metal ions from those 


Table 8. ULTRA-VIOLET ABSORPTION SPECTRA OF INTERFERING IONS 


Neutral 0-001 M NaoH O-1 M HCI 
Ton (Amax) Amax) (Amax) 
Fett+ 293 mu No max (ppt.) 332 mu 
Nit+ 890 mz 390 my ae 390 mye 
No- 301 mu 298 mz (ppt. 800 mg 


of phenols. Table 3 shows the Amay values of iron, nickel 
and nitrate salts in neutral, acid and basic solutions. The 
variation in Amax with pH probably reflects the different 
chloro complexes formed. in the presence of hydrochloric 
acid®. Here again, one may infer the presence of phenolic 
absorbing species from the spectra. Thus, the 330 my, band 
of iron could be duplicated by gentisic acid’, or the bands 
around 300 mu given by mineral nitrates could be mis- 
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takenly assigned to meta- or ortho-hydroxybenzoic acids®. 
The aforementioned benzoic acid derivatives have already 
been reported to be present in moteorites®. In one respect, 
the neutral to alkaline spectral shift of phenols differs 
from the transition metals: a bathochromic shift is 
normally observed for phenols (some acids undergo a 
slight hypsochromic shift)’, while no shift, or a disappear- 
ance of the absorbing band with the appearance of a 
precipitate, is observed for the Group VIII cations. 

To characterize spots on a chromatogram unambigu- 
ously as metallic, we suggest spraying with reagents such 
as quercetin, potassium ferrocyanide, potassium thio- 
cyanate, or dimethylglyoxime. A selection of 30 common 
phenols, phenolic acids, flavones and hydroxyquinones 
failed to show any colour reactions with these spray 
reagents. Iron, nickel and cobalt, however, reacted with 
all of them, as shown in Table 4. 


Table 4. COLOUR REACTIONS* OF GROUP VIIT CATIONS ON FILTER PAPER 
WITH METAL-SENSITIVE SPRAY REAGENTS 


Alcoholic Aqueous Aqueous Alcoholic i 
Cation quercetin K,Fe(CN), KSCN dimethylglyoxime 
Fett+ ol Bl RB YB 
Nit+ Y Pk GBk brPk 
Cott ¥ G Pk-BI Bil 


* Colour code: B, brown; Bk, black; BI, blue; G, green; Ol, olive drab; 
Pk, pink, R, red, Y, yellow; br, bright, 1, light 

From the foregoing, it can be seen that extreme caution 
should be exercised in deducing the presence of phenols 
in materials with high mineral content by the method of 
paper chromatography. The problem of differentiating 


phenols from transition metals may be resolved by:~ 


(a) spraying the chromatogram with motal-sensitive spray 

reagents, or (b) by prior electric deionization treatment of 

the sample to remove metal ions, as described by Oró’. 
CORNELIUS STEELINK * 
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Sphere Drop Tests in High-polymer 
Solutions 


Ir is well known that dilute solutions of many high- 
polymer materials exhibit friction or drag reduction effects 
m turbulent flow’*. Recent separated laminar flow 
experiments with higher polymer concentrations have 
now shown. drag reduction also. 

Crawford’ has reported that steel spheres fall faster in 
a guar gum solution than in plain water. To investigate 
this observation further, drop tests were made in varying 
concentrations of guar gum (supplied by the Western 
Company, Dallas, Texas, as ‘Westco J2-FP’) in plain 
water, using a time trap apparatus that could measure 
velocity within + 2-5 per cent and could be triggered by 
steel spheres as small as 9/16 in. in diameter. Results 
of these tests are shown in Fig. 1. 

Later, with time trap apparatus sensitivity increased to 
sense steel spheres as small as 3/8 in. in diameter, a 
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* further series of tests using varying concentrations of poly- 
(ethylene oxide) of 4 million molecular weight. (supplied 
by the Union Carbide Chemicals Corp., New York, as 
_ ‘Polyox WSR-301’) gave the results in Fig. 2. 

_. The highest Reynolds number reached in the tests was 
a l-in. diameter steel ball in water. 
_ From this it is believed that all steel spheres dropped in 
oe these tests. experienced separated! aminar flow only, 
since both poly(ethylene oxide) and guar gum solutions 
tended to thicken in very small concentrations; and, 
although no viscosity measurements of these polymers 
. were attempted; the viscosity was assumed to be equal 
to or greater than that of water. In fact, solutions in 
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the order of 1 per cent: poly(ethylene oxide) or 1 per cent 
guar gum in water had the consistency of a thick corn 
starch solution. E 

Referring to Fig. 3, the drag coefficient values for the 
1-, 0-75-, 0-625-, and 0-562-in. diameter spheres exhibited 
wall effect influence due to the 3-in. drop tube diameter. 
The 0-5- and 0-375-in. diameter sphere velocities were not 
detectably affected by the drop tube walls, however. In 
any case, all spheres snowed drag reduction. Based on 
the data from Figs. 1 and 2, then, the maximum drag 
coefficient. reductions obtained were 28 per cent for a 
l-in. diameter ball in a 0-5 per cent guar gum solution, 
and 28 per cent, also for a l-in, diameter ball, in a 0-75 per 
cent “Polyox’ solution. 

A partial explanatior. for the — of these tests could 
be that the increased velocity ex ‘perienced by the spheres 
is due to the jarge — ine: ase — with each 














versus Re for a pees ‘thaws $ is fir — 
drag coefficient from @49 at. R 19% 104 a 
by the l-in. diameter ball, in water) to a low of 0-40 at 
Re=5x 10°, before the drag coefficient rises again with 
further decreases in Re. This variation in the drag coeffi- 
cient accounts for only about an 18 per cent reduction in 
the drag coefficient, however. _ 

I thank Lieut. John Kinnier of the Naval Post Graduate 
School, Monterey, California, who, with Harold Thompson 
of the Station, assembled the apparatus and ran the tests 
with guar. 
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Reduction of the Alkali and Alkaline Earth 
Halides by Active Hydrogen 


In the course of investigations on the reduction of 
metal halides by atomic hydrogen, using apparatus 
previously described!*, I have found that the halides of 
lithium, sodium, potassium and caesium are all reduced 
to metal and hydrogen halide, resulting in the formation 
of metal mirrors on the walls of the reaction tube. The 
reaction apparently takes place in the vapour state 
during sublimation of the halides which is caused by the 
rise in temperature due to atomic recombinations. 
Unreduced sublimed halide may co-deposit with the 
metals or be deposited separately depending on tempera- 
ture and relative volatility. It is possible to derive 
relative reaction rates for the halides: these are shown 


below: 
LiF 128 Nak 40 KF 174 
Licl 33 NaCl 70 KCl 1:36 CsCl 2°56 
LiBr 48 Nabr 8-8 KBr 10 CsBr 2-4 
Lil 6 Nal 13-0 KI 1:3 


It will be seen that the reaction rate decreases with 
increasing atomic number of the metal atom. With 
minor anomalies for KBrand KI it increases with increasing 
atomic number of the halogen atom and thus corresponds 
to the decrease in heat of formation. The extent of 
reaction, under conditions not yət optimized, varies 
from 70 per cent for Lil to 1-2 per cent for KBr and KI. 

There is a marked difference in the behaviour of the 
alkaline earth metal halides. Here, under controlled 
conditions, reduction gives rise to deposits of metal and 
dihalide in equimolar proportions, the overall chemical 
composition therefore boing expressible as MX. Except 
in the case of fluorides, where the metal is so finely 
dispersed in the halide that no characteristic metal lines 
are obtained, X-ray analysis confirms the presence of 
metal and dihalide. All the evidence points to the 
formation of monohalides of the metals beryllium, 
magnesium, calcium and barium, which disproportionate 
readily on contact with the walls of the reaction tube, 
yielding metal and dihalide. 

The results of these and related investigations will be 
described and discussed in more detail elsewhere. 


F. K. MCTAGGART 


C.S.I.R.O. Division of Mineral Chemistry, 
Fishermen’s Bend, 
Victoria, 
Australia. 
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BIOPHYSICS 


X-ray Diffraction Patterns of Liquid 
Crystalline Solutions of Poly-y-benzyl-L- 
glutamate 


THe X-ray diffraction patterns of liquid crystalline 
solutions of poly-y-benzyl-L-glutamate in various solvents 
have been observed by Luzzati et al.‘ for a range of con- 
centrations, They report four phases, namely, isotropic, 
cholesteric, paracrystalline and complex; the patterns 
are observed with unoriented materials and reflexions 
corresponding to equatorial reflexions only are recorded. 
In some cases, several reflexions are observed which 
apparently index on a hexagonal lattice. In the cholesterie 
phase, observed in m-cresol at concentrations between 
about 20-36 parts by weight of polymer per 100 parts of 
solution, one diffuse reflexion only is seen. Luzzati et al. 
calculate the length of the residue translation h of the 
polypeptide chain assuming that this diffuse reflexion 
may be regarded as the 10 reflexion of a hexagonal net 
and (implicitly) that the whole of the polymer has the 
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corresponding mean inter-chain distance. For the 
cholesterie phase in m-cresol they obtain a value ~ 2-0 A 
for the residue translation A and suggest that this is 
evidence that the chain conformation is the 3,) helix 
(for which h is 2-0 A). 

Since orientation is easily induced in the liquid crystal- 
line phase by flow** evidently information concerning the 
helix pitch could be got by observing the layer line 
streaks in the fibre diffraction pattern of an oriented 
sample. These will be weak compared with the diffuse 
scatter from the solvent, and clearly it is desirable to 
minimize this scatter by using nearly monochromatic 
radiation. 

We have recently constructed a point-focusing X-ray 
diffraction camera in which copper Ka radiation is re- 
flected by a toroidal gold surface and most of the white 
and K8 radiation is removed‘, This camera has been 
used in conjunction with a cell in which the polymer 
solution is oriented by shear. The polymer solution is 
contained between two thin parallel beryllium windows 
of 1 in. diameter, separated by about 05 mm. One 
window is fixed while the other is rotated at constant 
speed, producing a shear gradient in the solution, and 
good fibre diffraction patterns have been observed. One 
of these is shown in Fig. 1, where a meridional are corre- 
sponding to a spacing 5-23 A may be seen. Over a con- 
centration range from 11 to 36 per cent wt. by wt. the 
spacings lie between 5-23 and 5-26 A; the variation is 
random and due to errors of observation. This is almost 
identical with the spacing of the strongest reflexion on 
the layer line in the solid polymer (Bamford, Hanby — 
and Happey*, 5-26 A; Parsons and Martius*, 5-25 A). 
It has been shown recently by Elliott, Fraser and MacRae? 
that in the solid polymer there are no sharp reflexions 
on the layer lines, which are streaks; the polymer is in 
fact paracrystalline. 

The identity of the ‘spacing’ of the meridional are in 
Fig. 1 with that of the point of maximum intensity in 
the streak on the ‘turn’ layer line (for which the reciprocal 
space co-ordinate in the fibre axis direction is 1/5-4 A-*) 
is convincing evidence that in the cholesteric phase the 
polymer is in the «-helix form. The ‘turn’ layer line of 
the 3,) helix has a reciprocal space co-ordinate 1/6-0 A-; 
we have not observed any reflexions which might be 
associated with this. 

That the chain conformation is the «-helix and not the 
319 helix in this phase is put beyond doubt by observations 


Fig. 1. X-ray diffraction photograph of cholesteric phase in poly-y- 

benzyl-L-glutamate in m-cresol, under constant shear (degree of 

polymerisation about 1,450), concentration 0-23 g/g solution. Copper 

e radiation, partially monochromatized, 250 vamp, 50 kV, 3-63 cm 

specimen to film distance. Direction of shear vertical. Exposure 

mel-5h. Unit magnification. Meridional reflexion 5-23 A, equatorial 
reflexion 27-2 
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Fig. 2. Paracrystalline phase in poly-y-benzyl-L-glutamate in m-cresol 

degree of polymerization about 90), concentration 0-41 g/g solution. 

ther details as in Fig. 1 except: ——— time 1 h, enlar five times, 
Spacings o : 17-82, 16-06 A 


in which the cell was tilted through 22° 40’ about an axis 
perpendicular to the X-ray beam, so that the mean 
direction of the molecular axes was favourable for reflecting 
from planes normal to this axis, spaced at 2-0 A. A camera 
in which the film was curved to a conical shape was used. 
This, as has been pointed out elsewhere*, favours the high 
angle reflexions. The distance from the specimen to the 
cone apex was 5:03 cm. It was not possible to be certain 
that a weak 2-0 A reflexion was not present, since it 
might have been obscured by beryllium rings of spacing 
1-97 A (one from each window). 

However, a reflexion of spacing 1:50 A was recorded 
with an exposure of 2:5 h, and this characteristic reflexion 
shows the presence of «-helices. The same reflexion has 
been recorded with the paracrystalline and cholesteric 
phases both of poly-y-benzyl-L-glutamate and poly-y- 
methyl-1-glutamate, in m-cresol. Evidently the degree 
of orientation of the molecules is not high enough to make 
it necessary to tilt the cell through 31° (corresponding to 
a Bragg spacing 1-5 A) in order to observe this reflexion. 
This is fortunate, for such a rotation cannot be made 
with the present cell. 

We believe that the value h = ~2-0 A, which Luzzati 
et al. obtained, is wrong, not because of errors in measuring 
the diffuse reflexion (for our measurements lead to the 
same value if the same calculation is made) but for other 
reasons. Two sources of error are possible. First, the 
packing may not be hexagonal. Secondly, it is likely 
that some of the molecules are packed at greater 
interchain distances than the assumed one. Under our 
conditions of observation a microphotometer trace of the 
equatorial ‘reflexion’ is decidedly unsymmetrical, with a 
good deal more density on the side corresponding to 
longer spacing. The overall concentration of polymer 
must therefore be less than that in the regions of regular 
packing. When this overall concentration is assumed to 
hold for the regularly packed regions, the calculated 
volume of the unit cell will be too large, and hence h 
will be too large. 

In the paracrystalline phase in m-cresol we have found 
that the packing is hexagonal as found by Luzzati et al.*. 
In this phase the reflexions are very sharp, and with the 
extremely good collimation obtained when a Hilger and 
Watts microfocus X-ray generator is used with our 
camera the ‘first equatorial’ is seen from Fig. 2 to be, in 
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fact, doubled, consist.ng of an inner weak ring and an 
outer strong ring. The reflexions are most easily resolved 
when the molecular weight is low (degree of polymeriza- 
tion ~ 90) when the crientation is absent. If the strong 
ring is indexed as the first equatorial reflexion of the 
paracrystalline phase. four other equatorials also index 
on this same hexagonal array. The inner weak ring can 
be considered as the first reflexion of another paracrystal- 
line phase. This secoad paracrystalline phase was shown 
also to be hexagonal Preliminary results with poly-y- 
methyl-t-glutamate ia m-cresol have indicated that a 
two-phase paracrystelline system exists here also in 
conjunction with the cholesterie phase. 

Examination of the complex phase by the present 
technique promises te be very interesting. Preliminary 
results indicate that tae spacing of the layer line reflexion 
of poly-y-benzyl-t-glutamate in dimethylformamide has 
decreased to about 5°15 A. In this phase, Luzzati et al.? 
have found evidence of a triple helix arrangement and 
have suggested that she structure may be a coiled-coil. 
In the coiled-coil structure proposed by Crick® for a- 
keratin, a meridional reflexion 5-15 A is expected (it is 
observed in the «-keratin diffraction pattern’). Our 
results, therefore, previde some evidence for coiled-coil 
structures in the complex phase. There is also a very 
sharp meridional refexion in our photographs of the 
complex phase of spazing 10-2 A. This reflexion (or one 
near it) has been observed weakly in diffraction patterns 
of poly-y-benzyl-t-glutamate fibres and strongly in those 
of the racemic polymor’"*, It is evidence of a distorted 
a-helix. 

These preliminary results emphasize the value of the 
intense, finely collimated and relatively monochromatic 
beam which is obtaired from a toroidal mirror in com- 
bination with a microsocus X-ray generator and show that 
at times it may be used with advantage even in examining 
diffraction patterns from liquids. The cell with a rotating 
window is expected to have other applications in work of a 
biophysical nature. 

In conclusion, we believe that our experiments estab- 
lish that the conformation in the cholesteric form of 
poly-y-benzyl-L-glutamate in m-cresol is the «-helix, not 
the 3,» helix. 

D. A. D. PARRY 
A. ELLIOTT 
Department of Bioohysics, 
King’s College, 
26-29 Drury Lane, 
London, W.C 2. 
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Viscometry of Human Blood for Shear Rates of 
@-100,000 sec 


THE viscometry of human blood has been represented 
by a number of empirical equations. Their usefulness has 
been limited to relasively narrow ranges of shear rate. 
Among the equatiors suggested, Casson’s equation has 
been used for calculating the shear strength of blood and 
for describing its viseometry at shear rates below 5 sec- 
(refs. 1 and 4) (equation 1): 


Vze=Kvy+ VC (1) 
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where + is shear stress, y is shear rate, K is Casson viscosity, 
C is shear strength of suspension. | 

By using a series of viscometers with shear rate ranges 
from 2 to 100,000 sec-!, it is possible to show that 
Casson’s equation applies over the entire range. 

Samples of blood were drawn into ACD buffer at a 
hospital blood bank. Within one day the shear stress— 
shear rate characteristics of the blood were determined 
in a variety of viscometers. The temperature of all samples 
was controlled at 37° C during measurement. The vis- 
cometers used were as follows: 

Shear range 2-230 sec-1. The Brookfield LVT cone and 
plate viscometer which accommodates a l-ml. sample 
(cone diameter 4:7 em and cone angle 1-2°). 

The Brookfield LVT 1/5 cone and plate viscometer which 
accommodates a l-ml. sample (same as LVT except that 
it has 5 times the sensitivity of the LVT). 

Shear rate range 7-5-1,500 scc-1. Special Brookfield 
high-speed cone and plate viscometer which accom- 
modates a l-ml. sample (cone diameter 4-7 cm and cone 
angle 0-8°). 

Shear rate range 1,000-100,000 sec. Merrill-Brookfield 
viscometer Couette type: cylinder diameter, 5-5 cm; 
cylinder length, 2-5 em; width of annulus, 0-014 em. 

It was possible to fit Casson’s equation to results 
obtained both in the high and low shear rate ranges as 
indicated in Table 1. It should be recognized that in 
extrapolating from high shear ranges to low shear rates, 
there may be greater error because of the mechanical 
difficulties involved in determining the shear strength from 
data extrapolated from the high shear rate range. At the 
higher shear rates, the shear strength has a less-critical 
effect on shear stress than at the lower shear rates as can 
be seen from equation 1. In fact, at the higher shear 
rates, ib can be seen from equation 1 that the shear 
stress-shoar rate relationship approaches the form of a 
Newtonian fluid. 


Table 1 


Casson equation 
Shear rate range Viscomater fitted to data 

Sample A 

6-4-127°5 LVT 1/5 f/F=0:16 yy + 0-340 

751,500 High speed 

29,000-34,000 Merrill-Brookfield 4/ = 0-167 4/y +0250 
Sample B 

64-51 LVT 1/5 of F= 0-167 yy + 0-835 

75-1,500 High speed 

29,000-86,000 Merrill-Brookfield f/f I= 0167 yy + 0-385 
Sample C 

255-1275 LVT 1/5 

115-230 LVT y r=0182 yy + 0-250 

15~-1,500 High speed 

7,000~-78,000 Merrill-Brookfleld / P= 0-163 4/7 + 0-300 
Sample D 

5°75-11-5 LVT 1/5 

23-230 LYT af Tr =0165 4/y + 0-300 

75-1500 High speed 

10,000-48,500 Merrill-Brookfield of P= 0160 /y + 1-00 
Sample # 

2-55-51 LVT 1/5 95 

5-75-2380 LYT af E =168 4/7 +0°38 

15-1 ,500 High speed 

13,000-64,000 Merrill- Brookfield af P= 0-172 4/7 +0 
Sample F 

6375-51 LYT 1/5 

115-230 LYT y P= 0-172 yyt 088 

37°5-1,500 High speed 

12,400-94,000 Merrill- Brookfield VY P= 0177 4/y + 0-25 


The results indicate that using Casson’s equation, it is 


i - possible to extrapolate blood viscometry information 
obtained at shear ranges of 5-200 see-! to shear rates of 


10. 000 100. 000 see-! with less than 5 per cent error. 
This equation was originally derived for printing inks 


o and other flocculated suspensions in which mutual 
- attraction between the particles causes the formation of 


chain-like groups, the dimensions of which control the 
viscosity of the suspension’. When the suspension flows, 
the groups are subjected to disruptive stresses, which 


_ depend on the rate of shear and the size of the group. 
_ Consequently, the equilibrium group size and, hence, the 
- viscosity vary with shear rate. At some shear rate the 
roups are broken down to their primary units and further 


decrease in size is not possible. The shape of the shear 
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stress~shear rate curve assumes a straight line at shear 
rates higher than this critical value. These aspects as 
applied to blood are discussed in detail elsewhere’. 

Our results demonstrate the utility of employing 
Casson’s equation in describing the rheology of blood. 
The wide range of application of this equation permits 
analysis of flow data regardless of shear rates. Its general 
use would permit ready comparison of data obtained in -` 
different laboratories with different viscometers operating e 
in different shear rate ranges. Further, it is a convenient’ — 
expression since only two constants are required to charac- 
terize the viscometry of blood over this wide shear rate 
range. 

Although this equation has been used empirically in the 
past to express blood rheology at very low flow rates, it 
now appears that there is a physical basis for its use. 


S. CHARM 
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Charge Transfer between Nucleic Acid Bases 
and Chioranil 


Since 1950, under the impulse of Mulliken and others?, 
the structural chemistry problem of charge transfer 
complexes has been revived and brought to a stage of 
much greater understanding. 

Among others, Szent-Györgyi?” suggested that such com- 
plexes, the stability of which occurs mainly through 
interactions between donors and acceptors of electrons, 
might play an essential part in many fundamental mechan- 
isms in the field of biology. 

In particular, the formation of such associations between 
carcinogenic substances and acceptors has been observed?, 
and it has been considered that hydrocarbons and cellular 
receptors, such as proteins and nucleic acids, might also 
interact in this way‘. 

However, it would seem that no real systematic experi- 
mental research has ever been undertaken. We therefore 
thought that it would be of special interest to try, as a . 
first approach, to produce charge transfers between the 
purine and pyrimidine bases of nucleic acids and a good 
acceptor. 

With this in view, adenine, guanine, cytosine and 
thymine were separately dissolved with chloranil in 
dimethylsulphoxide at room temperature. It was found 
that both in the adenine (or in adenine hydrochloride) and 
cytosine solutions, a change in colour from yellow to red 
occurred after 1 h, that in the case of guanine a similar 
effect occurred after 4 weeks, whereas the thymine solu- 
tion remained unaffected during a test of the same period. 
As it seemed that the long time-lag for guanine might 
depend to a large extent on a relatively lower solubility, 


guanine hydrochloride was also examined, with the result _ F 


that 10 h were still required to produce the expected 
colour change. 

In order to have a more complete picture of the com- 
plexes formed, the characteristic charge transfer broad 
absorption bands were recorded, using a Cary spectro- 
photometer. Table 1 shows the limits of the longer wave- 
lengths and the position of the maximum intensity of the 
bands obtained. | . 

As there is some overlap of the chloranil absorption 
spectrum, which extends up to 4700 A, with the charge 
















ands, the values given in ‘Table 1 for the peaks 
hese latter may be considered to be only fairly accur- 
jut there is practically no doubt as to the order of 
ese values. 
Using the Benesi-Hildebrand equation, it was then 
¿found that both adenine and cytosine, and guanine 
hydrochloride, produced 1:1 complexes and that the 
equilibrium constants amounted to approximately 10-? in 
each case. 
Furthermore, as the same acceptor is involved through- 

out the whole series of compounds, it was to be expected 
that the lower the ionization potential of the nucleic bases, 
the longer would be the wave-length of the charge transfer 
bands. It is gratifying to see, on comparing columns 3 
— 4 of Table 1, that the values predicted by Pullman’ 


l Table 1 


i Positions a-Lonization 
Complexes Red limits of peaks potentials of 
(A) (A) bases*® (eV) 
Guanine, Chlioranil ow 75510 5,230 78 
Adenine. Chloranil ~ 6,500 4,920 8-3 
oo i@ytosine, Chicranil ~ 6,500 4,780 8-6 


for the m-ionization potentials under consideration are in 
excellent agreement with this rule. 
_ It is now of special interest to emphasize the importance 
of the diversity in the time-lags, which must express a 
_seale of activation energies for the formation of the com- 
plexes. In this respect, it is to be noted that the building- 
up of the guanine complex is in fact governed by the 
greatest activation energy, and this in spite of the fact 
that the complex is the most stable, as is shown by the 
longer wave-length charge transfer band. Moreover, 
tetracyanoethylene does produce quite similar results to 
chloranil. It is therefore now quite clear that a complete 
analysis of such fundamental phenomena must take the 
factor of activation energy fully into account. In relation 
< with this, it is perhaps worth while noting that guanine 
and thymine produce charge transfers much less easily 
than their associates in DNA’s, respectively cytosine and 
adenine. 
_ AS a consequence, the characteristic distribution of 
activation energies might perhaps throw some light on the 
origin of the complementarity of the bases, as found by 
Watson and Crick*®. One could indeed suggest that, 
each pair, this would have emerged through neturi 
selection from the need for protection of one base by the 
other, against. external chemical agents. 
As it seems now established that nucleic acids constitute 
‘the essential target for the action of mutagenic sub- 
stances’, the mechanisms of this, and also of carcinogens, 
are now being investigated in our laboratory, using the 
method here developed. 
Wae thank Prof. iL D’Or for the loan of a Cary spectro- 
— photometer. One of us (P.M. ) — with thanks 
F , EURATOM grant. i 
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BIDS CHEMISTRY 


Gliotoxin from Aspergillus chevalieri 
(Mangin) Thom et Church 


THE antibiotic, glietoxin, first described by Weindling 
end Emerson', has been isolated from cultures of | 
various organisms, Trichoderma viridel*, Gliocladium 
Jimbriatum®, Aspergill.ss fumigatus’, Penicillium obscurum, 
P. cinerascens! and F. terlikowski’. 

We have now also oatained it from Aspergillus chevalieri, 
which, when grown en the medium, malt extract 6 per — 
cent, lactose 4 per cent, sodium nitrate 0-5 per cent and. 
added trace metals, was found to produce an antibiotic, . 
reaching peak concentration after 7 days at 238°C in 
surface culture. The active material was readily extracted. 
from the culture filtrate with chloroform. Purification of 
the chloroform extractive by chromatography on acetic 
acid-inactivated alumina, followed by crystallization from 
methanol or ethanol, gave colourless crystals (25 mg/l. of 
filtrate), m.p. 194°-195° (decomp.), [a] = ~—289-1° 
(c = 0-3 in methanol). (Found: C, 47-8; H, 4:1; N, 8-6; 
S, 19-9. C,s3H,,N.0,8, requires C, 47-8; H, 4:3; N, 8-6; 
S, 197 per cent.) Ona silica-gel thin-layer chromatogram 
the substance had Ry 0-61 in the salvent system, chloro- 
form containing 5 per cent methanol. 

The identity of the crystals was established by direct 
comparison with an euthentic sample of gliotexin. 
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All-D-Bradykinin and the Problem of Peptide 
Antimetabolites 


In the past there kas been much speculation about the 
effect of the incorporation of D-amino-acids into biologi- 
cally active peptides. Several of the antibiotic peptides, 
as well as penicillin, contain D-amino-acids. The anti- 
bacterial activity may be associated with the presence of 
these D-amino-acids. In the case of the peptide hormones, 
where all the amino-acids are of the L series, the replace- 
ment of one amino-acid by the D isomer has usually failed 
to destroy the biological activity. Thus hormonal activity. ~ 
of bradykinin was retained when either serine’ or one of _ 
the phenylalanines* was changed to the D-configuration. 
In angiotensin, inversion of arginine’, aspartic acid*, or 
phenylalanine’ did mot destroy the biological activity, 
although the pD-tyrosine analogue was inactive’. Examina- 
tion of melanopbore: stimulating hormone (MSH)* and 
eledoisin® has showa that the biological activity was 
retained when one amino-acid was ehanged to the D-con- 
figuration. In contrast to these data on the change of a 
single residue, the inversion of all the amino-acid residues. 
in a pentapeptide which has the hormonal activity of 
MSH was found nct only to cause loss of hormonal 
activity, but to produce an antimetabolite of MSH”. This 
peptide, p - histidyl - D - phenylalanyl - D - arginyl - D 
tryptophylglycine, was found to antagonize the action of 
the corresponding al-t pentapeptide as well as that of 
MSH. Because we have been attempting to make specie 
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antimetabolites of bradykinin™, and because there is as 
yet no general method for prediction of the structural 
alterations required to make antimetabolites of peptides, 
we have synthesized all-p-bradykinin and tested it for 
biological activity in an effort to find out whether the 
inversion of all the amino-acids of a peptide may be a 
generally applicable method for the synthesis of specific 
peptide antagonists. 

All-p-bradykinin was made by the solid-phase method 
of peptide synthesis introduced by Merrifield’), His 
procedure for the synthesis of L-bradykinin™ was used, 
with the following modifications. At each stage of the 
synthesis the t-butyloxycarbonyl protecting group was 
removed by treatment of the resin with 4 M hydrochloric 
acid in dry dioxane. The resulting hydrochloride was 
neutralized with triethylamine in chloroform. All the 
dicyclohexylearbodiimide - mediated coupling reactions 
were done in methylene chloride except that of the final 
t-butyloxycarbonylnitro-p-arginine, which was not soluble 
in methylene chloride. A three-fold excess of protected 
amino-acid was used at each step. The ¢-butyloxycar- 
bonyl-p-amino-acids needed were synthesized from the 
D-amino-acids by a standard procedure“, The final 
protected nonapeptide was cleaved from the resin support 
with hydrogen bromide and trifluoroacetic acid™, and the 
nitro groups were reduced by catalytic hydrogenation. 
The product was purified by a 100-transfer counter- 
current distribution in the system n-butyl alcohol : water : 
trifluoroacetic acid (50: 50:1); the partition coefficient 
(1-5) was identical to that of synthetic all-L-bradykinin. 
The overall yield of 765 mg was 47 per cent based on the 
first arginine on the resin. All-p-bradykinin was indistin- 
guishable from all-t-bradykinin (its mirror image) by 
paper electrophoresis and paper chromatography in the 
systems used by Merrifield. A sample of the product was 
converted to the triacetate by adsorption on ‘ITRC-50’ 
sarboxylic ion-exchange resin and elution with 50 per cent 
acetic acid. The optical rotation of this material ([«] 2° + 
84:1° (e. 1-05, water) ) was equal to but of opposite sign 
from that of synthetic ell-t-bradykinin’*. Amino-acid 
ratios found in an acid hydrolysate were glycine, 1-00; 
anaes 3°00; serine, 0-96; phenylalanine, 1-96; arginine, 

The synthetic all-p-bradykinin was assayed for both 
bradykinin-like and anti-bradykinin activity in isolated 
rat uterus, rat duodenum, and rat stomach by methods 
previously described**45, Amounts of all-p-bradykinin 
up to 50,000 times the standard challenge of bradykinin 
showed neither any inhibition of the response to brady- 
kinin nor any bradykinin-like effect. It would thus seem 
that the inversion of all the amino-acid residues may not 
be a generally applicable method for the formation of 
antimetabolites of biologically active peptides. 
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Feruloyiputrescine : Isolation and Identification 
from Citrus Leaves and Fruit 


CITRUS fruits contain several nitrogenous bases which 
are important compounds in human metabolism and bave 
interesting pharmacological properties. Two such com- 
pounds recently identified in citrus, not reported previ- 
ously in other plants, are octopamine and synephrine?-?. 
A continuation of the investigation of basic nitrogen 


compounds in citrus has resulted in the isolation and ` 


identification of feruloylputrescine (N-(4-aminobutyl)-4- 
hydroxy-3-methoxycinnamamide), originally called sub- 
aphylline: 
CH = CH -CO — NH — (CH,),NH, 
— 


HO | 
OCH, 
This compound, found in leaves and juice of grapefruit, 
Citrus paradisi Macf., also has interesting pharmacological 
properties and has been reported previously only in the 
unrelated plant, Salsola subaphylla’. 

Feruloylputrescine was isolated from ‘Ruby Red’ 
grapefruit leaves by extraction, ion exchange chromato- 
graphy, and subsequent crystallization. The leaves 
were homogenized in methanol and filtered. The extract 
was adjusted to pH 8-5 with ammonium hydroxide and 
passed through a column of ‘Dowex 50W-X8’ ion exchange 
resin in the ammonium form. The column was washed 
with acetone, water, and methanol prior to elution of 
feruloylputrescine and other basic compounds with 2 N 
ammonium hydroxide in methanol. The eluate was taken 
to dryness in vacuo, the residue dissolved in a small volume 
of methanol, and oxalic acid added until the solution was 
neutral. After standing overnight at 5° C, the oxalates 
of ethanolamine (identified by infra-red spectroscopy) 
and other basic nitrogenous compounds were collected 
on a filter. Feruloylputrescine, which did not form a 
crystalline oxalate under these conditions, remained in 
the filtrate and was separated from the remaining con- 


stituents by preparative-scale ion exchange chromato- 
graphy as described previously?. The fractions containing 


feruloylputrescine, located by monitoring light absorption 
of the effluent at 355 mu, were taken to dryness and the 
free base crystallized by freezing in a small volume of 
water. 


The colourless needles thus formed and afterwards. 


dried in vacuo at room temperature for 2 h (infra-red 
curve B, Fig. 1) did not have a sharp melting point but 
changed form at about 97° C. This change probably 


resulted from loss of water by crystallization. The anhy-- 


drous form was obtained either by slowly heating the 
hydrated compound in vacuo to 100° C or by recrystal- 
lization from benzene or methanol. It was yellow (m.p. 
171-5-172° 0; infra-red curve A, Fig. 1) and could be 
rehydrated by crystallization from water, again giving the 
colourless needles (infra-red curve B}. The most satis- 
factory derivative was the picrate which was formed by 
addition of picric acid to a solution of the free base in 
methanol until the solution was slightly acidic. The 
picrate, recrystallized from methanol and dried in vacuo 
at 100° C, decomposed at 225°-226° C, 

Methods used in identification of the isolated feruloyl- 
putrescine included elemental analysis; mass, ultra-violet, 
fluorescence, and infra-red spectra; and hydrolysis. 
Elemental analysis of the picrate of the isolated compound 
gave C 48-82, H 4-75, O 33-01, N 13-44 per cent; calculated 
for feruloyiputrescine picrate, C,,H,,O,;N.°C,H,0O,N;: 
C 48-68, H 4-70, O 32-45, N 14-20 per cent. A Van Slyke 
determination on the picrate gave 3°35 per cent nitrogen 
indicating one primary amine grouping per molecule. 


A mass spectrum of the isolated free base indicated a — 


molecular weight of 264 with major fragmentation peaks 
of masses 192, 177, 124, 109, and other peaks of smaller 
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Feruloylputrescine was found in all commercial grapes _ cs 
fruit and orange varieties examined, but was not found. 
in any of the tangerime or lemon varieties studied. The. 
feruloylputrescine content of leaf samples from 4 varieties 
of grapefruit varied from 0-1 to LI mg/g fresh weight. 
Feruloylputrescine in 4 samples of grapefruit juice ranged 
from 22 to 34 mg/l. of juice. 

Aromatic amides of this type do not appear to be 
common. in plants although a few have been reported. 


3 A Related amides occurring in other members of the 
r Rutaceae include aegclino, fagaramide, and N-(2-p- 
ay anisylethyl)-N-methylannamamide’. Capsaicine is 4 
g related amide from red pepper®, and cinnamoylhistamine 
T has recently been isolated from Leguminosae’. 
F Pharmacological investigations of feruloylputrescine 
T and other naturally cecurring and synthetic putrescine 
> B amides indicated that these compounds have hypotensive 
| activity®?, Several 4-hydroxy-3-methoxy aromatic amines 
| and amides have beer found in human urine, including 
i feruloylglycine and vanilloylglycine’®"'. The presence of 
: feruloylputrescine in a common food source invites & 
I -closer examination of its pharmacological properties and 
must be considered in metabolic investigations involving 
j the urinary exeretion of 4-hydroxy-3-methoxy aromatie 
amides. 
We thank Mr. G. J. Edwards for the infra-red spectra, 
5; —— — — and Mr. William Brogden, jun., U.S. Department of Agri- 
1 2 8 4 5 6 70 8o DIQ IE- de 18 14 15 culture, Winter Haver, Florida, for the mass spectra. 
H 
, ipa y 
Fig. 1, Infra-red absorption curves of anhydrous feruloylputrescine (A) — Eilean 
and hydrated feruloylputrescine (P) a hA Aa VE 
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a b 
Fig. la and b. Examples of cell types oe in layer C. Phase contrast microscopy 
xe. 


The resultant suspension was filtered once, through a 
stainless steel mesh of about 80- pore size. 

2-5-ml. samples of the suspension (S) were put on to a 
gradient, made by layering 1-5 ml. of solution containing 
20 per cent (w/v) ‘Ficoll’, 100 mM potassium chloride and 
10 mM phosphate buffer, pH 7:4, over 0:8 ml. of 1-35 M 
sucrose, in the 5-ml. tubes of the SW 39 head of the 
Spinco ultracentrifuge. The tubes were centrifuged at 
39,000 r.p.m. (125,000gay) for 45 min. Four fractions could 
then be removed from the tube by means of Pasteur 
pipettes. ay were: 4A a flantin~ lowar. Poona (1s 
the 10-20 
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RNA, DNA, protein and phosphoprotein, 
though richer in lipid, on a dry weight 
basis. 

Attempts to purify the cell fractions 
using other techniques, including mechani- 
cal or enzymatic disruption of the tissues 
and suspension in sucrose rather than 
‘Ficoll’, resulted in much lower yields of 
intact cells. 

For metabolic investigations, samples of 
the initial suspension, and of the washed 
and resuspended fractions B and C, were 
incubated in Warburg flasks at 37°, in the 
medium of Elliott and Henderson‘. Up- 
takes of oxygen were linear for up to 30 
min in the absence of substrate, and for 
up to 2 h in the presence of 10 mM glucose 
or pyruvate. Oxygen uptake in the 
fractions was markedly stimulated by 
either glucose or pyruvate. Thus the 
endogenous uptake was 117 mu moles 
oxygen/mg/h in fraction C, and 173 
mz moles oxygen/mg/h in fraction B. 
Addition of 10 mM glucose or pyruvate stimulated uptake 
to similar levels in both fractions. With glucose it was 390, 
and with pyruvate 355, my. moles oxygen/mg/h. Stimula- 
tion of respiration by 10 mM glutamate was less, oxygen 
uptake being 215 mp moles oxygen/mg/h in both frac- 
tions. This represents a larger stimulation of respiration 
compared with the endogenous level in fraction C than 
fraction B. 

These results, and other experiments now in progress, 
ting that both fraction B (tentatively 
inantly ‘glial’) and fraction C (identi- 

neuronal) contain a considerable 
igally active and, therefore, probably 
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Fig. 1. Buffer extract enzyme procedure. Extraction was carried out at 3° © 


laticifers surrounding the vascular bundles between the 
placenta and the three locule walls*, and their nature in 
latex has been reported?. Therefore, an enzyme extraction 
from the core part of the banana might help to explain 
the manner in which PEG renders the protein enzymes 
free. The purpose of this investigation was directed 
toward this aim. Polyphenoloxidase (PPO), the browning 
enzyme, was selected for this work. Griffiths showed 
that the browning reaction of banana fruit results from the 
catalysed-oxidation of dopamine by this enzyme. Palmer® 
purified the PPO enzyme and calculated the Michaelis 
constant for its substrates. 

The following banana tannin precipitants were incor- 
porated in the core tissues: PEG of 600, 1,000, 4,000 
and 20,000 molecular weight; also, polyvinylpyrrolidone 
(PVP) of a pharmaceutical grade and gelatine. All these 
compounds precipitated tannic acid or latex exudate of 
the banana in vitro at 0-5 or 1 per cent?. Incorporation 
was accomplished by vacuum infiltration in 0-1 M phos- 
phate buffer (pH 6-5) containing 1 per cent PEG or PVP. 
Gelatine was used at 0-5 per cent to avoid gel-formation at 
extraction temperature. The buffer (K,HPO,-KH,PO,) 
at pH 6-5 overcame the low pH and the high buffering 
capacity of the fruit®. A 1 per cent solution of PEG was 
found to provide an excess tannin precipitant. This 
concentration is dependent on the amount of tannin in 
the tissue. 

Vacuum infiltration of the tissue was the key for suc- 
cessful enzyme extraction. This allowed binding of 
tannins in the laticifers or the tannin cells before they 
bound the enzyme protein during homogenization. The 
second step was to incorporate PEG, PVP and gelatine in 
the buffered homogenate media. Two extraction pro- 
cedures gave the most enzyme activity: one was a buffer 
extraction technique which is shown in Fig. 1, another 
Table 1. POLYPHENOLOXIDASE AOTIVITY OF CORE EXTRACT FROM GREEN 


BANANAS OBTAINED BY USING VARIOUS TANNIN BINDERS INCORPORATED IN 
THE TISSUE 


Activity Js determined by increase in optical density of dopamine at 470 my 


Increase in absorbance at 470 my/min 
dopamine concentration 5 x 10+ M 


Buffer Acetone 

extract powder Boiled 

enzyme enzyme enzyme 
PEG 20 M 0°47 0:32 0:0 
4,000 0-45 0-30 0-0 
0 37 0:20 0-0 
Gelatine 0 23 — 00 
PEG 1,006 0°19 0-12 00 
0-10 0°08 0:0 
PEG 20 M+ ‘Triton X-114'* 0 55 — 0-0 
Check 0 08 0 06 090 


* Detergent used at 0 02 per cent. 
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— * = Ensure * - was en acetone powder enzyme technique 
issue thin acuur 1 raion Oxcess omogenize in OS- 7 7 $ . 

sites m phoenhults risus wih ine PEG | phate g a GH 6-6) which is summarized as follows: vacuum- 
buffer (pH 6 5) cons | —————> | + 1% PEG 36 mm +1% PEG 4 mn infiltrated tissues with buffered PEG were 


dropped immediately into a cooled Waring 
blender containing 100 c.c. of —10° C 
acetone and ground for 3 min. The 
powder was collected over Whatman 
No. & filter paper and washed with twice 
volumne acetone (—10° C). The powder 
was dried over calcium chloride in a 
vacuum desiccator and solubilized in 
100 e.c. of 0-1 M phosphate buffer (pH 6-5) 
for 2nat3°C. The slurry was centrifuged 
for 10 min at 1,200g and the supernatant 
retained. The precipitate was solubil- 
wed again in buffer and centrifuged to 
extract more activity. The total super- 
natant was finally centrifuged at 18,000g 
to yield the enzyme extract. Results of 
both extraction procedures are shown in 
Table 1. PEG of high molecular weight 
was effective in rendering the PPO 
enzyme free as shown in Fig. 2. Earlier 
pouring of the buffer extract in cold 
acetone eliminated any later appearance 
of endogenous browning activity in the 
final supernatant fraction. This step resulted in a 
clear enzyme solution. Phenols (enzyme substrates) 
were washed away with the acetone. The enzyme activity 
was followed spectrcphotometrically by measuring the 
change in absorbancy at 470 my. The change was 
due to the formation of red pigment, the first pro- 
duct of the PPO-catalysed oxidation of dopamine’. 

Solubilizing the final precipitate in buffered-PEG instead 
of buffer alone did noz increase the enzyme activity of the 
supernatant fraction. Incorporating 0-02 per cent “Triton 
X-11£ detergent with PEG increased the enzyme activity 
as shown in Table 1. When determining the activity of 
the enzyme preparation, the assay consisted of 4-8 ml. 
dopamine at 5 x 10+ M plus 0-2 ml. enzyme extract of 
various preparations contained in a cuvette. Each run 
was made in quadruplicate. After the proper dilution, 
this 0-2 ml. extract represented the enzyme activity per 
0-3 g fresh tissue. 

In summary, PEG was the most effective tannin pre- 
cipitant compound for extracting the enzyme. It is a 
polymer of ethylene oxide with the generalized formula 
R,OCH,(CH,OCH,),CH,.OR,, n representing the average 
number of oxyethylene groups. Adding a lipophilic 
portion as non-ionic surfactent of “Triton X-114 to the 
hydrophilic portion of PEG which is supplied by free 
hydroxy] and oxyethylene group has increased the enzyme 
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Fig. 2. Polyphenoloxidass activity of core extract obtained from green 


bananas. Assay substrate, dopamine 5x10“ M, 48 c.c., enzyme, 
PPO extract diluted in phosphate buffer pH 6- 5,020.8. 
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activity in the final supernatant fraction. This is probably 
due to the action of these detergents on releasing the 
enzyme which are suggested to be adsorbed on the cell 
wall’. PVP had two disadvantages in enzyme extraction: 
it contains nitrogen, which interferes with enzyme activity 
determination on protein—nitrogen basis, and it is insoluble 
in acetone where the excess cannot be washed away. 
Gelatine did not give a high enzyme activity preparation. 
This was probably due to the large molecular size which 
prevented infiltration of the gelatine into the tannin cell. 
Gelatine or inert protein also has the disadvantages which 
are associated with PVP (ref. 2). 
_ PEG showed promising results. It does dissolve easily 
in water and acetone, and does not interfere in deriving 
the enzyme activity on protein—nitrogen basis. 

At present we are investigating the isolation of mito- 
chondria and other enzymes from plant tissues containing 
polyphenols of high molecular weight. 


ADNAN M. BADRAN 
DALLAS E. JONES 
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7 
Reactivity of the Tryptophan Residues in 
Lysozyme 

REPORTS have recently been published on the nature of 
the tryptophan residues in hen’s egg white lysozyme and 
the relation of these residues to enzymatic activity. 
Hartdegen and Rupley! showed that the oxidation of a 
single tryptophan residue with iodine results in the loss of 
enzymatic activity. Hachimori et al.? have oxidized the 
tryptophan residues of lysozyme with hydrogen peroxide, 
concluding that all the tryptophans in lysozyme are 
relatively refractory toward oxidation and that the 
destruction of 1:4 mole of this amino-acid per mole of the 
enzyme results in the loss of 95 per cent of the lytic 
activity. Hamiguchi and Kurono® have examined the 
effect of 2-chloroethanol on the secondary structure of 
lysozyme; they reported that when the enzyme 1s treated 
with solvents varying in composition from 0 to 32 per 
cent 2-chloroethanol (v/v), there are spectral changes 
indicating the disruption of hydrophobic regions and the 
exposure of buried tryptophan residues, although the 
optical rotatory dispersion investigations show no altera- 
tion of helix content. Only at higher concentrations of 
2-chloroethanol does the helix content increase. 

We have investigated the chemical reactivity of the six 
tryptophan residues in lysozyme* with increasing con- 
centrations of 2-chloroethanol, using the tryptophan- 
specific reagent (2-hydroxy-5-nitro-benzylbromide) 
recently reported by Koshland eż al.. The lysozyme used 
was obtained from Mann Research Laboratory, New 
York, lot No. £1087. The 2-chlorosthanol (Aldrich 
Chemical Co., Milwaukee, Wisconsin, n% = 1:4412) and 
the 2-hydroxy-5-nitro-benzylbromide (Cyclo Chemical 
‘Corporation, Los Angeles, Calif.) were used without 
further purification. 

The solvents were made up by mixing appropriate 
amounts of 2-chloroethanol with 0-001 M hydrochloric 
acid. 10 mg of the enzyme were dissolved in 5 ml. of the 
Solvent, and the solution was allowed to stand for 1 h 
at 23°-24° C; a 50 molar excess of the Koshland reagent 
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was added, and the mixture was allowed to react for 45 
min. The excess reagent was removed on a ‘Sephadex 
G-25° column using pH 7-5 ammonium acetate as the 
eluant; the eluted protein was dialysed against distilled 
water and lyophilized. The number of tryptophan 
residues reacting with the Koshland reagent was calculated 
using a molar extinction coefficient? of 18,900, from the 
optical density at 412 mu of lyophilized products dissolved 
in 0-1 N potassium hydroxide. The activity of the 
lysozyme derivatives was determined turbidimetrically 
at room temperature from its lytic effect on a suspension 
of Micrococcus lysodetkticus m 0-1 M ammonium acetate 
at pH 7-0, as described by Léonis’. 

Fig. 1 shows the results of these investigations. In the 
absence of 2-chloroethanol, less than one tryptophan 
residue is modified, indicating that on the average all 
these residues are buried or strongly bound in hydro- 
phobic regions. As the composition of the perturbing 
solvent becomes less polar, the six tryptophan residues 
in the enzyme molecule are completely exposed. These 
findings are in agreement with the refractory nature of 
these residues with respect to oxdation!? and the struc- 
tural transitions as indicated? for these concentrations of 
perturbing solvent. From the activity results it would 
soem that nearly 2 moles of tryptophan can be allowed to 
react with the Koshland reagent without loss of more than 
10 per cent of the lytic activity. 
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Fig. 1. @, Uptake of 2-hydroxy-5-nitro-benzylbromide (indicative of 


reactive tryptophan residues) by lysozyme with increasing concentration 

of 2-chloroethanol Each point indicates the mean and standard devia- 

tion for separate preparations The figures in parentheses indicate the 

number of preparations tested. ©, Lytic activity of the derivatives 

relative to untreated lysozyme measured under the same conditions. 
Each point represents a single determination 
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Dual Effect of Potassium on Transmitter Release 


Tae frequency of miniature end-plate potentials 
(n2..p.p.8) is increased by passing depolarizing current 
through motor nerve terminals'*. Raised extracellular 
concentrations of potassium ions also cause an increase 
m m.e.p.p. frequency and this effect has been attributed 
to depolarization of the nerve terminals**?, However, 
while depolarizing current reduces the amount of trans- 
nutter released by presynaptic nerve impulses‘, raised 
potassium has the opposite effect®». This difference 
suggests that potassium ions may influence transmitter 
release by a mechanism distinct from depolarization of 
the nerve terminals. Such an action could well contribute 
to the increase of m.e.p.p. frequency caused by potassium. 
In support of this possibility it has occasionally been 
observed that the m.e.p.p. frequency in raised potassium 
continues to increase beyond the time when the ion 
would be expected to have reached its full concentration 
at the presynaptic nerve terminals®. The experiments 
described here were designed to investigate whether there 
- is, in fact, a significant difference between the time taken 
by potassium to depolanze nerve terminals and the time 
for full development of the increase in m.e.p.p. frequency. 

The preparation used was the rat hemidiaphragm; the 
method of dissection and the bathing solution have pre- 
viously been described’. Changes of soluti6n in the bath 
were 95 per cent complete in 2-3 min and the temperature 
was maintained at 35°-37° C throughout. M.e.p.p.s and 
membrane potentials were recorded ‘intracellularly from 
superficial muscle fibres impaled with microelectrodes 
filled with 3 M potassium chloride and having a resistance 
of 4-10 MQ. The frequency of m.e.p.p.s was determined 
from photographed oscilloscope traces and from the 
printed digital output of an electronic counter (Hewlett 
Packard). Pulses corresponding to each signal recorded 
by the counter were displayed on the second channel of 
the oscilloscope and the counter discrimination set so that 
only m.e.p.p.s were counted. 

In all experiments in which the potassium concentration 
was raised m the solution flowing into the tissue bath, it 
was found that m.e.p.p. frequency continued to increase 
for at least 20-30 mim. Fig. 1B shows the pooled results 
from three hemidiaphragms in each of which-an average 
of four muscle fibres were penetrated per minute, before 
and after raising the concentration of potassium chloride 
from 5 to 20 mM. M.e.p.p.s were recorded from about 
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Fig 1. Tume-course of the effect of increasing the potassium concentra- 

tion in bathing solutions from 56 mM to 20 mM (at the vertical broken 

line) on average muscle membrane potentials (4) and the logarithmic 

mean of m.e.p p. frequency (2). Vertical bars represent +2 S.E.M. 

The length of each horizontal bar denotes the time during which 

observations were made to give the average. Note the ordinate in B 
is on a logarithmic scale. Temperature, 85°-37° C 
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Fig. 2. A, Time-course of the effect of d-tubocurarine (dTC) 6 4 x 10-7 M 
on mepyp. amplitude af single junctions in two hemidiaphragms, 
B, time-course of the increase in m e p.p. frequency in the same two 
junctions as in A, when the potassium concentration in the bathmg 
solutions was raised from 10 mM to 15 mM. The vertical broken Hne 
in A and B shows the time of the solution changes Temperature, 35° C 


half the fibres penetrated. The heights of the horizontal 
bars represent the logarithmic means of the m.e.p.p. 
frequencies (which correspond to modal frequencies) 
recorded from fibres penetrated during the time intervals 
indicated by the lengir and position of the bars along the 
abscissa. The vertical bars indicate + 2 S.E. of the means. 
In the first 5 min the m.e.p.p. frequency increased ten- 
fold, and in each of the successive periods 5-10 min, 
10-20 min and 20-44 min, the frequency approximately 
doubled (Fig. 18). When m.e.p.p. frequency was followed 
at smgle junctions while the concentration of potassium 
chloride was raised, the rate and degree of the increase 
in m.e.p.p. frequency varied from fibre to fibre, but 
invariably the frequency rose for at least 20 min and 
generally there was a further increase during the following 
20 min, although in the latter period there were some- 
times temporary plateaux or small falls. Fig. 2B shows 
the typical increase in-m.e.p.p. frequency at two junctions 
before and after changing the concentration of potassium 
chloride in the solution flowing into the bath from 10 mM 
to 15 mM. During the 20 min in the solution containing 
15 mM potassium. chloride, there was a progressive increase 
In m.e.p.p. frequency at both junctions. 

The possibility that the slow time-course of m.e.p.p. 
acceleration (Figs. 18 and 2B) might have been the 
result of slow diffusion of potassium ions into the synaptic 
clefts was tested by determining the time taken by 
d-tubocurarine (Burrcughs Wellcome) to depress m.e.p.p. 
amplitude by its action on the sub-synaptie membrane. 
In the two experiments illustrated in Fig. 24, the effect 
of d-tubocurarine (6-4 x 10-8 M) on m.e.p.p. amplitude 
is shown at the same two junctions in which m.e.p.p. 
frequency was measured during potassium concentration 
changes (Fig. 2B). Although m.e.p.p. frequency con- 
tinued to increase for at least 20 min when the concen- 
tration of potassium chloride was raised (Fig. 2B), d-tubo- 
curarine decreased m.e.p.p. amplitude to 50-55 per cent 
within 5-7 min and there was no further significant fall. 
Since complete soluron change-over in the bath would 
have taken 3—4 min, the time taken by d-tubocurarine to 
reach its full concertration in the synaptic cleft must 
have been less than 4 min. Itis unlikely that potassium 
ions would not also kave reached their full concentration 
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at the presynaptic membrane within 7 min ın the experi- 
ments illustrated in Figs. 1B and 28. 

Although diffusion of potassium ions into the synaptic 
cleft was probably complete within 7 min, it may be 
argued that full depolarization of the presynaptic mem- 
brane may have been delayed because of slow equi- 
libration of ions across the membrane. Slow depolarization 
of the presynaptic membrane would explain the slow time- 
course of the increase in m.e.p.p. frequency (Figs. 1B 
and 2B). Since it is not possible to measure directly the 
presynaptic membrane potential, it is difficult to exclude 
this possibilty. However, when the concentration of 
potassium chloride was raised in the solution flowing 
into the bath, there was a rapid depolarization of the 
muscle fibres which was complete within 4 min. The 
time-course of depolarization is illustrated in Fig. 14, 
in which are shown the mean membrane potentials in the 
many muscle fibres penetrated in the experiments already 
described (Fig. 18). It can be seen that the mean mem- 
brane potential fell to a new level within 3-4 min and 
when allowance is made for the time-course of the increase 
of potassium concentration in the bath, it is clear that 
the depolarization of the muscle fibres must have been 
almost immediate. A similar rapid depolarization of 
nerve membrane by potassium has been reported’. The 
2-mV fall in membrane potential between 5 and 55 min 
was no greater than that often observed in isolated dia- 
phragms in normal solution. 

In another experiment, after a preparation had been 
in @ solution containing 20 mM potassium chloride for 
l h, me.p.p. frequency at a junction was found to be 
constant at about 250/sec. Lowering the potassium con- 
centration to 10 mM potassium chloride resulted in a 
rapid fall in frequency (after a 2-min delay) to 45—50/sec 
at 8 min. The solution was then changed back to 20 mM 
potassium chloride. Within 10 min the m.e.p.p. fre- 
quency was again about 250/sec and there was no increase 
in frequency during the following 10 min. This result 
suggests that the effect of potassium on m.e.p.p. frequency 
which was slow to develop persisted for at least 10 min 
after reduction of the potassium concentration. It seems 
probable that in this experiment the changes in spon- 
taneous transmitter release were predominantly caused 
by changes in: the membrane potential of the nerve 
terminal. 

These experiments suggest that the slow time-course 
of m.e.p.p. acceleration by raised concentrations of 
potassium chloride cannot be explained on the basis of 
either slow diffusion into synaptic clefts or slow depolar- 
ization of cell membranes. The evidence on the rate of 
depolarization of the nerve terminal by potassium is of 
necessity indirect; but there is no reason to expect that 
the depolarization of nerve membrane would be appreci- 
ably slower than depolarization of muscle membrane®. In 
fact, it has recently been found that the increase in 
excitability of rat phrenic motor nerve terminals caused 
by a raised potassium concentration was complete within 
the time taken for solution change-over in the bath®. Since 
the effect of depolarizing current on m.e.p.p. frequency is 
also immediate! it appears that potassium ions have a 
potentiating action on transmitter release in addition to 
that due simply to depolarization. It is difficult to 
estimate how much of the total effect of raised potassium 
on m.e.p.p. frequency is due to this slow action; with 
20 mM potassium chloride it appeared at least equal to 
that attributable to depolarization. It seems probable 
that this slow effect of potassium on m.e.p.p. frequency 
is related to the potentiating effect of the ion on trans- 
mitter release by nerve impulses. 

Whatever the mechanism of the slow action of potas- 
sium it must be concluded that it is not valid simply to 
convert extracellular potassium ion concentration to nerve 
terminal membrane potential, using the Nernst equation, 
and assume that the relationship observed by Liley 
between m.e.p.p. frequency and potassium ion concen- 
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tration then reveals the relationship between transmitter 
release and depolarization of the presynaptic membrane’. 
P. W. GAGE 
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Positive and Negative Potential Responses 
associated with Vertebrate Photoreceptor 
, Cells 


IN a previous paper it was shown, by means of an 
electrophoretic staining technique, that negative d.c. 
potentials, sumilar to the S potentials of fish retinae, can 
be recorded from the inner segments of photoreceptor 
cells during retinal illumination!. These responses were 
referred to as photoreceptor potentials. The present 
communication describes positive potential responses 
which appear to be associated with the negative d.c. 
potentials and which may also represent the activity of 
photoreceptor cells. The experimental animal used in 
these investigations was the common mud puppy, 
Necturus maculosus. The recording micro-electrodes were 
usually filed with 3 M potassium chloride, although a few 
contained a saturated aqueous solution of trypan biue 
which could be electrophoretically deposited in the 
impaled structure after recording its light-elicited response. 
In these experiments the eye remained in its orbit while 
the micro-electrode was introduced into the retina from 
the vitreous by means of a mechanical micromanipulator. 
More complete details of the experimental procedure are 
given. elsewhere!. 

Oscilloscope tracing A of Fig. 1 is typical of those 
showing both positive and negative responses elicited by 
0-l-sec flashes of white light. The tracing begins with 
small positive-negative deflexions which indicate the 
onset and termination of the stimulating light flash. No 
response was recorded. Advancement of the recording 
electrode approximately 5 u in the direction of the photo- 
receptor layer resulted in a potential drop from 0 to 
—20 mV. After the potential drop each light flash was 
followed by a positive potential response, two of which 
are shown in Fig. 14 before the break in tracing, and one 
after. During the break in the record (representing about 
20 sec) the electrode was advanced approximately 1l5u 
further in five steps of about 3u each. During the sixth 
step the resting potential shifted 9 mV negative and after- 
wards each light flash was followed by a typical negative 
photoreceptor potential, two of which are shown in the 
tracing. The transition from positive to negative response 
was not always accompanied by a negative shift in resting 
potential. In some cases a small positive shift was 
recorded; in other cases no change in resting potential 
could be discerned. 

Positive responses to light flashes of longer duration 
were apparently of two types, one of which was sustained 
(Fig. 18), the other more transient (Figs. 1D, 2B), The 
sustained type resembles the mirror image of its related 
negative photoreceptor potential (compare Fig. 1B with 
Fig. 1C), while the more transient type is characterized 
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Fig. 1. <A, Oscilloscope tracing of positive and negative responses 
recorded with micro-electrode from Necturus retina, downward 
deflexion 18 negative. At the beginning of the tracing are small positivo- 
negative deflexions indicating ‘on’ and ‘off’ of stimulating light (0-1 sec 
duration). No response follows. After 20 mV potential drop two 
positive responses are recorded, followed by break in record. Further 
advancement of micro-electrode results in potential drop of 9 mV (followed 
by positive artefact) and typical negative photoreceptor potentials. Cali- 
bration: 20 mV. B and’C, Sustained positive and negative potentials, 


respectively, recorded from another preparation, elicited by light flashes 


of 1-0 sec duration. ‘On’ indicated by upward deflexion, ‘off’ by second 


small deflexion m each record. Calibration: 20 mV. D, Positive response 

of transient type elicited by 1-0-sec light flash. First positive deflexion, 

20 my calibration pulse Second Dean deflexion, ‘on’, negative deflex- 

ion, ‘off’. Note thatin A, andin Band C, positive responses have longer 

latencies than negative responses. Calibration pulses eliminated from 
record. Lighter lines darkened for clarity 


eee I 
ae ee Ce oe a 


Fig. 2. Polygraph tracings of transient positive and sustamed negative 

responses (top) with slinultaneously recorded ergs (battom), 4, Response 

to 0-1-sec light flash. B, Response to 2-6-see light flash. C, Negative 

responses recorded after advancing the micro-electrode several u 

further than ita position at A and B. The positive spikes at beginning of 

each record indicate ‘on’ of stimulating light. Vertical bars: top, 10 mV; 
bottom, 03 mY. Horizontal bar, 5 sec 


by a slow positive deflexion at ‘on’, followed by a gradual 
return towards the original potential- level, and a small 
negative dip at ‘off’. In some cases the gradual subsidence 
of the transient response during retinal illumination 
appeared to be incomplete, the potential reaching a stable 
level which was still several mV positive to the resting 
potential. This suggests that the sustained and transient 
positive potentials may be different manifestations of the 
same phenomenon, the configuration of the latter possibly 
being due to a capacitance effect. Since the negative 
potentials were always of the sustained type, such a 
capacitance, if it exists, does not reside in the recording 
micro-electrode. 

The potential drop which always preceded the recording 
of positive responses indicates that they were obtained 
only after the micro-electrode had penetrated a membrane, 
possibly that of a cell. This ıs indicated also by the 
observation that no response was recorded, when the micro- 
electrode was several microns proximal (toward the 
vitreous) to the position at which the potential drop 
occurred, (Fig. 1). Failure of the resting potential to 
return to zero as the micro-electrode was advanced between 
the recording of positive and negative responses suggests 
that both responses were recorded from the same struc- 
ture. Since’the negative responses are recorded from 
inner segments of photoreceptor cells!, it follows that 
both the positive and negative potentials may represent 
activity of single photoreceptor cells. This is supported 
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by one case where, after recording a positive potential 
(Fig. 1D), trypan blus was electrophoretically ejected 
from the tip of the recording electrode and was later 
found in the inner segment of a single photoreceptor cell. 

These experiments open the possibility that the inner 
segments of photoreceptor cells contain two compart- 
ments, one giving rise so the negative potential response, 
the other associated with the positive response. The 
potential shift recorded between the positive and negative 
potentials could be associated with passage of the micro- 
electrode from one compartment to the other. Its magni- 
tude and polarity would, of course, depend on the relative 
potential existing in each compartment. In comparison 
to the negative response, the positive response was 
encountered much less frequently. Once it was recorded, 
however, the negative response was usually obtained after 
further advancement of the electrode. The positive 
response was always recorded proximal to the negative, 
its latency was longer (Figs. 1 and 2) and it was usually 
smaller in amplitude than the latter. These observations 
would suggest that if such compartments exist, the one 
giving rise to positive potentials is smaller and more 
centrally located than the other. 

These negative and positive responses may be related 
to the extra-cellular slow potentials recorded from the 
carp’s retina by Motokawa et al.?. They recorded positive 
potentials at the receptor surface of the inverted retina 
and negative responses of maximal amplitude at a depth 
of about 100 u from ths surface. Since the photoreceptor 
cells extend down to a cepth of about 120 u in this species’, 
the negative responses were probably recorded while the 
tip of the electrode was still in the photoreceptor layer. 
The latency of the more proximal (closer to the vitreous) 
negative responses was longer than that of the positive 
potentials’. Motokawa. st al. suggest that while the positive 
potentials may be associated with photoreceptor cells, 
the negative potentials may represent the activity of 
horizontal cells. Although such a possibility cannot be 
rejected, our results indicate that in the case of the 
Necturus retina both potentials were recorded from a single 
retinal structure. 

This investigation was supported in part by U.S. Public 
Health Service research grant NB~04533 from the 
Institute of Neurological Diseases and Blindness. 
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Local Tissue Lesions as a Means of Assessing 
the Local or Remote Origin of Evoked 
Potentizls within the Brain 


Evoxep potentials are often recorded ‘monopolarly’, 
that is, by means of an exploratory electrode referred to a 
distant ‘indifferent’ lead. Although this procedure makes 
it possible to deterrmine the polarity of the observed 
deflexions and, in favourable conditions, to graphically 
reproduce the potential fields set up by the stimulus, its 
indiscriminate use is not without dangers, especially when 
large probes are used. to explore some regions deep in 
the brain, the anatomical arrangement of which in ‘open’ 
nuclei! (that is, with long dendrites running in various 
directions far from the apparent limits of the nuclei) 
results in what has bean defined as ‘open’ field of action 
currents*-a concept indicating that potential changes 
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can. be recorded monopolarly near the active pool as well as 
at distant points. 

Recent investigations which we have carried out®* on 
the distribution of somatically evoked potentials through- 
out the so-called ‘non-specific’ sensory system in the core 
of the brain®.® (several components of which are known 
to be organized in largely ‘open’ nuclei!) have shown that 
some of these structures are highly responsive to somatic 
volleys even when close co-axial ‘bipolar’ electrodes were 
used for the purpose of recording, while from other regions 
somatically evoked potentials could only be detected by 
monopolar probes (either 180u coarse electrodes*®*, or 
1-5. tungsten microelectrodes’). The absence of local 
potential gradients (as detected by bipolar leads) strongly 
suggested that m the latter regions our monopolar elec- 
trodes were not picking up locally evoked activity, but 
we have tried to devise a more crucial technique for 
supporting this conclusion. Although the present method 
has only been used for determining whether local activity 
or spread from distant areas is responsible for evoked 
potentials in several diencephalic and mesencephalic 
structures, it is here proposed because it is likely to be 
more generally valid, and might easily be tested with 
evoked potentials in any other structure deep in the brain. 

The method consists of observing the eventual changes in 
amplhtude and shape of monopolarly and bipolarly 
recorded potentials after local lesions have been formed 
round the tip of the recording electrode. The assumption 
on which this experimental approach is based, in line with 
the commonly accepted volume conductor theory*, is 
that a local response (monopolarly recorded) should 
change to a purely or predominantly positive deflexion 
after. damage of the tissue, while potential propagated 
from a distant point might remain unaltered. Likewise, 
a bipolarly recorded response, if due to local. activity, 
should in consequence change or even disappear. 

Experiments have been carried out in 22 cats prepared 
under ether and local anaesthesia, and with gallamine 
triethiodide. Continuous recording of drowsy BEG 
patterns and of steady arterial pressure values ascer- 
tained the normal conditions of the preparations. In the 
first group of 16 cats either the diencephalon or the mid- 
brain was reached by means of stereotactically oriented 
co-axial electrodes consisting in a 180u insulated copper 
wire introduced into a 0:7-mm nichrome needle (also 
carefully insulated)—the tip separation being 0-8-1 mm. 
Recording could be either between the core and the 
external needle of the co-axial probe (‘bipolar’ arrange- 
ment) or between the core (or the needle) and a silver 
reference electrode on an occipital muscle (‘monopolar’ 
arrangement}. In a second group of 7 cats l—õu tungsten 
microelectrodes® were used. Somatic stimulation was 
performed by single supramaximal pulses (0-1—0-5 msec, 
5 V) to either superficial radial nerve. Amplification, 
cathode-ray tube display and film recording, as well as 
histological controls, followed standard procedures. 

Lesions round the tip of the recording electrode were 
produced electrolytically, using either anodic or cathodic 
currents, and sometimes both alternately. In order to 
avoid spurious effects due to changes in electrode or tissue 
resistance, as a consequence of electrolysis, the d.e. 
resistance of the probe was tested (both before and after 
the lesion was produced) by means of a Hewlett-Packard 
electronic voltmeter; only those experiments were con- 
sidered where it remained or was returned to contro] 
values. More crucial testing to determine that electrolysis 
had not changed the recording conditions was performed. 
in a few experiments where a minute electrical pulse was 
delivered through another co-axial probe, the tip of which 
was placed stereotactically at about 2 mm from the tip of 
the recording electrode. As the shape and amplitude of 
the potential propagated from the stimulating to the 
recording probe remamed unchanged even with a rather 
large lesion round the recording tip, it was concluded 
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that electrolysis had not substantially changed the record- 
ing conditions. 

The effects of local lesions on evoked potentials picked 
up from different portions of the explored area were 
strikingly different according to the electrode location. 
Whenever a co-axial probe was present in lateral and 
posterior parts of the hypothalamus, in the medial thal- ~ 
amus, in the sub-thalamus and in the midbrain tegmentum 
(that is, in areas whence somatically evoked responses 
could be led both monopolarly and bipolarly*'‘), all poten- 
tials were constantly and unequivocally affected by local 
lesions round the tip of the probe. As shown in the 
lower half of Fig. 1, for evoked potentials picked up 
from the posterior hypothalamus, the responses led 
monopolarly (M, and M,) were changed to purely positive 
deflexions, while the responses led bipolarly between the 
tips of the co-axial probe (B) were completely abolished 
whenever a large lesion involved both the upper and the 
lower electrodes. In these parts of the brain, when record- 
ings and lesions were performed with 1—5y microelec- 
trodes, though much smaller lesions were obviously 
produced, responses always changed to æ positive sign 
(see bottom tracings marked u in the lower half of Fig. 1). 

In marked contrast with what has already been de- _- 
scribed, when a recording probe, either a macro- or a 
micro-electrode, was present in rostral areas of the 
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deflexion 13 negative) to single shocks (0 3 msec, 5 V) to a superficial 
radial nerve. Tracings have been recorded either through a co-axial 
probe in monopolar (M) and in bipolar (B) arrangement, or through a 
tungsten microelectrode (u) M, and Ma indicate monopolar records 
through the upper (M,) or the lower (M,) lead of the co-axial probe 
Left column, control responses; right column, responses after local 


electrolysis (gross electrodes, 1-5 m.amp for 30 sec: mucroelectrodes, Y> 


current furnished by ohm-metre for 4—5 sec). Note that potentials 

recorded in the pre-optic region (upper half of the figure) are left un- 

changed by local tissue destruction, while potentials in the posterior 

hypothalamus (lower half) are reversed to a positive defiexion (monopolar 
x leads) or abolished (bipolar leads) 
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hypothalamus (pre-optic region, anterior hypothalamic 
area), whence evoked responses could only be observed 
in monopolar leads*-‘.7, a local lesion never changed the 
polarity, shape or amplitude of the somatically evoked 
potentials. Two such examples are presented in the 
upper half of Fig. 1 for a macroelectrode (M, B) and a 
microelectrode (u) placed in the pre-optic region. 

The reversal of an evoked potential to a purely positive 
deflexion following local tissue destruction can scarcely 
be explained unless ıt is admitted that the response was 
an expression of local activity, the abolition of which 
had changed the recording region from a sink into a source 
of current for sinks in adjacent neurones or incoming 
fibres. Likewise, when an evoked potential is left un- 
changed by local injury it can only result from the spread 
from remote sinks outside the destroyed area. It is not 
without significance that, according to the results pre- 
sented here, sensory-evoked responses are expressions of 
local activity only in those structures where they can also 
be detected by bipolar leads, while curront spread has 
been found to contribute substantially to somatically 
evoked potentials in those areas where these responses can 
only be recorded monopolarly. The data so far amassed 
indicate that caution should be applied before a committal 
is made to mere monopolar recording with relatively 
low-impedance electrodes, especially from those numerous 
regions deep in the brain, the anatomical arrangement of 
which, in ‘open’ nuclei, favours distant recording of their 
action currents. 

This research was sponsored jointly by the Aeronautical 
Systems Division, A.F.S.C., and the Office of Aerospace 
Research, O.A.R., through its European Office, Office of 
Aerospace Research, U.S. Air Force, under contract 
AF 61 (052)-253, and by Consiglio Nazionale delle 
Ricerche (Impresa di Elettrofisiologia). 
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Multi-motor End-plate Muscle Fibres in the 
Human Vocalis Muscle 


THE existence of human skeletal muscle fibres with 
more than one motor end-plate has been demonstrated 
in the orbicularis muscle of the eyelid? and the lateral 
rectus muscle of the orbit?. Recent research has also 
prompted the postulation of multi-motor end-plate 
muscle fibres in the human vocalis muscle**. Other 
workers®? deny this possibility. 

In an attempt to clarify this problem, 20 human vocalis 
muscles obtained from operative specimens were exam- 
ined. Koelle and Friedenwald’s method for the localiza- 
tion of acetylcholinesterase® (K. and F. AChE test), as 
modified by Holmstedt’, was chosen for this work. By 
this method it is possible to analyse in great detail the 
sub-neural apparatus, which defies examination by the 
silver impregnation method. It is also possible to identify 
the point of insertion of each muscle fibre owing to the 
existence of an AChE-positive zone (‘manchon enzyma- 
tique’?! or ‘cholinesteratic cuff’) at this point... Since the 
vocalis muscle ıs laterally poorly demarcated from the 
lateral thyro-arytenoid muscle, only the medial two- 
thirds of the muscular mass contained in the vocal cord 
were removed for examination. 


NATURE 


—“ aR Y nw 
wad te 
Wye Y 
5 


* 
— e 





Fig 1. A, Musele fibre witi_a single motor end-plate; B, motor end-plate 

with an accessory plate; C, muscle fibre with two motor end-plates less 

than 504 apart; D, musci fibre with two motor ond Dae at some 

distance from each other; Æ, muscle fibre with three motor end-plates, 

F, muscle fibre with four motor end-plates; G, muscle fibre with five 
motor end-plates 


From 10 vocals muscles longitudinal serial sections, 
50u thick, were obtained from the freezing microtome and 
submitted to the K. end F. AChE test. The remaining 
10 vocalis muscles ware submitted in toto to the test 
followed by mucrodissection of the individual muscle 
fibres. 

In the sections obtained from the freezing microtome 
the ‘cholinesteratic cuffs’ were constantly and exclusively 
found at the points of insertion into the thyroid cartilage 
and arytenoid cartilage. It would thus seem that there 
are no fibres inserted into the vocal ligament and that the 
vocalis muscle consists solely of fibres coursing directly 
and continuously between the two cartilages of insertion. 

An examination of these sections also revealed that the 
motor end-plates are not arranged in a single row (motor 
zone), as is the case in other striped muscles in man 
presenting the same structural pattern as the vocalis 
muscle, but are scattered over an area occupying about 
two-thirds of the muscle. Owing to the aforementioned 
structural pattern of che vocalis muscle, this arrangement 
must be due to the presence of multi-motor end-plate 
muscle fibres. 

Microdissection of the individual muscle fibres dis- 
closed that most of tre fibres of the vocalis muscle have 
more than one motor end-plate and some have as many 
as five (Fig. 1, A-G). 

Statistical analysis of the findings obtained in 100 fibres 
from each of the 10 vocalis muscles submitted to micro- 
dissection showed that: 

(1) The percentage of multi-motor end-plate muscle 
fibres varies between 70 and 80 per cent. 

(2) Two-thirds of she multi-motor end-plate muscle 
fibres contain two motor end-plates, while most of the 
remaining multi-motor end-plate muscle fibres contain 
three motor end-plates, and a few four or five motor end- 

lates. 
(3) The greater diameters of the motor end-plates in 
both fibres with a single motor end-plate and those with 
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more than one motor end-plate, vary between 20 and 150,; 
there is not a clearly identifiable relationship between the 
sizes and the number of motor end-plates in each fibre. 

(4) The distance between one motor end-plate and the 
next within a single muscle fibre ranges from 20-30. to 
more than 1,000u (in some cases). 

(5) About 5 per cent of the motor end-plates appear to 
have a small accessory plate (Fig. 1, B): a similar finding 
has been reported for the lateral rectus muscle of the 
orbit and interpreted as the ending of a sympathetic or 
parasympathetic nerve fibre’. > Go Rossr 


G. CORTESINA 
Ear, Nose and Throat Clinic, 
Department of Histology and Embryology, 
University of Turin, Italy. 
1 Desmedt, J. E., Acta Neurol. Belg., 58, 977 (1958). 
2 Kupfer, C., J. Physiol. (Lond.}), 153, 522 (1960), 


3 Piquet, J., Hoffman, Mme, and Husson, R., J. frang. Oto-rhino-laryng , 8, 
235 (1957). 


t Rudolph, G., Rev. Laryng. (Bordeaux), 88, 569 (1962). 

t Zenker, W., Anat. Anz. 112 (supp.), 12 (1963). 

* Sonesson, B., Acta oto-laryng. (Stockh.) sapp., 156 (1960), 

7 Konig, W. F., and van Leden, H., Arch. Otolaryng., 74, 153 (1961). 

* Koelle, G. B., and Friedenwald, 8. J., Proc. Soc. Exp. Biol., 70, 617 (1949). 
* Holmstedt, B., Acta Physiol. Scand., 40, 822 (1957), 

10 Gerebtzoff, M, A., C.R. Soc. Biol, (Paris), 148, 1896 (1952). 
11 Coers, O., Amer. J. Phys. Med., 38, 166 (1959). 


PHARMACOLOGY 


. Repository Antimalarial Drugs : N,N’-Diacety!- 
4,4’-diaminodiphenylsulphone and Related 
4-Acylaminodiphenylsulphones 


A SUSTAINED effort to develop antimalarial substances 
with prolonged action was initiated in these laboratories 
more than seven years ago. Recently, we reported the 
synthesis of cycloguanil pamoate (‘Camolar®’, CI-501) 
(refs. 1 and 2), a pamoic acid salt of 4,6-diamino-1-(p- 
chloropheny])-1,2-dihydro-2,2-dimethyl-s-triazine (DHT), 
and various other dibydrotriazine!* and pyrimethamine®:4 
salts that exhibit remarkable repository antimalarial 
properties?**, A single intramuscular dose of cycloguanil 
pamoate has an unusual capacity to protect man for 
many months against challenges with’ susceptible strains 
of Plasmodium vivax and P. faletparum®. Cycloguanil 
pamoate has so far not shown a hability to induce rapid 
resistance during numerous observations on P. cynomolgt 
i. monkeys*®, although parasites known to be resistant 
to proguanil, DHT, or pyrimethamine are less susceptible 
to 167-8, A systematic search has been continued for a 
well-tolerated repository preparation that would destroy 
both normal and DHT-resistant parasites and simul- 
taneously block the emergence of resistance denovo. 
Efforts were directed toward the synthesis of long-acting 
antimalarials possessing a different mode of action from 
DHT or pyrimethamine, both of which apparently 
inhibit the conversion. of folic acid to folinic acid®. 

Although it has been known for several decades that 
various sulphones and sulphonamides exhibit antimalarial 
activity®-l!, none has been used extensively in the treat- 
ment of human malarias. This stemmed from the know- 
ledge that other more active drugs were available, from 
apprehension about the toxicity of certain compounds, 
and from recognition that frequent dosing is necessary. 
The sulphones and sulphonamides reportedly act at a 
different site than DHT or pyrimethamine, presumably 
by preventing the incorporation of p-aminobenzoic acid 
into folic acid® 11-14, The synthesis of long-acting sul- 
phone and sulphonamide derivatives was undertaken to 
provide antimalarial substances that, in combination with 
cycloguaml pamoate- or related compounds’*, might 
enable a sequential block in the metabolic synthesis of 
nucleotides and afford broader repository action against 
drug-resistant lines than either drug alone. 
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Plasmodia can acquire resistance to the sulphones and 
sulphonamides as well as to DHT and pyrimetham- 
ine®)?-13.14. However, in the course of this work it became 
apparent that certain lines of P. berghei®, P. cynomolgi 
and P. gallinaceum™, made resistant to 4,4’-diaminodi- 
phenylsulphone (DDS) or to DHT hydrochloride or pyri 
methamine, were still susceptible to the heterologous drug, 
with only a low order of cross-resistance. Further, a 
1:1 mixture of DHT hydrochloride and DDS proved 
highly effective against the parent, DHT-resistant, and 
DDS8-resistant lines of P. berghei, and the rate of emergence 
of resistance in the parent strain was significantly less 
with the mixture than with either drug alone’. These 
observations reinforced interest In a combination of the 
two drugs in repository form. 

During this investigation, several hundred sulphones 
and sulphonamides were supplied to Dr. P. E. Thompson 
et al. of these laboratories for antimalarial: evaluation. 
Among them, various 4-acylaminodiphenylsulphones (I) 


PX gre 
Y 
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exhibited promising repository activity against P. berghei 
infections in the mouse. In formula I, A represents an 
acyl group containing from 2 to 12 carbon atoms inclusive; 
X is an amino, acetamido, or nitro group; and Y is hydro- 
gen or methyl. As in previous work’, drugs were given 
subcutaneously to mice as either aqueous or lipid suspen- 
sions, and repository activity was assessed on the basis 
of the period of protection against patent infections 
afforded by a single dose prior to challenge with blood 
stages of P. berghei. Results indicated that a 400-mg/kg 
dose of representative acylaminodiphenylsulphones (Ia-c) 
prevented or greatly suppressed patent infections for 
periods ranging from 4 to 14 weeks. All preparations 
were well-tolerated locally and systemically by gross 
examination. 

The 4-acylamino-4’-nitrodiphenylsulphones (Ja) were - 
prepared by acylation of a 4-amino-4’-nitrodiphenyl- 
sulphone with the appropriate acid chloride in an acetone- 
pyridine mixture. Catalytic hydrogenation of the nitro 
compounds (Ia) in dimethylformamide over Raney nickel 
gave the corresponding WN-acyl-4,4’-diaminodiphenyl- 
sulphones (Ib), which were afterwards converted to the un- 
symmetrical N,N’-diacy]-4,4’-diaminodiphenylsulphones 
(Ic) utilizing the appropriate acid chloride or anhydride*. 
Symmetrical N,N’-diacyl-4,4’-diaminodiphenylsulphones 
were prepared by acylation of DDS with an excess of the 
acid chloride or anhydride. 

N,N’ -Diacetyl-4,4’-diaminodiphenylsulphone (DADDS) 
was selected for expanded studies. The compound is a 
colourless crystalline solid, m.p. 289°-292° C. A repre- 
sentative sample exhibited the following absorption 
spectrum: Amax in MeOH (e) 256 (25,500), 284 (36,200) mp. 
The solubility of DADDS in water or pH 7 0-1 M phos- 
phate buffer is 0-003 mg/ml. (0-0003 per cent), in 40 per 
cent benzyl benzoate—60 per cent castor oil 0-026 mg/ml. 
(0-0026 per cent). Suspensions of DADDS in the benzyl 
benzoate—eastor oil vehicle can be sterihzed in an auto- 
clave without detectable change. 

Against trophozoite-induced P. berghei infections in 
the mouse, a single 100-400-mg/kg dose of DADDS almost 
invariably prevented or strongly suppressed patent 
infections from up to 6-14 weeks. In rhesus monkeys, 
a 50-mg/kg dose of DADDS prevented patent P. cynomolgi 
infections for 63-268 (average 158) days and greatly _ 
suppressed the parasitaemia for many weeks longer. 
Therapeutic tests against established patent infections in 
monkeys showed that DADDS suppressed the parasit- 
aemia slowly. A comparison of DADDS, cycloguanil 
pamoate, and a 1:1 mixture against hnes of P. berghei 


where X = 


(b) --NH, 
(c) —-NHCOCH, 











sistant to either DDS or to DHT demonstrated 
ə mixture had broader repository action against 

g-resistant lines than either drug alone. These 
s7 encourage further evaluation of the DADDS- 
cloguanil pamoate mixture in connexion with the 
"prevention and eradication of malaria. 

The prolonged antimalarial effects and low toxicity of 
DADDS concur with chemical evidence of slow removal 
from the injection site and very low sulphone blood levels’. 
It is logical to assume that the antimalarial action of 
DADDS is due to the liberation of N-acetyl-4,4’-diamino- 
diphenylsulphone (MADDS), DDS or close relatives 
thereof inasmuch as DADDS has diminished activity 
against DDS-resistant P. berghei’. Presumably deacetyl- 
ases present in host tissues are involved in these trans- 

formations. : 
Repository activity is abolished or drastically reduced 
when DADDS is modified by: (1) replacement of the 
sulphone moiety by a sulphinyl, thio, oxalyl or 2,2,2- 
trichloroethylidene linkage; (2) introduction of a chlorine 
atom adjacent to one acetamide function; (3) introduction 
of hydroxyl groups adjacent to both acetamide functions; 
(4) alkylation of one acetamide group; (5) replacement of 
“both acetamide groups with amide functions containing 
. more than two carbon atoms. A group of N,N” -alkylene- 
dicarbonylbisſ N’-acetyl-4,4’-diaminodiphenylsulphones] 
was likewise devoid of appreciable repository action. 
- Among congeners of thiazolsulphone, sulphadiazine and 
_ sulphamethoxypyridazine, acyl derivatives such as N*,N*’- 
-diacetyl - 4 - aminophenyl]-2’-aminothiazolyl-5°-sulphone, 
< N1,N‘.diacetyl-N1-2-pyrimidinylsulphanilamide, and 
N1, N+ -diacetyl- N+- (6-methoxy -3-pyridazinyl)sulphanil- 
amide lacked substantial repository action. Solubility 
- ‘studies with representative 4-acylaminodiphenylsulphones 
indicate that the length of repository action of a given 
amide cannot be reliably predicted on the basis of aqueous 
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_. An Easily Obtainable Antiserotonin which 
— has Little Effect on the Brain 

TROUGH several highly potent antimetabolites of 
nin, for example, hydrazindole, BAS and others, 
een known. for several years!*, they have been used 
le, either in pharmacological research or in clinical 
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medicine. This has been primarily because the com, 
pounds are difficult to synthesize. About the only anti- 
serotonins now in use are lysergie acid diethylamide | 
(LSD) and the related 1-methyl butanolamide (UML). 
Theso latter, although they have severe disadvantages 
(they affect the mind) when compared with the synthetic 
antiserotonins mentioned here, are often used in preference 
to them because they ave commercially available. Even 
LSD and UML, however, are expensive. 

Recently, Dombro and Woolley? have described a sub- 
stituted cinnamamide which was highly potent as a 
specific antagonist of serotonin, and which was very 
easily prepared. This compound, namely, N-dimethyl- 
aminoethyl-N-benzyl-manethoxycinnamamide, because it 
was a tertiary amine, was able to penetrate into the 
central nervous system and to exert pharmacological 
effects there. It also acted on peripheral nerves, as shown 
by its effects as a loca! anaesthetic. 

Although antimetabolites of serotonin which act on the 
nervous system are desirable for some uses (cf. ref. 2), 
there are other instances in which a drug which is confined 
to the peripheral smoech musculature is required. For 
example, in the treatment of hypertension‘ or of carcinoid, 
an agent confined to the peripheral organs seems to be 
necessary. We have therefore attempted to alter the 
chemical structure of the previously mentioned cinnam- 
amide in such a way as to retain its high potency and 
ease of synthesis, but to render it poorly capable of 
actions on the central nervous system. These goals were 
accomplished by synthesis of the corresponding primary 
amine, namely, N-aminoethyl-N-benzyl-m-methoxycin- 
namamide or ABMC. The reason why such a manoeuvre 
would be expected te succeed has been discussed by 
Dombro and Woolley** and is that primary aliphatic 
amines, in contrast te tertiary amines, do not readily 
pass into the brain or even into peripheral nerves. 








C=O 
\_cH,CH.NH, 


7H, 
ABMC 


The new compound, ABMC, was synthesized easily in 
the following way. Commercially available m-methoxy- 
cinnamic acid was converted to its N-benzylamide by way 
of the acid chloride’. The sodium salt of this amide was 
prepared, either in dimethylformamide (DMF) or in 
dimethylsulphoxide (DABSO) solution, by addition of two 
equivalents of sodium hydride. |Aminoethylchloride 
hydrochloride (1-1 equivalents) was then added slowly, 
dissolved either in DMF or in DMSO. When DMF was 
used as solvent the reaction mixture was heated to 120° 
for 20 h, but when DMSO was used the reaction was 
allowed to proceed at room temperature. The reaction 
mixture was diluted with ethyl acetate, and the basic 
compounds were extrae:ed into aqueous hydrochloric acid. 
The free base was then liberated with alkali and extracted 
into ethyl acetate. The solvent was removed from the 
extract, and the desirad compound was obtained as a 
crystalline bioxalate by addition of oxalic acid to an 
acetone solution. For the biological work, the oxalate 
was converted to the Eydrochloride. Both the bioxalate 
and the hydrochloride zrystallized from ethanol-ether or 
from acetone. The free base was amorphous. The bi- 
oxalate melted at 188°-190°, and contained: C, 63-05 ; 
H, 6:04; and N, 7-04 (theory: C, 62:99; H, 6-04 ; 
N, 7:00). The hydrochloride melted at 191°-193°. 

Several other ways cf synthesizing the new compound 
were explored, but all of them failed. Thus, when one 
amino group of ethylenediamine was protected by formyla- 
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tion and efforts were made to benzylate and acylate the 
other amino group, the desired product could not be 
obtained because of the ease of acyl migration. Similarly, 
efforts to aminate the alkyl halide corresponding to 
ABMC failed to give the desired material. The amino- 
alkylation of the benzylamide, however, succeeded readily 
as previously described. 

In the rat uterus assay for antiserotonin activity? the 
hydrochloride of ABMC showed half maximal inhibition 
at 0-4 ug/ml. when the challenging dose of serotonin was 
0-01 ug/ml. and was one-seventh as active as the corre- 


sponding dimethylamino compound described previously*. . 


In the assay for antiserotonin activity in mice treated 
with 5-hydroxytryptophan?* the new compound pro- 
tected the mice from diarrhoea at ED; of 30 mg/kg. In 
this very stringent test of ability to act in intact animals, 
the new compound was therefore more potent than its 
corresponding dimethylamino analogue, and showed a 
potency great enough to make it a useful pharmacological 
reagent. Nevertheless, it was in this test somewhat less 
potent than the highly active hydrazindole', the most 
active known antiserotonin. 
To show that a compound lacks any effect on the 
central nervous system is not easy. Many analogues of 
serotonin cause mental disturbances, but these can often 
be detected only by an experiment in a human being. 
Nevertheless, some antiserotonins which affect the mental 
state of human beings have been shown to influence the 
performance of mice in a learning test®, whereas other 
antiserotonins which do not cause marked psychiatric 
changes in human beings do not affect the outcome of 
this learning test in mice. The new compound was 
administered intraperitoneally to mice (75 mg/kg), and 
30 min later the animals were tested for learning ability 
in the T-maze as previously described". The average score 
for twelve treated mice was 7-6 and the average for 
normal mice was 7:5. It was clear that no effect on peor- 
formance could be detected in this test. Similarly, visual 
inspection of the behaviour of mice treated with the new 
compound did not indicate alteration in behaviour. Under 
similar conditions mice treated with reserpine gave an 
average score of 8-3. 
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HAEMATOLOGY 


Probable Significance of Some Morphological 
Variations in the Eosinophil Granule 
revealed by the Electron Microscope 


THIS communication arises out of an incidental observa- 
tion made during the examination of normal and neoplastic 
tissues of man and experimental animals under the electron 
microscope. 

During the course of these investigations, eosinophil 
leucocytes were frequently encountered, and it was 
observed that some had granules with an electron-dense 
central band and a pale electron lucent periphery (Fig. 1a), 
while in others, these densities were reversed. That is to 
say, these granules had a central electron lucent band and 
an electron dense periphery (Fig. 1b). 

A survey of the literature reveals! that some minor 
variations in the morphology of the eosinophil granule 
have been observed and recorded, such as two crystalloids 
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Fig. 1. Two varieties of eosinophil granules. a, x 40,000; b, x 30,000 


in one granule, but this particular difference in the electron 
density of the crystalloid and its surround has not hitherto 
been appreciated. However, examination of the electron 
micrographs of eosinophils published in the literature 
shows quite clearly that these two varieties of eosinophil 
granule have been photographed. Thus eosinophils con- 
taining granules similar to those in Fig. la have been 
recorded on many occasions in the rat*, guinea-pig*+, 
mouse’ and manž, while eosinophil granules similar to those 
shown in Fib. 1b have been observed by Florey in the rat® 
and by us in the guinea-pig. 

We have not yet encountered an indubitable instance 
where both varieties of granules occurred in one eosino- 
phil, but we have seen eosinophils, some containing one 
variety and some the other variety of granule in a single 
section of guinea-pig marrow. This would seem to exclude 
fixation and processing as the cause of the phenomenon, 
and also exclude the possibility that this is just a species 
difference. 

An interesting question is raised by our finding of these 
morphologically distinct granules. Are there in fact two 
distinct races of eosinophils with different functions, or do 
the two types of granules represent eosinophils before 
and after fulfilling their function ? 
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Department of Pathology, 
University of Sheffield. 
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Thromboplastin-induced Hypercoagulability 
and its Prevention 


Ir was shown in a previous investigation! that the 
plasma content of heparin co-factor (anti-thrombin II) 
is markedly decreased during the first post-operative 
week. This decrease could be prevented by intravenous 
administration of 15,000 international units (1.v.) of 
heparin to the patients at the beginning of the operation. 
It was therefore suggested that the decrease in co-factor 
is an expression of anti-thrombin consumption when 
thromboplastie activity is released into the blood stream 
from the operative region. 
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PRECISE MEASUREMENTS 
WITH THE NEW CAMBRIDGE 
AC/DC COMPARATOR 


Precise a.c. measurements for 
calibration and testing can be made 
quickly and simply with the NEW 
Cambridge Comparator. 


Voltage: Ranges from 0.5 to 300 volts 

Current: Ranges from 5 mA to 3 amps 
Accuracy: +0.05% 

25 to 20,000 cycles per | 25 to 10,000 cycles per 

second. second. 

All voltage ranges. Current ranges 1.5 

Current ranges up to | and 3.0 amps 

750 mA 

Resistance : 100 ohms per volt 

Transfer element : Vacuo-junction 

AC/DC transfer error : 0.002% 

Discrimination : 0.01% 


Fitted with a mains supply unit to 
provide a high stability d.c. reference 
current, the comparator incorporates 
a standardising circuit—the 

only external accessories required 
being a standard cell and a 
galvanometer. A built-in meter 
indicates approximate a.c. values and 
the controls can be set to avoid 
overloading the vacuo-junction. In 
the event of accidental damage 
however, the vacuo-junction can be 
replaced easily without upsetting 

the calibration. 


Send for list 353N. For future publications, write for mailing form N/ 5/65. 


[EPA AC/DC COMPARATOR <2> 


Cambridge Instrument Company Limited, 13 Grosvenor Place, London, S.W.1 
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Books from the 


University of California Press 





Vertebrate Embryology: 
A Laboratory Manual 


RICHARD M. EAKIN 

A handbook of laboratory work for students of medicine 
or zoology, based on the author’s teaching experience 
at the University of California at Berkeley. 22s, net 


Drug Dosage in Laboratory 
Animals: A Handbook 


C. D. BARNES & L. G. ELTHERINGTON 

This book gives information on in vivo and in vitro 
dosage of more than 200 drugs commonly used in 
animal research. 64s. net 


Mathematical Theory of 
Optics 


R. K. LUNEBURG 

A general treatment of optics by Hamiltonian methods. 
Luneburg’s formulation is mathematically rigorous 
and contains many highly original results. £5 net 


Human Engineering Guide 


for Equipment Designers 


W. E. WOODSON & D. W. CONOVER 

A compilation of information needed by engineers and 
others designing equipment for use by human beings. 
The second edition has been thoroughly revised and 
expanded. 80s. net 
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Alloys prepared as ingot, wire, rod or foil. 


Also available—antimony and tellurium (lead content 
less than .001%) for thermo-electric applications. 


CAMBRIDGE UNIVERSITY PRESS 





J99 ma 





ASSOCIATED LEAD 


MANUFACTURERS LIMITED 


aiy 


Clements House, 14 Gresham Street, London, E.C.2. 
Crescent House, Newcastle upon Tyne 1. 


Lead Works Lane, Chester. 





O prevent the post-operative decrease in 
- without a concurrent increase in the bleeding 
y during operation, were successful with the use of 
ypsin inhibitor ‘Trasylol’ (Farbenfabriken Bayer 
verkusen, Germany)’. ‘Trasylol’ has proved to 

ean antithromboplastin im vitro? and, more specifically, 
VIII, IX, X and contact factors take part’, This may 
explain its ability to prevent the post-operative fall in 
co-factor activity im vivo. 

This investigation was designed to answer the following 
questions: Does intravenous injection of thromboplastin 
produce changes in the plasma content of heparin co- 
- factor? Can a possible decrease in co-factor be prevented 

by administration of heparin and “Trasylol’ ? 

The experiments were. made on dogs, as follows: 

(a) Intravenous injection: of thromboplastin ; ; (6) intra- 
vonous injection of thromboplastin 5 5 min after hepariniza- 
tion (10,000 1.0. of heparin i.v.): (c) intravenous injection 

of thromboplastin 35-45 min after injection of ‘Trasylol’ 
> (100,000 KTE i.v.). Each group consisted of two dogs. 

. Thromboplastin from the same- preparation of dog 
ae brains, i in a quantity representing half a brain, was injected 

in the course of 10-12 sec. 
= As a measure of the coagulation-inducing effect of 
_ thromboplastin, the fibrinogen content of the plasma was 
recorded. For determination of the co-factor® and fibrino- 
_ gen® content of the plasma, blood samples were taken daily 
_ by venous puncture up to.and including the eighth day, 
when the dog was killed. Autopsy was performed im- 
& mediately after death. 
«Dogs given thromboplastin alone reacted, after about 
20 sec, by restlessness, hypersalivation, hyperpnoea, 
nystagmus and discharge of urine and faeces. Unconscious- 
ness and apnoea occurred. after about another minute. 
Five to ten minutes after the injection of thromboplastin, 
< respiration became normal and the dog awoke. From 1 h 
after the experiment the dogs appeared to be in good 
condition. One became increasingly lethargic, with 
superficial respiration, and died on the first day. The 
fibrinogen content of the plasma decreased markedly 
during the first hours after injection.. During the next 
* few days, the fibrinogen rose to supra-normal values. 

The co-factor content of the plasma fell, and reached 
the minimum value of 54 per cent on the first to third 
a day after injection of thromboplastin (Fig. 1). In dogs, 
_ given thromboplastin only, autopsy disclosed massive, 
_ almost completely occluding thrombi in the right ventricle, 
as well as in the pulmonary artery and its branches. 
-The heparinized dogs showed no reaction to the subse- 
_ quent injection of thromboplastin. Nor was there any 
initial fall in plasma fibrinogen, whereas a moderate rise 
-was recorded on the following days. The co-factor activity 
showed a comparatively inappreciable decrease to a 

minimum value of 82 per cent on. the fourth day (Fig. 2). 
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When thromboplastin was given after Injection of 
‘Trasylol’, the dogs showed a slight reaction, m the 
form of slight restlessmess and by bypersalivation, lasting 
a few minutes. There was an initial decrease in fibrinogen 
but, compared with thet in the dogs given thromboplastin 
lon: it was moderate. No decrease in co-factor activity 
was recorded (Fig. 3). 
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Fig. 3. Changes in plasma®brinogen (O) and he — co-factor activity 
(@) after intravenous injection of ‘Trasylol’ and thromboplastin. Values 
determined as percentage of the preinjection values 


When the dogs had raceived heparin or ‘Trasylol’ before 
the injection of thromboplastin, autopsy showed entirely 
normal conditions, with no trace of thrombo-embolism. 

Injection of thromboplastin alone produced intense 
intravascular coaguletion, which was reflected in the 
initial fall in plasma Ebrinogen and the development of 
massive thrombosis. ‘The co-factor content of the plasma 
was also reduced during the first few days after injection. 
When heparin—whickt is the strongest known anti- 
coagulant—was injected before thromboplastin, neither 
a fall in fibrinogen, thrombus formation nor a decrease 
in heparin co-factor «ctivity occurred. ‘Trasylol’ also 
proved to be capable ef diminishing fibrinogen consump- 
tion and preventing = decrease in heparin co-factor in 
dogs injected with thremboplastin; these dogs were free 
from thrombo-emboliam. The series of this preliminary 
investigation are, however, too small to be able to draw 
any definite conelusices but the findings have prompted 
further investigations, which are still in progress. 

Sam NORDSTRÖM 
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Department of Expermental Surgery, 
Thoracic CHnics, 
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PATHOLOGY . 


Alteration of the Distribution of the Alpha 
and Beta Components in Human Skin 
Collagen with Disease 


Ir has been shown that the amount of citrate-soluble 
collagen from human skin decreases exponentially with 
increasing age’. This is true for patients who die immedi- 
ately following an accident and in those who are not 
debilitated and die suddenly. In chronically ill patients, 
the yield of soluble collagen shows a marked decrease 
from these ‘normal’ values*. This report shows that a 
difference between the citrate-soluble collagen molecules 
of ‘normal’ as compared with those of chronically ill 
patients is in the relative distribution of their component 
polypeptide chains, that is, the alpha and beta com- 
ponents. 

Specimens of abdominal skin were obtained at autopsy 
within 8 h of death and treated separately and im- 
mediately. The epidermis and subcutaneous fat were 
removed by scraping with a sharp blade and an aliquot 
removed for dry weight determination. The dermis was 
extracted with citrate buffer by a method similar to that 
used by Gallop*, but the citric acid extract was dialysed 
against water instead of dibasic sodium phosphate. All 
extractions were limited to a 48-h interval. After Kjel- 
dahl digestion, the concentration of soluble collagen 
nitrogen was determined by the Conway diffusion tech- 
nique*. To calculate the dry weight of collagen, a value 
of 18-7 per cent nitrogen, previously obtained by us from 
amino-acid data of human skin collagen, was used. Repro- 
ducibility on duplicate determinations by the Conway 
procedure was +3 per cent. Results were expressed as 
mg/soluble collagen/g dry dermis. During the prepara- 
tions, the solutions were never exposed to temperatures 
above 5° C. 

Ali the undenatured molecules extracted for this study 
had physical-chemical constants similar to those previously 
reported for other human collagens’: sedimentation co- 
efficient, 3-15 S + 0-15 ŞS; limiting viscosity number, 
1,350 + 150; temperature of denaturation, 36° C; and 
optical rotation, — 410° + 30°. Amino-acid analyses 
showed absence of cystine and cysteine and a tyrosine 
concentration of less than four residues per 1,000 residues. 

The extractable collagens were heated to 40° C for 20 
min and run in the analytical ultracentrifuge at 35° C 
in order to denature the molecule and to obtain the distri- 
bution of the alpha and beta components. The areas 
under the ultracentrifuge patterns of the two components 
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Yield (mg/soluble collagen/g dermis) 





Age (years) 
Fig. 1. Yield of citrate-soluble human skin 


collagen with age, @, Speci- 

mens ob from accident cases and from patients with a non-debitita- 

ting diseases; ©, specimens obtained from patient with debilitating 
and/or chronic diseases 
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Fig. 2. Sedimentation patterns of heat-denatured human skin collagen 
extracted with citrate buffer. Upper pattern: soluble collagen, conc. 


0:35 per cent E , from a patient who died suddenly and had a ‘nor- 


mal’ yield of soluble collagen. Lower pattern: soluble collagen, conc. 
0-25 per cent( g =) from a patient with chronic disease and reduced 


100 6.0. 
Sy of soluble collagen. Each run was made in formate buffer (pH 

‘75, ionic strength 0-15), 128 min at 50,740 r.p.m., 35° C, 30 mm alu- 
minium cell, 65° bar angle, sedimentation from left to right. The faster 
moving larger k in the upper — is the f Someones and the 
slower peak is the a component, The single peak wer pattern js 
the a component. The # component is seen as a faster moving, slight 
irregularity of the base line. The patterns given above show relatively 
larger amounts of a than those obtained by extrapolating the areas under 

the ultracentrifuge patterns to infinite dilution 








were measured to obtain the distribution of the alpha s” 


and beta components. To minimize the Johnston—Ogston 
effect®, the solutions were progressively diluted’. 

Fig. 1 shows the yield of citric acid-soluble human skin 
collagen with age. The amount of extractable collagen 
decreases in an exponential fashion with age in those 
patients who die suddenly, and this ‘normal’ level is 
indicated by the line connecting the solid dots. As is 
indicated by the open circles in Fig. 1, the yield of extract- 
able collagen was decreased in patients with chronic and 
debilitating diseases, which included prolonged primary 
renal failure with massive proteinuria, malignancies 
(especially blood dyscrasias) and ‘collagen’ diseases. 
Many of these patients had accompanying malnutrition 
and had received steroid therapy. Analytical ultracentri- 
fuge patterns of denatured extractable collagen from 
patients in which the yield is 40 per cent or less of the 
‘normal’ were compared with patterns obtained on 
‘normal’ patients. 

Fig. 2 (upper pattern) shows a typical ultracentrifuge 
pattern of the denatured collagens obtained from patients 
in which the vield of soluble collagen was within ‘normal’ 
range. For the denatured collagen, the weight ratio of 
the alpha to the beta component, as measured from the 
areas under the ultracentrifuge peaks, following extrapola- 
tion to infinite dilution, is in all cases about 1:1. It had 
been shown that when other solvents, such as 0-15 M 
NaCl, 0-45 M NaCl, 1-0 M NaCl, 2:0 M NaCl, or 0-2 M 
citrate, pH 4-3, are used to extract collagen from the 
tissue, they extract similar proportions of alpha to beta 
components regardless of age, in ‘normal’ patients®. 

Fig. 2 (lower pattern) shows the ultracentrifuge pattern 
of the denatured collagen obtained from a patient in 
which the yield of citrate soluble collagen was decreased. 


er 









d other denatured collagens from the low-yield 
ie weight ratio of the alpha to the beta component 
eased, and varies from almost pure alpha with only a 
of beta (for example, Fig. 2, lower pattern) to a 
yof 2: 1, alpha to beta. | 
hese results show that when extractable collagen is 
“obtained from patients with chronic diseases, the yield is 
low and there is a relative increase in the amount of 
. alpha component as compared with the beta component. 
- This finding of increased alpha component is also seen in 
` experimental lathrrism where extractable collagen is 
` obtained in increased yield. To explain the findings 
observed in experimental lathyrism, it had been suggested 
by Gross’ that: “In addition to a loss of intramolecular 

cross-linking, previously formed intermolecular bonds 
_ have disrupted,.or alternatively, formation of such 
bonds has been blocked”. | | 
Tho significance ef the low-yield, high-alpha extractable 
` human collagen decumented in this report is unknown. 
: One possibility is that strong intermolecular bonds have 
formed in collagen in tissue of diseased patients, and that 
these bonds cannot be disrupted by extraction with 
_ eitrate buffer. Ancther possibility, more plausible, is that 
‘intermolecular bonds have been disrupted in the tissue 

and that the soluble collagen fraction which is usually 
extractable is lost from the dermis through resorption. 
_ The high alpha composition of the extracts most likely 
represents the newly laid down collagen secreted by active 
fibroblasts. The mechanism which produces new collagen 
4s not efficient eneugh to compensate for the losses of 
-citrate soluble collagen, whatever the mechanism be for 
their loss. 

This work was supported in part by U.S. Public Health 

Service grants 2G-~125 and HE-08445-01. 
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IMMUNOLOGY 


of Immunological Paralysis to 
_ Immunity by Endotoxin 
_ Issecrion of ammals with relatively large amounts of 
n antigen results in their failure to. mount an immune 
= response. It has been suggested that if endotoxin be 
~ given after such a dose of antigen, immunity rather than 
esponsiveness will result?. Claman’ reported briefly 
at when mice mjected with unaggregated bovine y- 
obulin (BGG), an antigen which normally causes un- 
onsiveness, were given endotoxin they formed 
ibodies to the BGG. Immunological paralysis induced 
y pneumococcal polysaccharides is a classical example 
of immunological anresponsiveness, yet little if anything 
-known of its mechanism. In an attempt to explore 
- possible mechanisms, 0-4 mg of the endotoxin of Salmon- 
= ella typhosa 0901 (Difco) was injected intraperitoneally 
-into 10-week-old CAF, mice before, or at various times 
T, 25, 75 or 200 ug of the soluble specific substance of 
TW Diplocoecus pneumoniae (SIII). At various 
usually commencing 7 days after the injection 
tigen, the mice were bled and their sera, absorbed 
natural antibodies to sheep cells, titrated by a 
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haemagglutination test using the filtrate of a type TII 
D. pneumoniae culture coated to sheep erythrocytes as — 
antigen’. Approximately 5 weeks after the injection of 
the antigen the mice were challenged with one hundred — 
lethal doses of type ITI D. pneumoniae. aes 

All the mice which did not receive endotoxin died when ~ 
challenged. On the other hand, 62 of 64 mice which had 
been given endotoxin at various times after the SIT 
survived the challenge, the only deaths being one mouse 
which had been injected with endotoxin 15 days after 
25 ug SHI and another which had been given endotoxin 
7 days after 75 ug SIII. None of the 5 mice given endotoxin 
before the antigen survived the challenge. | 

The results of the haemagglutination test (Table 1) 
show that none of the 15 mice injected with STIT only or 
the 5 mice given endotoxin before the antigen formed 
detectable antibodies. Forty-four of 64 animals which 
had been injected with andotoxin after the SIH had anti- 
bodies at the first bleeding and, when 19 of the animals 
whose sera had no SIII antibodies were re-bled 7-10 
days later, 15 of them had positive titres. The sera 
of the controls and the mice given endotoxin before the 
antigen remained negative. The delay in the appearance 
of antibodies in a large number of the mice (20/64) is 
somewhat surprising in view of the fact that the induction 
period for antibodies to SIII in CAF, mice injected with 
0-1 ug SII is 2-3 days (unpublished results), A similar 
delay in the appearance of antibodies against BGG in 
endotoxin-treated irraciated rabbits has been reported 
by Kind and Johnson‘. and a delay, although much more 
prolonged, has been ebserved when neonatal mice are | 
injected with 0-1 pg SIII (unpublished results). If a 
common mechanism underlies these 3 sets of experimental 
findings it is unlikely that the delay is due to persisting 
antigen masking circulating antibody. 





Table 1. EFFECT OF EXPOTOXIN ON IMMUNOLOGICAL PARALYSIS 


Time of 
Time endotoxin SITI bleedi 
injected relative injected after SIT Titres * 
to antigen (days) (eg) (days) 
No endotoxin 25 7 6, 0, 6, 0, 0 
: 15 0,0,0, 0, 6 
No endotoxin 75 7 O. 0, 0, 0, 0 
15 6, 6, 6, 0, 0 
29 6G, 0, 0,0, 0 
No endotoxin 200 7 6, G, 0, 0, 0 
18 0, 0, 0, 8, 6 
— I 25 7 0, 0,0, 0, 0 
17 0, 6, 0, 0, 8 
+4/4 25 7 0, 8 4, 16, 8 
15 16, 16, 16, 128, 4 
-+ 1/4 75 7 8, 4, 0, 6, 0 
15 ©4,4,0,0,0 
+] 25 7 16, 16, 228, 64, 16, 8, 128, 16, 64, 16 
+] 75 7 8. R, 4, 4,8 
+] 200 7 8, 0, 0, 0 
13 32, 8, 82, 16 l 
+2 25 7 64, 256, 16, 8, 256 
+2 75 7 8, 0, 8, 4,0 
15 $2, 4, 32, 4, 4 
+4 25 7 ü, 32, 128, 32, 8 
+4 15 32, 16, 128, 32, 16 
75 7 0, 0,0,0,0 
15 16, 32, 4, 32, 8 
47 25 15 32, 32, 128, 256, 0 
+7 75 15 16, 0, 0, 0, 6 
22 16, 4, 4, 8, 0 
+15 25 22 4, 4, 8,8, 8 


* Titrations were commenced with a serum dilution of 1 in 4. The figures 
are the reciprocals of the serum dilution at which an end-point was noted. 


A similar but smaller experiment with C3H/HeJ male 
mice of 9 weeks of age gave results which were not so 
dramatic as those observed with the CAF, mice. Only 
one of 7 mice given endotoxin a few hours after 25 ug SIH 
had SIIT antibodies and survived challenge. Two of 6 
mice given endotoxim one day after antigen had low 
titres of antibodies amd one of these survived challenge. 
The controls did not receive endotoxin: none of their 
sera had detectable amtibodies and none survived chal- 
lenge. Bleedings were 7 and 18 days after the injection 
of the antigen. 

From all these results it is therefore clear that the 
injection of CAF, mice with endotoxin after, but not 
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before, the injection of SIII results in immunity rather 


than paralysis. What still remains to be determined is 
the duration of the period between antigen and endo- 
toxin in which paralysis can be converted to immunity 
and if there is an upper limit to the quantity of antigen 
which, in conjunction with endotoxin, will immunize 
rather than paralyse. 

The hypothesis of Talmage and Pearlman! that immuno- 
logical unresponsiveness could be converted to immuno- 
logical responsiveness by the injection of endotoxin is 
amply fulfilled by the experiments reported here. How 
the endotoxin acts is not clear. Excess antigen may lock a 
potential antibody forming cell and prevent it from pro- 
liferating and differentiating, and the endotoxin may 
counteract this by stimulating cell division and diluting 
out the antigen. It is less likely! that the endotoxin 
brings into closer juxtaposition the determinants on the 
Se aia SITI polymer thus affecting the response of the 
nost. 

This work was supported in part by U.S. Public Health 
Service grant RG-7446, I thank Mr. J. Campbell, Biology 
nen Harvard College, for a generous supply of 
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RADIOBIOLOGY 


Radiosensitization by Copper lons, and 
Consequent Reversal of the Oxygen Effect 


THE apparently common action of such various protec- 
tive compounds as cysteine, glycerol and thiourea! sug- 
gests, from a chemical standpoint, a common chemical 
property. Such a property might be the metal chelating 
ability of compounds containing > N-, > S and > O atoms 
with unshared electrons?. It seemed possible, therefore, 
that added metals, especially transition metals, might 
sensitize bacteria if they act in the opposite sense to the 
known protective compounds. Accordingly, the effect of 
added cupric salts on bacteria was investigated and the 
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Fig. 1. Survival curves for Shigella flexneri Y6R. The curves for each 

copper concentration under aerated conditions coincide with the aerated 

control curve. ©, No Cui; x, 10 M Oui: A. 2x 10-°M CuCh: 
Cj, 4x 10-* M CuCl; @, 6x 10-* M CuCl, 
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Table 1 


Concentration. of cupric chloride Oxygen 
(in aerobic and anoxic suspension) enhancement ratio * 
0 3-6 
10° M 18 
2x10* M 13 
4x10" M 0-5 
6*x10* M 0-13 


* Where survival under anoxia is less than that under aerated conditions 
the oxygen enhancement ratio ia atill expressed as the ratio of the doze 


required for 10 per cent survival under anoxia to the dose for 10 per cent | 


survival under aeration, 
No sensitization was observed under aeration at concentrations of 6 x 10-7 M 
to 8x10-* M CaCl. 


results of the initial work are presented below. Cupric 
chloride was added to saline (0-067 M) suspensions of 
Shigella flexneri about 5-10 min before irradiation. The 
suspensions were irradiated with an electron beam (8 MeV) 
from the Medical Research Council linear accelerator, dose 
rate about 20 krads/min, under anoxia and aeration for 
each concentration of copper salt used. Techniques for gas 
bubbling and for irradiating suspensions with the 8-MeV 
electron beam have been described by Alper’. Survival 
after irradiation was estimated by plating samples after 
each dose on Difco-salt plates and counting colonies 
after 15 h at 37°C. 


No sensitizing action was observed when the irradiated — 


suspensions were aerobic, whereas in the absence of oxygen 
there was marked sensitization, the extent of which 
depended on the copper concentration. At concentrations 
of 4 x 10 M copper, and above, the anoxic bacterial 
suspensions were more sensitive than both the aerated 
control suspension and the aerated suspensions containing 
the same concentration of copper. 

A set of survival curves is shown in Fig. 1, and Table 1 
summarizes the ‘oxygen enhancement ratios’ for this 
experiment. 

Concentrations above 8 x 10-5 M were toxic to the 
bacteria and therefore could not be tested in this system. 

There was no sensitization if the copper salt was 
washed out of the bacterial suspension before irradiation, 
or if bacteria irradiated without copper were exposed to 
copper solutions before plating. 

Preliminary experiments in collaboration with J. Moore, 
T. Alper and B. Hodgkins have shown: (a) that other 
bacterial strains are sensitized by copper when irradiated 
under anoxia, but not under air; (b) that copper does not 
sensitize Shigella to ultra-violet light at 2537 A in air. 

Since all the protective agents used in experiments with 
bacteria show greater protection in the presence than in 
the absence of oxygen‘, the quantitative effect of any agent 
working in the opposite sense might be expected to be 
greater in aerobic conditions than under anoxia. The 
absence of any sensitization by copper when oxygen is 
present indicates that the mechanism by which sensitiza- 
tion acts is not a simple reversal of protective action. 


Increase in the radiolytic degradation of non-biological ~ — 


systems in the presence of metal ions has been roöportodâs, 
but increase in radiolysis products was found both in the 
presence and absence of air. 

The work of Anbar indicates that the valency state of 
the sensitizing metal is important and this must be taken 
into consideration when any explanation of sensitization 
under anoxic and aerated conditions is sought. In the case 
of copper the monovalent form would be quickly oxidized 
to the divalent state when air is present but could be 
stabilized in reducing conditions under anoxia. 

Several authors have reported sensitization of bacteria 
by compounds which are highly reactive to thiol groups’-?*, 
However, only Bridges has observed preferential sensitiza- 
tion under anoxia using N-ethyl maleimide with Pseudo- 
monas species and E. coli B/r and iodoacetic acid with 
Pseudomonas sp. In both cases, however, the maximum 
extent of sensitization in anoxic conditions was not as 
great as sensitization by oxygen alone. 

Note added in proof: Sinee submitting this com- 
munication it has been shown that chemically produced 













jon is “toxic to bacteria under anoxia from a 
mntration of 1 x 10-¢ M upwards. 
i W. A. CRAMP 
Medical Research Council, 
xperimental Radiopathology Research Unit, 
Hammersmith Hospital, 

Ducane Road, 

London, W.12. 
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Teratogenic Effect of Trypan Blue on Rat 
Embryos cultivated in vitro 


GILLMAN et al. first observed the teratogenic activity 
of trypan blue in 1948 (ref. 1), and the dye has since 
become widely used as a ter atogenic agent for laboratory 

-= work. The recent development of a system for the cultiva- 
tion of post-implantation rat embryos in vitro? has made 

-it possible to investigate the direct action of trypan blue 
on the isolated embryo. 

Five- to ten-somite rat embryos (10-11 days) surrounded 
by the amnion and yolk sac placenta were explanted on 
to plasma clots and incubated for 18-45 h. Before cultiva- 
tion the embryos were treated in one of the following 
ways: (1) injection of a 0-05 per cent solution of trypan 
blue in glucose-Tyrode’s solution into the yolk sac followed 
by immersion of the embryo in a 0-05 per cent solution of 
trypan blue in embryo-extract for 30 min at room tempera- 
ture; (2) injection of glucose-Tyrode'’s solution into the 
yolk sac followed by immersion of the embryo in embryo- 
extract for 30 min at room temperature; (3) immersion 
of the embryo in a 0-05 per cent solution of trypan blue 
in embryo extract for 30 min at. room temperature; (4) 
immersion of the embryo in embryo-extract for 30 min 
at room temperature. The purpose of soaking the 
embryo for 30 min at room temperature was to allow 
_. diffusion of the dye before development was resumed in 
_-ineubation. After cultivation the embryos were examined 
as whole mounts, and selected specimens were examined 

“histologically. 

The results of the experiments are shown in Table 1 


Table 1. RESULTS OF TRYPAN BLUE INDUCED MALFORMATIONS 


No, of No. of No. of 
embryos normal abnormal 
treated embryos embryos 
ve n T,B. + G.T. injected and soak a2 17 15 (47%) 
oo. (2)°G.T. injected and soak 19. 19 0 
“a. (3) T. B. + EVE, soak 14, 13 1 (7%) 
(4) E.E. soak 12 12 0 


T B., trypan blue, G.T., glucose-Tyrode, E.E., embryo extract, 






x It can be seen that only embryos treated with trypan 
-. “blue developed abnormalities. Of the 32 embryos in- 
jected with trypan blue, 15 (47 per cent) exhibited one or 
“more abnormalities which were similar to those described 
by Waddington and Carter*: oedema and swelling of the 
- head and neural folds, failure of neural folds to close 
properly, dilatation of the pericardial sac, enlargement of 
the heart, sub-ectodermal blister, haematoma of the trunk 
and tail regions, and general retardation of development. 
Of the 14 embryos immersed in trypan blue without 
~ injection, only one exhibited abnormalities. 
Theso results show that trypan blue has a direct terato- 
enie effect on the rat embryo. Gillman et al. observed 
wt the critical period of the rat embryo in utero to the 
stogenic action of trypan blue injected into the maternal 
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circulation is day 7-9. The work recorded here ae 
that the embryo is stil. sensitive to ey pan blue after day 
as first suggested by Wilson et al.4, the sensitivity ceas 
in utero after day 9 because the yolk sac which completely 
envelopes the embryc at this time prevents the dye from 
reaching the embryo. The single abnormality among the 
embryos soaked in trypan blue may be the result of the 
dye leaking into the yolk sac through a small puncture 
made during explanation. 

I thank Dr. D. A. T. New for his advice. This work 
was supported in part by grants from the University of 
California, School of Medicine, San Francisco, and Hoff- 
man-la Roche, Inc. 

Myron M. Tursow* 

Strangeways Research Laboratory, 

Wort’s Causeway, 
Cambridge. 
* Present address: Department of Pharmacology, School of Medicine: 


University of California, San Francisco Medical Center, San Francisco 22, 
California. 
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A Culture Medium for Snail Cells and 
Tissues 


As a first step in providing a suitable medium for in 
vitro culture of snail-borne stages of trematode parasites, 
we have developed a suitable medium for im vitro culture 
of snail cells and tissues. The culture medium devised 
and tested in our laboratory is capable of sustaining cells 
and promoting growth for as long as 60 days. Presumably 
it will maintain snail cells and tissues for a much longer 
time, but lack of media has prevented us from running 
longer experiments. 

The snail tissues cultured in our experiments were taken 
from the foot muscle, mantle, oesophagus, oviduct and 
gonad of Helix pomatia Linn. (Euthyneura : Stylommato- 
phora : Helicidae), Planerbina (= Australorbis) glabratus 
(Say) (Euthyneura : Basommatophora : Planorbidae) and 
Pomatiopsis lapidartz (Say) (Streptoneura : Mesogastro- 
poda : Hydrobiidae). Foot muscle and gonad were the 
two tissues mostly used. Prior to removing the tissues, 
each snail’s shell was cracked by gently applying pressure 
with pliers. The snail (unanaesthetized and unnarcotized) 
was then freed from its shell by cutting the columellar 
muscle with a scalpel. The tissues were removed with 
sterile micro-knives, minced into small pieces, washed. 
several times in a sterile saline solution and placed in 
sterile plastic Petri dishes containing 5 ml. of snail media. 

Especially importaat in culturing snail tissues are the 
following factors: sterility, proper antibiotic mixture, 
addition of snail extract, temperature and pH. Several 
of the tissues were maintained better at different respective 
pHs, but all the cultures seemed to do better at 15° C 
(we tested temperatures of 0°-40° C at 5° intervals). 

Gonadal tissues of all 3 snail species were maintained 
for as long as 60 days in a total of 5 experiments at pH 
7-0. Several observations are particularly pertinent: 
(1) Actively motile mature sperm were evident continu- 
ally through the 60 days; (2) the various prophase I stages 
of meiosis, especially diakinesis, were seen in great 
abundance in the 5 experiments involving all 3 species; 
numerous metaphase I cells were also seen; (3) after 14 
days many mitotic metaphase cells were seen in one 
primary explant culture of Helix pomatia, indicating 
actual cell division and quantitative growth of the cultures; 
(4) in addition to the experiments using primary explants, 
as many as three suecessful sub-cultures were made on 
gonadal and oviduct. tissues. 

Foot muscle tissues, maintained at pH 8-5, appeared in 
good condition at the end of 60 days for two of the snail 
















species (Helix pomatia and Ple 
days for the other species '(Pomatiopsté lapidaria) when 
the experiments were terminated, and primary explants 
of all three species showed a surrounding outgrowth of 
cells. Sub-cultures showed a quantitative increase in 
cells when measured densitometrically. Ciliated cells 
were still active at the end of the experiments. Tissues 
of the mantle, oesophagus and oviduct were also success- 
fully cultured for 45 days. 

Preparation of Snail medium. All components were 
pooled and mixed in a 2-1. flask in the order given in Table 
1. The pH was adjusted by adding steam sterile 0-3 N 
sodium hydroxide drop by drop. The indicator in the 
500 ml. of Medium 199 was enough to indicate the pH 
even though diluted by the other components. The 
medium was filtered in a Hormann filter through a double 
clarifying pad and then through a disk ‘Millipore’ filter 
with a silicone rubber connexion. This facilitated easy 
filtration at 20 lb. air pressure. The filtrate was passed 
through a bell with a glass tube in its centre and collected 
in an Erlenmeyer flask. The rim of the flask was flamed 
and capped with a sterile cotton plug when the bell was 
removed. The medium was dispensed in 100-ml. aliquots 
to 150-ml. ‘Pyrex’ bottles with rubber-lined screw caps 
and then stored at — 5° C. 


Table 1, COMPOSITION OF SNAIL MEDIUM 

Component mil, 
1 Double distilled (glass) water 480 
2 199 + 0-5 per cent peptone (Difco) 500 
3 BHI — broth 20 
4 SE broth (see Table 2) 20 
5 M-9 Stock A (see Table 4) 4 
6 M-9 Stock B (see Table 4) 8 
7 Calffoetal serum (Hyland Laboratories, Los Angeles) 40 
8 Snail extract 40 
9 Antibiotic mixture (see Table 5) 8 

Preparation of SL broth (item 4, Table 1). The com- 


ponents listed in Table 2 were added one at a time in a 
2-1. beaker and dissolved with 500 ml. of steam sterile 
double-distilled (glass) water. When the mixture was fully 
dissolved the volume was adjusted to 1 1. and brought to 
boil over a flame. The broth was then stored in 200-ml. 
prescription bottles at room temperature. The ‘Tween 80° 
was added to the broth as follows: 10 ml. of “Tween 80’ 
was added to 100 ml. of double distilled (glass) water; 
10 ml. of this solution (containing 1 g ‘Tween 80’) was 
then added to the broth. 


Table 2. COMPOSITION OF SL BROTH? 
Component Quantity 
Trypticase (BBL) 10 g 
Yeast extract (Difeo) 5 g 
K,HPO, (monobasic) 6 g 
Ammonium citrate [((NH,).HC,H,0-] 2 g 
Glucose 20 g 
Sodium acetate [NaC,H,0.3H,0] 25 g 
Glacial acetic acid 1°32 mi. 
Salt solution (see Table 3) 5 mi, 
‘Tween 80’ ł g 
Table 3. COMPOSITION OF SALT SOLUTION 
Component Quantity 
MgS0,7H,0 ibd g 
MnSO,H,0 2°86 g 
Double distilled (glass) water 100 ml 


Mea of M-9 stock solutions (items 5 and 6, 

Table 1). Stock solutions 4 and B were prepared separ- 
ately in the amounts shown in Table 4 and each made up 
to 11. with double-distilled (glass) water. Both solutions 
were sterilized in the autoclave at 15 lb. pressure and 
121° C for 15 min and then stored at room temperature. 

Preparation of snail extract (item 8, Table 1). The 
snails (Helix pomatia) were kept active in a vivarium and 


Table 4. COMPOSITION or 31-9 STOOK SOLUTIONS 


Component g 
Sonon A 
agHPO, (anhydrous) 150 
Kell PO« (anhydrous—dibasie) 75 
Sohal on B 
MgSO, 20 
Nal : 50 
NH.CI 100 


COMPOSITION OF ANTIBIOTIC MIXTURE 
Component 


"Fungizone’ (intravenous; ‘Amphotericin B’; 
and Sons, New York) 


VOL. 206- 
Table 5. 
Quantity 


E. R. Squibb 50 mg 


oo — (injection; Charles Pfizer and Co. 1,000,000 units 
ew 

Streptomycin. (sulphate; Parke Davis and Co., Detroit) 1g 
Double-distilled (giass) water 100 mi. 


fed on lettuce. Prior to removing organs their shells 


were washed with a brush under running water to remove == 
soil and other debris. The shells were dried, wiped witha = ~ 


sterile pad moistened with 70 per cent ethanol, and 
cracked with sterile pliers. Disposable rubber gloves 
were worn while the tissues were being removed. The 
tissues of the unanaesthetized and unnarcotized snails 
were cut with sharp, sterile scissors and pooled in separate, 
previously weighed beakers which were cooled in ice 
throughout the process. The foot of each snail was first 
severed, and then the remaining carcass was pinned to a 
steam-sterilized wooden board covered with cork. The 
mantle was remaved, the floor of the pulmonary cavity was 
slit, and the hermaphrodite genital tract was pulled out 
with forceps. The albumen gland was removed along 
with the lower oviduct. The ovotestis was. carefully freed 
from the liver by teasing it loose with sharp forceps. 
Tissues of the alimentary canal, liver, head and anal 
region were not used. 

The final weights of the snail tissues used for making 
one batch of snail media were as follows: mantle, 31-0 g; 
foot, 120-4 g; albumen gland and lower oviduct, 91-9 g; 
gonads, 3-4 g; rest of reproductive system, 39-1 g. The 
total weight of the tissues used was 285-8 g, to which was 
added 285-8 ml. stearn sterile double-distilled water (from 
an all-glass still). (Other batches of snail extract contained 
essentially the same relative amounts of the respective 
tissues.) The tissues were pooled in a cold Waring blender, 
the water added, and the tissues minced for 30 min at 
0° C. The homogenate was transferred to previously 
cooled polyethylene centrifuge tubes and centrifuged for 
10 min at 2,000 r.p.m. in a cold Servall centrifuge at 10° C. 
The supernatant was transferred to ‘Pyrex’ bottles and 
stored at — 75° C, 

Preparation of antibiotic mixture (item 9, Table 1). 
components of the antibiotic mixture were added in the 
order and amounts shown in Table 5. The whole mixture 
was filtered in a sterile sintered glass filter, transferred 
to steam sterilized screw-cap bottles and stored at — 25°C. 

This investigation was supported (in part) by research 
grants from the U.S. National Science Foundation 
(GB-3133) and the National Institute of Allergy and 
Infectious Diseases, U.S. Public Health Service (5 T1 
Al 41-07), and by a U.S. Public Health Service research 
career programme award (5—~K3-AJ-19,451-02) to one 
of us (J. B. B.). We thank Donald J. Merchant, Depart- 


ment of Microbiology, School of Medicine, University of a 


Michigan, for his advice. 
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Cellulase Activity in Sterile Tomato Fruits 


Samisu et al! reported that ‘“‘bacteria are found 
quite regularly within the tissue of apparently healthy. 
Since some of the family types they found 


tomatoes”. 
have species which produce cellulase*, it was deemed 


necessary to determine beyond doubt that the cellulase. 
reported by Hal? was produced by the tomato fruit 
tissues and not by micro-organisms which might be 


within the fruits. 


The fruits were gathered at the mature green stage and. 


ripened at 20° C. ‘Homestead 24’ variety was used for all 
but one test (5/30) when ‘Marion’ was used. The degree 


The: 
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of ripeness at sampling ranged from firm ripe to over- 
ripe (6-14 days after incipient colour showed on the 
blossom end). 

Blemish-free fruits were sterilized by immersion in 
full-strength ‘Clorox’ and serubbing with a nylon brush 
followed by rinsing with sterile distilled water. The stem 
and blossom scars of two fruits were removed under 
aseptic conditions, the fruits were cut in half through the 
polar axis, and the inner pericarp and locular tissues 
dissected into a sterile semi-micro blender jar. After a 
l-min blending period, aliquots were placed on various 
culture media. 

Difco yeast dextrose agar slants at pH 7-0 and 0-15 N 
KHCO, in tubes as described by Samish et al.t were used 
as media. Five drops of blended tissue were added to each 
of four slants for each set of two fruits. 

Following inoculation a sample of the blended material, 
made 5 per cent in regard to sodium chloride, was held for 
about 30 min under toluene, and centrifuged. A 25-ml. 
aliquot of the supernatant, which had been further cleared 
by paper filtration (Whatman No. 4), was immediately 
precipitated by 125 ml. of 95 per cent ethanol and centri- 
fuged. The precipitate was held at —10°C until just 
“before use (usually overnight) when it was dissolved in 
distilled water and made up to 5 ml. The cellulase activity 
was determined using 1 ml. of the extract by the visco- 
metric method of Bell et al.*. 


Table 1, PERCENTAGE DECREASE IN DRAIN TIME OF SODIUM CARBOXY- 
METHYICELLULOSE DURING A ——— PERIOD WITH TOMATO FRUIT 


Sampling Days after Fruit set number 
date, 1964 incipient colour 1 2 3 


4 
5/19 7 43-0 58°3 55°3 — 
5/22 6 39-0 47-8 44-5 28-7 
5/25 9 62-0 48-5 30-4 59-1 
5/30 14 64-1 61:3 70:1 39-6 * 
6/2 21-3 257 25-0 26-5t 


* Included stem and blossom scars, outer walls and skin. 
+ Included stem and blossom scars but not outer walls and skin. 


No growth of micro-organisms occurred in any of the 
tests (17 sets of two fruits each) which were handled as 
described, although a high cellulase activity was found 
(Table 1). Both bacteria (not identified) and fungi 
(including Alternaria sp.) were found in set 4 of May 30 
and June 2 in which the stem and blossom scars were 
blended with the interior tissues. This result agreed with 
preliminary work in which it was found that the ‘Clorox’ 
sterilization technique effectively sterilized the skin but 
not the corky stem and blossom scars. Difco corn meal 
agar, mycological agar and potato dextrose agar were 
used as media in the preliminary tests. The scar material 
was included to demonstrate that micro-organisms would 
grow on the media if present. 

The results show that apparently sterile tomato fruit 
tissue exhibits similar cellulase activity to that previously 
reported*®. Over-ripe fruits which were very soft were as 
sterile as firm ripe fruits, so that softening appears not to 
be a result of bacterial action. A simple sterilization 
technique can be used to sterilize tomato fruits if precau- 
tions are taken to eliminate the stem and blossom scars. 

It cannot be said with certainty that bacteria do not 
occur in Florida tomatoes, because of the relatively small 
number sampled. Samish et al.t found no bacteria present 
in fruits of 8 of 109 sampling dates. 

C. B. HALL 


J. T. MULLINS 


Food Technology and Nutrition Dept. 
and Botany Dept., 
University of Florida, Gainesville. 
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Formation of Lignified Cell Walls within 
Twenty-four Hours 


THE lamellation of the secondary plant cell wall has 
already been described'-*. It was interpreted to be a 
result of alternating Geposition of cellulosic microfibrils 
and lignin’. It has also been assumed and, indeed, 
proved that the couple of cellulosic and lignin lamella is 
always formed within 24 he*. 

Our chemical analyses have shown that during this 
time the biochemical nature of cells in the cambial zone and 
in the youngest secondary xylem of poplar trees (Populus 
nigra L.), fifteen years old, is continuously changing 
(Fig. 1). 


a.m. p.m a.m. 
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Fig. 1 


Explanation: Hatched, maximum concentration or stimulants; white, 
minimum eoneentration or inhibitors 


* At period of formation of late wood; all other analyses were made 
during formation of spring wood 
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Electronmicroscopic analysis of the inner surface of cell 
walls from the youngest xylem has shown that after 12 
midnight up to 4 am, the microfibrillar structure is 
covered with an amerphous layer (Fig. 2a at 4 a.m.). 
After this period a parallel orientation of microfibrils in 
the secondary wall csm be observed (Fig. 26 at 6 a.m.), 
but also after 12 nocn or 2 p.m. the formation of new 
microfibrils can be cbserved (Fig. 2c at 2 p.m.). The 
delignified cell walls (NaClO, + NH,COOH) show very 
distinct microfibrillar parallel-oriented structure during 
the entire 24 h (Fig. 2¢ at 4 a.m.). 


a a c 


Fig. 2 





Thus it can be comsidered as proved that cellulosic 
lamellae are formed during afternoon hours and the 
lignification occurs after midnight. Lignin is deposited 
on the layer of cellwosic microfibrils, and later on it 
penetrates and impregnates this layer. 

V. NEČESANÝ 


L. JURÁŠEK 
R. SOPKO 
State Forest Products Research Institute, 
Bratislsva. 
M. BOBÁK 


Department of Plant Physiology, 
Comenius University, 
Bratislava, Czechoslovakia. 
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Effect of Scorpion Venom on Specific Gravity 
of Locust Haemolymph 


Ir is known that blood density may be reduced by 


treatment with many biologically active materials. 
Patton observed! a rise in the specific gravity of the larval 


haemolymph of Galleria mellonella following injection of — 


LD, doses of sodium arsenate. The rise in haemolymph 
specific gravity was observed in individuals which sur- 
vived up to 3 h; in organisms surviving thereafter a gradual 
descent to normal values occurred. 

During studies of immunization of locusts (Locusta 
migratoria migratorioides R. and F.) with scorpion (Leiurus 
quinquestriatus H. and E.) venom, it was noted that the 
haemolymph extracted from immunized locusts exhibited 
certain unique physical properties. In such haemolymph, 
collected for serological tests in capillary tubes and stored 
at 4° C, particles were noted after 12 h; after 24 h the 
whole haemolymph extract became opaque, with con- 
siderable amounts of particulate sediment. Haemolymph 
from untreated locusts, kept under similar conditions, 
remained clear and only occasionally showed a cloudy 
precipitate. It was therefore decided to determine whether 
the physical effects detected in treated haemolymph are 
associated with changes in its specific gravity. 

Haemolymph was collected from treated and control 
locusts by an adaptation of the technique used by Siako- 
tos? for cockroaches. This involved removal of the 
posterior end of the abdomen in the region of the 7th 
segment, decapitation, and removal of the alimentary 
canal by tearing the cervical membrane. The hollowed 
bodies were gently centrifuged (300 r.p.m., 2-3 min) 
in special tubes in which the haemolymph of 4 locusts 
from the same batch were pooled. Treated locusts and 
controls were of identical age, sex and breeding condi- 
tion? *, The treatment with freeze-dried scorpion venom 
(redissolved in 0-85 per cent NaCl solution) consisted of: 
(a) one injection of LD,, dose; (b) two injections totalling 
LD yy at a 48-h interval; and (c) three injections adminis- 
tered at 48-h intervals totalling LD, dosage. In immune 
reaction tests, the highest resistance of treated locusts to 
challenge doses of scorpion venom (2 to 3 x LDeo) was 
found 24 h after the final sub-lethal injection®. Haemo- 
lymph for specific gravity measurement was therefore 
extracted 24 h after the final sub-lethal injection. 
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Fig, 1. Specife gravity of haemolymph removed from female locusts 
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The specifie gravity of haemolymph extracted from 
the various batches of locusts was determined by 
the gradient column method of Linderstrøm-Lang as 
modified by Patton’. In these tests, 500-ml. graduated 
cylinders of the kerosene-bromobenzene mixtures were 
employed. | 

The results shown in Fig. 1 clearly demonstrate that. 
the specific gravity of haemolymph from treated female: 
locusts is higher than that of untreated female locusts; _ 
the difference can be noted even after single injections, 
although on multiple injections of venom the effect is 
most pronounced. Specific gravity measurements of the 
haemolymph extracted from treated male locusta, in 
contrast, failed to show any increase over that of the 
haemolymph of the control males. 

Since the results given in Fig. 1 relate only to haemo- 
lymph extracted from the locusts 24 h after the final 
sub-lethal venom treatment, the duration of the effect on 
the treated haemolymph was determined. Patton! notes, 
as already mentioned, that the rise in specific gravity of 
the haemolymph of sodium arsenate-treated G. mellonella 
larvae is transitory and that the values gradually return 
to normal in those individuals surviving 3 h after the» 
injection. of the LD,» dose. 





Table 1. SPECIFIC GRAVITY OF HAEMOLYMPH FROM FEMALE Locusts 
EXTRACTED 3—14 DAYS AFTER TREATMENT WITH THREE SUB-LETHAL DOSES 
OF SCORPION VENOM 


Haemolymph removal 


Specific gravity of haemolymph t 
(days after final Treated Untrea 


sub-lethal dose)* locusts locusts 
3 1940 1-037 
4 1-043 1-037 
5 1-045 1037 
6 1053 1-038 
7 1-045 1-088 
8 1045 1-038 
9 1-042 1-037 
10 1-044 1-029 
11 1043 1-036 
12 1043 1036 
14 1-043 1036 


* ‘Treatments consisted of 3 sub-lethal doses of 0-8-1 ug scorpion venom për — 


g weight locust (2D,, had been previously determined to be 2-42 ug/g female’. 


t Average values of 3 extracts (each containing pooled haemolymph from 
4 locusts) from every treatment. batch. 


Tests of the duration of the effect of 3 sub-lethal injec- = 
tions of scorpion venom on the specifie gravity of female 
locust haemolymph are summarized in Table 1. Haemo- 
lymph was extracted 3-14 days after the final sub-lethal 
dose. It can be seen that the specific gravity of treated ~~ 
haemolymph remains significantly higher than control = 
values up to a fortnight. after venom treatment. _ 

The cause of the change in the specifie gravity of the 
haemolymph of treated locusts remains to be investigated. 
This phenomenon does not seem to be related to the 
acquired immune response shown by treated locusts’, . 
since the haemolymph of male locusts shows no incre 
ment in specifie gravity, while the males express the 
immune response at the same level as do the females. 

I thank Prof. 5. Adler and Prof. A. Shulov for thei 
guidance and advice. This work was supported by grant 
#H-2960 from the National Institutes of Health, U.S 
Public Health Service. 3 
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i Patton, R. L., J. Insect Physiol, 8, 537 (1962). 

* Siakotos, A. N., J. Gen. Physial., 48 999 (1960) 

* Kamon, E., and Shulov, A., J. Insect. Pathol., 5, 206 (1963), 

4 Hunter-Jones, P., Rearing and Breeding Locusts in the Laboratory, 12 (Antie 
Locust. Research Centre, London, 1961), oh 
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. FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 
Monday, May 10 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, 8. W. 7), 
at 5 p.m.—Mr. G. R. Crone: “New Light on the Hereford Map”. 


; IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY (in the Main Lecture 
Theatre, ———— of Electrical Engineering, Exhibition Road, London, 
§.W.7), at 5 30 p.m.—Mr, P., G. Law: “Communication with Moving Trains”. 


INSTITUTION OF ELECTRIOAL ENGINEERS, SCIENCE AND GENERAL DIVISION 
oe London, W.0.2), at 5.80 p.m.—Discussion on ‘Properties 


THE WELLCOME TRUST (at The Wellcome Historical Medical Library, 
The Wellcome Building, 183 Euston Road, London, N.W.1), at 6.30 p.m.— 


TE, — Théodoridés: ‘Casimir Davaine (1812--1882)—a Precursor of 


Tuesday, May 1] 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONIOS DIVISION (at 
Savoy Place, London, W.C.2), at 2.30 p m.—Colloquium on “Semiconductor 
Capacitors in Varactor and Pulse Applications’. 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, Westmunster, 
London, 8,W.1), at 5.30 pm —Mr. ©. E. Dunton, Mr. Jaspar Kell and 
Mr, H. D. Morgan: “The Victoria Line—-Experimenta] Design, Programming, 
and Early Progress”. 


INSTITUTION OF THE RUBBER INDUSTRY, LONDON SECTION (at the Institu- 
tion of Electrical Engineers, Savoy Place, London, W.0.2), at 6.80 p.m.— 


.J.R. Dunn’ “Factors Influencing Chipping Resistance of Polybutadiene 
Vuleanisates’’. 


Wednesday, May 12 


INSTITUTION OF ELECTRICAL ENGINEERS, ELEOTRONICS DIVISION (at 


Savoy Place, London, W.C.2), at 580 pm.—Mr. P. Leggatt: ‘Television 
Recording”. 


SOCIETY OF INSTRUMENT TEOHNOLOGY (at Manson House, 26 Portland 
Place, London, W.1), at 5.80 p m— Discussion on "System Design in Steel 
Works Automation” opened by Dr. K. D. Tocher, 


THE WELLCOME TRUST (in Lecture Room No, 1, Physics Laboratory, 
—— College of Science and Technology, 180, Queen's Gate, London, 
5.W.7), at 5.80 p.m.—Dr, Jean Théodoridés: “Humboldt and England”. 


INSTITUTION OF ELEOTRIOAL ENGINEERS, ELECTRONICS DIVISION (joint 
meeting with the 1.E.R.E. Computer Group, at the London School of Hygiene 
and Tropical Medicine, Keppel Street, Gower Street, London, W.C 1), at 
6 p.m —Mr J. Davey. “Random Access Mass Stores”, 


Wednesday, May 12——Friday, May 14 


ROYAL PHOTOGRAPHIO SOCIETY OF GREAT BRITAIN (at the Institution of 
eae Engineers, Savoy Place, London, W.0.2}—Meeting on ‘Processing 
echnology”’ x 


Thursday, May 13 


HOSPITAL PHYSIOISTS’ ASSOCIATION (in association with the Joint Health 
Physics Committee, in the William Beveridge Hall, Senate House, University 
of London, Malet Street, London, W.C.1), at 10 a.m—Symposium on 
“Hazards and Doses to the Whole Population from Jonising Radiation’. 


INSTITUTION OF CIVIL ENGINEERS, TRANSPORTATION ENGINEERING GROUP 
(at Great George Street, Westminster, London, 8.W.1), at 5.30 p.m— 
Informal Discussion on ‘“Prospects of Development of Vertical Take-Off 
Aircraft and Effect on Land Use” introduced by Mr B., H. Arkell. 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Piace, London, W.C.2), at 530 p.m.—Mr. O Nourse and Mr. 5. G. 
Nicholls: “Effect of Weather on Performance of an 8 mm Radar”. 


INSTITUTION OF ELECTRICAL ENGINEERS, POWER DIVISION (at Savoy 
Place, London, W O 2), at 5.80 p.m —Mr. P. L. Moreton and Dr. B. D. 
Nellist: “A Printed-Dise Inverse-Time Overcurrent Relay”; Mr. B. J. Cory 
— Mr. G. B. Rai: “A Simple Phase Detection Relay for Distribution 
Networks”, 


Friday, May 14 


BIOCHEMIOAL SOCIETY (at Shell Centre, London, S.E.1), at 10 a.m — 
Colloquium on “The Stereochemistry of Enzyme Reactions”. 2,10 p m.— 
Scientific Papers. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 9 p.m — 
Prof. G. Porter, F.R S` “The Chemical Bond Since Frankland”. 


Monday, May 17 


INSTITUTE OF PETROLEUM (at the Royal Institution, Albemarle Street, 
Tendon, W.1), at 4 p.m. J. H. Loudon, K.B.E.: “A Look Into the 
uture 


(Seventh Cadman Memortal Lecture) 


UNIVERSITY OF LONDON (at the Botany Theatre, University College, 
Gower Street, London, W C.1), at 5.80 p.m.—Prof. ©. A. B. Smith: “Life, 
Form and Number” (Inaugural etaa 


Monday, May 17—~Friday, May 2I 


INSTITUTION OF ELECTRIOAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, W.C 2)—Conference on “Components and Materials 
used in Electronic Engineering’. 


APPOINTMENTS VACANT 


APPLIOATIONS are invited for the following appointments on or before the 
dates mentioned’ 

HeEaD (with high academic qualifications, and — — expellence mmn 
industry, research and/or teaching at university level) OF THE DEPARTMENT 
OF MATHEMATICS AND PHYSICS, Grade IV, Sheffield College of Technology— 
The Director of Education, P.O. Box 67, Sheffield, 1 (May 14). 


NATURE 
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LECTURER and ASSISTANT LECTURERS (two posts) IN BIOLOGIOAL CHEMIS- 

—— Registrar, The University, Manchester, 18, quoting Ref 80/65/Na. 
y 14}. 

BICcHEMIST (with a Ph.D. degree in biochemistry or chemistry and 
experience in modern methocs of protem separation) for work on the puri- 
fication of proteins which infuence the behaviour of animal cells in vitro— 
Dr. O. A. Vernon, Department of Chemistry, University College, Gower 
Street, London, W.0.1 (May 15). 

CHAIR OF CLINICAL MEDICINE AT THE UNIVERSITY OF SINGAPORE—The 
Secretary, Inter-University Council for Higher Education Overseas, 33 
Bedford Place, London, W.£1 (May 15). 

LECTURER/ASSISTANT LECTURER (with at least a good honours degree 
with suitable teaching and rasearch experience, and preferably specialized 
ın some branch of solid state physics) IN THE DEPARTMENT OF PHYSICS, 
University of Malaya-—-The Association of Commonwealth Universities 
(Branch Office), Marlborougn House, Pall Mall, London, S.W.1 (Kuala 
Lumpur and London, May 15). 

LECTURER (Grade TI) In PsycHoLogy—The Registrar, University Senate 
House, Bristol, 2 (May 16). 

LECTURER or ASSISTANT LECTURER IN THE DEPARTMENT OF APPLIED 
MATHEMATIOS—The Registrer, The University, Liverpool, quoting Ref. 
CV/40 (May 15). 

LECTURER or ASSISTANT LECTURER IN THE DEPARTMENT OF PSYCHOLOGY 
~The Assistant Registrar (Sclence), The University. of. Birmingham, Bir- 
mingham, 15 (May 15). 

PROFESSOR OF PURE MATSEMATIOS at Rhodes University, Grahamstown, 
South Afrlca—-The Associgtion of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, 8.W.1 (South Africa and 
London, June 165) 

READER and HEAD OF THE DEPARTMENT OF BIOCHEMISTRY; and a 
LECTURER IN BIOCHEMISTRY at Makerere University College, Uganda 
(University of East Africa}—The Secretary, Inter-University Council for 
Higher Education Overseas, 33 Bedford Place, London, W.C.1 (May 10 

UNIVERSITY DEMONSTRATOR (with interests in biogeography and/or 
climatology) IN THE DEPARTMENT OF GEOGRAPHY—Dr. I. D. Muir, Depart- 
ment of Mineralo and Petrology, University of Cambridge, Downing 
Street, Cambridge (May 15). i 

LECTURER or an ASSISTANT LECTURER (preferably with an interest in 
parasitology or genetics) IN ZooLoGy-~—The Registrar (Room 29, O.R.B.), 
The University, Reading (Mey 17). 

TUTOR (with a degree in physics, chemistry or a biological science, and an 
interest ın extra-mural work) IN THE DEPARTMENT OF ADULT EDUOCATION— 
The Secretary, The Universtty, —— (May 17). . : 

LECTURER or ASSISTANT LECTURER (with particular Interests in electrical 
machines or power) IN ELScTRIOAL ENGINEERING—The Registrar, The 
University, Nottingham (May 20). 

READER (with a doctoral degree in electrical engineering or seience or 
recognized equivalent professional status) IN ELECTRICAL ENGINEERING, 
University of Queensland, australia~-The Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mali, London, 8.W.1 
(London and Brisbane, May 21). 

TEMPORARY ASSISTANT LACTURER or LECTURER IN PHILOSOPHY—~The 
Registrar, University College of South Wales and Monmouthshire, Cathays 
Park, Cardiff (May 21). 

LECTURER or an ASSISTANT LECTURER IN PURE MATHEMATICS—The 
Registrar, University College of Swansea, Singleton Park, Swansea (May 22). 

LECTURER or ASSISTANT LOCTURER (applied mathematician or statistician) 
IN THE DEPARTMENT OF THEORETICAL MECHANICS~—The Registrar, The 
University, Nottingham (May 22). ; 

RESEARCH FELLOW IN MIOROBIOLOGY to participate in a study relating 
to a new antibiotic—The Registrar, University College of Swansea, Singleton 
Park, Swansea (May 22), 

DEPARTMENTAL DEMONSTEATOR (preferably with training and experience 
in virology or some aspect of pan pathology) IN OXFORD UNIVERSITY 
BOTANY DEPARTMENT—-The Administrator, Botany Department, South 
Parks Road, Oxford (May 2&). , 

ASSISTANT LROTURER (preferably with qualifications and research interests 
in plant ecology) IN Boranry—The Registrar, The University, Sheffield 

ay , 

SUR-LIBRARIAN (Chief Cetaloguer) (with good academic and professional 
qualifications and a wide experience in one or more of university, large 
reference or special libraries) so be responsible for classification and catalogu- 
RE 39) Secretary, The Queen’s University, Belfast, Northern Ireland 

y i 

ASSISTANT LECTURER IN GENETICS IN THE DEFARTMENTS OF BOTANY 
AND ZOOLOGY IN THE FACULTY or Sormnce—The Registrar, The University, 
Manchester, 18, quoting Ref. 84/85 (May 31). 

RESEARCH ASSISTANT IN THE DEPARTMENT OF PSYCHOLOGY to participate 
in an investigation of the causes of success and failure of university students 
Prof M. D. Vernon, The University, Reading, Berkshire (May 31). 

SENIOR LECTURER IN BIDCHEMISTRY at the Umversity of Melbourne, 
Austraha-——-The Association »f Commonwealth Universities (Branch Office), 
atte House, Pall Mall, London, S.W 1 (Australia and London, 


SENIOR LECTURER or LECTURER (preferably with advanced qualifications 
in modern algebra or statistics) IN MATHEMATIOS at the Univeraity of Auck- 
land, New Zealand—The Association of Commonwealth Universities (Branch 
Office), Marlborough House. Pall Mall, London, S.W.1 (New Zealand and 
London, May 31). 7 

SENIOR LECTURER and a LECTURER IN THE DEPARTMENT OF MATHEMATICS, 
University of the Witwatersrand, Johannesburg, South Africa—The Associa- 
tion of Commonwealth Universities (Branch Office), Marlborough House, 
Pall Mall, London, 8 W.1 (South Africa and London, June 1). 

SENIOR RESHARCH FELLOW or RESEAROR FELLOW (chemist experienced in 
nuclear magnetic spectroscary) IN THE DEPARTMENT OF MEDICAL CHEMISTRY, 
The John Curtin School of Wedical Research, Institute of Advanced Studies, 
Australian National University—The Association of Commonwealth Univer- 
sities (Branch Office), Marihcrough House, Pall Mall, London, S.W.1 (Austra- 
lta and London, June 1). 

EXPERIMENTAL OFFICER (3.8c., Dip. Tech., H.N.C. or equivalent, together 
with appropriate experienc? in a university or a research institute) IN THE 
FISHERIES BIOCHEMICAL RESEARCH UNIT, to assist in the administration and 
— work of the Unit—The Secretary, The University, Aberdeen 

une 3). 

RESEARCH FELLOW (biochemist with training or experience mm immunology) 
IN THE FISHERIES BIOCHEMIOAL RESEARCH UNIT, for work concerned with 
studies on fish tissue as antigen and antibody production by fishes—The 
Secretary, The University, Aberdeen (June 5). 

SECOND CHAIR OF ELECTRICAL ENGINEERING (candidates should have a 
special interest In the fleld of light electrical engineenng}—The Registrar, 
T of Newcastle upon Tyne, 6 Kensington Terrace, Newcastle upon 
Tyne, 2 (June 8). 
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f 

ASSOCIATE PROFESSOR and a SENIOR LECTURER IN THE DEPARTMENT OF 
PATHOLOGY, University of Sydney, Australia—The Assoclation of Common- 
wealth Universities (Branch Office), Marlborough House, Pall Mall, London, 
S.W.1 (Australia and London, June 15). 

CHAIR OF SOOKOLOGY IN THE RESEAROM SCHOOL oF SOCIAL STUDIES OF 
THE INSTITUTE OF ADVANCED STUDIES, Australian National University— ~The 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, S.W.1 (Australia and London, June 15). 

SCIENTIFIC OFFICER (with a first- or second-class honours degree in chemis- 
try or equivalent qualification, and preferably a knowledge of pharmacy or 
food and drugs) IN THE FORENSIC CHEMISTRY SECTION OF THE DEPARTMENT 
OF INDUSTRIAL AND FORENSIO SCIENOE, Ministry of Commerce, Belfast- 
The Secretary, Civil Service Commission, Stormont, Belfast, Northern 
Ireland (June 29). 

LECTURER/SENIOR LECTURER (with a suitable, preferably higher, degree 
in science or agricultural science, and experience in the fleld of plant physiol- 
ogy) IN AGRONOMY (Plant Physiology) in the Faculty of Agriculture and 
Horticulture, Massey University of Manawatu, Palmerston North, New 
Zealand~~The Association of Commonwealth Universities (Branch Office), 
a ——— House, Pall Mall, London, S W,1 (New Zealand and London, 

y 

ASSISTANT EDITOR (with a qualification in metallurgy or physies, good 
general education, an mterest im publishing, and preferably a knowledge of 
either French or Russian) for Metallurgical Abstiacts—The Secretary, The 
Institute of Metals, 17 Belgrave Square, London, S.W.1. 

BIOLOGIS® (graduate or equivalent) to study microbiological problems in 
the paper and board industry—The Director (Ref. RDI), The British Paper 
and Board Industry Research Association, Welcomes Road, Kenley, Surrey, 

HISTOCHEMIS® (with a first- or good second-class honours degree, and 
preferably research experience in a related field) for research into mechanisms 
of insecticidal action using histochemical methods—The Director, Pest 
Infestation Laboratory, A.R C, London Road, Slough, Bucks 

MASTER to teach Physics to open scholarship level—The Headmaster, 
School House, Rugby 

PHYSICIST (well qualified) to take a large share in Sixth Form work—The 
High Master, Manchester Grammar School, Manchester, 18 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


' Great Britain and ireland 


Council for National Academic Awards Statement No 1 Pp. 14 
(London: Council for National Academic Awards, 1964.) [222 
School Broadcasting and the Newsom Report. By John Soupham. Pp. 16 
(London: British Broadcasting Corporation, 1965. Published for the 


School Broadcasting Council for the United Kingdom [222 
The Great Society’ a Plan. Pp. 36. (London: United States Information 
Service, American Embassy, 1965.) 222 


The Universities Central Council on Admissions Second Report, 1968-64 
Pp. 33. (London. The Universities Central Council on Admissions, 1088 


[22 
Scottish Journal of Geology, Vol. 1, Part 1 (January 1965) Pp. 1-100. 
Volume subseription 80s., 12 dollars. Single copies 30s.; 6 dollars (Hdin- 
burgh and London: Oliver and Boyd, Ltd, 1965 Published for the 
Geological Societies of Edinburgh and Glasgow.) {13 
Annual Report of the Royal College of Surgeons of England for the year 
ending 31 July 1964. Pp. 124. (London: Royal College of Surgeons of 
Engiand, 1965 ) . [13 
Catalogne of Lewis’s Medical, Scientific and Techmeal Lending Library. 
Part 1: Authors and Titles. New edition, revised to December $1, 1963 
Pp. xii+1056. (London: H. K. Lewis and Co., Ltd, 1965) (2 parts 
complete). To Library Subscribers 30s ; to Non-Library Subseribers 55s. [13 
Government of Northern Freland Ministry of Agriculture. Leatiet 
No. 12: Caterpillar Pests of Fruit Trees Pp. 6 Leaflet No. 62: Tree 
Planting-—Advice on Planting, Mamtenance and Financial Assistance. 
Pp, 24. (Belfast. Ministry of Agriculture, 1964 and 1965.) [18 
Development of Inventions Bill. Pp. ui+7 (London: H M pro mOneey 


Office, 1965) 1s. 3d. net. 
Caring for the Widow and her Family. Second edition, revised and 
(Richmond: Cruse Clubs, 6 Lion Gate Gardens, 1965.) 


enlarged. Pp 44. 
2s. 11d. post free. 13 

Kingfisher, Vol. 1, No. 1 (February, 1965). Edited by Richard Fitter. 
(News and Comment about Wildlife and Conservation at Home and Abroad.) 
Pp. 1-16 Published 9 times a year. Annual subscription 15s. (London: 
Kingfisher, 1 Bedford Court, 1965.) 18 

British Broadcasting Corporation. B B.C Engineering Division Mono- 
graph No. 66: Stereophony—The Effect of Interchannel Differences in the 
Phase/Frequency and Sense E Characteristics. By D E T, 
Shorter, H. D. Harwood and W I nson. Pp. 27. (London: British 
Broadcasting Corporation, 1964.) 5s. f13 

Office of Health Economics. The Cost of Mental Care. Pp. 33. (London. 
Office of Health Economics, 1985.) 2g. 13 

Library Association. Annual Report of the Council of the Association 
for the year ending 31st December, 1964. Pp. 80. (London: Library 
Association, 1965.) [18 

Commonwealth Mycological Institute. Mycological Papers. No. 97: 
Coelomycetes ITT. Annellolacina Gen. Nov., Aristastoma, Phaeocyto- 
stroma, Selmatosporium, etc. By B. ©. Sutton. Pp 42. 15s No. 98: 
Gasteromycetes of West Tropical Africa. By D. M. Dring. Pp. 60. 15s 
No. 99: The Generic Names of Uredinales. By Geoffrey F. Leaundon 
—— 7s. 64. (Kew: Commonwealth Mycological Institute, 1964 ane 

Ambassade de France, Service de Presse et d'Information, Press Con- 
ference held by General de Gaulle on the 4th February, 1965. Pp. 14. 
ey Ambassade de France, Service de Presse at Pororaa 
A.1, Organisations of Great Britain. Twenty-five Million. Pp.20 (Thames 
Ditton, Surrey Milk Marketing Board, 19665 ) 13 

National Institute of Industrial Psychology. Report No 18° Oard 
Punching: a Study of the Work and the Factors that Affect It. By Leonora 
T —B — 40. (London: National Institute of Industnal besa cf 

8. 6d. 

Department of Scientific and Industrial Research. Ergonomics for 
Industry, No. 7: Men, Machimes and Controls. By K. A. Provins. Pp. 24, 
(London. Department of Scientific and Industrial Research, 1965. Obtain- 


abis from Warren Spring Laboratory, Stevenage, Herts} gratis. {13 
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Other Countries 


World Health Organization. Technical Report Seres No 295. Viruscs 
and Cancer-—Report of a WHO Scientific Group. Pp. 60. 3 Sw. francs; 
5s.; 1 dollar. No. 206° Resistance of Malaria Parasites to Drugs—Report. 
of a WHO Scientific Group. Pp 65. 3 Sw. francs; 63 8d,, 1.25 dollars. 
Nop. 297° Environmental Health Aspects of Metropohtan Planning and 
Development—Report of a WHO Expert Committee Pp 66. 4 Sw. 
francs; 6s., 8d., 1.25 dollars Publications of the World Health Organization, 
1958-1962: a Bibliography, Pp. 125. 12 Sw. francs, 203; 4 dollars. 
(Geneva: World Health Organization; London: H.M. Stationery Office, 
1964 and 1965.) [33 

Australia: Commonwealth Scientific and Industrial Research Organiza- 
tion. Annual Report of the Division of Building Research, 1963-64. Pp. 64 
Annual Report of the Division of Mechanical Engineering, 1963-64 Pp. 42° 
Annual Report of the Ore Dressing Laboratory, Melbourne, 1963-64. Pp. 10- 
CSIRO Research Index--Agriculture and Related Sciences, 1964. Pp. 
v+146. (Melbourne: Commonwealth Scientific and Industnal Research 
Organization, 1964.) : 33 

Publications of the National Research Council of Canada 1964—Supple- 
ment No. 1. Compiled by the Staff of the National Science Library. Pp. 
111+22, (Ottawa: National Research Council of Canada, 1964.) he 

Fisheries Research Board of Canada. Bulletin No. 145: Scallops and the 
Offshore Fishery of the Maritimes By N. Bourne. Pp. ix+60. (Ottawa 
Queen’s Printer, 1964) 1 75 dollars. 33 

World Meteorological Organization. Technical Notes, No. 65: A Survey 
of Human Biometeorology. Edited by Frederick Sargent, IT, and Solco W. 

romp. Pp.x+113 (WMO-No. 160,TP.78 ) (Geneva’ World Meteoro- 
ogical Organization, 1964.) 13 Sw. francs. [33 
‘ United States Department of Commerce: National Bureau of Standards. 
Miscellaneous Publication No. 264: Technical Highlights of the National 
Bureau of Standards for 1964—Annual Report, Fiscal Year 1964. Pp. 
za 281. (Washington, D.C: Government Printing Office, 1964.) 138 

ollar. 


International Occupational Safety and Health Information Centre Pro- — 


ceedings of the International Symposium on Electrical Accidents, Paris, 
2-5 May, 1962. Pp. 269. (Geneva: International Occupational Safetv 
and Health Information Centre, 1964) 80 Sw. francs; 338s. 

Proceedings of the California Academy of Sciences—Fourth Series. ol. 
31, No. 20 (January 15, 1965): Phyllophaga saylori, N. Sp. from Nuevo Leon, 
Mexico, (Coleoptera: Scarabaeidae) By Milton W. Sanderson. Pp. 
559-562. Vol. 31, No 21 (January 15, 1965): Osteological Characteristics 
and Affinities of the Hexagrammid Fishes, with a Synopsis. By Jay C. 
Quast. Pp. 563-600. Vol 31, No. 22 (January 15, 1965): Reestablish- 
ment of the Northern Elephant Seal (Marounga angustirostris) off Central 
California. By Keith W. Radford, Robert T. Orr and Carl L. Hubbs, ; 
601-612. Vol. 31, No. 23 (January 15, 1965): On Amphisbaena heathi 
Schmidt and A carvalho., New Species, Small Forms from the Northeast of 
Brazil (Amphisbaenia Reptilia) By Carl Gans Pp 613-630. Vol 31, 
No 24 (January 15, 1965): Behaviour and Natural Reactions of the Northern 
Anchovy, Engrauls mordaz Girard, Under the Influence of Light of Different 
Wave Lengths and Intensities and Total Darkness. By Anatole 8 
Loukashkin and Norman Grant Pp 631-692. (San Francisco: Cahforma 
Academy of Sciences, 1965.) : [33 

Commonwealth of Australia: Department of National Development, 
Bureau of Mineral Resources, Geology and Geophysics 1 : 250,000 Geo- 
logical Series Explanatory Notes—Kennedy Range, W.A, (Sheet G/50~1, 
Australian National Grid). Compiled by M A Condon. Pp. 28+map. 
(Canberra City, A.C T.: Bureau of Mineral Resources, Geology and Geo- 
physics, 1962.) [88 

Commonwealth of Australia: Department of External Affairs. Aus- 
trahan National Antarctic Research Expeditions. ANARE Reports, Series 
D, Vol. 14. Meteorclogy-—Davis, Macquarie Island, Mawson and Wilkes, 
1961. Prepared by the Bureau of Meteorology, Melbourne. Pp. xxi+6550 
(Melbourne: Antarctic Division, Department of External Affairs, 1964.) [83 

Comptes Rendus des Travaux du Laboratoire Carlsberg, Vol. 34, No. 16. 
The Magnetic Diver Balance. By M. Brzin,M Kovicand S. Oman. Vol. 34, 
No. 17. Notes on the Possible Use of the Magnetic Diver for Respiration 
Measurements (Error 107 xzl./Hour). By M. Brain and 6. Zeuthen. Pp 
407-432. 4kr. Vol. 34, No. 18: The Effect of Pmosytosis on Acid Hydro- 
lase Activities in Chaos chaos. By David Lagunoff. Pp. 483-450. 3 kr. 
(Copenhagen: Danish Science Press, 1964.) | _. [83 

Annals of the New York Academy of Sciences. Vol. 118, Article 2: 
Sea Surface Statistics Deduced from Underwater Sound Measurements. By 
H. W Marsh. Pp 135-146 (New York: New York Academy of Sciences, 
re 1.50 dollars. 33 

Bulletin of the Florida State Museum—-Biological Sciences. Vol 9, No. 1: 
The Anatomy and Taxonomie Significance of the Male Accessory Reprodue- 
tive Glands of Muroid Rodents By A. A. Arata Pp. 1-42 75 cents. 
Yol. 9, No. 2° Late Pleistocene Lizards from Barbuda, British West Indies 
By Richard Etheridge. Pp. 43-75. 65 cents. (Gainesville, Florida. 
Florida State Museum, 1964,) [33 

Metropolitan Life Insurance Company, Statistical Bulletin, Vol. 45 
— 1064) Population Increase in the United States and Canada. 

harp Rise in Aceident Fatalities. Reduction in Mortality from Prostatic 
Diseases. Higher Incidence of Meningitis in 1964. Pp. 12. (New York 
Metropolitan Life Insurance Company, 1964.) {33 

Smithsonian Institution’ National Aur Museum. Smithsonian Annals 
of Fight, Vol 1, No. 1: The First Nonstop Coast-to-Coast Flight and the 
Historic T-2 Airplace. By Louis S Casey. Pp. 90 (Washington, D.C 
Government Printing Office, 1965) 70 cents, [38 
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SOME LACUNAE IN SCIENCE AND 
TECHNOLOGY 


N the short debate in the House of Commons on higher 
education on March 25, Sir Edward Boyle referred to 
the 1,500 vacant places in science and technology and 
expressed concern at a rather disturbing relative swing 
away from science in the sixth forms which was evident 
in the statistics of the Robbins Report. Mr. A. Crosland, 
the Secretary of State for Education and Science, pointed 
out that entrants in these fields ın October 1964 had 
increased by 7-1 per cent over 1963 and 16-9 per cent 
over 1961. The universities were, in fact, making extra 
places available more rapidly than the number of suitable 
candidates was increasing. Mr. Crosland agreed that we 
needed to know much more about this matter and said 
the Council for Scientifie Policy had invited Prof. F. 8. 
Dainton to undertake an enquiry into the supply of can- 
didates fo. the universities in science and technology, and 
he was putting the services of his Department at the 
disposal of Prof. Dainton for this purpose. 

Apart from references to the desirability of encouraging 
more girls to enter such courses, the debate did not deal 
further with this question of the vacant places in science 
and engineering, but some reference was made to one 
aspect of it in a debate in the House of Commons on 
March 19. In opening that debate, Mr. E. S. Bishop 
moved a resolution directing attention to the Fielden 
Report on Engineering Design (H.M.S.O., 1963) and 
urging the Government to implement the Report and 
particularly those recommendations concerning the need 
to increase the prestige of designers, the status of designers 
and the need for adequate training with the objective of 
strengthening Britaim’s economy. Mr. Bishop himself 
referred particularly to this question of status, quoting 
Prof. J. Baker from his book Progress as saying that the 
bias against engineering must be removed without delay, 
including the long-standing social prejudices, and referring 
to the part which professional bodies could play. The 
debate was welcomed by the Government as affording an 
opportunity to re-emphasize the importance of engineering 
in Britain’s economy, and the Joint Parliamentary 
Secretary to the Ministry of Labour, Mr. R. Marsh, 
quoted the observation in the Fielden Report that the 
engineering profession has a lower social and economic 
status in Britain than in other highly industrialized 
countries—technology attracting a lower proportion of the 
ablest school-leavers than science, while of those who 
took engineering degrees and entered industry, most were 
attracted by research and management appointments. 
Nor did the engineering graduate receive the same status 
as some other sections of the community. The unsatis- 
factory position revealed by the analysis in the Report of 
trends in international trade in engineering products was 
an important reason for the Government’s decision to 
establish the Ministry of Technology, which was respon- 
sible for many matters dealt with in the Report. The 
Government proposed to implement the Report and would 
carefully consider the status of the engineering profession 


and the possibility cf raising standards throughout the 
profession. 

Since the publicatzon of the Report, said Mr. Marsh, 
several universities and colleges of advanced technology 
had discussed the teaching of design to engineers, and in 
April 1964 the Department of Education and Science 
organized a short course at the Loughborough College of 
Technology to discuss the problem of producing good 
design. The Institution of Mechanical Engineers . was 
providing a forum for discussing the teaching of design, 
and the Department of Education and Science was con- 
sidering ways of introducing elements of engineering 
design into certain national certificate and diploma 
courses in engineering. Under the Industrial Training Act, 
the Engineering Board would be raising its levy this year 
and starting its activities to measure and improve training 
at all levels. Agreement was also reached in 1964, fol- 
lowing discussions between the Loughborough College of 
Technology, industry and the Department of Education 
and Science, to set up a centre for engineering design for 
graduate engineers incorporating the concept of a de- 
signer’s responsibilty outlined in the Fielden Report. 
Also, the University of Cambridge planned to start one- 
year postgraduate courses In engineering design method 
in October 1965, leading to a Certificate of Advanced 
Study in Engineering. 

Mr. Crosland, in tha debate on higher education in the 
House of Commons on March 25, suggested that the 


‘vacant places in science and in technology were due, at 


least in part, to the expansion at the universities going 
ahead of the increas2 in the number of candidates for 
such courses. Certainly, if this were true, it would well 
justify some caution in further expansion in the depart- 
ments of technology and the colleges of advanced tech- 
nology at this time. However, it equally justifies further 
examination of a pomt made by Vice-Admiral Sir Frank 
Mason in his presidential address to the Institution of 
Mechanical Engineers in October 1964. Sir Frank was 
doubtful as to whether, particularly in mathematical 
ability, we were nos demanding too high an academic 
standard for the ardinary engineer. There is some 
evidence that possible candidates for a scientific or 
technological career are already discouraged by the high 
and exacting standards demanded, and choosing easier 
alternatives. 

While the maintenance of high professional standards 
is undoubtedly imperative, there are two comments to 
be made. First, the higher those standards, the smaller 
is the number of entrants to a profession who are likely 
to make the grade, ard secondly, and because of this, the 
more imperative it is that the most effective use should 
be made of those relatively few who do qualify. That 
means, of course, that we must ensure that they are 
adequately provided with the equipment and the tech- 
nicians that they need for full efficiency, and that the 
conditions of service offered are such as to attract a 
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sufficient proportion of our ablest minds. It should carry 
the further corollary that we should fully satisfy ourselves 
that the standards demanded at entry as well as those of 
professional competence on qualification are appropriate 
to what is required in professional practice and can be 
fully justified to impartial opinion. 

Adequate attention to such points as these might well 
transform the picture which engineering presents to the 
public generally and to the schools in particular, while 
the extended scope of the Fellowship of the Royal Society 
announced by Sux Howard Florey at the Anniversary 
Meeting last November should help to improve the status 
of the technologist generally. More, however, is also 
required, as was fully recognized by Sir Frank Mason in 
discussing the shortage of engineering students. Par- 
ticularly he referred to the way in which engineers and 
scientists themselves, individually and through their 
professional associations, could help to convey to the 
schools and to the general public a more accurate picture 
of the kind of work which the technologist and the 
scientist are actually doing. It is above all a matter of 
co-operation between the professional associations, the 
schools and the education authorities, so that head- 
masters and careers masters—and mistresses-——-are at no 
loss for accurate and up-to-date information and can 
grasp something of the challenge which technology, and 
perhaps especially engineering, presents to-day. 

To build up such a clear understanding may well 
demand direct co-operation from the Mimstry of Tech- 
nology as well as from the Minister of Education and 
Science. This is particularly so if, as seems possible, 
alternative sixth-form courses and examinations are 
desirable, covering such fields as the history of science 
and technology, their social umpact and practical applica- 
tions. These might not appear so formidable as present 
courses for the Advanced-level Examination of the 
General Certificate of Education, for example, in mathe- 
matics and science. Obviously, much depends on the 
standard of teaching in the schools, but the provision of 
more and abler teachers in the schools is bound up with 
the present supply of scientists and technologists and the 
heavy demand on them, particularly with the rapid 
expansion of higher education. Meanwhile, support for 
the idea that a fresh look at the nature of sixth-form 
courses and entrance requirements is forthcoming both 
from Prof. M. W. Thring’s inaugural lecture, “Mankind 
and Machines”, at Queen Mary College, London (Nature, 
205, 1149; 1965), and from the Duke of Edinburgh’s 
maugural Dunrossil Memorial Lecture, “Engineers of the 
Humanities, Science and Technology”, delivered in Aus- 
tralia on February 23 (Nature, 206, 439; 1965). 

Pointing out that the most profitable were not neces- 
sarily the most socially valuable developments, the Duke 
of Edinburgh emphasized that for development to-day 
the technologist needed, besides a broad understanding 
of technology as a whole and industrial processes in par- 
ticular, imagination and an understanding of people and 
the whole pattern of existence of the human community. 
Here the problem of design was involved, and, the more 
technical and complicated our civilization became, the 
more important was the function of the designer. This 
raised the issue of something much broader than purely 
technical education and training for the designer and 
engineer, and the Duke stressed the desirability of seeking 
those areas of development most likely to be of help to 
mankind: science and technology should have a social 
conscience, and here he was clearly thinking especially of 
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the less-advanced countries. Indeed, he urged that 
scientific and technological advance was not only useless, 
but harmful, unless modified or directed by a social and 
humanitarian outlook. 

In suggesting that scientists and engineers must dig 
direct their attention to the really serious problems 
facing humanity even if it meant giving up some problems 
which seemed to be more interesting or profitable, the 
Duke of Edinburgh was saying that the scientific choice 
should be determined by social and economic considera- 
tions and not merely, or in the narrower sense, by scientific 
or technological ones. He recognized fully that such 
decisions are pohtical and involve the participation of 
Civil Servants, Ministers and other administrators, but he 
obviously looked to the scientist and technologist to 
present clearly, to those responsible for making policy, 
the possibilities which science and technology really 
offer. Such a view of the scientist or technologist goes far 
to meet the real substance in any contention that the lack 
of entrants for science and technology is to be attributed 
to a drift to the social sciences, and the study of human 
relations. It could equally quicken an interest in manage- 
ment, especially if more encouragement continues to be 
given to the transfer of the scientist or technologist with 
administrative ability to such careers. 

Prof. Thring’s lecture also recognizes the immense con- 
tribution which the engineer could make to human welfare, 
and he too suggests that the engineer’s most positive 
contribution to the future lies in the invention of machines 
to reduce drudgery and increase the individual’s oppor- 
tunities for creative work. However, here he insists, too, 
that the universities have an immense responsibility not 
merely for a greater supply of engineers, but also for 
encouraging the creative arts and hobbies as non-specialist 
subjects for enjoyment. He has no misgivings as to the 
existence of a sufficient supply of the highest’ ability, 
provided our teaching methods are efficient and effective, 
but he is concerned that more care should be taken to 
encourage inventiveness and to turn out really creative 
technologists. 


So far as the schools are concerned, Prof. Thring makes . 


much the same suggestions as Sir Frank Mason, and, like 
him, he emphasizes the importance of adequate research 
in the universities, with strong support from industry. He 
insists, moreover, that trained skill with the hands con- 
stitutes a third culture itself, and that the happy man is 
the man who has joined this to literacy and numeracy 
and used it for real creative work. The necessity of this 
third culture to every man and woman is frequently 
underestimated, and Prof. Thring would have the univer- 
sity-tramed engineer acquire all three types of skill: 
skill in human relations and communication and value 
judgments; skill in using the basic scientific principles in 
an inventive way; and skill in understanding things and 
materials through his hands. 

The existence of these vacant places in science and 
technology, therefore, seems to imply that the physical 
expansion of these departments in the universities and in 
the colleges of technology is not the immediate priority. 
Apart from a determined enquiry, such as is now pro- 
ceeding, Into the reasons for such vacancies, and for more 
effective efforts to promote a clearer understanding of the 
work of the technologist and the engineer, especially in 
the schools, priority should be given to the examination 
of teaching methods and of courses of instruction. The 
content of courses requires fresh scrutiny with the view 


of their appropriateness both to the work of the teeh- 
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nologist and of the scientist as such, and to the encourage- 
ment of the broad education and clear understanding of 
the social and human context that has again and again 
been desiderated in relation to higher education. Important 
as 1t may also be to consider the depth of studies and the 
maintenance of standards, it is essential that the tech- 
nologist and the scientist, as well as the society in which 
they work, should understand clearly the social context 
and implications of their work. 


A REFRESHER IN MOLECULAR 
BIOLOGY 


Synthesis and Structure of Macromolecules 

Edited by Leonora Frisch. (Cold Spring Harbor Symposia 
on Quantitative Biology, Vol. 28.) Pp. xx+610. (Cold 
Spring Harbor, L.I., New York: Cold Spring Harbor 
Laboratory of Quantitative Biology, 1963.) 15 dollars. 


To fundamental template mechamsms postulated by 
molecular biologists have a way of proving themselves 
“righter and righter” as the subject develops. A. short 
while ago it was still possible to challenge “‘the dogma” 
by pointing to gaps in the supporting evidence and to 
observations that were seemingly inconsistent with it. 
“No one has ever seen the Watson—Crick mechanism of 
DNA replication ! “Tf all cellular RNA were synthesized 
on DNA templates, how can one account for the methyl- 
ated bases in transfer RNA?” “If the genetic code 
specifies only the twenty standard L-amino acids, how 
can the occurrence of D-amino acids in certain peptides 
be explained ?” “How can cytoplasmic inheritance be 
reconciled with the idea of all cellular genes being en- 
coded in DNA ?” 

Answers to such questions, and many new ones yet to 
be answered, can be found among the sixty-five papers 
in this huge six-hundred-page volume. The formidable 
bulk need not necessarily discourage the reader, since 
among the most exciting papers, one by J. Cairns, the 
new director of Cold Spring Harbor, covers only three 
pages, and another by C. Yanofsky on the co-linearity of 
the genetic code covers less than one. Cairns shows us the 
chromosome of E. coli in the act of replication. It con- 
sists of one molecule of double helical DNA forming a 
circle of 1-1 mm diameter. This corresponds to a mole- 
cular weight of about 2:8 x 10° or nine million base pairs. 
Replication proceeds sequentially around the parent circle 
until it 1s transformed into two daughter circles. For 
topological reasons this mechanism requires a swivel 
where the daughter helices can rotate about the parent 
hehx, otherwise the chromosome would tie itself up in 
knots. 

Replication was believed to be catalysed by Korn- 
berg’s DNA. polymerase. The present volume gives the 
first indications, from Kornberg and his associates, that 
the true function of that enzyme may instead be the 
repair of broken strands (for later details see ref. 1). 

Five years after its discovery, the DNA-dependent 
synthesis of RNA is so well established that papers 
reporting its occurrence in yet another organism have 
lost the charm of novelty; it is exciting to read here of 
an RNA-dependent mechanism of RNA synthesis which 
infecting RNA viruses induce in their host cells. This is 
catalysed by an enzyme made after virus infection and 
requiring for its activity all four ribonucleotide triphos- 
phates plus an RNA primer. Ribosomal and transfer 
RNA, the synthesis of which is DNA-dependent, are 
found to be inactive as primers. 

Methylated bases are not incorporated into transfer 
RNA during assembly of the polynucleotide chain, but 
are made by a special enzymatic mechanism afterwards. 
Methyl groups from S-adenyl methionine are transferred 
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to specific bases in. the finished RNA chain; thus there 
is no longer any mystery about transfer RNA being made 
by the normal process of transcription from the DNA 
genome. 

The shifting emphasis of the subject towards control 
mechanisms makes itself felt in many of the papers. 
Control of DNA replication, of RNA transcription, of 
enzyme synthesis ard of enzyme action are all discussed. 
To a protein crystalographer, feed-back inhibition of the 
first enzyme of a biosynthetic pathway by its end-product 
presents the greatest challenge. 

Cytoplasmic inheritance is the subject of a paper by 
Ruth Sager, who reports the presence of DNA in algal 
chloroplasts. This has a different base ratio from the 
nuclear DNA. The s=lf-reproducing character of this and 
other cytoplasmic organelles, coupled with the presence 
of an extra-nuclear DNA, 1s most significant, since it 
indicates that cytoplasmic, hke nuclear, mheritance may 
be based on DNA end on a universal genetic code. 

The symposium was held in June 1963, but the articles 
contained in it were mostly written later, so that it 
presents the state of the subject at the end of 1963. 
People who follow the scientific literature closely will find 
that the subject-master of most of the articles was pub- 
lished in journals beřore the symposium volume appeared. 
To the newcomer or the person whose reading has lagged 
behind, this volume will be most helpful. 

M. F. Perurz 


1 Schildkraut, O. L., Richardson, C. C., and Kornberg, A., J. Mol. Biol., 
9, 24 (1964). 


VISTAS OF MEDICINE 


The Scientific Basis of Medicine 

Annual Reviews, 1964. (British Postgraduate Medical 
Federation.) Pp. is+364+18 plates. (London: The 
Athlone Press, University of London. Distribution by 
Constable and Co. 1964.) 40s. 


ERHAPS the most crucial task that a reviewer of a 
scientific book should undertake is an assessment of 
whether the book ha is to review should ever have been 
published at all. Everyone connected with scientific 
endeavour is aware of the enormous proliferation of 
published material, not only in the growing number 
of scientific journals but also in books. The stream of 
publishers’ advertisements is beginning to be almost as 
embarrassing as the advertisements for new or improved 
drugs. Most books so advertised are of multiple author- 
ship, each author exploring his own field. Frequently 
the contents are a description of the latest work in the 
particular field without any synthesis, or adequate 
commentary. The Scientific Basis of Medicine: Annual 
Review 1964, falls into this category and careful thought 
should be given to :ts usefulness in the context of other 
literature of the kind. The publication of the lectures on 
the Scientific Basis of Medicine began in 1951. The preface 
of the first volume expresses the hope that research workers 
in one field would be able to get glimpses of other fields. 
In 1961 the title wes altered by adding the phrase Annual 
Reviews, as it was thought that young non-medical 
research workers had overlooked the book, supposing it 
to be of interest to clinicians only. It is now intended to 
inform scientists and clinicians of the progress and meaning 
of various fields of research, and presumably to review 
the topics covered. These intentions are largely frustrated 
by the particular approach of the individual authors. 
Many presume a degree of specialized knowledge which | 
is unfortunately rarely possible in any field but one’s 
own; this incidentally makes the task of the reviewer 
more difficult. Mast chapters make inadequate reviews 
either because they have a poor bibliography or, as with 
the chapter on “The Phosphates in Vital Processes”, none 
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at all, or because the author fails to set his own work in 
relation to the mass of other work in. the field. 

The present volume contains reviews based on twenty 
of the lectures given in 1962-63. Their style and quality 
vary a good deal. Some of them appear to be transcripts 
of the lectures themselves, whereas others have been 
carefully edited. 

Many subjects of importance are covered and new 
areas of research are revealed; thus Dr. I. Oswald’s 
chapter on the “Physiology of Sleep Accompanying 
Dreaming” opens up completely new vistas. He has been 
able to examine sleep scientifically. This approach gives 
promise of elucidating the mechanisms of sleep and to 
suggest that it may soon be possible to attack the problems 
of why we get tired and why we awake refreshed. 

The article by Dr. Mary Barber reveals something of 

the building wizardry of the antibiotic chemists, but gives 
little information about the mechanism of the various 
beneficial actions of the new semi-synthetic penicillins. 
Dr. Gordon Smith sounds a terrible warning about the 
difficulties of controlling virus-born zoonoses. He also 
points to the importance of close co-operation and co- 
ordination between not only scientists of diverse interests 
but also planners and economists in those parts of the 
world where large-scale development is altering the 
ecological balance. A rather similar point is made by 
Dr. A. P. Goffe in discussing the justification of measles 
immunization; he predicts that if measles were eradicated, 
as is now possible, it would undoubtedly be replaced by 
- something else. Teachers of anatomy will be interested 
in the real function of the circle of Willis as propounded 
in Dr. J. Marshall’s article on ‘Cerebral Circulation with 
Special Reference to Strokes”. This physiological or 
dynamic approach could make the rather dull learning 
of anatomy a great deal more interesting and meaningful 
to future medical students. 

An example of the approach helpful to the non-specialist 
is that of Dr. A. C. Stevenson, who, in trying to explain 
the more or less random. distribution of genes in a popula- 
tion, states that even if we were directly descended from 
Henry VIII we would also have 30,000 other direct 
ancestors. On the other hand, it is questionable how 
many general readers would at once understand such 
terms as “absolute stereochemistry” or be able to picture 
an explanation “in terms of a trephocytic function of 
lymphocytes”. 

It may well be that this series of books fulfilled. a proper 
function in 1951, but it is doubtful whether a blind 
continuance of the formula year after year is justified. 
This volume falls between two stools; it has insufficient 
depth to be a good review and contains too little explana- 

-tion or comment to be entirely satisfactory to the non- 
specialist. Perhaps the organizers of the lectures and 
the publishers of the review might reconsider their aims 
and try to bring into their orbit those members of the 
profession who are inclined to get more and more lost 
in the ever-advancing tide of seemingly incomprehensible 
research. R. GOLDSMITH 


CONODONTS 
Conodonts 


By M. Lindstrém. Pp. 196. (Amsterdam, London and 
New York: Elsevier Publishing Company, 1964.) 58s. 


HE conodonts are a group of problematical micro- 

fossils known to palaeontology since 1856. With wide 
application to techniques for recovery of these small 
phosphatic objects from sedimentary rock, it has increas- 
ingly become evident during the past twenty or thirty 
years that by their rapid vertical sequence of form and 
their free distribution, conodonts have some considerable 
usefulness as a measure of relative age in stratigraphy. 
From an earlier position remote among palaeontological 
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curiosities, they have emerged to become familiar in 
stratigraphic practice. 

Dr. Maurits Lindström, who has to his credit lively 
contributions to a number of topics in Palaeozoic geology, 
has now produced a concise account of what has so far 
been achieved by students of conodonts. General matters 
of morphology and structure are given orthodox treatment. 
A chapter devoted to the succession of conodont faunas 
from Cambrian to Trias (with a reference to Diebel’s 
intriguing Cretaceous material from West Africa) imtro- 
duces those details of form which have captured the 
attention of stratigraphical palaeontologists. Included are 
informative references to the conodont sequence of the 
Lower Palaeozoic of Sweden (much of this revealed origin- 
ally by Lindström) and to the wealth of information 
derived from Devonian and Carboniferous sequences by 
German micropalaeontologists. A separate chapter con- 
siders the stratigraphic setting of conodont faunas and 
explores particularly the problems of reworking (in Ger- 
man literature Umlagerung: a dictionary rendering is 
“removal of troops to another camp” !) and condensation, 
which finds links with recent ideas on removal of material 
from carbonate sequences. These cases show palacon- 
tology applied to assist a deeper understanding of local 
rock sections. 

Stratigraphical applications proceed rapidly and take 
little account of our inability to make firm proposals on the 
zoological affinities of the group. Lindstrom reviews 
earlier attempts to uncover relationships and, in what are 
perhaps the book’s most novel offerings, raises two new 
thoughts. The first involves recognition of certain basic 
plans of structure each of which may embrace several of the 
‘“form-genera’’ distinguished at present. Forms so united 
may then be seen as having had simular situations within 
the anatomy of the conodontophorid animal. The second 
suggestion is more immediately intent on a taxonomic 
proposal. It is assumed that conodont elements directly 
reflect the form of the soft tissue to which they appear to 
have offered support. From this, Lindström proceeds to 
argue that conodonts were included in a functional unit 
which resembled the lophophore. This has more merit 
than some of the earlier proposals in that it touches on a 
wider range of the available evidence. Whether it will 
prove any more acceptable among palaeozoologists remains 
to be seen. 

Much of the matter treated in this book waits to be 
digested; but for those who may wish to join the growing 
number who find conodonts to be readily useful in studies 
of the history of Palaeozoic rock-sequences, there is, in 
Lindstrém’s book, a convenient introduction to what now 
apparently comes to be known as conodontology. The 
chapter on technique and the key to identification of 
conodont genera will be especially welcome. The illus- 
trations should prove to be adequate in most cases. 

S. C. MATTHEWS 


INTERPRETED INFRA-RED 
SPECTRA 


Interpreted Infrared Spectra 
Vol. 1. By H. A. Szymanski. Pp. v+293. (New York: 
Plenum Press, 1964.) 10.75 dollars. 


HIS volume represents a new approach to the problem 

of interpreting infra-red spectra. The major part of 
it is taken up by 197 spectra, all of hydrocarbons, in 
which every band that can be assigned to a vibration 
characteristic of a particular group is marked in a distinc- 
tive manner. The advantage of this presentation over 
the normal correlation table is that it enables the user, 
by scanning through the spectra of a series of related 
compounds, to see at a glance those bands which recur, 
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— to obtain some idea of relative intensities and of band 
shapes. 

_ In this respect the volume is ideal for the neweomer to 
infra-red spectroscopy as it surmounts the initial hurdle 
of relating figures given in published tables with spectra 
obtained in practice. This is not to suggest, however, that 
the book is an elementary one. The present volume is 
divided into sections dealing with alkanes, alkenes, 
benzene ring compounds, and derivatives of cyclopropane, 
cyclobutane, cyclopentane and cyclohexane. Each section 
commences with vibrational analyses of the simplest 
members, taken from published sources. Other assign- 
ments of characteristic group frequencies are then given, 
many of them from recently published papers. From 
these, together with well-established assignments from 
earlier text-books, & correlation table is prepared for each 
class, and finally the spectra are given to illustrate these 
correlations, with a discussion of their salient features. 
The author gives as his opinion that all strong bands in a 
spectrum can usually be assigned, and in some of the 
spectra his assignments go far beyond those of the 
familiar text-books. 


“=< Tho spectra, which are mostly taken from American 


Petroleum Institute Research Project 44, are all of hydro- 
carbons, so that no bands due to other functional groups 
can interfere, but the correlation tables for the various 
classes include numerous compounds containing other 
groups. As examples may be quoted tables of band 
positions in all kinds of para-disubstituted benzene 
compounds, and a useful table of other groups which have 
characteristic frequencies in the same range as those of 
CH, and CH, groups. 

There is little that one can criticize in the presentation 
of the many tables, except that the wealth of information 
given on certain compounds serves to show up other fields 
in which there is a comparative lack of published data. 

This book is a valuable addition to the literature on 
infra-red spectroscopy, and it is to be hoped that further 
volumes dealing with other functional groups will quickly 
appear. Hor a volume of nearly 300 quarto pages 


~ the price is reasonable and should prove a profitable 


investment to any chemical spectroscopist. 
R. J. MESLEY 


PLASMA PHYSICS 


Physique des Plasmas 
Tome 1. Par Prof. J. L. Delcroix (Monographies Dunod, 
No. 45.) Pp. x+292. (Paris: Dunod, 1963.) 25 francs. 


Phénoménes Électriques dans les Gaz 
Par R. Papoular. (Monographies Dunod, No. 41.) Pp. 
xii +264. (Paris: Dunod, 1963.) n.p. 


pE YSIQUE des Plasmas is the first part of a two-volume 
course intended as a sequel to Prof. Deleroix’s more 
elementary text Introduction à la théorie des gaz ionisés 
(already well known to English readers through the 
translation published by Interscience). For Part 1, Prof. 
Delcroix concentrates on the areas of the subject in 
which he considers there is 2 fairly well established body 
of theory—thus maintaining suitable suspense in respect of 
the second part! Here the early chapters concern particle 
trajectories, especially in the adiabatic approximation. 
Then there are two chapters on binary collisions, assumed 
elastic, and the corresponding cross sections; the quantum 
mechanical treatment is included. 

The remainder of the book concerns the plasma treated 
as a collection of many particles. It begins with a discus- 
sion of phase space and the hierarchy of distribution 
functions. Liouville’s equation is introduced and the 
so-called “BBGKY” chain of equations set up. Methods 
of closing the chain by approximation are mentioned. 
The simplest of these, leading to the Vlasov (collision free) 
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equation, is described. though very little is given of the 
extensive analysis (Landau damping, microinstabilities, 
etc.) which it engenders. The only other case in which 
the closing of the hierachy is carried out is the one given 
by Bogoliubov himself, namely, the derivation of the 
Boltzmann equation for gases in which collisions are 
predominantly binary. This seemed to me a little perverse, 
as that 1s precisely the case which is not valid for plasmas, 
notwithstanding that the equation so obtained can be 
made to give reasonably accurate results by means of 
artificial ‘cutoffs’. The approximation which is more 
appropriate for the inverse square law, leading to the 
Fokker-Planck equation, is promised for Part 2, how- 
ever. 

There is a chapter on properties in thermal equilibrium, 
including the spatial (but not temporal) correlation 
of fluctuations, givmg of course the theory of Debye 
shieldmg. The last two chapters provide an introduction 
to the dermvation of fluid equations, but there are no 
detailed calculations of transport coefficients. 

Taken by itself the book is rather sketchy and seems 
often tu stop short when approaching anything really 
interesting or difficult. However, a fair evaluation of 
Prof. Deleroix’s coverage of the subject must of course 
await the appearance of the second book. Within the 
limits the author haz imposed, the treatment is lucid 
and well organized. ; 

Papoular’s book is much more physical in outlook. 
There is an introductory chapter on atomic structure 
and spectroscopy based on the Bohr atom; this, while 
admirable in a lecture course, can scarcely be said to be a 
stimulating opening for a text-book. Topics discussed 
in the main body of the work include: elastic and inelastic 
collisions, including ionization, recombination, oto.; 
surface phenomena; transport processes including diffusion 
and mobility; discharge phenomena and the electric arc; 
diagnostics in plasmas. The treatment is, for the most 
part, clear and unpretentious, as befits such a largely 
descriptive subject. The book will no doubt form a 
useful and compact reference source for the physical 
properties of ionized geses. There is also a quite generous 
provision of numerical data scattered through the text, 
but owing to the lack of an index it is sometimes hard to 
make rapid use of this. J. P. DOUGHERTY 


DAY-LENGTH AND THE LIFE OF 
INSECTS 


Photoperiodism and Seasonal Development of Insects 
By Prof. A. S. Danilevskii. Translated by J. Johnston, 
with editorial assistanze from Dr. N. Waloff. Pp. ix+ 
283. (Edinburgh and London: Oliver and Boyd, Ltd., 
1965.) 70s. 


HE role of day-length in regulating the reproductive 

cycles in aphids was discovered by Marcovitch in 
the early nineteen-twenties, and in 1933 Kogure gave an 
exhaustive account of its importance in the induction of 
dormancy in the egg of the silkworm. But the full sig- 
nificance of day-lengtk was not appreciated until its re- 
discovery shortly befors 1950. The first in the field among 
these re-discoverers was probably A. S. Danilevskii in 
1948; certainly, he has done more than anyone else to 
exploit the subject. In Photoperiodism and Seasonal 
Development of Insects he lists some 130 insects and mites 
the reaction to day-length of which has been investigated. 
Of these, 90 have besn described by himself and his 
colleagues in the University of Leningrad, many of them 
in great detail. The amount of work involved must have 
been prodigious. The whole subject was brought together 
by Prof. Danilevskii in his book, published in Russian in 
1961. It is already no exaggeration to describe this book 
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as a classic; it was an excellent idea to produce it in an 
English translation. 

The geography of the U.S.S.R. is well suited to a study of 
this kind. There are species, such as the moth Acronycia 
rumicis, which extend continuously from Leningrad in 
the north to the sub-tropical shores of the Black Sea in 
the south. Such a species consists of a graded series of 
geographical races, each adapted to respond to the local 
day-length (and temperature) in such a way that over- 
wintering, or “diapause’, pupae are produced at the right 
time of year to enable the species to survive until the 
spring. Races transferred too far north or too far south 
are out of tune with their environment and promptly die 
out because they produce adult moths when they ought to 
become dormant pupae. These differences are determined, 
by polygenes. If the Leningrad race is crossed with the 
Sukhumi race from the Black Sea coast, the hybrids in 
F, and F, show an intermediate type of response to day- 
length approximating to that found naturally at Belgorod 
about midway between these two localities. 

The.author has adopted an ecological approach; the 
physiology of photoperiodism is scarcely touched on, but 
the material he has to deal with is so rich and varied that 
this limitation is an advantage. He always draws a clear 
distinction between those parts of the response curves to 
photoperiod which are of real ecological significance, and 
those parts which lie outside the conditions met with in 
Nature, and which may be of interest to the physiologist 
but are irrelevant from the point of view of the insect in 
the wild. The translation does justice to this excellent 
book; a few slips like “phytophagous ticks’? or the 
“butterfly Hylophila prasinana” are insignificant. 

V. B. WIGGLESWORTH 


ASPECTS OF RECENT MARINE 
BIOLOGICAL RESEARCH 


Advances in Marıne Biology 
Vol. 2. Edited by F. S. Russell. Pp. x + 274. (London and 
New York: Academic Press, 1964.) 57s. 6d. 


HIS second volume of a series containing five 

reviews, although smaller than the first, follows 
much the same pattern. All the articles are author- 
— well presented, and both pleasant and profitable 
to read. 

Dr. J. E. Shelbourne of the Lowestoft Laboratory opens 
his account of the artificial propagation of marine fish 
with a most pleasing—and most informative—historical 
survey. It is evident that there is nothing new in the 
notion of increasing natural stocks by the addition of 
artificially reared fry; the profitability of the procedure 
with respect to the open sea has, however, been the subject 
of much controversy. The main part of the review is taken 
up with a detailed account, perhaps too much so for the 
general reader, of the rearing of plaice in Britain, with 
which work the author himself has been closely associated. 
Although going into considerable details of methodology, 
the account is clear, precise, and very readable; by suc- 
cessive modifications of the early techniques an overall 
survival rate of 66 per cent has been achieved. The 
characteristics of artificially reared larvae and young fish 
are compared with those of natural populations, directing 
particular attention to those features believed to be of 
survival value. The relative roles which may ultimately 
be played by the supplementation of natural stocks, by 
the development of new nursery grounds, or by that 
ultimate goal of the culturist—pond culture under 
complete control—are then discussed. 

Since it is axiomatic in immunogenetics that the 
environment plays no part in the structure of blood groups 
it is evident that the application of immunological 
methods to problems of population structure and specia- 
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tion in the marine environment should be rewarding. 
In the second article Dr. John E. Cushing gives a succinct 
outline of the progress that has been made in this field; 
all the developments are recent, but have already made a 
significant contribution to our knowledge of the popula- 
tions of marine mammals, teleosts, and elasmobranchs. 
The results and the inferences to be drawn from them are 
discussed, in some detail, and with full reference to the 
literature. As the author points out, the part played by 
blood group antigens on the metabolism of marine animals 
and the consequences for evolutionary history has not been 
investigated; this timely contribution should stimulate 
further interest. 

Drs. R. B. Scholes and J. M. Shewan begin their 
contribution on the present status of some aspects of 
marine microbiology with an account of sampling tech- 
niques and the commonly used culture media. The distri- 
bution of marine bacteria is then discussed, particular 
attention being paid to the recent work of Kriss; the 
controversy regarding the sampling techniques used by 
Kriss and his colleagues and the criticisms of Sorokin 
are fully dealt with in an addendum. The classification of 


marine bacteria and their special properties are then. 


considered. Finally, the authors discuss some of the work 
on what may be termed applied marine bacteriology— 
a field in which they themselves are primarily engaged; 
the deterioration of materials in sea-water by bacterial 
attack and the spoilage of both freshwater and marine fish 
are concisely reviewed. 

The greater part of Dr. N. A. Holme’s article on methods 
of sampling the benthos is, as would be expected from the 
title, given over to a descriptive discussion of ‘hardware’, 
Although much of this has recently been described else- 
where Dr. Holme’s account is well presented, and illustra- 
ted with excellent line diagrams and plates. It is evident 
that all instruments at present in use have been developed 
from the pioneer instruments after successive—and largely 
minor—modifications; the biologist needs a breakthrough 
in bottom sampling devices comparable to that brought 
to coring by Kullenberg’s piston device. It may be the 


nature of the problem and the difficulties under which the æ 


equipment must be worked, but it is nevertheless clear 
that in this field new ideas are at a premium. The per- 
formance of the commonly used instruments, the selection 
of equipment for a particular problem, the techniques of 
working the gear at sea, and the treatment of samples 
after collection are all dealt with in some detail. The 
remainder of the article, which could scarcely be con- 
sidered strictly to come within the scope of the title, is 
rather sketchy. 

All the articles are well referenced, the misprints trivial 
and obvious, the lay-out and figures pleasant. 

H. BARNES 


ANALYTIC GEOMETRY 


Local Analytic Geometry 

(Pure and Applied Mathematics, Vol. 14.) By S. 5S. 
Abhyankar. Pp. xv+484. (New York and London: 
Academic Press, 1964.) 128s. 6d. 


NALYTIC geometry, in the sense in which the 
term is used by Prof. Abhyankar in Local Analytic 
Geometry, is the study of analytic spaces over a complete 
valued field K. This is the natural generalization (using 
K instead of the complex number field O) of the theory of 
complex spaces, dating back at least to J.-P. Serre’s now 
classic memoir Géométrie algébrique et géométrie analytique 
(1958). 

Let X be a complex space whieh is a hypersurface in 
the space C” of n complex variables; then K. Oka (1951) 
proved that X is normal if, and only if, the singular locus 
of X has codimension at least two relative to X. In bis 
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preface, Prof. Abhyankar states that his interest in 
analytic geometry was aroused by his researches into the 
extension of this result to complete intersections, rather 
than just hypersurfaces. This extension was achieved by 
making use of Weierstrass’ preparation theorem. After 
publishing this, he became convinced that the entire local 
theory of complex spaces could be treated quite sumply 
by first invoking Weierstrass’ preparation theorem and 
then using Krull’s technique of local rings together with 
some methods from algebraic geometry as developed by 
O. Zariski. This volume ıs the result. 

There is happily no Chapter 0. The first chapter contains 
the elementary theory of the complex space OC” and includes 
sections on Laurent expansions and Cauchy theory 
for functions of several variables. Chapter 2 covers 
Weierstrass’ preparation theorem, unique factorization in 
power series rings, the implicit function theorem, Hensel’s 
lemma, the Riemann extension theorem, and results on 
the connectivity of algebroid hypersurfaces. Chapter 3 
is a review of local algebra, and includes important results 
concerning Hensetian rings. 

The next two chapters form the central part of the 
book. Chapter 4 develops analytic geometry at a point 
(parameters for ideals, regularity of quotient rings, etc.) 
and this is extendsd locally (that is, in the neighbourhood 
of a point) in Chapter 5. The latter deals with a number 
of interesting topics, including the pure-dimensionality 
of an analytic set in a neighbourhood of a point at which 
it 13 irreducible, the parametrization of an irreducible 
analytic set germ. normal points and singular loci, a few 
useful comments on algebraic varieties and some connec- 
tivity properties of complex analytic sets. 

Chapter 6 1s concerned with the language of sheaves 
and is one of the first reasonably adequate treatments of 
this subject in the English language. The subject is 
pursued as far as the theory of A-modules (=sheaves of 
modules over a sheaf of rings A) which are locally finitely 
presented, and covers the variations on the notion of 
coherence. Serre’s basic theorem, on the coherence prop- 
erties of a short exact sequence of A-modules, is proved 
in full. Using the sheaf language, the final chapter goes 
on to recapitulate the previous theory in the ‘global’ 
context of analytic spaces and culminates in an account 
of bimeromorphic maps and normalizations. 

The book can scarcely be recommended to a tyro in 
this subject. It is “full of mathematics”, indigestibly so 
at times, and little attempt has been made to give the 
reader any motivation for what is happening. (The 
indigestible style reaches a peak of unintelligibility in the 
last paragraph of p. 376.) Nevertheless, the book must 
be welcomed as a significant addition to the hterature on 
its subject. It is well printed, well indexed, and contains 
a good bibliography. A projected second volume on Stein 
spaces and the global aspects of complex spaces should 
prove a valuable complement. J. A. TYRRELL 


NOBEL LECTURES IN PHYSIOLOGY 
OR MEDICINE 


Nobel Lectures in Physiology or Medicine, 1942-1962 
Pp. xiv+839. (Amsterdam, London and New York: 
Elsevier Publishirg Company, 1964.) 160s. 


HE publication ın English of the collected Nobel 

Prize lectures in volumes by subjects will make these 
available to a much wider circle than the earlier publica- 
tion in the language in which they were given in annual 
volumes. 

The title gives the scope of the present volume: in it 
are 36 lectures, same 40 biographies of the prize winners, 
and 20 presentation addresses giving the background of 
the work of each year’s award. Many of the lectures are 
fully illustrated with diagrams and plates. 
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The Nobel Prizes for 1942-62 were given for work done 
during the thirties and up to the ‘sixties. This has been 
a period of most rapid advance ım both physiology and 
medicine; the Nobel lectures not unnaturally give a 
cross-section of many growing-points in this very active 
field. The lectures are not only of great scientific interest 
but also make extremely interesting reading for the non- 
specialist, as their presentation is less technical than the 
same authors would Lave used in their scientific papers, 
and a formidable massa of new knowledge is brought into 
an easily assimilable Zorm. 

Modern medical advance depends on the activity of the 
sciences fundamental to medicine; only after a discovery 
has been established keyond doubt in the laboratory can 
it be tested in @ clinical setting. Thus, entomology and 
chemistry led to DDT, for which Müller received the 
Prize in 1948, and as with many discoveries in the present 
lectures this was rapidly applied throughout the world 
and revolutionized man’s fight against inmsect-borne 
diseases. In the Second World War it became an impor- 
tant weapon possessed by the Allies alone and undoubtedly 
greatly reduced loss of life in later campaigns of the War. 
Others, such as the work of Gasser and Erlanger (1944), 
are less spectacular but no less important. Their work 
on nervous conduction is a striking example of the effect 
of fundamental knowledge in fructifying related fields. 
The important role of fine nerve fibres has been uncovered 
in much recent work, and is not, as was earlier believed, 
only to convey impulses subserving pain and temperature. 
The resulting fuller understanding of fibre size and func- 
tion has already become part of the background of 
clinical neurology and neurophysiology. 

It is difficult to pizk topics for special mention in a 
short review. A striking discovery which has been applied 
rapidly throughout the world was the isolation of peni- 
cillm and the development of similar bactericidal agents 
which have become available following Fleming, Chain 
and Florey’s discoveries. Thus, the Nobel Prize to the 
authors of penicillin was followed in 1952 by that to 
Selman Waksman for his work on the isolation of strepto- 
mycin. Behind such rapidly applicable discoveries are 
the fundamental biochemical discoveries such as those of 
Krebs and Lipmann, for which the Prize was awarded 
in 1953, and Theorell’s work on oxidation enzymes (Prize, 
1955). In the more recent lectures the structure of nucleic 
acids, genetic codes, and genes and chemical reactions 
are prominent, with the Prize in 1958 to Beadle, Tatum 
and Lederberg; Ochoa and Kornberg (1959); Crick, Watson. 
and Wilkins in the last award with which this volume 
deals (1962). 

Some of the lectures provide lively reading apart from 
their scientific content, such as that by Bekesy (1961), in 
which he gives a charming exposition of how he came to 
unravel the mechanics of the cochlea. 

One general feature stands out from these collected 
works and that is to how great an extent medical advance 
is now determined in laboratories and by animal experi- 
ments, from which it must penetrate slowly to the wards. 
Of the 35 contributions, few deal with matters into which 
patients enter, but no one can doubt that many of these 
fundamental discoveries are already influencing practical 
medicine, and that others will have a very great influence 
in. the years to come. 

The book 1s expensive (160s.), but it is to be hoped that 
it will be available to many via libraries, as the inspiration 
through reading of discoveries in the discoverers’ own 
words, brings life to many subjects that a student needs 
to master. Many of the lectures are models of scientific 
exposition. The general interest will assure it a place 
on many scientists’ shelves. All concerned are to 
be congratulated on this noble work. The subject 
matter is not unnaturally remarkable, but the pub- 
lishers have done their part in a way worthy of its 
outstanding content. 

Bryan H. C. MATTHEWS 
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Encyclopedia of Polymer Science and Technology 

Plastics, Resins, Rubbers, Fibres. Edited by Herman F. 
Mark, Norman G. Gaylord and Norbert M. Bikales. Vol. 1: 
Abaltive Polymers to Amino-Acids. Pp. xvii+ 893. (New 
York and London: Interscience Publishers, 1964.) 375s. 


HIS is the first volume of a ‘Britannica’ of plastics, re- 

sins, rubbers, and fibres. At the price of the first vo- 
lume covering only ‘A’—‘Am’, the series is obviously for the 
library of the university department or the larger industrial 
organization specializing in polymer research and develop- 
ment. For these, the first volume indicates that the high 
price of the series will be justified by the convenience of 
this central source of information. 

The book comprises 31 review articles occupying nearly 
900 pages, excellently printed and well illustrated with 
photographs, tables and diagrams. The articles have 
extensive bibliographies with references up to 1963. The 
first entries listed, many cross-references to articles in later 
volumes, will give an idea of the broad scope: abherents, 
ablative polymers, abrasion resistance, abrasives, absorbers 
ultra-violet, absorption, ABS polymers, accelerators and 
activators, accumulator, acetaldehyde polymers... 

As anticipated from Prof. Mark’s unrivalled knowledge 
of present-day university and industrial research on 
polymers, the contributors are authorities on their subject, 
and mainly employed by industry in the United States 
—a fair reflexion of the research effort. The selection of 
the contributors from universities, Prof. Bamford and 
Dr. Eastwood of Liverpool and Prof. Bevington of Lan- 
caster, indicates the international ranging for the authors. 

The items vary considerably in their treatment. One 
can sense that the ‘Guide to Authors” requested a compre- 
hensive review to take up the space the author considered 
merited by the subject, to contain modern theory, 
laboratory experiment, industrial manufacture and eco- 
nomics, all to be salted with the author’s personal enthus- 
iasm and point of view. I found many of the topics with 
which I am personally acquainted to be instructive and 
among the best reviews on the subject. Others have made 
interesting and readily comprehended reading. The isolated 
fact or piece of information can also readily be extracted 
from the clearly set-out sections of the articles. 

The editors state that the subject of polymers is ripe 
for encyclopaedic treatment. Whether one agrees or feels 
that the subject is still developing at an accelerating pace, 
one agrees that the time is ripe to make this brave attempt 
to cope with the literature. By the time the last volume 
is published, there will probably be a demand for a 
second edition. W. F. WATSON 


Treatise on Analytical Chemistry 

Edited by I. M. Kolthoff and Philip J. Elving, with the 
assistance of Ernest B. Sandel. Part 2: Analytical 
Chemistry of the Elements, Vol. 6. Pp. xxii+627. (New 
York and London: Interscience Publishers, a Division 
of John Wiley and Sons, 1964.) 173s. 


HIS is another valuable edition in the series of 
Treatise on Analytical Chemistry. Like the previous 
volumes the book has been written by experts in the various 
fields; it is well indexed and clearly laid out. The binding 
and finish are up to the high standard of its predecessors and 
the text is almost completely free from typographical errors. 
The volume is subdivided into five large chapters 
covering concisely, but comprehensively, the full history, 
properties, ete., of ten elements. Each chapter is excellently 
organized and clearly tabulated. They make interesting 
reading even to the uninitiated and are of considerable 
value to the specialist. 

The elements covered are beryllium (60 pages, 202 
references), lead (95 pages, 426 references), niobium and 
tantalum (212 pages, 586 references), technetium (25 
pages, 63 references), and actinium, astatine, francium, 
polonium and protactinium (164 pages, 304 references). 
The section on niobium and tantalum and that on lead 
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are worthy of special mention. Niobium is as abundant 
as nickel so that there is good reason to study this element. 
All that one would wish to know about lead is covered in 
the excellent chapter; its occurrence, production, physical 
and chemical properties, isotopic distribution, alloys 
formed, etc., are covered in detail together with a useful, 
clearly tabulated series of methods of separation and 
isolation of lead from other elements. Its determination 
by polarographic, spectrographic and photometric methods 
is also covered in this excellent chapter. 

Literary references extend to the year of publication. 
The volume is packed with useful and practical informa- 
tion. The book is obviously a ‘must’ for libraries of ana- 
lytical laboratories or for specialists in any of the elements 


_covered in the book. However, its limited subject-matter 


and its price will probably limit its sale considerably. 
J. THOMSON 

Thermal Physics 

By Prof. Philip M. Morse. Revised edition. Pp. xili + 455. 

(New York and Amsterdam: W. A. Benjamin, Ince., 1964). 

10.50 dollars. 


HIS is a text-book for American students in the last 


year of a B.Sc. course and the first year of graduate ~e- 


study. It covers thermodynamics, kinetic theory and 
statistical mechanics, and is a revision of an earlier 
“lecture-note volume” prepared by Prof. Morse for his 
class at the Massachusetts Institute of Technology. 

To cover three substantial parts of classical physics in 
450 pages requires a concise exposition of fundamentals 
and restraint in the choice of examples. Here we have both. 
The applications are to such modern parts of physics as 
the properties of superconductors, of liquid helium, and 
of paramagnetic substances. These are certainly the 
examples that will convince a student that thermal physics 
is stall a living subject. Similarly, the section on kinetic 
theory at least touches on such topics of present interest 
as Langevin’s equation and the Fokker—Planck equation 
for random processes. It is naturally impossible to take 
this section beyond a sophisticated mean-free-path treat- 
ment, but the transition to more rigorous methods should 
be straightforward after a careful investigation. The final 
part of the book on statistical mechanies proceeds briskly 
from a discussion of ensembles and Liouville’s theorem, 
through information theory to the usual topics of the 
perfect gas, the perfect crystal and ortho- and para- 
hydrogen. The difficulty raised by the indistinguishability 
of molecules is well resolved, and quantal statistics rightly 
get a large share of the space. The book closes with some 
formidable problems. 

Unfortunately a substantial number of elementary 
errors make it impossible to recommend the book un- 
reservedly. For example, a discussion of the third law is 
ulustrated by a figure (p. 73) in which entropy is propor- 
tional to temperature at absolute zero; a phase diagram 
of helium (p. 131) has a vapour pressure of 8 mm mercury 
at absolute zero; other diagrams (pp. 123, 129) show a 
solid with a non-zero coefficient of thermal expansion at 
absolute zero and a representation of the Gibbs free-energy 
which implies that the heat capacity of a liquid is negative. 
Chemical reactions (pp. 138-9) are discussed on the impos- 
sible premise that equilibrium can lie so far to one side 
that one of the reactants can “run out” before it is reached. 
The dimensionless ratio of the thermal conductivity to the 
viscosity of a gas is derived as 5/3, and it is stated that this 
value is confirmed by experiment (p. 220). The true value 
is 5/2 for monatomic gases (although its derivation is 
beyond the scope of this book) and it is this value that is 
confirmed by experiment. The vibrational heat capacity 
of polyatomic gases (p. 323) is certainly not small “‘below 
about 1,000° K”. 

The book uses M.K.S. units throughout. The table of 
fundamental constants has not been revised to conform 
to the 1960 unified scale of atomic mass based on 120 = 12, 

J. S. ROWLINSON 
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SCIENCE AND THE ARMED SERVICES IN THE SECOND WORLD WAR 
By Sm FREDERICK BRUNDRETT, K.C.B., K.3.E. 


Formerly Scientific Adviser to the Ministry of Defence 


rT°HE many volumes which go to make the official 

history of the Second World War are formidable 
documents, and that most recently issued, entitled The 
Design and Development of Weapons*, is no exception. 
lt does, however, suffer from two singular defects: the 
first ıs the long time which has elapsed since the end of 
the War, in fact nearly 20 years. This ıs apparently 
because & good deal of the material could not be published 
earlier for security reasons. 

The second is that, for reasons that are not entirely 
clear, the book does not cover Naval weapons. It is 
therefore incomplete and to that extent far less valuable 
for the future than it ought to be. The book in fact 1s 
divided into 4 parts, the first of which deals with aircraft 
and aircraft weapons, the second with Army weapons, the 
third with the development of radar and the fourth with 
some examination of the Scientific Establishments. 

The first two parts ably present an exhaustive study of 
the way in which things happened and the reasons. If 
pressed to make some criticism of these two parts of the 
book, I would say that on the whole there 1s a tendency to 
present a picture which is, if anything, rather more 
favourable than the events justify, but I am straining 
pretty hard to do this. The third part, on the develop- 
ment of radar, is interesting indeed, although, of course, 
it suffers from the fact that it comes some time after other 
contributions on the same subject, notably that of A. P. 
Rowe. I presume the difficulty about including Naval 
equipment 1s responsible for a slight imbalance in the 
account here included. A good deal more work was in 
fact done in the Admiralty Signal School than would be 
concluded from anything stated here, and it seems a pity 
that due credit is not given to Charles Wright, the director 
of scientific research at the Admiralty, who from very 
early days preached the gospel that the side with the 
shortest wave-length would win the next war. With this 
in mind, the Admiralty had placed development contracts 
with the General Electric Co., Ltd., for work on centimetre 
waves well before the Second World War. 

In view of the excellent account of the organizational 
developments behind many of the new weapons produced, 
it is a pity that only casual reference is made to the 
importance of the thermionic valve in the development of 
radar, and little reference 1s made to the organization 
behind the production of these valves for all purposes 
during the War. This was most certainly one of the most 
successful pieces of inter-Service co-operation on record. 
Before the War started, dissatisfaction with the result of 
leaving valve development for military purposes to 
commercial firms had led to the setting up of an organiza- 
tion known as C.V.D. (Co-ordination of Valve Develop- 
ment). Of the three Services, only the Admiralty had 
anything appreciable in the way of valve laboratories. 
They had been concerned, among other things, with the 
development of silica transmitting valves for Naval 
shore and ship transmitters. The Royal Aircraft Estab- 
hshment at Farnborough had a small valve-testing organ- 
ization concerned primarily with receiving valves; the 
Army had no facilities at all. It was therefore agreed 
in principle that the Admiralty should be responsible for 


* Design und Development of Weapons: Studies in Government and Industrial 
Organization (History of the Second World War: United Kingdom Civil Series). 
By M. M. Postan, D. Hay, and J. D. Scott, Pp. ae +579. (London: 
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carrying out an inter-Service valve development pro- 
ramme. 

The fact that this organization, at least in an elementary 
form, was in being at the outbreak of War was extremely 
valuable. It faciltated the setting up, particularly at 
Birmingham and the Clarendon at Oxford, of laboratories 
for work on special short-wave valves and also the expan- 
sion of the Naval Signal School’s own valve group, with 
the hiving off of its advanced expermental section to the 
University of Brsto. under Robert Sutton; but the real 
advantage was that the C.V.D. Committee was able to 
call together all the valve manufacturers in Britain and 
persuade them to abandon, for the period of the War, 
their commercial secrecy and work together in a combined 
national organizatior. The history of this exercise through 
the War was quite iascinating, and the development, in 
conjunction with the General Electric Company’s Labora- 
tories at Wembley, of the pre-production technique 
enabled new devices and Service equipment to be used 
at an astonishingly early stage of development. 

This organization has continued in being until the 
present day, and alshough naturally enough at the end 
of the War commercial security prevented the firms 
from co-operating to quite the same extent as they had 
during the War, the Tact remains that the C.V.D. organiza- 
tion is @ tremendaus inter-Service effort and it largely 
depends on the willing co-operation of the industry. It 
would have been interesting if the history had compared 
the success of this organization with the far less successful 
orgamzation which was set up for radio components. 
There was one very material difference between the two; 
C.V.D. had powers to place contracts on behalf of all the 
Services; the components organization had no such 
powers and there 1s little doubt that the teeth which 
these powers gave to ©.V.D. provided the key to its 
success. 

The final section of the book, and in some ways the most 
interesting, deals with the scientific establishments. 
Although ın this cese some of the Admiralty establish- 
ments are included, the choice seems a little odd. There 
is, in fact, remarkably little reference to the Admiralty 
Signals Establishment and none whatever to the Admiralty 
Underwater Establishment, and these were unquestionably 
two of the most important of the Admiralty Experimental 
Establishments, both of which made very major contri- 
butions to the Second World War. 

It may be the lack of balance arising from the inability 
to include the Navy on the same basis as the Army and 
the Air Force, which leads the authors to attribute what 
I believe to be somewhat undue influence to the Tele- 
communications Research Establishment on the post-war 
organization of Government establishments. There is 
no doubt whatever, of course, that the Telecommunica- 
tions Research Establishment under A. P. Rowe made & 
fantastic contribution to winning the War, and since & 
great majority of its staff were in fact temporary staff-— 
many of them of very high quality mdeed—they clearly 
approached their work and thew relations with senior 
officers, both militery and civil, in a different way from 
the permanent estsblishments of the other two Services 
or, as is made clear, the Royal Aircraft Establishment. 
On the other hand, the status of the scientist m the 
Services, and partacularly in the Navy, had already 
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improved in the period between the First and Second 
World Wars. The appointment of a Director of Scientific 
Research—and incidentally the Navy led the way here, 
not, as stated in the book, the R.A.F.—was the beginning 
of this process. It is particularly noteworthy that the 
status of the scientist in the Navy and the Air Force was 
much higher than in the Army, which did not appoint a 
Director of Scientific Research until some 15 years after 
the other two Services. 

What is true is that the events of the War did expand 
enormously the influence of the scientist everywhere and 
consequently improved his status, very largely because it 
became abundantly clear that he had an immense amount 
to contribute in many fields, including that of policy. 
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Equally, no doubt, this process was greatly accelerated 
by the introduction into all Services, but particularly the 
Navy and Air Force, of particularly high-ranking scientists 
(in their own world) who really didn’t care much whether 
the person they were talking to was a seaman or an 
Admiral, but were only concerned with his capacity to 
know what they were trying to get at. The effect of 
people like Blackett, Goodeve and Bullard on the Board 
of Admiralty was just as potent as that of the distinguished 
scientists at the Telecommunications Research Establish- 
ment on the Air Council. : 

Design and Development of Weapons is a valuable work 
-——what a pity the authors were denied the opportunity 
to make it much more so. 


an 


GOVERNMENT AND TECHNOLOGY” 
By C. F. CARTER 


Vice-Chancellor of the University of Lancaster (Member of the Advisory Council on Technology, and Chairman of the 
Economic Planning Council for the North-West) 


HE purpose of man on this planet is not, as some 
economists would have it, to make more wealth more 
quickly. If you are a religious person, you will believe 
that we are here to love God and our neighbour; if there 
is no place for religion in your views, you will probably 
suppose that in some sense the duty of man is to maximize 
human happiness. The relation of either of these purposes 
to the production of wealth is at best indirect. I have the 
impression, for example, that the Republic of Ireland, 
with about 65 per cent of Britain’s material income per 
head, is a happier country than Britain; while the United 
States, though more than twice as rich per head, seems to 
gather little dividend of extra happiness or satisfaction 
from her extra riches. Nor is the rich man generally 
thought to find it easy to enter the Kingdom of Heaven. 
I say this first because we must not allow a preoccupa- 
tion with technology to make us forgetful of the need to 
create beauty, to enrich culture, and to care for our 
fellow-men. This, after all, is a mistake made by some 
Victorian industrialists—and look at the mess they left 
behind them. Our children will not readily forgive us if, 
by our enthusiasm for the new ‘industrial revolution’, 
we leave them a land of still less beauty, of more tawdry 
cultural values, and burdened by fresh social problems. 
But, having said this, we know that we must nevertheless 
do all we can to develop our technological resources. 
There is no way back to hand-looms and spinning wheels; 
there is no standing still, for to stand still in method is 
to ship back in wealth, as we become progressively less 
able to sell our exports, and no nation which wishes to 
maintain its spirit and self-respect can voluntarily choose- 
to decline in wealth when it still has poverty to be 
remedied. We are engaged in a race with formidable 
commercial rivals, to which we come with little to aid 
us but our brains. This is what technology is about: 
the best use of our brains. 

Remarkably little thought is given to the best use of 
our human resources. We breed them by a random pro- 
cess of falling in love and getting married; this is admit- 
tedly less scientific than the breeding system we apply to 
racehorses and cattle, but I take it that none of us wish 
to see science supplant romance. We allocate ability 
between various uses by a system which owes more to 
accident than to design. Ill-informed choices of subject 
at schoo] join with pressures of fashion and social prestige, 
or the influence of a local and perhaps transitory employ- 
ment situation, to determine a man’s life work. Ten 
years later his choice may be quite wrong, in relation both 
to national needs and to his own self-fulfilment. , 


* Substance of the first Mason Memorial Lecture delivered at Blackburn 
College of Technology and Design on March 24. 


This implies that we could strengthen our economic 
position if we could find a better way to deploy our human 
resources: for example, by using for more constructive 
purposes the brain-power which is used on the avoidance 
or evasion of tax payments. The botter deployment of 
human resources is not likely to be achieved by market 
forces—for example, higher pay attracting people to the 
most-needed occupations—for two reasons. The first is 
that movements of pay have only an imperfect and indirect 
relationship to the needs of the country in building up 
its long-run economic strength. The second is that, 
even when & proper incentive is offered, most people 
cannot respond to it, being incapable of any large change 
of occupation; so that all that is achieved may be a very 
slow change due to the attraction of more boys and girls 
at the age of first entry. Fortunately (as I think) we 
could not do very much to improve the deployment of 
resources by direct Government compulsion, even if this 
were politically possible. This is because we know very 
little about the present uses of ability, nor about the 
principles for settling an optimum distribution, so a 
dictator could not do much more than correct the worst 
abuses. 

Some people deduce from this that we must take the 
skills of the population as given, and do what we can with 
them: so that if we are poorer than other nations because 
of a shortage of design engineers, or computer program- 
mers, or laboratory technicians, we should take this as a 
poverty freely chosen because people have decided to 
pursue other occupations. The weakness of this argument 
is that many people do not ‘decide’ on an occupation— 
it just happens; the apparent decisions are so ill-informed 
that they are little more than guesses. There is nothing 
very glorious about poverty achieved by an accident of 
having too many ‘bingo’ callers and too few technicians. 

If we take as our starting-point an assumption that 
more and more advanced technology will be required in 
almost every sector of production, then it is clear that 
Government can do much to help without resort to the 
direction of labour. First, as controller and paymaster 
of the greater part of the country’s educational industry, 
it can see that properly balanced provision is made for 
the education of technologists and technicians, and associ- 
ated skilled trades, in ample quantity and ahead of need. 
Secondly, having regard to the imperfection of its own 
forecasts of future technological needs, it can encourage 
an education which stresses flexibility of approach to 
unforeseen problems, rather than the correct reproduction 
of an approved answer to a problem already identified. 
Thirdly, it can help people (for example, by proper 
information services, and by breaking down needless 
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their abilities and to the country’s needs. 

. How does the present policy in Britain match these 
suggestions ? Not very well. Despite the great increases 
in the provision fer technological and technical education, 
I doubt if it is yet planned on a scale appropriate to 
Britain’s precarious position in the world as a seller of 
brain-power. In my view it is in danger of becoming 
unbalanced by the neglect of more junior types of educa- 
tion. The colleges of advanced technology built up their 
prestige by strengthening advanced work and shedding 
elementary work; there is a real danger that, now the 
colleges of advanced technology have obtained university 
status, a further group of technical colleges will try to 
take the same course, which is naturally attractive to 
their staff. I am by no means opposed to advanced work 
in technical colleges, but it would be bad for Britain if 
it were built up by neglect of elementary work. 

As for education for flexibility, I think we have much 
still to learn, Not only at the junior levels, but also at 
some quite senior professional levels, we lay too much stress 
on learning the approved method, rather than acquiring 
the tools and the habit of mind needed to analyse the 
unknown. I would look for the causes of failure partly 
in the low prestige which we in Britain give to the teaching 
profession, which in consequence fails to get a sufficient 
share of creative minds. In the third line of policy, the 
attraction of people to types of education appropriate 
to their abilities and to the national interest, our failure 
is manifest in the existence of surplus places for higher 
education in both pure science and technology. There 
are excuses for this curious fact, some more convincing 
than others; but, unless it is supposed that by some 
deeply rooted inferiority Britain is incapable of matching 
other countries in her production of high-grade tech- 
nologists, we must take the deficiency of candidates as a 
challenge to find a way to correct it. 

I make no apology for having started by talking about 
education, because people sometimes forget that this is 
the most expensive and far-reaching of the ways in which 
Government assists technology. Its effects, however, are 
necessarily slow. 

Without the discovery of a single bit of fresh knowledge, 
Britain’s economic position could be transformed if some 
of her backward firms adopted the methods of their more 
progressive rivals, at home or overseas. J would like to 
suggest, as an area for very much increased Government 
effort, technological propaganda services. I use this term 
deliberately, because I mean more than is usually implied 
by information or advisory services. An information 
service hag about it an implication of ‘take it or leave it’, 
and on the whole it will be the firm which is already pro- 
gressive which uses the service, while the unprogressive 
firm will neither know nor care that it exists. Similarly, 
an advisory service may be ignored by the very people 
who most need its advice. What is needed is a continuing 
and substantial effort to ‘sell’? knowledge—to present it 
attractively and simply, to show its commercial advan- 
tages, to keep people up to date and to awaken their 
interest in new ideas. The example of the National 
Agricultural Advisory Service shows that such an effort, 
kept up over the years, can have a big effect. 

Such a service could be organized either by localities 
(expanding the work of the existing technical information 
centres) or by industries (building on the information 
services of the research associations). Both forms of 
organization have their difficulties; a local service could 
not command enough expertise for all the industries of 
the locality, and an industry-based service might not be 
effective in covering a scattered industry. I would be 
disposed to establish a regional ‘TPP’ service (the initials 
stand for “Technology for Progress and Profit’), working 
in part through specialized officers for particular industries 
or technologies, and in part through local ‘odd-job men’ 
who would be linked to universities and technical colleges. 
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The regional officers for computer applications, for 
example, would constantly travel around the medium- 
sized firms of the region seeking to persuade them to use 
computer services sensibly. In some cases—welding is 
an example—the regional officers might be linked to an 
existing research association, which would train them 
and keep them up to date. In other cases, some appro- 
priate institution might have to be given the task of 
‘mothering’ the regional officers, for example, a Govern- 
ment laboratory or a university. The services of the 
regional officers would be available free: the Treasury 
view, that industry ought to pay for services which 
benefit it, simply results in those most in need of help 
not asking for it. Ths work of the regional officers would 
in some cases involve recommending one company’s 
equipment as more appropriate than another’s. 

As for Government-sponsored or Government-financed 
research: it is exceedingly difficult to judge the ade- 
quacy of a research programme, even within a single 
subject and a single firm, let alone to judge the adequacy 
of a national research effort with all its variety of objectives 
and of methods of finance. But there are one or two 
pointers which suggest to me that we ought not to look 
for.a considerable further increase in the amount of our 
scientific and technical manpower devoted to research, 
but ought for a period to use the increment of trained 
manpower mainly for the control of production. Our 
judgment about the volume of research tends to be 
affected by a naive belief that Britain can afford to develop 
all areas of research at the same time. If we attempt to do 
this we achieve an advance in knowledge only at the cost 
of weakening our power to use it. We have too little 
qualified manpower engaged in the control of production, 
and within the total of research and development we almost 
certainly have too much engaged in pure science and not 
enough engaged in technological discovery and develop- 
ment. 

I do not therefore wish to solve our problems by a 
massive increase in Government expenditure on, research. 
It may be, indeed, that it would be better if Government 
spent less on research, in some of the potentially wasteful 
and expensive areas of defence technology and nuclear 
physics, and released scientific resources to be used 
by private industry. In so far as it proves possible 
to re-allocate what Government now spends, I would 
like to see more emphasis on technology (for example, 
on the work of the National Engineering Laboratory) and 
on the development of machines and products to a point 
of commercial exploitation, even if this means for a period 
a diminished effort given to fundamental scientific 
discovery. It has to be remembered that science is more 
effectively international than technology. The efforts 
of Britain’s scientists add a small percentage to a world 
stock of knowledge, and, provided we improve the informa- 
tion flows from, overseas and retain a scientific effort 
sufficient to enable us to interpret them, we would not 
lose decisively if our own share of the world effort declined. 
But it is far less certain that one will be able to get 
technological know-how from overseas—at least at the 
right time; people do not freely sell you the information 
to enable you to com pete with them in their own markets. 
The recent course of the British balance of payments shows 
what trouble we get into when we try to buy foreign 
technology embodied in the expensive form, of foreign 
machines. Indeed, one of the most ominous features 
of the decay of the British economy has been our increasing 
propensity to buy from overseas, because the overseas 
goods are better, just those things in which our own 
chance of superiority should be sought. 

The influence of Government-supported research does, 
to some extent, depend on its location: meeting people is 
more effective than writing bulletins for them. It is 
therefore a matter fo? concern that, with a few exceptions 
such as the National Engineering Laboratory at East 
Kilbride and the group of research associations at Sheffield, 
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most Government research money goes to the south-east. 
This lack of balance should be corrected. 

I have spoken of education. information and propa- 
ganda, and research. These are not separate matters. A 
proper Government policy on technology ought, in my 
view, to start from an assessment, industry by industry, 
of needs, followed by the consideration of a co-ordinated 
policy which might-include as its elements such things as: 
(1) special educational programmes; (2) special measures 
to spread existing knowledge more effectively; (3) support 
for research and development; (4) dévelopment contracts; 


(5) Government orders for the finished product; (6)’ 


direct Government production; (7) subsidies, tax incen- 
tives, protection from unreasonable competition; (8) 
encouragement of mergers into units of more effective 
size. One of the weaknesses in Britain has been that 
Government has interfered without having any means of 
devising a properly co-ordinated ‘policy for progress’ 
with an input of effort sufficient to make a real difference. 
Just after the Second World War, various industries were 
usefully surveyed by working parties. Later, the surveys 
of the Anglo-American Productivity Teams and of the 
British Productivity Council showed up some of the 
weaknesses, though not in a form well calculated to bring 
corrective action. More recently, the Economics Section 
of the Department of Scientific and Industrial Research 
did valuable work, most notably in its unpublished report 
on. machine tools and its published report on shipbuilding. 
The trouble was, however, that the Department of Scien- 
tific and Industrial Research was not an operational 
department, except in relation to research and a little 
(rather ineffective) development. Departments of State 
do not take kindly to being told their business by other 
departments; and it was a serious weakness that the chief 
operational departments (that is, those having direct 
relationships with industry about its production) had 
scarcely any staff capable of understanding the tech- 
nological, or even the economic, problems involved. 

In a paper which we thoughtfully published just before 
the General Election (Manchester School, September 
1964; see also Nature, 205, 215 (1965), Prof. B. R. Williams 
and I proposed that the responsibility for producing a 
policy for progress should be placed squarely on the 
departments having direct relations with industry, such 
as the Board of Trade, the Ministry of Transport, and the 
Ministry of Aviation. Each of these departments, we 
thought, should form a strong research division. of scient- 
ists, technologists, and people with business or economic 
training, advised by knowledgeable assessors. These 
research divisions should, for each important industry, 


NATURE 


May 15, 1965 VOL. 206 


produce a co-ordinated plan for using the various means 
of Government intervention wisely and effectively to 
encourage technical progress and economic efficiency. 
(It must be noted that the alternative of not intervening 
does not exist; every industry and every firm in the land 
is necessarily affected by Government policies, of educa- 
tion, taxation, support or protection.) ‘The creation of 
these research divisions”, we said, “will probably involve 
changes in the structure of the Civil Service, and this fact 
should be clearly faced.” E 

In the event, the Government adopted a plan whieh I 
believe to be inferior to ours, but much quicker to apply. 
It decided on a selective approach, by putting certain 
industries (judged to be of central importance in economie 
progress) under the care of a separate Ministry of Tech- 
nology. The deficiency of this scheme is that it leaves 
the other departments (and especially the Board of Trade) 
still gravely deficient in their ability to make a competent 
assessment of a technological situation. But at least it 
makes a start. I would like at this point to pay a tribute 
to the resolute common sense with which Mr. Frank 
Cousins and his senior Civil Servants have approached 
their task, and to the enthusiasm which the new Ministry 
is showing. The Advisory Council on Technology is the 
first Government committee on which I have served which 
has spent its time discussing matters of principle and 
importance, rather than details; I find my membership 
of it a most valuable experience. 

Some consequences of the new Ministry can be seen in 
the recent announcement about policy on computers. 
This resulted from two considerations: first, that computer 
technology is so central to future technical progress that 
Britain cannot afford to allow its control to go overseas; 
secondly, that Government has unusual power to affect 
computer development because it provides so much of the 
finance. The policies announced were chosen after a 
broad review of all conceivable means of Government 
help. <A similar review is going forward on means of 
accelerating progress in the machine tool industry. 

In proposing further action, Prof. Williams and I wrote 
as follows: “We think that first priority should go to 
‘reinforcing success’; that’ is, to the strengthening of 
industries with good long-run prospects, in which Britain 
already has a technical lead which is capable of being 
maintained or increased. Such cases are unhappily few”. 
The fewness of these cases is a complete contrast to the 
situation in Britain a century ago. We have left it 
desperately late before we have realized what happens 
to a nation which depends on brains and fails to use 
them. 


SOLAR SPECTROSCOPY IN THE EXTREME ULTRA-VIOLET USING 
STABILIZED SKYLARK ROCKETS 


By W. $. BLACK, D. BOOKER, W. M. BURTON, B. B. JONES, D. B. SHENTON and R. WILSON 
Culham Laboratory, U.K. Atomic Energy Authority 


STROPHYSICAL developments in space research 
have tended to be slower than geophysical develop- 
ments, largely because of the more sophisticated require- 
ments of the former which need, for their full application, a 
stabilized platform in space. Such platforms have so far 
been developed-mainly in the United States and confined 
to stabilization on the Sun. Our present knowledge of the 
extreme ultra-violet spectrum of the Sun has been obtained. 
almost entirely from observations using the bi-axial 
stabilization system on the Aerobee-ht rocket!-* and from 
the first orbiting solar observatory (OSO-1) (ref. 4). 
In 1961 the need for a British stabilized rocket was 
examined, by the National Committee for Space Research, 
and after a survey of experiments proposed by a number 


of groups that body authorized the, commitment of 
funds for the development of an attitude control unit to 
operate on payloads carried by the well-proved Skylark 
rocket. The initial (Stage I) specification was for the unit 
to be Sun pointing and stabilized in 3 axes, the lateral 
control to be better than 1 degree and the roll control to 
be of the order of a few degrees. Further stages of develop- 
ment are included in the programme, first, to improve the 


Sun-pointing accuracy and, secondly, to develop a Moon- 


pointing system for night-sky observations. 

The responsibility for the development of the attitude 
control unit lies with the Royal Aircraft. Establishment, 
Farnborough, which, after initial studies, placed a develop- 
ment contract with Elliott Bros. in 1962. On the initial 
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launchings, carried out as flight tests of the prototype 
attitude control system, it proved possible to include 
experimental payloads for solar studies in the soft X-ray 
and extreme ultra-violet regions. Two prototypes have 
now been launched from the Woomera Range in Australia, 
the first in August 1964 and the second in December 1964. 
These flights had a high degree of success and the purpose 
of this article is to describe them and to indicate the kind 
of results obtained. 


Experimental Instrumentation 


Both flights carried experiments prepared by Culham 
Laboratory and also included equipment prepared by the 
University of Leicester. The Culham experiments were 
in three parts, each representing the start of a series 
of investigations in solar extreme ultra-violet physics. 

The first series of experiments aims to investigate the 
spectrum of the solar corona and chromosphere in the 
wave-length region between 500 and 3000 A by means of 
normal incidence grating spectrographs. A concave mirror 
forms an image of the solar disk positioned so that the 
limb of the Sun is set tangentially to the spectrograph 
slit, thus providing maximum spatial resolution of the 
emission region. 

The full wave-length range, stated here, is not covered 
by a single spectrograph, but the dimensions of the optical 
components (collector mirror and concave grating) have 
been fixed so that identical mechanical mountings can be 
used for different spectral ranges. The reflecting coatings 
of mirror and grating, together with the blaze of the 
latter, are optimized for the particular spectral range. 
The spectra are recorded photographically by a camera 
which allows up to six exposures to be programmed during 
flight. 

A further important factor affecting the observations 
in the range 500-3000 A is the fact that the photosphere is 
dark at wave-lengths less than ~1800 A and bright at 
longer wave-lengths. The problem of reducing scattered 
light is therefore somewhat different for these two regions. 
In the latter case, no information as yet exists on the 
coronal or chromospheric spectrum (with the exception 
of the emission components of the MgII doublet at 
2795, 2803 A), and so the kind of approach described hero, 
involving the off-setting of the main solar image, will allow 
such observations to be made. However, the strict 
demands made on the pointing system and the possible 
coronagraphie techniques which need to be used make 
this a more advanced experiment which was originally 
planned for a later stage in the programme. 

The pointing accuracy required by these experiments is 
much better than 1 min of are, which exceeds the specifica- 
tion for the attitude control unit. An optical servo align- 
ment system has therefore been developed at Culham 
which orientates the collector mirror so as to maintain 
the position of the solar image to the required accuracy. 
This system comprises a photoelectric error detector and a 
platform actuator. The error detector is of the split field 
type and is located in the same plane and adjacent to the 
spectrograph slit. It consists of four light-sensitive com- 
ponents in a square array on which a solar image is formed 
by a subsidiary mirror located on the same platform as the 
main collector mirror. The error signals are fed to the 
actuator system which responds by tilting the mirror 
platform about two mutually perpendicular axes in order 
to maintain the alignment. The actuator consists of servo 
motors which drive camshafts through precision reduction 
gears to adjust the position of an arm rigidly connected 
to the mirror platform. 

The second series of experiments is designed to observe 
the soft X-ray spectrum of the integrated solar radiation 
from 400 A down to ~ 10 A with grazing incidence spectro- 
graphs. These use concave diffraction gratings of 1-m 
radius of curvature and can be set at grazing angles 
between 1° and 4°. As in the case of the normal incidence 


NATURE 655 


spectrograph, a single instrumental body has been de- 
signed and optimization for different spectral ranges can 
be made by a suitable choice of grating and grazing angle. 
The instruments record photographically and operate 
without a collector mirror, relying on the main vehicle 
stabilization for solar alignment. The problem of scat- 
tered light within the instrument, made severe by the 
intense flux at longer wave-lengths, is met by the use of 
& thin metallic filter placed over the spectrograph slit in 
order to eliminate visible light but to allow observations 
in pass bands at short wave-lengths. Two such instru- 
ments are flown in each payload. 

The third series ef experiments has the objective of 
photographing the Sun in extreme ultra-violet radiation. 
Initially, these exper:zments use a simple pinhole camera 
with a thin aluminium filter covering the pinhole aperture 
to exclude long-wave-length radiation. Later flights 
will carry a development* of this pinhole camera in which 
a plane diffraction grating is incorporated and used at 
grazing incidence to provide wave-length resolution and 
record monochromatic images of the Sun. 

All experiments hawe been designed to fit into a single 
assembly as shown in Fig. 1, which is a photograph of the 
Culham payload flown in the first stabilized Skylark. 
Shown also is a shield which covers the equipment 
throughout flight, and the split nose cone covers which are 
detached, together with the rocket motor, soon after 
burn-out. All experimental data are stored photographic- 
ally and recovered from the rocket head after parachute 
return. 


Results 


General. The first test flight® (Skylark SL 301) occurred 
at 05°40 U.T. on August 11, 1964, and the second (Skylark 
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Fig. 1. Assembly of the Culham payload flown in the first stabilized 

Skylark rocket, showing ic) the normal incidence spectrograph, (6) two 

grazing incidence spectrographs and (c) the pinhole camera, together with 
the cover shield and the split nose cone 
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Table 1. PERFORMANCE AND RESULTS FOR FIRST Two STABILIZED Skylark 
FLIGHTS 
SL 301 SL 302 
Date of launch August 11, 1964 December 17, 1964 
Local time 1,510 h 1,305 h 


Motor type Raven 7A plus Cuckoo booster 


Motor jettison (time after 


launch) 76 see 75 see 
Attitude control initiated 85 sec 86 see 
Attitude control achieved 106 see 105 sec 
Peak altitude 145 km at 202 sec 167 km at 215 sec 
Attitude control ceased 332 sec 363 sec 


Parachute recovery No Yes 
Attitude control errors 
Lateral: peak to peak 
(max) P+ Y 5 arc min 
4 3 are min 
14 


3 are min 
— 8 are min 
Roll: peak to peak (max) 10 

Fine alignment errors 
Lateral: peak to peak 
(max) 
Root mean square 
Normal incidence 
experiment 
Grazing incidence 
experiment 
Solar disk extreme ultra- 
violet photography 


13 are see 

+2 to 3 are sec 
6 spectrograms 

total Sun 
Unfogged exposure 

over whole tight 
Single exposure over 

whole flight 


12 are sec 
+2 to 3 are sec 
| spectrogram solar 
limb 100-120 km 
Partially fogged 


Cassette broken at 
hard landing 


SL 302) at 03-35 v.r. on December 17, 1964. The main 
results of these flights are summarized in Table 1. In 
addition to these, the University of Leicester team 
obtained X-ray photographs of the Sun’, 

In both the prototype flights the attitude control unit* 
operated successfully, pointing the vehicle towards the 
Sun throughout the scheduled part of the flight with an 
accuracy of control about the lateral and roll axes as 
indicated in Table 1. The fine optical alignment system 
also functioned successfully through the scheduled part 
of the flight, maintaining the position of the solar image 
with the accuracy indicated. Thus the primary objective 
of these flights was fully achieved with a performance 
much superior to that initially specified. For comparison, 
the well-proved bi-axial pointing system, developed for 
use in the Aerobee-hi rocket, gives control in the lateral 
axes to about 1 min of are but without control in the roll 
axis. 

In the first firing the parachute failed to deploy but most 
of the photographic cassettes were recovered intact. In 
the second firing the parachute deployed successfully 
and all photographie cassettes were recovered intact 
together with the experimental equipment. 

The experiments were launched with the well-proved 
Raven 7A motor which carried the 301 and 302 payloads 
to peak altitudes of 145 km and 167 km respectively. 
These heights are too low to enable observations to be 
made over the full range of the spectrum, atmospheric 
extinction severely limiting observations at wave-lengths 
from 1000 A down to the soft X-rays. The Royal Aircraft 
Establishment, Farnborough, and the Rocket Propulsion 
Establishment, Wescott, are at present carrying out a 
development programme for a high-performance Skylark 
motor (Raven 6A) which would have the capability to 
carry the heavier payloads associated with these experi- 
ments to heights significantly in excess of 200 km. Such 
apogees are essential for the successful execution of the 
experiments described here, but the 6A motor will not 
be available until proved flight-worthy. 
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Normal incidence spectroscopy. In SL 301, the fine 
alignment system was set so as to maintain the image 
of the solar limb on the centre of the slit of the normal 
incidence spectrograph. This was set to record the wave- 
length range 500-2500 A, but was optimized for the range 
500-1500 Å. The concave grating (radius of curvature 
40 em, ruled at 1,200 lines/mm) gave a blaze maximum 
at ~1000 A. An uncoated quartz collector mirror was 
used, together with an uncoated red glass replica grating, 
in order to minimize the scattered light due to the intense 
photospheric emission. The operational spectral resolu- 
— the instrument, during its last pre-flight tests, was 
0-3 A. 

The camera was programmed to take two exposures on 
Kodak ‘Pathé SC-5’ emulsion, the first for 25 see (including 
the acquisition phase) and the second for the remainder 
of the flight (~200 sec). After the first exposure was 
completed the camera jammed in an intermediate position 
and remained there for the remainder of the flight. Conse- 
quently, the only successful exposure was the first and this 
was recovered from the light-tight cassette after the hard 
landing. 

The spectrum is reproduced in Fig. 2 and was recorded 
between 100 km and 120 km altitude. Allowing for the 
acquisition time, it represents an exposure time of 17 sec 
on the solar limb. During this time, telemetry of the 
mirror servo amplifier outputs indicated that the maximum 
excursion of the image of the Sun relative to the slit was 
less than 5 sec of are. This is confirmed by the lengths 
of the recorded spectral lines which closely correspond 
to the astigmatic lengths of images in the spectrograph. 

A preliminary examination of the spectrum of the solar 
limb has been carried out. The short exposure time of 
17 sec at a rather low altitude (100-120 km) results in a 
spectrum of reduced intensity at wave-lengths of less than 
2000 A and its elimination for wave-lengths of less than 
1000 A. Emission lines were recorded (for example, 
OVI 1032 A and Lyman « 1216 A) and a continuous 
spectrum with superimposed emission and absorption 
lines extending from 2000 A to 2500 A. The resolution 
deteriorated from the pre-flight laboratory focus tests 
and corresponded to an instrumental line width of about 
0-4 A at 1000 A, increasing to about 0-8 A at 2500 Å. 

The results obtained from SL 301 confirm that the 
peak altitude provided by the Raven 7A motor is not 
sufficient for solar spectroscopy at wave-lengths of less 
than 1000 A. However, the success of the optical servo 
alignment system offered the possibility of a reliable 
spatial separation of the photosphere and the inner corona. 
Since SL 302 was also to use the Raven 7A motor it 
was decided to bring forward the more advanced experi- 
ment at longer wave-lengths and the normal incidence 
spectrograph was set for optimum performance in the 
range 1500-3000 A. Both the collector mirror and the 
diffraction grating were coated with aluminium + 
magnesium fluoride. The grating was ruled at 1,200 
lines/mm and blazed to give peak efficiency at about 
2000 A. The instrument was set to record the wave- 
length range 930-2950 A and its resolution, as set up in 
the laboratory, was 0-3 A. 

The servo alignment system was adjusted so that the 
spectrograph slit viewed the inner corona, 0-5 min of 
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Fig. 2. 
time 17 sec, 


Spectrum of the solar limb recorded by the normal incidence spectrograph on SL 301 between 100 kin and 120 km altitude, 
Slit width 0-012 mm. 


2500K 


Exposure 


200028 


‘SC’-5' emulsion 
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arc from the solar limb. The camera was fully loaded with 
6 strips of film and a timer unit was used to programme 
the full number of exposures during the flight. At launch 
the first strip of film was in position to record the acquisi- 
tion period. Exposure No. 2 began after acquisition was 
complete at 110 see after launch and continued until 
peak height was reached about 100 sec later. At peak 
height a series of shorter exposures began: Exp. 3 = 3 sec; 
Exp. 4 = 10 sec; Exp. 5 = 30 sec; Exp. 6 covered the 
remaining 70 sec until the shutdown pulse closed all 
shutters and terminated the recording period shortly 
before stabilization was lost on re-entry. The entire 
programme was correctly carried out and six exposures 
were obtained during the flight. 

The collector mirror had been exposed to rather un- 
favourable environmental conditions during several days 
of alignment tests which were carried out in the open 
air in a dusty atmosphere. By the time the instru- 
mentation was sealed for flight the mirror surface had been 
badly affected by a film of deposited material. Most 
of the larger dust particles were removed with an air jet, 
but a surface film remained which could not be removed 
without risk of damage to the coating on the mirror. 
The seattered light resulting from this mirror surface 
increased the amount of solar photospheric radiation which 
entered the spectrograph slit and the spectra recorded 
were consequently characteristic of the photosphere. 
The resolution of the spectra is good and no loss of focus 
was detectable in the flight exposures. 

Fig. 3 shows a composite spectrum obtained by combin- 
ing exposures 3 and 5, taken on Kodak ‘Pathé SC-5’ film. 
The spectrum is representative of the total Sun and its 
width corresponds to the slit-length used. Any emission 
lines localized in the inner corona would appear much 
shorter than the spectrum observed and cannot be 
detected. The emission lines which are recorded have the 
full length and are chromospheric in origin. 
The spectrum shows emission lines from 
1216 A (Lyman «) through to 1994 A (CI) 
and absorption lines superimposed on con- 
tinuum from about 1800 A to the long-wave- 
length limit at 2950 A. Prominent absorp- 
tion lines included AIT 1932 A, 2026 MgI 
and 2124 Sil. Observed also is the MgII 
resonance doubled at 2800 A. Comparison 
of these spectra with those previously 
obtained on SL 301 in the 2000-2500 A 
region may reveal differences in the nature 
of the disk and limb spectra. 

Grazing incidence spectroscopy. Photo- 
graphic spectroscopy in the range 10-400 A 
is not possible at the limited altitudes 
achieved in the prototype flights, but the 
grazing incidence spectrographs were flown 
for flight testing. In SL 301 the cassettes 
were recovered after a hard landing but were 
partially fogged. Investigations revealed 
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Fig. 4. 
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Composite spectrum of the total Sun recorded by the normal incidence spectrograph on SZ 302 at 165 km altitude, 
‘SC'-5' emulsion 





A, X-ray pinhole camera photograph of the Sun, recorded on SL 302; 
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that this was caused by scattered light within the instru- 
ments due to a puncturing of the aluminium filters, located 
in front of the entrance slits, during the launch phase. The 
instruments were flown with redesigned filter mountings 
in SL 302 and survived the launch. The recovered 
films were free of fog, but only one spectral feature (the 
intense line at 171-1 Å, recently classified by Gabriel 
etal. as FeIX 3p* 4S—-3p°3d 'P) was detectable. These 
instruments have now been satisfactorily flight-tested and 
will not be flown again until a sufficiently high apogee 
can be achieved. 

Solar extreme ultra-~olet photography. For the extreme 
ultra-violet solar photography experiments, each flight 
carried the first and simplest instrument, that is, a pinhole 
camera of 10-in. optical length with a 0-006-in. pinhole 
covered by a 3000 A thick unbacked aluminium filter. 
This system has two transmission bands, one in the soft 
X-ray region and the cther above the aluminium L,,,-edge 
at 170 A. 

In SL 301 the cassette was broken on impact by the 
hard landing and the film was fogged. In SZ 302 the 
data were successfully recovered and the photograph 
obtained is reproduced in Fig. 4. This was obtained 
between altitudes of 110 km and 167 km on Kodak 
‘Pathé SC-5° emulsion with an exposure time of about 
180 sec. At these heights the aluminium transmission 
band above 170 A is effectively eliminated by atmo- 
spheric extinction and hence the photograph is produced 
by soft X-ray radiation, the upper limit in wave-length 
being about 60 A. The recorded image shows pronounced 
limb brightening, excapt in the regions near the poles, 
together with localized emission areas. This localized 
emission originated from active plage regions, as can be 
seen from a comparisen with the spectroheliogram taken 
in Call light taken at Kodaikanal at 2-15 v.r. on Decem- 


ber 17. This is also reproduced in Fig. 4 and the correla- 
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B, the 
spectroheliogram in Call light taken at Kodaikanal by Prof. Vainu-Bappu 











tion between the X-ray emission and the Call emission 
is very apparent. The X-ray photograph is also indicative 
of the stabilizing performance of the attitude control 
unit. The photograph is a single exposure taken through- 
out the stabilized part of the flight and confirms the 
performance data given in Table 1. Similar X-ray photo- 
graphs were obtained by the University of Leicester. 


Conclusion 


These initial results, which have yet to be fully analysed, 
and the excellent performance of the stabilization systems, 
indicate the great possibilities for research in extreme 
ultra-violet solar physics which can now be carried out 
using British facilities. The most important technological 
requirement is now the successful proving of the high- 
performance Raven 6A rocket motor in order to carry the 
payloads to apogees in excess of 200 km. In addition to 
the experiments described here by Culham Laboratory, 
experiments using the Sun-pointing stabilized Skylark 
are being undertaken by University College, London, 
and the University of Leicester for investigations in the 
soft X-ray region. Future experiments, requiring the 
more advanced Moon-pointing vehicle, are also being 
planned by the Royal Observatory, Edinburgh, and the 
Meteorological Office. 

These investigations have only been made possible 
by the combined action of several individuals and depart- 
ments in the U.K. and Australia. We thank the following: 
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MEASUREMENT OF THE EXPOSURE OF HUMAN POPULATIONS TO 
ENVIRONMENTAL RADIATION 


By WAYNE M. LOWDER and WILLIAM J. CONDON 


Health and Safety Laboratory, U.S. Atomic Energy Commission, New York 


“HE accurate determination of representative ex- 
posure-levels of large human populations to ionizing 
radiation in the environment has proved to be a problem 
of considerable interest to the biologist and of comparable 
difficulty for the physicist. In an attempt to evaluate 
existing techniques for obtaining such information, the 
Health and Safety Laboratory and the Harvard School 
of Public Health in 1962 undertook concurrent investiga- 
tions of population exposure to environmental radiation 
in selected areas of the States of Vermont and New 
Hampshire using two independent methods. These 
investigations have been discussed by Segall’ and by 
Lowder et al.?, and the extensive results are presented in 
detail in more recent reports®*, In this article, we directly 
compare the two sets of population exposure measure- 
ments, discuss briefly some of the alternative methods 
available for such surveys, and present some general 
conclusions relating to the state of the art which can be 
derived from our experience in the New England work. 
The results given here, which partially supersede the 
preliminary results reported previously?*, provide a useful 
background for considering the general problems asso- 
ciated with making such measurements and interpreting 
them properly. 
The areas chosen for investigation (see refs. 1-4) contain 
a considerable proportion of the population of the two 
states, including the major urban centres. Interest in 
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Entirely unrelated approaches were utilized by the 
Health and Safety Laboratory and Harvard groups in 
attempting to obtain realistic estimates of population 
exposure to environmental radiation. The Health and 
Safety Laboratory team conducted in situ measurements 
of the radiation field, both out of doors and within 
residences, to provide a general radiation profile over the 
populated area, and weighted these results by estimates 
of mean occupancy time in the various types of locations. 
This method was first utilized on a large scale by Spiers 
et al. in Great Britain®:?, and another investigation of this 
type was carried out in Switzerland in 1961 (ref. 8). The 
Harvard group undertook a more direct approach and 
distributed integrating dosimeters to representative 
members of the population to be worn on the person. = 

For the purpose of comparing the two sets of results, 
we have defined ‘population exposure’ as the free air dose — 
‘experienced’ by typical individuals in their usual rounds 
of activity. We consider only the air dose from the more 
penetrating components of the environmental radiation 
field, that is, the terrestrial y- and ionizing cosmic radia- 
tion. This definition can be justified by the fact that the 
mean y-doses to the skin and at various depths in the 
body are. fairly well-known fractions of the free air 
y-dose®, and only the more penetrating components of 
the external radiation field significantly contribute to the 
dose at the depths of greatest interest, that is, those of the 
gonads and bone. It should be noted that the possibly 
important tissue dose contribution from cosmic ray 
neutrons is not determined by the techniques used in 
these investigations. | . 
- The Health and Safety Laboratory radiation survey was _ 
carried out in July and August. 1962, and subsequent 
check measurements were made in May and September 
1963. and May 1964. The instrumentation included high- 


- pressure argon ionization chambers for total dose-rate 
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Region Bedrock 
New Hampshire 
1. Manchester Fitchburg Granite 2:5 1:5 
2, Concord Binary Granite 2°9 17 
8. Franklin Jattleton Formation 24 1*4 
4, Conway Conway Granite 3-6 2i 
Vermont 
1. Rutland Dunham Dolomite 26 1-5 
2. Middlebury Beldens Formation 3-2 1:9 
3. Be Rn Glacial Drift $3 1:9 
4, Burlington Monkton Formation 2-4 1-4 








* Mean bedrock radioactivity as estimated by Billings‘. 


measurements, a y-spectrometer system for determination 
of component dose rates (particularly necessary for dis- 
crimination between the natural and fall-out y-radiation), 
and portable scintillation detectors for surveys of the 
areas surrounding each outdoor measurement location as 
well as for the indoor measurements. The survey tech- 
niques, described in detail elsewhere"-"*, provide an over- 
_all accuracy of +5 per cent (S. D.) for the measured total 
dose-rate values and approximately +10 per cent for 
each of the various components of the total radiation 
field: The outdoor readings were taken in large, flat open 
spaces situated in populated areas (for example, parks, 
fields, lawns, vacant lots) with the instruments placed 
3 ft. above the ground. The number of measurements in 
each area was determined by its population and size, the 
availability of proper sites, and the observed range and 
pattern of the previous readings. A, sufficient number 
was taken to ensure that a reasonable radiation profile 
could be constructed for each area. The quite limited 
range in the measured dose rates in each case (+10 per 
cent about the mean for most field readings) meant that 
relatively few locations were required for this purpose. 
Most of the measurements were made in the larger towns, 
as these contained the bulk of the population. 

The mean y-dose rates over open ground derived from 
the spectrometer readings are given in Table 1 for each of 
the eight regions chosen for examination. The main towns 
and the corresponding bedrock formations are indicated. 
The spectrometric procedures allow determinations of the 
component dose rates from potassium-40, the uranium 
and thorium series, and the main fall-out y-emitters 
(*Zr—Nb, Ru, Rh, 7Cs), Estimates of mean soil 
concentrations of the natural radioisotopes can be cal- 
culated from the component dose rates, assuming uniform 
depth distribution in the ground’®™, Such concentration 
values are representative of the true soil contents of 
radium, uranium and thorium only when these isotopes 
are in radioactive equilibrium with their y-emitting 
daughtera. These results are included in Table 1, and the 
mean values for the natural emitters are combined to 
give a mean ‘equivalent uranium’ (eV) concentration for 
the upper layers of the ground, that is, the amount of 
uranium „in equilibrium with its daughters that would 
yield the same y-dose rate as the potassium and the 
uranium and thorium series in the actual situation. Also 
listed for comparison purposes are the mean equivalent 
uranium contents of the various bedrocks as estimated by 
Billings®. It is noteworthy that the range of soil activities 
is much narrower than that inferred for the bedrock 
formations. . 

The average fall-out levels indicated in Table 1 apply. 
specifically to July and August 1962, when almost all 
readings fell between 2 and 3 ur./h. When some of these 
sites were re-checked. in 1963, the fall-out dose rates were 
nearly twice as great, ranging from 3 to 5 ur.fh. In all 
eases, *Zr—"=Nb was the dominant contributor. By May 
1964, levels of 1 ur./h were typical, the **Zr—*°Nb and other 
short-lived emitters having nearly disappeared, leaving 
137Cs as the most important fall-out y-emitter. These, 
results are quite consistent with the more detailed informa- 
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11 1:5 3-4 94 700 9-2 22 
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1-2 1:6 35 0-7 71 9:4 18 
17 22 5°6 15 6 10-9 14.3 27 
1-0 1:3 2:0 56 56 7-4 a3 
0-8 1-1 2:6 72 6-6 8-7 20 
1-0 13 22 61 6°5 8°6 20 
1-0 _ 13 18 50 52 6-8 2-4 














tion available for the New York City area during this 
period’. 

In addition to the combined ionization chamber and 
spectrometer readings summarized in Table 1 (5-10 in each 
region, except for 16 at Conway), separate ionization- 
chamber readings were made at many other sites along 
with a number of independent portable scintillometer 
surveys. The uniformity of the outdoor radiation levels in 
each area was remarkable. In general, streets and side- 
walks did not significantly alter the observed profile. 

Any attempt to estimate population exposure -to 
environmental radiation must take into account. the 
effect of man-made structures on ambient radiation fields, 
since most individuals spend a large fraction of their time 
indoors. Portable seintillation detector readings were 
made in 160 private homes and apartments in the main 
towns to ascertain whether any consistent relationship 
existed between indoor and outdoor radiation-levels. 
Several rooms in eack dwelling were surveyed, including 
the living-room and at least one bedroom. Again, a strong 
uniformity exhibited itself in that the mean indoor levels 
were close to 70 per cent of the corresponding outdoor 
levels in each area*. This may be related to the fact that 
the vast majority of the dwellings were of wood-frame 
construction, with the building materials appearing to act 
generally as y-ray shields with relatively little activity of 
their own.. ; 

With such data at hand, an estimate of mean population 
exposure to environmental radiation can be obtained by 
calculating a suitably weighted average of the indoor and 
outdoor readings of tke survey instruments. Taking into 
consideration the greeter occupancy time indoors of the 
average individual, tke mean exposure levels have been 
estimated to be 80 per cent of the mean outdoor terrestrial 
-dose rates given in Table 1, plus the contribution from 
the ionizing components of the cosmic radiation at the 
ground altitudes of the various areas. No correction of 
the cosmic-ray figures for typical structural shielding has 
been made, since this would be a reduction of the order 
of 10 per cent or less, which is comparable to the present 
uncertainty in the absclute cosmic-ray ionization intensity. 

Table 2 shows the dopulation exposure data arranged 
by geological region. The mean weekly outdoor doses in 
air are given for both natural and total (natural plus fall- 
out) y-radiation and for cosmic rays, and the Health and 
Safety Laboratory population exposure estimates for the 
time of the survey (August 1962, including fall-out) and 
for the natural emitters only (that is, the mean life-time 
levels neglecting fall-out) are also given. The importance 
of the spectrometric technique is emphasized by the fact 
that estimates of the integrated natural y-dose were obtain- 
able even under conditions of near-maximum fall-out 
contamination. In many population investigations, it is 
just this quantity that is desired. ` i 

The Harvard investigation involved the use of a set of 
200 Victoreen ‘model 362 condenser ionization-chamber 
pencils, along with a stable pulse height readout system}#:17 
which is designed to-allow ‘readings of 1-0 + 0-2 mr. at 
the 95 per cent confidence: level with -a single -pencil. 


Mechanical and thermal stability was tested, and correc- 


660 


NATURE 


May 15, 1965 VOL. 206 


Table 2, MEAN WEEKLY DOSES IN MR. / WEEE 











M 
Geological category eU (p pm.) Outdoor Outdoor Cosmic anh saci opto 
Natural y Total p* 1962+ Natural Dosimeters 
` Dunham Dolomite 5 0-04 1 34 2 . 
Beldens Formation 5 114 1-43 i oo i s í a a 
Glacial Drift 9 109 1 43 0-62 176 3 61 
Monkton Formation 11 0:87 1:27 0:59 1°61 2°70 
Fitchburg Granite 23 118 1 62 0 60 1°82 8-18 
Littleton Formation 23 119 1-68 OBI 191 2°97 
Binary Granite 26 41 1-78 0-60 2 05 3 21 
Conway Granite 45 1°88 2 27 061 2 43 3°67 





* Includes fall-out, averaged over all locations within an area, 
t Obtained as indicated in the text: in units of air dose rate, 


tions made for average leakage rates observed in the 
laboratory. 

These dosimeters were distributed in pairs to five 
individuals in standard occupational categories in each of 
16 areal units, half urban and half rural. The dosimeters 
were worn for one week, collected, read, and then re- 
distributed. The experiment was conducted for five weeks, 
resulting in a total sampling of 400 individuals, 25 in each 
areal unit (that is, 50 in each of the eight geological 
regions). The details of this study are discussed by 
Segallts. 

Estimates of population exposure from the mean values 
of the Harvard dosimeter data in the various areas are 
given in the last column of Table 2. These air dose values 
are derived from Segall’s data)? by assuming that each of 
the dosimeters, worn on the body surface, read 100 per 
cent of the cosmic-ray ionization and 85 per cent of the 
y-ray ionization in free am. The latter figure is based 
primarily on the recent measurements of body attenuation 
factors by Spiers and Overton’. 

The Health and Safety Laboratory and Harvard 
population exposure results are plotted as a function of 
estimated mean bedrock radioactivity in Fig. 1, with the 
respective regression lines indicated. Plotted also in Fig. 1 
(lowest curve) are the mean outdoor natural y-levels 


Mean radiation-level (mr./week) 





30 40 ~ 50 70 


66 
Mean bedrock radioactivity (p.p.m. eU} 


6 10 20 ~ 
Fig. 1. Environmental radiation in the eight selected areas of northern 
New England as a function of estimated mean bedrock radioactivity 

A, Population exposure estimates from Harvard dosimeters; B, popu- 


lation exposure estimates based on Health and Safety Laboratory in situ 
measurements: C, mean weekly outdoor y doses 


obtained, from the Health and Safety Laboratory spectro- 
meter readings. These values are directly proportional to 
mean soil content of natural radioactivity (1 mr./week 
—> 7:83 p.p.m. eV). 

It 1s readily apparent from the figure that the two sets 
of population exposure data show a considerable sys- 
tematic difference. The large mtercept at zero bedrock 
radioactivity for the linear fit to the Harvard dosimeter 
data cannot be explained simply on the basis of the 


relatively constant cosmic-ray and fall-out dose contribu-~ 


tions, which are less than 1-0 mr./week. There is certainly 
no evidence to suggest that building materials produce 
elevated radiation levels indoors m any consistent manner. 
The intercept for the Health and Safety Laboratory results 
is more reasonable, although also somewhat high. I¢ 1s 
interesting to note that, while an apparent linear trend 
appears to exist for all sets of data, the interpretation of 
this trend 1s not obvious. For example, the slope of the 
natural y-dose regression line is only one-sixth of that 
expected if the bedrock were the source of the radiation". 
In a sense, the results shown in Fig. 1 provide a rough 
indication of the influence of bedrock geology on soil 
radioactivity and natural radiation exposure in these 
areas. The effect is small and may be of practical signi- 
ficance only in the Conway area, where the reddish sand 
derived from the thorium-rich Conway granite is present 


in the soil throughout the populated areas. The trend of 


the results in Fig. 1 may be indicative of some fairly 
consistent relation in these areas between the bedrock 
formations and their respective overburdens of soil in 
terms of natural radioactivity. The apparent near- 
linearity of the population exposure estimates as a function 
of bedrock radioactivity derives from the similar relation- 
ship between estimated mean soil and bedrock radio- 
activities, since the outdoor (and to some extent the 
indoor) radiation-levels to which the general population is 
exposed are closely related to the content of natural 
y-emitting radioisotopes in the upper layers of the soul. 

Fig. 2 shows the Harvard dosimeter data plotted 
directly as a function of the Health and Safety Laboratory 
1962 total exposure results. The high degree of correlation 
(r > 0:9) between the Harvard and Health and Safety 
Laboratory estimates of population exposure’ is evident; 
& line of unit slope fits the data quite well. The 1-2 mr./ 
week value for the Y-axis intercept of this lne is a measure 
of the apparently systematic deviation between these two 
sets of data. While not enough information is.at present 
available to explore this problem fully, one obvious pos- 
sibility is that the pocket dosimeters consistently exhibited 
enhanced leakage under field conditions as compared with 
that measured in the laboratory and corrected for in the 
data interpretation. 

In any event, there is little doubt that the dosimeter 
results are too high. This can be shown by carrying out a 
simple mathematical analysis of the various contributions 
to thé population exposure-level, P, utilizing the accurate 
Health and Safety Laboratory measurements of outdoor 
environmental radiation dose rates. If Ie, In and Ip are 
the measured mean outdoor dose-rate contributions from 
cosmic, natural y-, and fall-out y-radiation, respectively, 
and I, is the mean indoor y-dose rate produced: by sources 
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Fig. 2 Harvard population exposure estimates as a function of com- 


parable Health and Safety Laboratory (HASL) estamates for the eight 
New England areas examined 


in the building materials, we can write the following 
expression for P: 


P = fi (Ie * Spl + Saln + In) + fo (Le + I; * In) 


where f: and fo are occupancy time factors for indoor and 
outdoor locations, respectively, and sp and Sn are mean 
transmission factors of the buildings and residences for 
outdoor fall-out and natural y-radiation. Substituting 
reasonable values for these factors and the various weekly 
doses into the formula, we get: 


P = 0-8 [0-60 + (0-2) (0-37) + (0-3) (1-18) + In] 
+ 0-2 [0-60 + 0-37 + 1-18] = 1-25 + 0-8 In mr./week 


Since we have determined that the indoor total y-levels 
average 0-7 of the outdoor levels in these areas, we find 
that: 


Th 0-51, + 0-41 = 0-66 mr./week ’ 
Substituting this in the above expression for P, we get: 
P =x 1-8 mr./week 


This result is not strongly dependent on the particular 
values assumed for the various factors in the above 
equation. It is quite consistent with the similarly 
calculated Health and Safety Laboratory population 
exposure estimates, and much lower than the dosimeter 
results, The mean contribution from building materials 
to population exposure would have to be-close to 2 mr./ 
week to validate the dosimeter data, which is considerably 
higher than the measured values for the total indoor 
y-dose rate in most of the 160 residences where scintillation 
detector readings were made. Even without such evidence, 
it seems to be an unreasonably high value to assign to 
mean, regional indoor radiation-levels produced by radio- 
activity in building materials. For it implies total indoor 
y-doses averaging approximately 3 mr./week, whereas the 
scattered data given in the 1962 United Nations report? 
indicate that readings of 1 mr./week are typical of normal 
situations in wood or brick houses. 
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The results of botn surveys indicate that the range of 
population exposure to environmental radiation is quite 
narrow throughout the regions studied. It follows that 
northern New England does not provide a good ‘labora- 
tory’ for the study of the effect on large human populations 
of differences in long-term environmental radiation 
exposure. Of much. zreater significance is the correlation 
between the two enzirely independent and undoubtedly 
somewhat imprecise techniques for estimating these 
exposure-levels. This correlation can be at least partially 
understood as a consaquence of the relatively high degree 
of uniformity in radiation-levels observed within each 
ares. Under such fortunate conditions, the method of using 
æ few hundred field measurements to infer the total radia- 
tion profile has yielded apparently realistic values for 
population exposure, for which the Harvard dosimeter 
data provide strong qualitative support. Spiers et al.’, in 
their discussion. of tke extensive population investigation 
in Scotland, have already indicated some of the difficulties 
involved in obtaining and interpreting data of this type. 
But it can be concluced from the work recorded here that 
the in situ approach. capable of yielding useful quantita- 
tive results in a reasonably uniform radiation environment, 
and at the very least can be used as a basis for evaluating 
more direct—but not necessarily more accurate—methods 
of estimating mean population exposure-levels. 

Another conclusion which is suggested by the New 
England results is that the basic limitation of the pocket 
ionization-chamber technique in terms of measuring 
normal human exposure to environmental radiation is now 
the difficulty in deit=rmining mean leakage rates under 
actual field conditions while being worn and handled. 
There appears to be no fundamental reason why this 
difficulty cannot be at least partially overcome by suitably 
controlled experimentation, and thus the pocket chamber 
technique can be considered as a potentially practical one 
for this kind of measurement. It should be remarked that 
the dosimeters admirably fulfilled their basic purpose in 
the Harvard investigation, namely, the determination of 
differences in population exposure-levels between areas. 

There are, of course, a, number of other possible methods 
for determining meen population exposure to environ- 
mental radiation. For example, photographic film 
dosimetry techniques have been applied to this general 
problem area with some success. O’Brien et al.1* deseribed 
a film-scintillator (sodium iodide) system which Roser 
and Cullen? have utilized in the measurement of popula- 
tion exposure in Brazil on a limited scale. The approxi- 
mately thousand-fold enhancement of the film response 
produced by the scintillator is almost too great for the 
high-background areas of Brazil; such a method would 
almost certainly be feasible in areas of more normal 
background levels for certain kinds of studies. The basic 
limitation here is the cost of the dosimeters, which pre- 
cludes their widespread use. The problem of reciprocity 
law failure must also be taken into account in the 
calibration of the dosimeters. 

A similar kind of dosimeter has been described by 
Henson*!, using photographic film and a plastic scintillator 
(N.E. 102). While less sensitive than the sodium iodide 
system, it exhibits little energy dependence and good 
precision (+10 per c2nt S.D. for two weeks’ exposure at 
normal background). Reciprocity failure was observed 
but has not proved excessive. The main problem seems to 
be a strong dependence on temperature in its response, 
which varies with the dose rate. The error present in any 
particular reading is not known, so that the use of this 
dosimeter has not bean recommended. 

There has also been recent progress in increasing the 
sensitivity of normal radiographic film by means of post- 
exposure to visible light and improved development 
techniques that may render such film useful for environ- 
mental radiation studies without the necessity for external 
enhancement of its rasponse. McLaughlin” has reported 
& six-fold increase in the response of commercial radio- 
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graphic film by use of these techniques that permits a 
determination of a 3-mr. y-ray exposure with a precision 
of +0-2 mr. 

A very promising approach to the problem of determin- 
ing human exposure to low-level ionizing radiation has 
evolved out of the recent development of thermolumines- 
cent materials for personnel dosimetry. Commercially 
available dosimeter systems using lithium fluoride”? and 
calcium fluoride** are claimed to provide measurable 
responses át the 10-mr. and 5-mr. level of y-ray exposure, 
respectively, with approximately +20 per cent accuracy 
(S.D.). These limits may eventually be somewhat lowered 
and the precision improved with refinements in read- 
out techniques. Cullen? has recently utilized 156 lithium 
fluoride dosimeters for a population exposure investigation 
in & high background area in Brazil, with 50 mg of the 
material placed in religious medals to be worn for a three- 
month period. This exposure time provided a total y-dose 
of several hundred milliroentgens, well above the minimum 
now routinely detectable. In general, thermoluminescent 
dosimeters have the significant advantages of small size 
and relatively low unit cost, and may prove to be a useful 
tool for future population investigations. The Health and 
Safety Laboratory is at present engaged in evaluating the 
available thermoluminescent dosimeter systems for their 
applicability to the routine measurement of human ex- 
posure to environmental radiation, and field tests along the 
lines of the New England survey are planned when 
sufficiently promising dosimeter systems are developed. 

These recent advances in direct personnel -dosimetry, 
particularly in the extension of the sensitivity limits to 
ever lower -dose levels, render the detailed examination 
of human exposure to environmental radiation on &æ 
routine basis increasingly feasible, even in the extremely 
low-level radiation fields that are characteristic of the 
normal environment. But the reliability and reproduci- 
bility of the readings of the various types of dosimeter in 
terms of absolute dose under the stresses of actual field 
use remain to be thoroughly explored. The New England 
survey results seem to indicate the adequacy of in situ 
measurements in establishing a radiation profile over 
extensive areas, a profile that when sufficiently un- 
complicated may be properly interpreted in terms of 
population exposure to environmental radiation. These 
results also emphasize some of the problems associated 
with adequately calibrating the response of personnel 
dosimeters under field conditions. It appears that the use 
of highly accurate ionization-chamber and spectrometric 
techniques for in situ measurements will be required in the 
near future for all population studies of the type described 
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here, if only to provide a standard by which the adequacy 
of the new techniques for direct human exposure measure- 
ments can be determined (for example, ref. 20). Even- 
tually, it is anticipated that the logistically difficult in situ 
approach will be completely superseded, by direct measure- 
ments of radiation incident on representative individuals 
in their daily rounds. 

We thank our colleague, H. L. Beck, as well as several 
Health and Safety Laboratory summer students, including 
J. Grebowsky, H. Grotch and I. Hammerman, for their 
assistance with the outdoor survey. A. Spiegal carried 
out the indoor measurements. Many helpful discussions 
have been held with Dr. A. Segall of the Harvard School 
of Public Health, who co-ordinated the various parts of 
the New England survey and who kindly supplied the 
dosimeter results. We also thank J. E. McLaughlin, 
director, Radiation Physics Division, Health and Safety 
Laboratory, for his advice and support. 
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OBITUARY 


~ Prof. G. N. Watson, F.R.S. 

Pror. G. N. Warson, who died at his home in Leaming- 
ton Spa on February 2, 1965, was born at Westward Ho! 
in 1886. He was educated at St. Paul’s School, London, 
and Trinity College, Cambridge; he was Senior Wrangler 
in 1907, and was awarded, a Smith’s Prize in 1909. He was 
a Fellow of Trinity College from 1910 until 1916. After a 
short period at -University College, London, he was 
appointed Mason professor of mathematics in the Uni- 
versity of Birmingham in 1918, and he remained there 
until his retirement in 1951. He was an honorary LL.D. of 
Edinburgh, and an honorary Sc.D. of Dublin. He was 
awarded the Sylvester Medal of the Royal Society in 1946, 
and the De Morgan Medal of the London Mathematical 
Society in 1947. He leaves a widow and one son. 

Prof. Watson played a _prominent part in the London 
Mathematical Society, serving on the Council for more 
than twenty-five years, and taking the onerous position 


of honorary secretary from 1919 until 1933. He was 
president of the Society during 1933-35. 

Prof. Watson was part author of Modern Analysis, and 
author of the Theory of Bessel Functions, a book still in 
daily use among those who have to work with Bessel 
functions. In referring to this book, one cannot do better 
than quote the words spoken of it by the late Prof. 
Titchmarsh in presenting the De Morgan Medal. “I well 
remember the excitement and admiration with which I 
plunged into this great work, from which I have never 
really emerged. Here, one felt, was mathematics really 
happening before one’s eyes. The theorems proved were 
obviously of the highest interest, and yet it was a book in 
which one did not have to rack one’s brains to discover 
what the author could possibly mean. The older English 
mathematical books were full of mystery and wonder. 
With Prof. Watson we reach the period when the 
mystery is dispelled, though the wonder remains.” 


— 
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Although Watson was probably more widely known for 
his books, he produced a very large number of original 
papers on such topies as asymptotic expansions, Bessel 
functions, singular moduli, and problems arising out of 
the work of Ramanujan. He had a remarkable power of 
solving special problems. Much of his work was suggested 


“Ae by physical problems; but he was not really interested 


in the physical applications, being concerned only with the 
mathematical aspects of a problem. 

While it is impossible in a short notice to deal adequately 
with Watson’s original work, there are two papers of his 
which may, perhaps, be singled out for mention. One is 
that on ‘general transforms’, or, as they are sometimes 
known, Watson transforms. It has long been familiar 
that, under suitable conditions on f(x), the relation: 


a 


gfe) = | Rwy) fly) dy (1) 
0 
imphes that: 
Ae) = | Wey) gw) dy (2) 
0 


when. k(u) is either of the functions +/(2/7) cos u, +/(2/7) 
sin u. This raises the question of determining the most 
general function k(u) (satisfying appropriate restrictions) 
for which the same result holds. The problem was investi- 
gated independently in two papers, both published in 
1933, one by Watson, and the other by Hardy and 
Titchmarsh. The two papers are complementary rather 
than overlapping. Without going into details, one can 
say roughly that Hardy and Titchmarsh required (1), (2) 
to hold in the sense of ordinary convergence, or some 
simple surnmability method, and therefore had to impose 
rather severe restrictions on the functions considered; 
whereas Watson required only that (1), (2) should hold in 
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some more general sense, and was therefore able to obtain 
results under much weaker restrictions. _ 
One of Watson’s last papers was on periodic sigma 
functions. The sigma function o(z) is defined by: 
d? -og of{z) _ 
d 
where p(z) is the Weierstrassian elliptic function; the two 
arbitrary constants umplicit in this definition are fixed by 
specifying the behaviour of o{z) near the origin. The func- 
tion o(z) differs from p(z) in not being doubly periodic; in 
place of the relations: 
Pl@-+ 201) = plz +20) = p(z) 
(where 2w,, 2%, is a pair of primitive periods), we have: 
o(2+20,) = — e? (z + w) a(z); 


— p{z) 


o(z+20,) = — e% (z + w) a(z); 


where nr Ng are constants depending on w œ, Elliptic 
and related functions nad been so extensively investigated 
that one would not have imagined that any major problem 
connected with them remained to be considered. It was, 
however, left for Watson to point out that, while s(z) 
cannot be doubly periodic, it may be singly periodic. It is 
clear that this will happen if 4, = 0, the period then 
being 4a,; Watson showed that any case in which a(z) 
is singly periodic can be reduced. to this case by a suitable 
choice of the primitive periods. This is fairly easy; a 
much harder problem is that of determining in what cases 
(if any) the relation a = 0 is, in fact, satisfied. Watson 
showed that 7, = 0 Hf, and only if, the ratio w/w, takes 
one of an enumerab-y infinite set of values; and he 
investigated this set cf values in some detail. 

On his retirement, Watson expressed his intention of 
preparing a new and enlarged edition of Modern Analysis. 
It appears that this was never completed; and the world 
of mathematics is the poorer. B. Kurrner 


NEWS and VIEWS 


U.S. National Academy of Sciences : Foreign Associates 


Tue following have been elected foreign associates of 


the U.S. National Academy of Sciences: 

Prof. J. Brachet, professor and director of the Labora- 
toire de Morphologie Animale, Université Libre de 
Bruxelles. Prof. Brachet’s work has been concerned with 
the distribution of two types of nucleic acid (DNA and 
RNA) in the cell and with interactions between the nuclear 
material of the cell and the surrounding cytoplasm. 


Dr. J. M. Harrison, deputy to the Deputy Minister of 


Mines and Technical Surveys, Ottawa, Canada, and 
former director, Geological Survey of Canada. Dr. Harrison 
has made notable contributions to the understanding 
of the geology of the Canadian shield, particularly in 
working out the relation of ore deposits to complex 
Precambrian structures. 

Prof. W. R. Hawthorne, Hopkinson and Imperial 
Chemical Industries professor of applied thermodynamics, 
University of Cambridge. Prof. Hawthorne’s major contri- 
butions have been in connexion with aircraft propulsion, 
particularly in the development of turbo-type engines 
and related fundamentals of fluid mechanics and com- 
bustion. 

Dr. P. B. Medawar, director, National Institute for 
Medical Research, Medical Research Council, Great 


=~ Britain. Dr. Medawar’s work has been concerned with 


tissue transplantation, including the demonstration of the 
phenomenon of acquired immunological tolerance in 
experimental animals for which he was awarded the 1960 
Nobel Prize for Physiology and Medicine. Se 


Prof. Jean Leray, professor, Collège de France, Paris. 
To further the field of partial differential equations, 
Prof. Leray has delvec deeply into algebraic topology and 
related fields, introducing new concepts and methods 
which have been a major factor in revolutionizing parts 
of homotopy theory, algebraic geometry, and: modern 
analysis. 

Dr. Sin-Itiro Tomonaga, president of the Science 
Council of Japan. Dr. Tomonaga has been a leader in the 
active and productive development of the field of theoret- 
ical physics in Japan and, in addition to his own research 
on nuclear forces, quantum field theory, cosmic rays, 
and many-body problems, has played an important part 
in the over-all deve opment of Japanese science and 
education. 

New Members 


Prof. R. A. Alberty, professor of chemistry, University of 
Wisconsin ; Dr. J. G. Baker, research associate, Harvard 
College Observatory, and consultant in optical physics ; 
Prof. R. H. Bing, prafsssor of mathematics, University of 
Wisconsin ; Prof. D. J. Blackwell, professor of statistics, 
University of Califormia, Berkeley ; Prof. QG. H. Buchi, 
professor of organie chemistry, Massachusetts Institute 
of Technology ; Dr. J. W. Chamberlain, associate director, 
Space Division, Kitt Peak National Observatory ; Prof. 
Erwin Chargaff, professor of biochemistry, Columbia 
University College of Physicians and Surgeons; Prof. 
R. F. Christy, professor of physics, California Institute of 
Technology ; Prof. V. G. Dethier, professor of zoology 
and psychology, and associate, Neurological Institute, 
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University of Pennsylvania ; Prof. H. G. Drickamer, 
professor of chemical engineering and physical chemistry, 
University of Illinois ; Prof. W. R. Garner, professor of 
psychology, Johns Hopkins University ; Prof. L. 8 

Goodman, professor of pharmacology, University of 
Utah ; Prof. S. Granick, member and professor, Rocke- 
feller Institute, New York; Prof. J. H. Greenberg, 
professor of anthropology, Stanford University ; Prof. 
I. C. Gunsalus, professor of biochemistry, University of 
Illinois ; Dr. L. J. Haworth, director, U.S. National Science 
Foundation ; Prof. T. L. Hill, professor of chemistry, 
University of Oregon ; Prof. L. O. Jacobson, professor of 
medicine and director, Argonne Cancer Research Hospital, 
University of Chicago ; Dr. ©. L. Johnson, vice-president 
for advanced development projects, Lockheed Aircraft 
Corporation ; Prof. H. S. Johnston, professor of chemistry, 
University of California, Berkeley ; Prof. M. Kac, pro- 
fessor, Rockefeller Institute, New York; Prof. L. M. 
Lederman, professor of physics and director, Nevis Labora- 
tories, Columbia University ; Prof. B. T. Matthias, 
professor of physics, University of California, San Diego, 
and member, Physical Research Laboratory, Bell Tele- 
phone Laboratories ; Prof. H. M. McConnell, professor 
of chemistry, Stanford University ; Prof. C. D. Michener, 
Elizabeth M. Watkins distinguished professor of entomo- 
logy, University of Kansas ; Prof. D. Nachmansohn, 
professor of biochemistry, Columbia University College of 
Physicians and Surgeons; Prof. J. R. Pappenheimer, 
visiting professor of physiology, and career investigator 
of the American Heart Association, Harvard Medical 
School ; Dr. W. T. Pecora, chief geologist, U.S. Geological 
Survey ; Prof. G. Pincus, research professor of biology, 
Boston University, and research director, Worcester 
Foundation for Experimental Biology ; Dr. J. A. Shannon, 
director, National Institutes of Health ; Prof. 8. Spiegel- 
man, professor of microbiology, University of Illinois ; 
Prof. A. Tarski, professor of mathematics, University of 
California, Berkeley ; Dr. E. Weber, president, Polytech- 
nic Institute of Brooklyn ; Dr. W. R. Wedel, head curator 
of anthropology, U.S. National Museum ; Prof. Chen 
Ning Yang, professor of theoretical physics, Institute for 
Advanced Study, Princeton. 


The Australian Academy of Science 


Ar the annual general meeting on April 29 of the Aus- 
tralian Academy of Science, the following elections were 
announced : i 


Officers 


President, Sir Macfarlane Burnet, in succession to Sir 
Thomas Cherry; Secretary (Physical Sciences), Dr. A. L. G. 
Rees, chairman of the C.8.I.R.O. Chemical Research 
Laboratories, Melbourne; Secretary (Biological Sciences), 
Dr. D. F. Waterhouse, chief of the C.S.I.R.O. Division 
of Entomology, Canberra; Treasurer, Prof. A. H. Ennor, 
professor of biochemistry, Australian National University, 
Canberra. 


New Fellows 


Dr. J. G. Bolton, chief research officer, C.S.I.R.O. 
Division of Radiophysics, Sydney; distinguished for his 
contributions to redio-astronomy, including the first 
identification’ of radio stars with visual objects. 

Prof. R. D. Brown, professor of chemistry, Monash 
University, Melbourne; distinguished for his pioneering 
and extensive contributions to theoretical- chemistry. 

Dr. D. R. Curtis, professorial fellow, John Curtin 
School of Medical Research, Australian National Univer- 
sity, Canberra; distinguished for his contributions to 
neuropharmacology, particularly by precise investigations 
on single nerve cells. = 

Prof. W. H. Elliott, professor of biochemistry, Univer- 
sity of Adelaide; distinguished for his contributions to 
biochemistry, particularly the discovery and elucidation 
of several enzyme systems. ` 
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Prof. G. R. A. Ellis, professor of physics, University of 
Tasmania, Hobart; distinguished for his -experimental 
and theoretical studies of geophysical and cosmic pheno- 
mena, including ionospheric radio wave propagation and 
extra-terrestrial radio noise. 

Prof. K. Mahler, Department of Mathematics, Institute 
of Advanced Studies, Australian National University, 


“ms, 


Canberra; distinguished for his fundamental contributions - 


to pure mathematics, in particular to thetheory of numbers. 


Second Chair of Mathematics in the Battersea College 
of Technology : Prof. W. E. Williams 


Dr. W. E. WuLums, at present senior lecturer in the 
Department of Apphed Mathematics of the University of 
Liverpool, has been appomted to a second chair in 
mathematics in the Battersea College of Technology. 
Dr. Williams graduated with first-class honours m 
mathematics in the University of Manchester in 1951, 
and was awarded the degrees of Ph.D. and D.Sc. of the 
same University in 1954 and 1964, respectively. During 
the session 1954-55 he was a research associate of New 
York University, and during the period 1955-57 he 


carried out mathematical investigations for the English ~~“ 


Electric Co., Ltd., at Luton. He was awarded a British 
Council fellowship in 1960 to enable him to visit Holland 
and there discuss, with a number of Dutch mathematicians, 
certain problems on which he was then working; while in 
Holland he delivered an invited lecture at the Mathemati- 
cal Centre in Amsterdam. Dr. Williams has many research 
publications to his name. He was orginally interested in 
special problems of electromagnetic diffraction, and was 
able to devise a method for solving what was then 
considered to be an intractable problem. The method he 
developed led him to a consideration of the development 
of methods for the solution of boundary value problems 
occurring in diffraction theory, electrostatics, water-wave 
theory, elastostatics, thermo-elasticity and magneto- 
hydrodynamics. The work that Dr. Williams has done, 
and is doing, is highly regarded not only in Britain but 
also in the United States and in Germany. 


Second Chair of Physics in the University of East 
Anglia : Prof. N. E. Cusack 


Dr. N. E. Cusack, reader in physics at Birkbeck 
College, London, has been appointed to the second chair 
of physics in the University of East Anglia. Dr. Cusack, 
after attending the Northern Polytechnic, worked from 
1942 until 1945 in the Armaments Research Department 
of the Ministry of Supply on Exterior Ballistics. During 
this time he attended the Sir John Cass College and later 
took a London external degree by private study. Fol- 
lowing the Second World War he was introduced into 
nuclear physics by Dr. S. Rowlands while demonstrator 
at St. Mary’s Hospital Medical School. In 1948 Dr. Cusack 
moved to Birkbeck College as assistant lecturer (later 
lecturer and reader), where, working under the late Mr. 
R. Siday, he obtained a Ph.D. degree for research on 
positron scattering. After some years he was drawn 
toward solid- and hquid-state physics, eventually trans- 
ferring his attention to metal physics with special reference 
to the liquid state, his particular field of studies becoming 
electron transport and positron annihilation in liquid 
metals and more recently metallic properties in the range 
of temperature and pressure between the boiling and 
critical points. Dr. Cusack has now an established 
reputation in this field. He has attended many meetings 
and given lectures in Great Britain, the United States 
and Czechoslovakia. Dr. Cusack, besides being author of 
many special papers, reports and some popular articles, 
has written a well-established text-book on the electrical 
and magnetic properties of solids. His work is rooted in 
a detailed knowledge and penetrating studies of con- 
temporary ideas of the structure of liquids which makes 
him an efficient teacher and leader of his team. 
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second Chair of Physics in Queen’s College, Dundee: 
Prof, K. J. Standley 


THE present-day developments in the Scottish univer- 
sities make the appointment of a new professor to the 
recently founded Carnegie chair of physics in Queen’s 
College, Dundee, of considerable interest and importance. 
Prof. K. J. Standley, who took up his appointment at the 
beginning of this year, was educated at Loughborough 
Grammar School, Leicestershire, and entered the Univer- 
sity of Oxford. During the Second World War he served 
in the Royal Electrical and Mechanical Engineers for some 
four and a half years, during which he attained the rank 
of major, and then returned to Oxford to take his B.A. 
degree with first-class honours in physics. Later, he 
worked in collaboration with Dr. J. H. E. Griffiths and 
was awarded a D.Phil. degree. Standley joined the 
Physics Department of the University of Nottingham as 
a lecturer sixteen years ago and was promoted to reader 
in physics in 1959. He is distinguished for his con- 
tributions to the study of ferromagnetic resonance and 
the properties of ferrites and microwave techniques, and 
his experience is manifest in his book, Oxide Magnetic 
Materials. He took & very prominent part in the design 
and equipment of the new Mathematics and Physics 
Building at Nottingham, and, while he will be remem- 
bered for his academic and research activities in that 
University, there are many former students who will 
remember his clear exposition and his interest in their 
sporting activities. 


Expenditure for Scientific Research 


In a written answer in the House of Commons on 
April 26, the Secretary of State for Education and Science, 
Mr. A. Crosland, stated that expenditure for scientific 
research for which he was responsible amounted to £4348 
million in the Civil Estimates for 1964-65 and £52-617 
milhon for 1965-66, respectively. Of these figures, 
£23-135 million and £28°476 million were for the Science 
Research Council, of which £11°:6 million and £13°8 
million, respectively, were for high-energy physics. 
Expenditure on the Medical Research Council in 1964-65 
was estimated at £8-753 million; on the Agricultural 
Research Council, £8-165 million; on Natural Environ- 
mont Research Services, £3:079 million; and on grants 
for science, £348,000. For 1965-66 the corresponding 
figures are: £10-279 million; £9313 million; £3-951 
million; and £598,000. 


Reorganization of Science and Technology 


in reply to a question in the House of Commons on 
April 27, Mr. R. Marsh, speaking for the Minister of 
Technology, said that the following research stations, 
employing a total staff of 4,761, had now been trans- 
ferred from the Department of Scientific and Industrial 
Research to the Ministry of Technology: Building 
Research Station (670); Fire Research Station (137); 
Forest Products Research Station (175); Hydraulics 
Research Station (222); Laboratory of the Government 
Chemist (383); National Engineering Laboratory (739); 
National Physical Laboratory {including the former 
National Chemical Laboratory) (1,665); Torry Research 
Station (204); Warren Spring Laboratory (394); and 
Water Pollution Research Laboratory (172). In addition, 
310 Headquarters staff in London responsible for the 
industrial functions of the Department and staff at branch 
offices in Edinburgh (6), Cardiff (4) and Newcastle upon 
Tyne (3) had also been transferred to the Ministry of 
Technology (the number of staff transferred is shown in 
brackets). 

In a written answer in the House of Commons, also on 
April 27, the Secretary of State for Education and Science, 
Mr. A. Crosland, stated that the Overseas Liaison Group 
(17), the Office for Scientific and Technical Information 
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(7) and the Nations! Lending Library for Science and 
Technology (153) had been transferred from the Depart- 
ment of Scientific and Industrial Research to his Depart- 
ment on April 1, 1965 (the number of staff transferred is 
shown in brackets). With staff on loan to the Common- 
wealth Scientific Liason Offices (9) and Scientific Liaison 
Overseas (19), the total staff transferred was 205; and in 
addition 373 in the Geological Survey and Museum and 
9 in the Hydrology Unit of the Hydraulics Research 
Station had been transferred temporarily, pending estab- 
lishment of the Natural Environment Research Council 
in June. 


The Office for Scientific and Technical information 


In a written answer in the House of Commons on 
April 27, the Secretary of State for Education and Science, 
Mr. A. Crosland, stated that an Office for Scientific and 
Technical Information had been set up within the Depart- 
ment of Education end Science, as from April 1, as part 
of the reorganization of civil science. Its pioneering 
function could be briefly stated as: (a) generally, to 
advise the Secretary of State on the conduct of, and 
support for, British activities in scientific and technical 
information over the whole field of the natural and social 
sciences and their related technologies; (b) to promote 
research and development within the field of scientific 
and technical information, the improvement of existing 
information services, and experiment with new ones; 
(c) to stimulate the training of scientists for information 
work and in the use of mformation services; (d) to 
co-ordinate such action as is taken with the work of other 
Government and indspendent organizations; (e) to have 
responsibility for the National Lending Library for Science 
and Technology and for grant-aid to the Association of 
Special Libraries and Information Bureaux; (f) to advise 
the Secretary of State on official United Kingdom par- 
ticipation in the work of international agencies concerned 
with scientific and tachnical information. Mr. Crosland 
added that in taking over these general functions the 
Office had assumed sll support for research and develop- 
ment in this field previously administered by the Depart- 
ment of Scientific and Industrial Research, but not the 
specialized information. services of that Department, such 
as the technical liaison scheme for industry. The Ministry 
of Technology, other departments and the Research 
Councils would have responsibility, as at present, for 
matters of scientific and technical information, related 
particularly to their own special interests. Mr. Crosland 
stated that he was setting up an Advisory Committee for 
Scientific and Technizal Information, and Sir James Cook 
had agreed to be the first chairman. £180,000 was pro- 
vided in the 1965-66 Estimates for the work of the Office. 

\ 


Desalination of Sea-water 


In reply to a question on the desalination of sea-water, 
Mr. F. Cousins, the Minister of Technology, announced 
in a statement in the House of Commons on April 27 
that, after consultation with the Atomie Energy 
Authority, he had issued a directive making it solely 
responsible, on behalf of the Government, for research 
and development on methods of desalinating salt 
water for civil use. The Authority was accordingly 
embarking on a programme the main emphasis of which 
would initially be a multi-stage flash distillation tech- 
nique. This would be a joint effort between the Authority 
and industry, but the Authority would also study other 
techniques, including the possibilities of using nuclear 
reactors both to generate electricity and to supply steam 
to large desalination plants as an alternative to the use 
of fossil fuels for raising steam. Mr. Cousins announced 
that he had asked tha Authority to assume responsibility 
for the Committee cn Desalination Research, and this 
Committee, in its new form, would advise the Authority 
on research and development into methods of desalina- 
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tion. It would not be concerned with specific proposals 
for producing and using desalted water in Britain. The 
Water Resources Board, which under the Water Re- 
sources Act, 1963, had a statutory interest in desalina- 
tion, was to be invited to nominate a representative to 
the Advisory Committee, on which the Water Research 
Association was already represented. This Association 
was at present engaged in a three-year assessment of the 
economic and technical feasibility of applying desalination 
to the British water supply. An interim report on this 
investigation, begun in October 1964, was expected later 
this year. 

The Advisory Committee would facilitate co-ordination 
of the activities of the Authority and of their commercial 
collaborators in developing desalinating techniques for 
exploitation both at home and abroad. British industry 
has been mainly responsible for the methods of desalina- 
tion now in use and for the design and manufacture of 
most of the desalination plants operating in the world 
to-day. The Government intended to do everything 
possible to maintain Britain’s leading position in this 
important field and to ensure that Britain took an appro- 
priate share of what is likely to be a rapidly increasing 
export market. 


The Radio and Space Research Station 


Tus name of the Radio Research Station, an establish- 
ment of the Science Research Council, has been changed 
to the Radio and Space Research Station. It was decided 
in 1959 that half the total effort of the Station should be 
devoted to space research. The main work of the Station 
continues to be at Ditton Park, Bucks. In addition, the 
Station is responsible for the operation at Winkfield, 
Berks, of a minitrack installation for tracking and receiving 
telemetry from satellites. It also operates small research 
stations at Port Stanley in the Falkland Islands, at 
Singapore and at Lerwick, Shetland Islands. The radio 
telescope under construction at Chilbolton, Hants, is 
expected to come into operation in 1966 and will be used 
for research into radio wave propagation and in space 
research. 

International Union of Brological Sciences: Section 
on Biological Oceanography 


Az the fifteenth General Assembly of the International 
Union of Biological Sciences, held in Prague in July 1964, 
a new Section on Biological Oceanography was created 
within the Union. The recent growth of oceanography and 
the participation of countries all over the world have led 
to the need for improved planning and co-ordination of its 
international activities, but the diversity of scientific 
disciplines involved inevitably makes it necessary for the 
organizing bodies to cover @ very wide field. It has thus 
become @ matter of great Importance to ensure that 
adequate backing and guidance are provided by the scien- 
tists in each discipline. In physical oceanography this 
support is available through the International Association 
of Physical Oceanography (an association within the 
International Union of Geodesy and Geophysics), but in 
biological oceanography there has been no adequate 
counterpart. Only the regional fisheries organizations 
have been in a position to make any representation of 
biological matters. 

Biological oceanography, contrary to the generally 
widespread opinion, is a comparatively neglected subject. 
It is true that biologists have examined marine plants and 
animals for a very long time, but these investigations have 
very largely been of organisms as component parts of the 
plant and animal kingdoms. The study of the living 
communities as an integral part of the sea has by compari- 
son received relatively little attention, and yet it is infor- 
mation of this nature which we must acquire before we 
can hope to understand the cycle of life in the sea and its 
spatial and temporal variations. A small committee 
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with Prof. E. Steemann Nielsen (Denmark) as chairman 
and R. I. Currie (Great Britain) as secretary has been set 
up to arrange the first meeting of the section which it is 
intended to hold during the second International Oceano- 
graphical Congress in Leningrad in 1966. 


Ore Dressing Investigations in Australia 


Onze dressing investigations performed in the Ore 
Dressing Laboratory of the University of Melbourne are 
carried out under the joint control of the Commonwealth 
Scientific and Industrial Research Organization and the 
Mining Department of the University. The annual report 
of the Laboratory for 1963-64 discloses that, following 
extended consultations with representatives of the 
Australian Mineral Industry Research Association and of 
some of its associated mining and mineral companies, 
two new basic long-term research projects have recently 
been initiated (Pp. 10. Melbourne: Commonwealth 
Scientific and Industrial Research Organization, 1964). 
One is the chemistry of flotation pulps; the other, ore 
grindability. Regarding the former, the basis of the 
problem is to extend our knowledge of the chemistry of 
cre-pulp reactions particularly with regard to their 
influence on the flotation of sulphide minerals. The 
objectives of the ore grindability project are to obtain 
reliable and extensive grindability data for a wide variety 
of Australian ores, also to investigate the precision and 
reproducibility of the Allis-Chalmers grindability test, 
and of possible modifications of it, with emphasis on the 
reliability of this form of testing in predicting plant 
performance. Other collateral research projects described 
in this report include gold recovery from complex gold 
sulphide concentrates; contamination of sulphide copper 
concentrates by nickel from grinding balls; gravity 
concentration: studies of a gapped launder under various 
operating conditions; the movement of solid spheres, 
immersed in water, in a tube, that is, methods for determ- 
ining ball and water velocity, so as to provide a key to 
ball behaviour when movement consists of translation, 
rotation or oscillation or combinations of these phases. 
Progress has also been made in high-tension separation, 
in investigating the pattern of discharge from the ionizing 
electrode of a laboratory high-tension separator. In the 
section devoted to chemical analysis, work has been 
carried out on determination of tin by the cathode-ray 
polarograph; it was previously observed that tungsten 
gave a distinct peak at 0:2 V more negative than tin; it 
is now shown that a linear relationship exists between 
peak height and concentration of tungsten in a 5-M 
hydrochloric acid solution. Other chemical studies have 
included a modification of the Gutzeit method for arsenic 
and some electrolytic experiments on cassiterite. The 
report also gives details of special investigations carried 
out directly for the industry, for example, silica products, 
copper and gold ores. 


Bio-Probe 


Bio-Prospe is holding an exhibition demonstrating a 
mobile unit, and an example of a fixed summer camp, 
during May 22—24 at Dutchlands Farm, Great Missenden, 
Bucks. Bio-Probe is being constituted as a non-profit- 
making company limited by guarantee and administered 
by a council of directors. Its objects are: to improve the 
facilities available for education and training in the field 
sciences; to encourage among the public an increased 
awareness of natural history and the need for conservation ; 
to provide a training area in the United Kingdom for 
scientists going overseas; to provide workshop facilities, 
and pools of well-serviced equipment. It will sponsor 
overseas research and equip and organize research teams. 
Equipment will be made available in countries overseas 
for the use of research teams from universities and other 
organizations. The Bio-Probe organization will include 
a film unit, a film library and a reprint service of field 


2 


W 


` 


T 


No.aoas May 15, 1965 


methods and techniques. An essential feature of the con- 
cept is the provision of mobile laboratories, and it is pro- 
posed to establish twenty regional units in the United 
Kingdom, each equipped with a mobile laboratory near 
which students and staff live under canvas. The organiza- 
tion possesses 2 small farmhouse and twenty acres of land 
near Hebden Bridge in Yorkshire. It is intended to con- 
vert the farmhouse to provide hostel-type accommodation 
and to establish there a training centre for scientists going 
overseas. In the mobile units the use of modern frame 
tents, together with larger marquee tents, makes it 
possible to provide very comfortable working conditions. 
The laboratory itself in the prototype unit is contained in 
@ three-ton box-bodied vehicle with working space 
inside and outsida the body. The working space outside 
is enclosed in heavy canvas screens and is used for pre- 
liminary investigation and identification. Critical work 
is performed in the body of the vehicle, which is air- 
conditioned and can be darkened for photographic pro- 
cessing. The body of the vehicle is stabilized by jacks on 
all corners to allow microscopes to be used at high powers 
without difficulty. Future laboratories will be contained 
in large trailers which, with side extensions formed by 
the sides swinging up to form the roof extension and 
screened around, will provide an open space 22 ft. x 20 ft. 
The mobile overseas research unit comprises two five-ton 
and two thirty-kundredweight trucks; all have 4-wheel 
drive and are equipped with power winches, etc. Each 
vehicle has a radio receiver and the field base is equipped 
with a long-range transmitter. Trailers carry pumps, 
purification and filtration plants, and air-conditioning 
plant, compressor and generator, as well as water and 
petrol. One of the five-ton trucks is a field laboratory, 
the other serves as a workshop and stores. The organiza- 
tion also maintains a stock of equipment for biological 
field work which is available for hire by schools, universi- 
ties, societies, ete. Further information may be obtained 
from: Bio-Probe, Scientific Field Research Unit, 7 Kings- 
gate, Red Lion Square; London, W.C.1. 


Turbulent Boundary Layers in Compressible Gases 


THE book entitled Turbulent Boundary Layers in 
Compressible Gases, by S. S. Kutateladze and A. I. 
Leont’ev (translated from the Russian by Prof. D. [B. 
Spalding), which was reviewed on p. 227 of the April 17 
issue of Nature, while published by Academic Press, Inc., 
New York, in the United States, is published by Edward 
Arnold (Publishers), Ltd., in the United Kingdom. The 
price is 60s. and not 68s. as stated in the bibliography 
to the review. 


The Night Sky in June 


FuLL Moon occurs on June 14d 02h v.tT. and new Moon 
occurs on June 29d 05h. There is a partial eclipse of the 
Moon on June 13-14 visible at Greenwich. The Moon 
enters the penumbra June J3d 23h 15m leaving on June 
14d 04h 22m and enters the umbra on June 14d 00h 58m 
leaving on June 14d 02h 40m. The time of mid-eclipse 
is June 14d 01h 49m. The following conjunctions with the 
Moon occur: June 6d 16h, Mars 5° S.: June 21d Olh, 
Saturn 4° N. Mercury is unfavourably placed for observa- 
tion during the month. Venus sets at 21h 15m, 2lh 40m, 
21h 40m on June 1, 14 and 29 respectively; its stellar 
magnitude is —3-3 and its distance from the Earth on 
June 15 is 151 million miles. Mars sets at lh 20m, Oh 
25m, 23h 40m at the beginning, middle and end of the 
month respectively; its stellar magnitude is +0-8; its 
distance from the Earth on June 15 is 114 million miles 
and moves into Virgo in the middle of the month. Jupiter 
rises at 3h 00m, 2h 15m at the middle and end of the 
month, respectively—only becoming observable by the 
end of the monsh. Saturn rises at lh lim, 0h 10m, 
23h 15m at the beginning, middle and end of the month 
respectively; its stellar magnitude is +1-2; its distance 
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from the Earth on June 15 is 886 million miles and is in 
Aquarius. There are no occultations of stars brighter than 
magnitude 6. The summer solstice occurs on June 21d 
15h. 


University News : Birmingham 


THE thirty-fifth armual report on research and pub- 
lications of the University Research Committee, Univer- 
sity of Birmingham, summarizes departmental progress 
in research during ths academic year 1963—64 (Pp. 177. 
Birmingham: the University, 1965). Under each depart- 
ment particulars are given of publications during the year, 
and the titles of theses approved for higher degrees. 


Bristol 


Dr. A. J. Buriee, reader in physiology at King’s 
College, London, has been appointed to the chair of 
physiology from August 1. Mr. J. F. Baldwin has been 
appointed lecturer in theoretical mechanics from August 1. 


Reading 


Dr. D. Bryon-Smiru, at present reader in the Depart- 
ment of Chemistry, has been appointed to the newly 
established chair of organic chemistry as from June l. 


Southampton 


THe following appointments have been announced: 
Readerships, Dr. A. W. Bright (electrical engineering); 
Dr. L. G. E. Bell (zoology); Senior Lectureship, Mr. W. A 
Matthews (psychology); Lectureships, Mr. K. J. Binns 
(electrical engineering); Mr. B. R. Wilkins and Mr. J. A. 
Betts (electronics); Mr. F. A. Bostock, Mr. M. 8. P. 
Eastham, Mr. I. J. Katley, Mr. L. G. Proll and Mr. B.S. 
Westcott (mathematics); Mr. R. D. Wills Savage 
Mr. W. T. Drabble, Mr. B. J. Parsons and Mr. G. 
Woodruff (physiology and biochemistry); Mr. F. S 
Billett (zoology). 


Announcements 


Mr. R. O. R. CHBHOLM, chief project officer in the 
Guided Weapons Division, Bristol Aircraft Corporation, 
has been awarded the Prince Philip Medal for 1963 of 
the City and Guilds of London Institute, for outstanding 
achievement in science and technology. 


Dr. ALFRED H. STURTEVANT, well known for his work 
on modern genetic theory through his analysis of hered- 
itary patterns in the common fruit fly, Drosophila 
melanogaster, has been awarded the Carty Medal of the 
U.S: National Academy of Sciences. The Medal is given 
“for noteworthy and distinguished accomplishment in 
any field of science coming within the scope of the charter 
of the Academy”. 


THE nineteenth Radio and Electronic Component Show 
will be held at Olympia, London, during May 18-21. 
Further information can be obtained from Industrial 
Exhibitions, Ltd., 9 Argyll Street, London, W.1. 


OPEN days will be beld at the National Physical Labora- 


"tory (incorporating the former National Chemical Labora- 


tory) during May 19-20. Further information can be 
obtained from the National Physical Laboratory, Tedding- 
ton, Middlesex. 


A. SPECIAL meeting of the Society for Analytical Chem- 
istry will be held at the Chemical Society, London, on 
May 19. A lecture on ‘Analytical Aspects of Chrono- 
potentiometry” will be delivered by Prof. J. J. Lingane 
(Harvard University). Further information can be 
obtained from the Society for Analytical Chemistry, 
14 Belgrave Square, London, 8.W.1. 


CORRIGENDUM. Ir the communication ““Renin-angio- 
tensin System in the Spontaneously Hypertensive Rat” by 
Dr. H. Sokabo, which appears on p. 90 of the January 2, 
1965, issue of Nature, “F,” on line 4 should read “F”, 
and “10-5 M” on line 22 should read ‘‘10-? M”. 


668 


NATURE 


May 15, 1965 VOL 206 


COMMUNICATIONS SERVICES IN BRITAIN 


N his statement in the House of Commons on March 25, 
announcing further increases in postal charges, the 
Postmaster-General, Mr. Anthony Wedgwood Benn, said 
that over the next five years a deficit of more than £120 
million was anticipated on the target set by the previous 
Government. The latest figures indicated a deficit of 
about £32 million by the end of March 1965, about £64 
million by March 1966, and about £150 million by March 
1967. This was mainly dus to the heavy dependence of 
the postal services on the manual collection, handling 
and delivery of the mail, which made it difficult to absorb 
rapidly rising costs, especially in the field of wages. The 
first and most important task was to improve the pro- 
ductivity and profitability of the postal services, and Mr. 
Benn said that he had accordingly commissioned a funda- 
mental and far-reaching examination of the problem by 
Messrs. McKinsey, the management consultants: ‘a joint 
working party with the staff would work in parallel with 
the consultants. Mr. Benn said that he would also press 
forward with modernization, speed-up postal mechaniza- 
tion, and prepare the way for its more effective application 
by firmly encouraging the use of standard envelopes and 
progressively extending the use of postal codes to Britain 
as a whole. 

These and other measures could not yield the sub- 
stantial sums required to meet the deficit, nor would 
curtailment of services provide a satisfactory answer. 
The telecommunications services could not fill the gap 
and were themselves only just achieving their financial 
target. The Government, therefore, considered that an 
increase in postal charges was inescapable, and the extent 
of this increase had been decided in the light of the Joint 
Statement of Intent on Productivity, Prices and Incomes. 
The changes would come into force on May 17, and in a 
full year were estimated to yield about £37 million. 
When questioned, Mr. Benn admitted that the letter post, 
was earning a profit but pointed out that, since the last 
increase, first-class letter costs had risen 25 per cent, and 
it was now estimated that the profitability of the first- 
class letter would have fallen to about £400,000 by next 
year, whereas a 1 per cent increase in pay amounted to 
£2 million for the Post Office. He stated that the shortage 
of staff (2,000 postmen in the autumn in London alone) 
was becoming very acute, and this was not unconnected 
with remuneration. He also added that the finances of 
posts and telephones had always been separately treated, 
and that a White Paper * giving further details was now 
available. 

This White Paper, after stating that a financial objective 
of 8 per cent had been agreed for the Post Office over tha, 
years 1963-68 and that this had been achieved on its net 
assets in each of the three years 1958-59 to 1960-61, 
points out that over the past ten years improvements in 
pay and conditions of service of staff cost the Post Office 
an extra £83 million, and price increases for goods and 
services another £17 million. Of this, £83 million was met 
by increased charges to the customer, £12 million by 
reduction of profit, and only £5 million by increased pro- 
ductivity; however, it’ was expected that increased 
productivity would provide £2~3 million # year. Letter 
traffic had increased in the first three-quarters of 1964-65 
compared with the previous year, but parcel traffic was 
lower, and the decrease was expected to continue in 
1965-66. Nevertheless, about 500 additional posts would 
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be needed. in 1965-66 to meet new housing development: 
tho total staff in addition to just short of 23,000 sub-post- 
masters employed on an agency basis, at January 1, 1966, 
was 383,389, compared with 375,427 on January 1, 1964. 
Income for 1964-65 was estimated at £272 million and in 
1965-66 at £310 million, compared with expenditure of 
£291 million and £308 million, respectively. Of capital 
expenditure of £14-9 million in 1964-65 and £20-6 million 
in 1965-66, £11-1 million and £15-8 million, respectively, 
were for accommodation services, £1-6 million and £1-9 
million for plant, £1-5 million and £2-1 million for motor 
transport, and £0-7 million and £0°8 million for office 
machinery. 

It had been decided, in co-operation with the Ministry 
of Technology and industry, to press ahead with the 
introduction of the standardized shape and sizes of 
envelopes which had now been agreed internationally and 
were needed to help mechanization. After consultation 
with the stationery trade a firm date would be fixed for 
the introduction of a higher tariff for non-standard 
envelopes. It had also been decided to introduce pro- 
gressively a national postal coding system, which is 
essential to the full success of postal mechanization, and 
to make a major review of postal services offered to the 
public to see whether they can be better geared to modern 
conditions with charges more closely related to operating 
costs. New large buildings designed to take mechanization 
equipment were being constructed or planned and replace- 
ment of older offices would continue. Some fifty new 
post offices and more than twenty sorting offices were 
expected to start during the year, and the Joint Research 
and Development Group of the Post Office and the 
Ministry of Public Buildings and Works had evolved a 
range of standard designs for sorting offices and ancillary 
accommodation for smaller postal buildings which would 
reduce planning time and facilitate industrial methods of 
construction. 

On telecommunications, the White Paper reports rapid 
growth in telephone and telex traffic, amounting to 17 per 
cent per annum in inland telephone trunk calls, 8-9 per cent 
in local calls, 25 per cent in telex calls and about 15 per 
cent in overseas calls—both telex and telephone. There 
was little change in the number of inland exchange 
operators during the year, as increases which would have 
been required were offset by conversion to automatic 
working and the extension of subscriber trunk dialling. 
The engineering, construction and maintenance staff in- 
creased by about 6,000 to nearly 107,000 and is expected 
to increase by 3,500 in 1965-66. Nevertheless, it is 
admitted that the telephone service, especially in London 
and the South East, is not everywhere as good as it 
should be, traffic having in some places outstripped 
capacity. 

The income of the telecommunications service in 1964- 
65 is estimated at £368 million and in 1965-66 at £399 
million, compared with expenditure of £334 million and 
£364 million, respectively—the return on capital being 
8:2 per cent and 7-9 per cent. Capital expenditure is 
estimated at £177-9 million and £209-3 million, respec- 
tively. About 8,000 trunk circuits will be added to the 
system during the year, telephone switching equipment 
installed at some 155 new exchanges, and 330 existing 
exchanges extended. It is planned to provide an additional 
600,000 lines in the local cable network connecting sub- 
scribers’ premises with telephone exchanges, and it is 
expected that orders for about 1,090,000 connexions will 
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be met during 1865-66, bringing the total connexions at 
March 31, 1966, to almost 6-4 million, and the number of 
telephones, including extensions, to about 10-75 million. 
At December 31, 1964, the waiting list was steady at 
almost 46,000: plans are being reviewed in the context 
of virtually eliminating the waiting list by March 1966. 
The telex service will have more than 14,500 lines at the 
beginning of 1965-66, and about 3,200 will be added 
during the year, while the Datel Service, which provides 
facilities for data to be sent to computers over telephone 
and telegraph circuits, will be expanded to meet cus- 
tomers’ needs. 

On development plans, the White Paper states that 
the automatization programme continues to make good 
progress towards completion by 1970; by March 1966, 
when only about 320 manual exchanges will remain, 
automatic service should be available to 94 per cent of 
subscribers, about 60 per cent of whom will have trunk 
dialling facilities. Building work on the operational part 
of the Post Office Tower, London, has been completed, 
and the first micro-wave radio link will be brought into 
use early in 1965-66. It is expected that the Tower will 
be open to the public early in 1966. Electronic equipment 
designed for use in small exchanges has been installed at 
Leamington Spa and Peterborough for trial in 1965, and 
a larger electronic exchange being installed at Leighton 
Buzzard should come into public service early in 1966. 
Mechanization and decentralization of the operating work 
of overseas telegraphs continue to ease staffing problems 
and improve the standard of service. The introduction 
of telex services with Burma, Egypt, Dakar, Macau, 
Libya, Turkey, Cyprus and Syria is planned, while 
International Subscriber Dialling will be extended to 
Canada, New Zealand, Australia, Spain and Portugal. 
The first section of the Commonwealth South-east Asia 
cable, linking Singapore with Sabah, was opened in 
January 1965, and the section from Sabah to Hong Kong 
was expected to be ready for service in March 1965. 

Under the international agreements signed in August 
1964 embodying arrangements for creating a commercial 
communications satellite system, the Post Office now 
shares in the ownership of the space segment of the world 
satellite system and its management, through a seat on 
the international committee in Washington which con- 
trols the project. This committee is planning a satellite 
system to give the elements of a world system in the 
latter part of 1967. Meanwhile, a single synchronous 
satellite, designed to carry, on an experimental basis, an 
element of commercial telephone traffic and probably 
television, was planned to be launched this spring, and the 
Earth. station at Goonhilly Down was being developed to 
take part in this project. 

When the White Paper was discussed in the House of 
Commons on March 30, Mr. Wedgwood Benn commented 
that investment in postal mechanization this year would 
be nearly £2 million, rismg to £4 million in two years, 
and to more than £6 million in the following two years. 
The parcel-sorting machine had been perfected and would 
be installed in sorting offices as they were rebuilt. The 
final prototype of the high-speed letter-sorting equipment 
would have field trials at Norwich, where the first fully 
automated sorting office would be established. The postal 
coding system af six characters tested there would be 
applied throughout Britain, but it had been found im- 
practicable to have the same code for the subscriber trunk 
dialling area and the postal area. He expected electronic 
exchanges to come into more general use by 1968 and 
commented that the Government wanted to ensure a fair 
return for the research and development work in designing 
equipment manufactured for the telecommunications 
industry. The possibility of using the Datel Service to 
extend the use of computers by British industry was also 
being studied, and the Post Office had just ordered £2-5 
million worth of computers for its own use. In replying 
on the debate, the Chief Secretary to the Treasury, Mr. 
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J. Diamond, said that the Datel Services would go to the 
development districts and wherever there was need for 
them. The Government was most anxious to provide 
these services and to encourage manufacturers everywhere 
to modernize their plant and attitudes. 

Disregarding that part of the debate which was con- 
cerned with how far the present deficit is the fault of the 
inaction of Government, the debate directed attention to 
some realities of the situation which are pointedly ignored 
in the White Paper and by the Postmaster-General in his 
statement. The new charges will add appreciably to 
industrial and commercial costs and, in so far as the Post 
Office is also a social service (as was recognized in the 
debate), to social casts also. This latter aspect is one 
that perhaps calls for more consideration than it appears 
to receive in the White Paper, and it is one that, more- 
over, tends to be overlooked in mechanization. While the 
decision to press on with standardization of sizes of 
envelopes is undoubtedly right, it does to some extent 
represent an imtrusion on the individual, and probably 
imagination and understanding are nowhere more needed 
than where such developments impinge on what is some- 
thing of a personal end social service. Furthermore, it is 
at least possible that such considerations may provide a 
key to the improvement of efficiency and standards of 
service as well as reduction of costs in certain districts. 
It does not follow that the same frequency of collection 
and delivery is necessary or even desirable everywhere. 

What matters more.is the reliability and trustworthiness 
of the service, and where the Postmaster-General and the 
White Paper are most ai fault is in refusing to admit that 
over the past two deeades at least the postal service has 
visibly deteriorated. This was emphasizéd in the debate, 
and there can be few who are without personal experience 
of excessive delays m delivery and ineptitude that were 
scarcely imaginable m earlier years. For ali the improve- 
ments in speed of communication over the past half 
century, the postal sarvice is slower and more uncertain 
than it was when the- present century opened. One reason 
for welcoming the introduction of a national postal coding 
system is that it should put an end to the inconvenience 
and delays that the public suffers from the Post Office 
practice of using, in effect, certain towns as ‘code numbers’ 
especially when they are in different counties from that 
in which the smaller town or village addressed is located. 
However good the prasent administrative reasons for this 
practice, the Post Office should recognize that addresses 
are not used solely for postal purposes, and where they 
deliberately introduce another county into an address the 
onus of avoiding confusion and error lies fair and square 
on the postal authorities. 

There is, however, one aspect of the increased charges 
which particularly effects the scientist and technologist. 
Learned societies will be seriously affected by the con- 
sequent increased costs of distribution of notices of 
meetings and of periodicals. Few, if any, in Britain are 
likely to benefit from the larger rebates offered for bulk 
postings of 250,000 or more printed papers, and to many 
of the smaller societies, even a small increase may make 
all the difference. While it might be no bad thing if the 
multiplication of scientific and technical periodicals were 
checked and if some ceased publication or merged with 
other periodicals, this is not the method to achieve 
rationalization—though it might provide the stimulus. 
There is room for thought as to the effect on scientific 
communication, and. the scientific and technical com- 
mumty might well ernsider what steps it could take from 
within to ease the situation. ; 

Standardization of envelopes will presumably also 
apply here, though this is not made clear in the White 
Paper. On this it night be observed that before a higher 
tariff is fixed for shapes and sizes which do not conform 
to standard, much Imnger notice must be given than Mr. 
Wedgwood Benn’s statement seemed to suggest. It is not 
only stationers who are affected. If periodicals in transit 
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are also concerned, the format of periodicals may likewise 
be involved, and ıt was observed in the debate that we 
may have to fix a date of five years hence rather than 
two for introducing the new standards. On March 30, 
Mr. Benn himself suggested that the function of the Post 
Office to-day could only be understood if it were regarded 
as a ‘Ministry of Communications’. Nevertheless, the 
White Paper and Mr. Wedgwood Benn’s own statements 


VACUUM BREAKDOWN 


URING April 12-13 a working party met at the 
University College of Swansea to discuss research 
now being undertaken on the basic processes underlying 
the phenomenon of the breakdown of vacuum insulation. 
This working party was organized jointly by Mr. W. F. 
Gunn, of the Atomic Weapons Research Establishment, 
and Dr. J. Dutton, of the Department of Physics, Univer- 
sity College of Swansea. The invited participants num- 
bered about twenty and comprised those actively under- 
taking or closely concerned with research 1m this subject, 
and included scientists from France, Switzerland, the 
United States, and Britain. The procedure differed from 
that usually followed ın conferences in that there were 
four sessions, each containing one short paper only, the 
function of which was to stimulate discussions on par- 
ticular facets. This procedure proved to be entirely 
satisfactory in that discussion was free, vigorous and 
extremely helpful. 

After welcoming the working party, Prof. Llewellyn 
Jones (University College of Swansea) outlined the 
general phenomena of vacuum. breakdown and surveyed 
the present theories of the processes and lines of investi- 
gation. The first session was devoted to breakdown pro- 
cesses ın small gaps at ambient pressures of 10-5 torr, and 
a paper by Dr. W. D. Owen (Atomic Weapons Research 
Establishment) showed how breakdown would follow from 
the release of adsorbed gas molecules from electrode 
surfaces under electron bombardment by pre-breakdown 
field-induced currents. The ensuing discussion dealt with 
the dependence of the processes on the surface state, and 
this led to quantitative estimates of the size (~ 10-1} cm?) 
of electron emitting areas. 

The next session was devoted to a detailed study of 
the initiation, growth and destruction of microscopic 
metal protuberances. A detailed mathematical analysis 
of the stability of a local disturbance on a plane surface 
in an electric field was given by Dr. F. Rohrbach (CERN). 
This showed how the growth and stability of a protuber- 
ance were dependent on surface tension and other physical 
properties of the metal. This paper led to exciting dis- 
cussions on the feasibility of ever obtaining perfectly 
plane surfaces in electric fields, and the implications of 
this in various electronic applications were discussed. It 
was shown from the theory that a particularly effective 
surface for minimizing cold emission could be obtained 
by @ prepared surface of aluminium oxide with micro- 
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suggest that he needs to give much clearer and unpre- 
jadiced thought to the indirect as well as the direct 
effect of his proposals on the work of the Post Office alike 
as a social service and as a means of communication. 
However justified the new charges may be at the moment, 
it should be a primary objective of policy to reduce them 
at the earliest possible moment that the technical 
developments offer. 


scopic protuberances of almost Q-shaped section. Elec- 
trodes with this type of surface had been found ın practice 
to be able to withstand high electric fields ın vacuum im 
large gaps. 

In the third session, Mr. A. Maitland (University of St. 
Andrews) gave a survey of some of the problems associated 
with electron beams and their role in vacuum breakdown. 
In the following discussion, attention centred on the form 
and stability of observed discharges. The final session 
was devoted to breakdown in high vacuum (< 10-* torr). 
Mr. J. Beynon (University College of Swansea) described 
work directed to the evaluation of the effect of adsorbed. 
gas molecules in ultra-high vacuum breakdown. He 
showed how their removal from the electrode surfaces by 
heat-treatment reduced the incidence of the usual pre- 
breakdown current pulses and associated release of gas, 
and thus led to almost stable conditions. These observa- 
tions were consistent with the view that pre-breakdown 
(Fowler~Nordheim) cold emission from emitting sites of 
very small area (~ 10-1°-10-1! cm?), which could well be 
microscopic protuberances discussed earlier, could release 
minute quantities of adsorbed gas which was detected by 
ionization gauges. 

In summing up the meeting, Prof. Llewellyn Jones 
attempted to draw an overall and consistent picture of the 
succession of processes constituting a mechanism of 
vacuum breakdown. ‘This involved a full discussion of 
the nature and stability of surfaces in general, and it was 
agreed that the development of surface protuberances in 
electric fields could well provide the emitting areas which 
would be consistent with the areas deduced from the 
observed pre-breakdown field emission currents. These 
currents could then set in train other processes such as 
desorption of gas molecules from electrode surfaces to 
make possible gas ionization and current amplification. 
The general opinion was that the ambient atmosphere 
necessary to produce this amplification in the experiments 
discussed seemed more likely to be due to desorbed gas 
rather than to metal vapour from the explosion of 
protuberances caused by high-current density field 
emission. 

The meeting, which was greatly appreciated by those 
present, ended with accounts of the future research pro- 
grammes which the various laboratories proposed following 
as well as of those lines of approach which appeared most 
promising. P. M. DAVIDSON 


EXPERIMENTAL TAXONOMY OF FLOWERING PLANTS 


SYMPOSIUM on “The Experimental Taxonomy of 
Flowering Plants” was held at the Linnean Society 
on March 6. Prof. D. H. Valentine introduced the 
symposium and took the chair at the morning session; 
Dr. P. R. Bell, vice-president of the Society, took the 
chair in the afternoon. 
The first paper, on “Fruit Variation in the Carez 
glareosa Complex”, was by Dr. G. Halliday and Mr. A. O. 
Chater, of the University of Leicester. They described 


in detail the disjunct circumpolar distribution of this 
group of sedges, and pointed out that its components, 
C. glareosa Wahlenb. and C. marina Dewey, are commonly 
regarded as being specifically distinct. The main dis- 
tinguishing character is in the shape of the fruit, the 
former species having fusiform fruits, and the latter 
shorter, broader and more or less beaked fruits, but 
intermediate types occur. Careful examination of an 
extensive range of herbarium material, some of it collected 
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by the authors, has shown that the extremes are indeed 
connected by a continuous series of intermediates, but 
that the marina form is the most frequent and widespread, 
though the glareosa form is the most frequent in Scan- 
dinavia. In several places, there is strong evidence that 
the population is polymorphic, with both forms growing 
together. No cultivation experiments have been per- 
formed, but ıt seems very unlikely that the differences 
are due either to phenotypic plasticity or to differences in 
the time of the maturation of the fruits. Self-pollination 
is possible in the group, though there is no proof of self- 
compatibility. It is thought most likely that the present 
situation is the result of the mingling of two previously 
allopatric populations, which are occasionally hybridizing, 
though at present this is no more than 2 plausible 
hypothesis. 

The second paper, on ‘“The Genus Dryas in Greenland’, 
by Dr. T. T. Elkington, of the University of Sheffield, led 
on very naturally from the first. Eurasian and North 
American Dryas consists of a very small number of 
species, and -in the Atlantic region there are probably 
only two-—D. octopetala L. of Europe and D. integrifolia 
Vahl. of North America. These species have both been 
reported from Greenland, together with intermediates, 
which have been described as D. chamissonis. The Dryas 
populations of Greenland were accordingly investigated, 
both from the very extensive herbarium collections at the 
University of Copenhagen and in the field. The her- 
barium material was scored for a series of leaf characters 
which included shape, crenation and hairiness. When 
this information was plotted on a map of Greenland, 1b 
revealed D. integrifolia in the west, integrifolia with 
occasional octopetala and hybrids in the north, and 
octopetala with occasional integrifolia and some hybrids in 
the east. Field studies (in the eastern region, latitude 
72° N) were made over an area about thirty miles across 
in which some twenty well-spaced localities were sampled, 
some of them by transecis. In nearly all the populations, 
extensive character variation could be observed, and this 
variation was not correlated with type of community or 
of soil. So far as can be observed, both species occupy 
exactly the same kind of habitat, and the distribution of 
the members of the hybrid swarm is apparently more or 
less random. Floral differences are slight and were not 
scored. Both species are diploid; meiosis in field samples 
of hybrids was regular and there was an abundant set of 
seed. Artificial hybrids have been made but have not 
yet reached maturity. Taxonomically, D. integrifolia 
and D. octopetala are best maintained as species; bio- 
systematically, they can be regarded as incipient eco- 
species. In the discussion, reference was made to the 
polymorphy of some British Dryas populations with 
respect to hairiness, and the possibility was raised that 
this might be ascribable to remote hybrid origin (D. integri- 
Jolia lacks leaf hairs, D. octopetala generally has them). 

The third paper, by Mr. J. E. Cousens, of the Forestry 
Department, University of Edinburgh, was on “Sources 
of Variability in the Native Oaks’. Mr. Cousens began 
by describing his work on the Scottish oaks. Using 
selected diagnostic characters and standardized sampling 
methods, he constructed pictorialized scatter diagrams 
for a large number of populations, and was able to show 
that the pattern of variation corresponded to what would 
be expected if there were two taxa and widespread 
introgression, though neither Q. petraea nor Q. robur 
could be confidently defined. Extension of the survey 
to Ireland showed that most populations of oaks corre- 
sponded closely to Q. petraea (Matt.) Liebl. and that 
hybrid populations were not frequent. In England, 
Q. robur L. populations which showed no signs of intro- 
gression were hard to find, and an investigation was 
accordingly made of oaks in the flood-plain of the Danube 
in north Yugoslavia in an attempt to find an area in which 
Q. robur was not in contact with Q. petraea, so that 
parameters for non-introgressed populations could be 
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obtained. In fact, the heterogeneity in the Yugoslav 
populations was juss as great as in England, possibly 


_because of contacts between Q. robur and other species 


such as Q. frainetto. It is probable that in British popula- 
tions Q. robur is inherently variable, and that in England 
it hybridizes relativaly rarely with Q. petraea, but in 
Scotland hybridization, possibly because of a greater 
overlap in flowering times between the two species, is 
more widespread. In the discussion, the difficulty which 
sometimes arises ol distinguishing between variation 
attributable to introgression and to other causes was 
pointed out. The problem of distinguishing between 
native and introduced oaks was also referred to. 

The next paper was given by Mr. P. L. Pearson, of 
the University of Durham, on “The Experimental 
Taxonomy of Chrysanthemum leucanthemum L.”. This 
aggregate species has a wide distribution in Europe, and 
has been extensively studied by taxonomists and cytol- 
ogists. On the basis of some three hundred known 
chromosome counts, it can be inferred that the northern 
lowland populations generally consist of a mixture of 
diploid and tetraplam populations, while in the Pyrenees 
and the Alps hexaploids also occur. In Britain, diploids 
are predominant in the more natural habitats, such as 
sea cliffs and mountain ledges, while tetraploids are 
commonest in disturbed habitats. Artificial auto- 
tetraploids producec. by colchicine treatment resemble 
natural tetraploids closely in their cytological behaviour, 
both forming one or two quadrivalents at meiosis, and 
only very rarely univalents and trivalents. This pairing 
behaviour is charaeczeristic of many wild and artificial 
tetraploids, and mcdels to explain it were discussed. 
Triploids have also been obtained, in low yield, in artificial 
crosses but have nat been found in the wild. There are 
no clear-cut morphological differences between British 
diploids and tetraploids, though by using a combination 
of leaf and pollen-g-ain characters, some plants can be 
correctly placed; ths correct taxonomic treatment must 
await further investigation. In the discussion, Dr. K. 
Jones raised the question of the possible hybrid origin of 
the wild tetraploids, and suggested further investigations 
on chromosome morphology. 

The next paper, by Mr. Q. O. N. Kay (University 
College of Swansea}, was on “Chromosome Numbers, 
Breeding System and Relationships of Tripleurospermum 
inodorum (L.) Schultz Bip. and T. maritimum (L.) Koch”. 
The scentless mayweed (T. inodorum) is a common 
cornfield annual; in the British Isles and north-west 
Europe it is diploid, with 2n=18, while in central and 
eastern Europe it is tetraploid. The tetraploid form has 
been found rarely as a casual in England; it differs 
slightly in physiology and morphology from the diploid, 
and partially fertile triploid hybrids have been produced. 
Investigations on tne variation in British populations 
reveal a cline of increasing achene size from southern 
England to the narth of Scotland. The closely allied 
species T. maritimum is a perennial sea-cliff and 
drift-line plant and is uniformly diploid. Generally it is 
efficiently isolated from T. inodorum, but occasional 
hybrid populations have been found; artificial hybrids 
are fertile. One or two B-chromosomes have been found 
in some diploid plants of both species. It is remarkable 
that not only the perennial T. maritimum but also the 
annual P. inodorum are normally self-sterile (though 
occasional self-fertila plants of the latter occur). The 
suggestion was mace (and discussed) that the current 
generalization abou> a correlation between the annual 
habit and inbreeding is illusory, as there are, in fact, many 
annuals which, like T.inodorum, are normally out-breeding. 

The last paper, on “Experimental Taxonomic Studies 
on Caltha palustris L.”, was given by Mr. M. Kootin- 
Sanwu, of the University of Oxford. O. palustris is 
represented in Britain by three sub-species, subspp. 
palustris, radicans and minor; cultivation experiments 
have substantiated the differential characters (which 
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include size and ability to root at the nodes) between 
these sub-species. The only chromosome numbers 
regularly found are 27=56 and 2n=64, though some 
populations have, ın addition, 8-chromosomes. In 
Continental Europe, a diploid with 2n=14 is known 
from one locality, and tetraploids (2n=28 and 2n=32) 
also occur. There are thus, apparently, two basic numbers 
to the polyploid series. The tetraploids examined always 
show bivalent pairing, but the octoploids have some 
quadrivalents as well as univalents. In the extensive 
collections studied, all the plants were self-incompatible 
and hence outbreeding, and the wild populations were 
all somewhat polymorphic. There appeared to be little 
morphological difference between members of the same 
sub-species with different chromosome numbers. Plants 
at the same chromosome-level were all interfertile, but 
there was some drop in fertility in crosses between 
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plants with 56 and 64 chromosomes. Information 
was also presented about the frequency of B-chromo- 
somes in natural populations and their mode of inherit- 
ance, 

In the general discussion opened by Prof. Valentine, 
the phytogeographical questions raised by some of the 
papers were pointed out. Thus, the distributions of the 
Dryas spp., the Quercus spp., and the Chrysanthemum 
and Tripleurospermum cytodemes, all posed problems 
about the conditions in the past under which speciation 
had occurred, and the subsequent conditions m which 
allopatric populations had become sympatric to varying 
extents. Dr. D. M. Moore mentioned the South American 
species of Caltha which, unlike C. palustris, were self- 
compatible, and suggested that this might be an example 
of Baker’s law concerning the breeding system of successful 
long-distance migrants. D. H. VALENTINE 


ROCK AND MINERAL COLLECTING IN CANADA 


T is surely an innovation, a most welcome one, to find 
an official Geological Survey publication devoted 
entirely to the needs of the enthusiastic amateur or pro- 
fessional geologist bent on collection of fins mineral and 
type-rock specimens. But this has in fact been surpris- 
ingly and most officiently achieved ın three small com- 
panion volumes by Ann P. Sabina recently published by 
the Geological Survey of Canada*. These make most 
instructive and, if not to other countries, provocative 
reading—provocative in the sense that one could wish 
that the example could be emulated elsewhere on the 
same scale. To traverse the length and breadth of this far- 
flung Dominion with the sole object of guiding people 
exactly where and how to travel to discover the best 
specimens of minerals, in many cases obviously museum 
pieces, also of well-known or more exotic rock-types; 
to give them maps, precise site-locations, itineraries, 
descriptions of the ‘finds’ to be obtained; information on 
where to look for the best material, how to collect, the 
working tools to use, even appropriate clothing to wear, 
also how to preserve and record what has been collected: 
all this within three small pocket-size booklets, easily 
readable by virtue of the non-technical style adopted, is 
a great achievement indeed. 

The plan of each of these guides is straightforward and 
orderly. Volume 1 covers Yukon, North-west Territories, 
and the Provinces of British Columbia, Alberta, Saskatche- 
wan and Manitoba. Volume 2 is concerned with Ontario 
and Quebec (this is the largest of the three). Volume 3 
covers New Brunswick, Nova Scotia, Prince Edward 
Island and Newfoundland. The common scheme in every 
case is to list the chief mineral and rock collecting areas in 
each Province, include a small-scale map showing the 
locations of these areas, and follow by a detailed descrip- 
tion of each area headed by the mineral or rock titles to 
be anticipated in each area. In many cases small location 
maps, but on a sufficiently large scale, are inset for these 
areas 80 that no difficulty can possibly arise from inability 
to locate the site. Each book is enriched with some 
beautiful photographic reproductions of museum type 
specimens collected from localities described in the text. 

These records of Canadian mineral occurrences are not 
only impressive but also must inevitably whet the inborn 
collector’s appetite wherever he may be. The search is, as 
customarily everywhere, in mines (tip-heaps never to be 
neglected however ancient), natural outcrops (including 
alluvial gravels and beach deposits in specific areas) and 


* 


* Rock and Mineral Collecting in Canada By Ann P. Sabina. Vol. 1 
Yukon, Northwest Territories, British Columbia, Alberta Saskatchewan and 
Manitoba; pp. iv +147: 1.80 dollars Vol 2. Ontario and Quebee, pp iv+ 
252;1.65 dollars Vol 3. New Brunswick, Nova Scotia, Prince Edward Island, 
Newfoundland; pp iv+i03. 1.00 dollars (Geological Survey of Canada, 
Miscellaneous Report 8, Ottawa; 1964). 


quarries. Some tempting records of fine mineral specimens 
taken at random from these pages may be quoted: in 
Yukon Territory (Kluane Lake-Whitehorse Area), black 
olivine crystals often more than 3 in. in length; in North- 
west Territories (Macbeth Fiord Area, Baffin Island), 
tourmaline crystals up to 3 ft. long and 6 in. across in 
pegmatite dykes; in Amadjuak Bay~Lake Harbour Area, 
Baffin Island, white scapolite crystals 5 in. in diameter in 
crystalline limestone; in Great Slave Lake Area, blue 
cordierite prismatic crystals up to 4 in. x 2 in.; in British 
Columbia (Hazelton Area), scheelite crystals up to 2 In. in 
diameter; in Vernon Area, thick crystals of staurolite up 
to 3 in. long and associated kyanite crystals more than 
2 in. long; in Saskatchewan (Mackintosh Bay), red garnets 
up to 2 in. across in biotite schist, and in the Cypress 
Hills Area, selenite crystals up to 5 in. long; in Manitoba 
(Winnipeg River Area), green beryl crystals from 0-5 in. 
to 12 in. across. In Ontario (Sudbury Area), blue and green 
bladed kyanite up to 4 in. long; in Wilberforce Area, 
hornblende and apatite crystals up to 6 in. across, also 
uraninite in 0-75 in. crystals; in Bancroft Area, black mica 
in ‘books’ up to 2 ft. in diameter; in Quebec (Preissac— 
Lacorne Area), spodumene crystals up to 4 ft. long; 
similar impressive mineral finds are chronicled from New 
Brunswick, Nova Scotia, Prince Edward Island and 
Newfoundland. Descriptions of localities of many well- 
known igneous rock-types of special interest to the 
petrologist are to be found throughout these books. 

Some other interesting features are to be noted from 
these guides. The Geological Survey of Canada makes 
available to mineralogists, students and others authenti- 
cated sets of specimens to aid identification and recogni- 
tion of rocks and minerals; one set comprises 35 common- 
minerals, another 35 rock chips, and a third, 120 specimens 
representing the raw materials of Canada’s mineral 
industry. The names and addresses of amateur mineral 
and rock clubs, of which no less than fifty-five are spread 
over the Dominion, are listed; appendixes include lists of 


. books on mineralogy in general, on minerals and rocks for 


the amateur, on gemmology, and on the lapidary’s art. 
There is room for a similar official publication in the 
United Kingdom. It would in no sense transgress the 
existing periodic geological and mineralogical publications 
of national and local societies, or of the Geological Survey 
as such, wherein much comparable information at present 
lies buried. Its advent would do much to stimulate public 
interest in geology and mineralogy, and would certainly 
be a boon to schoolteachers in their task of presenting 
these subjects to beginners both in the classroom and in 
the field. A similar idea for guidance in fossil collecting 
is by no means excluded from such consideration, surely 
an equally popular hobby with many amateur gcologists? 






DHYTOPHTHORA cinnamomi Rands, a root pathogen 
_ of many plant species, is unusual among phyeomy- 
_  eetes in that it has not been reported to form sporangia in 
so aseptic culture'*, To obtain sporangia and zoospores 
of this fungus it is placed in a non-sterile soil leachate 
preparation’ or some other non-sterile medium5.* which 
contains various micro-organisms. Removal of these 
micro-organisms, either by. autoclaving or filtering’, 
results in the loss of the sporangial-inducing substance(s) 
(SIS). Its chemical nature is unknown, but recently 
Bryan?s proved conclusively that it is a product of the 
microbial population in soil leachate. He isolated a 
bacteriurn from soil leachate which, when incubated with 
PP. cimnamomi in water solutions, induced sporangial 
= formation. Similarly, we recovered from leachate two 
- species of bacteria, from. 11 that were isolated, which 
. would also induce sporangial formation in P. cinnamomi 
when incubated in autoclaved leachate or water. How- 
ever, these bacteria, both belonging to the Pseudomona- 
ceae, lost this capacity after one month in culture on vari- 
ous artificial media. Recently’? it was reported that 
oospore formation in cultures of P. parasitica var. sab- 
dariffae (nomen nudum)” was induced in association with 
a Xanthomonas sp. in the absence of the opposite fungal 
compatibility type. These reports suggest that certain 
Phytophthora. species can form asexual and sexual struc- 
tures through the interaction of certain metabolites 
furnished by associative micro-organisms. 

In work on the physiology and pathogenicity of P. 
cinnamomi, difficulties arose constantly because of the 
contaminating bacteria and protozoa of the non-sterile 
soil leachate in association with sporangia and zoospores 
of the pathogen, and experiments were planned to obtain 

sporangia with viable zoospores, free from other organ- 
= isme. In preliminary tests, unless otherwise stated, the 
standard inoculum of P. cinnamomi was 3 mycelial disks 
8 mm in diameter from 20-30-day-old V-8 juice agar 
(V~8A) medium cultures floated in 25 ml. of test solution. 
Each test solution was replicated three times. They 
were incubated. at 24° C for at least 20 days in darkness 
and examined for sporangia (magnification x 430) every 
=i 8-5 days. Before a treatment was discarded it was also 
examined for zoospores, which were released by chilling 
0) and warming (25° C)*. The non-sterile soil leachate 
msisted of one pint of heavy clay forest soil mixed with 
ur gallons of tap-water. The cleared upper three gallons 
liquid were siphoned off after seven days at room 
mperature. This leachate, stored at room temperature, 
tained SIS activity for as long as six months. 
Initial attempts to obtain aseptic sporangia involved 
pplementing autoclaved leachate and sterile distilled 
water with different chemicals sterilized by either auto- 
elaving or using ‘Millipore’ filters, according to their 
heat stability. Various sugars, amino-acids, vitamins, 
: fatty acids, nitrogenous bases, nucleosides, coenzyme 
systems, and different types of vegetable oils at different 
eoncentrations and combinations were tested, but none 
duced sporangial formation in P. cinnamomi. 
‘The possibility that SIS synthesis could be induced 
ing culture incubation on various nutrient substrates 
re transfer to sterile liquid for sporangial formation 
considered. P. cinnamomi was grown on ‘Bacto- 
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corn’ meal, lima bean, and malt extract agar — 
on standard formulations of potato- -dextrose, V-8, oatmea 
and Czapek—-Dox agar media, and on wheat and oa 
kernels. Agar disks or grain kernels containing mycelia 
were then placed in each of the autoclaved or ‘Millipore’. 
filter sterilized leacaates, or sterile de-ionized, distilled, 
or tap water. No sporangia were formed in any of these 
treatments. 

Gas sterilization ef the non-sterile leachate with either 
propylene oxide or ethylene dioxide inactivated the SIS. 

Rapid freezing (— 13° C) and thawing of leachate (60° ©) 
or drying at 65° C followed by resuspension and filter 
sterilization destroyed the SIS. In addition, non-sterile 
leachate from cultures of P. eimnamomi supporting 
abundant sporangia did not retain the SIS after steriliza- 
tion by autoclaving or filtering. aise 

Attempts to determine whether or not the SIS was 
translocatable through the mycelium of P. cinnamomi = > 
from non-sterile to sterile leachates were also made. =o ć 
Mycelial strips of the fungus, free of V-8A medium, were 
bridged between two small plates, one containing non= -o > 
sterile soil leachate and the other autoclaved or ‘Millipore’. 
filtered leachate, contained in a larger sterile plate. 
Sporangia formed abundantly within three days on the 
mycelium in the non-sterile leachate but failed to form 
in either of the sterte leachates after 30 days. 

From Bryan’s report and our negative data, it seemed 
that the SIS must consist of one or more unstable extra- 
cellular metabolites. being produced and released by 
certain components of the microbial population in non- 
sterile soil leachate: We therefore considered how to 
separate the microbial population of the leachate from 
aseptic mycelium of P. cinnamomi by membrane partie >o o o —— 
tions, to allow diffasion of the SIS from the leachate = 
across the membrane to aseptic mycelia of the fungus to 
induce sporangia formation, while excluding the micro- 
organisms from the sporangia. Standard ‘Millipore’ filter ~~ 
membranes were used. They are 100-150u thick, made 
of biologically inert cellulose esters; the pore sizes range 
from 8-06. to 10 mu. They have an absolute surface 
retention capacity, excellent flow rates, negative ionic 
reactions, and are hoat resistant. : 

Holes (25 mm diam.) were cut into the centres of: 
3-in. long ‘Pyrex’ glass tube sections (50 mm outer diam. 
and 3 mm wall thickness) over which the upper 1-5 in. of 
25 mm outer diam. ‘Pyrex’ glass screw-top test-tubes were. 
fused. Two of every three tube sections thus prepared were 
closed at one end and on assembly constituted the extremi- 
ties of the apparatus. The ‘Millipore’ filter membranes were 
attached to the glass sections with R7T'V-102 (General 
Electric Corp., Waterford, N.Y.), a heat-resistant silicone 
product which vuleanizes at room temperature. On- 
complete assembly the partitioned tube apparatus com- 
prises three compartments, each separated by a filter 
membrane, and each compartment has a separate inocula- 
tion port (Fig. 1). . 

80 ml. of non-sterile leachate were added to each com-. 
partment, cotton plugs and screw caps were fitted to th 
inoculation ports, and the complete assembly was a 
claved at 121° C for 20 min. P. cinnamomi was place 
the centre compartment and 20 ml. of non-sterile leac 
inoculum were added to the end compartments. — 
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Fig, 1. 


‘Millipore’ filter membrane partition tube apparatus 


treatments were replicated, and tests repeated, three 
times. The assemblios were placed on a reciprocal shaker 
with fifteen 1-5-in. horizontal movements per min, per- 
pendicular to the membrane surface. After 10-14 days 
abundant aseptic sporangia, typical of the species in all 
respects, were formed on the mycelia in the centre com- 
partment. In no instances did sporangia form on aseptic 
mycelium in the centre compartments when the non- 
sterile soil leachate inoculum was excluded from the end 
compartments. 

The numbers of aseptic sporangia were comparable 
to those formed in standard non-sterile soil leachate 
under the same conditions. 

Membranes with pore diameters up to 100 my ensured 
the absolute sterility of the centre compartment housing 
the mycelia, whereas filters with pore diameters of 220 mu, 
or larger, at times allowed ponsson of certain bacteria. 

Sterility checks were made by removing a small amount 
of test solution with a sterile cotton swab and inoculating 
plates of Bacto-AC, thioglycollate (without indicator), 
N.L.H., and corn meal with dextrose agar medium (Difco), 
and tubes of ‘Eugonbroth’ (Baltimore Biological Labora- 
tory), in duplicate, followed by seven-day incubation at 


30° C. Bacterial and fungal contaminants developed 
on ‘Eugonbroth’ more consistently than on the agar 
medium. 


P. cinnamomi sporangial production was best achieved 
by the use of mycelium stripped free of agar medium. 
When agar disks containing mycelia of the fungus were 
placed in the centre compartment, solutes from the disks 
diffused into the non-sterile end compartments, causing a 
rapid increase in bacterial growth in the non-sterile 
leachate, or contributed to vigorous vegetative growth 
in the centre compartment. Both were unfavourable to 
aseptic sporangial formation. 


NATURE 


May 15, 1965 VoL. 206 


In our studies either V—SA or a mixture of 0-25 oatmeal 
and 0:75 V-8A 3 per cent agar proved most satisfactory 
for growing the mycelial inoculum. The latter supported 
more aerial growth than did V—8A alone, but the mycelium 
was more difficult to remove aseptically. 

The chemical nature of the SIS has not been determined 
but it was found to be dialysable. This was determined by 
preparing assemblies with compartments | and 2 — 
by a VF type membrane and compartments 2 and 3 
by a dialysing membrane, and companion assemblies with 
all compartments separated by VF type membranes. 
These tests were replicated five times. Non-sterile 
leachate inoculum was placed in one end compartment 
of each assembly separated by the VF type membrane. 
We could not place the non-sterile leachate inoculum 
directly in the compartments separated by dialysing 
membranes because the cellulolytic activity of the leach- 
ate organisms decomposed the membranes. Mycelium 
of P. cinnamomi was placed in the remaining two aseptic 
compartments of each assembly. After incubation we 
found approximately 90 per cent fewer sporangia in the 
aseptic end compartments separated from the centre 
compartments by the dialysing membranes than in the 
aseptic end compartments separated from the centre 
compartments by the V F type membranes. Comparable 
numbers of aseptic sporangia were formed in all centre 
compartments as well as in all end compartments separ- 
ated by the VF type membrane. This suggests that the 
SIS was capable of passing through a second VF type 
membrane (100 A pore size) without obstruction, but 
was not capable of passing at the same rate through a 
dialysing membrane (24 A pore size). These observations 
indicate that the SIS is a relatively large molecule(s). 

The membrane partition tube technique may be applic- 
able to a variety of experiments on microbial diffusates. 
We have grown fungi in both end compartments of the 
assembly in liquid culture and have repeatedly sampled 
aseptically, and analysed the fungus-free compartment 
for antibiotics, without the necessity of filtering off the 
mycelium and re-sterilizing the culture filtrate. 

We thank Mr. David Hubbell for the identification of 
the two leachate bacteria. 
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MECHANISM OF ACTION OF SIDEROMYCINS 
By Dr. F. KNUSEL and Dr. J. NUESCH 


Research Laboratories, Pharmaceutical Department, CIBA, Ltd., Basle, Switzerland 


ARIOUS species of Actinomyces produce antibiotics 

which form iron complexes having their maximum 
absorption at 420-440 mu. This group of iron-containing 
antibiotics—known as sideromycins—includes  grisein 
(ref. 1), albomycin (ref. 2), ferrimycin A,, A, and B 
(ref. 3), antibiotic A 22765 (ref. 3), succinomycin (ref. 4) 
and danomycin (ref. 5). 

Grisein and albomycin are active against Gram-positive 
and Gram-negative micro-organisms, while the other 
sideromycins already mentioned act exclusively on 
Gram-positive organisms. 


" Mukerjee, N., and Roy, A. B., Phytopathology, 52, 583 (1962). 
1" Waterhouse, G. M., Commonwealth Mycological Institute, Muycologicat 
Papers, 92 (1963). 
Sideramines, structurally related substances which 


likewise contain iron, display a competitive antagonism 
towards the sideromycins***. It has also been stated that 
sideromycins exert their effect only under aerobic condi- 
tions’. The suggestion has been made*:? that the sidero- 
mycins exert their effect by inhibiting the incorporation 
of iron into the protoporphy rin molecule, thus inhibiting 
the synthesis of cellular haemin enzymes. A striking 
feature of all sideromycins is the very high incidence of 
resistant mutants encountered in all the micro-organisms 
investigated. When ferrimycin was used to inhibit 
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Fig. l, 
One strain was adapted to neopyrithiamine, while the other was untreated. 


impregnated with a 1 mg/ml. solution of antibiotic A 22765 


Staphylococcus aureus, 10° out of 10° cells were found to be 
primarily resistant. Despite this high incidence of resis- 
tant mutants, ferrimycin was effective in chemothera- 
peutic experiments in the mouse”, 

The high incidence of primarily resistant micro-organ- 
isms cannot be explained either by attributing it to 
nutritional factors, as described by Bachmann and 
Zaehner® in the case of Bacillus subtilis, or by assuming 
that the resistant organisms obtain their energy via 
fermentation pathways where they are no longer dependent 
on the cytochrome system. 

The following findings led us to doubt whether the 
mechanism of action (inhibition of haemin synthesis) 
suggested here is correct: (1) Sideromycins also act under 
anaerobic conditions. The incidence of resistant mutants 
remains the same. (2) Iron-free sideromycins exert 
just as strong an inhibitory effect as sideromycins con- 
taining iron. 
the antagonist of ferrimycin, inhibits some, but not all, 
of the Staph. aureus strains resistant to ferrimycins!®, 
(4) The addition of exogenous haemin does not affect 
either the growth or the respiration of micro-organisms 
inhibited by sideromycins. 

For all the experiments described as follows we used a 
mutant strain of Staph. aureus which is resistant to 
streptomycin and displays under certain culture conditions 
an absolute requirement for haemin™!*, The way in 
which this mutant obtains its energy can be predetermined 
by selectively cultivating it on various nutrient media. 

Energy can be obtained in the following three ways: 
(1) The oxygen in the atmosphere acts as a terminal 
hydrogen acceptor. Cellular haemin enzymes are present. 
(2) Energy is obtained via a fermentation pathway. 
No cellular haemin enzymes are present. (3) Nitrate 
respiration'’, The baemin enzymes necessary for nitrate 
reductase are present, 

Under these three culture conditions the mutant is 
inhibited by ferrimycin, antibiotic A 22765, or albomycin. 
In each case the large number of resistant 
organisms already mentioned is formed. 

In the case of this mutant exogenous 
haemin is definitely incorporated into the 
cellular haemin enzymes™. It was never 
possible, however, to demonstrate that 
haemin antagonized the sideromycin inhi- 
bition. Hence, the hypothesis that iron 
incorporation into protoporphyrin is inhibi- 
ted must be incorrect with regard to this 
micro-organism. 

When cultivating the Staph. aureus 
mutant in a synthetic medium, we 
observed that, apart from hexoses and 
pentoses, only pyruvate and oxalacetate 
could be used as carbon sources. 


Pyruvato 
kinase 
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Formation of resistance in two strains of a Staph. aureus mutant requiring haemin. 
Left, adapted 
to neopyrithiamine in a concentration of 100 #g/ml.; right, untreated mutant. 


(3) Desferrioxamine, the iron-free form of 
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In è synthetic medium Staph. aureus 
requires thiamine and nicotinic acid as 
growth factors’. Das and Chatterjee'*:'’ 
adapted Staph. aureus strains to neopyri- 
thiamine, a thiamine analogue. One of the 
major biochemical alterations resulting from 
this adaptation is that the utilization of 
glucose as a carbon source is markedly de- 
pressed, while at the same time that of ace- 
tate is stimulated. This suggests that oxida- 
tive decarboxylation of «-keto-acids, which 
is dependent on thiamine pyrophosphate, is 
inhibited, although this inhibition could not 


be clearly demonstrated by Das and 
Chatterjee". 
Thiamine, as co-enzyme of a trans- 


ketolase, also plays a part in the pentose 
phosphate cycle. In the reaction depen- 
dent om thiamine pyrophosphate a pentose 
is split into a C, and a C, fraction. Das 
and Chatterjee'* showed that in the neopyri- 
thiamine-adapted strain the degradation of glucose, 
too, was markedly -nhibited via the pentose phosphate 
shunt. . 

We adapted the streptomycin-resistant Staph. aureus 
mutant, which requires haemin and is completely inhibited 
by neopyrithiamine at 10 ug/ml., to neopyrithiamine, 
using the method of Das and Chatterjee’*. In the course 
of these experimente we observed that, as a result of the 
adaptation to neopyrithiamine, the incidence of resistant 
cells decreased to a very marked extent (Fig. 1). 

Since the adapted strain, too, when cultivated in a 
synthetic medium without haemin, can utilize only 
pyruvate and oxalacetate as carbon sources—in addition 
to a few hexoses and pentoses—we examined the metabolic 
relationships of these two substances, on the assumption 
that oxidative decarboxylation of pyruvic acid is inhibited. 

The known reactions are illustrated in Fig. 2. 

The enzyme systems illustrated in Fig. 2 (Nos. 1-6) 
have one property m common, namely, the fixation of 
carbon dioxide. 

Carbon dioxide fixation in organotrophie bacteria is 
a problem which has been investigated intensively only 
in the past few years, even though it has long been known 
that carbon dioxide is also an essential growth factor for 
numerous organotrephic micro-organisms. Schlegel'® 
and Lafferty'* have published reviews on this subject. 

This carbon dioxide fixation of organotrophic micro- 
organisms, though rot yet fully elucidated, appears to 
represent a ubiquitous metabolic pathway. 

The same applies to the pentose phosphate cycle. 
Carbohydrate catabelism does not proceed entirely by 
glycolysis in micro-organisms. There are various other 
mechanisms by which glucose can be broken down, The 
best known and most common of these mechanisms is 
the pentose phosphate shunt, in which one metabolic 
step requires thiamime pyrophosphate as co-enzyme. 

The conclusions we draw from our results are as follows: 
sideromyeins exert their inhibitory effect in the meta- 
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1. Phosphoenolprruvate carboxylase 
2. Phosphoonolpyruvate carboxykinase 





3. Phosphoenolpyruvate carboxytranuph rlase 
= = = > OXALOACETATE 
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Pyruvate ondboxylase Malate 
4. Dependent on acetyl CoA dehydrogenase 
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bolism at a point which is not connected either with the 
synthesis of haemin or with the tricarboxylic acid cycle. 

On the contrary, we believe that this group of anti- 
bioties can develop its full activity when the thiamine- 
dependent metabolic reactions are blocked, that is, when 
neither oxidative decarboxylation of pyruvic acid nor 
degradation via the pentose phosphate shunt is func- 
tioning. 

Investigations with cell-free extracts and labelled 
substances are in progress with the aim of further elucidat- 
ing the mechanism of action. 
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ELONGATION OF YEAST CELLS IN CONTINUOUS CULTURE 
By C. M. BROWN and Dr. J. S. HOUGH 


Sub-Department of Malting and Brewing, Department of Biochemistry, University of Birmingham 


EASTS are usually regarded as discrete, budding, 

ovoid cells; but some genera exhibit dimorphism by 
producing mycelial growth forms under certain environ- 
mental conditions. In some genera this phenomenon is 
less obvious, but the cells may fail to separate after 
budding and may be considerably elongated'. A number of 
factors appear to influence these changes, notably tem- 
perature*™, availability of oxygen*-’, the type of growth 
medium used’-* and the staling of medium by higher 
alcohols’, The importance of the balance between 
sulphydryl and disulphide groupings in the cell wall? 
has been shown by the influence of cysteine, glutathione 
and sodium thioglycollate in maintaining discrete budding 
cells**, The same condition is realized when compounds 
of selenium and tellurium are incorporated into cell wall 
protein in the reduced state and replace the more easily 
oxidized sulphydryl groupings'*. It would seem that elon- 
gation cecurs when a hydrogen transfer system becomes 
uncoupled from a protein-disulphide reductase which 
controls the formation of disulphide bridges in mannan- 
protein of the wall*.*4, 

Recently, considerable attention has been directed to the 
incidence of elongated cells in continuous culture of 
yoasts'?-*!, for baking and brewing purposes because it 
may reflect substantially modified metabolic patterns. 
From a biochemical point of view, it is surprising that 
there have not been more attempts to control shape of 
cells in continuous culture. Under these conditions of 
culture the environment is unchanging, and so variations 
in the physiological condition of the cells are minimized. 
Such an investigation has therefore been carried out using 
a strain of Saccharomyces cerevisiae (bakers’ yeast) which 
in batch culture shows little tendency to elongate under 
a very wide range of environmental conditions. 

The yeast grew well on a medium comprising glucose, 
ammonium sulphate, mineral salts, pantothenic acid, 
inositol, biotin, pyridoxine, nicotinic acid and thiamine. 
It was strongly buffered at pH 5-0. A peristaltic pump 
fed this medium continuously into a culture vessel fitted 
with an overflow tube maintaining 150 ml. working 
capacity. Temperature of fermentation was kept at 25° C 
by means of a water jacket, and the yeast was held in 
homogeneous suspension by magnetic stirring. The 
characteristics of the system™ were such that tmas was 
0-22; with ammonia as limiting substrate Ks was shown 
to be 17 ug nitrogen/ml. For glucose limitation Ks 
was 2 mg/ml. In most cases the concentrations of 
ammonium sulphate and glucose were so adjusted 
that 100 ug/ml. of nitrogen and 30 mg./ml. of glucose 


were available. The rate of pumping was so adjusted that 
dilution rates between 0-05 and 0-22 were maintained 
(thus corresponding to dwell times of 20 and 4:5 hours). 
Observations of shape of cell were made only after steady- 
state conditions had been attained, usually after 36 h. 
The cultures were aerated by bubbling a stream of sterile 
air at approximately 50 ml./min through the medium. 
Using the unmodified culture medium, it was shown 
that the cells were normal in shape when equilibrium was 
first achieved (Fig. 1). After a further 24-36 h, however, 
the cells became markedly elongated (Fig. 2). This change 
was maintained at all the dilution rates used. It was also 
observed that assimilable nitrogen was not present in the 
spent medium and could therefore be considered a limiting 
factor. The production of elongated cells by the yeast 





Fig. 1. 


Cells of Saccharomyces cerevisiae (bakers’ yeast) grown in con- 


tinuous culture with glucose limi.ation (x 2,700) 
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Fig, 2. Cells (as above) grown in continuous culture with nitrogen 
limitation ( x 2,700) 


was in itself of particular interest because in batch culture 
it was not possible to produce this growth form. The 
elongated form was permanent, while nitrogen was 
limiting; but the cells formed reverted to the ovoid 
shape soon after any modification of the medium causing 
nitrogen to be present in excess. 

When the medium was modified by reducing the glucose 
content from 30 to 5 mg/ml., nitrogen appeared in the 
spent medium and the cells remained normal in shape 
(Table 1). The medium was then changed by omitting 
the various growth factors but keeping the original con- 
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inositol was absent, the cell density fell by about 45 per 
cent, the cells clumped, cell shape remained normal and 
nitrogen appeared im the spent medium. On addition of 
inositol to the system, the cell density rose within 48 h 
to its former level, the cells deflocculated and became 
elongated while nitrogen again became limited. These 
results were also given when pantothenate, pyridoxine or 
biotin were omitted and then replaced later. With 
thiamine and nicetinic acid omitted, the cells were 
clongated although the cell density was somewhat 
reduced. These two vitamins are only of secondary 
importance in contsast with inositol, biotin, pyridoxine 
and pantothenate, and therefore it is not altogether sur- 
prising that nitrogea became limiting. 

These observations suggest that elongation of cells 
occurs either because the cells are partly starved of 
nitrogenous materials or because free carbohydrate is 
present in the medium. The second possibility can be 
discounted because when ethanol, glycerol and pyruvate 
were used as substitutes for glucose (Table 2) the cells 
were ovoid and nitrogenous material was present in the 
spent medium. 

It transpired thas when L-methionine and L-asparagine 
were substituted fer ammonium sulphate, with glucose 
as carbon source, nitrogen was again limiting and elonga- 
tion of the cells oceurred. In a further experiment, the 
phosphate content ef the medium was made limiting by 
reducing it from 1 mg/ml. to 50 ug/ml. This limitation 
might be expected to inhibit most metabolic processes 
and the result was that the cells remained ovoid, nitrogen 
appearing in the spent medium. 

When the level of nitrogen in the culture medium was 
reduced to 25 ug/ml. and glycerol was the source of 
carbon, pseudohyphsae and elongated cells were produced 
at low flow rates and half-sized cells at high flow-rates, 
In the case of the high flow-rates, there was nitrogen in 
the spent medium, but in the low flow-rates nitrogen was 
limiting. Furthermore, the pseudohyphae once formed 
persisted when the rate of flow was increased, although 
on transfer to batch conditions they reverted to normal 
cells. 

Because of the reported effects of sulphydryl com- 
pounds!*, selenium compounds" and indolyl acetic acid? 
on dimorphism, sodium thioglycollate (10-* M and 10-* M), 
sodium selenate (10> M) and indolyl acetic acid (10-* M) 























| 


centrations of ammonium sulphate and glucose. When were added to separate batches of media. Sodium thio- 
Table 1 
Nitrogen Available nitrogen Nitrogen in spent Carbon source 
source | in medium (#g/ml.) medium («g/ml.) (mg/mi.) | Limiting substrate 
NH,),8O 100 0 Glucose 30 Nitrogen 
(NH NSO, 100 15-25 Glucose 5 Glucosa | 
(NH,),80, 500 200-250 Glucose 5 Ghose | 
100 40-45 Glucose 30 Pyridoxine ! 
| (NH,),80, 100 29-25 Glucose 30 Inositol _ Ovoid and clumped 
(NH —338. 100 70-75 Glucose 30 Bintin | Ovoid and clumped 
(NH,)s80, 100 40-45 Glucose 30 Partothenate Ovod 
| (NHASO, 100 0 Glucose 30 Thiamine/N | Elongated 
(NH,),SO 100 | 0 Glucose 30 Niestinic acid/N Elongated 
L-Methionine 100 | 0 Glucose 30 N en Elongated 
L-Asparagine 100 0 Glucose 30 Elongated 
(NH,),80, 100 Glucose 30 Ovold 
Table 2 
Available nitrogen | Nitrogen in spent Carbon source Limiting 
—— in medium (#g/ml.) n| Sara medium (#g/ml.) (mg/ mil.) substrate Cell shape 
100 __ae S Glycerol 30 Ovoid 
(NH,),.80, 100 20-30 Pyruvate 30 Ovoid 
(NH):80, 100 25-35 Ethanol 15 Ability to use Ovoid 
substrates ee 
(NH,),S0,* 25 10-15 Glycerol! 30 S ov 
(NH, 80, t | 25 0 Glycero! 30 Witrogen Elongated, pseudohyphae 
(NH,).80, | 100 0 Glucose 30 + sod. thioglycollate (10-* M) Nitrogen 95 per cent elonga 
—338 100 0 Glucose 30+ sod. thioglycollate (10> M) Nitrogen 80 per cent elongated 
(NTH,),50, | 100 0 Glucose 30 +sodium selenate (10~* M) Nitrogen Ovoid 
(NH,),30, J 500 200-250 Glucose 54IAA G ucose Mainly ovoid, a few 


| 


— — — — — — — 


+ Dilution rates, above 0-05. 





— — 


° Dilution r rate, 0 05. 


pseudohyphae 


the cells to ovoid form at the lower coneentration and 
20 per cent at the higher concentration, Sodium selenate 
was more effective, and in 5 days all cells had changed 
from elongated to ovoid. In these cases nitrogen was 
limiting throughout. In the case of indolyl-3-acetic acid, 
glucose was limited by simultaneously decreasing its con- 
centration to 5 mg/ml. and increasing nitrogen content to 
500 ug/ml A small proportion of pseudohyphae were 
produced in a preponderance of ovoid cells and therefore 
the results of Yanagishima’ were only partly confirmed. 

With the selenate and thioglycollate, the elongated cells 
produced under conditions of nitrogen limitation can be 
caused to revert to normal shape presumably because of 
the alteration in the sulphydry!—disulphide balance. These 
results recall the findings of Sandegron?s on the effect of 
medium composition on the balance. He showed that 
reduction of protein synthesis, by limitation of supply of 
nitrogen to yeast cells, leads to a fall in the proportion 
of sulphydryl groupings in the balance. One would 
therefore expect from Nickerson’s results!® that, under 
conditions of nitrogen limitation, & decrease in the 
proportion of the sulphydryl groupings should give rise 
to elongated cells. Furthermore, addition of sulphydry! 
or selentum compounds in these circumstances should 
restore the production of normal cells. These presump- 





glycollate proved to bie effective in changing | 5 per cent of 
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tions appear to fit the present set of results extremely 

well. 
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TRANSPORT OF THE KININ, No-BENZYLADENINE: NON-POLAR 
OR POLAR? 


SBORNE and Black reported recently! that the kinin, 

N,-benzyladenine, is transported in a polar fashion 
(basipetally) in petiole segments of an unnamed variety of 
Phaseolus vulgaris, and that the total amount transported 
is enhanced by the addition of indolyl-3-acetic acid (TAA). 
As an aid to understanding the mode of action of the 
kinins and their interrelationships with other growth 
substances, this report has great potential significance. 
Consequently, we have tried to confirm the findings of 
Osborne and Black in bean petioles and extend their 
investigations to other plant tissues. The results reported 
here, however, provide no evidence for polar transport of 
benzyladenine and in fact indicate that the movement of 
this substance is essentially non-polar, whether or not 
TAA is added, in bean petioles, oat coleoptiles, pea 
epicotyls and coleus petioles. 

The kinin used in this work, N,-benzyladenine-benzyl- 
MC (methylene labelled, sp. act. 4 mc./mM), was synthe- 
sized by methods which have been previously discussed? 
and which will be deseribed elsewhere in more detail. The 
experimental procedure is essentially the same as that 
used by Osborne and Black, based on the methods of 
McCready? and Went‘. Agar gel (1-5 per cent) containing 
only the kinin labelled with carbon-14 at 25 mg/l. or 50 
mg/l, or a mixture of the kinin together with TAA at 
2 mg/l., was sectioned into cylinders (3 mm diam. x 4mm 
long) which were used as donor blocks. Donor blocks 
were applied to the physiologically apical end for basipetal 
transport studies or to the physiologically basal end 
{acropetal transport) of 5-mm segments of the plant 
material described here. Plain agar blocks of the same 
size were used as receivers of transported material. The 
experiments were run on glass plates, at room tempera- 
ture, in diffuse light. Great care was taken to avoid 
contamination of receiver blocks with donor blocks during 
the initial positioning of the material. 

In control runs in which the blocks were placed on the 
glass plate but were not connected by plant segments, no 
detectable radioactivity appeared in the receivers. 

Two cultivars of Phaseolus vulgaris L., ‘Kentucky 
Wonder’ and *Burpee’s Dwarf Stringless Green Pod’, were 


purchased locally, germinated in vermiculite and grown 
in the light. Segments 5 mm long were cut from the 
petioles of the primary leaves of 7-day-old seedlings. <A 
segment from one of the pair of primary leaves was used 
for basipetal transport while the second was used to study 
acropetal movement. Dark grown, 3-day-old coleoptiles 
of Avena sativa L. cv. ‘Forkedeer’ (used by Crosby et 
al for auxin bioassay because of its sensitivity and 
uniformity of response) were cut so as to obtain the 
5-mm segment which begins 3 mm below the tip. Epicotyl 
segments were obtained from 4-day-old, dark grown 
seedlings of Pisum sativum L. ev. ‘Alaska’ by excising a 
5-mm section from the internode immediately below the 
apical hook but not ineluding the internode apex. Petiole 
segments, also 5 mm long, were cut from fully expanded 
mature leaves of Coleus blumei Benth. in one case and from 
young, rapidly expanding leaves in another experiment. 
As with bean petioles, one of each pair of segments was 
used for basipetal transport, the other for acropetal. 

Each experiment was run for 24 h, the receiver blocks 
pooled (usually 10 per treatment) and eluted in 2 ml. 
95 per cent ethanol at room temperature for 48 h (subse- 
quent elution with water brought out no further radio- 
activity); donor blocks and plant segments were treated 
similarly, and essentially all the benzyladenine labelled 
with carbon-14 in the donor blocks could be recovered 
in this manner. Radioactivity was assessed by liquid 
scintillation counting of the eluted material. Two 
counting tubes containing 50 ul. of the sample, 5 mi. 
100 per cent ethanol and 10 ml. of a solution containing 
50 mg/l. dimethyl-POPOP (1,4-bis-(4-methyl-5-phenyl- 
oxazolyl)-benzene) and 3 g/l. p-terphenyl were made for 
each sample. Because of the possibility of large errors in 
counting due to low levels of radioactivity in the receiver 
blocks, two additional counting tubes containing ten times 
as much of the sample (0-5 ml.) were made for each of 
these, although this proved to be unnecessary. Each tube 
was counted for 60-120 min in a Packard “Tri-Car 
model 334 liquid scintillation counter. 

Each experiment was repeated at least twice on separate 
days with different batches of plant material and consisted 
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of at least 10 replications of each of the four treatments 
(basipetal or acropetal, with or without added IAA); the 
Avena coleoptile experiments were repeated four times. 
In no instance with any plant material studied was there 
polar transport of the kinn. Some typical experiments are 
shown in Table 1. With respect to the total amount of 
rachoactivity transported to the receiver blocks, 1t seemed 
to make no great difference whether benzyladenine was 
supplied at 25 mg/l. or 50 mg/l. although both concentra- 
tions were tested on each plant. 

The recovery of carbon-14 was very nearly quantitative 
in experiments involving oat coleoptiles and coleus 
petioles. In the bean petiole and pea epicotyl, however, 
lt appears that a portion of the radioactivity taken up 
becomes non-extractable (intact segments eluted in 95 
per cent ethanol for 48 h at room temperature), In most 
cases transport of the kinin was either not influenced or 
was somewhat reduced in the presence of TAA. Benzyl- 
adenine movement was very definitely stimulated by 
auxin in Avena coleoptiles, however, in each of the four 
experiments performed with this plant part. 

Although Osborne and Black reported that the material 
they recovered in receiver blocks was unchanged benzyl- 
adenine as judged by electrophoresis, the possibility 
occurred to us that the discrepancy between our results 
and theirs might be due to the non-polar transport of a 
metabolite which would obscure the transport of the kinin. 
Accordingly, this point was checked by chromatographing 
a portion of the material eluted from each receiver block 
together with unlabelled benzyladenine in the same spot 
in one to three solvent systems. Radioactivity was estim- 
ated by scanning with a paper chromatogram strip counter 
and. also by the liquid scintillation counting technique of 
Wang and Jones’. 

The results show quite clearly that in every instance 
materials other than benzyladenime labelled with carbon-14 
were present in receiver blocks. The metabolism of benzyl- 
adenine was in fact quite extensive in some tissues; as 
much as 40 per cent of the total radioactivity in the 
receiver block which had been in contact with Avena 
coleoptiles, for example, was non-comcidental on paper 
chromatograms with benzyladenine even though the radio- 
active material which had been supplied in the donor block 
was chromatographically homogenous in the same solvent 
systems with the exception of a minor contaminant 
amounting to about 0-6 per cent of the total (Fig. 1). 
Sunilarly, the chromatographic distribution of radio- 
activity eluted from the plant segments indicated that 
much of the benzyladenine had been degraded (less than 
50 per cent of the radioactivity eluted from Avena coleop- 
tiles chromatographed as benzyladenine). 


Table 1. BENZYLADENINE TRANSPORT IN Four PLANT TISSUES 
C p.m. supplied Recovery of — after 


TAA Direchion c. p.m.} 


cono. oO benzyladenine- Donor Plant Receiver 
(mgfl.) transport benzyl- * blocks t segments blocks 
Bean petioles 
0 Basipetal 92,6380 10,040 8,880 201 
0 Acropetal 22,680 7,680 7,840 305 
20% Basipetal 23,200 8,920 8,360 86 
20 Acropetal 23,200 9,440 6,960 92 
Oat coleoptiles 
0 Basipetal 11,200 5,160 4,480 664 
9 Acropetal 11,200 4,440 4,500 640 
2-0 Basipetal 9,420 4,180 4,440 1,044 
20 Acropetal 9,420 3,800 4,720 1,020 
Pea epicotyls 
0 Basipetal 11,200 5,920 2,440 352 
0 Acropetal 11,200 6,160 2,860 804 
20 Basipetal 9,420 5,640 2,280 260 
20 Acropetal 9,420 6,520 2,440 276 
Coleus petioles 
0 Basipetal 11,200 7,680 4,360 105 
0 Acropetal 11,200 7,080 4,840 130 
20 Basipeta! 12,100 8,120 3,920 111 
20 Acropetal 12,100 7,840 4,600 76 
t 


For the experiments shown here benzyladenine was supplied at 50 mg/! 
for the bean transport study and 25 mg/l. for the others See text for further 
discussion of this point. 

t Each treatment consisted of 10 replications. 
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benz yladenine 


— 


Radioactivity (per cent of total) 





Fig. 1. Distribution af radioactivity in donor and receiver blocks after 
transport ın Avena coleoptile sections Blocks were eluted in 2 mi. 95 
per cent ethanol and the eluate chromatographed ın. ¢-butanol, glacial 
acetic acid, and water (8 ‘1:1 v/v). Each point represents the centre of æ 
stnp of the chromatogram which was cut out and counted by the liquid 
scintillation technique of Wang and Jones*. A minor contamunant (0'6 
per cent of the total radinactivity) appeared at the base-line on chromato- 
graphs of material eluted from both donor and recerver blocks, but 1s not 
graphed here. x, Donor blocks, ©, receiver blocks 


An important point, however, is that no differences were 
detected between the material transported basipetally 
and that which was moved acropetally in the same plant. 
Thus, in bean petioles about 70 per cent of the carbon-14 
recovered from receiver blocks applied to the physio- 
logical base chromatographed as benzyladenine, and the 
same was true of that recovered from receiver blocks 
applied to the physiological tip. Our results, therefore, 
do not support tha conclusions of Osborne and Black 
either with respect to polarity of the transport or to the 
nature of the material transported. We are unable to 
account for this difference in observations except_t 
suggest the possibility that the cultivar of Phaseolus 
used in their work differs from the plant material we 
investigated with respect to benzyladenine transport. 
In any event, polar transport of kinins seems not to be a 
universal phenomenon in plants. 

J. EUGENE Fox 
JERRY S. Weis* 
Department of Botany, 
University of Kansas, 
Lawrence. 

a Proson address: Daparsment of Biology, University of Minnesota, 
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We have corresponded with Fox and Weis concerning 
the non-polarity of benzyladenine (BA) movement in 
their experiments with segments excised from various 
plant organs, including petioles of Phaseolus vulgaris, in 
which Osborne and Black! reported polar transport of 
BA. The methods used in the two laboratories appear 
to agree closely exnept for the assay procedures, which 
ought not to affect the results obtained. However, Fox 
and Weis (preceding communication) used a different 
variety of P. vulgaris, and their BA-“C was labelled in a 
different position. The original experiments of Osborne 
and Black, fuller details of which are now in the press’, 
were carried out with an adenine-labelled sample of BA 
(benzyladenine-8-4C). We have now repeated the earlier 
experiments using the same methods! but with another 
sample of BA-C, this time labelled in the benzyl group 
(benzyladenine-methylene-“C, specific activity 1-24 me./ 
mM), again kindly supplied by Dr. J. van Overbeek, of 


680. 


Table 1. TRANSPORT OF BENZYL-LABELLED BENZYLADENINE (BA~-"Q), 
ALONE AND IN COMBINATION WITH INDOLYL-3-AGETIO AOID (LAA), THROUGH 
PETIOLE SEGMENTS OF Phaseolus vulgaris AND Xanthium pennsyloanicum 


Initial radio- Final radioactivity 

Species Direction activity in (e p. . 
and O donor blocks Donor Receiver 
treatment transport (e m.p). blocks blocks 
Phaseolus vulgaris 

BA-*0 alone Basipetal 9,492 4,522 383 
Acropetal 4,820 124 
Ba-“C plus IAA SBasipetal 9,304 4,184 814 
Acropetal 4,579 189 
Xanthium pennsylvanicum . 
BA-*C alone Basipstal 9,492 — 3 
Acropetal — 7 
BA-"CÇ plus IAA Basipetal 9,304 — 18 
Acropetal — 10 


Segments 5-4 mm long. Initial concentrations in donor blocks. BA-¥O, 
43 mg/l. ITAA,2 mg/l. 16 segments per treatment. Transport 21h at 25° C. 


Table 2, TRANSPORT OF BENZYL-LABELLED BENZYLADENINE (BA-**C) 
THROUGH GREEN AND ETIOLATED EPICOTYL SEGMENTS OF Pisum salivum 
VAR. ‘ALASKA’ 

Direction Final radioactivity (¢.p.m.) 
Tissue of transport Donor blocks Receiver blocks 
Green Basipetal 4,614 4,484 26 23 
Acropetal 5,297 4,166 12 12 
Etiolated Basipetal 5,696 5,474 34 38 
Acropetal 5,681 5,631 8 14 


Segments 5:4 mm long. Initial concentration in donors: 35 mg/i. Initial 


radioactivity in donors: 7,876 cp.m. Transport 24 h at 25° ©. Dupli- 
cate treatments, 16 segments cach. 
the Shell Development Co., Modesto, California. We 


have also extended the experiments to other species, 
including the variety of Pisum sativum used by Fox and 
Weis. 

Table 1 shows that the results obtained with segments 
from. 2-3 em long petioles from the primary leaves of 
Phaseolus vulgaris var. Canadian Wonder (as used by 
Osborne and Black) resembled those reported earlier? in 
that basipetal movement of BA-'*C much exceeded acro- 
petal movement. As before, basipetal transport of BA-44C 
was enhanced when indolyl-3-acetic acid (TAA) was sup- 
plied with the BA-'‘C in the donor agar blocks. 

In experiments with young vegetative plants of Xanth- 
ium pennsylvanicum raised in the greenhouse, the segments 
were cut from the petiole, 2 cm long, of the third leaf 
from the apex. Compared with Phaseolus, very little 
radioactivity was transported into the receiver blocks, 
whether or not [AA was supplied in the donors, and there 
was no clear evidence of polarity of movement. BA is 
readily metabolized in Xanthium leaf tissue’ and it ıs 
possible that substantially all the BA entering the cells is 
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immobilized or metabolized so that the relatively low 
radioactivity in receiver blocks represents BA or break- 
down. products of BA moving in a non-polar diffusion - 
pathway in the free space of the segment. 

We have also investigated the polarity of transport of 
our benzyl-labelled sample of BA-#*C in segments of 
epicotyl from the third internode of both dark- and light- 
grown seedlings of Pisum sativum var. Alaska. The 
segments were cut from just below the crook in 6-day-old 
etiolated plants raised in darkness with occasional red 


‘light, and from just below the apical bud m 8-day-old 


plants raised in a greenhouse. The results of one of these 
experiments are set down in Table 2, and it is clear that 
more radioactivity is transported into receiver blocks in 
the basipetal direction than in the acropetal direction, 
and that this polarity occurs in both green and etiolated 
tissue. 
Evidently segments of different plant tissues differ 
in their ability to transport BA and this may well be - 
related to the readiness with which they metabolize BA. 
Nevertheless, we are satisfied that polar transport of BA 
is notan isolated phenomenon associated with either the 
adenine-labelled sample of BA-}4C or the strain of Phaseo- 
lus vulgaris var. ‘Canadian Wonder’ used in our previous 
experiments, for polarity of transport has now been 
demonstrated with a benzyl-labelled sample of BA-“C in 
Phaseolus plants grown from the same batch of seed, as 
well as in both etiolated and green segments of Pisum 
sativum var. ‘Alaska’. 
We are still unable to offer a satisfactory explanation 
for the absence of polarity of BA transport in Phaseolus 
or in Pisum in the preceding experiments of Fox and 
Weis, but since a knowledge of the movement of hormones 
within plant tissues is of fundamental importance to our 
understanding of their regulatory role in growth processes, 
we hope that other workers will be stimulated to investi- 
gate kinin transport in other plant systems. 
DAPHNE J. OSBORNE 
C. C. MoCrEapy 
Agricultural Research Council, 
Unit of Experimental Agronomy, 
Department of Agriculture, 
University of Oxford. 

i Osborne, D. J., and Black, M. K., Nature, 201, 97 (1964). 
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3 McCready, 0. C., New Phyt., 62, 3 (1963). 
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NUCLEAR POLYANIONS AS DE-REPRESSORS OF SYNTHESIS OF 
-= RIBONUCLEIC: ACID 
By Pror JOHN H. FRENSTER 


Laboratory of Cell Biology, Rockefeller Institute, New York 


P to 80 per cent of the DNA of interphase calf thymus 
lymphocytes is inactive as a template for synthesis 


of RNA}, such inactivity being due to a repression: 


mechanism which is itself sensitive to trypsin digestion?. 
Polycationic histone proteins extracted from lymphocyte 
nuclei are capable of repressing the template function of 
DNA in a variety of cell-free systems*—*, and such histones 
are sensitive to trypsin digestion”, These results suggest 
that histones may function as repressors of DNA template 
function within the cells of higher organisms®, but the 
mechanisms which overcome such histone repression during 
RNA. synthesis are as yet poorly understood’. 

Repressed chromatin and chromatin active in RNA 
synthesis can each be isolated from interphase calf 
thymus lymphocytes’. 
with RNA precursors before chromatin isolation? or 


Investigations utilizing labelling - 


before electron microscopic autoradiography?’ have each 
demonstrated that repressed chromatin occurs as con- 
densed masses of heterochromatin while active chromatin 
occurs as extended microfibrils of euchromatin®’. The 
extended microfibrils are ultrastructurally continuous 
with the condensed masses®?*, and up to 80 per cent of 
the DNA of these interphase lymphocytes can be recovered 
in the repressed chromatin fraction®. Furthermore, recent 
investigations of the preon gland in ducks disclose that- 
when testosterone is used to stimulate nuclear RNA 
synthesis, both labelled testosterone and newly synthes- 
ized RNA are localized within .the active chromatin 
fraction!!, 

When the DNA is isolated from the repressed and from 
the active chromatin fractions of calf thymus lymphocytes 
of the same animal?4, using the fractionation and analyti. 
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cal methods previously deseribed®3, no significant 
differences in either the average base composition or 
in the thermal hyperchromicity (Tm) of the DNAs 
from the two chromatin fractions are found (Fig. 1). 
By contrast, when the whole chromatin fractions are 
studied!’ without first isolating their DNA (Fig. 1), the 
Tm of DNA within active chromatin (81°) is significantly 
less than that of DNA within repressed chromatin (86°). 
Similarly, when kuman anti-DNA antibodies are used in 
an agar immunodiffusion study#*, the DNA within 
repressed chromatin is not reactive with the antibodies, 
while both the DNA within active chromatin and the 
DNAs isolated from either repressed or active chromatin 
are fully reactive:’. Histones are known to form electro- 
static complexes with DNA which result in increased 
stability of the DNA to thermal denaturation:1® and 
in reduced reactivity of the DNA to anti-DNA antibodies". 
Since repressed and active chromatin contains near-equal 
amounts of histones (Table 1), these data suggest that 
the DNA within estive chromatin is less firmly complexed 


by its histones than ıs the DNA within repressed chrom- 


atin’. 

When both the total histones and the lysine rich histones 
are extracted’® from active and repressed chromatin 
isolated from the same animal’, the total histone contents 
of the two chromatin fractions relative to the DNA 
contents are found to be not significantly different 
(Table 1), with Z0 per cent of the total histones within 
each chromatin fraction being of the lysine-rich variety. 
Electrophoresis af the total histones on cellulose poly- 
acetate reveals no significant differences in the banding 
patterns between the histones extracted from the two 
types of chromatin. Such constancy of both the types 
and the quantities of histones found within repressed 
and active chromatin is similar to the constancy of 
types and quantities of histones found previously within 
animal cells varying widely in their tissue of origin™, 
age??, rate of RNA. synthesis??, or neoplastic charac- 


Table 1. RELATION OF NUOLZAR CONSTITUENTS TO DNA WITHIN ISOLATED 
CHROMATIN FRACTIONS 
Active Repressed 
No. of chromatin chromatin Active/ 
animals (mg/100 mg (mg/100 mg repressed 
DNA) DNA) 
Total histones 90-7 + 7-7 10191 + 9-1 0-30 + 0-07 
— residual 4 1000 + 6-1 549 + 5-7 2-00 + 0:08 
proteins 
Total phospholipids 5 170 + 36 37 +13 4°93 + 126 
Tor —— 8 90 +47 18 £07 5:15 + 2°86 
ac 
Total phospho- 4 0-418 + 0 028 #117 +0019 374 + 056 
protein phosphorus 
Mean + S.E. 
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ter**»*4, and suggests that alteration of the types of 
quantities of histones does not account for the differences 
in RNA synthetic sctivity found between active and 
repressed chromatin’. 

By contrast, when the nuclear polyanion contents of 
active and repressed chromatin fractions prepared from 
the same animal’ ars determined relative to the DNA 
contents (Table 1), astive chromatin is found to contain 
a two-fold excess of total non-histone residual proteins 
remaining after extractions of histones**-?*, a five-fold 
excess of total RNA and of total phospholipids*®, and 
an almost four-fold excess of total phosphoprotein phos- 
phorus®*, Such nuc_ear phosphoproteins®*-** constitute 
up to 15 per cent of the non-histone residual proteins*®. 
Previous studies have suggested the importance of the 
non-histone residual proteins in the metabolism of 
chromatin?*~** and within certain neoplasms**, A parallel 
increase in both non-histone residual proteins and in RNA 
has recently been found in the soluble chromatin of active 
tissues in the chicken’, in the active puffs of polytene 
chromosomes*, and in the active loops of lampbrush 
chromosomes**, The presence of these nuclear polyanions 
in excess within activa chromatin suggests that they may 
play a part in antagcnizing the DNA-histone interaction 
within active chromazin’. 

When active and repressed chromatin fractions are 
isolated from the same animal’ and washed once in 0:25 M 
sucrose-0:010 M Mn, to avoid subsequent gelation, the 
synthesis of RNA can then be studied in the isolated 
state. In such experiments, the chromatin fractions 
contained both the RNA _ polymerase*®.3¢37 and the 
template DNA?2?:38.37 needed for such synthesis, and were 
suspended as equal cancentrations of either active chrom- 
atin or repressed chromatin (4-8 mg DNA/ml.) from the 
same animal in an incubation medium of the following 
composition: 01 M tris-hydroxymethylaminomethane 
HCl, pH 7-7, 0-006 M MgCl., 0:002 M MnCl, 0:04 MNaF, 
0:002 M GTP, CTP, snd either ATP or UTP, in an incuba- 
tion volume of 2-0 m_./flask, to which was added 0-5 uc. - 
uridine-2-4C-triphospnate (spec. act. 21-0 me./mM) or 
0:5 we. adenosine-8-4C-triphosphate (spec. act. 380-9 
me./mM). The flasks were shaken in air at 37° C for up to 
30 min, the reaction was stopped by the addition of 5-0 ml. 
of ice-cold 10 per cent trichloroacetic acid, and the DNA, 
RNA, protein, and incorporated radioactivity determ- 
ined as previously described!*. In such incubations of 
isolated chromatin fractions (Fig. 2), the extended active 
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Fig, 2. Incorporation af ATP-8-10 into RNA of isolated fractions 
of extended active chromatin and of condensed repressed chromatin 
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Table 2, EFFECT OF ADDED ENZYMES AND INHIBITORS ON ATP-8-4(Q. 
INCORPORATION INTO RNA OF ISOLATED CHROMATIN FRACTIONS 


Tsolated Isolated. 
active chroma un repressed chromatin 
fe.p.m j/mg DNA) {ce p.m /mg DNA) 

Contul 517+ 11 201417 

DNase 25 €+ 02 143 +07 

RNase 385+ 2l 191 + 0°6 

Actinomycin 301+ 01 1544403 

Puromyem 652 + 31 283 + O-4 

Trypsin 183-0 + 16-5 104 6 + 3-5 
Mean + S.E. 


chromatin fraction remained 3-8 times as active in RNA 
synthesis as compared to the condensed repressed chrom- 
atin fraction of the same animal, suggesting that the 
mechanisms controlling RNA synthesis within the intact 
nucleus have survived the isolation procedure, and are 
still functioning within these isolated chromatin fractions’. 
That the observed incorporation of UTP-2-4C or ATP- 
8-14C represents RNA synthesis is shown by the following 
experiments (Table 2): (a) the radioactive product of 
incorporation is insoluble in cold 5 per cent trichloroacetic 
acid, and 70-90 per cent of the incorporated radioactivity 
1s removed, on subsequent digestion with RNase; (b) the 
incorporation process is sensitive to small amounts 
(100 ug/mg DNA) of actinomycin D**, or to the addition 
(1-0 mg/ml.) of DNase or RNase, and requires the simul- 
taneous presence of all four ribonucleoside triphosphates. 
In these properties the RNA synthetic process is similar 
to that demonstrated earlier within other chromatin 
preparations isolated from animal tissues?®-*4. 

The addition of trypsin to incubations of intact nuclei 
results ın a selective removal of histones by the preferential 
hydrolysis of peptide bonds involving lysine and arginine, 
effecting marked increases in the rate of nuclear RNA 
synthesis’. Similar additions of trypsin (1-0 mg/ml.) to 
incubations of isolated chromatin fractions result in a 
marked increase in RNA synthesis within both isolated 
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active and repressed chromatin (Table 2), indicating that 
active chromatin is partially repressed by its constituent 
histones, and that both forms of chromatin can increase 
their rates of RNA synthesis following removal of their 
histones. When the synthetic polyanion polyethylene 
sulphonate is added to incubations of isolated active and 
repressed chromatin fractions of the same animal (Fig. 3), 
a marked increase in RNA synthesis occurs within each 
chromatin fraction, rivalling ın magnitude the merease in 
RNA synthesis produced by the removal of histones during 
trypsin digestion (Table 2). Polyethyleno sulphonate is a 
polyanion of high molecular weight and charge density*®, 
and lacks any of the modifying basic and/or hydrophobic 
side groups that characterize the naturally occurring 
nuclear polyanions (Table 1). 

The total RNA of both the nuclear and cytoplasmic 
fractions were each isolated from the calf thymus lympho- 
cytes of a single animal by the phenol extraction procedure 
using an aqueous phase consisting of 0-1 M tris HCl, pH. 
8-5*°, and collecting only that RNA which is precipitated 
from solution by 10 per cent sodium chloride and which 
is free of any contaminating DNA. A comparable prepara- 
tion of yeast RNA*! was obtained from the Worthington 
Biochemical Corp. The addition of thymus total nuclear 
RNA to incubations of active or repressed chromatin 
fractions of the same animal results in an increase in the 
synthetic activity within isolated repressed chromatin 
(Fig. 3), but has little effect on active chromatin, while 
the addition of yeast RNA actually decreases the synthetic 
activity of isolated active ‘chromatin (Fig. 3). When 
several of the major classes of nuclear polyanions which 
are found in excess within active chromatin are each tested 
by addition (1-0 mg nuclear polyanion/mg chromatin 
DNA) to incubation of isolated active or repressed chrom- 
atin (Table 3), little or no effect is observed on the rate 
of RNA synthesis within active chromatin, but RNA 
synthesis within repressed chromatin ıs significantly 
increased. In the case of added nuclear RNA, this increase 
raises the level of synthesis within repressed chromatin 
almost to the basal synthetic level of active chromatin 
(Table 3). Addition of isolated nuclear phosphoprotein’? 
similarly results in two-fold increases in the rate of RNA 
synthesis within isolated repressed chromatin. Nuclear 
RNA, non-histone residual proteins**, and phosphopro- 
teins?’ are all polyanions which are slightly modified by 
the presence of basic and/or hydrophobic side groups in 
their molecular structure. The water-soluble micelles of 
phospholipids which were tested (Table 3) also behave 
as modified polyanions*?, and polyanions have been 
demonstrated** in the soluble-nuclear fraction4* which was 
tested. By contrast, the addition of lyophilized poly- 
cationic histones!’ at concentrations of 1-0 mg histone/mg 
chromatin DNA decreases RNA. synthesis within each 
chromatin fraction (Table 3), decreasing the synthesis 
within active chromatin almost to the basal level of 
repressed chromatin. 


Table 3. EFFECT OF ADDED NUCLEAR CONSTITUENTS ON UTP-2-4C 
INCORPORATION INTO RNA -OF ISOLATED CHROMATIN FRACTIONS 


Tsolated Isolated 
active chromatin repressed chromatin 
(c.p m /mg DNA) (c p.m./mg DNA) 


Control 222-2 + 138 7862 * 4-4 

Total nuelear RNA 2419-5 + 85 185-2 +118 

Soluble protein fraction 2620+ 10 1217 + 0-3 

Non-histone residual proteins 2860+ 10 1184+ 7:2 

Phosphatidylcholine micelles 2655 + 95 93-6 + O-4 

Total histones 976+ 48 699+ 48 
Mean + S.E. 


When high molecular weight RNAs of various sources 
are compared by addition to incubations of isolated 
repressed and active chromatin (Fig. 4), it is seen that 
total nuclear RNA. is significantly more effective than 
total cytoplasmic RNA prepared from the same calf 
thymus lymphocytes in increasing the synthetic activity 


No 4985 May 15, 1965 


140 










Thymus nuclear RNA 


120 


100 Thymus cytoplasmic RNA 


E coli S-RNA 





— Yeast RNA 
Z 
A 80 
t 
E£ Thymus nucteor 
P rnbosomol RNA 
a 80 
o 
40 
20 
0 
0 2 4 6 8 10 12 14 
RNA added (mg) 
Fig 4. Effect of added RNAs isolated from varous sources on 


UTP-2-4C ineorporation into RNA of isolated repressed chromatim 


within isolated repressed chromatin. The RNA extracted 
from thymus nuclear ribosomes*! is less effective in this 
regard (Fig. 4), as is E. coli Ss-RNA stripped of its amino- 
acids*® or high-molecular-weight yeast RNA*!. 

These comparative RNA. experiments suggest that 
total nuclear RNA of calf thymus lymphocytes contains a 
species of RNA that is particularly effective in increasing 
the synthetic activity within 1solated-repressed chromatin. 
Since the phosphate content and hence the polyanionic 
character of all RNAs is generally uniform, such metabolic 
effectiveness may reside in the secondary structure or in 
the base sequence structure of this nuclear RNA species, 
which could enable it to hybridize with complementary 
sequences in specific portions of the repressed DNA 
genome**, providing a mechanism for high specificity in 
such de-repression of RNA synthesis. The effectiveness 
of other nuclear polyanions as de-repressors of RNA syn- 
thesis (Table 3) may be less specific for particular portions 
of the DNA genome, and may be related to their 
interaction with steroid hormones?’ or polycyclic carcino- 
gons*®,48, 

I thank Drs. A. E. Mirsky, V. G. Allfrey, H. G. Rose, 
M. L. Green, E. M. Tan, T. A. Langan and R. Faulkner 
for their advice. 
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Public Health Service. 


NATURE 


683 


’ Allfrey, V. G., and Mirsky, A. E., Proc. U.S. Nat. Acad. Sci., 48, 1590 (1962), 

“Allfrey, V. G., Littau, F. ©., and Mirsky, A. E., Proc. U.S. Nat. Acad. Ser, 
49, 414 (1963). 

* Frenster, J, H., Allfrey; V. G., and Mirsky, A. E., Biochim. Biophys. Acta, 
47, 180 (1961). 

‘Allfrey, V. G., in Biological Structure and Function, edit. by Goodwin, T W., 
and Lindberg, O., 1, 261 (Academic Press, New York, 1961). 

* Huang, R. C., and Bonner, J., Proc. U.S. Nat. Acad. Sci., 48, 1216 (1962). 


" Allfrey, V. G, and Mirsky, A. E., m Synthesis and Structure of Macro- 
molecules; Cold Spring Harbor Symp. Quant. Biol., 28, 247 (1963). 

* Frenster, J. H, J Cell Riol., 28, 32A (1964) 

*Frenster, J. H., Allfrey, V, G., and Mirsky, A. E.. Proc U.S. Nat. Acad. 
Sci., B0, 1026 (1963) 

? Littau, V. G, Allfrey, V. G., Frenster, J. H., and Mirsky, A. E., Pioc. 
U.S. Nat. Acad. Sei., 52, 93 (1964). 

1 Frenster, J. H., Nature, 206, 1341 (1985). 

11 Loeb, P, M., and Wilson, J. D., Chn Res , 18, 45 (1965). 

1: Marmur, J, J. Mol. Bial., 3, 208 (1961). 


1 Frenster, J. H, Allfrey, V G, and Mirsky, A. B., Proc. U.S. Nat. Acad. 
Sci , 46, 432 (1960). 


u Wyatt, G. R., and Cohen, S. S., Bechem J., 55, 774 (1958). 
18 Bonner, J., and Huang, R. C., J. Mel. Bol., 6, 169 (1963). 
1€ Kunkel, H. G , and Tan, E. M, Adv. Immunol., 4, 351 (1964). 
Tan, EH. M. (in the pressi. 


8 Allfrey, V. G , Faulkner, R., and Mirsky, A E., Proc. U.S, Nat, Acad. Sci , 
51, 786 (1964) 


7° Johns, E. W , and Butler, J. A. V., Biochem. J., 82, 15 (1962). 

*° Green, M. L. (an the press). 

2 Phillips, D. M. P., Prog. Biophys. and Biophys. Chem., 12, 211 (1962). 

“2 Dingman, O. W., and Sporn, M. B., J. Biol. Chem., 239, 3483 (1964). 

s3 —— D. J., Simpson, P., and Butler, J. A. V., Biochem J., 87, 200 
** Busch, H., and Steele, W. J., Adv. Cancer Res , 8, 41 (1964). 

3 Mirsky, A. E., and Ris, H., J. Gen. Physiol., 34, 475 (1951). > 

as Den M M., Allfrey, V. G., and Mirsky, A. E., J. Gen. Physiol., 38, 178 
a7 AT: G., Daly, M M, and Mirsky, A. E., J. Gen. Phystol., 38, 415 


*8 Allfrey, V, G., Mrsky, A. B , and Osawa, S , J. Gen. Physiol., 40, 451 (1957). 

2 Rose, H. G., and Frenstar, J. H., Biochim. Biophys. Acta (in the press). 

%3 Langan, T. A, and Lipaann, F., J. Biol. Chem. (in the press). 

z Johnson, R. M., and Albert, 5., J. Biol. Chem., 200, 335 (1953), 

32 Sperti, S., Lormi, M., Pha, L. å., and Moret, V., Biochim. Biophys. Acta, 
82, 476 (1964). 

33 Steele, W. J , and Busch, H., Cancer Res., 28, 1153 (1963), 

H Beermann, W., Amer. Zoologest, 3, 23 (1963). 

55 Gall, J. G., and Callan, E. G., Proc. U.S. Nat. Acad. Sei., 48, 602 (1962). 

3e Weiss, S B. Proc. U.S. Nat. Acad. Sci., 46, 1020 (1960), 

37 Chamberlin, M., and Berz, P., Proc. U.S. Nat. Acad. Sci., 48, 81 (1962). 

38 Reich, E., Franklin, R 3L, Shatkin, A. J., and Tatum, B. L, Proce. U.S. 
Nat. Acad. Sei., 48, 1238 (1962). 

as Alifrey, V. G., and Mirsky, A. E., Proc U.S Nat. Acad Sci , 44, 981 (1958). 

10 Brawerman, G., Biochim. Biophys. Acta, 76, 322 (1963). 

41 Crestfield, A M., Smith, K O., and Allen, F. W., J. Biol. Chem., 218, 
185 (1955). 

ae ae rrr M B., Katzutan, R., and Gregor, H P., J. Biol, Chem., 239, 

43 Patel, G., and Wang, T. Y., Hap. Cell Res., 34, 120 (1964). 

44 Stbatam, A., deKloet, S R., Allfrey, V. G., and Mirsky, A. E. Proc. U.S. 
Nat, Acad. Sei., 48, 4:71 (1.962). 

ts Tigsidres, A., Bourgeois, 3., and Gros, F., J. Mol. Bol., 7, 100 (1963). 

= — B. J., and Hoyer, B. H., Proc. U.S. Nat. Acad, Sei., 52, 915 

‘7 Talwar, G P., Segal, S. J., Evans, A., and Davidson, 0. W., Proe, U.S. 
Nat. Acad. Sei , 62, 1059 (1964). 

= mars A., and Gelbain, H. V., Proc. U.S. Nat. Acad. Sci, 52, 1219 

# Bakay, B., and Sorof, S Cancer Res., 24, 1814 (1964). 


REACTION OF N-CYCLOHEXYL, N’-6 (4-METHYLMORPHOLINIUM) 
ETHYL CARBODIIMIDE IODIDE WITH NUCLEIC ACIDS 
AND POLYNUCLEOTIDES 


By Dr GABRIELLA AUGUSTI-TOCCO* and Dr. G. L. BROWN 


Medical Research Council Biophysics Research Unit, Biophysics Department, King’s College, 
26 Drury Lane, London, W.C.2 


HE determination of nucleotide sequences in mole- 
cules of soluble, ribosomal and messenger RNAs is 
of considerable interest as interactions between these three 


* Present address* Laboratorio Internazionale di Genetica a Biofisica, 
Napies, Italy. 


types of RNA are beheved to determine the specificity of 
protem synthesis. One procedure for the determination 
of nucleotide sequences of an RNA is to digest separately 
the RNA with several different specific ribonucleases, 
separate’ the resulting oligonucleotide fragments by 
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chromatography and electrophoresis, determine the 
sequences of the fragments, and then attempt to deduce 
from. these sequences and from the known specificities of 
the ribonucleases the nucleotide sequence of the original 
RNA. molecules. 

There are, at present, two obstacles which theoretically 
restrict the use of this procedure to polynucleotides with 
chain lengths considerably shorter than those of most of 
the biologically interesting RNAs except sRNAs. The 
first is the lack of a sufficient number of purified RNases 
of different restricted nucleotide specificities to give 
enough sets of overlapping oligonucleotide fragments to 
reconstruct long sequences. The second obstacle is the 
apparent lack of a sufficient number of reference points 
in RNA chains, other than those of sRNA, from which 
to initiate the ordering of the oligonucleotide fragments. 
Attempts have been made to overcome the first obstacle 
by chemically modifying RNA. so that some of the inter- 
nucleotide bonds spht by a particular RNase are pro- 
tected in the modified RNA!. The second obstacle could 
be overcome if a limited but well-distributed number of 
regions in RNA. chains could be marked in some easily 
identifiable manner to provide reference points for the 
reconstruction procedures. 

It is now clearly established that soluble, ribosomal and 
many viral RNAs are single-stranded molecules with 
secondary structures consisting of a number of small 
hydrogen-bonded helical regions (containing more than 
half their constituent nucleotides) interspersed with 
non-hydrogen bonded randomly coiled regions. The 
specific interactions between the RNAs involved in pro- 
tein synthesis are, at present, generally assumed to be 
determined by transient hydrogen bonding between com- 
plementary sequence of nucleotides in some of the 
randomly coiled regions in the interacting molecules. ‘To 
test the correctness of this assumption it will be necessary 
to determine the sequence of nucleotides in these regions. 
This task would be simplified if a method were available 
for the specific labelling of some of the bases in non- 
hydrogen bonded regions. Oligonucleotides derived from 
these regions could then be identified in enzymatic and 
chemical digests and their nucleotide sequences determined 
after purification. These specifically labelled regions could 
also be used as a set of reference sites for the sequential 
analysis of the complete RNA molecules. Haselkorn and 
Doty‘, after previous work by Staehlin®, Frankel-Conrat*, 
and Zamenhof et al.’, found that formaldehyde appears 
to react with nucleic acids in two steps, a slow denatura- 
tion reaction and a faster reaction with the non-hydrogen 
bonded bases adenine, cytosine and guanine, and that, 
under suitable conditions, the extent of the reaction with 
a nucleic acid is a measure of the fraction of the nucleotides 
in the non-hydrogen bonded regions. Using formaldehyde 
labelled with carbon-14, Staehlin® has shown that these 
regions in the isolated RNA of tobacco mosaic virus can 
be preferentially radioactively labelled. However, the 
reactions of the bases with formaldehyde are, to a large 
extent, reversible, and most of the radioactive label is 
lost from 4C-formaldehyde-labelled RNAs during the 
degradation procedures used in nucleotide sequence 
analysis. „For the purposes already described here, 
reagents are required which not only react preferentially 
with bases in non-hydrogen bonded regions of nucleic 
acids like formaldehyde, but which also react irreversibly 
and can be readily prepared with a radioactive label. 

Gilham! has described the reactions of N-cyclohexyl, 
N’-8 (4-methylmorpholinium) ethyl carbodiimide p-toluene 
sulphonate with nucleotides and RNA, and has shown that 
it forms addition products with the bases of uridine-d’- 
phosphate and guanine-5’-phosphate and of the uridylic 
and guanylic acid residues in sRNA. He has also demon- 
strated that in the addition products formed by some 
oligonucleotides and sRNA with the reagent, the uridine- 
3’-phosphoryl bonds are protected from digestion by 
pancreatic ribonuclease. 
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We wish to present evidence that the reactions of a 
similar reagent, N-cyclohexyl, N’-8 (4-methylmorpho- 
linium) ethyl carbodiimide iodide (CMEC) with synthetic 
polynucleotides and nucleic acids show that it reacts 
preferentially with the bases of non-hydrogen bonded 
uridylic, thymidylic and guanylic acid residues In RNA 
and denatured DNA. 

CMEC labelled with carbon-14 in the 4-methyl group 
was prepared by reacting C-methyl iodide (obtained 
from the Radiochemical Centre, Amersham) with excess 
morpholino cyclohexylearbodiimide at room temperature 
for 15 h. The excess morpholino cyclohexylcarbodiimide 
was removed with ether. The product migrated as a 
single radioactive, ultra-violet-absorbing component on 
electrophoresis in 0-02 M phosphate buffer, pH 7-0 at 
3 kV for 30 min. Polyadenylhe and polyuridylic acids 
were obtained from the Sigma Chemical Co., yeast sRNA 
from the General Biochemicals Co. and calf thymus DNA 
from the Worthington Chemical Co. Polyguanylic acid 
was prepared by the method of Fresco and Ñuê. 

The reactions were carried out by rapidly dissolving 
the required amounts (4:0 or 8-0 mg/ml.) of solid reagent 
in solutions of the polynucleotides and nucleic acids in 
0-01 M sodium borate buffer adjusted to pH 8-0 and 
incubating at the desired temperature with gentle shaking. 
At suitable intervals, 0-5-ml. samples were withdrawn 
from the mixture, mixed successively with 20 ul. 5-0 M 
sodium chloride and 1:25 ml. of 95 per cent ethanol at 
— 20° © and left to stand at —20° C for 20 min. The 
resulting precipitates were filtered on to ‘Milhpore’ filters 
DA 0-65 and washed six times with 5 ml. 70 per cent 
ethanol plus 0-5 M magnesium acetate. After drying, the 
radioactivities of the samples were determined with a 
Nuclear Chicago gas-flow counter and the moles of reagent 
bound per mole of nucleotide calculated from the specific. 
radioactivity of the reagent and the amounts of poly- 
nucleotide or nucleic acid added to the reaction mixtures. 
This procedure was found to be valid for all the poly- 
nucleotides and nucleic acids examined except poly- 
uridylic acid, which gave reaction products soluble in 
ethanol~salt solutions. In this case, then, the following 
procedure was adopted. Samples from the reaction mix- 
tures were absorbed on to DEAE-cellulose columns, 
10 em x 1 em, equilibrated with 0-01 M triethylamine 
bicarbonate buffer, pH 8-6. After eluting the unreacted 
CMEC with 20 ml. 0-08 buffer, the modified polyuridylic 
acid was eluted with 2-0 M triethylamine bicarbonate. 
buffer. The molar ratios of reagent to nucleotide in the 
eluted samples were then calculated from the radio- 
activities of aliquots dried under an infra-red heater and 
from the contents of polyuridyhe acid. The latter were 
determined, after removing bound reagents from aliquots 
by hydrolysis at pH 10-5 for 15 h, followed by electro- 
phoresis on paper and then-measuring the absorbances of 
the polyuridylic acid, fractions at 260 mu. 

The reactions of CMEC with some synthetic poly- 
nucleotides as a function of time are shown in Fig. 1. In 
the case of polyuridylic acid, a maximum. of 68 per cent 
of the nucleotides react with CMEC with or without the 
presence of 0-01 M Mgt+. In the absence of Mgt* there 
appears to be a slow loss of the CMEC label with incuba- 
tion times greater than 5 h. In the presence of an eqúi- 
molar concentration of polyadenylic acid, the amount of 
CMEC bound to the polyuridylic acid falls to about 1 per 
cent of the amount bound in it sabsence. This effect is 
presumably due to the formation of poly A-poly U 
helical complexes®»*®, in which the uridylic acid residues 
are not available for reaction with CMEC. Polyguanylic 
acid does not react appreciably with CMEC, even in the 
presence of 6-0 M sodium perchlorate, during incubation 
for è period in which the reactions of guanylic acid and 
guanosine at corresponding concentrations are practically 
complete. Polyguanylic acid has been shown to exist in 
solution as a hydrogen-bonded multi-stranded complex! 
and the results obtained by us show that the guanylic 
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Fig. 1. Reactions of aoe polyribonucleotides with CMEC (8 mg/ 

ml ) in 001 M sodium borate —— pH 8:0, at 30° O as a function of 

time. A, Poly U (4 mg/ml.); A, poly U (4 — o Ol M MegCl.; 

LJ, poly U (4 ' mg/ml.) + pol A (equimolar); O, poly G (1 mg/mi,); 
©, poly G (1 mg/ml.)+60 M sodium perchlorate 


acid residues in this complex are not oe for reaction 
with CMEC. 

Fig. 2 shows the reactions of CMEC sith some nucleic 
acids as a function of time. The reaction with native 
calf thymus DNA is negligible, but with the same DNA, 
denatured by heating to 100° C and cooling rapidly, the 
reaction is extensive, about one-third of the nucleotides 
reacting with CMEC. 

With yeast sRNA in 0:01 M borate buffer, pH 8-0, 
approximately 10 per cent of the nucleotides react with 
CMEC within 1 h and only a further 2 per cent react on 
incubating for another 24 h. In the presence of 0:01 M 
Mg++, however, the fast initial reaction is restricted to 
about 4 per cent of the nucleotides followed by a slow 
loss of label on incubation for a further 24 h. 

These are not necessarily limiting values, however, as 
saturation of the reacting sites with the reagent was not 
attempted in these experiments. 

The reactions of CMEC with the synthetic polynucleo- 
tides and DNA indicate that under the conditions used 
here the reagent reacts comparatively rapidly with 
uridyle, guanylic and thymidylic acid residues in ran- 
domly coiled regions of polynucleotides but that when 
these residues are tightly bound in multichained helical 
regions they are not free to react with the reagent. 

The reactions of CMEC with sRNA, with or without 
Mg++, parallel the reactions of formaldehyde with sRNA 
as observed by Penniston and Doty??1% with differences 
due to the reactions of CMEC being restricted mainly to 
uridylic and guanylic acid residues. In 0-01 M sodium 
borate buffer, pH 8-0, and 0-01.M magnesium chloride, an 
average of 3 uridylic or guanylic acid residues per mole- 
cule react with CMEC at~30° C during the initial rapid 
reaction and this rises to between 7 and 8 residues per 
molecule in the absence of the magnesium chloride. 

From the evidence obtained from the reactions with 
DNA and the synthetic polynucleotides, the nucleotide 
residues in sRNA that react with CMEC are mainly in 
the randomly coiled regions of the molecule. These 
regions can therefore be labelled specifically, with CMEC. 
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This renders them both largely resistant to ribonucleases 
and identifiable in digests of sRNA made with specific 
RNases. The present hypothesis for the mechanism of 
protein synthesis!*:> assumes that there exists, In each 
sRNA, a non-hydrogen-bonded triplet with a comple- 
mentary sequence to the corresponding coding triplet of 
messenger RNA. This assumption might be tested 
experimentally using the reaction of CMEC with sRNA 
to determine the nazleotide sequences of the non-hydro- 
gen-bonded regions end comparing these with the specific 
coding triplets obtained by the method of Nirenberg". 
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Tıg. 2. Reactions of calf thymus DNA and yeast sRNA with CMEC ın 

0 01 M sodium borate buffer, pH 8 0, as a function of time @, Calf thy- 

mus DNA (2 mg/ml ) with 4 mg/ml. CMEC at 50° O; O, denatured calf 

thymus DNA (2 mg/ml.) with 4 mg/ml. CMEC at 50° C, A, yeast sRNA 

(4 mg/ml.) with 8 mg/ml. CMEC +0 01 M MgCl, at 30° O, A, yeast sRNA 
(4 mg/mL) with 8 mg/ml. CMEC at 30° C 


In the case of viral and ribosomal RNAs, the non- 
helical regions labelled with CMEC can be used as 
reference regions fram which the nucleotide sequences ın 
neighbouring regions can be deduced from an analysis of 
digest of fragments containing the labelled regions. 

We thank Dr. A. Y. Michelson and Dr. C. McClare for 
advice and help in preparing reagents, Dr. Struther 
Arnott for a gift of polyguanyhe acid, and Dr. D. Brown, 
Dr. Sheila Lee and Mr. D. McMullen for their advice. 
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DEOXYRIBONUCLEIC ACID CONTENT OF ANTIBODY-CONTAINING 
CELLS IN THE RAT LYMPH NODE 


By BRIGID M. BALFOUR 


Division of Immunology, National Institute for Medical Research, London, N.W.7 
Dr. E. H. COOPER* 
Medical Unit, St. Mary’s Hospital, London, W.2 
AND 


Dr. E. S. MEEK} 


Cancer Research Laboratory, Medical School, University of Bristol 


HE application of various techniques to the investiga- 
tion of antibody or y-globulin at the single-cell level 

has permitted the identification of the cell types which 
contain these proteins!-*. In more recent years these 
techniques have been combined with autoradiographic 
identification of cells in DNA synthesis, the cells having 
incorporated a specific precursor such as tritiated thymid- 
ine (@H-TdR) (refs. 4-7). This procedure has clearly 
demonstrated that there is a population of DNA. synthe- 
sizing cells that contain antibody. In an attempt to 
obtain more information about the proliferation and inter- 
relationships of these cells, analysis of their individual 
DNA contents has been combined with autoradiographic 
and immunofluoretic examination of the same cells. 

Briefly, the following technique was used. Rats were 
immunized with aluminium phosphate adsorbed diph- 
thera toxoid. 0-1 ml. (approx. 4L+) was injected into 
each hind footpad and this was followed by a second 
injection of 0-1 ml. one month later. Two days after the 
second injection the animals were injected with 1-0 uc./g 
body-weight *H-TdR intravenously; 45 min later, one 
popliteal node was removed and the second node removed 
when the animal was killed 5:5 h later. Preparations of 
dispersed lymph node cells were made using a centrifuga- 
tion technique designed to flatten the cells on microscope 
slides®§. After this, phase-contrast microphotographic 
maps were made of scans across the preparation and then 
the cells containing y-globulin or specific antibody were 
identified by the immunofluoretic reaction and the positive 
cells in the photographed area noted on the map. In some 
cases a permanent record of the fluorescent reaction was 
made by taking consecutive colour photographs across 
the mapped area. The slide was then stained by the 
Feulgen method and coated with autoradiographic emul- 
sion, exposed for 7~10 days and developed. All the 
3H-TdR-labelled cells in the area photographed were 
identified and their positions marked on the map. The 
grains were removed by treating the emulsion with a 
solution of 3 per cent potassium ferricyanide. The 
preparation was then transferred to an integrating micro- 
densitometer and the photographed area located again on 
the slide. The Feulgen absorbances of the specific 
antibody or y-globulin containing cells previously marked 
on the map were measured, as well as of a random sample 
of DNA synthesizing cells which did not contain y-globulin 
and small lymphocytes in the same area. Finally, in 
some experiments, the nuclear areas of the cells marked 
on the map were also measured. Using a Leitz projection 
microscope, the projected image of each cell nucleus was 
drawn on paper and its area estimated by — up and 
weighing the paper. 

*Supported by grants — the British Empire Cancer Campaign for 
Research and the Wellcome 
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The distribution of the DNA contents of the individual 
cells containing y-globulin is shown in Fig. 1. This prepara- 
tion was made 45 min after the injection of isotope. The 
bulk of the population were classical plasma cells with 
diploid (2c) DNA values, and these cells were never 
labelled with *H-TdR; 24 per cent of the total population 
were labelled and their DNA values were fairly evenly 
distributed between. the 2c and 4c modes; and 3-4 per cent 
of the cells had tetraploid DNA values but were not 
labelled. In the population of specific antibody containing 
cells, 28 per cent were in DNA synthesis and 3:6 per cent 
at G,. Kinetic studies have indicated that the G, period 
is brief (1-2 h) in these cells*, which would account for the 
relatively small G, compartment. In the diploid range, 
in addition to the classical plasma cells there were other 
types of y-globulin or specific antibody containing cells 
which were not labelled with ®H-TdR after 45 min. 
Some of these cells had large nucle: and were probably 
blast cells in the G, period. There was also a population 
of unlabelled intermediate cells the nuclear sizes of which 
lay between those of the classical plasma cells and the 
blast cells; these cells had a relatively high nucleocyto- 
plasmic ratio. 

It was found that the typical plasma cells had a 2c 
mode similar to that of the small lymphocytes, whereas 
the G, blast cells and the intermediate cells, the nuclei 
of which were less compact than those of the typical 
plasma, cells, had a modal value 8-10 per cent above the 
small lymphocyte 2c mode. In human and dog bone 
marrow the 2c mode for blasts is reported to be higher 
than the 20 mode for small lymphocytes®.*®, a phenomenon 
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which is thought to be related to the packing of the 
DNAS. 

An extensive survey of the Feulgen absorbances of the 
mature plasma cells did not produce any evidence to 
suggest that these cells have a progressive loss of DNA, 
although some of them had very small nuclei. The DNA 
contents of the cells which were labelled with *H-TdR 
after 45 min but which did not contain y-globulin were 
also determined and again these values were fairly 
evenly distributed between the 2c and 4c modes. 

None of the nuclei examined was found to have DNA 


` values well above the 4c mode, hence polyploid cells 


cannot be of common occurrence among the lymph node 
cells examined, and these cells included reticulum cells 
which have very large nuclei. Furthermore, no obvious 
correlation existed between the size of the nuclei and the 
DNA content of cells in DNA synthesis, whether or not 
they contained immunoglobulins. 
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Six hours after giving the *H-TdR, a part of the popula- 
tion of labelled cells would have completed DNA synthesis 
and divided, giving rise to labelled daughter cells. It was 
at this time that a population of labelled intermediate 
cells appeared in the diploid group. Hence it is reasonable 
to suppose that the ummediate post-divisional daughter 
cells of a blast cell containing y-globulin or specifie anti- 
body assume the form of the intermediate cell. A very 
small number of typical plasma cells was found to be 
labelled at this time, indicating that some post-divisional 
cells can reach this stage very rapidly. The nuclear areas 
of cells containing specific antibody, the DNA contents 
of which were in the diploid range, are shown in Fig. 2. 
This relates to a preparation which was made 6 h after 
the injection of isotope and includes a number of *H-TdR- 
labelled cells. 

An attempt was made to quantitate the y-globulin or 
specific antibody contents of the cells, as indicated by the 
intensity of fluorescence seen in the colour photographs. 
The dividing cells appeared to have less antibody or 
y-globulin than the mature plasma cells. However, a 
considerable variation in intensity of fluorescence was 
noted among the blast cells which was unrelated to their 
DNA content. The more intense fluorescence seen in 
typical plasma cells is of interest as there is evidence to 
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suggest that the rate of RNA and protein synthesis is 
relatively slow in mature plasma cells, as compared 
with the immature forms. This suggests that the greater 
intensity of fluorescence may be due to a rearrangement 
of the position of the antibody molecules in the cell or to 
storage of immunogicbulins in the mature plasma cells. 

In order to see whather there was a tendency for the- 
rate of DNA synthesis to alter as the cells progressed 
through the DNA synthetic period, the numbers of grains 
over the nuclei of y-globulin and non-y-globulin containing 
cells (in nodes biopsied at 45 min) were compared with the 
DNA contents of the:same nuclei. There was no evidence 
of any consistent change in the ratio of grains to DNA 
content (and therefarain the rate of DNA synthesis) in 
either of these cell types as they moved through the S 
period. At all values of DNA content, there was a wide 
scatter in the corresponding grain counts. Similar 
results have been obtained in a study of lymphoid cells 
synthesizing DNA in vitro’. The experiment described 
here adds further support to the concept that there is 
considerable variation in the kinetics of DNA replication 
from cell to cell. 

The antigenic stimulation caused a marked increase 
in the proliferation o? lymph node cells containing non- 
specific y-globulin. Small cells of the intermediate type 
were more commonly found in the group of DNA synthe- 
sizing cells which cortained non-specific y-globulin than 
in the more restricted group of cells which contained 
specific antibody. All the other parameters of morphology 
and cell kinetics examined were comparable for the two 
groups of cells. 

The results of our experiment indicated that the DNA 
values of DNA-synthesizing cells containing immuno- 
globulins were fairly randomly distributed between the 
2c and 4c modes and this was also true of the parallel 
group of cells which did not contain immunoglobulins. 
There was no obviaus correlation between nuclear size 
and DNA content or between rate of DNA synthesis and 
DNA content of the cells in either of these groups. 

The majority of tha cells containing immunoglobulins 
were not synthesizing DNA and their DNA values were 
nearly all in the diplo:d range, though a small percentage 
had tetraploid nucler and were probably in the G, phase. 
The mature plasma calls had a 2c modal value identical 
with the 2c mode far small lymphocytes and there was 
no evidence of a progressive loss of DNA in this type of 
cell. The blast-like and intermediate cells, the nuclei 
of which were less compact than the mature plasma cell 
nuclei, had a modal value about 10 per cent higher. 

In preparations made 6 h after the injection of isotope 
there was a considerable increase in the number of 
%H-TdR labelled cells containing immunoglobulins, the 
DNA values of whick were in the diploid range. The 
modal value of these cells was about 10 per cent higher 
than the modal value of the unlabelled group of diploid 
cells and the majority of these labelled cells were of the 
intermediate type. Therefore it seems probable that this 
type of cell represents the immediate post-divisional 
form of the blast cell containing immunoglobulins. 

No evidence of polyploidy was found in any of the 
different types of lymph node cells examined. 
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- INHIBITION OF SHOPE FIBROMA VIRUS WITH N-HYDROXYURETHANE 
AND RELATED COMPOUNDS 
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AND 


Pror. E. BOYLAND and Dr. R. NERY 
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HOPE fibroma virus, a member of the pox group, 
when injected into domestic rabbits causes benign 
skin tumours which eventually regress spontaneously. It 
also exerts a cytopathic effect in rabbit kidney cells 
cultured in vitro. Virus titrations in both these systems 
were used to obtain information on the influence of 
chemical carcinogens on viral activity. 

Virus. The OA strain of Shope fibroma virus was 
obtained from Dr. D. M. Chaproniére, National Institute 
for Medical Research, Mill Hall, London. 

Cell cultures. Primary trypsinized kidney cells from 
15-30-day-old rabbits (Oryctolagus sp.) were grown on 
media consisting of Hanks’s balanced salt solution with 
calcium chloride (4x 10-? M), lactalbumin hydrolysate 
. (0-5 per cent), calf serum. (12 per cent), L-arginine hydro- 
chloride (10-* M) and glycine (10-4 M). The cells were 
grown in Leighton tubes, each of which was seeded 
with 1:5 x 105 cells and inoculated eight days later with 
0-15 ml. of an appropriate dilution of virus suspension. 

Titration of virus n cell cultures. At 35° C, the virus 
induced a cytopathic effect with easily recognizable round- 
ing and necrosis. At least four tubes were inoculated with 
each ten-fold dilution of virus and microscopic readings 
made after 7 days. At the highest concentrations of virus, 
there was generalized destruction of the cell sheet with 
detachment of large numbers of cells. At lower concentra- 
tions, discrete foci of rounded and necrotic cells occurred. 
End-points were calculated by Karber’s method from the 
highest dilution causing the appearances of such foci and 
are expressed as 50 per cent tissue culture infectious doses 
(TCID;.). In a series of seven replicate titrations, the 
maximum, variation was 0°5 logy. . 

Titration of virus in rabbits. Intracutaneous inoculations 
of serial ten-fold dilution of virus in 0-15 ml. amounts 
were made in duplicate on both shaved flanks of adult 
domestic rabbits. The resulting lesions were measured 
9 and 16 days after inoculation. The highest dilution 
causing & lesion was taken as the end-point. In a series of 
four replicate titrations the maximum variation m titre 
was 1-0 logo- 

Chemicals. ydroxylamine hydrochloride, semicarba- 
zide hydrochloride, thiosemicarbazide and urethane were 
obtained from British Drug Houses Ltd. Hydroxyurea 
was a gift from the Cancer Chemotherapy National 
Service, Bethesda. Dihydroxyurea was synthesized as 
described by Boyland and Nery? and the other hydroxamic 
acid derivatives as described by Boyland and Nery? or by 
standard methods. 

Urethane. Urethane (10-2 M) did not demonstrably 
affect the virus when left in contact with it for 4h at room 
temperature or when introduced into cell cultures simul- 
taneously infected with the virus. 

In rabbits, urethane given intramuscularly in doses of 
1 g/kg 6h before inoculation of the virus, 0-5 g/kg at the 
same time as the virus, and 0-5 g/kg 24 h later, did not 
cause & significant inhibition of the lesions due to virus. 

N-Hydroxyurethane. Solutions (10~? M) were mixed with 
300 TCID,;, of virus and kept for 4h at room tempera- 
ture -or at 37° C. After centrifugation at 72,000g the 
resuspended sediments were inoculated into cell cultures. 
Their infective titres were the same as those of control 
suspensions. 


N-Hydroxyurethane (10-2 M to 4x 10-4 M), added to 
cell cultures inoculated simultaneously with 300 T'CLID,, of 
virus, prevented the cytopathic effect normally induced 
by this dose of virus after 7 days. Only after two further 
passages in rabbit kidney cells was a small amount of 
virus recovered from infected cultures treated in this way. 
No tumour growth was observed when rabbits were 
inoculated with high speed centrifugates of virus-infected 
cell cultures that had been treated with N-hydroxy- 
urethane. 

N-Hydroxyurethane (2x10 M) partially mbhibited 
virus growth in cell cultures, but 2:5x10-' M solutions 
did not (Table 1). The effect was exerted even when 
N-hydroxyurethane was added to the cell cultures several 
hours after virus had been inoculated (Table 2). 

Rabbit kidney cells were left in contact with N-hydroxy- 
urethane for periods up to 24 h, washed to remove the 
compound and immediately inoculated with virus. No 
inhibition of virus growth was observed. 

N-Hydroxyurethane injected into rabbits in two doses 
of 300 mg/kg 6 h before and at the time of the inoculation 
of virus caused some reduction in size of the skin tumours 
(Table 3). After nine months observation, no malignant 
tumours were observed in these rabbits at the sites of 
virus or carcinogen injection. 

Other compounds. In the light of the antiviral activity 
of N-hydroxyurethane, 19 related compounds were tested 
in rabbit kidney cells (Table 4). Of these only the closely 
related hydroxylamine derivatives, methyl-, n-propyl., 
n-butyl-, n-pentyl- and n-hexyl, N-bydroxycarbamates, 
hydroxyurea and dihydroxyurea were active. 

Urethane, which is carcinogenic and has been used in 
the treatment of leukaemia and some forms of cancer, is 
metabolized by mammals to. N-hydroxyurethane*. It is 
probably this metabolite that induces the radiomimetic 


Table 1. INHIBITION OF THE GROWTH OF SHOPE FIBROMA VIRUS IN RABBIT 
CELL CULTURES BY N-HYDROXYURETHANE 


N-Hydroxyurethane 
M A 10* Virus pie (logro) 
2 05 
0-5 2:6 
0°25 2-25 
0 2-5 


Table 2. INHIBITORY EFFECT OF N-HYDROXYURETHANE (10-7 M) ADDED 
To RABBIT CELL CULTURES AT VARIOUS TIMES AFTER INFECTION WITH SHOPE 
FIBROMA VIRUS 


Time hydroxyurethane added 


after virus infection (h) Virus titre Gogy,) 

5 0 
6 0 
7 0 
8 0 
24 0 

30 0°75 

54 1:50 

Infected controls without 2-50 


V-hydroxyurethane 


Table 3. EFFECT OF TREATMENT WITH NV~HYDROXYURETHANE ON LESIONS 
INDUCED BY SHOPE FIBROMA VIRUS IN RABBITS 


- Diameter of lesion (em) * 
Dilution At 9 days ays 
of virus Treated Control Treated Control 
10° 15 17 1-90 1-3 
190 1-2 14 07 10 
10-3 10 1-0 05 0°8 
10- 05 0-8 01 0'4 
10-4 0-1 08 Nil 0-1 


* Mean of 4 readings (duplicate titrations in each of 2 rabbits). 










FECT OF DIFFERENT COMPOUNDS ON RABBIT CELL CULTURES 
WITH SHOPE FIBROMA. v1 TRUS 


Í Concentration (M x 10°) 
Toxic Complete Partial No 
Compound ta protec- protec- protec- 
celis tion tion tion 


» Ethyl-2 N-hydroxycarbamate 


z (N-hydroxyurethane) 1,000 4 2 
- 2. Methyl-N-hydroxyearbamate 500 10 2 
3. a-Propyl-N -hydroxy- 
carbamate ” 10 2 
. n-Butyl- — 
cearban 10 
5. n-Pentyen. hy droxy- 
carbamate 106 10 
B. —— l 
carbamate 20 10 
vo de Hydroxyures, 500. 10 
“8. Dihydroxyurea 100 10 
9. Oxalohydroxamic acid 200 — 10 
10: Malmohbydroxamic acid 10 1 
FL, Ghatarohydroxamic acid _ 106 10 
_ 1d, Succinohydrexamie acid 490 10 
3. Adipohydroxamic acid _ 506 10 
C A4. Formohydroxamic acid 1,000 100 10 
oooh. Aeetohydroxamic acid 500 100 
“16. Benzohydroxamie. acid 100 10 
“0 99) Aydroxylamine . 100 10 
Oo 78. Acetohydrazide ‘106 100 
- 3%. Semiearbazide hydrochloride 190 100 
20. Thiosemicarbazide 100 190 


effects, since it readily induces chromosome breaks in 

Ficia faba whereas urethane is inactive’, The effect of 

_ W-hydroxyurethane on Shope fibroma virus was examined 

-to test the possibility that it might inhibit interferon and 

80 increase the activity of the virus. In these experiments, 

however, N-hydroxyurethane appeared to inhibit tho 
virus, at least in cell cultures. 

While the work recorded here was procesding, De 
~ Maeyer and De Maeyer-Guignard® found that interferon 
production was inhibited by polycyclic aromatic hydro- 
carbons such as 3,4-benzopyrene and 7,12:dimethyl- 
benz[ajanthracene in cultures of rat cells infected with 
Sindbis virus. The same authors* later found that carcino- 
genic hydrocarbons inhibit growth of herpes and vaccinia 

virus, but not of Sindbis virus. 

The effects of chomical:compounds or other agents which 
interact with nucleic acids may be complex. They may 
either destroy or inhibit multiplications of: (a) the virus; 
(b) interferon; or (c) both virus and interferon. An active 

-substance might cause partial inactivation of a virus and 
of interferon so that each effect neutralized the other and 
no change could be observed. 

N-Hydroxyurethane, the first and most active com- 

pound tested, is the ethyl ester of carbonatohydroxamic 

; heid and the next most active compounds were the 
methyl, n-propyl, n-butyl, n-pentyl and n-hexyl esters. 
_. The esters may be more active than other compounds 
because their greater lipid solubility facilitates penetra- 
-- tion into the kidney cells. 












‘HE ADI [POS daana cell tumour was originally 
induced in a BALB/C- mouse by intraperitoneal 
jection of incomplete Freund’s adjuvant and heat- 
killed staphylococci! It has since been carried in the 
same strain of mouse by serial subcutaneous transplanta- 
m of tumour fragments. This tumour has morphological 
atures in common with human multiple myeloma, con- 
ting of plasma cells showing varying degrees of de- 
rentiation. The growth of the tumour is associated 
the appearance in the serum of an abnormal protein 
globulin) seen in cases of multiple myeloma. Although 
lesions are not seen with this particular plasma cell 





On the other hand, the other | 


CURE oF MICE BEARING ADVANCED PLASMA CELL TUMOURS WITH 
| _ ANILINE MUSTARD | 


By ‘Dr. M. E. WHISSON and Dr. T. A. CONNORS 


Chester Beatty Research Institute, Institute of-Canċer Research, Royal Cancer Hespial,. Fulham Road, London, S$. W. 3 


active compounds, ydroxyurea and paul hak be dines 
not esters, which suggests that the ester group is ni 
essential for activity. The active compounds are unlikely 
to act by liberating hydroxylamine because this sub: 
stance is inactive against the virus. 

The substances ars active only during viral replication; 
this may be due tos (1) the virus being sensitive only 
while actually mult: ‘plying within the mammalian cells; 
or (2) metabolism of the compounds by the kidney cells: 
to form some active product. Borenfreund, Krim and. 
Bendich’ suggested that the active intermediate is hypo- 
nitrous acid (HON=NOH), but this seems unlikely as: 
it would mean interaction of two molecules of the hydrox- 
amic acids. The concentration of the active molecules 
is low so that the possibility of pairs reacting together - 
cannot be great. The active molecule could well be some | 
labile form of hydroxamic acid, hydroxylamine or nitroxyl | 
radicals. 

The fact that this virus induces benign tumours in 
rabbits, and that some of the compounds are themselves 
carcinogenic, may eventually throw light on the relation- 
ship between chemical and viral carcinogenesis. 

The possibility that leukaemia in man has a viral = 4) 
aetiology indicates that effective therapy may require — 
the combined action of an antiviral: substance with a 
drug that corrects the blood abnormalities. For this reason 
the development of antiviral agents which could be used 
in.the treatment. of leukaemia and other forms of cancer 
is important. 

These investigations have revealed compounds which 
inhibit Shope fibrom virus in cell cultures, but the most 
active (N-hydroxyursthane) had only slight activity when 
tested in rabbits. This work is being pursued both in the 
hope of finding more effective compounds and of revealing 
their mode of action. 

This investigation has — supported by grants to 
the Chester Beatty Research Institute (Institute of Cancer 
Research: Royal Cancer Hospital) from the Medical 
Research Council and the British Empire Cancer Campaign 
for Research, and by the: U.S. Public Health Service 
research grant CA-@3188-08 from the National Cancer 
Institute. 
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tumour, it has recentky been — ated that animals 
with advanced tumours have metastases in the spleen’. 

In view of the similarities between this mouse tumour 
and human multiple myeloma, the plasma cell tumour has 
been developed as a screening test for anti-tumour agents 
to determine the value of this screen in predicting com- 
pounds of possible use in the clinical treatment of multiple 
myeloma”. The standard test consists of treating mice 
bearing the tumour ten days after transplantation. Ten 
days after treatment. she tumours are dissected out and 
weighed, and the weight of the tumours of the treated 
mice compared with the tumour weight of untreated 









690 
Table 1 
Aniline mustard Popi ne mustard 
(Dza 117 mg/kg) ( UD so 1,300 mg/kg) 

; Total drug Total drug 
Dose Tumour uptake by Dose Tumour uptake by 
(mg/kg) inhibition tumour* (mg/kg) inhibition tumour* 

40 100% Ls 750 30% 133 

10 30% — 250 0%, 51 

5 0% — 50 0% 12 


* uM drug per g dry wt. (x 10°), 


mice. Several dose-levels of the drug are used. The top 
dose is chosen so that all the mice are killed by drug 
toxicity, while the lowest dose is chosen to have little or 
no effect on the tumour. In this way, in the one experi- 
ment, both the LD,, and the dose (ID) to give 90 per 
cent tumour inhibition may be estimated. The thera- 
peutic index, which is a measure of the selectivity of 
action of the drug, is the ratio LDso/IDs (The ratio 


of the ID, to the previously reported MCD is approxi- 
mately 0-8-0-9.) 

So far, a large number of known anti-tumour agents 
have been tested on this screen and most have proved to 
have little or no effect on the growth of the tumour. 





Tumour wt, 
Body wt. 


Tumour wt. Rig 
Body wt, 


Day 0 Day 7 





Day 16 No tumour, scar only, Day 23 Body wt. 
Body wt. 196 g 
Fig. 1. Regression of a plasma cell tumour in a mouse treated with three daily doses of 


20 mg/kg aniline mustard 
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‘Melphalan’ and ‘Endoxan’ were two of the most active 
compounds, having therapeutic indices of 2-0 and 3-0, 
respectively, which is in good agreement with the use of 
these two compounds as agents of choice for the treatment 
of multiple myeloma. 

During the course of this study one compound, N,N -di-2- 
chloroethylaniline (aniline mustard: I), was surprisingly 
active, having a therapeutic index of 4. The high activity 
of this compound was in direct contrast to the ineffective- 
ness of N.N-di-2-chloroethyl-8-naphthylamine (naphthyl- 
amine mustard: IT). These two nitrogen mustards, related 
in chemical and physical properties, have previously been 
shown to have similar anti-tumour action against the 
Walker carcinoma in rats and the NK lymphoma in BALB) 
C- mice. This large difference in effectiveness against 


/S\N(CH,CH,Cl), N N(CH,CH,CI), 





(T) (I1) 


the plasma cell tumour was not related to uptake of drug 
by the tumour, as studies using tritium- 
labelled derivatives of the two compounds 
have shown that $-naphthylamine mustard 
is taken up by the tumour to the same 
extent as aniline mustard‘. Equimolar doses 
of the two drugs (40 mg/kg aniline mustard 
and 50 mg/kg naphthylamine mustard) 
achieve approximately the same concen- 
tration in the tumour (Table 1). The highest 
dose of naphthylamine mustard that can 
be given, 750 mg/kg, has only a slight anti- 
tumour effect, yet its concentration within 
the tumour is at least eight times higher 
than can be obtained with the more toxic 
aniline mustard. 

When tested against mice with established 
plasma cell tumours, aniline mustard was 
found to be the only compound to cause 
complete regression of tumours 2-3 g in 
weight®. Mice bearing this tumour usually 
die when the tumour has attained a weight 
of 7-12 g. Treatment of mice bearing 
tumours weighing 7-10 g with aniline mus- 
tard can still give complete tumour regression 
in more than 90 per cent of cases. After 
complete regression of the tumour most of 
the mice live their normal life-span with no 
recurrence of the tumour. The abnormal 
globulin disappears from the serum and 
electrophoretograms of serum proteins return 
to a normal pattern. This cure contrasts 
with surgical treatment of animals in which 
early recurrence of the tumour always 
occurs*. Fig. 1 shows the regression of an 
8-g tumour in a mouse treated with three 
daily doses of 20 mg/kg of aniline mustard. 
There are few examples of the cure of animals 
bearing large transplanted tumours, and 
this cure of mice bearing the advanced 
plasma cell tumour is of particular interest, 
since this is a tumour which is generally 
insensitive to treatment with known anti- 
tumour agents. 

In order to determine which structural 
features of aniline mustard are essential 
for this anti-tumour action, a number of 
derivatives closely related to aniline mustard 
have been investigated. Table 2 shows the 
effect of these analogues in inhibiting the 10- 
day-old tumour, and Table 3 shows their 
effect on the established tumour. A striking 
difference is apparent between compounds 
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Table 3 
Mean tumour No. of tumour- 
Com- Dose No.of wt. ig) day of free mice at 
pound animals treatment 30 days 
A (a) 40 mg/ke single 9 30 8 
(b) 20 mg/kg x 3 4 4-8 4 
(¢) 10 mafke x 3 13 RR 6 
B 100 mg/kg single 15 73 7 
Cc 100 mg/kg single 4 47 0 
D 200 mg/kg single 4 43 9 
2 750 mg/ke single 4 0 
FP 10 mg/kg single 4 4-8 0 
GF (a) 60 mg/kg single 10 27 10 
ih) 20 mg/kg x 4 4 8-3 4 


* Right mice died within 5 days of treatment from drag toxicity. 


A and B, which are very active, and compounds C and D, 
which are quite inactive. p-Fluoro aniline mustard (D) is 
closely related in chemical reactivity to aniline mustard, 
-oyet it is almost completely inactive. The para-methy] de- 
-. vivative (C) was similarly inactive, yet the meta-methyl 
-derivative (B) was as active as the parent compound. It 
appears that the aniline mustard analogue must have a free 
‘para position to have comparable activity to aniline must- 
ard against the plasma cell tumour. N,N -diethylaniline has 
~ been shown to undergo para hydroxylation i in mamimalts®, 
~ Comparable hydrexvlation of aniline mustard would lead 
to formation of »-hydroxyaniline mustard (F). This 
compound had only slight: activi y against the plasma cell 

_ tumour, but it was remarkable in that it was very much 
< more toxic than any of the other mustards listed in Table 3. 
< Fhe high potency of p-hydroxyaniline mustard, together 
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with the fact that only: daiva of aniline mustarc 
unsubstituted in the para position can cause regression 01 
large tumours, has suggested a possible mechanism by 
which this cure is achieved. It is proposed that formation 
of the para hydroxy derivative within the tumour could 
explain this selective anti-tumour action, since such a 
conversion would lead to the formation, within the 
tumour, of a compound at least five times more cytotoxic | 
than the administered drug. p-Methoxyaniline mustard. 
(G) although having a para substituent, was active against 
the tumour. However, demethylation of this compound, . 
as is known to occur with anisoles such as mescaline’, 
would release p-hydroxyaniline mustard. | 

To explain the formation within the tumour of p- ` 
hydroxyaniline mustard three main possibilities may be 
considered: (a) The tumour converts aniline mustard to - 
the p-hydroxy derivative to a greater extent than liver. — 
(b) The tumour p-hydroxylates aniline mustard in no 
greater amount than the liver, but it fails to conjugate 
the hydroxylated preduct to glucuronic acid or sulphate. | 
Conjugation may be considered to be a de-toxification 
reaction, which, if it did not oceur in the tumour, would 
enable hydroxyaniline mustard to. exert its cytotoxic 
effect. (e) Hydroxylation only oceurs in the liver followed 
by conjugation to glucuronic acid {or sulphate). The 
glucuronide (or sulpkate) is taken up by the tumour 
where it may be converted to the eytotoxie p-hydroxy- 
derivative if the turnour has a high. glucuronidase (or 
sulphatase) level. Many tumours are known to have a 
high glucuronidase level, and in fact Fishman has pointed 
out that the use of glucuronides of cytotoxic drugs might 
well confer selectivity on anti-tumour agents®. 

These possibilities are under investigation at present. 
It is considered that. demonstration of the method of 
activation of aniline mustard will permit the rational 
design of still more selective agents. At the same time, 
assessment of the sukshatase or glucuronidase activity of 
biopsy specimens of human tumours. may indicate whether 
aniline mustard might be used with advantage in clinical 
chemotherapy. 

We thank Prof. F. Bergel for his advice, Mr. K. G. 
Moreman for the photographs and Mrs. B. Tan for her 
assistance. This work was supported by grants to the 
Chester Beatty Research Institute (Institute of Cancer 
Research: Royal Cancer Hospital) from the Medical 
Research Council and the British Empire Cancer Campaign 
for Research, and by Publie Health Service research 
grant CA-03188—08 from the National Cancer Institute, 
U.S. Public Health Service. One of us (M. E. W.) acknow- 
ledges the support of the Anti-Cancer Council of Victoria 
(Australia) and Mr. lL. B. Southward of New Zealand. 
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E have already reported the solubility of thorium 
7 carbide (IT) ¢4ThC,} in acids?. This report concerns 
the investigation of acid-leaching of ThC using acids, 
+h as hydrochloric, sulphuric and nitrie acids. 
he experiments desertbed here refer to the acid 
ing of ThC at room temperature and 100° C. 














Acid Leaching of ThC at Room Temperature 


The thorium monocarbide specimens were prepared by 
the reaction of thoriam oxide (total impurities, less 
than 100 p.p.m.) and natural graphite (ash content, less 
than 100 p.p.m.). 








J sisii 





ThE 95:04 S07 0-15 
Stoichiometric ThC, Th (%), D 08; total C eo + 92, 


Pellets of the mixture (0-63 em in diameter and approxi- 
mately 1-2 g in weight), in the ratio of one part of thorium 
oxide to 3-08 parts of carbon by weight, were pressed and 
shaped under about 6,000 kg/cm? in a briquetting machine. 

The pellets were then heated in a vacuum Tammann 
furnace at about 2,000° C for 1 h. The X-ray diffraction 
pattern of the specimen thus prepared showed neari 
a single-phase stoichiometric thorium monocarbide (5-35 i 
as lattice constant)? and chemical analysis also confirmed 
this result as shown in Table 1. 

_ The procedure of acid leaching was essentially the same 
as that described in the previous article on the acid leaching 
of The, (ref. 1). 
The experiments were conducted as follows: 
run about 1 g carbide pellet was placed in a beaker 
-eontaining about 30 ml. of acid solution. After the reac- 
tion had proceeded overnight, the solution was filtered. 
The residue in the beaker was washed with the filtrate 
-to avoid the variation of the solubility of residue. The 
> residue was ignited at 900° C for 3 h in air and weighed 
as thorium oxide. 

The filtrate was dried and redissolved in 1 N hydro- 
chloric acid, after which thorium was precipitated as 
thorium oxalate by adding 8 per cent oxalic acid solution 
in excess. After filtration, the precipitate was ignited 
at 900° C for 3 h in air, and was weighed as thorium oxide 
as in the case of the residue. The solubility of ThC was 
shown as the percentage of dissolved thorium to total 
thorium. 

Hydrochloric acid leaching of ThC. Putting the pellet of 
ThC in the solution of hydrochloric acid, it disintegrated 
spontaneously with the liberation of gas with acetylene- 
like smell. 


In each 
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Fig. 1. Dissolution of TRC in oe acid at room tempers atire 
(24 
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Fig. 2. Dissolution of ThC in: sulphuric acid at room — (24 h). 


Dashed line is the solubility: of THC, (ref. 1 
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Fig. 3. Dissolution of ThC in nitric acid at room ——— (24 h), 
Dashed line is the solubility of Tht, (ref, 1) 


Almost all the ThC was dissolved in this acid in the 
concentration range of 0-5-12 N as the case of ThC, (ref. 
1, Fig. 1). 

Sulphuric acid leaching of ThC. The dissolution behaviour 
of ThC is closely similar to that of ThC, (Fig. 2). When 
it was put in sulphuric acid in the concentration range of 
5-24 N, a bulky white product was formed with the libera- 
tion of gases. 

The white product was dissolved by adding water and 
X-ray examination identified it as Th(SO,),. ThC was 
dissolved almost completely in sulphuric acid in the 
concentration range of 0-5-4 N, but the solubility decreased 
markedly at higher concentrations in comparison with 
that of ThC,. It is clear that the solubility of Th is 
controlled by the dissolution of Th(SO,), in the sulphuric 
acid as described in the previous article’. 

The apparent discrepancy between the solubilities of 
ThC and The, at higher concentrations of sulphurie acid 
can be explained by the difference of Th content in the 
specimens (ThC specimen; 95-0 per cent and ThC, speci- 
men; 82-7 per cent as Th content), because the solubility 
in sulphuric acid is determined by the dissolution of 
Th(SO,)s. 

Nitric acid leaching of TRC. The behaviour of the dis- 
solution of ThC was considerably different from that of 
ThC,, although the dissolution behaviour of both thorium |. . 
compounds was complex. In this case, the solubility did =; 
not. vary with the volume of nitric acid solution. 

A curve on ThC leaching has a well-type shape, as shown 
in Fig. 3. About 80 per cent of ThC was decomposed =: 
at a concentration under 1 N, and. the dissolved Th ©... 
decreased sharply to 15-5 per cent at 2N — 

Only a small proportion of ThC was. leached with nitric os 
acid in the concentration range of 2-11 N, but the solubility _ 
increased rapidly again to 64-0 per cent at 12 N (Fig. 3). 
Liberation of gaseous hydrocarbons was not observed 
at a concentration above 2 N, and charcoal-grey material 
appeared in colloidal form at above 12 N with the libera- 
tion of NO, gas. ; 

In the case of Th, leaching, this charcoal- -grey material — 
was formed at a concentration above 4 N. The isolated - 
charcoal-grey material was easily burned out in 
oxygen, and the gas that was produced yielded a white 
precipitate by contacting with barium hydroxide solution. 
This white material, of very low solubility, might be 
barium carbonate. Furthermore, water was not detected 
on combustion of it. 

From the experimental results described here, this 
charcoal-grey material seemed to be colloidal carbon as- 
shown in the article on ThC, leaching’. In view of this, | 
the. leaching — may be written as: soles? i 










ThE + 4HNO, = TRONO»), + (CHa + Hy (<2 N) 
ThC + 4HNO, = ThO,(2H,0) + 4NO, + C) (19 x) 
ThO,(2H.O) + 4HNO, = Th(NO,), + 48.0) 








y diffraction patterns of the undissolved residue in 
oncentration range of 2-11 N showed only the lines 
the monocarbide. When this residue was treated with 
N HCI, a small quantity of an insoluble matter remained 
n solution. 
When experiments were carried out at 80° C for 7 h, 
.. the solubility of ThC, was 99 per cent at 8 N, and that 
of ThC was 12-9 per cent at 6 N. It may be deduced 
that a kind of passive state on the surface of ThC, perhaps 
a film of ThO,, is formed at room temperature. 


Acid Leaching of ThC at 100° C 

Experiments were undertaken at 100° C to see the effect 
of temperature. The acids used were 10 N and 24 N sulph- 
uric acid and 6 N nitric acid. 

The experimental results are shown in Table 2 with 
the results of ThC, (ref. 1) as reference. 

Sulphuric acid leaching of TRO at 100° C. Leaching was 
continued for 24 h at 100° C. The solubility of ThC at 
room temperature was 3-3 per cent for 10 N and 3-2 per 
cent for 24 N, whereas at 100° C it turned into 6-8 per cent 
and 3-5 per cent, respectively. 

The effect of temperature on dissolution of ThC is 
small, and this result indicated that the principal factor for 
sulphuric acid leaching is the concentration of this acid, 

» namely, the solubility of Th(SO,), in the solution. 


CHROMATOGRAPHY ON GLASS OF CONTROLLED PORE SIZE 
By Cr. WOLFGANG HALLER 


National Bureau of Standards, Washington, D.C, 


DVANCES in the biological. sciences have to a great 

extent been made possible through the development 

of a number of effective separation and characterization 
processes. Equipment such as the. ultracentrifuge and 
techniques involving diffusion, light-scattering and other 
phenomena utilizing size and shape criteria have been in 

use over many years. These techniques are ‘absolute’ in 

the sense that, except for calibration purposes, they do 
-not require. any auxiliary substances of dimensions 
similar to the one to be measured. However, gains in 
_ Capacity, resolution and simplicity of operation are often 
associated with the introduction -of such an auxiliary 
substance. Filtration, the use of an auxiliary solid with 
pores of comparable dimensions, is the oldest representa- 
tive of such a technique. More recently, porous auxiliary 
“substances have been utilized in chromatographic fashion 
~~ under such names as gel-filtration}, restricted diffusion 
= chromatography*, exclusion chromatography*, and others. 
The word chromatography, in the foregoing names, refers 
o the manipulative steps involved, rather than to the 
tive mechanism. Unlike. classical chromatography, 
relies. on. differences in. the interaction between 



















1 of AAEE 
the foregoing techniques, — porous — phase 
erally i in the form of a granular bed through which 
uant is forced either by gravity or pumping. The 
Osi -section of the bed depends on the desired capacity 
of the « Resolution of the column is a function of 
Jength. Since gel beds have a tendency to compact 
slowly under their own weight, it is customary to connect 
number of short columns in series if higher ‘resolution is 
desired. High flow resistance, an inherent disadvantage 
t column materials, dictates low flow rates and long 
tion periods. Various types. of automatic fraction 
tors are available and their use has made the tech- 
s more economical in spite of the long waiting times 
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EFFECT OF TEMPERATURE ON DISSOLUTION oF THC anp ‘THC, ; 


Table 2, 
ont Leaching temp. Leaching Disso. 
Specimens Acid (° 0) time (h) Th Ca) 
The, H,SO,, 12 N At 80° C 7 GL 
HNO8 N At 80C 7 99 
H,80,, 10 N At roo temp, 24 3-3 
f — At 100° C, 24 68 
ThC H-280. 24 N At room temp. 24 3-2 
At 100° © 24 oo 
HNO 6N At room temp. 24 527 
0° ¢ 7 12-0 
At 100° C 24 TPE 
At 100° € 48 95°35 | 


Nurie acid leaching of ThC at 100° C. Leaching times 
were 24 hand 48h. At 100° C, charcoal-grey material that 
appeared at a concentration above 12 N was formed in the 
solution of 6 N, but this charcoal-grey colour became grad- 
ually lighter with the passage of time. 

As a tentative explanation for this phenomenon, it 
might be considered that mellitic acid was formed as 
the result of reaction of the colloidal carbon with nitric 
acid. 

The dissolution rate of ThC in 6 N nitric acid was slow 
in comparison with that of ThC,. When leached for 24h, 
77-6 per cent of total thorium was dissolved in the solution, 
and the solubility resulted in 95-5 per cent for 48 h. 


i Sasaki, Y., Ichikawa, F., Emai, H., and Urono, S., Nature, 185, 267 (1962). 
* Kempter, ©. P., and Krikosian, N, H., J. Lese-Common Metals, 4, 244 (1962). 


required. Temperature-sensitive substances, or sub- 
stances which are sub;ect to microbial spoilage, generally 
cannot tolerate exposure to room temperature for many 
hours, and therefore low temperature operation is often — 
necessary. Column packings which have become spoiled 
either by microbial fouling. or adsorption have usually to == 
be discarded, since their organic nature does not permit 
the use of strongly oxidizing flushing agents. Similarly, 
organic gels suffer under heat sterilization, which has dis- 
couraged their use in the preparation of vaccines and 
immune sera. 

The aforementioned disadvantages of bed compaction 
are particularly pron@anced in gels with large pore size. 
This feature is inherest in the process of making porous 
materials by gelling, since gel-former concentration and 
the degree of cross-linkage control both the pore size and 
the mechanical properties... 

Considering the foregoing, it would. appear: very desir- · 
able if a column material of controllable pore size could > 
be produced by some other way than gelling. It would > 
further be of great — if the material was either. 
a very inert organic material or, still better, if it was 
inorganic in nature in order to tolerate strong cleaning — 
agents and sterilization. 

In view of the proved merits of glass as a container 
material, the thought of a siliceous porous column material 
is appealing. Two- types of silicious materials have pre- 
viously been used extensively as auxiliary phases in size 
separation processes, One is silica gel, the other ceramic 
filters obtained by partial fusion or sintering of oxide 
powders. Silica gels, unfortunately, fer under the same 
limitations of pore size and strength as organic gels. — 
Ceramic bodies are rigid and inert, but their pore size and 
pore.. distribution. depend on ‘initial: size fractionation, 
before sintering, of particles of about the same magnitude 
as the pore size desired. Thus the problem of particle size — 
and separation is not eliminated but merely transferred 
to the ceramist. The -owest pore size range of ceramic 
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bodies with fairly uniform pore size lies therefore around 
one u. The pore volume of such bodies is also rather 
low, which impedes their resolution when used as chroma- 
tographic column material. 

In a previous publication* I reported an examination 
of the re-arrangement process which occurs at elevated 
temperatures within the microphages of a segregated 
alkali borosilicate glass. The investigation revealed a 
diffusive growth of the diameters of the microhetero- 
geneous regions proportional to the square root of time 
governed by an apparent activation energy of 40 keal/mol. 
Knowledge of this kinetic law makes it possible to devise 
heat treatment schedules resulting in microheterogeneous 
glasses having certain desired microphase dimensions. 
The heterogeneous phases of the glass are completely 
continuous in nature and one of the phases can be isolated 
by a series of leaching and washing processes. The resulting 
material is a rigid high-silica glass with a network of 
interconnected pores of narrow pore size distribution. The 
column packings used in this present investigation were 
prepared in accordance with the method developed in 
that investigation*, Briefly, it consisted of an initial heat 
treatment of the bulk glass to develop microheterogeneous 
regions of desired size. This was followed by a crushing 
and screening procedure which resulted in a coarse non- 
porous glass powder having the external grain dimensions 
of the future column material. Finally, in a series of 
leaching steps, the soluble microphase within the grains 
was removed and the micropores were developed. 

In view of the close control of pore diameter possible 
over a wide range of sizes, this type of porous glass 
promises to be well suited for performing separation 
processes and for the determination of particle sizes. 
Although glass filtration membranes of various pore size 
were also made, it was decided to examine first the 
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Pore diameter (A) 
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(A) POROUS GLASS "17004" 
(8) POROUS GLASS "260A" 
(C) POROUS GLASS "170A" 
(D) CERAMIC BODY 
(E) CERAMIC BODY 


Pore intrusion volume (em’/g) 





10° 10° 1 10° 
Pressure (atm.) 


Fig. 2. Pore size distribution of three porous glasses and two ceramic 
bodies. Mercury intrusion pressure is related to pore size by equation 
given in ref. 5, based on a wetting angle of 135° 


chromatographie behaviour of the glass. This article 
reports such an investigation. 

For the purposes of this work a series of porous glasses 
were prepared. The glasses covered a range of 170 Å- 
1700 Å average pore diameter (measured by mercury 
intrusion). The free pore space of all the glasses was 
47-53 per cent independent of pore size. Pore space was 
measured by pyenometry in water and in mercury. Fig. 1 
shows a typical eleetronmicrograph of the pore system in 
the glass. Fig. 2 shows integral pore-size distribution 
curves of the glasses as determined by mercury intrusion 
technique based on a wetting angle of 135° (ref. 5). The 
average pore size of the glass was defined as the pore 
diameter which was penetrated when half of the total 
volume available for mercury became filled. Pore sizes 
were also determined by nitrogen adsorption and by 
statistical measurements on electron micrographs. Mercury 
intrusion averages are slightly lower than those found by 
the other methods, which is undoubtedly due to the fact 
that the advancing mercury stops at the narrowest 
sections of the pores. (Compare pores in Fig. 1 with 
960 A mercury-intrusion diameter.) Because mercury 
intrusion, similar to the chromatographic process, deals 
with the pores which are accessible from the surface of 
the grain, mercury intrusion values were given the 
preference in classifying the pore size of the glasses. It 
can be noted that the total pore space available to mercury 
is somewhat less than the 50 per cent determined by filling 
with water. For comparison, pore-size distribution curves 
of two ceramic bodies are also shown in Fig. 2. The 
much broader pore distribution can be seen. Ninety-five 
per cent of the pore space of the porous glasses lies within 
less than +20 per cent of their average pore size, while 
for the ceramic bodies (Æ) and (D) these figures are + 30 
and + 87 per cent. respectively. No comparison with 
cross-linked gels was possible by these methods, as the 
structure of the gels collapsed on drying. 

The columns which were used in this work consisted of 
50-em-long glass envelopes of 1 em internal diameter 
closed on both ends with coarse fritted glass disks. An 
aqueous suspension of the grains of the porous glass 
powder was used to fill the column. A grain size fraction 
of 50-100 mesh was chosen since such large grains (0-15— 
0-30 mm diam.) settle rapidly in water, which is con- 
venient in washing and filling procedures. The filled 
envelope was then vibrated in vertical position for approx- 
imately 0-5 h. The upper closure was then fitted on to 
the top of the column after the amount of glass powder 
was adjusted to fill the column completely between the 
two porous disks. Vibration-packed columns could be 
operated in either a vertical or a horizontal position since 
the bed showed no signs of shrinking or settling. The 


Mm, 









disk volume of the columns was 41 cm, The 
it of glass (dry weight) contained by the columns 
24g. Since the glass has a pore volume of 50 per cent 
and a true specific weight of 2, one can calculate a dead 
space of 17 cm” end a pore space of 12 em? for the filled 
~~ ¢olumn. 

Unless close control of flow rate, or flow rates above 
5 cm! min-'/em? were desired, the eluant (water or saline 
buffer) was forced by gravity through the column. The 
fully assembled column but without packing required 
0-05 metre head to maintain a flow of 1 em? min-'/cm? of 
column. cross-section at 50-cm length. The flow resistance 
was mainly created by the connecting tubings and the 
porous disks. After filling, a head of the order of 0:35 m 
was required to maintain the same flow. A flow resistance 
corresponding to 0-3 m was therefore created by the 
packing. Glasses with small and large pore sizes showed 
the same low flow resistance. 

The columns were first calibrated by determining tho 
peak positions of two substances of which one had a 
particle size far above the pore size of any of the glasses, 
the other an extremely small particle size. For the first, 
a cold centrifuge-fractionated aqueous suspension of 
potato starch grains was used. This material was easily 
available and can be destroyed by hot nitric acid. The 
small molecular size calibration substance was benzyl 
alcohol. It was chosen for its neutrality, water solubility, 
high ultra-violet absorptivity and its ability to retard 
growth of mould. Since a mixture of both substances was 
used for calibration purposes it prevented spoilage of the 
starch., Starch suspensions, however, cease to scatter 
ultra-violet after about a week either because of slow 
hydration or dissciution. 

The presence of the substances in the effluent was 
detected by a reeording ultra-violet spectrophotometer 
operating at 2537 Å wave-length. The peak positions of 
starch grains and benzyl alcohol were found to be 12 cm 
apart and the first peak (starch grains) appeared at 18 cm* 
effluent volume. Peak positions were the same for all 
columns, independent of their pore size, which ranged 
from 170 A to 1700 A average diameter. The figures 
12 cm? and 18 em®agree with the pore space and the dead 
space calculated from bed volume, bed weight, pore 
volume and density. The chromatographie dead space is 
approximately 1 em? higher because it also includes the 
vohime of the tubing and the ultra-violet-absorption 
cell. The two peak positions deviated less than the error 
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Fig, 3. Chromatographic separation of a mixture of tobacco mosaic 


virus and tobacco ring spot virus on glass of 1700 A average pore diameter 
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Fig. 4. Chromatographic separation of a mixture of southern bean 


mosaic virus and bovine aloaumin (‘Fraction V} on glass of 260 A average 
pore diameter 


in interpreting the recerdings (about + 1-5 per cent). This 
constancy demonstrates the reproducibility in column 
packing as well as the mdependence of the pore volume on 
pore size. The peaks for starch grains and benzyl alcoho! 
did not shift when flow rates were varied between 0-15 
and 5-0 em? min-/em® At still higher flow rates or with 
molecules larger than benzyl alcohol but still smaller than 
the pores, diffusion delay became noticeable and peaks 
appeared at smaller effluent volume. 

Fig. 3 shows the chromatogram of an artificial mixture 
of purified tobacco mesaie virus (TMV)* and tobacco ring 
spot virus (TRSV). A column of 50 cm length and 1 em 
diameter, filled with porous glass powder (50-100 mesh), 
was used. The glass had a mean pore diameter of 1700 A 
by mercury intrusion (curve A, Fig. 2). Eluant was 0-01 M 
phosphate buffer of pH 7-0, containing ()-85 per cent sodium 
chloride. Flow was by gravity from a reservoir supported 
2 m above column outlet. By partially closing a small stop- 
cock in the line the flow rate was adjusted to 5-2 em* min-*/ 
em?. The sample contained approximately 10" particles of 
each virus in 0-06 cm? saline buffer. As can be seen from the 
diagram, almost complete separation was achieved. The 
chromatogram was completed in less than 10 min. The 
tobacco mosaic virus appeared at 18 cm? effluent peak 
position, which is the dead-space of the column. Since 
the virus consists mainly of rods 3000 A long and 150 A 
in diameter’, this indieates that the length of the virus 
prevents it from entering the pores. Steere? observed the 
same phenomenon on agar gel columns and explained it 
as being due to the rotating motion of the rod-shaped 
virus in the solution. When the flow rate was reduced 
the TMV peak became extended towards higher effluent 
volume. This is apparently due to the presence of smaller 
fragments’. Tobacco ring spot virus consists of polyhedra 
of 260 A diameter’. These entered the 1700 A pores of 
the glass readily and the effluent peak for TRSV was 
therefore close to the 30 cm’, typical for admitted par- 
ticles. When the flow rate dependence of the TRSV peak 
was investigated, it was found that, at very slow flow 
rates, the peak position shifted slightly beyond the 30 em? 
position. Southern bean mosaic virus, which is similar in 
size to TRSV, did not kave this tendency. It is therefore 
assumed that at this particular pH the TRSV-position is 
somewhat modified by charge effects. 

The chromatogram cf an artificial mixture of bovine 
serum albumin (‘Fraction V’) and purified southern bean 
mosaic virus® is shown in Fig. 4. The column was again 
50 cm long and 1 em in-diameter and flow was by gravity. 
The column was packed with porous glass powder (50-- 


100 mesh) of 260 A sverage pore diameter (curve B, | 

















same as before. The sample consisted of 0-5 cm saline 


(‘Fraction V’) and approximately 10% particles of southern 
bean mosaic virus. Separation is complete. The chromato- 
gram was completed within 10 min. The SBMV, which 
has a diameter of 286 A (ref. 11), does net enter the 260 A 
pores of the glass since its peak appears at the 18 cm)}- 
position. As 260 A is the average poro diameter of the 
glass, and although the pore-distribution is rather sharp, 
a small percentage will be larger than the 280 A of the 
virus. One would therefore expect that the peak appears 
slightly after 18 cm*. At the high flow rate of the experi- 
ment, however, this effect would be compensated for by 
a diffusion shift into the other direction. The albumin, 
with a molecular weight of only 7 x 10 (ref. 12), is 
smaller than the pores and appears, therefore, delayed 
for the full pore space of the glass. In addition to this, a 
charge effect at the particular pH retains the albumin 
slightly beyond the 30 cm? position. 

In view of the convenient control of pore size of porous 
glass, facilitated by the knowledge of the kinetics of the 
size-determining rearrangement processi, and in view of 
the findings of this work, porous glass chromatography 
suggests itself as a useful method for the separation of 
macromolecular substances, virus particles and cell com- 
ponents. Certain features of the technique such as the 
rigidity of the chromatographic bed, its chemical inertness 






65 VOL. 206 


_and low flow resistance are added advantages in applica- 


tions which benefit from speed and reproducibility, and 
from the ability of the columns to withstand heat steriliza- 
tion and cleaning with hot nitric acid for removal of 
organic contaminants. Easily controlled and measured 
pore size and narrow pore-size distribution further suggests 
the use of the technique for size determination and diagnos- 
tic procedures on unknown particulate and macro- 
molecular material. 
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Rootare and J. J. Hermann, of American Instrument 
Co., for performing the mercury intrusion measurements. 
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A HORIZON OF PEA GRIT IN GRAVEL SOILS 
By R. WEBSTER 


Soil Science Laboratory, Department of Agriculture, University of Oxford 


TONE lines of one kind or another occur in soils in 
many parts of the world, and their formation and 
significance have been the subjects of much study. A 
particularly interesting type of stone line is quite wide- 
spread on the gravel terraces of the Thames Valley and 
elsewhere, and is described here. 

This stone line is a horizon of small stones, ‘pea grit’, 
varying in diameter from 2 mm to 5 mm and occurring 
at the junction between the soil and the underlying gravel. 
The degree of distinction of this laver is variable, tending 
to be least where the gravel surface is even and either very 
shallow or very deep. Where an even gravel surface lies 
between 18 in. and 24 in. below the soil surface a more or 
less continuous layer may be detected. However, it is in 
depressions in the gravel that the pea grit layer is most 
prominent. In the Thames Valley such depressions are 
frequent and without any corresponding surface relief. 


~ They result either from human activity, as at sites of 


ancient habitation, or from festooning or uneven solution 
of the limestone gravel. Associated with them is a rela- 
tively high density of earthworm channels and more or 
> less spherical chambers, the latter concentrated at the 

gravel surface and frequently containing several small 
stones (Fig. 1). Darwin! observed that earthworms 
carried in their mouths small stones which they placed in 
their burrows in preparation for periods of diapause. He 
surmised that the purpose of the stones was that of main- 
taining a free cireulation of air around the worms while 
they were curled up into balls. There seems little doubt 
that in some way the pea grit layer is a result of the activity 
of worms. 

Earthworms can penetrate many soils more or less 
anywhere to sufficient depths to avoid the extreme effects 
of drought or frost. But they find it difficult or impossible 
to penetrate gravel. Their best chance of survival in 
gravel soils is therefore to retire to that part of the soil 
where the gravel surface is deepest, at the same time 


furnishing their quarters with a few small stones. The 
cavities collapse in the course of time and fresh burrows 
are made at the soil/gravel junction. The result over quite 
moderate periods of time-——less than 2,000 years in some 
archaeological sites—is a truly genetic soil horizon of 
pea grit. 

The Long Hanborough profile. No matter how active 
worms may have been in collecting stones the resulting 
horizon is not distinctive if the underlying gravel contains 


















* if ies ah a fi vi? j fah, Ñ K 4 te : "Atenas ane i % F 
—— x g Zé f i f ei Fi f K Fd 7 ⸗ ae 
7 g if E ? ⸗ Fs ff f f i * * J, f i wv A horizon 
fff f ; j fo’ Ppl AR A if re 
MLI yi yl MHL GH | — B horizon 
- ü ay, Wt ` m a" ma Po- * — 
J <= A . te el fe Limestone 





gravel 





— B horizon 


Pea grit 
horizon 





Limestone 
gravel 


—— — 


Fig. 1. Diagram representing a typical soil profile on Thames Valley 
(above) and, on a larger scale, the horizon of pea grit at the soll/gravel 
boundary fbelow} 
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Fig. 2. Grading analya lotted as summation curves for the four 


main horizons of the Long Hanborough. profile 


a large proportion of stones of a similar size and material. 

_ ‘Since this is probably the usual situation it. may be the 
_. -reason for the pea grit horizon having escaped attention. 
— At Duke's Pit, Long Hanborough, Oxfordshire (Grid 
reference SP 413142), already well known for its uneven 
gravel surface’, an almost ideal situation exists for study- 

ing the horizon. The surface of the soil is even and hori- 
zontal, but below it the gravel surface undulates between 
depths of 18 in. and 36 in., with occasional deeper lobes and 

deep carrot-shaped depressions or ‘pipes’. The soil thus 
providesa number of preferred sites for earthworm diapause, 
Secondly, although the gravel is predominantly of lime- 

stone with only some 12 per cent of quartzose stones, the 
overlying soil contains no limestone gravel. The soil is a 
well-developed sol. brun lessivé in- which the only stones 
present are quartzose. There is thus a very clear boundary 
between leached soil and the underlying limestone gravel, 

A third attribute which enhances the distinctiveness of 

the pea grit horizon is the nature of the pea grit itself, 
«for it is composed almost entirely of quartzose material, 
-cin contrast to the gravel beneath. Evidently the worms 

- do not select their stones from the adjacent gravel, which 
-for at least a few inches below its surface is loose, but from 
the soil above. Presumably the concentration of pea grit 
- is enhanced by the inaccessibility of stones previously 
“~ collected once: a She cavities. s have’ apart 
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Fig. 3. Grading analyses plotted as stmmation curves for the pea git 
horizons of gravel soils st Long Hanborough (©), Lechlade (x ) and 
Stanton Harcourt (i) es 

Fig. 2. A remarkable degree of concentration of stones in | 
the 2-5 mm range is evident in the pos grit horizon, with 
a maximum increment in the 3-3-5 mm range. The 
values plotted in Fig. 2 are percentages by weight. Counts 
of stones, regardless ef weight, still showed the 3-3-5 mm = 
fraction to be the largest. The pea grit horizon is also seen 
to contrast strongly with the other soil horizons. : 

Other occurrences. At Long Hanborough the only stones 
present in the soil above the gravel are quartzose. In 
contrast most gravel soils in the Thames Valley are brown 
calcareous soils containing abundant limestone pebbles. 
Here the pea grit horizon does not contrast with the under- oco 
lying limestone gravel and it: is correspondingly: more o 
difficult to detect anc. study the horizon. In sampling itise 8 
difficult to assess the degree of contamination between _ 
horizons. However, two profiles, one at Stanton Harcourt, 
Oxfordshire, and the other at Lechlade, Gloucestershire, 
were sampled for grading analysis... The summation curves 
for the pea grit horizons are plotted for comparison with | 
the Long Hanborough example in. Fig. 3. The curves. 
are very similar with concentrations in the 2-5 mm range 
and maximum increment between 3 mm and 3-5 mm. > 

The final picture of this horizon of pea grit is that it is 
truly genetic and commonly occurring. Earthworms 
acting over not necessarily very long periods concentrate- 
at the soil/gravel boundary stones in the size range 2-5 mm- 
but particularly between 3 mm and 3-5 mm. They collect. 
the stones from the sol above rather than from the under 
lying gravel. 


t Darwin, ©., The Formation gi Peyetable M ould through the Action of Vorms k 
(John Murray, London, 185 
2 Arkell, W. F., The Geology a Oxford (Oxford University Press, 1947), 



















FORMATION OF GRAPHITIZING CARBONS FROM THE LIQUID PHASE 


By J. D. BROOKS and Dr. G. H. TAYLOR 
Cc. S. LR.O. Division of Coal Research, Sydney, Australia 











'T-has been notëdi- that most — which are formed 
. from the liquid phase by solidification in the tempera- 
‘ange 400°-500° exhibit in polished section under the 
roscope an irregular mosaic structure composed of 
ically anisotropie units. Such carbons graphitize on 
: ing, to high temperatures’. In contrast, most carbons 


formed on heating materials or compounds which do not | 
pass through a fused state have isotropic structures and | 
do not graphitize readily. f 

We have now found that, whether the graphitizing 
carbons are derived from bituminous materials such as- 
coals, coke-oven pitek, petroleum tar or bitumen, from r; 










Spheres in partly carbonized polyvinyl chloride, 
polarized light. ( x e. 260) 
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Fig. 2. Toluene-soluble fraction of a coal tar pitch stirred during partial 

carbonization. Anisotropic areas (pale grey) surround droplets of 

isotropic pitch (dark grey). The latter themselves contain small 
anisotropic spheres, Reflected, polarized light. (xe. 330) 


~ s* 
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polymers, such as polyvinyl chloride, or from single com- 
pounds, such as naphthacene or dibenzanthrone, the mode 
of formation of their mosaic structure is the same. In the 
earliest thermal decomposition the original 
material fuses or melts and forms an isotropic pitch-like 
mass. After further heating, anisotropic spherical bodies 
about 0-1 across are observed in the electron microscope. 


stage of 


These grow in the pitch (under some conditions up to a 
diameter of 1-2 mm)*, as shown in Fig. 1. The spheres 
are a manifestation of the separation of a heavy second 
liquid phase, their shape being attributable to the effect 
of surface If, during heating, the sample is 
stirred rapidly, droplets of isotropic pitch may be caught 
up in larger spherical bodies; occasionally these droplets 


themselves contain small spheres (Fig. 2). 


tension. 


On prolonged 
heating coalescence of spheres may occur, to form at first 
larger spheres, and later bodies of irregular shape (Fig. 3). 
These have extended areas ot relatively 
uniform extinction when viewed in polarized 
light. 

Solvent extraction of a pitch which had been partly 
converted to spheres showed that the remaining isotropic 
pitch was largely soluble in hydrocarbon solvents but 
that the spheres were almost insoluble. However, the 
spheres would dissolve in concentrated sulphuric acid 
and were converted to an optically structureless product 
by chemical reduction in ethylenediamine. It 
cluded from infra-red spectra? that the spheres were 
composed of condensed polynuclear aromatic compounds, 


sometimes 
optical 


Was con- 
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planar in configuration and having in a particular case an 
average molecular weight of about 1700. Presumably 
such compounds are formed by condensation and dehydro- 
genation reactions from pitch compounds of lower mole- 
cular weight, and separate from solution in the isotropic 
melt. 

It had been thought that the spheres might be strained 
as a result of an unfulfilled tendency to contract aniso- 
tropically, but it has been found that the apparent strain 
is not relieved by reheating under a hot-stage microscope 
to a temperature at which the spheres were originally 
formed. It is now considered that the changing appearance 





Masses of anisotropic material 
Reflected, polarized 


Fig. 3. Partly carbonized naphthacene. 
have formed as a result of coalescence of spheres. 
light. (x e. 360) 





Inferred lamellar type of structure in a single sphere whieh has 
not undergone coalescenci 


Fig. 4 
me Fe 





Fig. 5. 
lamellae are approximately perpendicular to plane of section. The 
continuous rings are from the internal aluminium standard 


Electron-diffraction pattern of central part of one sphere where 
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Fig. 6. Pitch containing spheres. a, Photomicrograph obtained after 

extraction of pitch with toluene and graphitization for 1 h at 2,800° C: 

reflected. polarized Baht ( xe. 950); b, diagram illustrating the orienta- 
tion of the fine geaphite crystals within the now ellipsoidal body 


of the extinction patterns of the spheres when rotated 
between crossed polars indicates that each has a lamellar 
molecular structure with a preferred orientation, the 
lamellae curving at the edges to become approximately 
normal to the sphere surface. 
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When selected-area electron-diffraction patterns were 
obtained from ultra-thin sections of single spheres, each 
sphere was found te have at its centre a single character- 
istic preferred orientation. This orientation differed 
randomly from one sphere to another. By obtaining 
selected-area patterns from various positions over & single 
sphere section the preferred orientation was observed to 
vary systematically across the sphere, especially when the 
lamellar structure at the centre of the sphere section was 
perpendicular (or nearly so) to the plane of the section. 
In this case, provided the selected area approached an 
order smaller than the cross-section of the sphere, the 
diffraction pattern of paired arcs was observed to rotate 
regularly in the semse which would be anticipated from 
Fig. 4; this observatson provided strong independent con- 
firmation of the strueture. First-, second- and sometimes 
third-order reflexions were observed (Fig. 5), particularly 
near the centre, corresponding to a mean inter-lamellar 
distance of 3-47 + @01 A. Thus, there is a considerable 
degree of molecular order in the material which separates as 
spheres. The spheres and the bodies of material formed by 
their coalescence haveobvious affinities with liquid crystals®. 

After a pitch had been partly converted to spheres the 
remaining pitch matr x was largely removed by successive 
extraction with benzene and pyridine. The residue was 
heated slowly to 600° and then graphitized by heating to 
2,800° for 1 h. Examination of polished surfaces showed 
that the spheres had shrunk preferentially across the 
lamellar direction to form oblate graphite bodies (Fig. 6a), 
consisting of small crystals arranged as in Fig. 6b. 


' Abramski, C.. and Mackowsky, Marie-Therese, in Handbuch der Mikroskopie 
in dey Technik, edit, bw Freund, H., 2, Part 1, 311 (Umschau Verlag, 
Frankfurt am Main, 1953). 
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UPPER ATMOSPHERIC WINDS AND IONOSPHERIC DRIFTS CAUSED BY 
NEUTRAL AIR PRESSURE GRADIENTS 


By Cr. J. W, KING and Dr. H. KOHL* 


Radio and Space Research Station, Ditton Park, Slough, Bucks. 


T has been appreciated for some time that the ionos- 

pheric plasma and the neutral atmosphere exert 
forces on each other as a result of collisions between tons 
and atoms. Various authors, including Weekes! and 
Maeda’, have discussed the effects of winds on F-region 
ionospheric drifts and concluded that, as Martyn® first 
suggested, ionization drifts in the F-region are mainly 
caused by electric fields communicated from the #-region. 

We, however, wish to present an outline of some new 
theoretical ideas on atmospheric and ionospheric move- 
ments at F-layer heights. It is shown here that the 
atmospheric pressure gradients derived from satellite 
drag data are large enough to cause atmospheric winds 
which produce important ionospheric drifts. It appears 
that the atmosphere wind velocities are controlled mainly 
by ion-drag forces which are dependent on the Earth's 
magnetic field. Of course, ionospheric drifts caused by 
electric fields will result in atmospheric movements, and 
we believe that these may influence the world-wide 
distribution of the neutral atmosphere; such atmospheric 
movements will, as Dougherty' has pointed out, also affect 
the ionospheric drift. 


* Permanent address: Max-Planck-Institut fiir Aeronomie, Lindau, 


Germany. 


Before proceeding with any detailed discussion let us 
summarize the situation as follows: On one hand, atmo- 
spheric pressure gradients (which are presumably caused 
by temperature or other effects) result in an atmospheric 
wind system the precise nature of which is controlled by 
ion-drag and which will produce important ionospheric 
drifts. On the other band, electric fields (transferred to 
the F-region from the dynamo region) result in ionization 
drifts which can cause movements in the atmosphere and 
which, as a consequenee of air-drag, are seriously affected 
by the atmosphere. 

In order to estimate the velocity of the atmospheric 
wind produced by a pressure gradient, we shall consider 
each of the forces whieh act on a moving atmosphere ; 
we assume that the velocities tz.y,z are the wind com- 
ponents along the south-north, west-east and vertical 
directions respectively. The forces in the «-direction 
which act on unit mass of atmosphere are: 

(a) A force m duz/dt ® required to produce the accelera- 
tion duz/dt. This force is approximately equal to Ogs, 
that is 7 x 10> x uz if we assume that the atmospheric 
pressure variation is predominantly a diurnal one. 

(b) The Coriolis force 2m, sing ty, where @ is the geo- 
graphic latitude. This force is approximately equal to 
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10-4 wy if ọ = 45°. There is no obvious reason why ty - 


should be very different from uz, and we will assume, 
_ therefore, that the Coriolis force along the x-direction is 
given by 10-* uz. 

(ce) The ion drag. (In order to prevent confusion, we 
wish to draw a distinction between the terms ‘ion drag’ 
and ‘air drag’. Ion drag should be regarded as the force 
which charged particles exert on the neutral atmosphere, 
while air drag is the force which the atmosphere exerts on 
the ionosphere.) 

The ion drag is given by Nav/Nn sin? uz, where I = 
- - magnetic dip; v = collision frequency of an ion with all 


atoms. .. VN = collision frequency of all ions with all 
atoms, .'. vN a/Na = collision frequency of one atom with 
all ions. 


If we substitute v/N, = 7 x- 10- em’ sec- (ref. 5), 
N; = 10° cm~ and J = 60°, we see that the ion drag is 
given by 5:3 x 10-* x tiz. 

It appears from the foregoing discussion that the force 
which controls the movement of the atmosphere is the ion 
drag. The movement of the charged particles is determined 

~-by the Earths magnetic field, of course, and it has been 
shown here that, although the number of ions is much 
smaller than the number of neutral air atoms in the 
F'-region, the movement of the air is also controlled by 
the Earth’s magnetic field as a consequence of the drag 
exerted by the ions on the moving atmosphere. Move- 
ments of the air produced by pressure gradients at F-layer 
heights are thus quite different from: those anticipated in 
geostrophic systems. We may thus, since ion drag is the 
dominant force, equate the ion drag to the driving force 
resulting from the pressure gradient, and we have: 


é j4 —— 1 dP 
5-3 x 1 a clea ET 


where p = the neutral air density, and P = the neutral 
air pressure. Now: 








1dP kT dN, kN, AT 
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and if we substitute average values of the density and 
temperature gradients reported by Jacchia® and Anderson’ 
we obtain: 


1-4 x 10-18 x 1,200 x 0-2 


— — — —— 


= 1-4 x 10 x 100 
pdx ~ 27x 10 x 10° 


os owhere 2:7 x 10-759 = mass of oxygen atom; 1,200° K = 
mean atmospheric temperature; 0:2 x 10-* cm~ = a 20 
por cent density difference over 10,000 km, and 100 x 
~~ 10-* °K em~ = a temperature difference of 100° K over 
| 10,000 km. «. ET = 1-8 om sec-*, 

eo dx 


pi We see, therefore, that the south-north horizontal 

© -gomponent of the atmospheric wind, tz, is equal to 

— 1-8 

ogg y jga om sees, that is 34 m sec- 

vooo There are several limitations to the foregoing calcula- 
© tion. These are: | 

(1) The situation in which ion drag is the largest force 
< only occurs if N, is greater than about 2 x 10° em- ; 

-this will generally be the ease for altitudes near the peak 

ofthe F layer. == 








yp ‘he calculation -of wind velocity did not take into 
account viscous forces. The viscous force is: 
de, 


acco 
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where u = the kinematic coefficient of viscosity = 1019 
cm? see~ for an altitude of 320 km (ref. 8). It is impossible 
to estimate d*uz/dz* accurately, but a reasonable value 
might be 10 m sec- per (100 km)*, in which case the 
viscous force will be about 0-1 ecm sec-?. This value is 
negligible compared with the driving force which was shown 
above to be 1:8 em see. Of course, in view of the fact 
that u increases exponentially with height, viscous forces 
will probably largely determine the atmospheric wind 
system at much greater altitudes. 

(3) The calculated wind velocity of 34 m sec-! applies 
to middle latitudes only ; at lower latitudes both the ion 
drag and the Coriolis forces are much decreased and the 
wind velocity will be different. It should be noted that so 
far as the west-east wind is concerned, however, ion drag is 
independent: of latitude. | 

It is important to consider the effect which an atmo- 
spheric wind of 34 m see~ will have on the density distribu- 
tion of the atmosphere. It may easily be shown that such 
a wind blowing for several hours will lead to a significant, 
re-distribution in the atmosphere; either the original 
atmospheric gradient will be reduced or, if it is maintained 
by temperature or other effects, large scale circulatory 
movements will occur. It seems, therefore, desirable to 
consider whether calculations based on static models of 
the atmosphere are satisfactory. It is interesting that 
Kochanski® has observed, by means of sodium. trail 
experiments, atmospheric winds of the order of 40 m sec-? 
at an altitude of 180 km. | 

In the past, many workers have suggested that move- 
ments of ionization produced by electric fields may explain 
various anomalous features of the ionospheric behaviour. 
It may readily be seen that vertical drifts will be more 
important than horizontal drifts in producing effects on 
the ionosphere, and Maeda?® has estimated that over most 
of the Earth the vertical drift velocity resulting from elec- 
tric fields will be about 20 m sec-!. Now it has been shown 
here that a horizontal atmospheric wind having a 
velocity of 35 m sec~! near the F-layer peak will occur at 
middle latitudes ; such a wind will induce an ionospheric 
drift as a consequence of ion-atom collisions. Because the 
ionospheric drift will always be along the lines of the 
Earth’s magnetice field, it will have a horizontal com- 
ponent vz = uz, Cos? J and a vertical component Yr = uz 
cos I sin J. The vertical drift component will thus be 
about 20 m sec- at middle latitudes, and it appears that 
the ionospheric drifts resulting from atmospheric winds 
will be as important as those produced by electric fields. 
We believe that any attempt to explain ionospheric be- 
haviour in terms of drifts should take into account both 
sources of movement. Maeda? and Dougherty‘, for 
example, have mentioned the possible importance of drifts 
caused by atmospheric winds, but hitherto no estimates 
have been made of the velocities involved. 


Briggs" has pointed out that experimental observations 


of drifts in the F-layer do not altogether agree with the 
theoretical drift pattern derived by Maeda}*. If the south- 
north and vertical ionospheric drifts caused by atmo- 
spheric winds are just as important as those caused by 
electric fields, then it is scarcely surprising that the experi- 
mental observations have not yet been fully explained. 
The need to investigate world-wide ionospheric drifts 
has recently been demonstrated by King et al, who have 
shown that many of the well-known ionospheric anomalies 
seem to be associated with maxima of ionospheric critical 
frequency which occur at different latitudes at different 
local times. Fig. 1, which illustrates the behaviour of the 
“high latitude ionization maximum” reported by King 
et al., contains a map, compiled by the Central Radio 
Propagation. Laboratory of the United States, showing 
the predicted critical frequency of the F2-layer for 
December 1954. The southern hemisphere map shows 
that, during the evening, the largest value of critical 
frequency occurs at successively greater and greater 
latitudes as local mean time advances; at 1500 L.M.T. 
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Fig 1. US Central Radio Propagation Laboratory map showing the predicted F2-layer critica’ frequencies (Mc/s) for December. 1954 for 
western longitudes where the magnetic equator occurs near 15° 8 


the largest critical frequencies occur near 30° S, at 2100 
L.M.T. near 50° S and at 2400 1.1.7. near 63°S. Generally, 
at about 0300 L.u.r. the largest critical frequencies occur 
farthest from the equator, at 65° S in Fig. 1, and thereafter 
the tonization maximum moves back towards the equator; 
it may be seen from Fig. 1 to occur near 55° S at 0700 
L.M.t. It is not possible to present in this article any 
further information about the behaviour of the high- 
latitude ionization maximum ; King et.al.12 have shown 
that many of the F-layer anomalies are associated with the 
moving maximum, and we would merely suggest that 
the explanation of the moving maximum may involve 
vertical and meridional ionospheric drifts. Before 
these can be established with certainty much more 
information about neutral atmospheric winds will be 
required. 

It should also be appreciated that an ionospheric drift 
induced by an electric field may produce movements, and 
possibly pressure gradients, in the neutral atmosphere. 
The calculation of such pressure gradients is much more 
difficult than the calculation of the atmospheric winds 
produced by pressure gradients, and we would merely 
indicate here that a drifting ionosphere will produce 
movements in the atmosphere. It is possible that the move- 
ment of the atmosphere towards the east reported by 
King-Hele}® may be a consequence of a prevailing east- 
wards ionospheric drift. There are other movements in 
the 1onosphere which may also be associated with neutral 
air density effects ; Heisler!‘ has reported that large 
ionospheric travelling disturbances move towards the 
equator during the morning, and King et al. have shown 
that during the period 0300-1500 u.at-r. the large high- 


latitude ionization maximum also moves towards the 
equator. Now it is well known} that the diurnal variation 
of the upper atmospheric air density at lower latitudes 
cannot be explained. without the assumption of an 
additional ‘“‘heat-source’’ effective during the period 
0300-1500 r.m.r. It seems possible that an explanation 
of the additional ‘‘keat source” may be found ın terms of 
atmospheric movements which are associated with 1ano- 
spheric drifts occurring at the same time. 

One of us (H.K.) thanks Prof. W. Dieminger for granting 
leave from the Max-Planck-Institut fiir Aeronomie in 
order to work at the Radio and Space Research Station. 
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ASTROPHYSICS 


Anomalous Velocities in Quasar 3C273 


ESTIMATES of the size of quasi-stellar object 30273 
ranging from ~ 1,000 light years to ~1 (ref. 1) ight year 
when coupled with the first observations of Smith and 
Hoffleit? regarding the apparently uniform and simultane- 
ous pulsations giving rise to luminosity fluctuations with 
period of ~ 10 years and with recent reports of a ~ 1 (ref. 
3) month fluctuation period present the possibility of the 
existence of anomalous velocities between the light velo- 
city c and ~ 100c. Indeed it would appear that the 
discovery of smaller fluctuation periods would corre- 
spondingly lead to velocities of an increasingly anomalous 
nature despite consistency of any given size estimate with 
usual velocity range and a given fluctuation period. 

It may consequently be of interest to consider the 
possibility that the anomalies may be attributed to a 
hyperdimensional effect were it actually to exist as re- 
ported not very long ago by generalizing the well-known 
Einstein, Infeld and Hoffman (E.I.H.) method to the prob- 
lem of motion in five space’. The principal results may be 
summarized by stating the following partial differential 
equations of motion in the Newtonian approximation for 
‘particles’ characterized by parameters Mj, Q; propor- 
tional to the mass and charge respectively of the jth 
‘particle’ while P; is another parameter characterizing 
the jth ‘particle’ all measured in length units: 


JE Enas = — Dit A ff8fian + (4/9)marf Anasf a) 
rüruf EB 20 


(),4 denotes partial differentiation with respect to 
wA., č; 18 the ordinary three-space vector for the ;th 
particle while ri; = E; — čj. A and B take on only the 
values of 0 or 4. Such scripts are raised or lowered via 
the Galilean metric tensor nas = 44% in the usual way. 
The f’s are defined to be: 


Jio = M, 
Jina = fja * Q; (2) 
Sass — 


The connexion between the parameters M4, P; and Q; 
and mz, q; and p; measured in M. K. s. units (p; in kg) is: 


eM; = 9em,/13 
c°Qy = (3/2)(26me /k)-* "ay 
cP; = 9kp;/13 


where k ıs Newton’s constant of gravity and s, is the 
permittivity constant for free space. It is to be noted 
also that (1) is a direct consequence of the theory and is 
in accord with the circumstance of attraction for masses 
of lıke sign and repulsion for charges of lke.sign. 

In the limit of isolation, the right-hand side of the 
first equation of (1) would vanish since (7:3 —> œ) so that 
the vectors č; satisfy the homogeneous wave equation in 
0-4 space with constant coefficients, a situation compatible 
with: the other equation of (1). In this limit it would be 
expected that the E.I.H. method would yield in the usual 


case: 
MIGI — &,0?)-*/7E,o],0 = 0 (4) 


for the equation of motion when & is independent of q". 
Since there is now no need to retain the subscript ;, it 


(3) 
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will be suppressed as in (4). A Lagrangian on which (4) 
may be based is: 
Ly = ~ MQ — bu’)? (5) 
Now it is possible to surmise the Lagrangian for the case 
of dependence of € in a‘ by noting that equation (1) is 
invariant in form under rotations in 0,4 space so that the 
Lagrangian will involve the invariants 74%§,4:&,3 and 
f4BE,4-&,3. The latter observation combined with the 
requirement that aside from an additive constant the new 
Lagrangian reduce to equation (5) for €,, = 0 yields via 
elementary considerations on functional relations to: 
L = fABE, a , ABE, a EBL = (1 — nB, a p)1/?] (6) 
The Lagrangian equation (5) precludes existence of 
velocities > c, since E, < 1(x° = ct). This does not seem 
to be the case for L given by equation (6) since reality 
requirements imply &,,? < 1 + č,’ Fortuitously there 
exists a sunple solution of the equations of motion implied 
by (6) consistent with fA8@,4—g = 0 and 4B aE, = 
constant, namely: 
č, = @, + bcos asin (wy? — ky’) 
bo = a, + b sm asin (oy? — ky’) 
Es = G3 + bcos (wx? — hy!) 
which corresponds to a ‘particle’ moving with angular 
velocity wc in a circular path centred at (@,, Qa, @3) with 
radius b in the plane with azimuth angle 9 = a. The 


(7) 


_ phase velocity m units of velocity of light on 0,4 space 1s 


given by: 

Vp = wjk = QJM + [Q/M + P/M)” (8) 
so that equations (7) and (8) together with reality require- 
ments enable the establishment of the equivalent in- 
equalities: 

jwb] < |Vp|(Vp? — 1)-2” j 
or: (9) 
[Vp] < |wb|(w%b? — 1)" 
[wb] represents the magnitude of the peak velocity im 
units of ¢. 

The assumption that the light variations are in some 
way correlated with the positions of the component 
‘particles’ would yield some interesting relationships 
between the parameters describing the ‘particles’. As an 
example, the size estimate ~ 1,000 light years in conjunc- 
tion with ~10 year period would yield [bw| = ~ 100. 
Consequently, if P may be neglected in equation (8) 
and the plus sign 1s taken, equation (9) would yield an 
upper limit for Q/M of ~4, which from equation (3) 
indicates that the upper bound of |g/m| is ~10-} coul./kg 
and consequently that the ratio of electrical to gravita- 
tional forces between like particles is ~ 1. 

If the mass is of the order of the Sun’s mass then one 
could surmise that the principal parts of 30273 giving rise 
to the ~ 10 year fluctuation can have no more than ~ 1038 
electrons or protons so that the ratio of mass associated 
with charge to the total mass is ~ 5 x 10- for electrons 
and ~10~!* for protons. 

CHRISTOPHER GREGORY 

University of Hawaii, 

Honolulu. 
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Anisotropy cf Galactic Cosmic Rays and the 
Interplanetary Magnetic Field ; 


Ir has been demonstrated’ *, using data from high 
counting rate instruments, that the daily variation of 
secondary cosmic ray intensity measured on the ground 
can in general be related on each day to an anisotropy of 
primary galactic cosmic rays. The anisotropy can vary from 
day to day in magnitude, in the-directions with respect 
to the Earth-Sun line of maximum intensity T max and of 
minimum intensity Tmin outside the influence of the 
geomagnetic field, and in the energy spectrum of variation. 
T max ond Tmin are usually separated by 8-10 h. This 
has led Rao and Sarabhai to suggest that the anisotropy 
appears generally to be due to two principal processes, 
one @ modulation equivalent..to a pair.of .oppositely 


` directed positive and negative sources, and the other a 


negative virtual source approximately oriented along the 
garden hose direction towards the Sun. 

With experimental results now available from the 
IMP.-] satellite, 1t is at last possible to identify some of 
the parameters defining the anisotropy with the measure- 
ments of the interplanetary magnetic field during the 
period November 27, 1963~February 17, 1964. Ness and 
Wilcox? provide-an orientation histogram of the average 
interplanetary field ın 12,510 samplings'each of 6-46 
min duration during the 83-day interval. For this first 
analysis, the orientation histogram of Ness and Wilcox 
has been redrawn in Fig. 1 without reference to the field 
pointing inwards or outwards. . For comparing the 
orientation histagrams of magnetic field and the directions 
T' max and Tmin of the cosmic ray anisotropy, we have used 
data of Deep River neutron monitor intensity kindly 
furnished by Steljes and Carmichael, and treated them in 
the manner described in ref. 1. It is important to appre- 
ciate that the orientation histogram of the magnetic field 
does not give equal weight to interplanetary conditions 
on all days used-for the cosmic ray analysis. Fig. 2 shows 
the variability of the peak-to-peak amplitude of the 
anisotropy. 

‘The data provide direct evidence for the first time 
(Fig. 1b) that, on a majority of days when T max—Z'min 18 
between 6 and 9h, there is a virtual sink of galactic cosmic 
rays towards ths Sun along the spiralling interplanetary 
magnetic field. There is in.-addition a virtual source 
close to the 1800 direction, but significantly tilted by 
small angle (~15°-20°) towards the Sun. On the other 
hand, when the-anisotropy is mainly sinusoidal (Fig. lc), 
the source is more nearly along the 1800 direction. 
Thus, during the present period of the quiet Sun, galactic 
cosmic rays are subjected to an azimuthal drift with 
varying velocity, and additionally on a majority of days 
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Fig. 2. Histogram of percentage peak-to-peak amplitude of dally 
variation of Deep Raver Neutron intensity on individual days 


a sink resulting in a deficiency along the direction of the 
interplanetary field from the Sun, as well as a small 
radial drift. “As described by Parker’, magnetic field 
irregularities at solar distance a > 1 A.u. would most 
likely be necessary for the azimuthal drift; and at closer 
distances to the Sun, for the radial drift. During the 
active period of the solar cycle, the anisotropy is expected 
to be further affected by the consequences of the non- 
uniformity of solar wind velocity® and the sudden expan- 
sion of the corona’. . 

An explanation for the sink along the garden hose 
direction is possibly related to the scattering by magnetic 
field irregularities o7? cosmic rays as they penetrate into 
the solar system along the spiralling lines of force and 
mirror at some point close to the Sun. A galactic cosmic 
ray would be mosi efficiently scattered if it meets an 
irregularity of size comparable to its gyroradius at the 
mirror point where it spends maximum time. Let us 
take 5y for the field strength? at 1 a.u. in Parker’s model‘ 
and a solar wind velocity v œ 400 km/sec as measured by 
the Massachusetts Institute of Technology group’. From 
the observations, we have an.effective angle of about 30° 
for thesink. Ifwe take 30° as the pitch angle of a particle, 
then the mirroring: of the particle will take place at 0-4 
A.U. We have, for example, optimum conditions for 
scattering a 10-Gev proton by an irregularity of 0:01 A.V. 
at 0-4 A.U. from the Sun. It is clear that the particles 





ANISOTROPY (SPACE) 
DEEP RIVER NEUTRONS 


Fig. 1. Orientation histograms of 7'max and Tmin for cosmic ray anisotropy in space and for directioncor interplanetary magnetic field B. a, For all 
¿3days November 27, 1963-February 17, 1964; b, for 58 days when Pmsax-T'min = 9h} c, for 25 days when Pax Toin is 10-12 h 
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which are scattered out would reappear as isotropic inten- 
sity, but the net additions in the direction in question 
cannot equal the depletion as the particles scattered 
towards the Sun and guided along the garden hose direc- 
tion have a large chance of getting absorbed in the Sun’s 
atmosphere. Existence of similar irregularities closer to 
the Sun would ensure that the entire cone is deficient of 
such protons. There would then be a deficiency in cosmic 
ray intensity arriving at the Earth in a cone of 30° with 
axis in the garden hose direction towards the Sun. IMP 
data clearly demonstrate such irregularities. 

The anticipatory anisotropic decrease seen by telescopes 
viewing directions 45°—-70° W. of the Earth-Sun line 
several hours before the onset of many Forbush decreases*:® 
most probably indicates effective sinks due to irregularities 
produced by the advancing blast wave from the sudden 
expansion of the corone. It is hoped to publish separ- 
ately more quantitative aspects of the suggested mechan- 
ism for the virtual sink. If indeed the suggested inter- 
pretation is correct, we have through studying Tmin @ 
powerful experimental tool for probing field irregularities 
along spiralling magnetic lines from the Sun. 

This work was supported in part by the U.S. Atomic 
Energy Commission under contract (30-1) 2098. 
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GEOPHYSICS 


Origin of the Goose Lake Meteorite 


THE Goose Lake meteorite was sitting on the surface of 
the Earth when found! and had no apparent crater 
associated with its impact. The absence of a crater un- 
doubtedly means that the vertical component of velocity 
at the time of impact was extremely small. While a 
parabolic or hyperbolic orbit with grazing incidence is a 
theoretical possibility, the probability of such a meteoroid 
trajectory is relatively low. Furthermore, no impact scars 
are found! on the meteorite, as might be expected if it 
had struck the Earth’s surface with an appreciable hori- 
zontal component of velocity. Krinov? indicates that those 
Sikhote-Alin fragments that had a mass about equal to 
the mass of the Goose Lake meteorite produced impact 
craters approximately 10 m in diameter. The Sikhote— 
Alin meteoroid entered the Earth’s atmosphere with a 
velocity of 14:5 km/sec, a@ relatively low velocity for 
incoming meteoroids. 

A possible clue regarding impact parameters associated 
with the Goose Lake meteorite is the observation? that the 
oxide particlés found to be associated with this meteorite 
are identical in character with the oxide particles found 
around the rim of the Canyon Diablo meteor crater. This 
observation may indicate that the Goose Lake meteorite 
is a throw-out from the Canyon Diablo impact. Such 
throw-out appears energetically possible because the 
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kinetic energy required to throw a 1,165-kg projectile a 
distance equal to that from the Canyon Diablo crater to 
Goose Lake (slightly more than 1,000 km) is only a very 
small fraction of the total energy expended at the time of 
impact of the Canyon Diablo meteoroid* >. 

For a projectile having the mass and density of Goose 
Lake, the rate of change of energy caused by atmospheric 
drag forces is of significant magnitude within a few kılo- 
metres of the surface of the Earth. Suppose initially, 
however, that we neglect these forces in our calculations 
of the energy of the projectile and, furthermore, that we 
neglect the small change in the acceleration g of gravity 
as & function of height above the Earth’s surface. Then 
an initial velocity, v, having a vertical component vp = 
2°23 x 105 cm/sec, and a horizontal component vz = vp, 
are sufficient to carry the projectile the necessary 1,000 km. 
Under these conditions the initial kinetic energy of the 
projectile is mw?/2 = (1:165 x 10°) (10 x 10%)/2 = 5-8 x 
1018 ergs. The fraction of energy consumed in throwing 
this projectile a distance of 1,000 km is then, based on the 
calculations by Cook*, only 58 x 108/84 x 10% = 
7-2 x 10-* of the total energy expended at the time of 
impact of the Canyon Diablo meteoroid or, based on the 
calculations by Shoemaker’, about 10-7 of the total. 

A spherically shaped object moving such that its 
Reynolds number # is greater than 4 x 10° has an asso- 
ciated drag coefficient Cp = 0-2 and a cylindrically shaped 
object a drag coefficient Cp œ 0-3. To determine the 
effect of the atmospheric drag forces, suppose we assume 
initially a drag coefficient Cp = 0-2. In this case substitu- 
tion of the air density p at sea-level into the equation for 
the drag force, Fp = Cp p v?A/2, in which v is the speed 
of the Goose Lake projectile and A = 3,000 cm? is its 
assumed cross-sectional area, results in a drag force of 
such magnitude that the loss in energy per kilometre of 
path length is about 6 per cent of the kinetic energy of the 
projectile. However, because of the diminution of air 
density as a function of height, this fractional loss of 
energy caused by the drag forces rapidly decreases in 
magnitude until at 10-km altitude it is about 2 per cent of 
the kinetic energy, and at 50 km only 0-01 per cent. For 
the example already selected to illustrate the projectile 
trajectory in an evacuated region, doubling the initial 
kinetic energy of the projectile, and placing all this extra 
kinetic energy into the vertical component of velocity is 
sufficient to overcome the atmospheric drag forces as well 
as throw the projectile the required 1,000 km. This 
energy is still only 3-6 x 10-° of the total expended by the 
Canyon Diablo impact. Because of the rough surfaces of 
the Goose Lake meteorite its drag coefficient may have 
been greater than 0:2. Macklin and Ludlam’ have found, 
for example, in their studies of hailstones, that the drag 
coefficients were generally increased markedly by pro- 
tuberances from the surfaces of the stones but could be 
either increased or decreased by surface depressions. 
Their investigations, however, were conducted at Rey- 
nolds numbers in the range 3 x 10° <A <2 x 105, 
below the critical value at R œ 4 x 105 at which a rela- 
tively sudden drop in drag coefficient occurs for spherical 
and cylindrical objects. If the drag coefficient is assumed 
to be R = 0:8, an initial kinetic energy approximately 
20 times that required on an evacuated Earth surface is 
needed to throw the Goose Lake meteorite a distance of 
1,000 km, but even this increase is very small compared 
to the total energy available. 

The postulated trajectories have been idealized, at least 
to some degree. Even for the supposed evacuated condi- 
tion, another trajectory would have required a larger 
expenditure of energy to carry the projectile the necessary 
1,000 km. Furthermore, if trajection into a lower arch 1s 
postulated, much larger amounts of energy would have 
been required to overcome the atmospheric drag forces. 
These less-idealized trajectories have not been investigated 


in detail since the purpose of this report is only to indicate © 


a possible origin of the Goose Lake meteorite. 
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If the Goose Lake meteorite is a throw-out from Canyon 
Diablo, other similar throw-out specimens should exist in 
the south-western United States and northern Mexico. 
Some of the iron meteorites that have been found in this 
region may be such fragments. 
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C. P, BUTLER 
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Effect of lonization Transport on the 
Equatorial F-Region 


In his discussion of the Appleton ionospheric anomaly}, 
Mitra? pointed out that ionization produced in the region 
of the dip equator would diffuse downwards along magnetic 
field ines and hence contribute to the electron concentra- 
tion at higher latitudes. Rishbeth et al.3 and Kendall‘ 
have shown that diffusion and the usual production and 
loss processes cannot, however, produce the observed 
anomalous behaviour. It is clear that transport of 
ionization by other means is also important. 

The suggestion has been made®* that vertical electro- 
magnetic drift may be the ionization transport mechanism 
required. Bramley and Peart’, using @ perturbation 
approach, have extended the work of Rishbeth et al.? to 
include the effect of a small electromagnetic drift, but a 
considerable discrepancy with the observations remains. 

This communication reports the numerical solution of 
the steady-state continuity equation in the equatorial 
f-region, incorporating @ drift in an upward direction 
perpendicular to the magnetic field lines and of any 
magnitude greater than zero. Preliminary results show 
that it should be possible to develop a quantitative 
explanation of the Appleton anomaly. 

In steady-state the continuity equation for the electron 
number density N is: 

P — BN + DDN — D,N = 0 (1) 
where P is the electron production rate, B is the linear 
loss coefficient, D,N arises from diffusion along the mag- 
netic field lines, Da is the ambipolar diffusion coefficient, 
and DN is the divergence of the drift term. In solving 
equation (1) the natural magnetic dipole co-ordinates p 
and g are used, where p = constant defining a particular 
line of force, and q = constant defining an equipoteniial 
line. If the Earth’s field is taken as a centred dipole, 
then in terms of the geocentric distance r and the 
latitude 9: 

P = ri(, 00s’) (2) 
q = T sing/r? 
where 7, 18 a constant with the dimensions of length, taken 
as the Earth’s radius. 

The operator D, is obtained by modifying that given 
by Kendall! to melude the variation with altitude of the 
scale height of the ionizable constituent, atomic oxygen, 
and is given by: 


py LO +8sin® 9) N _ 3q aN 
mum sin? ꝙ dq? Hr ag 
2 sin’@ 3 sin*p + 6 sin? ọ— 1) 
F la 3sm) t ~~ Arlipssmige JN @) 


where H is the scale height of atomic oxygen. The drift 
operator which describes the plasma motion perpendicular 
to the field lines has been derived by Baxter”. We have 
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corrected an algebraic sign in Baxter’s expression and 
generalized it to allow for an equatorial (g = 0) drift 
velocity w, which varies with altitude, so that, for upward. 
drift: 

Wo oN 


— 
m Op t r 


g S” 


D, N = 
4w,N 


AIFS sinto) (4) 


+ {6 sinfọ —3 sin‘o — 4 sin’ + 1} 
Insertion of equations (3) and (4) into equation (1) 
leads to the parabolic partial differential equation: 


aN oN aN 
Ip =e age +o gy +cN +d 


where the coefficients a, b, c and d are functions of the 
(p,q) co-ordinates. 

The atmosphere ıs assumed to be isothermal. The Sun 
is taken to be vertirally above the equator so that 9 is 
equal to the solar zenith angle and N is symmetrical 
about the equator. The form adopted for P is the Chap- 
man formula with a correction for the height dependence 
of gravity. The loss coefficient B is taken proportional to 
the concentration of the hydrostatically distributed 
molecular nitrogen. To ease the numerical difficulties 
Da, which is assumed to vary inversely with the atomic 
oxygen concentraticn at low altitudes, is limited so that 
it cannot exceed the value taken at some chosen high 
altitude. This procedure does not affect the results 
within the accuracy claimed. 

We integrate equation (5) by means of an implicit 
finite-difference metnod!, using the boundary conditions: 
(i) ON/ég = 0 at g = 0; and (ii) N = 0 at the value of g 
specified by r = 7, on the particular field line being con- 
sidered. The integration ıs commenced at the field line 
corresponding to Z fat g = 0) = 150 km, Z = r-r, being 
the height above the Earth’s surface, and is continued 
until a sufficiently lerge (p,q) space has been covered. The 
solution after a few integration steps is found to be 
independent of the initial values adopted for N. 


(5) 


Table 1. EQUATGEIAL VALUES OF PARAMETERS AT 400 km 
Atomic oxygen 
T (CK) P (om sez!) 8 (sec~*) Dea (cm? sec) concentration 
; (em?) 
1-50 x 10° 5-00 x 10 1-18 x 10-5 1°27 x 103%! 110 x 108 


Fig. 1 shows concours of N obtained by taking w; = 
5 m/sec, and Fig. 2 those with w, = 15 m/sec; in both 
cases W, is indepencent of altitude. The values adopted 
for the other pararceters are displayed in Table 1. The 
results given in the figures are accurate to within less 
than 5 per cent. In Fig. 1 the ratio of the peak value of 
N maz to N max at eo = 0 18 1-6; in. Fig. 2 this ratio is s'l. 
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Fig. 1. Contours of constant electron concentration in units of 10° cm-* 
as a function of altituce and magnetic latitude, with tw, = 5 m/sec 


independent of altitude. Pertinent atmospheric parameters are given 
in Table 1. -——, Contours of N (10° el.jem*); —-— —, field limes 
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Fig. 2. Contours of constant electron concentration in units of 10* em 

as a function of altitude and magnetic latitude, with w, = 15 m/sec 

independent of altitude, Pertinent atmospheric parameters are given 
in Table 1. —, Contours of N (10° el.jem*); ~—~, field lines 


It seems that adjustment of the parameters within the 
bounds of the present uncertainties in them can produce 
the main features of the Appleton anomaly. 
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269-62. 
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PHYSICS 


Sonoluminescence from Glycerine~Water 
Mixtures 


THE sonoluminescence from’ glycerine-water mixtures 
extending over the full range of 0-100 per cent glycerine 
has been investigated. A specially distilled supply of 
glycerine of 99-9 per cent purity was obtained and the 
sample of volume 5 ml. was contained in a 15-ml. quartz 
beaker cooled by circulating cold water. Fresh tap water 
Was -used, as tests showed that this gave the same results 
as distilled water. Cavitation was produced by a magneto- 
strictive window-type transducer coupled to @ titanium 
double quarter-wave velocity transformer, the system 
being adjusted to deliver a constant acoustic power of 
10 W at a frequency of 21-5 kes over an area of 0:7 cm*. 
‘The transducer was monitored by an oscilloscope and valve 
voltmeter connected to a crystal accelerometer pick-up 
fixed to the transducer. The sonoluminescence was 
measured by a 13-stage E.M.I. photomultiplier tube 
‘6255B’ sensitive from 1650 A to 6500 A, and the signal was 
detected by a high-impedance valve voltmeter. 

The sonoluminescence from glycerine was found by 
Jarman! to be greater than that from any of 20 liquids 
he examined; but he also found that it was not possible 
to cavitate glycerine if it was free of water. It is note- 
worthy that glycerine is very hygroscopic, ordinary com- 
mercial glycerine containing up to 2 per cent water. 
Negishi? found that 50 per cent glycerine luminesced 
with considerable brightness. In the work recorded here 
sonoluminescence was found to be time-dependent, 
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Fig. 1. Sonoluminescence from glycerine-water mixtures 


relaxation and hysteresis effects being observed. Therefore 
the procedure was adopted of measuring the signal after 
15 sec of cavitation when it was reasonably steady and 
reproducible. For all samples between 0 and 90 per cent 
glycerine, the temperature did not rise above 23° C from 
19° Cinitially. For 100 per cent glycerine the rise was from 
19° C to 28° C despite a fast flow of cooling water. This is 
due to the appreciable heat generated through viscosity, 
especially in the immediate neighbourhood of the cavita- 
tion bubbles’; also the thermal conductivity of glycerine 
is only about half that of water. It is to be expected that 
this heating of the bubbles through viscous energy dis- 
sipation will produce a higher temperature of the bubbles’ 
contents and hence greater sonoluminescence for glycerine 
than water. The possible correlation of viscosity with 
sonoluminescence is indicated by the results shown in 
Fig. 1, which also records the viscosity of glycerine—water 
mixtures‘, 
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Tension Waves in a Highly Viscous Liquid 


EXPERIMENTS have been carried out in which tension 
waves are propagated in a vertical column of concentrated 
sugar solution (syrup). For this purpose apparatus 
similar to that previously described by us} was used. The 
viscosity of the liquid was 1025 P. i 

Briefly, the liquid. was contained in a vertical brass tube 
fitted with a steel piston at its lower end and the upper 
end open. A positive pressure wave was generated in 
the liquid by firing a lead bullet of 0-22 in. calibre so as 
to strike the lower end of the piston normally at its centre. 
When this pressure wave reached the upper free surface 
it was reflected as a wave of tension. The pressure 
changes in the liquid were recorded by means of a hori- 
zontal steel pressure bar inserted into a ‘porthole’ below 
the liquid surface. 

A large number of records was taken using a piston of 
length 2 cm and the highest value of tension recorded was 
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62-1 atm. What interpretation are we to give to this 
value of the maximum recorded tension ? We know from 
previous experiments! that the amplitude of a pulse de- 
creases rapidly as it travels through the syrup, and this 
makes ıt difficult to predict, on theoretical grounds, the 
value of the maximum tension to be expected in these 
experiments. Because of this, all that we can claim is 
that the value of 62-1 atm. ıs the maximum tension which 
has been recorded ın this work, and whether or not 1t 
represents the ‘critical’ tension which can be sustained 
by the hquid-metal system is still an open question, 
the probability being that 1t does not. Clearly one future 
development will be to devise a method for generating 
higher peak pressures (and therefore peak tensions), but 
this will not be easy with the present apparatus. 
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CHEMISTRY ! 


Dehydration Condensation in Aqueous 
Solution 


EARLIER investigations have demonstrated that di- 
cyandiamide (DCDA), the dimer of cyanamide, can 
successfully promote the dehydration condensation of: 
(1) glucose and orthophosphate to give glucose-6-phos- 
phate!; (2) adenosine and orthophosphate to give adenos- 
ine-5’-monophosphate?; (3) orthophosphate to give pyro- 
phosphate!; (4) alanine to give alanylalanine and alanyl- 
alanylalanine?. These reactions were carried out in dilute 
aqueous solutions in the dark. (It was also demonstrated 
that the combination of ultra-violet hght and dicyand:- 
amide could promote the synthesis of dipeptides:. This 
observation has since been confirmed by other investi- 
gators.) These experiments were designed to demon- 
strate one possible means by which such compounds 
could have been formed on the prebiotic Earth, thus 
providing materials needed for the origin of living systems. 
Dicyandiamide itself could have been present on the 
primitive Earth as was demonstrated with the ultra- 
violet irradiation of cyanide solution’, 

Guanylurea was demonstrated as a concomitant pro- 
duct of dipeptide synthesis lusing dicyandiamide in the 
following experiment: a stock aqueous solution was pre- 
pared containing hydrochloric acid (0:02 N} DCDA 
(0-02 M), and alanine (0-02 M). A 50-A aliquot of this 
solution was added to 50) of an aqueous solution contain- 
ing 0-5 uc. of “C-labelled alanine. Also, 50, of the stock 
solution was added to 501 of an aqueous solution which 
contained 0-6 uc. of C-labelled dicyandiamide. The 
solutions remained in the dark at room temperature for 
20 h. Each was directly applied to a separate sheet of 
Whatman No. 4 paper. Standard samples of guanylurea 
and alanylalanine were placed in parallel to the test 
samples on the appropriate sheets. The chromatogram 
containing labelled alanine was run with water-saturated 
phenol : concentrated ammonium hydroxide (200: 1) as 
solvent, whereas the other, containing labelled DCDA, 
was run with n-butanol: ethanol: water (4:1:1) as 
solvent. The standard sample of dipeptide was located 
with ninhydrin, the guanylurea was found with a nitro- 
prusside spray, and the labelled products were located by 
means of X-ray film. The results indicated that 0-51 
per cent of the original alanine was converted to the 
dimer. After subtracting the amount of guanylurea 
formed by direct hydrolysis of DCDA, it was found that 
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the amount of excess guanylurea formed was equal to 
the, number of peptide bonds formed. 

In an attempt to find compounds which might act as 
more effective dehydrating agents than dicyandiamide 
(NH,.-—C(=NH)—NH—CN), the possible use of di- 
cyanamide (NC--Na—CN) was investigated. Sodium 
dicyanamide (NaDCA) is readily synthesized from dı- 
sodium cyanamide and cyanogen bromide. The experi- 
ment described here using labelled alanine was repeated 
using sodium dicyanamide in place of dicyandiamide. A 
yield of 1-58 per cent of the alanine dimer was observed. 

To investigate the application of dicyanamide (DCA) in 
the synthesis of polypeptides, as well as the relative 
reactivity of amina-acids and peptides, the following 
experiment was performed: a 100-4 aqueous solution was 
prepared containing 10 ye. of glycine-2-4C (0-12 M), 
triglycine (0-12 M), NaDCA (0-12 M) and hydrochloric ` 
acid (0-12 N). A similar solution was prepared containing 
no NaDCA. After remaining 21 h im the dark at room 
temperature, 20-4 aliquots were removed from each 
solution and were spotted on strips of Whatman No. 1 
filter paper together with standards of diglycine and 
tetraglycine. These samples were then subjected to low- 
voltage horizontal electrophoresis following the method of 
Carnegie and Synge. X-ray film located the labelled 
products and ninhydrin identified the carriers. Radio- 
active bands coinciding with the standard diglycine and 
tetraglycine were observed. The determination of the 
activity associated with each band indicated that the 
yield of tetraglycine was about 61 per cent and that of 
diglycine was about 2-3 per cent, both based on initial 
glycine. About 1&3 per cent of the labelled glycine 
appeared in as yet rnidentified products. 

The use of dicyamsamide in phosphorylations was also 
examined. A 95-1. aqueous solution was prepared con- 
taming 2 uc. of C-labelled glucose (0-08 M), H,PO, 
(0-08 M) and NaDCA (0-1 M). A similar solution was 
prepared containing DCDA in place of NaDCA. After 
40 h at room temperature in the dark, each solution was 
applied to Whatmar No. 1 paper and chromatographed 
in parallel with a scandard glucose-6-phosphate sample 
using 95 per cent eticanol : water : formic acid (70: 29: 1) 
as solvent. The standard was located with benzidine 
spray. The results indicated that DCA is about three 
times as effective in the production of glucose-6-phosphate 
as is DCDA, with the yield using DCA being 1:9 per cent. 

The possible catalytic role of mineral surfaces during 
chemical evolution has been suggested’. Akabori has 
used kaolinite in the production of glycine peptides from 
aminoacetonitrile®. Miller has been able to synthesize 
pyrophosphate using apatite and potassium cyanate’. 
Since it is known thet the hydroxyl groups on the surface 
kaolin can be replaced by H.PO,- 10ns (ref. 10), the possible 
enhancement of DCDA-mediated phosphorylations by 
kaolin was investigazed. 

The production of pyrophosphate from orthophosphate 
using DCDA, as repcrted earlier!, was repeated. A 100-4 
solution was prepared containing 3-6 uc. of 3*P-labelled 
phosphoric acid (0-1 M) and DODA (0-1 M) A similar 
solution was prepared without the DCDA. After 40 h, 
both samples were chromatographed on Whatman No. 4 
paper using isopropanol: water : trichloroacetic acid: 
ammonium hydroxite (75 : 25:5: 0-25) as solvent. The 
products were located with X-ray film and eluted. Scintil- 
lation counting indizated a production of 0-2 per cent 


pyrophosphate. This figure has been corroborated by 
another laboratory+!. Next, a 1-ml. solution was prepared 
containing 10:8 of P-labeled phosphoric acid 


(0-1 M) and DCDA. (0-1 M). Another solution was pre- 
pared in the same menner but contained no DODA. Each 
solution was added to 8 mg of kaolin (the X-ray powder 
pattern of this kaolin compared well with the periodicities 
reported by Brindley and Robinson!) and both were 
continually stirred for 40 h. The kaolin was then removed 
by centrifugation, and a 100- aliquot of each solution was 
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analysed for pyrophosphate as described here. Kaolin 
alone did not appear to promote pyrophosphate synthesis, 
but the combination of kaolin and DCDA gave a yield of 
1-8 per cent. This increase in pyrophosphate was also 
observed with the colorimetric method of Karl-Kroupa"’, 

The use of the combination of kaolin and DCDA in the 
production of adenosine triphosphate (ATP) was next 
examined. A l-ml. solution containing ADP (0-01 M), 
HPO, (0:01 M) and DCDA (0-01 M) was prepared. A 
similar solution containing no DCDA was also prepared. 
Each solution was stirred in the presence of 8 mg of kaolin 
for 24h. The kaolin was then removed by centrifugation 
and the solution was finally neutralized with sodium 
hydroxide. Both samples were analysed by the luciferase 
method of Strehler and Totter“, where the total solution 
was added to 250A of the buffered enzyme solution and 
observed in an Aminco spectrophotofiuorometer at 556 
mp. The yield of ATP with DCDA and kaolin was of the 
order of 0-5 per cent while in the absence of kaolin it was 
less than 0-03 per cent. 

Kaolin and the clay mineral, montmorillonite, do not 
appear to enhance the yield of dipeptide formed with the 
aid of DCDA. 

One of us (G. 8.) holds a National Science Foundation 
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Effect of Water Vapour on the Sensitivity of 
a Flame lonization Detector for Gas 
Chromatography 


IN @ previous communication!, we showed that the 
sensitivity of a macro-argon detector for gas chromato- 
graphy is quite markedly affected by the presence of 
water vapour in the carrier gas stream of argon entering 
the detector. It was shown that a change in the water- 
vapour concentration in the argon carrier gas-stream from 
8 to 10 p.p.m. v/v reduced the sensitivity of the detestor 
to a constant level of 5-8 p.p.m. v/v of di-ethyl ether vapour 
by some 20 per cent. It is commonly stated that the 
sensitivity of a flame ionization detector is little affected 
by the presence of water vapour*?, but no quantitative 
data are given. Entiknap‘ reports that the sensitivity of 
& flame-ionization detector to alcohols was between three 
and six times as high for aqueous solutions of alcohol as 
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for pure alcohol, when alcohol samples were placed on~ 
the chromatographic column. In order to be able to use 
the flame ionization detector as a standard with which to 

compare the performance of other detectors, it was 

necessary to have quantitative data on the effect of water 

vapour on the sensitivity of this detector. 

The flame detector used in these experiments was fitted 
with two electrodes insulated from the outer housing, 
the jet being connected to the housing®. Both stainless 
steel electrodes were horizontal, the lower being @ ring, 
the upper a gauze. The upper electrode was sensibly at 
earth potential, and situated 3-9 mm above the level of 
the jet. The lower electrode, level „with the jet, was 
maintained at a potential of —275 V. The detector 
geometry was determined experimentally to give the 
best range of linear performance and minimum electrical 
noise level (noise current 10-14 amp). The flame was” 
supplied with a constant flow of 150 ml./min air and 18 ml./ 
min hydrogen. These gas streams were dried by means of 
molecular sieve driers. A constant stream of 25 ml./min 
of argon was fed into the flame. This stream was derived 
from @ stream of 100 ml./min of argon which had passed 
through a sulphuric acid saturator and an electrolytic 
hygrometer’. The use of either oxygen or hydrogen with 
the hygrometer was not possible since these gases gave 
rise to'a higher value of standing current in the hygro- 
meter. Initially, the argon stream was passed through a 
drying train consisting -of two U-tubes filled with Linde 
‘type 13 xX’ molecular sieve, in series with two further 
tubes filled with phosphorus pentoxide. By continually 
purging the entire system with this dry argon, hygrometer 
readings of 0:3 p.p.m. v/v water vapour could be obtained. 
When required, the dry argon was passed into the satur- 
ator, and the issuing wet gas fed into a power-driven 
syringe dilution system’. The syringe was loaded with 
saturated di-ethyl ether vapour as the test substance. 
Allowance was made for a small effect on the hygrometer 
produced by ether vapour alone. 

Fig. 1 shows the variation of the standing current of 
the flame ionization detector with changes in water-vapour 
concentration in the absence of ether vapour. The value 
of the standing current was found to increase with increas- 
ing water-vapour concentration. Fig. 2 shows the variation 
of the signal current arising from the ether vapour alone, 
with changes in the water-vapour concentration. The 
test concentration of ether vapour was kept constant at 
7-1 ppm. v/v. At a water-vapour concentration of 
10,000 p.p.m. v/v, the sensitivity of the detector to the 
ether vapour was 78 per cent of that at 10 p.p.m. v/v. At 
a level of 100 p.p.m. v/v water, the sensitivity was 
86 per cent of the value with 10 p.p.m. v/v water present. 
In the case of a macro-argon detector’, the sensitivity at 
100 p.p.m. v/v water was 29 per cent of the value at 
10 p.p.m. v/v water. At higher concentrations of water 
vapour than 100 p.p.m. v/v, the fall in sensitivity for the 
macro-argon detector is much greater than occurs with 
the flame detector. This confirms the need to use a flame 


Standing ionization current 
(x 10-! amp) at 275 V, 85°C, 
25 ¢.c./mim argon 





10” 10+ 10> 107 107! 


Water-vapour concentration (v/v) 


0 
10-7 


10-° 


Fig.1. The effect of various concentrations of water vapour in the argon 
carrier gas on the standing current of a flame ionization detector 
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Fig. 2. The effect of various concentrations of water vapour in the argon 
carrier gas on the sensitivity of a flame-ionization detector to a constant 
level of 7-05 p.p.m. v/v of di-ethyl ether vapour 


detector in such applications as the measurement of 
alcohol in the breath’. 
This work was supported by the Sir Halley Stewart 
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Reaction of Thiols with Tetraphenythydrazine 


Some years ago, Wieland first reported that tetra- 
phenylhydrazine (TPH) was unstable in solution and 
dissociated into diphenyl amino radicals!. The presence 
of the radicals has been confirmed by the rapid reaction: 

o,NNo,= 2 pN (1) 
of solutions of TPE with nitric oxide to produce diphenyl- 
- nitrosamine. The ready formation of radicals from TPH 
at low temperatures suggested that diphenyl amino 
` radicals could be used as initiators for free radical reactions. 
| In this regard, we have investigated the products resulting 
from the reaction of various thiols with TPH. 

All oxidation-reduction reactions between TPH and 
the various thiols were carried out in sealed vials at 100° 
under nitrogen in. mesitylene. Wach vial was sealed 
with a self-sealing “Neoprene’ diaphragm which allowed 
: aliquots to be withdrawn by a syringe. Hach aliquot 
' was afterwards analysed by gas-liquid chromatography. 
Quantitative data were obtained by a comparison of the 
peak areas of an internal standard and the reactant or 
product in question with the aid of pre-determined molar 
response factors*. The reaction conditions used and the 
results obtained for the various thiol-TPH reactions 
examined are summarized in Table 1. Benzenethiol, 
l-octanethiol, and-1-dodecanethiol were all converted to 
their corresponding disulphides in reaction periods of 
113-186 k. The respective yields, based on thiol converted, 
were 90, 66, and 65 per cent. The presence of diphenyl- 
amine in these reactions was qualitatively substantiated 
by gas-liquid chromatography and MS. These results 
suggest that disulphide is produced by an” oxidation— 
reduction sequence in which diphenyl amino radicals 
abstract a hydrogen atom from the thiol to produce 
thiyl radicals which afterwards dimerize (equations 2 and 
3). The existence of thiyl radicals in these systems has 


PN- + RSH —> 9,NH + RS (2) 
2°RS- — RSSR (3) 
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Table 1. SUMMARY OF “'HIOL-TETRAPHENYLHYDRAZINE REACTIONS 
Mesi- % Thiol * 
Thiol TPH OJefire tylene Time conver- RSSR* RSR* 
(mmole) (mmole) (mmo) nl.) (b) ted (mmole) (mmole) 
—— 5 — 5B 140 28°5 0°47 — 
t-Octane-(5) 5 — 5 186 50 0°82 — 
Benzene-(5) 5 — 5 113 60 1-35 — 
1-Octane- 25  1-Octens 10 1625 52:5 0°56 0 49 
(2, 5) 2) 
}-Dodecane- 25 1-Dodecpne 10 £186 53 0:64 0:56 
(2-5) (25) 


+ Analyses were performed.on either a 2 ft. or 5 ft. 20 per cent ‘Carbowax’ 
(20 MM) on ‘Chromosorb’-W column (1/4 in, stainless steel tubing) using an 
F and M flame-lonization gas chromatograph. 


been substantiated by trapping experiments with an 
olefine. The reaction of l-octanethiol and 1-dodecanethiol 
with TPH was carried out at 100° in the presence of a 
10 mole excess of l-octene and 1-dodecene, respectively. 
Both n-octyl sulphide and n-dodecyl sulphide were 
produced and the sulphide to disulphide ratio was close 
to unity (see Table 1). Obviously, the sulphides must arise 
by an olefine addition reaction in which B-sulphide radicals 
are produced as intermediates. Hydrogen abstraction 
from the thiol, or perhaps diphenylamine, can then occur. 


RS: + RCH = CH, >> RSCH,CHR (4) 
RSH 
RSCH.CHR —> RSCH.CH.R (5) 
or . NH 


Over extended reaction times, these reactions become 
complex. This must be due to disproportionation and 
decomposition reactions of dissociated TPH*. These 
reactions apparently consume some of the thiol and inter- 
mediate thiyl radicals. For this reason, kmetic measure- 
ments have been restricted to 30-40 per cent consumption 
of the initial thiol concentration. These studies have also 
been carried out in mesitylene using the same initial 
concentration of thiol and TPH. Two typical second- 
order rate plots for the reaction of TPH with benzenethiol 
and «-toluenethiol are shown in Fig. 1. As indicated, the 
aromatic thiol was about 20 times more reactive than the 
aralkyl thiol. We have also obtained data which indicate 
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that 1-octanethiol has the same reactivity as «-toluenethiol. 
The observed second-order dependence suggests that 
reaction. (2) is rate-determining and this would be expected 
since the half-life for reaction (1) at 100° is 3-1 min?. 
However, further work on this aspect of the problem is 
desirable before any definite mechanistic conclusions can 
be made. The present results are consistent with the 
recent observation that stable nitroxide radicals are 
capable of abstracting hydrogen atoms from thiols‘. 
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A New Method for the Precise Determination 
of the Excess Gibbs Function of a Liquid 
Mixture 


WE propose a new experimental method for the determ- 
ination of the excess Gibbs function, QE, of a mixture of 
two liquids of comparable volatility. 

For a liquid mixture at given temperature containing 
mole fraction x of the second component, QE is determined 
by the relations: 


GE(e)/RT = (1 — x) In {(1 — y)pd,/(1 — x)p?} + 
sln {ypdsiepy; (1) 
ð {GE(x)/RT} [dæ = ln {(1 — y)dæp? jys (1 — ap?! (2) 


where y is tho mole fraction of the second component in 
the vapour phase in equilibrium with the liquid, p, p? 
and, pz are the vapour pressures of the mixture and of the 
two pure components, and 8, and 8. are abbreviations for 
factors! which take account among other things of the 
imperfection of the vapour phase but which we shall 
assume to be known from independent measurements and 
shall not need to discuss further here. 

In the most usual experimental method? GF is calculated 
according to equation (1) from values of p, x and y meas- 
ured by use of a re-circulating still. Only two of these 
three quantities are actually necessary in view of the 
further relation (2), The extra information can be used? 
to test the results for thermodynamic consistency, a 
procedure which is especially desirable because of the 
difficulties associated with bringing a re-circulating still 
to a steady state which differs insignificantly from 
equilibrium, and of the difficulties associated with the 
analysis of the samples of liquid and (condensed) vapour 
taken from the still. It is notoriously time-consuming 
and, tedious to make precise messurements with a re- 
circulating still. The only advantage of the method is the 
elementary nature of the calculation of QE directly from 
equation (1). i 

More recently GE has been calculated according to 
equations (1) and (2) from less-tedious measurements, 
made under equilibrium conditions in a static vapour 
pressure apparatus, of p and x only’, or of p and y only‘. 
The calculation of GB is much more complicated’, but can 
nowadays easily be carried out with a computer’. The 
calculation is usually made by assuming that G# can be 
expressed, by m terms of such an expansion as: ` 


(3) 


On. using equation (3) to eliminate GE from (1) and (2) we 
then have 2 equations in the (1 + m) unknowns y or 2, 


m 
GE = æ(l — x) X A(l — 2x) 
4=1 
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and A,,., Am. A number n of measurements of p and 
x, or'of p and y, at different compositions then gives 
2n equations in (n + m) unknowns, which can be solved 
ifn >m. The number m of parameters needed in equa- 
tion (3) is at the most 4 and is often only l or 2. By far 
the greatest experimental difficulty in the method is the 
precise measurement of the composition æ or y. 

In our method no precise measurement of any com- 
position is needed. Instead, we propose to measure the 
bubble-point pressure pt, and the dew-point pressure pt, of 
a mixture of given, but only roughly known, overall 
composition. We then have a set of equations (1) to (3) 
with: 

xs = z, y= y, and p = p 
and another set with: 
a= xi, y = yt, and p = pt 
together with the equation: 
ab m 


(5) 


(6) 
which expresses the fact that the liquid phase at the 
bubble point has the same composition as the vapour 
phase at the dew point. On using equation (3) to eliminate 
GE these become 5 equations in the (4 + m) unknowns 
x, yb, wt, yt, and A,,., Am. A number n of measure- 
ments of p and pt at different compositions then gives 
5n equations in (in + m) unknowns, which can be solved 
ifn =m. We have written a computer programme to 
solve such a set of 5n equations for n > m and have tried 
it out on sets of values of p’ and p? interpolated from pub- 
lished measurements of p, x and y obtained by use of re- 
circulating stills. In particular we have successfully 
tested the programme on results’ for CCl, + CHCl, 
(small deviations from Raoult’s law; m= 1) and on 
results? for CCl, + CH,CN (large deviations with azeo- 
tropy; m = 4). Even in the worst example we studied 
(m = 4, n = 4) trial values of the z’s and y’s within about 
+ 0:01 of the correct values were sufficiently close to 
ensure convergence, provided that the chosen composi- 
tions were not too close to that of the azeotrope. Experi- 
mentally it is easy to make up a mixture so that 2 (=y*) 
is known to this accuracy. Trial values of sē and yè can 
then be read from a rough plot. 

We are building an apparatus for the measurement of 
bubble-point and dew-point pressures of mixtures of 
C(CH;,), + Si(CH,), at a series of roughly known overall. 
compositions, and expect to be able to use the results to 
determine values of the parameters A,,., Am, and hence ; 


of GE, as precisely as could be done by any of the older , 


methods, and much more quickly. 
D. T. Dixon 
M. L. MCGLASHAN * 
Department of Chemistry, 
University of Reading. 
* Now at the Department of Chemistry, the University of Exeter, 


2 (a) McGlashan, M. L., Prue, J. E., and Sainsbury, I. E. J., Trans. Feraday 


50, 1284 (1954), (b) Brown, L, Austal. J. Sci. Rea., A, 5, 530 


ac, 
(1952) 

2 Coulson, E. A., and Herington, E. F. G., Trans. Faraday Soc , 44, 629 (1948). 
Rowlinson, J. S, Liquids and TAquid Mixtures, 132 (Butterworths. 
London, 1959). 

2 Williamson, A. G., and Scott, R. L., J. Phys. Chem., 65, 275 (1961). 

t Bellemans, å., Lefebvre, C., and Guisset, J.-D., Bull. Soc. Chim. Belges, 69, 
441 (1960). 


£ Barker, J. A., Austral. J. Chem , 6, 207 (1953). 
€ Brown, I , and Smith, F., Austral J. Chem., 7, 260 (1954), 


Effect of Adsorbed Olefines on the Oxidation 
of Aluminium Films 


THE presence of adsorbed species on metal surfaces has 
been observed to affect subsequent interactions of the 
metal with reactive gases. To determine the effect 
adsorbed olefines have on the oxidation of aluminium, 
clean aluminium films were exposed to olefine vapour and 
the subsequent rate of oxygen adsorption was measured. 
The olefines used included ethylene, butene-1, hexene-I, 
octene-1, and cetene-1. i 
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The ultra-high vacuum system used in these experi- 
ments was of conventional design, and has been described 
in detail elsewhere!*, The glass-metal system was baked 
at 300° C for abaut 12 h. Metal parts inside the system 
were outgassed by electron bombardment heating. The 
pressure in the system after this procedure was about 
2 x 10-'° torr. The system volume was about 1 1. 

Aluminium films were deposited on the inside surface 
of a ‘Pyrex’ bulb, 4 in. dam., by heating a piece of high 
purity, zone-refined aluminium which was wrapped on 
a tungsten filament, 0-040 in. diam. The glass substrate 
was about 60° C during the film deposition. During this 
process the pressure in the continuously pumped system 
rose to about 5 x 10-* torr. The reaction bulb was 
isolated from the pumps by closing a metal valve. 

The olefine was then admitted to the film by breaking 
a glass break-seal to the hydrocarbon reservoir. AD 
experiments were performed with the aluminium film at 
25 + 1° ©. A calibrated thermistor gauge’ was used to 
monitor the pressure. After about 1 h the reaction bulb 
was evacuated and isolated by closing a valve. A pre- 
determined amount (about 2-2 x 108 molecules) of 
oxygen was then admitted by breaking a break-seal, and 
the pressure in the reaction vessel was followed as a 
function of time with the thermistor gauge. At the com- 
pletion of an experiment the gas phase was sampled and 
analysed with a mass spectrometer. Film thickness was 
measured to + 15 per cent by X-ray emission spectro- 
graphy. 

C,H, (99-92 per cent), C,H,,-1 (99-97 per cent) and 
CyHy,-1 (99:73 per cent) were obtained from the Philips 
Petroleum Co. Matheson supplied the C,H,-1 (99:5 per 
cent). C,,H;,.-1 (99-0 per cent) was received from Hum- 
phrey-Wuilkinson, Inc. Airco assayed reagent grade oxygen 
was used. 

The initial conditions and results of the experiments 
are listed in Table 1. In all experiments a rapid initial 
adsorption of the clefine on the clean aluminium film was 
_ observed. After this process the pressure above the film 
remained constant, indicating that no further adsorption 
had occurred. About 6-8 x 10!7 molecules of C,H, ad- 

sorbed and 4:2 x I0! molecules of C,H, adsorbed. It was 
not possible to calculate the amount of O,H,., CsH,,. and 
GOieHas adsorbed because the thermistor gauge could not 
| easily be calibrated for these gases. 


Table 1. SUMMARY OF INITIAL CONDITION AND RESULTS 


Exp. 1 2 3 4 5 6 

Al aver. thickness (A) 1,380 710 210 190 2400 2,770 
QOlefine — CaH, C,H, CoH C. His Cie Hea 
Initial amount olefine 

m* x 10-18 238 164 Excess Excess Excess 
Amount olefine adsorbed 

m* x 10-8 — 068 042 — — 
Initial amount Oa 

m* x 10-74 2-239 218 2 22 2-15 2-12 221 
gi min), Oat x 10-7* 3°85 3 47 3°10 318 3 32 1-87 
(2? )oet min? x10 0°31 032 032 O81 082 039 


* m, molecule. Ode, axygen atom. 

The. adsorption of oxygen on clean aluminium films 
(Exp. 1) consisted of two distinct processes: rapid adsorp- 
tion (time < 1 min) followed by slow adsorption. Similar 
results were obtained for the oxidation of aluminium films 
covered with an adsorbed olefine. These results are given 
in Table 1 and are presented graphically in Figs. 1 and 2. 
The very rapid adsorption of olefines which we observed 
on clean aluminium films is in agreement with the results 

of St. Pierre e¢ al.6. who also reported that C,H, is very 

strongly attached to clean aluminium surfaces and is not 
\removed by pumping. Mass spectrometric analysis of the 
‘gas phase after oxygen adsorption indicated only the 
presence of oxygen. 
Adsorption of oxygen on aluminium films has been 
investigated by a number of workers’~!*, In the most 
_4extensive and recent work?®, it was observed that 
oxygen adsorbs rapidly to the extent of about two mono- 
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layers, and thereafter oxygen uptake follows a logarithmic 
law. We obtain similar results for the adsorption of 
oxygen on both clean. aluminium films and films covered 
with olefines. This type of process is illustrated in Fig. 1 
for the oxidation of a clean film and for one covered with 
Cie Haz The kinetics of the slow adsorption process obey 
the Elovich equation“!-}%, that is: 


a = ae- 

where q 18 the amount adsorbed at time ż, and a and « 
are constants. The rete of adsorption at time ¢ is equal 
to 2-3/(at). Thus, ıt i possible to describe slow adsorp- 
tion over the entire ccurse of the action by one constant, 
a. If q is plotted versus logio £ a straight line results 
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Fig. 1. Kinetics of oxygen adsorption 
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Fig. 2. Kinetics of oxygen adsorption, log plot 
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with a slope of 2-3/«. Such a plot is given for all the 
experiments in Fig. 2. Values of 2-3/a are listed in Table 1. 

The value of «, and therefore the rate of oxygen adsorp- 
tion, is approximately the same for all the experiments 
except Exp. 6 (AI-C,,H,,). Thus, adsorption of C,H, 
C,H,, CHa and C,H,, had little effect on the subsequent 
rate of oxygen adsorption. The rate of slow adsorption 
of oxygen in Exp. 6 (Al-C,,H3,) is slightly greater than mm 
the others. i 

The amount of oxygen adsorbed during the fast 
adsorption is estimated in Table 1, see g (1 min). We 
would expect this amount to be related to the effective 
surface area of the aluminium film, a variable which we 
cannot measure directly. However, film thickness does 
not appear to be an important parameter since q (1 min) 
for Exps. 2-5 are similar. 

The amount of oxygen adsorbed at 1 min for Exp. 6 
(Al-C,,Hs:), however, is about half that for the other 
experiments. A plausible inference would be that due to 
its long chain length; C,,H;, reduces the number of sites 
available for oxygen adsorption and hence affects the 
initial fast process. Thus, despite the slightly greater 
rate of oxygen uptake in the slow adsorption process, & 
C,H. layer effectively inhibits the overall reaction. 

The adsorption of C,H, C,Hs, CHi and CgHis on & 
clean aluminium film does not appear to alter appreciably 
the amount of oxygen afterwards adsorbed, nor the 
kinetics of adsorption. The amount of oxygen adsorbed 
by an aluminium film is significantly reduced by an 
- adsorbed layer of C,H >. 
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Preferred Repulsive Interaction: a Novel 
Halogen-Hydroxy! Interaction 


INTRAMOLECULAR interactions between the O—H group 
and the ortho-substituent in ortho-substituted phenols 
have heretofore been classified as being either repulsive’? or 
attractive’. This dichotomy has been justified on the basis 
of observable infra-red spectroscopic parameters of the 
hydroxyl group, such as frequencies and intensities of 
the appropriate absorption bands. 

In the repulsive class, best represented by ortho-alky] 
phenols, the interaction of the ortho group with the O--H 
group sterically disfavours the cis-configuration over the 
trans, and invariably results in an increase in the vOH of 
the cis conformer. The extent of this increase is dependent 
on the bulk of the adjacent group, as seen by the hydroxyl, 
and is always accompanied by a proportional decrease in 
the relative amount of the cis conformer. A large inter- 
action of this type is observed in o-tert-butyl phenol. In 
compounds of this class, the frequency has increased from 
the value of phenol (3,612-5 cm-t!) to about 3,650 cm~, 
and the relative amount of the cis (3,650 cm~) has de- 
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creased from the 50 per cent value of phenol to less than 
10 per cent*. F 

The attractive type of interaction has always been 
accompanied by a decrease in vVOH. Except for those 
compounds in which rotational freedom in the ortho- 
substituent introduces a large entropy term, the interaction 
results in a major portion of the compound residing in the 
bonded configuration. Examples are the halophenols*, 
which produce frequency shifts as large as 100 cm~ and a 
minimum cis-concentration of 90 per cent. 

We wish to report a third type of interaction which 
exhibits a combination of two conflicting spectral changes. 
These are, first, a frequency exaltation characteristic of 
steric repulsion, and secondly, a preferred residence in this 
presumably disfavoured position. This seemingly para- 
doxical state is illustrated by the infra-red spectrum of 
ortho-trifluoromethyl phenol (carbon tetrachloride sol- 
vent), In this compound, as seen in Fig. 1, the vOH 
band is double, consisting of a major peak at 3,624-6 
cm- and a minor shoulder at about 3,605 cm~. The 
coplanarity of the phenolic O—H group with the 
aromatic ring allows an unambiguous assignment of 
these bands to only cis and trans conformers. The 
higher frequency band is higher than that of any phenol 
except for the tert-alkyl phenols and is assigned to the 
OH. group oriented towards the trifluoromethyl group. 
Despite the frequency exaltation, the preponderant area 
is in this cis conformer. One can confidently accept that 
this conformer also contains the larger population since 
the band area of the cis configuration is several times larger 
than that of the trans and is sufficient to override any 
difference in band absorptivities. The lower frequency 
band is typical of the trans conformer in ortho-halophenols, 
and is ascribable to an unencumbered O-—H group. 


Absorbance 





3,700 


3,600 
Frequency (em) 


3,500 


Fig, 1. OM structure of ortho-trifluoromethy! phenols; dilute solutions 
in carbon tetrachloride 


This assignment is confirmed by the data from 2-bromo- 


— — 


— — ni 


6-trifluoromethyl phenol, the spectrum of which is super- 
imposed in the figure. In this compound, the two possible 


conformers yield the frequencies 3,616-9 cm~! and 3,514-0 
em-! (CCl). These are attributed unambiguously to 
O—H...CF, and O—E . . . Br, respectively, and each is 


_appropriately lower than the corresponding frequency 


in the mono-substituted phenols. Despite this lowering, 
the former frequency is still distinctly higher than that of 
the corresponding trans component in 2,4-dihalophenols. 
The preferred orientation is toward the bromine, but not 
to the extent observed in ortho-bromophenol. This 
emphasizes that the configuration having the higher 
frequency band in the aforementioned o-trifluoromethy] 
phenol is indeed in the lower energy state—a conclusion 
also reached through preliminary enthalpy calculations. 


i 
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This could not be predicted from, nor can it be explained 
in terms of, the known behaviour of the halogens. In all 
halophenols, the orientation of the phenolic hydroxyl- 
group towards the halogen has yielded the conformer of 
lower energy and of greater population. This has always 
been accompanied by 2@ shift of the O—H frequency to 
lower values. The contradiction presented here, consisting 

~of both repulsive and attractive components, underlines 
the complexity of the O—EL...F interaction. In view 
of these aspects and of the fact that phenolic spectra m 
perfluorcarbon solvents resemble those of the vapour state, 
doubt is cast on the ability of fluorine to act as a hydrogen 
bond receptor ın the usual sense. Certainly, any con- 
tributions that do exist, either from charge transfer or 
from orbital polarization, must be very slight in covalent 
fiuorides. 

Since this type of interaction is represented by a novel 
combination of spectral phenomena, that 1s, a preferred 
residence in an apparently geometrically undesirable 
configuration, it may be referred to as a preferred repulsive 
interaction, or as repulsive bonding, to describe appro- 
priately the apparent anomaly. Studies of the energies 
involved, the nature of the interaction, and the identifica- 
tion of other groups capable of similar behaviour, are being 
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BIOPHYSICS 


Trapped Water of Dental Enamel 


RECENT investigations with polarizing microscopy have 
idicated that some of the water of dental enamel is 
ot easily removed by dehydrating methods. Somewhat 
ore severe treatment of enamel is necessary to remove 
he last portion of water and these more drastic conditions 
ring about irreversible changes in enamel’. A dis- 
inction between firmly and loosely held water would 
ppear to be possible with the aid of wide line nuclear 
agnetic resonance spectrometry. On the basis of its 
1arrower signal, relatively free water may be distinguished 
by this technique from water which is bound. It has been 
possible to demonstrate that the narrow-line signal due 
to water protons in suspensions of wheat starch became 
wider as the degree of gelation and amount of fixation of 
water mncreased?, 
Dental enamel from healthy teeth was isolated by 
indng away the underlying dentine. Purity was 
sessed by ultra-violet fluorescence in which the enamel 
ppeared grey in contrast to the bright blue dentine. The 
namel was crushed by hand with an agate pestle and 
ortar and finally reduced to a powder with a vibrating 
mul. The powders were then exposed to a relative 
humidity of 100 per cent at room temperature until no 
urther gain in weight was detectable. The samples were 
fterwards dried to constant weight at 110° C, and 0-5-1-0 g 
were packed into glass tubes which had been similarly 
dried. The tubes were immediately and carefully sealed 
as it was found that even a very short exposure to room 
humidity caused a small narrow nuclear magnetic reson- 
ance peak to appear. a 
The signal from enamel can be seen in Fig. la which 
- shows the derivative of the absorption curve. A narrow 
line due to relatively free protons was consistently found 
for enamel after the preparation already described here. 
Three successive periods of heating at 110° C or raising 
the temperature to 200° C did not eliminate the narrow 
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line. 500° C eliminated the signal but also caused con- 
siderable ashing of the enamel. 

Two questions 1mmed:ately present themselves. First, 
is the 110° resistant signal due to protons in the com- 
ponent parts? Secondly, do other calcified tissues 
exhibit the same type of nuclear magnetic resonance 
spectrum. ? 

Figs. 1b and c show that bone and dentine treated 
similarly did not give the same narrow line as enamel. 
Therefore, the narrow-lae signal is not a property of 
other calcified tissues but seems to be confined to enamel 
only. 

The contribution of the protons of the organic com- 
ponent was assessed in tke following way. Mixtures of a 
well-characterized hydroxy and fluorapatite with casein 
were made which had 1, 5 and 10 per cent of the protein by 
weight. Only the 10 per cent mixture gave an unequivocal 
signal which was distinccly a broad line. Such broad 
lines have been reported previously for proteins’. In 
Figs. 1b and c it can be sean that the organic components 
of dentine and bone gave a detectable wide line without 
the narrow-band characteristic of enamel. The 5 per cent 
protein mixture gave only a barely perceptible wide-line 
signal while 1 pee cent of casein gave none at all. An 
additional mixture of 1 per cent gelatine and apatite also 
failed to retain water after the drying procedure. In 
enamel, where the matrix -epresents less than 1 per cent, 
no contribution from its protons is expected or was 
found. 

That protons within th= apatite mineral are not re- 
sponsible for the signal is suggested by the narrow nature 
af the line. Furthermore, comparisons of pure hydroxy- 
apatite and pure fluorapafite which differ only in their 
proton content showed no signal above background and 
neither retained water after drying at 110° C. 

A. sample of zeolite treated identically gave only a wide 
line after heatıng to 110° C. Charcoal gave similar results 
to zeolite, but in addition it gave a very small narrow peak 
after drying. 

The fact that neither the other calcified tissues nor mix- 
ture of apatites could duplicate the retention of water as 
exhibited by enamel leads to the conclusion that some 
specific feature of the enamel ultrastructure is responsible 
for this property. The add-tional finding that a narrow- 
line signal persists for enamel at temperatures that should 
remove free water may be ettributed to the water being 
‘trapped’ rather than bound in the structure. The 





C 


Fig. 1. The nuclear magnetic resonance signal from a, enamel, b, bone 
and c, dentine. The height of the curve mdicates the magnitude of the 
signal and the horizontal axis 1s the magnetic field 
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investigation of the spaces (possibly between the crystal- 
lites) responsible for this inferred trapping of water will 
be continued using X-ray diffraction and other physical 
methods. 

I thank Prof. Erk Forslind and Dr. Ramdas Gupta 
of the Department of Physical Chemistry of the Royal 
Institute of Technology both for their assistance and for 
making the Varian Associates nuclear magnetic resonance 
spectrometer available. 

This work was supported in part by U.S. Public Health 
Service special fellowship 1—F3—DH-4784—01. 

Note added in proof. The water of unheated enamel does 
not show signs of freezing until temperatures of — 40° C 
are achieved. Exchange with D,0O is rapid only for a small 
(10 per cent) fraction of the water. The remaining 90 per 
cent does not exchange over a 3-h period. These properties 
are not exhibited by water of mineral apatite or ashed 
enamel. 
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BIOCHEMISTRY 


Arabanases in Phytopathogenic Fungi 


PrcroLtytic and cellulolytic enzymes of phytopatho- 
genic fungi are generally assumed to play an important 
part in the infection process in many plant diseases. There 
is an extensive literature covering this subject}. The 
enzymes facilitate the penetration of the fungus into the 
plant by a hydrolytic cleavage of polymers (pectic sub- 
stances, cellulose) which constitute the plant cell walls. 
However, not only pectic substances and cellulose are 
building stones of the plant cell wall. In many cases 
arabans, galactans, or other homoglycans, heteroglycans 
and proteins are found as well?. Yet comparatively little 
work has been done concerning the role of enzymes 
hydrolysing these latter polymers. The main reason for 
this may be that these polymers are not all available 
commercially, and not that arabanases, galactanases, etc., 
should not be of possible importance in fungal invasion. 

According to Tuttobello and Mill’, groundnut-meal 
greatly stimulates the production of pectolytic enzymes. 
Since groundnut-meal is known to be a source of araban‘, 
we inferred that it might act as an inducer of arabanase 
as well. Attempts were made to separate arabans from 
groundnut-meal according to a process outlined by Hirst 
and Jonest. A pectin-araban complex was obtained rather 
easily, but separation of this into its components proved to 
be extremely difficult. Arabans are known to be branched 
polysaccharides, built up from 1t.-arabinose, this being in 
a furanose form. Unfortunately, such polysaccharides are 
very liable to acid hydrolysis. Enzymatic breakdown of 
pectin seemed to be a clue to obtain a pure araban from the 
pectin-araban complex. So far, however, we have not 
succeeded in this procedurs to our satisfaction. Therefore, 
we rather used an araban sample obtained from Light and 
Co. as the substrate for arabanasoe. 

The following phytopathogenic fungi were examined: 
Alternaria solani, Botrytis allii, B. fabae, B. tulipae, 
Cladosporiumcucumerinum, Colletotrichum lindemuthianum, 
Fusarium oxysporum f. lupini, F'. oxysporum f. lycopersici, 
F. oxysporum f. pisi, Glomerella cingulata, Monilia fructi- 
gena, Mycosphaerella pinodes, Sclerotinia sclerotiorum; 
furthermore, the following saprophytic fungi were 
examined for comparison: Aspergillus niger, Penicillium 
camemberit, Rhizopus nigricans, Trichoderma viride. All 
fungi were grown in duplicate at about 20° C on a reciprocal 
shaker in 300-ml. flasks, each containing 100 ml. of a 
medium consisting of 10 g of KNO,, 5 g of KH,PO,, 2-5 g 


NATURE ` 


May 15, 1965 VoL 206 


of MgSO,, 1 g of Difco yeast extract and 20 g of groundnut 
meal or glucose/l. water. After 4, 6 and 8 days culture 
filtrates were obtained by filtering and centrifuging the 
media for 10 min at 1,600g. Culture filtrates were used as 
such, or two parts of cooled acetone were added, the 
precipitate spun down at 20,000g and the latter resus- 
pended in distilled water (1/10 of original volume). The 
enzyme-substrate mixtures, consisting of 1 ml. of enzyme 
solution, 1 ml. of a 1 per cent aqueous solution of araban 
plus 1 ml. of Sørensen. phosphate buffer, pH 5-6, were 
incubated at 30° C for 1-48 h. Chloroform plus thymol 
were added to prevent microbial contamination. 

Breakdown products were assayed chromatographically, 
using Whatman No. 1 filter paper, isopropanol—acetic 
acid~water 7:1: 2 as the solvent system’ and benzidine— 
trichloroacetic acid? or phloroglucinol-HiCl (ref. 7) as 
spray reagents. With all fungi tested, mvariably the 
monomer L-arabinose was found as the only L-arabinose- 
contaming breakdown product. Culture filtrates prepared 
from media in which groundnut-meal was replaced by 
glucose only showed noticeable arabanase activity in some 
of the pathogens examined: Botrytis allii, B. fabae, B. 
tulipae, Colletotrichum lindemuthianum, Fusarium oxy- 
sporum f. pisi, Monilia fructigena, Mycosphaerella pinodes, 
Sclerotinia sclerotiorum. Thus, the arabanases present are 
constitutive or inducible exo-enzymes, not cleaving the 
araban molecule randomly, but splitting off monosac- 
charide units. 

Of three species (Botrytis fabae, Glomerella cingulaia, 
Sclerotinia sclerotiorum) the pH optima of arabanase 
were established; they proved to be at 3-8—4-8, 4-8 and 
3-6-5-8, respectively. These pH. optima are somewhat 
higher than that of the only arabanase examined so far, 
namely, from takadiastase®, which was found to be at 
3:6. With the same species and with Colletotrichum 
lindemuthianum some experiments were carried out on 
the inhibition by some pectinmethylesterase inhibitors®»}°. 
Nearly complete to complete inhibition was obtained wit 
10-3 M tannic acid; somewhat less was the inhibito 
action exerted by m-digallic acid and 1,4-dihydroxy 
anthraquinone-sulphonic acid-2, whereas 8-hydrox 
quinoline sulphate did not noticeably interfere in th 
breakdown of araban. 

Besides L-arabinose, glucose and a galacturonic acid 
containing oligomer (presumably a diagalacturonic acid 
were also found in many instances. This suggested th 
presence of impurities in the commercial araban sample 
Because groundnut-meal will induce the formation o 
many other polysaccharide-hydrolysing enzymes, cultur 
filtrates of the species examined were afterwards 
incubated with carboxymethylcellulose, galactan, poly- 
galacturonic acid N.F. and soluble starch, respectively 
(1 ml. culture filtrate + 1 ml. Sørensen. phosphate buffer 
pH 56+ 1 ml. 1 per cent substrate solution). In a/ 
second series of experiments culture filtrates from atid 
grown fungi were examined for the presence of constitutive 
enzymes. Judging from the size of spots of breakdown, 
products on paper chromatograms the culture filtrates 
proved to contain varying amounts of the appropriate’ 
enzymes. In Table 1 the fungi tested are divided into, 
groups of saprophytic and phytopathogenic fung:;, 
within the latter group two sub-groups were considered,, 
namely, rot-causing fungi and fungi attacking Legumino- 
sae. From Table 1 it is obvious that the phytopathogenic 
fungi differ from the saprophytes by producing much 
greater amounts of pectolytic and cellulolytic enzymes; 
contrary to saprophytes, phytopathogens also produce 
constitutive arabanases in demonstrable activity. Rot- 
causing fungi produce still greater amounts of hydrolytic 
enzymes than the average phytopathogenic fungi. The 
highest arabanase activities are found in fungi attacking 
Leguminosae, which are known to contain large quantities 
of araban. 

Consideration of the results made it desirable to prove 
that the araban sample contained at least free araban 
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Tablel. RELATIVE ACTIVITY OF INDUCIBLE AND CONSTITUTIVE HYDROLASES 
IN SAPROPHYTIO AND PHYTOPATHOGENIO FUNGI 


TIndueible Constitutive 
am. an ca g. p am ar ca g D 
Saprophytes 18 20 00 00 03 10 00 00 00 O98 
Phytopathogens 17 Zi i 1 02 25 15 O07 02 00 16 
Rot-causing 25 23 13 03 38 20 08 00 00 28 
ung 
Fungiattacking 1 23 07 02 23 17 #10 O8 OO 1°5 
Leguminosae 


am. Amylase, ar., arabanasc, c., cellulase, g., galactanase, p, poly- 
galacturonase. Numbers indicate average relative activity (maximal activity 
found 18 indicated as 4 0), 


(and not, for example, only an 1L-arabinose-containng 
heteroglycan). Acid hydrolysis of a 1 per cent solution 
of araban for 30 min at 60° C—conditions being unsuitable 
to hydrolyse pectins, cellulose, starch, etc.—appeared to 
yield L-arabinose as the only sugar component in a wide 
pH. range (0:07-4:31). Therefore, it might be assumed 
‘that the commercial sample at least contained a homo- 
geneous araban. An assay for galacturonic acid with 
carbazole!! revealed the araban sample to contain 37 per 
t cent of galacturonic acid-reacting material; obviously, 
‘also in the commercial sample the greator part of the 
araban still exists in the form of a pectin-araban complex. 
The wide distribution of arabanases among phyto- 
pathogenic fungi may be considered to be an indication 
of their possible role in the process of infection. They are 
worth a more extensive investigation, especially ın cases 
where high percentages of arabans are found in the cell 
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Synthesis of (+:)-Abscisin I] 


Wes recently reported! that a growth-inhibitory sub- 
stance (‘dormin’) from sycamore leaves is identical with 
abscisin II, an abseission-accelerating substance obtained 
from young cotton fruits. Addicott et al.? have proposed 
the structure (1) for abscisin IT. We have now confirmed 
this structure by synthesis. 

3 - Methyl - 5 - (2,6,6 - trumethylcyclohexa - 1,3 - dienyl) 
eis-trans-2,4-pentadienoie acid? (IL) in benzene-ethanol 
was irradiated with visible light in an atmosphere of 
oxygen in the presence of eosin as a photosensitizer. The 
crystalline epidioxide (IIL) was formed readily. When this 
was heated at 100°C for 7-5 min in 0-07 N aqueous 
sodium hydroxide, rearrangement occurred and (+)- 
abscisin was isolated after acidification. 


CH, CH; 


yt, 


(11) 


CH; CH; 


on SS 
CO2H 
a 
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The synthetic substance is a racemic compound and 
its melting point (188—190° C) is some 30° higher than 
that of the natural harmone. However, the ultra-violet, 
mass and infra-red spectra were identical with those of 
abseisin II, and the substance on bioassay’ showed 
approximately one-hal= the inhibitory activity of the 
natural hormone. Abscisin II is presumably a single 
enantiomorph, although its optical activity has not yet 
been measured. Resolution of the racemic substance 1s 
in progress. 

The all-trans isomer of abscisin IIT was synthesized in 
the same manner. On bioassay! it showed less than 1 per 
cent of the inhibitory activity of natural abscism II. 
On the other hand, the epidioxide (LII) showed approxi- 
mately one-sixth of the activity of the natural hormone. 
This observation is a possible indication of the bio- 
synthetic route. 
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Estimation of Sphingomyelin 


AN investigation of mar:ne phospholipids in this labora- 
tory necessitated the desermination of sphingomyelin. 
Sphingomyelin is frequently estimated by determining 
sphingosine according to the method of McKibbin and 
Taylor’. This method consists of the separation of 
sphingosine from other nttrogenous bases by extraction 
from an aqueous acid salution with chloroform; total 
nitrogen is determined in the chloroform extract. This 
procedure has been criticized by several workers, for 
example, Olley and Lovern?, on the grounds that not all 
the chloroform-soluble nitrogen is in fact sphingosine- 
nitrogen. Modifications o? the method have been sug- 
gested by Lovern® and Rhodes and Lea‘; but substantially 
the original method 1s still commonly used in many labora- 
tories®-?. 

The McKibbin and Taylor method proved unreliable in 
our laboratory, as is shown in Table 1, and was abandoned. 

A new routine procedure for the estimation of sphingo- 
myelin was later developed, by determining sphingo- 
myelin-choline in the phospholipid mixture. This was 
found by determimng the total choline in a phospholipid 
hydrolysate as described previously and the relative 
proportions of lecithin-choline, sphingomyelin-choline 
and lysolecithin-choline. Tie latter were readily obtained 
by chromatography of the phospholipid mixture on silicic 
acid impregnated paper, followed by staining with the 
tricomplex stain of Hooghwinkel and van Niekerk’. After 
determining the average equivalent weight of the phos- 
pholipid fatty acids, the perzentage sphingomyelin could 
be easily calculated from the sphingomyelin-choline 
figure. In addition, the quantities of lecithin and lyso- 
lecithm in the phospholipid mixture were obtained simul- 
taneously. It is assumed in this procedure that the fatty 
acids are evenly distributed over the different phospho- 


Table 1. ESTIMATION OF SPHINGOMYELIN IN MARINE PHOSPHOLIPIDS 
(As per cent of twal phospholipids) 

Source of McKibbin and. Present Column chromato- 

phosphohpid Taylor’s method method graphic procedure® 
Hake flesh 94 48 33 
Hake liver 7:3 86 103 
Rock lobster roe 22 4'8 2-0 

Rock lobster 

hepatopancreas O-4 1:4 10 
Total pilchard 106 63 §3 
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lipid classes, which is not correct (cf. Lovern?), but the 
error introduced is insignificant. 

The method has proved satisfactory in our laboratory ; 
the results agree well with those obtained by an inde- 
pendent column chromatographic separation on silicic 
acid following Hanahan, Dittmer and Warashina‘. 
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Detection of a Secobarbital Metabolite in 
Human Liver by Gas Chromatography 


Meprasourres of secobarbital have been found in the 
urine of the dog by Waddell’, in human urine by Cochin 
and Daly’, and in the urine of the rat by Niyogi’. 

This communication is a report of the detection of a 
metabolic product of secobarbital in human liver tissue. 

A. 33-year-old Caucasian female, with a history of 
depression. and a previous suicide attempt by means of 
tranquillizers, was found unconscious in bed in the morning, 
about 9 h after she had been seen to retire. She had 
ingested an overdose of secobarbital. On admission to 
hospital the pataent was comatose but responsive to pain- 
ful stimuli; her pupils were widely dilated and did not 


react to ight. A gastric lavage was performed but the 
washings were discarded. Respiration was assisted 
mechanically. Intravenous fluids and metaraminol 


were administered continuously in an attempt to main- 
tain nutrition, electrolyte balance, and blood pressure. 
On the day following her admission, pneumonia was 
suggested by X-ray. She was given penicillin intra- 
muscularly and aspirin rectally thereafter. Her condition 
deteriorated and she died 85 h after she had been found, 
without regaining consciousness. Autopsy revealed 
pulmonary oedema, bronchopneumonia and an ovarian 
cyst. No other pathological findings were demonstrated. 

Toxicological analyses were performed on stomach, 
blood, liver, brain, heart, iliopsoas muscle, abdominal wall 
fat and kidney. Following direct chloroform extraction 
of these tissues, and recovery of acidic and phenolic 
drugs through NaOH extraction of the chloroform layer, 
differential ultra-violet spectrophotometric examination 
was used for determining barbiturate concentrations in 
the tissues. These were as follows (mg barbiturate per 
100 g tissue): stomach contents, 0-13; blood, 0-07; liver, 
0-25; brain, 0-15; heart, 0-12; muscle, 0-20; fat, 0-40; and 
kidney, 4:6. 

To determine secobarbitel metabolites the liver was 
treated as follows: 200 g tissue was homogenized with 
10 ml. conc. HCl] and 1 1. chloroform. The mixture was 
heated on a steam bath for 3 h with constant agitation. 
After filtration, the chloroform extract was evaporated 
to 50 ml. and washed with 10 ml. of saturated NaHCO, to 
which a drop of concentrated HCl had been added. The 
washing was discarded and the chloroform was shaken 
with 10 ml. l-N NaOH. The separated sodium hydroxide 
solution was acidified with HCl and extracted with 1 ml. 
of chloroform. 6 ul. of this chloroform extract was injected 
into the gas chromatograph. 
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The gas chromatographie conditions were as follows: 
A Research Specialties Co., of Richmond, California, gas 
chromatograph model ‘60-10’ with flame ionization detec- 
tor was used. The signal attenuator was set at 30x or 
100x. A 6 ft. x 4 in. stainless steel column, packed with 
5 per cent DC-200 silicone on 60/80 mesh ‘Chromosorb’ 
W, was conditioned at 225° C. For the analyses, the 
column temperature was 165° C with the injection block 
at 370° ©. Nitrogen at 50 lb./in.? inlet pressure served as 
carrier gas. Sample injections of 1—6 ul. chloroform solu- 
tions were made by means of a 10-ul. Hamilton syringe. 
The chromatograms were visualized by means of @ 
Leeds and Northrup ‘Speedomax’ H, 0-5 mV recorder. 

Under these conditions rapid and usable separations of 
the common barbiturates, glutethimide (“Doriden’®), 
methyprylon (“Noludar’ ®)and meprobamate, are obtained. 
This is ıllustrated in Fig. l for amobarbital, secobarbital 
(‘quinal barbitone’), glutethimide and phenobarbital. . 
With the liver extract, three peaks—a, b and c—were 
obtained (Fig. 2). Peaks æ and ¢ correspond to those | 
obtained with 5-(1-methylbutyl) barbituric acid isolated ; 
by Waddell from human urine after secobarbital admini- | 
stration (Fig. 3). Peak b, which is quite prominent in the/ 
liver extract, corresponds to a trace constituent apparent 
in 5-hydroxy-5-(1-methylbutyl) barbituric acid which 
had been similarly isolated by Waddell (Fig. 4). As can 
also be seen from comparing Figs. 2 and 4, the major 
constituent of the 5-hydroxy-5-(1-methylbutyl) meta- 
bolite is characterized by peak d which is entirely absent 
in the present liver extract. Peak 6 also does not corre- 
spond to any of the peaks found in gas chromatograms | 
of the two other secobarbital metabolites obtained from 
Waddell: (5-(2,3-dihydroxypropy]) -5-(1-methylbutyl) bar- 
biturie acid and 5-ally!-5-(3-hydroxy-1-methylbutyl) bar- 
biturie acid). 

Thus, peak b appears to be a hitherto unreported | 
secobarbital metabolite. ` This substance appeared as but 
a trace in the urine following reasonable doses of seco- 
barbital, while it was present in relatively large concentra- 
tions in the liver 85 h after a lethal dose was ingested. 
It may be an intermediate between secobarbital and its 
5-hydroxy metabolite or a product of further biotrans- 
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Fig. 1. Separation of barbiturates and glutethimide (‘Doriden’) 
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Fig 3 5-(1-methylbutyl)barbituric acid 


Fig 4. d5-hydroxy-5-(1-methylbutyl) barbituric acid 


formation of this 5-hydroxy-5-(1-methylbutyl) barbituric 
acid. f 

We thank Dr. W. J. Waddell for the metabolites of 
secobarbital. 


S. K. Nryvoar 
V. F. CORDOVA 
F. RIEDERS 


Offce of the Medical Examiner, 
Department of Public Health, 
City of Philadelphia. 
1 Waddell, W. J , Fed. Proc., 21, 182 (1962); 22, 480 (1983). 
* Cochin, J, and Daly, J. W , J. Pharmacol. Exp. Ther., 139, 154 (1963). 
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Inhibitory Action of Testosterone on Mouse 
Mammary Tumours in vitro 
THE spontaneous mammary tumour of the C3H mouse 
has been shown to be resistant to the inhibitory action 
of testosterone in vivo when the tumour was well estab- 
lished?. Glenn et al.2, however, demonstrated that the rat 


_ mammary fibro-adenoma was inhibited by testosterone 


injected subcutaneously, and that this tumour may 
become resistant to the hormone. They suggested that 
the latter tumour was able to resist inhibition because 1t 
was able to metabolize testosterone, but no evidence has 
been submitted to support this claim. 

This report demonstrates that the C3H mouse tumour is 
capable of being inhibited from incorporating labelled 
amino-acid into protein by the presence of small amounts 
of testosterone ¿n vitro, where the effect of the host animal 
on the hormone was eliminated. Collateral studies have 
also demonstrated that the escape from inhibition by the 
harmone could be explained by the vigorous metabolism of 
testosterone which this tumour is capable of producing. 

Slices of C3H tumour were cut free-hand from a rapidly 
growing mass, free of necrosis and haemorrhage. They 
were incubated for 1 h in Krebs—bicarbonate buffer? at 
37° C, either in the presence or absence of 10 ug of testo- 
sterone. Then 0:2 uc. of.C-labelled t-valine was added; 
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Fig. 1. Incorporation of “C-7valine into tumour protein O, In 
presence of 10 ug testosterone; A, no testosterone present. Pre- 


tncubated 1 h, then 02 we “C-vraline added, and incubation continued 
a further hour 


the final concentration of valne was 2 ug/ml. After incu- 
bation for a further hour the protein was isolated, free of 
nucleic acid and lipid, by the method of Manchester and 
Krahl*. The specific activity in ¢c.p.m./mg protein was 
determined for each slice. 

As shown in Fig. 1, the incorporation was dependent 
on the slice weight, also the inhibition of incorporation 
caused by the testosteron® diminished with increase in 
weight of the slice. Other sxperiments showed that there 
was no significant unhibition if the slice weighed more than 
about 120 mg, under tha conditions described here. 
Increasing the amount of testosterone caused progressively 
greater inhibition; 100 gg of the hormone decreased 
incorporation by 50 per cent in a 70-mg slice. 

When lactating mammary tissue of normal mice was 
treated in the same way, 10 xg testosterone caused stimula- 
tion of incorporation of the labelled amino-acid (Table 1). 


Table 1. INCORPORATION OF !*C-VALINE INTO PROTEIN OF NORMAL MOUSE 


LACTATING GLAND 


No testostercne 
Wt of S.A. af protein 


10 we testosterone 
Wt of S.A. of protein 


Pair No. slice (c.p.m /mg) slice (c.p.m./mg) 
(mg) (mg) 
1 77 674 77 728 
2 67 673 99 625 
3 84 594 80 951 
4 98 652 72 714 
5 96 O73 107 788 


Mean + S.D = 653 + 24 Mean + £ D. = 761 + 108 


As nucleic acid metabolism is a probable site of action 
of inhibitors of protein synthesis, slices of the tumour 
were incubated with 0:3 wc. of 4C formate, in the presence 
or absence of 10 pg of testcsterone for 2 h. The nucleic 
acids of the slices were isoléted by a modification of the 
method of Tyner, Heidelberger and LePage’ and the ribo- 
nucleotides of RNA were separated from DNA by alkaline 
hydrolysis. The nucleotide: were plated and counted in 
a Nuclear Chicago gas-flow (D 47) counter, and the specific 
activities calculated in terme of optical density at 260 mu. 
of the acid solution of the nucleotides. DNA was plated 
as such from an ammoniacel solution after determining 
the O.D. 260 mu of the solution, and the specific activity 


Table 2 RADIOAOTIVITY OF NUCLEOTIDES FROM RNA OF TUMOUR 


Paired mncubations with C-formate. Testosterone added (10 ug per flask) 
in ‘test’. Radioactivity expressed as c.p.m./O D. 260 mu 


Pair No. Control Test 

1 286z 179 

2 3a 176 

3 262 158 

4 272 153 

5 208 160 
Mean = 8. D. 281 + 69 165 + 10 


Significance of difference between means P < 0-001 by £ test. 
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of the DNA was calculated from the relationship between 
the counting rate and the ultra-violet absorption. Table 
2 shows that testosterone caused a marked decrease in the 
incorporation of formate into RNA; the DNA incorpor- 
ation was low and variable, with no significant difference 
between control and test series. 

From these results it was deduced that the C3H mouse 
mammary tumour is capable of being inhibited by testo- 
sterone from incorporating formate into the purine bases 
of RNA, a process which may be reflected in the other 
phenomenon reported here, namely the diminution of 
incorporation of amino-acid into protein. The dependence 
of this inhibition on slice weight may be due to the 
penetration of amino-acid being faster than the hormone, 
so that in the larger slice, any inhibition would be difficult 
to observe in specific’ activity measurements. Another 
possibility is that the greater mass of tissue in the larger 
slice is able to metabolize effectively the hormone to 
inactive steroids; in consequence, in the smaller slice, 
the active hormone is in contact with the tumour tissue 
for a longer period, so inhibition 1s more readily observed. 
However, Samuels et al. reported that a mouse mammary 
tumour did not metabolize testosterone under conditions 
which they used for liver slices. 

To clarify this situation, slices of tumour weighing 
about 100-150 mg were cut free-hand, and incubated 
with 0-2 ue. of 4-4C testosterone (13-4 ug/yc.) in 1 ml. 
-of Krebs-Ringer phosphate buffer’, containing 0-1 per 
cent glucose. Flasks containing the slices were removed 
at intervals, and the slice and buffer separately extracted 
with ether/ethanol. After adding 100 yg of marker steroids, 
the extiacts were evaporated down and chromatographed 
in methyleyclohexane/propylene glycol’ for 24 h. The 
metabolites of testosterone were located with a 4-7 
radioactivity scanner (Nuclear Chicago ‘Actigraph’) with 
automatic recorder. Marker steroids were located by the 
Zimmerman reaction? and by ultra-violet absorption 
using a ‘Chromatolite’ for testosterone and androstene- 
dione. 

Contrary to Samuels ef al.® this tumour was capable 
of very active conversion of testosterone to various 
metabolites, which were tentatively identified as andro- 
stenedione, androstanedione, androsterone, and iso- 
androsterone; three other spots of radioactivity were 
located in the 6-h incubation, one at the origin, another 
between testosterone and the origin and another in the 
run-off from the primary chromatogram which was 
re-chromatographed in the same solvent system for 6 h. 

Factors which decreased the rate of metabolism included: 
(a) using Ringer-bicarbonate buffer in place of the high- 
phosphate buffer; (6) excluding glucose; (c) lowering the 
partial pressure of oxygen by flushing with nitrogen and 
capping the flask; (d) the presence of moderate amounts 
of antibiotics (200 units of streptomycin and penicillin). 
These factors did not change the overall pattern of the 
metabolites, but large amounts of antibiotics did inhibit 
the metabolism; with 20,000 units of penicillin, only one 
radioactive spot with the mobility of iso-androsterone 
was produced. The same amount of streptomycin com- 
pletely inhibited the metabolism and disrupted the 
tissue. 

When mammary tumours from human patients were 
ineubated in the same way as the mouse tumours, variable 
results were obtained in that some tumours did not 
metabolize testosterone at all, others were active and 
converted some of the hormone to androstenedione and 
iso-androsterone; none was so active as the mouse tumour. 
Wotiz et al. demonstrated that normal skin and human 
mammary tumours were the most efficient of the tissues 
they examined in metabolizing testosterone in the presence 
of large amounts of penicillin; the metabolites were 
androstenedione and two minor components which were 
not further identified. 

Figs. 20 and b indicate the patterns which were 
obtained in I- and 6-h incubations respectively, with the 
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Fig. 2. Seanner trace of radioactivity on chromatograms for (a) 1-h 

and (b) 6-h incubations. Position of marker steroids located by 

Zimmerman reagent. O, Origin, 1, testosterone; 2, dehydroisoandros- 

terone, 3, fiscandrosterone; 4, androsterone; 5, androstenedione; 
6, androstanedione 


mouse tumour. Lactating mammary gland tissue from , 
normal mice did not metabolize testosterone under the: 
conditions described above. 
intense metabolic activity of the mouse tumour may 
explain the lack of inhibition by testosterone in vivo, 


It is postulated that the \ 


where favourable circumstances of oxygenation and ' 


glucose supply would rapidly inactivate any hormone 
which penetrated the tumour mass. In the case of the 
human tumours, similar considerations may apply, as 
Heuson and Legros? and we have found (unpublished re- 
sults) that the incorporation of essential amino-acids into 
protein in vitro was inhibited by small amounts of testo- 
sterone in some cases, but not in others. These observa- 


tn 


tions are being correlated with the metabolism of C- , 


testosterone in vitro in each case. 

It is concluded from these results: (a) that protein 
synthesis in the C3H mouse mammary tumour is capable 
of being inhibited by testosterone in vitro; the reasons 
for the lack of inhibition in vivo may be related to the 
rapid metabolism of the hormone by the tumour under 


favourable conditions; (b) that the locus of inhibition of \ 


protein synthesis may be at the level of RNA synthesis 


which is also decreased by the same amount of testosterone. | 


Experiments are under way to test these hypotheses. 


This work was supported by a grant from the Anti- | | 


Cancer Council of Victoria. 
I. ©. Parsons 
Department of Biochemistry, 
Monash University, 
Clayton, Victoria, 
Australia. 
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PHYSIOLOGY 


Force : Velocity Properties of Mouse Muscles 


Tas force: velocity properties of extensor digitorum 
longus (EDL) and soleus (SOL) muscles of the mouse have 
been determined at birth and four weeks after birth. 
The methods and recording equipment used in this work 
have been described in detail elsewhere!. Contractions 


! 


, Richardson, S. L., Bowman, B. J., and Lyster, 8. C., in ( 


is, R. H., and Stauffer, J. F., in Manometrie Tech- : 


— 
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of muscles in four-week-old animals were recorded in vwo; 
the anaesthetic was 100 mg pentobarbital sodium/kg 
body-weight injected intraperitoneally followed by about 
40 per cent of the initial dose every hour. Neonatal 
muscles were examined in vitro; in these conditions the 
average decline in the maximum isometric tetanic tension 
(Pa) in the course of a series of measurements lasting 
several hours was only 7 per cent for EDL and 4 per cent 
for SOL. The speed of shortening was determined from 
distance: time curves of after-loaded isotonic tetanic 
contractions. These contractions were recorded with 
light levers during repetitive indirect stimulation at the 
optimal frequency (fo). The equivalent masses of the 
levers were 22 mg and 114 mg for muscles from neonatal 
and four-week-old animals respectively. All measure- 
ments were made with the muscles at 35° C to 35-5° C. 
Curves describing the relationship between the speed of 
shortening and the load were fitted to the data for each 
muscle by the method of least squares using Hull’s equa- 
jtion® ((P +a) = b(P, — P), where P, = maximum 
\isometric tetanic tension, P = load, V = speed of shorten- 
‘ing, and a and b are constants). The anatomical arrange- 
ment of tendon and muscle fibres in mouse EDL and SOL 
us the same as that described for rat muscles!. 

During development there are increases in both the 
weight (m) of the whole muscle and the number of sarco- 
meres (S) in each muscle fibre. This increase in the num- 
ber of sarcomeres leads to a proportional increase in the 
speed of shortening of the whole muscle. In order to 


: compare the speed of shortening of small neonatal muscles 
~«<™ and large muscles from older animals it is necessary to 


— 


express the speed in terms of a particular number of units 
contracting in series. In the results outlined here, Vs is 


| the speed of shortening of a 1,000 sarcomere length of 


| 
| 
| 


musele fibre. 
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Fig. 1. Relationship between the speed of shortening per 1,000 sarco- 

meres (Vs, ın mm/sec) and the load (percentage of load equal to the 

maximum isometric tetanic tension) for extensor digitorum longus (0) 

and soleus (©) muscles from he zon (4) and four-week-old (8) mice 
strain 
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Fig. 1 shows the force: velocity curves for new-born 
and four-week-old EDL and SOL muscles. At birth the 
foree : velocity properties are virtually identical in these 
museles (Fig. 14); thereafter the speed of shortening of 
EDL is doubled within four weeks whereas SOL muscle 
undergoes little or no change in this respect (Fig. 1B). 
The shape of the force : velocity curves, as mndicated by 
the values for ¢/P, from Hill’s equation, is approximately 
the same in new-born and adult fast and slow muscles. 
The values for ¢/P, are listed in Table 1 together with 
other characteristics which describe the force : velocity 
properties of developing mouse muscles. 

Comparison of the results recorded here with those 
obtained earlier! shows that mouse fast and slow muscles 
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Table 1. PROPERTIES OF BXTENSOR Diarrorts, Lonavs (EDL) AND 
SOLEUS (SOL) MUSCLES OF THE MOUSE (C57 STRAIN) 
The abbreviations are defined in the text 
Beth Four weeks 
SOL EDL SOL E 
Vs (mm/sec) 80 6 28°2 31-7 60°5 
(P=0) (28 oe (26-6-30-2) (31:6, 31°8) (39 6, 61 5) 
IP (675-807) (5990-685) (1, FA i ae) (1, 674, gn? 
az 
° (0 145-0-321) (0°260-0 365) (0 288, 0 29) (0251, 0 265) 
P, () t 317 175 
x (0 33-0 56} (O-84~1'17) a2 2,141} (18-2, 10-8) 
Jo (c/s) 109 r 100 200 220 
mimg) 0 22 0 34 52 49 
(0 15-03) (0 3-035) (51, 5 3) (49, 4 9) 
No. of muscles 4$ 4 2 2 


shorten more rapidly than the same muscles in rats. 
Nevertheless the patterr. of differentiation into fast and 
slow muscles is the same in both animals, and involves an 
increase in the speed of the fast muscles only. Further- 
more, in both mice and rats, the process of differentiation 
involves a change in the intrinsic speed of shortening of 
sarcomeres, with virtually no change in the manner in 
which the load influences the speed. 

This work was supported in part by a grant to Sir 
John Eccles from the Muscular a Associations 
of America, Inc. 

R. CLOSE 
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Australian National Uriversity, 
Canberra, Austraia. 

1 Close, R., J. Phys:ol., 178, 74 (1684). 
* Mill, A. V., Proc. Roy. Soc., B,123, 136 (1938). 
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Heterosegmental and Heterosensory 
Presynaptic inhibition 5 


Dorsal root potentials (DRPs) described for the first 
time by Barron and Matthews! have been the object of 
intensive investigation during recent years (see ref. 2). 
In all these studies DRP was evoked by stimulation of 
hindlimb afferents and recorded on the rpsilateral lumbo- 
sacral dorsal root filaments close to the entry zone of the 
stimulated primary afferents. 

The present study, made on cats under chloralose 
anaesthesia and immobilzed by ‘Flaxedil’, shows that 
lumbosacral DRPs can. be evoked by cutaneous and high 
threshold muscle afferents from any part of the body as 
well as by auditory and v-sual stimulation. 

Fig. 14 illustrates that DRPs evoked in the lower 
filament of L7 from hindlimb cutaneous afferents of 
both sides display components I and IT as described by 
Carpenter et al... Component I has a short latency and a 
very restricted distribution along the cord while com- 
ponent II has a wider -ongitudinal distribution. In 
addition, stimulation of forelimb cutaneous afferents 
evoked lumbar DRPs with a latency of 26-28 msec in 
which we cannot differentiate between components I 
and II. The lumbar DRPs evoked from trigeminal 
afferents of either side have a mean latency of 25 msec. 
Their amplitude is of the seme order as that of the DRPs 
from limb afferents. 

When stimulating the ectaneous branch of the radial 
nerve the lumbar DRP appears when the stimulus strength 
is 1:3 times the thresholc for the nerve. Cutaneous 
fibres of lower threshold never generate DRPs even when 
trains of shocks are used in order to produce a temporal 
summation of the afferent activity. When the muscular 
branch of the radial nerve is used, the stimulus strength 
must be raised to 9-14, she threshold for the nerve 
before the lumbar DRP appzars. This stimulus intensity 
is strong enough to activate group III muscle afferents*. 
The effective natural stimuli for evoking these hetero- 
segmental DRPs are light tapping of the skin or flicking 
of the hairs or vibrissae; gentle movement of hairs or 
light touching of the skin is never effective. Under our 
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Fig 1 .A, DRPs recorded from the most caudal filament of dorsal root. 
L 7 on stimulation of cutaneous afferents by single shocks delivered 
through subcutaneous needles inserted at the tip of the ipsilateral and 
contralateral forelimbs (az, ac) and ipsilateral and contralateral hindlimbs 
(pi, pc}. DRPs from hmdlimb afferents display components I and IT. 

mponent I has a higher amplitude when evoked from ipsilateral cut- 
anecous afferents, whereas component IT always has the same amphtude 
irrespective of side stimulated B, DRPs recorded from the same filament 
asin A on auditory and visual stimulation The auditory stimulus was a 
click delivered through a loudspeaker and the visual stamulus a flash, the 
duration of which is indicated by a horizontal bar. DRPs from hetero- 
segmental, auditory or visual stimulation do not display an early phase 

resembling component I. Cat with intact neuraxis 
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Fig 2, Inhibitory action from forelimb cutaneous afferents on synaptic 
effect of a hindlimb cutaneous afferent volley. A lumbar cord dorsum 
N wave evoked from Ipsilateral hindlimb cutaneous afferents (pi) is de- 
pressed by a conditioning stimulus appled to forelimb cutaneous 
afferents, Ordinate sizo of the N wave, as percentage of control value, 1s 
plotted in relation to conditioning-test interval Solid dots, conditioning 
stimulus appled to contralateral forelimb (ac); open dots: conditioning 
stimulus applied to ipsilateral forelimb (az) Cat with intact neuraxis 


expermmental conditions the effective stimulus must be 
phasic. 

It is now well known that the DRP is the electrical sign 
of the primary afferent depolarization responsible for 
presynaptic inhibition’. Fig. 2 illustrates the inhibitory 
action. on the N wave of the lumbar cord dorsum. The 
N wave was evoked by a test stimulus to hindlimb cutane- 
ous afferents, and was depressed by a conditioning shock 
applied to forelimb cutaneous afferents. The N wave 
depression has a time course of about 200 msec which is 
similar to that already described for presynaptic inhibi- 
tion. This depression cannot be due to occlusion or 
refractoriness of the structure generating the N wave 
since the stimulation of forelimbs evokes only a P wave 
on the lumbar cord dorsum. 

Supraspinal control of heterosegmental DRPs. In the 
cat decerebrated by intercollicular section, the lumbar 
DRPs evoked from forelimb or trigeminal cutaneous 
afferents are greatly depressed or abolished. The DRPs 
from hindlimb afferents show only a depression of their 
component IT as described by Carpenter et al.?. A subse- 
quent high cervical spinal transection restores the ampli- 
tude of the forelimb heterosegmental DRPs to the same 
level as in the intact animal. In other words, the hetero- 
segmental DRPs are of high amplhtude both in the 
intact and in the spinal animal and strongly depressed 
in the decerebrate state. It is concluded that there is in 
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the brainstem a structure exerting a powerful inhibitory 
influence on the system mediating heterosegmental DRP 
action. In the non-decerebrate cat this brainstem 
influence is counterbalanced by the action of @ cerebral 
control system. 

It is evident that the heterosegmental DRPs are sub- 
jected to the same type of supraspinal inhibitory control 
as the component ITI of the DRP described by Carpenter 
et al.3. In addition they can both be evoked from cutane- 
ous and high threshold muscle afferents. It is therefore 
highly probable that they represent activity in the same 
system. 

Heterosensory DRPs. Fig. 1B shows DRPs recorded 
from a lumbar dorsal root filament on auditory and visual 
stimulation. The amplitude and the time course of these 
responses are of the same order of magnitude as those from 
heterosegmental somatic stimulation. The latency for 
auditory DRPs is 20-22 msec. Visual responses are less 
readily evoked and are of longer latency. We have no 
precise information about the pathway through which 
these heterosensory potentials are evoked. Nevertheless, 
it seems probable that they are relayed by the medial 
brainstem region where polysensory responses can be 
recorded’. Electrical stimulation of this region evokes. 
lumbar DRPs’, 

These findings suggest that there is a system for a general 
presynaptic inhibition of the sensory input which can be 
activated by any kind of sensory stimulation evoking the , 
general flexion reflex. 

A. MALLART™” 
Centre d'Études de Physiologie Nerveuse ; 
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Functional Relation between Stimulus 
Intensity and Photically Evoked Cerebral 
Responses in Man 


It has been demonstrated in several laboratories!-> that 
estimates of subjective brightness Increase in approximate 
proportion to the cube root of stimulus intensity under 
conditions of dark adaptation for stimuli of varied area, 
duration and spectral composition. Liang and Pieron® 
present evidence that the latency of visual perception 
decreases with increasing luminance as the inverse of this- 
power function. Thus, de = ¢/(¢—t)) = &(L—L,)%**, where | 
ve = subjective brightness judged by magnitude estima- 
tion; ¢ = perceptual latency; it, = limit of perceptual 
latency at maximum luminance; L = luminance; Le = 
threshold luminance; c and k = constants. 

Since subjective brightness and perceptual latency are 
inversely proportional in psychophysical experiments, the 
cerebral events associated with appreciation of brightness 
may be expected to exhibit a similar relation between 
stimulus intensity and latency. 

Cerebral responses produced by discrete photic stimuli 
may be reliably recorded through the intact skull by 
summation or averaging techniques. In the course of a 
detailed examination of offects of stimulus parameters on 
the human visual evoked response (VER), we considered 
the possibility that latency of VER might serve as an 
objective index of brightness perception. 

Summed VERs to 10 usec stimuli subtending a nominal 
visual angle of approximately 4° were recorded from three 
normal adult subjects. The photic stimulus was produced 
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Fig 1. Representative samples of VER from subject HV at eight levels 
of stimulus intensity. Components N1, P1, N2 and P2 are indicated. 
Peak latency of PI 1s marked for each response 


by a Grass model PS2 photostimulator fitted with mask 
and diffuser to transilluminate a translucent plastic 
aperture 2 cm in diameter placed 25 em in front of the 
eyes of the subject. Stimulus luminance was varied from 
2-5 x 10-? mL (millilamberts) to 25 x 107 mL in 0-5 log 
mcrements produced by neutral density filters. Calibra- 
tion of the stimulator was done with a phototube device 
with S4 spectral response provided by Prof. H. E. 
Edgerton. Values obtained by this device were found 
comparable to determinations by a MacBaeth illumino- 
meter, using a constant light source of similar spectral 
composition to the Grass gas discharge lamp. 

KEG was recorded from subdermal needle electrodes 
placed 3 cm superior to the external occipital protuberance 
referred to both ears. Amplifiers with a time constant of 
0-6 sec and high-frequency cut-off at 200 c/s were used. 
Summed EEG response to 200 photic stimuli presented 
at an interstimulus interval of 750 msec was obtained 
with an average response computer over 250 and 500 msec 
periods following the photic stimulus. The data recorded 
here are based on three summed responses at each lumin- 
ance level from each of the three subjects. Subjects were 
dark-adapted for 10-15 min at the beginning of each 
recording session and several minutes elapsed betweon 
each run. The natural pupil was used. 

The VER recorded under these conditions consists of a 
complex wave form (Fig. 1). The aperiodic components 
of VER occupy a span of approximately 200 msec at all 
levels of stimulus intensity, after which a rhythmic after- 
discharge may be observed. At maximum intensity the 
earliest response recorded from the occipital region is a 
small positive component with a latency of about 35 msec, 
duration of 8-12 msec and amplitude of 2 pV or less. A 
series of wavelets of similar amplitude and duration 
superimposed on a larger slow negativity of variable 
amplitude follows. This complex culminates in a positive 
peak 100-120 msec after the stimulus. Detailed analysis 
of the early portion of VER indicates that seven or eight 
wavelets, each with an average period of 10 msec, are 
present within the first 80-90 msec of the response. 
Following these components a second negative wave peaks 
at 150 msec and a final positive wave at 200 msec. The 
VER recorded from human scalp is comparable to that 
recorded directly from visual cortex in unanaesthetized 
man and monkey’?®. The early positive complex is 
designated Pl, the underlying negativity N1, and the 
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later negative and positive deflexions as N2 and P2, 
respectively. 

As stimulus intensity is decreased, VER undergoes a 
regular transformation of latency, amplitude and con- 
figuration of the carmponent waveforms. N1 rapidly 
diminishes in amplitude while P1 becomes an increasingly 
large wave. The component wavelets at first become 
more prominent and fhen merge within the wave. P2 
may be seen to consiss of several components as its con- 
figuration changes as = function of intensity. Although 
considerable variations in amplitude of individual com- 
ponents are recorded within and among subjects, latencies 
of comparable components for a given subject are consis- 
tent and reproducible uader identical stimulus conditions. 
Furthermore, as has been observed in earlier investiga- 
tions®-11, amplitude of the various components of VER 
reaches a maximum at intermediate intensity-levels and 
decreases somewhat at higher luminance. Latency is, how- 
ever, @ monotonic decreasing function of stimulus intensity. 

When all identifiable components of VER are plotted 
as a function of stimulus intensity it is found that the 
interval between peaks remains constant. In particular, 
the P1-P2 interval is approximately 100 msec irrespective 
of stimulus intensity. Tis observation makes it impossible 
to identify any specific portion of VER as uniquely related 
to perception of brightness solely on the basis of latency. 

In Fig. 2 peak latency of the Pl complex is shown as a 
function of stimulus intansity. It will be noted that as 
intensity is increased this latency approaches a minimum 
value which for the thre subjects of the present investi- 
gation averages 108 msec. Latency increases steadily 
with diminishing intensity to 6 log units attenuation, 
where a discontinuity of slope occurs. Below this level, 
a foveal stimulus subten Ang 1-5° fails to elicit report by 
the subject nor does it y-eld an evoked response. Curves 
depicting the relation of flicker fusion to intensity have a 
similar shapo!’, with a low-intensity limb corresponding 
to scotopic function. We believe, therefore, that the VER 
to dim flashes of light i3 generated by a-distinct long- 
latency scotopic mechan:sm. 

A linear plot with slope of — 0-33 is obtained when the 
differences in latency between the minimum of 108 msec 
and latency at each intensity are plotted in log-log co- 
ordinates (Fig. 3). This relation holds over the photopic 
range from 1:5 to 5-5 log anits below maximum intensity. 
Intensities above 1:5 loz attenuation produce evoked 
responses which cannot be reliably differentiated in 
latency (that is, differences less than 1 msec). Assumption 
of 165 msec as the minimum latency of the long-latency 
(scotopic) limb of the curve produces a linear plot of the 
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Fig 2. Latency of P1 in msec, szainst stimulus intensity expressed as 
log attenuation of maximum peak intensity of 2-5 x 107 ml. Data 
plotted individuelly for three subjects 
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Fig. 3. Double logarithmic plot of difference between minimum 
latency (to and observed latency (£) of P1 versus log attenuation of 


peak intensity. Photopic f = 108 msec, Scotopic lo = 165 msec. 


Scotopi¢c limb has been arbitrarily displaced on the ordinate to demon- 
strate relation between the slopes of the two functions. Latencies are 
average values for the three subjects 


same slope to within 1 log unit of threshold. This lower 
limit of agreement with the power function is similar to 
that reported by Stevens in brightness estimation data 
uncorrected for absolute threshold’. 

In assessing the relevance of the present work to 
psychophysical examinations of brightness, the experi- 
mental conditions must be compared for possible sig- 
nificant discrepancies. Stimulus area used in this work 
is similar to that used by Hanes! and Stevens? in their 
experiments. Duration of the stimuli and interstimulus 
interval are, however, considerably briefer in our investi- 
gation. Onley‘ has shown the power law to hold for 
foveal stimuli for 275 msec duration. Raab?’ has indicated 
that reciprocity between stimulus intensity and duration 
in brightness estimation holds for stimuli as short as 
500 usec. We have found this relation to hold for the 
VER to rectangular light pulses as brief as 100 usec and 
it is a close approximation for the somewhat peaked 
10-usec pulse used in this investigation. Therefore, it is 
unlikely that the stimulus duration used has produced 
results inapplicable to the psychophysical data. 

The effects of interstimulus interval on adaptation 
level are more difficult to assess. With a 750-msec inter- 
stimulus interval complete dark adaptation has certainly 
not been maintained at the higher luminances. Although 
psychophysical experiments have presumably used inter- 
vals between successive presentations of several seconds, 
the exact intervals have seldom been stated, and indeed 
in Raab’s investigation the subjects paced the presenta- 
tion of stimuli. We have assayed the effects of both 
irregular and prolonged interstimulus intervals up to 
10 sec. Definite alternations in waveform are observed 
at the higher intensities, although changes in latency of 
the early components appear to be very slight. Thus, it 
is likely that adaptation effects are reflected in the VER 
at high luminance-levels in the present experiment, 
although such changes do not appreciably alter the 
latency function. 

Another source of error derives from the presence of 
varying amounts of extraneous retinal illumination due 
to stray light and varying pupillary dilatation. These 
factors appear to have operated to a similar extent in 
the experiments of Hanes, Stevens and Raab as well as 
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the present investigation, all of which have used a trans- 
illuminated spot source and natural pupil. 

It is concluded that the expression 1/(t—~t)) = L033, 
where ż represents minimum latency of a given com- 
ponent of VER defined separately for photopic and 
scotopic vision, satisfactorily depicts the psychophysical 
relation between stimulus luminance and subjective 
brightness over the range within which reliable measure- 
ments of VER latency may be made. 

The investigations of which this experiment forms a 
part were supported by the National Institute of Mental 
Health (U.S. Public Health Service) under its pro- 
gramme grant M-5673 to the Psychophysiological 
Laboratory. Support was also received from the Hart- 
ford and Rockefeller Foundations and from the National 
Aeronautics and Space Administration, grant NSG 496, 
and the Air Force, grant A F-—AFOSR-354-63. One of 
us (H. G. V.) received support from National Institutes of 
Health grants, MH—-06723-02 and NB 03356-03, to the 
Albert Eimstein College of Medicine. We thank Mrs. 
Elizabeth Levey for serving as a subject. 
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Comparison of Brown Fat Metabolism in 
Cold-exposed Rats and Golden Hamsters 


Lirio metabolic pathways are impoxtant in cold 
acchmation of mammals and in mammalian hibernation, 
both during preparation for it and in the actual hibernating 
state. The brown fat depots found in all hibernating and 
some non-hibernating mammalian species have been 
extensively studied from what may be termed an analytical 
approach. The metabolism of these depots has also been | 
investigated. The importance of brown fat to the hiber- 
nating mammal is generally accepted, but its actual role 
in the hibernating phenomenon is still problematical. 
Our recent investigations concern metabolic changes in 
brown fat during the process of cold acclimation in both a 
hibernating and a non-hibernating mammal. The tissue 
could participate in this process as a thermogenic organ. 
This has been suggested by Smith and Hoch? for one 
species of hibernating mammal. 

The conversion of acetate-1-4C to MCO, and “C-lipid 
in vitro by interscapular brown fat from cold-exposed 
Wistar rats and golden hamsters (Mesocricetus auratus) 
was measured. Approximately 100 mg of tissue were 
taken. The methods were similar to those described 
elsewhere for white fat?. The results are shown in the 
accompanying figures. Conversion of C-acetate to 
4CO, (Fig. 1) was reduced significantly in brown fat 
from rats exposed to cold (5 + 1° C) for 48 h, compared 
with conversion by tissue from control rats kept at room 
temperature. This reduction persisted into acclimation 
at 6-8 weeks of cold exposure. Brown fat from hamsters 
exposed to cold compared with that from hamsters kept at 


y 


| 
| 


j 


No, 4985 May 15, 1965 


uO mue., “C/meg fat free dry wt.) 





0 2 


21 42-56 li 
Days in cold (5 41° ©) 

Fig.1. The conversion of acetate-1-'0 to “CO, by brown fat from white 
rats (~ — -) and hamsters (~~~) at mereasing periods of cold exposure 
and during hibernation (H) 
room temperature did not show a reduction in conversion 
to MCO, after 48 h, but conversion was significantly re- 
duced in tissue samples from animals in the cold for 

3 weeks or more. 

Incorporation of 4C-acetate into “C-lipid (Fig. 2) was 
not altered from control values in brown fat from rats 
exposed to cold for 48 h, but was significantly lower after 
3 weeks or more. In brown fat from hamsters, incorpora- 
tion of 4C-acetate into 4C-lipid was significantly higher 
than control values after 48 h of cold exposure, and this 
level was maintained into acclimation at 6-8 weeks. 
When the hamsters actually entered hibernation, however, 
lipogenic capacity was depressed considerably from the 
acclimated level. 

In rats, there was a very noticeable increase in the size 
of the brown fat depots after 48 h in the cold, with a 
slight reduction in the mean wet weight: fat-free dry- 
weight ratio of the tissue. Such a change had previously 
been reported for long-term cold-acclimated rats*. In 
hamsters, a similar change occurred in the gross appearance 
and composition of the depots. It was not, however, 
evident at 48 h, appearing at 3 weeks. 

The rat is a mammal which is relatively successful in 
acclimating to an experimentally cooled environment. 
The golden hamster not only acclimates to cold, but will 
also hibernate if allowed sufficient time and favourable 
circumstances. The responses of interscapular brown fat 
depots to cold exposure of rats and golden hamsters 
are opposite with regard to lipogenic capacity. Both the 
timing of the response on the gross anatomical and the 
metabolic level, and the pattern of alteration in lipogenic 
capacity, are highly dissimilar. In contrast, the response 
of the white fat depots of rats and hamsters to cold 
exposure of the animals has been found to be of a similar 


7) nature, though differing in degree*4. It is tempting to 
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speculate that such wide differences as reported here in 
brown fat response between the two species can. be impli- 


cated in the ability of the hamster to hibernate. 


— 





Lipid—"C (mue. *C/mg fut free dry wt). 


D 2 21 
Days in cold (6+1° ©) 
Fig. 2. The conversion of acetate-1-0 to “C-lipid by brown fat from 


42-56 H 


white rats (~ — —) and hamsters (=) at increasing periods of cold 
exposure and during hibernation (H) 
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Presence of «-Methyl-noradrenaline (‘Corbasil’) 
in the Heart of Guinea-pigs Treated with 
Metaraminol (‘Aramine’) 


a-MrTHYL-m-tyrosine and «-methyl-DOPA deplete 
endogenous catecholamine stores of heart and brain. 
The drop in endogenous catecholamine-levels appears to 
be due to a displacement by metabolites of these amimo- 
acids and particularly by their decarboxylation and 
B-hydroxylation products: metaraminol (‘Aramine’) and 
a-methyl-noradrenaline (‘Corbasil’), respectively!®. 

In recent work on the 2atecholamine content of hearts 


-of guinea-pigs given metaraminol, a discrepancy was 


found between the resul-s obtained from chemical and 
biological estimation procedures: heart extracts of treated 
guinea-pigs showed a vasopressor activity corresponding 
to more noradrenaline than was found by the fluoro- 
metric estimation. The experiments described here were 
designed to explain this ciscrepancy and to gain further 
insight into the displacement phenomenon mentioned 
here. 

Male guinea-pigs weighmg 250-450 g were given & single 
intraperitoneal injection c&metaraminol bitartrate (Merck) 
(10 mg/kg body-weight). 16-17 h later the hearts were 
removed and homogenized. The catecholamines were 
extracted twice with 10 per cent trichloroacetic acid and 
adsorbed on alumina aceording to the method of von 
Kuler and Orwén? with sight modifications. Chromato- 
graphy was carried out usually in phenol-0-1 N HCl 
(85 g: 15 ml.) (refs. 8 and £) and occasionally in n-butanol 
saturated with 1 N hydrochloric acid. The catecholamine 
content of these extracts was estimated on the blood 
pressure of the pithed rat and/or by the fluorometric 
procedure described by ver. Euler and Lishajko™ with the 
modification that 10 N sod-um hydroxide was used rather 
than 5 N sodium hydroxide*. The combined use of both 
hiological and chemical procedures for estimation of 
noradrenaline and «-methylnoradrenaline in a single 
extract has been described. previously#*. Four to fifteen 
hearts were pooled for a single extract. 

The results of the determinations of catecholamines in 
the alumina extracts as well as in the eluates after paper- 
chromatography, that is, =paration of noradrenaline and 
«-methyl-noradrenaline, are summarized in Table 1. They 
show that metaraminol effectively decreased the nor- 
adrenaline content of the heart, a finding reported by 
several authors'‘-}”, In control extracts the entire 
pressor activity can be attributed to noradrenaline; 
however, noradrenaline accounts only for less than 50 
per cent of the pressor activity in metaraminol! treated 
animals. In addition, the chromatographic separation 
shows that a second substance is present which has the 
same Ry value as a-methwl-noradrenaline and gives a 
highly fluorescent derivative after spraying the chromato- 
gram with a ferricyanide—eraylenediamine solution. The 
eluates from this region have a marked pressor activity 
(Table 1), but fail to produce a detectable fluorescence 
under the experimental conditions used for quantitative 
estimation of adrenaline and noradrenaline. Since meta- 
raminol itself is virtually rot absorbed on to alumina 


724 


Table 1. CATECHOLAMINE CONTENT* (ug/g FRESH TISSUE) OF HEARTS OF 
TARAMIN 


GUINEA-PIGS TREATED WITH MR OL BITARTRATE 
(10 mg/kg, i.p., 16-17 h before death) 


Eluates of chromatographic strips 
(after chromatography of the 
Alumina extracts alumina extracts) 
(before chromatography) a-Methyl- 
Noradrenaline- noradrenaline- 
strips strips 
Estimation Extr, Fluoro- Blo- 
procedure No. metric logical Biological Biological 
Controls t 2-64 2-29 1-95 < 0°05 
2 3-00 2°49 2°72 <0 05 
3 2-34 2-60 2-50 < 0-05 
4 2-46 2-27 t T 
5 2°38 2°32 Į i 
6 2-08 1:86 
Treated 7 0°34 0-87 0-28 O45 
(0-304) ( < 0-03 $) 
8 019 0-45 0-17 0-25 
(0-17 f) (<0 03) 
9 0-43 0-98 0-30 0°50 
10 0 29 0:57 0-26 0:30 
11 0-21 0'70 Í 
12 0 24 0:98 


* Results expressed in terms of noradrenaline, not corrected for an average 
recovery of 90 per cent for the alumina extracts and for an average recovery 
of 73 per cent for eluates punfied by both alumina adsorption and chroma- 

postaphy. Four to fifteen hearts were pooled for a single extract. Chroma- 
— carried out in phenol-HCl. 

hromatograms used for chemical identification. 
ł} Result of fluorometric estimation. 


during the procedure, it is unlikely that this second 
pressor substance is metaraminol itself. In addition, 
its Rp value (0°32) is lower than that of metaraminol 
(0-60). The fact that this pressor agent is adsorbed on to 
alumina under the conditions already mentioned here 
and that it reacts with the ferricyanide—ethylenediamine 
mixture suggests rather that it has a catechol structure. 
By paper chromatography in the phenol—HOl system, 
this material could also be distinguished from catechol 
derivatives other than noradrenaline, for example, 
adrenaline and dopamine which have strong pressor 
effects too. Further characterization was achieved by 
paper chromatographic and paper electrophoretic 
procedures: extracts from paper chromatograms (phenol 
system) were lyophilized and rechromatographed in the 
butanol-HCl system or submitted to an electrophoretic 
technique using a mixture of acetic acid/formic acid/ 
water (120: 26-5 : 853-5; 40 V/cm). In both cases, 
the second pressor agent migrated at the same speed as 
synthetic «-methyl-noradrenaline. In order to ascertain 
the identity of this material with «-methyl-noradrenaline, 
some biological experiments were performed. Extracts 
from the paper chromatograms were found to exert 
pressor effects in the rabbit and in the guinea-pig. The 
pressor effect, furthermore, was potentiated markedly by 
cocaine. 

Since all these characteristics were indistinguishable 
from those of a-methyl-noradrenaline, there is strong 
indication that it can be identified as the latter. To our 
knowledge the presence of «-methyl-noradrenaline in 
animals treated with metaraminol has not yet been 
reported. It seems of interest in this context that Axel- 
rodi® has shown enzymatic p-hydroxylation of parent 
eémpounds, such as m- sympathol, m-tyramine and m- 
octopamine to occur in vitro. What appears to be especi- 
ally remarkable is the fact that more «-methyl-noradren- 
alme is present in heart extracts of treated animals than 
noradrenaline itself. In a previous investigation’ a similar 
observation was made after treatment of guinea-pigs with 
a-methyl-DOPA in which case, however, the sum of 
the pressor activities equalled that of the controls. 
On the contrary, in the animals treated with meta- 
raminol the total pressor activity in the extracts ranged 
between 18 and 53 per cent (mean = 34 per cent) 
of that of the controls. In preliminary experiments 
a similar spot has been detected on chromatograms of 
heart extracts of guinea-pigs which had received a- 
methyl-m-tyrosine (100 mg/kg intraperitoneally) 16 h 
previously. Therefore, it can be assumed that p-hydroxy]l- 
ation of metaraminol can occur in vivo and can thus yield 
«-methyl-noradrenaline. The presence of «a-methyl- 
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noradrenaline in the heart of guinea-pigs given meta- 
raminol is of particular interest since conflicting results 
have been reported recently about the stoichiometry of 
noradrenaline depletion due to metaraminol. Whereas 
several authors?-> have suggested that a stoichiometric 
relationship exists between noradrenaline release and +. 
metaraminol-levels in various organs, Udenfriend and 
Zaltzmean-Nirenberg™, on the contrary, recently demon- 2d 
strated that the cardiac levels of metaraminol itself, in the 
heart of guinea-pigs treated with this substance, did not 
account for the deficit in noradrenaline. The results 
presented here do not necessarily explain quantitatively 

the lack of equivalence between metaraminol stored and 
noradrenaline released, as reported by Udenfriend and 
Zaltzman-Nirenberg. Nevertheless, they are in good 
agreement with the results of these authors, since the 
actual levels of newly stored «-methyl-noradrenaline must 

be taken into consideration for a stoichiometric analysis 

of this kind. The fact that the results of Carlsson? and of 
Shore et al.1° were obtained from rabbits and rats, respec- 
tively, and those of Udenfriend and Zaltzman-Nirenberg, 
and ours, from guinea-pigs, suggests that differences in the 
p-hydroxylating capacity may exist among animals species. 

Nevertheless, it is interesting to note that «-methyl-m- 
tyrosine (or metaraminol) and a-methyl-DOPA might 
have in the human a common metabolite, the significance 
of which seems predominant in the hypotensive action of | 

a-methyl-DOPA. Since hypotensive reactions have been | 
observed also in patients given large doses of meta- | 
raminol, it is therefore plausible to think that this type of 
hypotension is due—at least partially—-to the same re- = 
placement mechanism generally considered to be involved * 
in the hypotensive action of o-methyl-DOPA. 

We thank Merck, Sharp and Dohme, Research Labora- 
tories, Rahway, New Jersey, for supplies of L-‘Aramine’ 
bitartrate and «-methyl-m-tyrosine, and Farbwerke 
Hoechst, Ltd., Frankfurt, Germany, for 1L-«-methyl- 
noradrenaline hydrochloride. 

Note added in proof. In a publication which has appeared | 
since this report was submitted Andén, N. E. (Acta 
Pharmacol. Toxicol., 21, 260 ; 1964), has reported that } 
after treatment of guinea-pigs with metaraminol the / | 
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noradrenaline deficit is only partly accounted for by 
metaraminol in the heart. Although the experimental 
conditions differed from ours, it is of mterest that the 
remaining deficit (about 25 per cent) is of the same order 
of magnitude as the amounts of fhe. | 
found in the experiments described here. 
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Adrenergic Blocking Properties of some 
New Benzodioxanes 


Smvoz the work of Fourneau and Bovet! on the adren- 
ergic properties of benzodioxanes, numerous publications? 
have appeared, the most recent being that of Augstein 
and Green‘. 

In an attempt to correlate structure and adrenolytic 
and/or adrenergic neurone-blocking properties, a series 
of substituted 1 : 4 benzodioxanes were prepared with the 
general formula: 


O R, 
f 
OK, oramos,so 4 X 


Eg 
RLR, = H, halogen atom, methoxy or methyl; n = an 
integer from 2 to 4. 

We are now reporting the adrenolytic and adrenergic 


blocking properties of the two most potent members of 
the series—4085 and 4101: 


| COTES (4085) 
CH,O 
O CHO 
O°) rua 
CH,O 


Both compounds were found to protect against the 
lethal effects of adrenaline in mice and the EDs, by the 
oral route was 3-6 + 0-6 mg/kg for 4085 and 0-22 + 0-03 
mg/kg for 4101. 

Further tests carried out in the anaesthetized rat 
showed that these compounds were potent long-acting 
blockers of adrenaline and noradrenaline. In the cat it 
was found that only 4101 antagonized contraction of 
the nictitating membrane to stimulation of the pre- and 
post-ganglionie cervical sympathetic fibres. Both com- 
pounds abolished the response to adrenaline, noradrenaline 
and splanchnic stimulation. 

These compounds were prepared by conventional 
methods which will be described with their pharmacology 


(4101) 


_ in detail elsewhere. 


Steps have also been taken to obtain patent protection 
for these and other compounds in the series. 
H. FENTON 
P. N. GREEN 
M. SHAPERO 
CATHERINE WILSON 
Ward Blenkinsop and Co. Ltd., 
Research Laboratories, 
Fulton House, 
Wembley, Middlesex. 
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Adrenergic Alpha- and Beta-receptors in the 
Mouse Iris 


in the course of comprehensive studies of the mechan- 
ism of sympathetic function using the mouse iris as a 
working model we have demonstrated adrenergic «- and 
8-receptors and determined their dynamic properties 
under the influence of pharmacological agents. 

The experimental method involved the determination 
of the mydriatic effect (E = maximal mydriatic diameter 
minus diameter before injection (Dy; = 0-24 + 0-016 
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Fig. 1. Influence of a- anë f-receptor-antagonists on the action of 
norepinephrine, Hatched column, 0-1 ug/g norepinephrine-HCl; 
column 1, 6-0 ug/g phenoxybenzamine-HCl; column 2, 5-0 ug/g ‘Inderal’; 

column 3, 2:5 ug/g dimzthyldideshydroxyisoproterenol-HCl 


al æl ll jel Is 


10:0 ugjg pronethalol; columm 4, 60 xg 
column 5, 6°0 zg/g dimethyldideshydroxyisoproterenol-HCl 


mm) ) according to Pulewxa' on male mice of an average 
weight of 25 g, breed NMEJ-Tiibingen. 

Intravenous injection cf 0-1 ug/g norepinephrine-HCl 
causes a mydriatic effect, 7 = 0:33 mm, This effect was 
blocked, to the extent of 94 per cent, by subcutaneous 
injection of the a-receptor antagonist phenoxybenzamine- 
HCl (N-benzyl-N-phencxyisopropyl-f-chlorethylamine- 
HCl; dibenzyline) 30 m:n before treatment, 6 ug/g 
(P < 0:001,n = 40). This dibenzyline injection similarly 
blocks to the extent of 88 per cent the mydriatic effect, 
E = 0-73 mm, of intravenous injection of 0-05 ug/g of 
epinephrine-HCl (P < 0-001, n = 40). These effects 
are shown in Figs. 1 and 2. 

Intravenous injection cf 20 ug/g isoproterenol-HCl 
has a mydriatic effect, E = 0-5 mm. is effect was 
decreased by subcutaneous injection, 30 min before 
treatment, of B-receptor antegonists. ‘Inderal’ (1-isopropyl- 
amino-3-(1-naphthyloxy)-2-propanol-HCl; ‘I.C.I. 45,520’) 
in doses of 2:5 ug/g, 65 ug/g, or 10 ug/g exerted a 
blocking effect to the exter-t of 64 per cent, 74 per cent 
and 74 per cent respectively (P < 0:00], n = 40 in each 
case). Pronethalol (2-isspropylamino-1-(2-naphthyl)- 
ethanol-HCl; ‘nethalide’; ‘“Alderlin’) at a dosage of 
10 ug/g had an inhibitory effect of 58 per cent (P < 
0-001, n = 40). Dichloris>proterenol-HCl¥ (1-(3’,4’-di- 
chlorpheny1)-2-isopropylamino-ethanol-HCl; DCI) at a 
dosage of 5 ug/g had an inkibitory effect of 54 per cent 
(P < 0:001, n = 40). Dimsthyldideshydroxyisoprotere- 
no!l-HCl] (H. 13/57’) at a dosage of 6 ug/g caused 35 per 
cent inhibition (P = 0-01—0-002, n = 40). This mydriatic 
effect was not significantly altered by a similar prior 
injection of 6 pg/g phenoxybenzamine-HCl (see Fig. 3). 

After subcutaneous injecticn (380 min before treatment) 
of 6 ug/g phenoxybenzamine-HCl plus 2-5 ug/g ‘Inderal’, 
intravenous injection of 0:05 ug/g epinephrine-HCl no 
longer produced any mydristic effect (inhibition = 100 
per cent). 

A prior subcutaneous injection of 5 ug/g ‘Inderal’ or 
2:5 ug/g dimethyldideshydrozyisoproterenol-HCl 30 min 
before treatment had no signifcant effect on the mydriatic 
norepinephrine reaction (see Fig. 1). 

The mydriatic effect of epinephrine was reduced through 
subcutaneous injection (30 min before treatment): of 
2:5 ug/g ‘Inderal’ by 52 per cent (P < 0-001, n = 40), 
of 10 ug/g pronethalol by 45 per cent (P < 0-001,” = 40), 
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Fig, 3. Infinence of a- and #-receptor-antagonists on the action of 
isoproterenol. Hatched column, 20: p ug/g isoproterenol- -HC1; column 1, 
6:0 gjg phenoxybenzamine HO]; ; column 2, 5 0 ze/g “Inderal’; column 3 
10:0 vale pronethalol; column 4, 50 # gig dichlonsoproterenol- HCl; 
column 5, 6-0 ugig dimethyldideshydroxyisoproterenol-HC! 


of 5 pg/g dichlorisoproterenol-HC] by 41 per cent (P < 
0-001, n = 40), of 6 ug/g dimevhyldideshydroxyisopro- 
terenol-HCl by 37 per cent (P = 0-01-0-002, n = 40) 
(seo Fig. 2). 

It is concluded that adrenergic «- and 8$-receptors are 
present in the mouse iris; there is no evidence of the 
existence of any other type of receptor. In the mouse iris 
norepinephrine is only effective by means of the «-recep- 
tors, epinephrine by way of both receptors, and isopro- 
terenol only by means of the 8-receptors. The function of 
the «-receptors is almost completely (94 per cent) blocked 
by phenoxybenzamine-HCl and that of the B-receptors is 
blocked by 3/4 (74 per cent) after application of large 
doses just below the toxic level. The other three 8 
receptor antagonists: pronethalol, DCI and dimethyl- 
dideshydroxyisoproterenol-HCl, exhibit by similarly large 
but still sub-toxic doses a less efficient blocking effect 
than ‘Inderal’. The mouse iris is especially suitable for the 
determination of substances with «- or B-receptor blocking 
properties. 


Kraus J. Freonptr 


Department of Toxicology, 
Faculty of Medicine, 
University of Tübingen, 
Germany. 
t Pulewka 
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P., Naunyn-Schmiedebergs Arch, exp. Path. Pharmak., 168, 307 


- HAEMATOLOGY 


Effect of Erythroid Hyperplasia on ME izatiói, 
of Erythropoietin 


TuE metabolic fate of erythropoietin is not clearly 
understood. Stohlman has suggested that utilization of 
erythropoietin was proportional to the number of normo- 
blasts in the marrow’. This hypothesis was supported 
by the fact that the half disappearance time of erythro- 
poietin in rats exposed to simulated altitude was longer 
in irradiated than in normal animals, after return to 
normal pressure. Moreover, the erythropoietin titre has 
often been found higher in the plasma of anaemic patients 
with bone marrow hypoplasia than in those with haemoly- 
tic anaemia. 

In an attempt to assess this hypothesis we have 
measured the plasma disappearance rate of cobalt-induced 
erythropoietic activity in dogs with normal and hyper- 
plastic marrow. Plasma erythropoietin was increased by 
intramuscular administration of cobalt chloride. Further 
production of erythropoietin was afterwards suppressed 
by bilateral nephrectomy. 

In order to determine the best timing for our experiment, 
the erythropoietin titre of plasma was measured in two 
normal dogs after stimulation with cobalt, at regular 
intervals for 48 h (Fig. 1). 

We observed increasing activity reaching a peak at 
about 12 h after injection without any appreciable fall 
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12 24 36 48 
Hours after Cot+ injection 
Fig.1. Erythropoietin pama titre of normal dogs (Nos 1 and 2) follow- 


ing DT inject o of CoCl, (200 uM/ kg). AP EFe : difference be- 

tween Fe up take of plasma and saline.injected polycythaemic mice. 

Shaded area. time-Interval selected for experiments on cobalt-stimulated, 
nephrectomized dogs (Fig. 2) 


in the next 12h. For this reason we selected the 12th h 
for bilateral nephrectomy and the following 7 h for investi- 
gation of erythropoietin disappearance rate. Marrow 
hyperplasia was obtained by two consecutive daily 
bleedings (2 x 2 per cent body-weight) performed 4-7 
days before cobalt injection. 

Ten animals were divided into two groups. Five dogs 
with normal erythropoiesis (mean values + S.D.: packed 
cell volume, 51-9 + 2:2 per cent; reticulocytes, 1-6 + 1-7 
per thousand; bone marrow normoblasts, 11:2 + 3-4 
per cent) and five dogs with hyperplastic marrow (packed 
cell volume, 41-5 + 4-0 per cent; reticulocytes, 22:9 + 


12:5 per thousand; normoblasts, 39-3 + 10:8 per cent) 
were compared. In both groups bilateral nephrectomy - 


was performed 12 h after cobalt injection (200 uM/kg) 
and plasma samples were taken 0, 1, 3, 5 and 7 h after 
surgery, for erythropoietin assay. The assays were carried 
out following the method described by De Gowin et al.? 
using six polycythaemic mice for each erythropoietin 
determination. 

After bilateral nephrectomy, the erythropoietin titre 
decreases similarly in both experimental groups (Fig. 2). 
The role of the kidney in erythropoietin elaboration in the 
dog, whatevor the mechanism involved, has been well 
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Fig. 2. Plasma disappearance curve of endogenous erythropoietin in 
does with normal (@) and with hyperplastic (O) marrow. Five dogs in 
each group. Vertical lines indicate the S. F. M. 
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documented?4, The rapid fall of the hormone in the 
plasma after nephrectomy agrees with this idea. 

The results of the work recorded here do not support 
the hypothesis that erythroid hyperplasia elicits an 
accelerated utilization of erythropoietin. The slower rate 
of erythropoietin disappearance observed by others! in 
irradiated rats removed from hypoxia could be due to an 
ze effect of irradiation unrelated to bone marrow activity. 
f This work was performed under contract EURATOM 
U.L.B.-Pise No. 063-4 BIAC. 
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incorporation by Blood Platelets of Adenosine 
Diphosphate labelled with Carbon-14 


Tue addition of adenosine diphosphate (ADP) in low 
\ concentration to platelet-rich plasma results in aggrega- 
tion of the platelets, a phenomenon which seems to be 
important in formation of a haemostatic platelet plug and 
, 1n thrombosis**, Tke mechanism by which ADP produces 
! this effect is not understood. It is known that ADP- 
induced platelet aggregation is inhibited by adenosine 
ņ and adenosine monophosphate (AMP)* and by certain 
! -amino-acids substituted on the carboxyl group, such as 
arginine methyl ester (AME)*. The reaction is not inhibi- 
ted by heparin or citrate but is blocked by EDTA. 
In an effort to establish the locus of action of the sub- 
stances mentioned here, we have examined ADP- 
{ induced platelet aggregation by isotopic techniques. 

In 21 experiments, 0:1 ml. ADP-8-“C (spec. act. 38 
mc./mM, final conc. 10-* M) was added to 1:9 ml. citrated 
\ platelet-rich plasme at 20°C, and the platelets were 
' l separated by centrifugation, washed twice in éris-buffered. 

saline (pH 7-4), dried, and counted in a thin-window 
gas-flow counter. 2-10 per cent of the total radioactivity 
in the specimen wes recovered in the platelet button. 
` Further washing dic not reduce the number of counts in 
‘the platelet button. If the addition of ADP-8-“C was 
carried out at 0° rather than at room temperature, the 
number of counts recovered in the platelet button was 
~ reduced by 50-75 per cent, indicating a temperature- 
dependent reaction. At 37°, the radioactivity in the 
platelets was intermediate between the levels at 0° and at 
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Fig. 1. ADP-8-*C in platelet-rich plasma. The relation of radio- 
activity retained In the centrifuged — button (expressed as ¢.p.m. 
above background) to the platelet count 
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Fig. 2, 


ADP-8-“C in platelat-rich paama in the presence of AME. 
If arginine is added to the systam, the 


nhibitory effect of AME is reduced 


20°. The amount of ADP-8-4C associated with the 
platelet button varied with the platelet count (Fig. 1). 

The amount of plasma trapped in such a platelet button! 
is too small to account for the radioactivity recovered. 
Thus, the apparent incorporation of labelled ADP into 
the platelets was not an artefact of plasma trapping. 
This was also demonstzated by incubation of platelet- 
rich plasma with “C-arginine or “C-arginine methyl ester 
and subsequent centrifuzation. In the case of these sub- 
stances, the entire radioactivity added was recovered 
in the supernatant plasma, and the number of counts 
in the platelet button was always within a few counts of 
background. Thus, in contrast to labelled ADP, these 
compounds were not bound to the platelets. 

To test the ability of this method to demonstrate the 
incorporation. of radioactive isotopes by platelets, citrated 
platelet-rich plasma was incubated with 5-hydroxytrypt- 
amine-2-140 for 30 min a> 37° (ref. 3). The platelet button 
contained 67 per cont of the total counts. 

When 0-1 ml. 4:5 per cent Na, EDTA. was added before 
the addition of ADP-8-“4C or when the platelet-rich 
plasma was prepared fram blood collected in Na.EDTA, 
only a trace of radioactivity was recovered in the platelet 
button. Incorporation of labelled ADP into the platelets 
was also inhibited by incubation of the platelet-rich 
plasma for 10 min at 20° C with adenosine or adenosine 
monophosphate 10-5 M before the addition of ADP-8-14C 
or by addition of argirine methyl ester (AME). The 
number of counts in the platelet button varied inversely 
as the concentration of AME (Fig. 2). Since AME-"4C 
was not incorporated by the platelets, it appears that the 
inhibition of ADP-inducad platelet aggregation by AME 
occurs in the plasma. When the mixture contained 
arginine as well as AME, the inhibition of ADP-tagging 
of the platelets by a given concentration of AME was less 
marked (Fig. 2). 

Guanosine diphosphats (GDP) and cytidine diphos- 
phate (CDP) do not share the ability of ADP to aggregate 
platelets. When GDP-8-"C or CDP-2-“C was added to 
platelet-rich citrated plasma, these compounds were not 
incorporated into the platelets. 

Previous workers have examined the behaviour of ADP 
in platelet-rich plasma by isotopic techniques but have 
reported that “only trace amounts”? or no labelled ADP® 
is incorporated in the p-atelets. Our results contradict 
this conclusion. It seems clear that when ADP is added 
to platelet-rich citrated plasma, a small but significant 
amount of the nucleotice becomes associated with the 
platelet. It is likely thet the incorporation of ADP by 
platelets is related to the aggregation of platelets by ADP, 
since it parallels ADP-induced platelet aggregation in its 
temperature dependence, its requirement for a divalent 
cation, its inhibition by adenosine monophosphate and 
arginine methyl ester, and, in fact, in all respects studied. 

The results reported here suggest that a reaction involv- 
ing ADP occurs on (or in) the platelet when ADP-induced 
platelet aggregation occurs. Whether ADP actually 
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participates in a bridge between adjacent platelets is not 
answered by the present investigation. 

The potential usefulness of the reaction by which 
ADP-8-*C is incorporated in platelets as a tool for 
assessment of platelet function is apparent and is at 
present being pursued in our laboratory. 

This work was supported by grants from the National 
Heart Institute and the American Heart Association. 
We thank Dr. Gerald Mechanic for his advice. 
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PATHOLOGY 


A Lecithin-hydrolysing Enzyme which 
correlates with Haemolytic Activity in El Tor 
Vibrio Supernates 


RECENTLY, while studying the action of culture super- 
natants of Vibrio cholerae and El Tor vibrio on the phos- 
pholipids of human. serum, the presence of a lysolecithinase 
previously reported by other workers}? was confirmed. 
In addition, an enzyme which hydrolysed lecithin was 
found in culture supernatants of haemolytic El Tor 
vibrio, but could not be detected in supernatants of either 
V. cholerae or non-haemolytic El Tor strains. (Three 
such El Tor strains were obtained from the Walter Reed 
Army Institute of Research through the courtesy of Dr. 
Felsenfeld). ; 

Supernatants were prepared according to the method 
of Watanabe and Felsenfeld’. The hydrolysis of serum 
phospholipids was studied in the following manner. 
Human serum (1-5 ml.) containing 0-02 per cent thiomersal 
was incubated with culture supernatant (0-5 ml.) for 24 
h at 37° C. The serum lipids were extracted three times 
with 13 ml. of chloroform: methanol 1:1 (v/v), the 
extracts pooled, and evaporated to dryness. The dried 
residue was re-extracted with chloroform : methanol, 
2:1 (v/v). This extract was analysed for phosphorus 
and an aliquot containing 12 ug of phosphorus was exam- 
ined by silicic acid paper chromatography using di-iso- 
butyl ketone : acetic acid : water, 40: 25: 5, as solvent’. 
The separated components were identified by standard 
staining procedures*-’. Loss of lecithin and lysolecithin 
indicated action on these components. 

In contrast to the action on the phospholipids in serum, 
culture supernatants of haemolytic El Tor vibrio failed to 
hydrolyse purified egg lecithin although purified lyso- 
lecithin was hydrolysed. Addition of purified sphingo- 
myelin and lysolecithin, the two other major phospholipids 
of serum, to the lecithin emulsion resulted in the hydrolysis 
of the added lysolecithin but no hydrolysis of lecithin. 
When, however, an emulsion of serum lipids, extracted as 
previously described, was used as substrate, hydrolysis of 
both lecithin and lysolecithin occurred. This behaviour 
indicates an activation of the lecithinase either by the 
nonphospholipid portion of serum or by one of the 
minor phospholipids present. 

To identify reaction products, a serum phospholipid 
extract, in ‘which complete hydrolysis of lecithin and 
lysolecithin had occurred, was examined by paper electro- 
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phoresis® together with controls of glyceryl phosphoryl 
choline and phosphoryl choline. A phosphorus staining 
zone migrating to the position of the control of glyceryl 
phosphory! choline was observed. No other phosphorus 
staining compound was present. Fatty ‘acid was demon- 
strated as the other reaction product after correcting -» 
for the presence of a lipase in the culture supernatant. 
This lipase hydrolyses the glycerides in the serum to give ~< 
free fatty acids as a product. . Fatty acids and glycerides ` 
were separated from phospholipids by dialysis® of both 
the control and the reaction mixture which had gone to 
completion. The lipase activity was determined by the 
loss of ester groups in the glyceride fraction. By sub- 
traction of the fatty acid due to the lipase activity from 
the total fatty acid determined by titration, it was possible 
to show that the remaining fatty acid was equimolar to 
the two phospholipids hydrolysed. 

The following mechanisms are suggested: 


Lecithinase 
Lecithin + H,O —~—-——» lysolecithin -+ fatty acid 
Lysolecithinase 
Lysolecithin + H,O -—~——-———-» glyceryl phosphoryl 
choline -+ fatty acid 


The possibility that the lysolecithinase in the El Tor 
culture supernatants could hydrolyse lecithin as well as 
lysolecithin if the concentration of the enzyme was 
sufficiently high was investigated. Several haemolytic 
supernatants (containing lecithinase and lysolecithinase 
activity) and non-haemolytic supernatants (containing 
lysolecithinase activity only) were assayed quantitatively ‘~~ 
for lysolecithinase activity! using purified lysolecithin as 
substrate. There was no significant difference between 
the lysolecithinase activity in haemolytic and non-haemo- 
lytie supernatants respectively. 

As only haemolytic vibrios possess the lecithinase 
activity, a correlation between the haemolysin and leci- 
thinase seemed likely. The effects of heat treatment, 
toxoiding with formalin, and Seitz filtration on a culture 
supernatant were investigated with the view of obtaining 
evidence on this correlation. Haemolytic and lecithinase \ 
activities were lost after each of the following procedures: ! 
(a) heat treatment at 60° C for 10 min; (6) toxoiding with | 
formalin; (c) Seitz filtration through a Ford sterile mat. ; 
In contrast, the lysolecithinase activity required 30-min 7 
heat-treatment at 60° O for complete inactivation, resisted i 
toxoiding, and was not removed by Seitz filtration. In í 
addition, a haemolytic variant from one of the non- 
haemolytic, lecithinase negative El Tor strains was found ' 
to have acquired the lecithinase activity. 

Thus it has been shown that haemolytic El Tor vibrio , 
produces a lecithinase in addition to the reported lyso- : 
lecithinase. The evidence suggests a possible correlation 
between the haemolytic and lecithinase activities of culture 
supernatants of this organism. Further work using puri- 
fied haemolysin™ is necessary to determine the role of the 
enzyme in the haemolytic mechanism. 
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Metabolic Changes in Chick Fibroblasts after 
Infection wizh Newcastle Disease Virus 


Fow. plague and Newcastle disease virus (NDV) are 


both myxoviruses but belong to different sub-groups. 
Both viruses show remarkable differences m the mor- 
phology of their inner component, the RNP-antigen!, and 
. the site of the multzplication of the RNP-antigens within 
the cell?*. With fowl plague virus ıt has been demon- 
strated that its RNA-synthesis is superumposed on cellular 
RNA-synthesis®:*, Although some work concerning the 
influence of NDV-infection on cellular RNA and protein 
metabolism has been published by Wheelock and Tamm’, 
` these authors did not differentiate between cellular and 
viral material ın their autoradiographical studies. Thus 1b 
might have occurred, as 1s found with polio virus, that viral 
RNA-synthesis increases at the same rate as cellular 
RNA-synthesis decreases*-!°, Experiments were under- 
taken to determine whether NDV inhibits cellular syn- 
thesis of RNA and protein before or during the production 
of viral material like other RNA-containing viruses 
multiplying in the cytoplasm. This could be in contrast 
to the infection of those RNA-viruses like fowl plague, the 
RNP-antigen of which is made im the cell nucleus. 

The viral strain used, the tissue cultures and their 
infection, and the biological and biochemical assays, have 
been described in a previous publication". 

The total RNA-mptabolism of NDY-infected cells was 
studied by incorporation of C-uridine in the absence of 
i actinomycin and compared with non-infected control 
; cultures. Eight independent experiments were carried 
out and the results of one typical experiment are shown 
in Fig. 1. It can be seen, that there is at first a stimulation 
of the incorporation of the isotope into the infected cells 
up to about 2 h post-mfection (p.i.). Then after a minimum 
at about 4 h p.i., there is another maximum at about 
7 h pi. However, the incorporation of #4C-uridine in the 
infected cells at the minimum is not lower than that in 
non-infected cultures. 

We tried to correlate the two peaks of C-uridine 
incorporation, into the RNA of the infected cells with the 
synthesis of viral RNA. In order to characterize the newly 
synthesized RNA, the base composition of the **P-labeiled 
RNA. of infected cells was determined at different times 
pi. and compared with correspondingly treated non- 
infected control cultmres. It has been found that up to 
4 h p.i. there is no difference in the base composition of 
infected and non-infected cells. Later there is a shift in 
the base ratios in. the RNA of infected cells toward that of 
NDV~RNA, which was not large enough for an accurate 
calculation of the percentage of viral RNA in mixture 
with newly synthesizad cellular RNA. But in any case the 
amount of viral RNA should not exceed 30 per cent. 
' Therefore, we tried to get an estimate of viral RNA- 
synthesis by using actinomycin to suppress the formation 
of cellular RNA?*. The data thus obtained concerning the 
rate of viral RNA-synthesis are also presented in Fig. 1. 
It can be seen that the curve of the synthesis of viral 
RNA corresponds exactly to the second maximum of the 
incorporation of /4C-uridine into the RNA of infected cells. 


Thus this second peak is due at least in part to viral RNA.- 


It has been found that the incorporation of C-uridine 
at the maximum. of viral RNA-synthesis in the presence 
of actinomycin is about 15 per cent of non-infected cul- 
tures without actinomycin, if the antibiotic is added 
immediately after infection. Since actinomycin usually 
suppresses the yield of infectious NDV by about 50 per 
cent}®, the amount of viral RNA in infected cultures 
without actinomycin. might be somewhat higher than 
15 per cent of the newly synthesized RNA. 

Similar experiments on protein synthesis were performed 
using “C-leucine as acprecursor. As before, infected tissue 
cultures were compared with non-infected and the results 
are presented in Fig. 1. There is at first some stimulation of 
140-incorporation. in the infected cells at about 3 h p.i. 
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Fig. 1. Incorporation of *C-uridine into the RNA or protein, respec- 


tively, of infected cells, or intc viral RNA at different times p.i. Incor- 
oration of *C-uridine (0:1 “vc. per culture) was taken as the measure of 
NWA-synthesis, and the values (O) are expressed as the ratio of c p.m. 
per mg dry weight of infected to uninfected cells deft ordinate). Protein 
synthesis was determined and expressed simularly (x), with 008 ue, of 
#C-leucine as the precursor, Formation of viral RNA was measured by 
the incorporation of **C-undine (1 ue. per culture) in the presence of 5 ug/ 
ml. of actinomryemn ( A) (right ordinate) 


followed by an inhibition of 4C-leucine incorporation 
with a minimum at about 7 h p.i. (incorporation about 
70 per cent of that of control cultures). At this time 
a peak in RNA-synthesis has been found. Later, when 
RNA-synthesis drops again, there is a relative rise in 
the incorporation of ™C-leucine into the proteins of the 
infected cells as compared with non-infected ones. This 
riso has a maximum between 11 and 12 h p.i. This 
effect has been observed in eight independent experiments. 
At 23 h p.i. a complete inhibition of the incorporation of 
the labelled amino-acid and “C-uridine was found. 
Immune precipitation experiments on C-leucine- 
labelled infected cells using antiserum specific against the 
RNP-antigen of NDY* irdicated that the late rise in the 
protein curve in Fig. 1 might be due at least in part to 
viral protein synthesis. The total radioactivity in the 
immune precipitate 10 h p.i. was twice as high as at 
7 h pa. and rose from 22 per cent (7 h p.i.) to 33 per cent 
(10 h p.i.) of total radivactivity in the protein of the 
infected cells at the corresponding times. Although the 
late stimulation of 4C-leucine mecorporation can be 
reduced considerably by the addition of actinomycin, even, 
when. the antibiotic is added relatively late (7 h p.i.) in 
the infectious cycle, almost the same percentage of radio- 
active protein can be precipitated with the antiserum as 
in infected cultures grown without actinomycin. Since a 
carry-over of normal cellular proteins during the immune 
precipitation cannot be excluded from consideration, one 
has to be cautious in the interpretation of these results. 
In the fowl plague system ‘early protein(s)’ is (are) 
needed. before viral RNA-synthesis can start®14, If this 
‘early protein’ has inccrporated -fluorophenylalanine 
(FPA) instead of phenyla_anine, 1t is no longer functional. 
Tests were performed to determine whether such ‘early 
protein’ appears also during the multiplication of NDV. 
For this purpose 200 ug/ml. FPA, which has been found 
sufficient to inhibit the multiphcation of NDV almost 
completely, were added te NDV-infected tissue cultures at 
different times p.i. as shown in Table 1. At 3 h p.i 
5 ug/ml. actinomycin D were added in order to eliminate 
cellular RNA-synthesis!?. One hour later a 3-h pulse of 
4C-uridine was given. At 7 h p.i. the radioactivity in the 
RNA was determined. The results presented in Table 1 
were obtained. They shcw that also in the NDV-system 
there is an F'PA-sensitive phase which takes place before 
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Table 1. SYNTHESIS or RNA IN NDV-INFECTED FIBROBLASTS AFTER 
ADDITION OF FPA at DIFFERENT TIMES Post INFECTION 
Times of FPA- 
Actinomycin addition (h p.i.) c.p.m. 
— No FPA 72,250 
+ No FPA 5,200 
+ 9 643 
+ 1 618 
+ 2 1,670 
+ 3 6,230 


All.cultures were infected with NDV. All cultures except the first received 
3h p. yd. 40 pg actinomycin per 8 ml. medium. To four cultures 200 ug/ml 
FPA was added at the times indicated in the table. Four h p.i. 1 xe. 1C- 
uridine per culture was added. The cells were worked up at 7 h p.i. Corres- 
poe week pl been obtained when the “O-urdine pulse was given 

rom 6°5 p 


viral RNA-synthesis starts. It is suggested that ‘early 
protein’ is necessary for the initiation of viral RNA- 
synthesis. The formation of ‘early protein’ is finished 
about 3 h pi. After this time FPA. has no influence on 
the synthesis of NDV-~RNA, which is not inhibited by 
actinomycin. Since the yield of viral RNA in the presence 
of FPA, (added 3h p.i.) is always (six experiments) equal to 
that of infected cells without FPA, independent of the time 
of the !*C-uridine pulse, the ‘early protein’ must be stable. 

Although NDV multiplies in the cytoplasm of the cell, 
like many picorna viruses, it does not switch off the syn- 
thesis of cellular RNA and protein synthesis as do many 
of them®-*.45-17, During the production of NDV-com- 
ponents cellular RNA-synthesis is reduced only slightly. 
In this respect NDV resembles fowl plague virus, and it 
may have an intermediate state between the highly 
destructive viruses like those of the Columbia SK-group 
and the tumour viruses, as has been discussed for fowl 
plague!*. Another similarity between fowl plague and 
ND-virus should be stressed. Both viruses form stable 
‘early proteins’, which is in contrast to the picorna 
viruses which have been. shown to produce unstable ‘early 
proteins’ necessary to start viral RNA-synthesis!?-?°, 
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IMMUNOLOGY 


Heterologous and Homologous Skin- 
sensitizing Activity of Mouse 7S yı- and 
7S y2-Globulins 


Recent studies in the mouse have demonstrated 
two classes of 7S y-globulins, the 78 y,- and 78 y.-globulins?. 
These two classes differ in electrophoretic mobility, anti- 
genically, and in genetically determined isoantigens. 
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Table 1. POA REACTIONS WITH MOUSE 78 y-GLOBULINS IN THE GUINEA-PIG 


78 y-globulin Mean 
preparation * Diameter of eon aa dia. (mm) 
78 yy LCobulin 
10 ug 20 15 18 22 20 19 
1-0 ug 10 13 9 13 10 11 
Olu | 0 8 0 tr 8 0 
78 y,-globulin 
10 ug 18 13 15 15 10 14 
L-0 ug 3 0 0 8 0 2 
0-1 wg 0 0 0 0 0 0 


* Hach preparation contained 7-11 per cent of the other 7S y-globulin 
class, 


Both classes possess antibody activity. Experiments 
to determine whether these two immunoglobulin classes 
possess skin-sensitizing activity were carried out ın both 
heterologous (guinea-pig skin) and homologous (mouse 
skin) systems. 

Skin-sensitizing activity was measured using direct 
passive cutaneous anaphylaxis in both systems*. Purified 
preparations of 75 yı- and 78 y,-globulins were obtained 
from C57BL mice hyperimmunized with Limulus 
haemocyanin'. The haemagglutinating activity of these 
preparations against haemocyanin was comparable as 
determined by tanned cell haemagglutinin titres. 

In the heterologous system (guinea-pig), the purified 
protein preparations were injected intradermally in 
amounts of 10-0-1 ug in 0-1 ml. of diluent. 4 h- later, 
each guinea-pig received intravenously 1-0 ml. containing 
0-5 mg of haemocyanin and 0-5 per cent Evans blue. 
Reactions were read in 15 min. 

The 75 y,-globulins gave a strong reaction in the guinea- 
pig skin at both the 10-yg and 1:0-ug injection sites 
(Table 1). The 78 y,-globulin preparation gave a reaction 
at the 10-ug injection site, but only one of the five guinee- 
pigs reacted at the 1-0-ug site. The 7S y,-globulin prepara- 
tion contained a small amount of 78 y,-globulin (11 per 
cent, determined immunochemically), and had roughly 
10 per cent as much skin-sensitizing activity as the 75 
Y2globulin preparation. The reactions with 10 ug of the 
78 y globulin are comparable to the reactions with 1-0 
ug of the 7S y,-globulins (Table 1). This 75 y,-globulin 
contaminant in the 78 y-globulin preparation could 
account for virtually all the activity of the 75 y,-globulin 
preparation, and it seems probable that 75 y,-globulin has 
no heterologous skin-sensitizing activity. 

Homologous testing of mouse immunoglobulins revealed 
a different pattern of skin sensitization. The same 
immunoglobulin preparations were used for the guinea- 
pig studies as in the tests of the mouse skin. A second 
78 y,-globulin preparation was also tested. These prepara- 
tions in 0:03 ml. of diluent were injected into the mouse 
skin (white Swiss mice) and 1 h later 1-25 mg of Limulus 
haemocyanin in 0:25 ml. of diluent containing 0-5 per 
cent Evans blue was injected intravenously. The mice 
were killed and skinned 15 min later, and the reactions 
read. 

Two 7S y,-globulin preparations gave strong reactions 
in all amounts of the 20 mice tested with 3 or 0-9 ug 
(Table 2). A 7S y-globulin preparation tested at 3 ug 
gave weaker reaction, and only one of four mice gave any 
reaction when tested with 0-9 ug. 

The 7S y-globulin was shown to contain about 10 per 
cent 78 y-globulin and this contaminant is thought 


Table 2. PCA REACTIONS WITH MovusK 75 y-GLOBULINS IN THE MOUSE 


78 y-globulin Diameter of reaction 
preparation No. mice Mean (mm) Range (mm) 
78 y-globulin 
3-0 ug 8 15 12-20 
0-9 ug 4 12:5 12-13 
0-3 ug 4 0 0 
78 y,-globulin 
3-0 ug 4 15 11-17 
09 ug 4 10 8-12 
78 ye-giobulin 
8-0 ug 8 10 8-13 
0-9 ug. 4 2 0-9 
0-3 4 0 Q 
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to be responsible for the skin sensitization found with 
this preparation. 

These results indicate that both classes of mouse 75 
y-globulins possess skin-sensitizing activity. The 78 
Ya-globulins were capable of sensitizing heterologous 
(guinea-pig) skin whereas the 78 y,-globulins sensitized 
homologous (mouse) skin to passive cutaneous anaphy- 
laxis. Since neither of the preparations used was com- 
pletely free of the other 75 y-globulin, it cannot be con- 
cluded from these studies that the 75 y,-globulins do not 
possess heterologous skin-sensitizing activity or that the 
78 y2-globulins do not possess homologous skin-sensitizing 
activity. It is clear from the data presented that there 
is a difference in the skin-sensitizing activity of these two 
immunoglobulin classes in the two systems tested. 
Studies using purified mouse myeloma proteins confirm 
these observations’. 

Immunochemical studies have shown. that the difference 
between the 7S y, and 78 y,-globulins of mice reflect 
differences in heavy polypeptide chain composition‘. 
The present work suggests specific biological differences 
between the two classes of heavy chains, the 7S y, heavy 
chains causing homologous skin sensitization and the 
78 y, heavy chains producing heterologous skin sensitiza- 
tion. > 

Earlier studies have shown that heterologous skin- 
sensitizing activity is a function of 75 y-globulins in rab- 
bits’, guinea-pigs’ and man®. The present studies show 
that only a part of the mouse 78 y-globulin population 
causes heterologous skin sensitization. Similarly, Ovary 
et al. have shown that the 78 y,-globulins and 7S y,- 
globulins of the guinea-pig differ in skin-sensitizing activ- 
ity. The faster-mgrating 75 y,-globulins in the guinea- 
pig produce homologous skin sensitization, whereas the 
slower migrating 7S y,-globulins sensitize the skin of 
other species’. Studies of the immunoglobulins of other 
species may also reveal differences in skin sensitizing 
capacity, which in turn reflect heterogeneity in the 7S 
y-globulin population. 
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Cytotoxic Effect of lso-antibodies directed 
against ABO and Rh Antigens on Human 
Lymph Node Cells 


THe study of transplantation antigens in humans 
depends to a large extent on the existence of suitable 
immunological techniques in vitro. In animal experiments 
a eytotoxic technique was found to have wide application 
for the study of transplantation antigens. It has been 
clearly shown that iso-antisera directed against histo- 
compatibility antigens can lyse various nucleated target 
cells in vitro in the presence of complement, usually 
derived from guinea-pig serum?. 

Not all cell types respond to cytotoxic antibodies, 
however. It has been demonstrated that cells sensitive 
to the cytotoxic action of a certain iso-antiserum contain 
a high concentration of the corresponding iso-antigenic 
receptors on the cell surface in comparison with the 
resistant cell types?. The present study represents an 
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attempt to apply the cytotoxic test to human lymph 
node cells by treating them in viiro with iso-antisera 
directed against known blood group antigens (ABO and 
Rh) in the presence of complement. As will be reported 
below, it was found trat the combmed action of anti- 
bodies against ABO and Rh antigens caused the death 
of the target lymphoid cells. 

Human inguinal lymrh nodes were removed by operation 
from young healthy blood donors. The cytotoxic test of 
Gorer and O'Gorman! was followed. The cells were 
brought into suspension immediately after removal by 
pressing them through a-stainless steel screen into balanced 
salt solution (BSS). The number of cells was adjusted 
to 5-10 x 10%/ml. and 0-05 ml. of this cell suspension was 
incubated with equal volumes of antiserum, undiluted 
or diluted 1/5, and fresh undiluted guinea-pig serum, which 
was used as a source of complement. After incubation 
for 30 min at 37° C, trypan blue was added and the number 
of stained and unstained cells was counted. At least 200 
cells were counted. Unstained cells were regarded as 
viable. A cytotoxic index was calculated, defined as the 
percentage of viable cells in the control minus the percent- 
age of viable cells in tne experimental sample, divided 
by the former figure. 

Antisera of the following specificities were used in the 
present study: (a) An immune anti-A serum, agglutinating 
titre 1/1024; (6) an immune anti-B serum, egglutinating 
titre 1/512; (e) an immrme anti-Rh,(D), titre in albumen 
larger than 1/512. This ærum also contained non-immune 
anti-B iso-antibodies. 

All cytotoxic tests performed on human lymph node 
cells, derived from Rh+ or Rh- patients of blood groups 
A and B, were complete=y negative when exposed to any 
one of the sera listed. The presence of the antigenic 
receptors on the target cells could be confirmed by the 
indirect fluorescent antitody technique’, applied to living 
cells as described by M6ier*. The reaction against A, B 
and Rh,(D) antigens was manifested by the appearance 
of fluorescent ‘rings’ outlining the periphery of the cells. 

The resistance of the lymph node cells to the cytotoxic 
action of iso-antibodies competent to react against anti- 
genic receptors carried on their surfaces was tentatively 
attributed to a low relative density of the receptors, by 
analogy with the findings on mouse systems of the H-2 
type*. In the latter case, the experimental increase of the 
concentration of reactive sites by combination of several 
antisera, each reacting with a different individual site, 
led to the result expected. on the basis of such an assump- 
tion: resistant cells became sensitive to the cytotoxic 
effect. By analogy, we attempted to achieve a cyto- 
toxic effect in the present case by exposing the human 
lymph node cells to a -mixture of iso-antisera directed 
against ABO and Rh antgens, respectively. 

Anti-A and anti-Rh sera were mixed and tested. against 
A Rh+ cells in the presence of complement, separately 
and in combination. Azalogous experiments were per- 
formed on B Rh+ lymphoid cells using anti-B and anti-Rh 
sera. The results of thess experiments were completely 
negative, however; no increase in cytotoxic index was 
observed. when the sera were combined. 

Similar experiments ware performed with AB Rh+ 
lymph node cells by exposing them to three different 
antisera (anti-A, anti-B and anti-Rh,) either alone or in 
combination of two or three of them. The total antiserum. 
volume was kept constant in all mixtures. 

In all, 10 such experiments were performed, seven of 
which were clearly positive and three doubtful or negative. 
in the positive experimerts a marked cytotoxicity was 
evident: the cytotoxic intex became positive when more 
than one serum was tested against the target cells; the 
highest indices were obtazned when all three sera were 
mixed. The results of four positive experiments are 
included in Table 1 (experiments 1-4). : 

A. blood group analysis~vas carried out on one patient 
whose lymphoid cells did not respond. It was found that 
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Table 1. RESULTS oF CyToroxic TESTS PERFORMED ON HUMAN LYMPH 
NODE CELLS DERIVED FROM Parents or THE AB Rh+ BLOOD GROUP 
Cytotoxic 


Antiserum Percentage of 


Exp. No, specificity living cells index C3 

1 Anti-A. 60-7 0 04 
Anti-B 60°6 0 05 
Anti- Rh, 68°6 Neg. 
— 528 0-17 
Anti-A. 
Anti-B 42°83 0:34 
Anti-Rh, 
Control 63 6 

2 Anti-A 47-4 014 
Anti- B 459 0:17 
Antl-Rh, 514 007 
ama 417 0-24 
Anti-A 
Anti- B 36 6 O34 
Anti-Rhy 
Control 55 2 

3 Anti-A 42-9 0-13 
Anti-B 46-7 0:05 
Anti Rhy P 41°5 0-15 
adn, 41-1 016 
Ant A} 45-3 0-08 
Anti- 
Anti-B 83 5 0°32 
Anti-Rh, 
Control 49-1 

4 Anti-A. 56 0 0-14 
Anti-B 758 Neg. 
Anti- Rho 867-3 Neg 
ra 61:3 0.06 
Anti th, 63 0 004 
Ant Rh, 67-4 Neg 

nti-A 

Anti-B t 50 6 0-23 
Anti-Rh, 
Control 66°3 

5 Anti-A 
Ant-B 44-3 9:29 
Anti-Rh, 
Anti-A Absorbed 
Antt-B sera 61:8 001 
Antl-R 
Control 685 


the patient belonged to the sub-group A,B Rh+. Since 
it has been shown. that red blood cells of the A, type have 
a lower concentration of A substance than patients from 
the A, genotype, this might explain the negative results. 
Similar tests were not performed on the other negative 
Cases. 

These results show that antibodies directed against 
antigens of the ABO and Rh systems can give rise to 
cytotoxic reactions under certain conditions. In order 
to rule out non-immunological artefacts, the sera were 
absorbed in two experiments before use. Two different 
absorptions were carried out. In experiment 4 all sera 
were absorbed with cells of ‘neutral’ antigenic specificity 
(B Rh+ cells for anti-A serum, A Rh+ for anti-B and 
AB Rh— for anti-Rh,). The absorptions were carried out 
twice using equal volumes of blood cells and serum for 60 
min at 37° ©. This did not diminish the cytotoxic effect 
of the sera against appropriate target cells. In experiment 
5 the three sera were absorbed with cells containing the 
specific antigens against which the sera were directed. As 
shown in Table 1 the cytotoxic index decreased from 
0-29 to 0-01. 

It may therefore be concluded that under suitable 
conditions the iso-antibodies of the human ABO and Rh 
system can be cytotoxic for lymph node cells in vitro. 
In agreement with previous studies in mouse systems, & 
combination of sera of different specificities showed a 
synergistic effect, suggesting that the density of reactive 
sites on the cell surface is the critical factor determining 
collular sensitivity. As suggested by the results obtained 
in mouse systems, 1} seems probable that iso-antigens that 
determine cellular sensitivity to cytotoxic antibodies can 
act as transplantation antigens. The present finding 
therefore suggests that ABO and Rh antigens localized 
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on tissue cells nmught contribute to the transplantation 
immunity responsible for graft rejection in humans. 
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RADIOBIOLOGY 


Two Principles for Absorption Determinations 
using Isotope-labelled Nutrients 


LABELLED nutrients have become indispensable in 
research since they facilitate investigations which other- 
wise would be impossible or extremiely difficult. As an 
example may be mentioned Hoekstra’s! investigations of 
zinc metabolism, ın which he used the general method 
suggested by Cotzias et al.*. Zinc-65 retention in rats was 
determined by whole-body counting. Once the zinc-65 
had been absorbed from the digestive tract it was handled 
similarly to injected zinc-65. The percentage absorption 
of orally-given zinc-65 was calculated by extrapolating 
the lnear part of the retention curves (plotted on 4 
logarithmic scale versus time) back to zero time and 
adding the increment representing the non-linear portion 
of the injected zinc-65 curve. 

In the majority of investigations whole-body counting 
cannot be applied. Therefore it appeared- to me that ıt 
might be possible to work on a principle which can be 
stated as follows. Suppose that an animal’s heat produc- 
tion, food consumption, body mass and composition are 
constant for some time so that the whole organism is in 
a steady state. In such an animal an isotope-labelled 
nutrient given intravenously and the same unlabelled 
nutrient absorbed from its food should have about the 
same proportional utilization in the organism. To calculate 
the absorption of a nutnment ıt is necessary to determine 
the quantity ın the feed as well as in a suitable product 
from the animal and, ın addition, to determine the per- 
centage of a given tracer found in the same product. 

Various technical modifications of this principle are 
possible. To test the principle a preliminary experiment 
was performed with four 7-months-old laying hens which 
were injected with phosphate labelled with phosphorus-32. 
The total amount of phosphate m the feed and in the 
eggs was determined, together with the total amount of 
phosphate labelled with phosphorus-32 in the eggs. The 
absorption from the feed by the four hens was caiculated 
to be 40-7, 44-2, 40-9 and 45-8 per cent respectively. 

In a number of experiments I have found’ tnat the 
relative retention and biological half-life of a specific 
nutrient (metabolite) in the body depends to a high degree 
on the amount in the feed in that it decreases with 
increasing amounts in the feed. It would seem possible, 
therefore, that a bio-assay may be carried out along the 
following lines. Identical, labelled doses of the nutrient 
under examination are given parenterally to a sufficient 
number of animals. To calibrate a response curve, groups 
of animals are then given basal feed only or basal feed 
with varying added amounts of the nutrient in a stable 
and, well-defined form. Suitable quantities of feeds, the 
content of available nutrient of which is to be assayed, 
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are given to other (test) groups. The content of the labelled 
compound is determined in those organs which have the 


_ best metabolic association with the nutrient preferably 


where ıt can be easily measured. It might then be 
possible to evaluate the value of the feed with respect 
to this particular nutrient. This method has the special 
advantage that the basal ration can contain all essential 
nutrients required for normal growth, in addition to 
which, the nutrients under investigation can be given 
in quantities which are limited only by the health of the 
animals. This may also be an advantage for nutrients 
needed only in small amounts and for which the more 
classical method of evaluation has been the ability to 
promote growth. The toxic amounts are usually several 
times larger than the nutrient requirements. 

An experiment was carried out in which chicks were 
given 30 yc. sulphur-35-labelled L-methionine each by 
intravenous injection at an age of 6 weeks. ‘The same 
basal mash was given throughout; but after the injection 
half the birds were given 8 g Di-methionine added to 
each kg of feed. The birds were killed 6-15 days after 
injection. The liver of the methionine-fed individuals had 
only 40-70 per cent of the activity of the controls. 

The method has potential usefulness and it is hoped 
that it will be possible to work out details for the evalua- 
tion of content of available essential amino-acids in 
feedstuffs. 
‘ S. A. SVENSSON 
Department of Animal Nutrition, 

Agricultural College, 
Uppsala 7, Sweden. 


?! Hoekstra, W. G., Fed Proc., 28, 1068 (1964). 
z ee Ni C., Borg, D. C., and Selleck, B., Amer. J. Physiol., 202, 359 


3 Svensson, S. A., Nature, 193, 796 (1962). 


Fatty Acid Oxidation in Irradiated Bone Marrow 
Cells 


A PRIMARY event of the acute radiation syndrome is 
depressed haematopoiesis and an associated accumulation 
of fat cells in the bone marrow cavity. My work has 
shown that the fatty change occurs only at bone marrow 
sites directly exposed to ionizing irradiation. On the 
basis of metabolic investigations, I have concluded that 
irradiation markedly stimulates the biosynthesis of 
triglycerides in the bone marrow. Although de novo 
synthesis of fatty acids by irradiated bone marrow cells 
is impaired?, both the uptake of lipid and the esterification 
of fatty acids into triglycerides by marrow cells are 
markedly stimulated in irradiated animmals?. ” However, 
the matter of fatty acid oxidation by irradiated marrow 
cells has not previously been investigated. This communi- 
cation conclusively demonstrates that fatty acid oxidation. 
is severely inhibited by y-radiation and that the effect is 
related to the total dose of radiation received. 

The total-body irradiation (100, 300 and 800 r. at 
approximately 4 r./min) of rats for these experiments 
was effected in a specially designed room? under conditions 
described earlier‘. Rats were killed by decapitation at 
1, 2, 9, 16 and 55 days after the caesium-137 irradiation; 
femurs were rapidly removed, the ends were cut off, and 
the marrow contents were extruded on an ice plate for 
immediate addition to the iced reaction flasks. A 200-ul. 
aliquot of an albumin complex of palmitic-1-“C acid 
(0-1 uc.) was added to a Warburg flask followed by addi- 
tions of 20-40 mg rat femur marrow on & ‘Millipore’ filter 
and 2 ml. Krebs-Ringer phosphate buffer. The contents 
of the flask were flushed with 95 per cent oxygen—5 per 
cent carbon dioxide for 30 sec, sealed with a rubber plug, 
and incubated in a Dubnoff shaker at 37° C for lh. At 
the end of the incubation period the “CO, content was 
collected. in ‘Hyamine’ for liquid scintillation radioassay 
in a manner previously deseribed®. 
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OXIDATION OF PALMITIC-i-C!'4 ALBUMIN COMPLEX 
BY BONE MARROW 
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Dars after irradiation 
Fig. 1. The effect of total-body irradiation on the oxidation of palmitic- 


1-4*C acid by rat bone marry. The numbers within each bar represent 
the number of flasks containing 20-40 mg marrow used m each group 


Fig. 1 demonstrates that total-body irradiation signi- 
ficantly inhibits the oxidation of palmitic-1-“C acid in 
marrow cells. As little as 100 r. caused fatty acid oxidation 
to be inhibited; as lonz as 55 days after the irradiation 
exposure, the bone marrow oxidized the fatty acid at only 
one-half the normal rars, The largest degree of inhi vition 
by 800 r. occurred 1 day after exposure. The fact that 
this profound inhibition occurred at a time when the 
total amount of fat in the marrow was essentially normal‘ 
suggests that the mhib=tion seen at later intervals cannot 
be explained as a direct result of the presence of increased 
amounts of lipid. 

The accumulation of triglycerides in irradiated marrow 
appears to be explainea by increased biosynthesis of fatty 
acid esters and inhibition of fatty acid oxidation. 

, [thank Cathy Snyder, Dorothy Litton, Nelson Stephens 
and William Fishback for their assistance. 

This work was carr.ed out under contract with the 
U.S. Atomic Energy Commission. 

FRED SNYDER 
Medical Division, 
Oak Ridge Institute of Nuclear Studies, 
Tennesse. 


* Miras, C. J., Mantzos, J. D., and Levis, G. M., Rad, Res.,22, 682 (1964). 
? Snyder, F., USAEC Rep. ORZNS-48, 13 (1964). 

* Brucer, M., Intern. J. App. Red. Isotopes, 10, 99 (1961). 

‘Snyder, F., and Creas, E. A.,.2ad Res., 19, 129 (1968). 

* Snyder, F., and Godfrey, P.,..J. Lipid Res.,2, 195 (1981). -~ - 
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BIOLOGY 


Pogonophora in the Sub-antarctic 


I SESTTATE to ask for valuable space to try to put right 
some errors; but I thmk the matter is both biologically 
and historically important. I have only just seen Dr. 
D. B. Carlisle’s transletor’s preface to his English edition 
of Dr. A. V. Ivanov’s Pogonophora (Academic Press, 
London, 1963). I regret that it contains most’ serious 
misstatements, giving not only an entirely false impression 
of the abundance of pcgonophores in the Sub-antarctic, 
but also making quite untrue ‘accusations against the 
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scientific staff of the R.R.S. Discovery working in those 
waters in the 1920’s. These errors have unfortunately 
grown from his misunderstanding and exaggeration of a 
hght-hearted and no doubt foolish remark I made, so I 
feel I must try to correct this unfortunate impression. 
All the dredge and trawl hauls taken by the Discovery 
and Discovery II (Dr. Carlisle confuses the two ships) 


wero gone through with meticulous care and all the , 


species sorted out and preserved in separate tubes or 
jars, an operation often taking many hours. At the end 
there sometimes remained odd bits of debris, perhaps bits 
of twine or wire broken from the net or lashings of the 
dredge and so forth, which we classed as ‘gubbins’, or 
jokingly, the ‘Gubbinidae’, to be more carefully examined 
before being thrown away. Years later, on looking at 
specimens of Pogonophora with their long exceedingly 
thin tubes looking like bits of twine, I told the story of 
our sorting operations on the Discovery and said, just to 
emphasize how fibre-like they are: “I would not be 
surprised if I had thrown some pogonophores away as 
twine among the Gubbinidae !”’ It was no doubt a silly 
thing to say, but I never dreamt it could be taken seriously. 
If it did happen, not more than one or two specimens 
might have been lost that way. No large quantity could 
possibly have been so missed. Dr. Carlisle, who heard 
me say this, let this story grow in his mind. It may seem 
childish to worry with it, but his statements are so 
damaging to British oceanography and scientifically so 
false, that I feel a correction should be made. Dr. Sidnie 
Manton. has not unnaturally directed attention to his 
comments in her review of the book in Nature (204, 
1020; 1964). 

Dr. Carlisle begins his preface thus: 

“During the 1920s, when R.R.S. Discovery II was 
working in the Antarctic and Subantarctic, one of the 
commonest disappointments in collecting from the sea- 
bed was to bring up the dredge from abyssal depths after 
ten or twelve hours’ work only to find the net clogged 
with masses of fibres. Often enough the dredge-bag was 
so filled with this disgusting mass of ‘gubbins’ as to 
preclude the possibility of having taken any material of 
significant biological interest, and the whole haul would 
be jettisoned overboard, after the briefest of rough sort- 
ings. This happened so often that the biologists on board 
coined the term ‘Gubbinidae’ as a familiar name for this 
annoying material. Looking back on his period on board 
R.R.S. Discovery, Professor Sir Alister Hardy, F.R.S., 
tells me that the Gubbinidae were obviously Pogonophora 
and many tons of pogonophores must have been shovelled 
overboard by some of the leading marine biologists of 
the day.” 

Dr. Carlisle tells me he sent a copy of the preface to me 
before publication, but getting no reply assumed I 
approved of it; I am afraid I never received it. The 
Discovery was not really concerned with abyssal dredging; 
we were working mainly on plankton in relation to whales, 
but took any opportunity to dredge in coastal waters 
when the sea was too rough to work off-shore. As will be 
seen from the Station Lists in Discovery Reports, Vol. 1, 
only 14 dredge or trawl hauls were made in depths of 
more than 250 m and only four of these were deeper than 
500 m (525, 728, 970 and 1,080 m); there are no records 
in this or subsequent Station Lists of a dredge having 
been brought up “from abyssal depths after ten or twelve 
hours”. Dr. Carlisle now tells me that he made a mistake 
in confusing the Discovery with the subsequent Galathea 
Expedition. Later in this preface he writes: “It is quite 
obvious from this tale that Pogonophora form the 
dominant element of the fauna over quite large stretches 
of the sea-bed .. .” 

They may do so in deep water, but his conclusion does 
not follow from this unfortunate tale. 

' ALISTER Harpy 

7 Capel Close, 

Oxford. 
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Development of Mouse Embryos in vivo 
after Cultivation from Two-cell Ova to 
Blastocysts in vitro 


THE purpose of this communication is to describe the 
successful development of mouse embryos within recipient, 
foster mothers after previous cultivation in vitro from the 
two-cell to the blastocyst stage. Prior to this, three 
reports have been made of successful foetal development 
of embryos cultured longer than 24 h, but these were 
done under more restrictive conditions. McLaren and 
Biggers! cultivated embryos from the 8- to 16-cell stage 
to blastocysts in vuro and transferred them to pregnant 
foster mothers. Twenty per cent of the transferred 
blastocysts developed into foetuses and two animals 
were successfully reared to adults. Tarkowski*, in his 
work on mouse chimeras, cultured the fused 8-celled 
embryos to blastocysts and obtained living young after 
development in recipient foster mothers. Biggors, 
Gwatkin and Brinster? cultured mouse zygotes to 
blastocysts in organ cultures of Fallopian tubes and 
obtained foetal development after transfer to foster 
mothers. . 

In the work recorded here, mature female mice were 
superovulated and 2-cell embryos flushed from their 
Fallopian tubes 24 h after the detection of copulation 
plugs. These embryos were grown in vitro for 72 h by 
Brinster’s method‘. Two types of medium, one containing 
lactate and the other pyruvate, were used®. Nulliparous 
females 6-8 weeks old were used as foster mothers. The 
oestrous cycles of groups of females were synchronized by 
injections of five units of PMS (‘Gestyl’, Organon) and 
HCG (‘Pregnyl’, Organon) given 48 h apart. These 
animals were then mated to vasectomized males and 
checked for copulation plugs approximately 24 h after 
the HCG injection. 

The cultured blastocysts were transferred to recipients 
2 and 3 days after the copulation plugs from the sterile 
matings had been found®. (If the stage of pseudo- 
pregnancy is determined from the approximate time of 
ovulation by the foster mother, then the mice can be 


considered 2-5 and 3-5 days pseudopregnant respectively.) 


Blastocysts were drawn into a Pasteur pipette from the 
culture medium at the time of transfer, and the tip of the 
pipette introduced into the ovarian end of the uterine 
horn through a small puncture made by a 30-gauge 
needle. (For further technical details see McLaren and 
Six blastocysts were usually deposited into 
each horn. The two combinations used were: (1) Swiss 
blastocysts transferred to C57xC3H hybrid recipients 
mated to, vasectomized hybrid males; (2) blastocysts 
from C57xC3H hybrid parents transferred to Swiss 
foster mothers mated to vasectomized Swiss males. 
These blastocyst-recipient combinations furnished genetic 
markers which were useful for insuring that the vasecto- 
mized males were sterile. The transferred young were 
born alive, or the foster mothers killed 14 days after 
transfer, and the number of foetuses and resorptions 
counted. 

The results are summarized in Tables 1 and 2. Table I 
shows that when Swiss ova were cultured 72 h in a lactate 


Table 1. TRANSFER OF SWISS BLASTOCYSTS INTO NULLIPAROUS 2'5- OR 
3 5-DAY PSEUDOPREGNANT C57 x C3H HYBRIDS. THe BLASTOCYSTS WERE 
OULTIVATED FROM THE 2-ceELL STAGE IN Lactate MEDIUM vor 72 h 


5 No. Total 
transferred Criterion Foetuses Resorptions implantations 
192 Caesarian 10 2 
72 Live-born 10 ? ? 


Table 2. TRANSFER OF BLASTOOYSTS INTO NULLIPAROUS 3 5-DAY PSEUDO- 
PREGNANT Mice. THE BLASTOCYSTS WERE CULTIVATED FROM THE 2-CELL 
. STAGE IN PYRUVATE MEDIUM i 


Time No. 
Strain èn miro trans- Criterion Foetuses Resorp- Total 
egg th) ferred tions 
Swiss 72 192 Caesanan 10 11 21 
C57 x 'C3H 72 216 Caesarian 11 11 22 
C57 x C3H 96 180 Caesarian 14 13 27 
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medium and the blastocysts transferred to nulliparous 
C57 x C3H hybrid recipients, 7-58 per cent developed into 
foetuses. Of these, ten were born alive and matured into 
adults which proved capable of normal reproduction. 
The apparently higher incidence of successful transfers in 
the group born alive is not real, and is likely to have been 
produced by the fact that obviously pregnant animals 
were selected to give birth to young. Table 2 shows that 
ova cultured in a pyruvate medium are capable of foetal 
development. A comparison of the first two lines shows 
no difference between the two _ blastocyst-recipient 
combinations. The comparison of lines two and three 
indicates no difference between the viability of blastocysts 
which have been maintained in culture for an additional 
24 h. Tables | and 2 show that the percentage of blasto- 
cysts implanting is greater than that of those developing 
to foetuses—approximately half the embryos being 
resorbed soon after nidation. 

The ova which were cultured 96 h (Table 2) were 
approximately 5:5 days old at the time of transfer. The 
only detectable morphological change undergone by the 
blastocysts during the additional 24 h in vitro was the 
loss of the zona pellucida. Hence, blastocysts are able to 
remain arrested in culture for a period exceeding the 
expected time of implantation without apparent harm to 
their developmental ability. How long blastocysts can 
be maintained in this way is unknown, and its determina- 
tion is of considerable interest in the investigation of 
delayed implantation. 

There are obviously a great many criteria which can 
be used for testing the normality of foetuses and young 
that have undergone part of their development in vitro. 
The four we have considered are: (1) the degree of post- 
implantation embryonic mortality; (2) the gross appear- 
ance of the foetuses and young; (3) the skeleton of the 
foetuses as revealed by staining with alizarin red; (4) the 
ability of the young to mature and reproduce themselves. 
Our present experiments provide no information on 
embryonic mortality since the large number of resorptions 
could be due either to the adverse effects of culture or to 
poor reproductive performance by the recipients. Investi- 
gations on this question require experiments controlled 
by the direct transfer of blastocysts from one female to 
another. The observations on the other three criteria 
demonstrate that normal mouse foetuses and young can 
develop from embryos cultured from the two-cell to the 
blastocyst stage in vitro. 

This work was supported by a grant from the Population 
Council, Inc., and grant CA—06638 from the National 
Cancer Institute, U.S. Public Health Service. We thank 
Dr. K. W. Thompson, Organon Ine., for the gifts of 
‘Pregnyl’. 
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Rediscovery and Taxonomy of Edenttellina 
typica Gatliff and Gabriel 


Edenttellina typica Gatliff and Gabriel’ is a periodically 
fairly common species of bivalve gastropod (Sacoglossa : 
Bertheliniidae) of the Victorian coastline. It was dis- 
covered in rock pools and channels on the open coast 
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anatomical investi- 
ndicate that it is a distinctive 


during November 1960-March 1961; 
gations of the animal 
species. 

An earlier find of th= species was collected along with 
specimens of Midorigae australis Burn? at Flinders, Vic- 
toria, on March 20, 196@. As it was a juvenile specimen 
without the strong colour pattern of the adult, I mis- 
takenly included it among paratype material of M. 
australis sent to Dr. Kikutaro Baba, Osaka, Japan, for 
examination. Baba’ recognized the specimen as distinct 
from the two Victorian species I had described’, and on 
my suggestion tentatively identified it as Edenttellina 
typica Gatliff and Gabrwel. This identification has now 
been conclusively proved by my own anatomical investi- 
gations. The species is briefly described as follows: 


Edenttellina typica Gatliff ane Gabriel. 
most 4 mm long, 25 mm. hi and 1-9 mm across the paired valves; 
protoconch small, greatly inclined, of 1-5 whorls, at third-quarter. Animal 
pale green, with 5-6 more-or-less horizontal parallel black pigment lines in 
each valve mantle. Radular teeth (Fig. 2) without denticulations, tip bifid. 
Distribution: Flinders, Portsea Ocean Beach, Point Lonsdale, Breamilea, 
Port Fairy. Habitat: Caulepma brownii (C. Ag.) End.—a very common 
green alga with slender needle-Lke ramenta, 


Shell (Fig. 1) elongate-oval, at 


The black lines in the mantle of E. typica prevent con- 
fusion with either of the two other Victorian bivalve 
gastropod species or with any of the known world species. 
Berthelinia caribbea Edmunds* from Jamaica has similar 
but more numerous and finer dark pigment lines, an 
ovate-trigonal shell and dointed denticulate radular teeth. 
The Victorian species, Midorigai australis Burn and 
Tamanovalva babai sp. nov., are both immediately dis- 
tinguished by the colour patterns of the valve mantles; 
M. australis has curved radials of white pigment cells on 
a dark green backgrounc, and T. babai is uniformly green. 

Baba** and Boettger* have queried the identification 
of the species which E described as Berthelinia typica 
(Gatliff and Gabriel)’. I now recognize that I confused 
this species with the trae Edenttellina typica Gatliff and 
Gabriel, and, at the = me time, created a secondary 
homonym that deserves correction. Therefore, the 
homonymous species is -described as Tamanovalva babai 
sp. nov.: 


Holotype: Point Danger, Torquay, Victoria, 144° 19’ East, 38° 20° South; 
1 specimen collected by R. Barn, 12 March 1962; deposited in National 
Museum of Victoria, 4 I dc registered number F23,064. Shell ovate- 
trigonal, at most 4-5 mm long, 3 1 mm high and 1:5 mm across the valves, 
protoconch large, vertical, of 5 whorls, at second-third. Animal green, 
valve mantles green. Radular teeth (Fig. 3) denticulate, tip bifid. Distribu- 
tion: Torquay, Point Roadkmeht Bay and Portarlington. Habitat: Cau- 
lerpa Arian dadn (R. Brn.) C.Ag.—a blade-like alga, C. sedoides (R. Brn.) 
©. Ag.—a small grape-like aka, and C. simpliciuscula (Turn.) ©. Ag.— 
a smooth rat-tail alga. 


This species is dedicated to Dr. Kikutaro Baba, Osaka, 
Japan, for his contribations to the knowledge of the 
bivalve gastropods. The taxon T. babai has already been 
used for this species by Edmunds‘. 





Fig. 1. Left lateral vie shell length 3:5 mm 
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There are several species belonging to the same group 
as T, babai. These are T. limax Kawaguti and Baba’, 
from Japan; denttellina coraliensis Hedley’, from 
Queensland ; and Scintilia ? chloris Dall’, from Mexican 
California. It is my belief that these four species belong 
to Tamanovalva Kawaguti and Baba’, a better generic 
taxon than Berthelinia Crosse’, which properly applies to 
fossil species with two-whorled protoconchs (Boettger)®. 
T. babai differs from T. imax and T. chloris in that the 
radular teeth have a bifid tip, and from T. corallensis in 
that the protoconch is much larger. An undescribed 
species of Tamanevalva from Western Australia has a 
fairly large protoconech and bifid denticulate radular 
teeth similar to T. babai. Consequently there is good 
reason, to differentiate two sections of Tamanovalva, one 
with a small protoconch and pointed radular teeth, the 
other with a large protecench and bifid radular teeth. 


Fig. 3. 


Radular tooth of Edentlellina typica 
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Fig. 3. Radular tocth of Tamenovalea babai 


In addition to the three Victorian species mentioned, 
there are at least seven unnamed species of bivalved 
gastropod found along the Australian coastline. A manu- 
script has been prepared but is withheld from publication 
pending receipt of further material of the rarer species. 
The anticipated delay necessitated the clarification and 
description of Edenttellina typica and Tamanovalva babai. 

This work was supported by a grant from the Science 
and Industry Endowment Fund, ©.8.1.R.0., Melbourne, 
to aid research on the Australian opisthobranch molluses. 
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A Spontaneously Active Fibrinolytic System in 
Xenopus laevis which is further activated by 
Human Urokinase 

ALTHOUGH it seems probable that a fibrinolytic enzyme 
system is present in the blood of all vertebrates, little 
work has been reported on systematic investigation of the 
system in the lower vertebrate classes. =) 

This communication reports the demonstration of a 
spontaneously active fibrinolytic enzyme system in the 
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blood of Xenopus laevis (South African clawed toad) 
using a modification of the dilute blood clot lysis time’. 
It has also been shown that high concentrations of human 
urokinase will bring about rapid activation of the system. 
Both these reactions are temperature dependent. 
Staphylokinaso and streptokinase (‘Kabikinase’, Kabi) 
are without effect. 

_ All tests were carried out on blood pooled from several 
Xenopus laevis. Blood was mixed with one part of 3-8 
per cent trisodium citrate to nine parts of blood in a pre- 
cooled polystyrene container. The tests were carried out 
immediately so that the in-vitro formation of anti-activator 
activity, if present in this species, would be minimized. 
In the lysis tests half volumes of reagents were used, as 
supplies of blood were limited. 

Control tests were set up as follows. 0-1 ml. of pooled 
citrated toad blood was added to 0:85 ml. phosphate 
buffer pH 7-4 in a glass tube in an ice bath. A clot was 
formed by addition of 0-05 ml. of bovine thrombin (Leo 
Laboratories, 50 N.I.H. units per ml.). All tests were set 
up in duplicate. The tubes were transferred to a water 
bath at 25° C or 37° C and lysis times were measured. 

Tests incorporating human urokinase (Leo Laboratories) 
were set up substituting 0-1 ml. volurnes of urokinase for 
0-1 ml. of buffer. The concentrations of urokinase added to 
0-1 ml. of whole blood in a 1-ml. clot are shown in Table 1, 
which also gives the lysis times. Similar results were 
obtained in tests with two different batches of human 
urokinase and using 0-65 per cent sodium chloride in place 
of phosphate buffer. 


Table 1. EFFECT of TEMPERATURE ON ACTIVATION OF THE FIBRINOLYTIC 


SYSTEM OF Xenopus laevis with HUMAN UROKINASE 


Units of urokinase 


Phosphate buffer 
added to 0-1 ral. blood 


Lysis time (mean) in min 
pas 


ane ed of 37°? C 
Control (buffer) 276 Incomplete lysis 
after 24 h 
5 270 Incomplete lysis 
after 24 h 
20 240 B00 
100 200 400 
500 110 65 
2,800 38 15 
3,000 35 12 


wo 


These results show that at 25° C lysis oceurs without the 
addition of an activator. At 37° C inhibition of lysis occurs. 
The results of tests incorporating urokinase indicate 
that a high concentration of urokinase is required to bring 
about activation of the Xenopus fibrinolytic system under 
the conditions stated. Activation is faster at 37° C than at 
25° C when the concentration of urokinase exceeds approxi- 
mately 200 units per 0-1 ml. blood. If the amount of 
urokinase present is less than 200 units per 0-1 ml. blood 
inhibition of lysis occurs at 37° C. 

Partial or complete breakdown of blood cells occurred 
at 37° C after 5-10 h incubation both in phosphate buffer 
and in 0-65 per cent sodium chloride. It seems probable 
that an inhibitor of fibrinolysis may be released from the 
cells. In the presence of sufficiently high concentrations of 
urokinase fibrinolysis is complete before this inhibitor is 
released. When buffer is substituted for the cells in the 
Fearniey test the lysis times are lengthened from 9 to 24 h 
at both temperatures. If normal centrifuged cells (3,000 
r.p.m. for 10 min) are substituted, then the lysis times 
are in the normal control range indicating that at 24° C 
normal cells play a part in the activation of the fibrinolytic 
system of Xenopus, while at 37° C an inhibitor may be 
released on breakdown of the cells. This supports the 
findings of Hackett and Hann on Bufo and Hyla. 

The fibrinolytic system of Xenopus laevis cannot be 
activated with streptokinase (16-10,000 units per 0-1 mil. 
blood) or staphylokinase (1-225 units per 0-1 ml. blood). 

This work was supported by grants from the University 
of London Central Research Fund and Goldsmiths’ 
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College Research Fund. I thank Dr. J. L. Stafford for his 
advice, and Dr. C. H. Lack for supplying the staphy- 
lokinase. 

A. BLOFIELD 


University of London Goldsmiths’ College, 
New Cross, London, and 
St. George’s Hospital, London. 
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Structure of Amyloid Fibrils after Negative 
Staining and High-resolution Electron 
Microscopy 


Since the original observations of Cohen and Calkins’, 
recent electron microscopic investigations have clearly 
confirmed the fact that amyloid of all types so far exam- 
ined possess a fibrous ultrastructure. However, some 
differences in measurements of the dimensions of amyloid 
fibrils in tissue sections (50-300 A) have been reported 
and no clear delineation of sub-unit structure has been 
available*-*. ‘This communication deals with the fact 
that after negative staining the ultrastructure of the 
amyloid fibril can be resolved to filaments, laterally aggre- 
gated in varying numbers, in a manner that would explain 
the aforementioned differences. 

Amyloid fibrils were collected as previously described" 
from spleens of two patients with secondary amyloidosis. 
The top layer of the homogenate containing the fibrils 
was further separated into almost pure amyloid fibrils 
with a density gradient system using 60-85 per cent 
sucrose as a cushion layer, 2 mg of the fibrils were then 
suspended in distilled water or 4 per cent sucrose to obtain 
a suitable dilution. A drop of this suspension was applied 
on to a grid supported with ‘Parlodion’ film and strength- 
ened with a carbon coating. The excess was then drawn 
off with filter paper and the grid was air dried. A drop of 
2 per cent phosphotungstie acid (adjusted to pH 7-0-7-5 
with normal potassium hydroxide) was applied to the 
grid for 3 min™. The excess was again drawn off with 
filter paper and the grid finally was air dried. Thin 
sections of the tissues and isolated fibrils which were 
fixed, dehydrated and embedded, as well as shadowed 
isolated fibrils, were also prepared for comparative observa- 
tion with the negatively stained amyloid fibrils. Speci- 
mens were examined in an RCA EMU’-3G or a Siemens 
Elmiskop I electron microscope. 


Table 1 
No. of filaments % of each com- Mean 
composing each bination of fila- No. measured width 
amyloid fibril mentsin 500 fibrils in each class (A) S.D. 

1 10-6 50 75 9 
2 206-8 100 146 16 
3 188 100 216 16 
4 33-2 100 290 17 
5 40 25 348 20 
6 D4 25 419 20 
7 OR 4 401 11 
8 D4 2 562 23 


Analysis of width of filaments composing amyloid fibrils, singly and in 
lateral aggregates. Data are based on measurement of about 500 negativels 
stained isolated human amyloid fibrils in the 130,000 times micrographs 
using the 7 times measuring magnifier. 


Negatively stained specimens are shown in Figs. 1 and 
2. Tho amyloid fibril was found to consist of a number 
of filaments aggregated side by side. These filaments 
occurred in groups of 1-8 and appeared to be mutually 
coplanar. When they were laterally aggregated, the 
filaments, on occasion, showed loose random twisting 
(arrow in Fig. 1). Each filament had a diameter of 75 + 
9 A. The filaments were most commonly grouped in 
sets of 4, 2,3 and 1 respectively (Table 1). The dimensions 
of the groups of filaments appeared to correspond well 
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Fig. 1. Negatively stained haman amyloid fibrils. Note various com- 
binations and coplanar dispos:tion of filaments and loose random twist- 
ing of tibrils ( x 250,000) 


with those of fibrils in the fixed and embedded material. 
The structure of the filaments obtained from both amyloid 
spleens was identical. Te filaments also showed a regular 
beading, which measured approximately 100 A. The 
mean, based on measurement of 100 periods in the 500,000 
times micrographs, was 99 + 7 Å. Each bead was oval, 
and the long axis of the oval bead appeared to be tilted 
approximately 40°-60° away from the long axis of the 
filament. Beads in adjacent filaments occasionally 
appeared to contact eash other (arrow in Fig. 2). When 
500 negatively stained amyloid fibrils (laterally aggre- 
gated filaments) were measured, their length was found 
to vary widely from 30@ A to 6,000 A. This is not un- 
expected and would be Gue at least in part to breakage of 
the rigid rod-like amylowl filaments and fibrils in prepara- 
tion. 

Several conclusions are possible from the foregoing 
results. First, amyloid fibrils which so far have been 
considered to be of uncform diameter are made up of 
varying numbers of laterally aggregated filaments. 
Secondly, the measurements listed in Table 1 suggest that 
the filaments are tighthy packed with no significantly 
measurable distance separating them laterally. Thirdly, 
the filaments themselves are beaded. The beads may 
represent end-to-end aggregated sub-units or (less likely) 
there may be a helical arrangement in each filament, with 
a 100 A periodicity. 

The results presented here are easily reconciled with 
previously reported amyloid fibril dimensions from this 
and other laboratories Most past observations of 
amyloid substance have been carried out on unstained or 





Fig. 2. 


A negatively stained suman amyloid fibril consisting of 4 fila- 


ments. Note beadimw of each filament ( x 500,000) 
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positively stained tissue sections in which the amyloid 
fibrils must have been oriented in various directions, and 
in which there has been a lack of demonstration of the 
surface structure of the amyloid fibrils. Indeed, the 
various values of 50-300 A which have been reported for 
the width of amyloid fibrils by several investigators 
correlate well with the widths of the most common types 
of lateral aggregates of filaments reported here. 

In this work the application of negative staining has 
made it possible to visualize the ultrastructure of highly 
purified isolated amyloid fibrils. The fibril is made up of 
filaments of varying lengths but with reproduciblo 
diameter of 75 +9 A. It occurs most commonly in 
lateral aggregates of 4, but may be found in side-to-side 
groups of 1-8 filaments. A 100 A beading was observed 
on all filaments. 

This work was supported by grants AJ/—04599 and 
T1 AM-5285 from the U.S. Public Health Service. 
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Juxta Glomerular Apparatus staining with 
Thioflavine T Fluorochrome, and its Confusion 
with Amyloid 


DURING an investigation of experimental amyloid in 
BALB/c mice with the thioflavine T' fluorochrome method! 
applied to formol saline fixed sections, it became apparent 
that all 55 mice showed a bright green fluorescence in the 
juxta glomerular region. In the experimental group, 
which had a transplantable plasma cell tumour, ADJ- 
PC5, the fluorescent material was at first thought to 
indicate amyloid. However, it became obvious on 
examining the control group (20 mice) that one was 
dealing with a normal structure. 


The fluorescent appearance varies with the plane of 


sectioning; under low power the fluorescence may show 
an irregular circular, oval or elongated structure (Fig. 1). 
With high magnification the cytoplasm but not the nuclei 
of these cells shows an intense granular fluorescence (Fig. 
2). The morphology, site, granular appearance and pres- 
ence of this fluorescent structure in all the normal mice 
studied suggest that it is the juxta glomerular apparatus. 

While thioflavine 7’ is a useful technique in studying 
amyloid it is, like congo red, and to a lesser extent methyl 
violet, not specific for amyloid. The pitfalls of the tech- 
nique ought to be appreciated in order to avoid errors in 
recognizing amyloid. The following structures are stained 
by thioflavine T: (1) ‘muciphages’ of the rectal mucosa in 
man?**; (2) myelin figures in neurones of amaurotic idiocy 
and granular cell myoblastoma*‘; (3) acidophil cells of the 
pituitary gland’; (4) zymogen granules in the pancreas of 
mice (personal observation); (5) mast cells in mice and 
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Fig. 1. Fluorescent microphotograph showing 3 juxta glomerular 
apparatus structures (thioflavine 7° x e. 395) 
Fig. 2. Fluorescent microphotograph showing the juxta glomerular 


apparatus adjacent to the glomerulus (thioflavine 7 x c. 880) 


man (personal observation); (6) juxta glomerular appara- 
tus in mice. 

Although the difficulties in interpreting rectal biopsies 
with regard to amyloid by the thioflavine T' method are 
now appreciated, some of the other structures noted here 
have received little or no attention. This is particularly 
relevant in the experimental induction of amyloid in mice 
when the fluorescence in the juxta glomerular region can 
be easily confused with amyloid. Furthermore, it is 
suggested that this technique offers a simple and striking 
method for investigating the juxta glomerular apparatus. 

I thank Dr. J. G. Azzopardi for associating the areas of 
fluorescence with the juxta glomerular apparatus, and 
Dr. V. M. Rosenoer for supplying the mice. I also thank 
Mr. I. Miller for the fluorescent photomicrography and 
Mr. T. W. Buckley for the histology. 
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The Accepted 
Medium for 
Tissue Embedding 






‘“‘Paraplast 


This new material is a mixture of highly purified paraffin 
and several plastic polymers. It possesses a greater degree 
of elasticity than normal paraffin wax giving results sup- 
erior even to double embedding, allowing sections of 
bone to be cut with ease. It ribbons well allowing almost 
wrinkle free serial sections to be cut with ease at 4 
thick. It does not require cooling before cutting, there- 
fore ice cubes are eliminated. No changes in routine 
processing technique are required, since the usual clearing 
agents can be used and it has a melting point of 56° C. 
This material represents a major technical advancement 
and is recommended for routine and research work on 
both human and animal tissues.” 


C. F. A. CULLING, F.I.M.L.T., F.R.M.S. 
Handbook of Histopathological Techniques 
(including Museum Technique) 
Butterworths & Co., Second Edition. 
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FORESTRY 


Precocious Male Cone Production associated 
with Low Nutrient Status in Clones of 
Pinus radiata 


WaREING' has reported that in Pinus sylvestris male 
and female cones are frequently borne on separate shoot 
systems. Female cones develop first, appearing on strong 
leading shoots on the main stem, and later also on 
vigorous first-order branches. Male cones are not pro- 
duced until some years after the first female cones, and 
then appear on weaker twigs in the basal region of the 
lower branches. This distinction in the position of male 
and female cones suggests that the type of cone developing 
on a branch system is dependent on the internal condition 
of that system. Moorby and Wareing* have since sug- 
gested that the condition necessary for the onset of male 
coning is a certain degree of ageing, and they showed 
that ageing occurs in a branch system when this becomes 
sufficiently complex to lead to intensified competition for 
nutrients between the constituent shoots of the system. 
That is, male cones may tend to occur on twigs where 
the nutrient supply is limited. 

Wareing’s observations on the location of male and 
female cones in P. sylvestris apply also to Pinus radiata; 
and, while his observations were made on seedlings, the 
behaviour of vegetatively propagated material from 
mature trees is comparable, except for the fact that 
cones appear at a younger age in the vegetatively pro- 
pagated material. Female cones are usually produced in 
the second or third vear after propagation, and male 
cones some three or four years after this. A consideration 
of Moorby and Wareing’s findings suggests that it may 
be possible to produce male cones sooner than is normal 


after vegetative propagation by restricting the supply of 


nutrients available to the plants concerned. Such 


production, however, is likely to be at the expense of 


female cones. 

In the spring of 1960, cuttings were taken from the 
crowns of several trees of Pinus radiata which were then 
aged 12 years from sowing. At this age the trees were 
producing both male and female cones, but the cutting 
material collected had not itself borne cones. The cuttings, 
collected for a study of wood density, were set under an 


intermittent mist spray: when rooted in the winter of 


1961 they were transferred to galvanized iron tubes each 
with a soil content of approximately 750 ml. Soon after 
this the original experiment was abandoned, and the 
rooted cuttings were left in the tubes. 

In the spring of 1963, the plants, which had then been 
in tubes for two full growing seasons, produced a heavy 





Fig. 1. Male cone production in 2-year-rooted cuttings of Pinus radiata 
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Table 1. NUTRIENT-LEVELS 
Xitrogen Phosphorus Potassium 
% So % 
Tubed plants 1-09 (0-07) 0-21 10-03) 0-21 (0-02) 
Critical levels below which 
growth is restricted P80 (ref. 3) 0-10 (ref. 3) 0:40 (ref, 6) 


(Values in parentheses are standard errors.) 


crop of male cones, but ro female cones (Fig. 1). Foliage 
analyses were carried owt on seven of these plants. The 
analyses, on needles which emerged from the same over- 
wintering bud as the male cones, showed that at this stage 
the plants were severely deficient in nitrogen and potas- 
sium, but well supplied with phosphorus (Table 1). 

Initiation of the male-cone primordia must have 
occurred during the plants’ second growing season in the 
tubes. Since by that tame the supply of nitrogen and 
potassium available to tae plants was limited, and since 
male cones are not mormally found on open-grown 
propagules of such smal size, it is suggested that the 
production of male cones was in direct response to the 
low nutrient status of the plants. Whether the combined 
deficiencies of nitrogen and potassium, or deficiency of 
either of them singly, is responsible for the male cone 
production is uncertain. Will* found nitrogen-levels in 
the foliage of P. radiata so be lowest in the older needles 
towards the base of the tree, and it is on branches in 
these regions that male stones are usually found. 

Further support for the suggestion that formation of 
male cones may be stimulated by nitrogen deficiency has 
been obtained from field fertilizer trials in the Nelson 
district of New Zealand. There the growth rate of 
second-rotation crops of P. radiata is reduced by nitrogen 
deficiency and the understorey of younger trees present 
has lower foliage levels of nitrogen than the main-crop 
trees’, These understorey trees frequently bear male 
cones on the leader and side branches without any female 
cone production at all. In plots treated with nitrogen 
fertilizers, however, production of male cones in the 
understorey trees has been almost completely eliminated. 

Areas for the produetion of genetically high-quality 
seed are normally isolated from outside pollen sources, 
and, with the time lag ‘a production of male cones, the 
first three or four years crops of female cones remain 
unpollinated. The stinmalation of precocious male-cone 
production in some of the trees would allow these cones 
to be pollinated, and would give a much earlier seed yield. 

G. B. SWEET 
G. M. WIL 
New Zealand Forest Service, 
Forest Research Institute, 
Rotorua, New Zealand. 
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ENTOMOLOGY 


Larval Diapause imduced by a Maternally- 
operating Photoperiod 


Ix several insects it is known that environmental 
factors such as nutrition and temperature, or intrinsic 
factors such as age, cam induce diapause in the progeny 
by affecting the maternal generation'~*. This communica- 
tion produces evidence that the production of diapause 
larvae by the parasitic wasp Nasonia vitripennis is con- 
trolled by a maternally eperating photoperiod. 

The experiments were performed with two strains of 
Nasonia : one (the Woods Hole ‘wild-type’, WH +) was 
isolated by Prof. P. W. Whiting at Woods Hole, Massa- 








chusetts, in September: 1951; ‘and the other (the c strain) 
was isolated by Dr. G. Salt at Cambridge in October 1961. 
The progeny of individual females were analysed by 
providing them daily with two pupae of Sarcophaga 
barbata, which were then incubated until the emergence 
of the next generation. The adult females of Nasonia were 
exposed to a variety of conditions of temperature and 
photoperiod. The immature stages were in all cases reared 
at 25° C in continuous darkness. 

Females of both strains of Nasonia kept in darkness 
produce diapause larvae in a distinct age pattern’. 
Developing progeny are produced during the early part 
of reproductive life and the females then switch to the 
production of diapause larvae as they become older. A 
greater proportion of diapause larvae occurs in the 
progeny of females kept at 15° than at 25° C because the 
length of reproductive life is greatly extended without a 
corresponding delay in the completion of the maternal 
switch (Figs. 1 and 2). 

The most important factor affecting the incidence of 
larval diapause in Nasonia is seen when photoperiod is 
studied. Short-day cycles (6 h light per 24 h, or natural 
December—January day-length) bring forward the point 
at which the maternal switch operates in the C strain from 
between the 9th and the 17th day, as in darkness, to 
between the 5th and the 9th (Fig. 1). Similarly, the WH + 
strain changes over to the production of diapause larvae 
between the 9th and 17th day instead of between the 20th 
and 25th (Fig. 2). Finally, incubation at 15° C in natural 
long (May—June) day-length prevents the production of 
diapause larvae. 

Nasonia vitripennis is therefore a ‘long-day’ insect in 
its responses to photoperiod, diapause being induced by 
combinations of short day-length and low temperature and 
averted by long day-length and high temperature. It 
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Fig. 1. The production of diapause larvae by females of Nasonia 


vitripennis, C strain (Cambridge, England). © O 30 females at 
25° C in continual darkness; O - — O 42 females at 15° C in —— 
— @-—----@ 45 females at 15° C and 6h light per 24h: @-— ~ 
5 females at 15° C natural short (December) day-length; x -=-= x 5 
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Fig. 2. The production’ of diapause larvae by females of Nasonia vitri- 


_pennis, WH + strain (Woods Hole, Massachusetts). O—— O 30 females 
‘at 25° Cin continual darkness; O-- ~ O 45 females at 15° C in continual 
darkness; @-—— @ 44 females at 15° C and 6 h light per 24 h; x x 

12 females at 15° € natural long (May—Jime) day-length 
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pical cases of photoperiodic induction, 
however, in that the sensitive stage is in the adult female 
and. the resulting diapause in the larvae she produces. It 
is impossible for the effect of photoperiod to be transmitted 
solely through the mediation of the central nervous system, 
and a chemical ‘factor’ passing through the egg from the 
mother to her progeny must be postulated. Since photo- 
periodic induction processes probably take place in the pars 
intercerebralis of the brain’, it is reasonable to suggest that 
a chemical factor (a hormone?) is produced by the brain - 
or an associated structure during short-day cycles, and > 
passed into the haemolymph and thence into the develop- 
ing oocytes in the ovary. This system has its parallel in 
the commercial silk-worm, Bombyx mori, in which the 
sub-oesophageal ganglion of the female gives rise to a 
‘diapause-hormone’ which enters the ovary and results in 
a diapause in the egg’. It differs, however, in that diapause 
in Bombyx occurs at the early germ band stage—before 
the development of the embryonic endocrine system—and 
is therefore essentially a maternal character’, Larval 
diapause in Nasonia seems to be of the normal larval-pupal 
type involving a cessation of neuro-secretory activity in 
the brain®. Therefore, the end result of the process initiated 
by short-day cycles affecting the mother must be the 
inhibition of neuro-secretory activity in the brain of 
the fourth-instar larva. 


differs from ty 
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VIROLOGY 


Infectivity of Tobacco Mosaic Virus stored 
for Fifty Years in Extracted, ‘Unpreserved’ 
Plant Juice * 


ALLARD! published a report on the sustained infectivity 
of tobacco mosaic virus in unpreserved plant extracts 
after storage for 28 years. Either the identical or similar 
material used by Allard to establish his infectivity record 
was recently made available to us by J. E. MeMurtrey, _ 
jun. It consisted of jars of tobacco mosaic-virus- infected 
dried-leaf material and numerous bottles of plant juice. _ 
from tobacco mosaic-virus-infected plants. Not all, but > 
most, of the bottles of plant extract lacked air-tight 
stoppers and had lost moisture through evaporation until 
they contained only dried residues. These samples date 
back to 1914. 

In addition to Allard’s dried-leaf and extract samples, we 
obtained two old glass-stoppered bottles dated February = 
1926, prepared by J. E. MceMurtrey, jun., and labelled as © 
containing juice from a plant infected with tobacco mosaic 
virus. The contents of both came from the same infected. 
plant material. A 500-ml. bottle (Table 1, D) had appar-: 
ently been filled first; it contained liquid, with a small- 
amount of solid material. A 250-ml. bottle (Table 1, C} 
probably had been filled with the remaining extract, since- 
it contained about 20 per cent by volume of solids. Both >` 
bottles had been stored for at least 20 years in the attic 
of the Range No. 3 Greenhouse at the Plant Industry 
Station, Beltsville, Maryland. Temperature in this: atti 
often exceeds 110° F in summer. 

A. brief report of our results may be of interest because 
this is a record for the longevity of tobacco mosaic virus. 
in unpreserved, expressed plant sap, and because the 
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earliest material was prepared by H. A. Allard, a pioneer 
virus research worker. 

We made trial inoculations with the contents of bottles 
C and D on tobacco plants having the necrotic lesion 
response to tobacco mosaic virus. This preliminary test, 
and subsequent ineculations on plants susceptible to 
tobacco mosaic virus, indicated that the extracts in some 
bottles contained infective virus. This was surprising in 
view of the age of the material, the storage conditions, and 
the vile odours which emanated from the containers’. 

We inoculated Nivotiana tabacum L. hosts resistant (ev. 
‘Kentucky 35° and cv. ‘Burley 21’) or susceptible (ev. 
402’) to tobacco mesaic virus, to determine whether or 
not virus which’could induce local lesions and/or systemic 
infection was still present in the various samples. 

Our first inoculatiens were made using the contents of 
the bottles C and D, dated February 1926, and tap water. 
Each inoculum was rubbed lightly with a gauze pad over 
‘Carborundum’-dusted leaves of 3 plants of ‘Ky. 35° and 
‘402° at the 6-8 leaf stage, and on the primary leaves of 
Phaseolus vulgaris L. ev. ‘Pinto U.I. 111’. We rinsed 
inoculated leaves with tap water. Local lesions and 
systemic mottle appeared only on tobacco plants inocu- 
lated with the contents of bottle C. No local lesions 
appeared on leaves of bean plants in this test. The 
absence of local lesions on the bean leaves suggested that 
either the tobacco mosaic-virus isolate was a strain 
incapable of inducing local lesions on bean leaves*, or that 
the titre of infective virus, remaining in the extract, was 
too low. This question was resolved when we obtained 
lesions on bean leaves with inoculum prepared from ‘402’ 
plants systemically infected with a previous bottle C 
inoculation. 

We also assayed additional samples of extracts from 
tobacco mosaic-virus-imfected plants that had not evapor- 
ated to dryness. For evidence of infectious virus we 
inoculated leaves of ‘Burley 21’ plants according to the 
method described. One of the extracts (bottle A) dated 
June 9, 1914 (Fig. 1), produced 101 lesions on 12 rubbed 
leaves. Another sample (bottle B) dated November 9, 
1915, caused 13 lesions; however, others gave none. 

The pH’s of the extracts were found to be on the alkaline 
side (Table 1). Because some of the non-infectious extracts 
had similar pH readings, unknown factors, other than 
pH, must underlie the retained infectivity of some extracts. 
The nature of the biolegical contamination of the various 
extracts differed from bottle to bottle as evidenced by 
the variation of odoursemanating from them. Differential 
inactivation of tobacco mosaic virus by a number of 
fungi and bacteria has been reported by Johnson and 
Hoggan'. 

We prepared inoculum from dried leaf samples by grind- 
ing 0-2 g tissue in 2 c.c. 0-1 M K,HPO,. Only 1 of 4 con- 





Fig. 1. Label from bottle A. Plant extract prepared by H. A. Allard, 
June 9, 1914. Contents of bottle infective after 50 years 
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Table 1. INFECTIVITY AND pH OF VARIOUS EXTRACTS OF TOBACCO MOSAIC 
VIRUSINPECTED PLANTS 
Extract sampic pH Infectivity 
1 8:8 - 
2 90 - 
3 -— — 
4 3 ~ 
5 75 — 
6 w0 - 
7 8-4 — 
8 8*6 - 
0 (A)* TT — 
10 (B)t 71 + 
vig 71 - 
12 — 8:9 = 
13 (D 8-6 — 


* Extract dated June 9, 1914. 
t Extract dated Nov. 9, 1915. 
t Extract dated Feb, 26, 1926. 
$ Extract dated Feb. 26, 120¢. 


tainers sampled yielded tmfectious tobacco mosaic virus as 
evidenced by local lesion formation on ‘Burley 21°. The 
sample containing active virus was dated October 20, 
1914; lesion count from this inoculum ranged from 1 to 4 
per rubbed leaf. Activity of tobacco mosaic virus from a 
dry sample of such age s not surprising; activity from 
dried tobacco 52 years ald has already been noted’. 

Though the extracts in some bottles are infective, there 
is & possibility that remeval of the bottles from storage 
may have sloshed some of the liquid upward on to the dry 
glass surfaces which had oreviously been moistened with 
tobacco mosaic virus-cortaining liquid. Such surfaces 
could have been coated with tobacco mosaic virus particles, 
afterwards flushed back tc the bulk of the liquid when the 
bottles were disturbed. 

We believe the extract dated June 9, 1914, to be the 
same material that Allarc reported as being active after 
28 years. The infectivity period of tobacco mosaic virus 
in unpreserved plant juice is thus extended to 50 years. 


G. SILBER 
L. G. Burk 
Crops Research Division, 
Agricultural Research Service, 
U.S. Department of Agrict ture, 
Beltsville, Maryland. 
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CYTOLOGY 


Chemical Inductien of Heat-reversible 
‘Potential Lesioms’ in Vicia faba 
Chromosome 


WHEN main root meristerns of Vicia faba were treated 
twice with the alkylating agent triethylenemelamine 
(105 M TEM, 5 x 10-° M TEM, each treatment for 
30 min at 24° C) the percentage of cells with induced 
chromatid aberrations in the first mitosis after application 
of the compound was foand to be dependent on the 
sequence of the two treacments. Significantly more 
aberrations were induced when the first treatment was 
with the higher (5 x 10* M) and the second with the 
lower (10° M) TEM-concentration than vice versa. 
Preparation of the material was according to the Feulgen- 
squash-technique after 2-h treatment with 0-05 per cent 
colchicine and fixation in alcohol/acetice acid (3 : 1). 

Table 1 summarizes some of our results for recovery 
times (24° C) of 18, 24 and 30 h. Aberrations in TEM- 
treated cells become induced during interphase; they are 
preferentially localized in heterochromatin and they are 
exclusively on chromatid basis; the agent shows 
‘delayed effects’-*. The infuence of the order of treat- 
ments on the aberration-pereentage already mentioned is 
evident from a comparison of the results given in rows l 
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and 2 (controls, only one treatment) with rows 3 and 5 
(two treatments in different order) in Table 1. The 
application of the higher and then lower TEM-concen- 
tration may be separated by 2-h intervals without showing 
any influence on the increased aberration frequency. 
With 4-h intervals between treatments the percentage of 
induced aberrations is reduced, but even then it does not 
reach the value that might be expected on the basis of 
the additive effects of both treatments. A heat-shock of 
45° C for 3 sec between the first (5 x 10-° M TEM) and 
the second treatment (10 M TEM) makes the increased 
aberration percentage bound to this order of TEM- 
application disappear (line 4, Table 1), whereas the heat- 
shock does not influence the aberration-rate induced by 
only 5 x 10-5 M TEM (line 6 in Table 1). 

Table 1, DIFFERENT ABERRATION YIELDS IN MAIN ROOT MERISTEMS OF 
y. faba AFTER APPLICATION OF 10° M TEM anp 5 x 10> M TEM (EACH 


¥OR 30 MIN) DEPENDING ON THE ORDER OF TREATMENT AND THE EFFECT 
OF A HEAT-SHOOCK (45° O FOR 3 SEC) BETWEEN THE TWO TREATMENTS 


Metaphases 


Exp. with aber- Aberration types (%) 
No. rations (%) B” 1” yt DD B 

{a} L 25 49 LO 025 

2 ($) 

3 160 Po 25 16 O75 0-25 

4 6:25 45 L5 0-25 

5 4-75 3°25 1-4 

6 5:25 4°25 1°25 
{b) 1 70 5°25 1-25 Od 

2 10 10 

‘ 18-0 10-25 6-0 (25 125 0-25 

4 8-0 4°25 3-25 0-25 0-25 0-25 

5 8-25 4:5 2°75 0-25 0-25 OS 

6 6-0 45 1) 75 O25 0-5 
ic) 1 3°5 2-75 0-5 0-25 

2 0-5 25 25 

3 13°28 375 4-0) 125 25 

4 5-0 3-5 15 

5 BD 2D 1-0 

6 3-0) 30 

Recovery time 18 h (a), 24 h (6) and 30 h (c), 400 metaphases were scored 
in each experiment. 
Exp. No. 1, 0-5 h, 5x10°M TEM; exp. No. 2, 05 h, 10° M TEM; exp. No. 


8,05 h. 5« 10" M TEM~0-5 h, 10°° M TEM: exp. No. 4, 05h, 5x 10° M 
TEM — heat-shock —0-5 h, 10° M TEM; exp. No. 5, 05 h, 10° M TEM — 
05h, 5x10 M TEM; exp. No. 6, 0-5 h, 5x 10-* M TEM — heat-shock. 

Symbols: B’, isolocus breaks: 7", chromatid translocations; Tri, triradials: 
DD, duplication-deficiencies: D, deletions; B‘, free chromatid breaks. 


An interpretation of these results may be seen in the 
assumption that the higher TEM-concentration (5 x 
10-5 M) induces heat-reversible potential lesions or meta- 
stable states in the chromosomes during interphase which 
become transformed into real aberrations scoreable at the 
next metaphase by the following treatment with 10+ M 
TEM. From those experiments in which the two treat- 
ments were separated by intervals of 2 or 4 h it ean be 
inferred that the life-time of these lesions, whatever their 
nature may be, is not much greater than 4 h. This time- 
span seems to be shorter than the life-time of actual breaks 
induced by TEM?. According to this interpretation, the 
lower TEM-concentration is supposed to be able to 
transform potential lesions produced---in addition to real 
aberration——-by the higher concentration of TEM into 
real ones but seems to be unable to induce them. Other- 
wise the treatment with the low and then with the higher 
concentration should have given an aberration yield 
higher than an additive effect would have given. 

The concept of potential lesions has been used by 
various authors to explain the delayed appearance of 
induced chromosomal aberrations giving rise to mosaic 
forms as well as to interpret certain differences in 
the aberration production by different ‘chromosome 
breakers’ and the effects of pre- or post-irraciation 
treatments such as some influences of metabolic inhibitors, 
infra-red radiation and ultra-violet light!*"*. They are 
supposed to be a form of cytologically non-detectable and 
reversible chromosomal damage which, under special 
conditions and frequently only after some time, may 
become transformed into real chromosomal aberrations. 
Heat-reversibility of radiation-induced hypothetical 
damages of this kind has already been reported’. 

We are well aware that our interpretation of the 
experimental results represents little more than a working 
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hypothesis. Naturally, other hypothetical explanations 
could be proposed (for example, different effects on a 
repair system of induced breaks in dependence on the 
TEM concentration used; trapping of different amounts 
of TEM depending on treatment order). As yet, however, 
the concept of potential lesions seems to be the most 
attractive interpretation of our findings although we do 
not have any clear molecular interpretation of the term. 
We thank Dr. Henry T. Yost (Amherst, Mass., U.S.A.) 
for the interest that he has taken in this work and for 
suggesting the heat-shock experiment. 
RIGOMAR RIEGER 
ARND MICHAELIS 
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GENETICS 


Chromosomal Organization as a Genetic 
Basis of Cytodifferentiation in Multicellular 
Organisms 


THe genetic mechanisms in differentiative phenomena 
of bacterial cells have recently been elucidated in great 
detail by the work of Jacob and Monod. However, the 
differentiation of cells in multicellular organisms differs 


in soms respects from that observed in bacterial cells,” 


The main difference is in the virtual irreversibility of the 
differentiation observed in metazoan cells; for example, 
hepatocytes never change into neurones and vice versa. 
This type of differentiation, that assures stable cell 
diversities in multicellular organisms, is apparently 
lacking among bacterial cells. It seems necessary to 
recognize this peculiar feature of the metazoan cells before 
we discuss the genetic mechanisms of differentiation in 
this system. So we designate this phenomenon of 


stable specialization of cells as ‘major differentiation’ of- 
On the other hand, the differentiated | 


metazoan cells. 
metazoan cells also exhibit transient modulations both 
in functional and structural aspects; for example, hepato- 
cytes, after hepatectomy, change their resting state, 
proliferate vigorously and, after complete restoration, 
re-attain their former highly differentiated state. This 
phenomenon has often been referred to as transient 
de-differentiation of hepatocytes. But it is not the same 
as the loss of major differentiation, as the former is a com- 
pletely reversible phenomenon, like the reactions of 
bacteria to inducer or repressor substances. This type of 
differentiation also includes functional changes of cells. 
We therefore distinguish it as ‘minor differentiation’. Thus, 
in metazoan cells we find at least two different types of 


differentiation, ‘major differentiation’, which is virtually “A 


irreversible and determines cell specificity in certain tissues, 
and ‘minor differentiation’, which is usually reversible and 
related rather to functional states of the cell. The cell 
usually shows both types of differentiation at the same 
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time. Cells can lose or gain the minor differentiation with- 
out changing the state of major differentiation; hepato- 
cytes, for example, keeping their hepatocytic specificity 
unchanged, can be either in a resting functional state or 
in a proliferating regenerative phase. These peculiar 
features of major and minor differentiation are the out- 
standing characteristics that distinguish the differentia- 
tion. of metazoan cells from that of bacterial cells. They 
must be taken into account in considering the genetic 
mechanisms involved in the differentiation of multicellular 
organisms. 

It is now generally accepted": that each somatic cell 
in the multicellular organism contains identical molecules 
of DNA, bearing a complete set of genetic information 
for the individual. There are already strong indications®:?:* 
that, in a specific cell, specific regions of the DNA molecules 
are activated to produce specific RNAs which transmit 
the codes of the corresponding portions of the DNA. to 
the protein synthesizing system in the cytoplasm; mean- 
while, the remaining-portions of the DNA chain, the codes 
of which are not required for the cell, are masked or 
inactivated. Our previous autoradiographic studies®:*.1° 
on polytene chromosomes revealed that these inactivated 
portions in the chromosome correspond to bands and 
heterochromatic regtons where the DNA chains are folded 
and packed densely. Recently, Sonneborn! has also come 
to a similar conclusion. These portions are invariably 
inactive®*-1! in the incorporation of *H-uridine, a radio- 
active precursor of RNA. I suggested in earlier reportsë:® 20 
that the bands and heterochromatic regions of salivary 
giant chromosomes may be composed of genes which do 
not function in salivary cells and that the pattern of the 
distribution of inactivated DNA in the chromosome may 
be a genetic basis of major differentiation. Recently it 
has been found®:1%1: that the bands and heterochromatic 
regions of the polytene chromosome are suppressed not 
only in heterocatalytic but also in autocatalytic activities 
of the DNA. j 

Using *H-thymidine autoradiography, Keyl and Pelling!* 
in Chironomus thummi and Fujita and Miyaket®! in 
Drosophila melanogaster found that the DNA in the larger 
bands and heterochromatic regions is late-replicating in 
comparison with the more unravelled portions of DNA 
in the same chromosome; replication of the DNA in the 
interbands, in puffs, in nucleolar organizer region and in 
the fainter bands, ends earlier than in the larger bands 
and heterochromatic regions. This suggests that there 
is a correlation between heterocatalytic and autocatalytic 
activities of the DNA in the chromosome, and that a 
definite relation. exists between synthetic activities and 
the folded state of the DNA. The next interesting 
point in the pattern of DNA replication of the polytene 
chromosome is its multicentric nature. This phenomenon 
was demonstrated independently by Keyl and Pelling®, 
Plaut!’ and in our laboratory". 

The polytene chromosome, as it enters the DNA syn- 
thetic phase, begins to incorporate *H-thymidine simul- 
taneously throughout its whole length, and the replication 
of DNA proceeds in parallel in multicentric loci. The loci 
where DNA is unravelled terminate their DNA synthesis 
earlier, and the loci where DNA is densely packed, to 
form larger bands and heterochromatic regions, continue 
the replication until much later. Similar multicentric 
DNA. synthesis of the metazoan chromosomes other than 
polytenic ones has been reported by Taylor!®. Therefore, 
in this case, if we assume the Watson—Crick and Kornberg 
mechanism of DNA replication that necessarily requires 
the replication to proceed from one end of the DNA 
molecule to the other, we must interpret the presence of 
multicentric replicating loci in the chromosome, as indica- 
tive of the presence of multiple sub-units arranged 
tandemly in the metazoan chromosomes; otherwise, 
DNA replication could not occur in a multicentric manner. 
This molecular organization of metazoan chromosomes 
is doubtless conditio sine qua non for the existence of 
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late-replicating loci in tke chromosome. The reason is as 
follows: If we define late-replicating DNA as the portion 
of DNA in a chromoscme that begins the replication 
simultaneously with the remaining molecules of DNA 
but contmues it longer, it becomes clear that the late- 
replicating DNA can only exist where DNA synthesis 
proceeds simultaneously in many places but at different 
rates. If DNA in a cnromosome is composed of one 
uninterrupted molecule even at the time of its doubling, 
the replication can only start from one end and proceed 
to the other, just as ix the case of bacterial chromo- 
somes?*-19, In this DNA molecule of bacterial type there 
should be no late-replicating locus in the sense defined. 
Therefore we come to a conclusion that the DNA portion 
which shows, in the resting phase, (a) heterochromatiniza- 
tion or dense packing, (v) late replication at the time of 
doubling, and (c) inact-vity of RNA synthesis, is the 
inactivated DNA as a zonsequence of differential gene 
inactivation in the metazoan chromosome. 

As pointed out here, the presence of late-replicating 
DNA is essentially related to the molecular organization 
of the metazoan chromosome, that is, to the presence of 
multiple autocatalytic stb-units in a chromosome. This 
organization, which is obviously lacking in the bacterial 
chromosome, alone seems to enable the metazoan chromo- 
somes to realize the major differentiation. If this is true, 
the three characteristics of inactivated DNA in the meta- 
zoan resting chromosome should be virtually irreversible 
and only RNA synthesis on the unravelled portions 
(including interbands, puffs, nucleolar organizer regions 
and fainter bands) can be reversibly regulated by some 
mechanism that may bə similar to those discussed by 
Jacob and Monod? in the bacterial system. Reversible 
puffing of certain loci of polytene chromosomes including 
band regions has often bsen observed. But this does not 
necessarily mean reverstbility of larger band structure, 
since close examination reveals that often the band struc- 
ture still remains even -n the full-blown puff although 
it is obscured by infiltrating RNA masses. Surprisingly 
enough, it has been shown that an essentially similar 
pattern of DNA inactivetion occurs in a chromosome of 
the mammalian cell. 

As is well known, one sex chromosome, X, in the female 
somatic cell early undergoes characteristic and irreversible 
changes**-*2, These changes are characterized by hetero- 
chromatinization of the sex chromosome changing into 
Barr body**-*8 by late replication of the DNA15:25,39,30 
and by incapability of RNA synthesis or loss of genetic 
activity?*-*4.%1-34, Thess specific characteristics of the 
X-chromosome in somatic nuclei are irreversibly fixed 
and they are transmitted to its progeny. Grumbach, 
Morishima, and Taylor? called this irreversible change 
of the X-chromosome in mammalian cells fixed differentia- 
tion. Therefore, if we may assume that the three charac- 
teristics of inactivated DNA, found independently in 
chromosomes of insects and mammals, represent an 
essentially sumiular phenomenon derived from the nature 
of the DNA in the metazoan chromosome, it seems right 
to conclude that the band pattern of polytene chromosome 
is also virtually irreversible and thus corresponds to 
irreversible restriction of cellular potentiality, that 15, 
to the major differentiation. Here, our previous sugges- 
tion:*.10 acquires strong support in that the pattern of 
inactivation of a chromosome, characterized by the three 
features described, forms the genetic basis for the irrever- 
sible major differentiation in multicellular organisms 
extending from insects to mammals. From this point of 
view, the cytodifferent-ation which progresses during 
embryonic and early postnatal stages is due to increasing 
amounts of DNA-inactivation superimposed generation by 
generation on the chromosomes of differentiating progeny 
cells. Minor differentiation may be explained by reversible 
control of RNA synthesis on the remaining unravelled 
or loosely coiled portims of DNA®. Usual reversible 
puffing phenomena may be regarded as representatives 
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of this type of change. From this hypothesis it is pre- 
dictable that mammalian chromosomes other than the 
X, that is autosomes, Y and another X, should have 
numerous minute loci characterized by these (three) 
features and their distribution on the chromosomes 
should correspond specifically to the state of the major 
differentiation of the cell. 

This pattern of distribution of the inactivated DNA in 
autosomes in resting mammalian cells must be very 
difficult to observe directly because these inactivated 
portions are so small in these chromosomes and further- 
more their identification is complicated by the whirling 
and intercalation of many long and thin resting chromo- 
somes packed in a small space inside a nucleus. However, 
distribution of late-replicating loci in the mammalian 
chromosomes has already been detected by *H-thymidine 
autoradiography by many investigators®*-38. These 
findings strongly favour our hypothesis that the pattern 
of gene inactivation is actually distributed also in the 
whole set of the mammalian chromosomes. 

S. FUJITA 

Department of Biological Sciences, 

Purdue University, Lafayette, Indiana. 
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Change in Sex Ratio in an African Butterfly 


In butterflies, the sex ratio is 1:1, or nearly so. 
Random collections often show a slight excess of males 
over females, because males are the more active and hence 
are more often seen and collected. 

Acraea encedon L. (Acraeidae) is a common butterfly 
throughout tropical Africa, inhabiting grassy places and 
forest edge. It is a slow-flying species and individuals of 
both sexes are easily caught on the wing. In 1909-12, 
C. A. Wiggins, at the suggestion of EH. B. Poulton, of 
Oxford University, collected random samples of A. 
encedon from the area between Entebbe and Kampala, 
Uganda. Poulton was at the time interested in finding 
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the relative frequencies of model and mimetic butterflies, 
and A. encedon is a polymorphic Mullerian mimic. The 
collection made by Wiggins ıs preserved in the Hope 
Department, Oxford, and comprises 96 males and 54 
females, suggesting a normal sex ratio. In 1963-64, in 
order to see if the relative frequency of the polymorphic 
forms had changed, a random collection of 546 specimens 
was obtained from the same area. Only nine were males. 
This change in sex ratio from 64:0 per cent male m 
1909-12 to 1:6 per cent male in 1963-64 is highly sig- 
nificant (P < 0-001). A. encedon occurs in all months and 
there are two or three generations in the year, so that 
this drastic reduction in the frequency of males must 
have occurred in 100-150 generations. 

No other large random collections are available for 
comparison, but in the extensive collections from most 
parts of Africa in the British Museum and in the Hope 
Department, the sex ratio appears normal. Three of the 
nine males collected in 1963-64 were found in copulation 
with females, but usually when a ‘pair’ was found fiying 
together as ıf in sexual display they proved to be females. 
Broods reared from wild-caught females have produced 
only females. The possibility of parthenogenesis is being 
investigated, but whatever the explanation of this highly 
unusual sex ratio, the present situation has evidently been 
reached in the past fifty years. 

D. F. OWEN 
Department of Zoology, 
Makerere University College, 
Kampala, Uganda. 


PSYCHOLOGY 


Constancy and the Geometric Illusions 


GREGORY has proposed! and defended’ an account of 
the geometric illusions based on the notion of ‘misplaced 
constancy scaling’. Following Tausch, he suggests that 
all illusion figures have features indicating depth by 
perspective which bring into play size constancy scaling, 
leading to expansion of some parts of the figure relative 
to others. For this theory he makes the claim that “‘so 
far no valid objections seem to have been raised’’?. The 
theory nevertheless needs challenging. 

Gregory’s thesis is this: Illusions result from the 
operation of a “primary constancy scaling mechanism”? 
triggered by the presence in the figure of (learned) distance 
cues. This scaling occurs despite the fact that the observer 
is not conscious of depth in the figure and actually sees it 
as flat; “primary scaling’ is thus distanguished from 
“secondary scaling’ which depends on seeing apparent 
depth. A theory which appeals to the idea of automatic 
compensation for unconsciously perceived depth is in 
obvious danger of being irrefutable. If Gregory’s claim 
to have provided an explanation of the illusions is to be 
credited he must be able to bolster his theory experiment- 
ally in either of two ways, namely: (1) by demonstrating 
the reality of primary scaling independently of the 
illusions; (2) by showing that the cues supposed to trigger 
primary scaling are under some conditions actually treated 
as cues to depth. His failure in both respects is considered 
below. 

(1) The hope of demonstrating primary scaling inde- 
pendently of the illusions is rendered forlorn by the nature 
of the concepts involved. The term ‘illusion’ may be 
taken to embrace all cases of plane figures the perceived 
configuration of which differs from the real physical con- 
figuration. But this inevitably includes any figure that 1s 
constructed to demonstrate primary scaling since such a 
demonstration must make use of plane figures ın order to 
exclude the apparent depth effects which would activate 
secondary scaling. Thus the concept of primary scaling 
is tied to the illusions and cannot be adduced as a general 
phenomenon of which the illusions are only a specific 
instance. 
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(2) Gregory’s theory would still be valuable if he were able 
to show that the cues responsible for primary scaling are 
genuine depth cues. He would then be able to say inde- 
pendently of the illusions which cues should trigger 
primary scaling and which should not, and the theory 
would have some predictive power. In this connexion, 
he quotes the results of experiments made on luminous 
figures where he has demonstrated that in the absence 
of background texture the illusions are commonly seen 
in depth in the way expected. However, his own results 
show that this is not always the case. For example, wil h 
the Muler-Lyer figure he found that “a model bavi /; 
the optimum angle for the fins (about 40°) shows a marked 
illusion and is not seen in depth but appears, on the whole, 
flat’’*. He concludes: ‘This evidently produces a diserep- 
ancy between constancy and apparent depth’. Thus he 
is prepared to uphold the constancy theory even when the 
evidence indicates directly that the cues supposed to 
trigger primary scaling are not treated as depth cues. 
But to admit that primary scaling cues may or may not 
be depth cues not only seriously weakens the theory but 
also undermines the. support obtained from the luminous 
figures which are seen in depth by introducing the possi- 
bility that these effects are purely fortuitous. 

There seems thus to be little likelihood of obtaining 
external confirmation for the theory. In this case there 
can remain only its general consistency to recommend it. 
Even if primary scaling is not independently demonstrable 
and even if it cannot be shown that depth cues are the 
operative features of the illusion figures, it might still 
be that the theory provides an account of the illusions 
which, is valid in so far as similar cues can be seen to 
produce similar types of distortion in a variety of figures. 
In fact the theory fails on this score too. Two examples 
may suffice: (a) Gregory explains the fact that the upper 
line in the Ponzo illusion (Fig. 1) appears longer than the 
lower by saying that it hes in a part of the figure which 
the converging lines indicate to be more distant so that 
primary scaling magnifies its apparent size. As it stands, 
this explanation predicts the expansion of any line drawn 


Fig 1 


Fig 2 
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in the upper (more ‘distant’) part of the figure, no matter 
what the orientation of this line might be. It follows that 
the illusion ought to cecur when the two lines of the 
Ponzo illusion are drawn vertically, instead of horizontally. 
Fig. 2 shows that this is not so. (b) Gregory explains the 
Orbison illusion (Fig. 2) in a similar way to the Ponzo 
illusion by supposing that the converging lines indicate 
depth—presumably a receding tunnel—so that the supra- 
imposed circle is distorted by constancy. The distortion 
ought to occur in such a way that the perceived figure 
comes to look more like that figure on the tunnel wall 
which would give rise to a circle as its retinal image. 
Careful thought, however, shows that in fact the illusion 
occurs in the wrong direction. To most observers the 
circle appears as in Fig. 4, whereas Gregory’s theory 
predicts that it should appear as in Fig. 5. This last figure 
shows the form that vould have a circle as its retinal 
projection, and this figure should be seen if constancy is 
at work. 
N. K. HUMPHREY 
M. J. MORGAN 
The Psychological Laboratory, 
University of Cambridge. 


1 Gregory, R. Le, Nature, 199, 678 (1963). 
3 Gregory, R. L., Nature, 204, 302 (1964). 


3 Gregory, R, L., “Stability and Distortions of Visual Space,” Intern Cong 
Human Factors in Electronics, May 1962, Long Beach, California (1962) 
(unpublished). 


PERHAPS it is difficuli to demonstrate primary constancy 
sealing independently of the distortion illusions, but its 
effects are not limited to plane figures. For example, the 
apparent size of the Moon is not a simple function of its 
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apparent distance—when low on the horizon it looks both 
large and near, which contravenes the classical Emmett’s 
Law, and demands some kind of size scaling which is 
not locked to apparent distance. The worry about lack 
of perception of depth in luminous plane figures having 
exaggerated perspective but which give illuso’y distortions 
was in fact expressed by myself, in the (unpublished) paper 
cited by Humphrey and Morgan. If illusions do occur 
in figures not seen in depth though the countermanding 
depth-cues are removed, it would have to be supposed 
that primary constancy can work like a ‘super releaser’ 
(as found in ethology), working beyond the normal range 
at which it is useful. This is quite possible, but if true 
it would make precise predictions difficult. On present 
evidence, however, ıt does not occur: Measuring the 
apparent depth in luminous Muller—Lyer figures of various 
fin angles, with the technique briefly described!, I found 
that the apparent depth of the illusion figures correlates 
extremely closely with the measured illusions for each 
angle tested, over the full range of possible angles of the 
fins. The distortion and the apparent depth of the figures 
are both reduced for extreme angles, when normal 
perspective breaks down. To argue that the relation 
discovered between apparent depth and the illusions is 
fortuitous is to fly in the face of a correlation coefficient 
better than 0-9. There are other and quite different 
predictions which follow from the theory, and it is 
compatible with the curious finding that peoples who live 
in environments largely free of mght angular corners and 
parallel lines, such as the Zulus who live in a ‘circular 
culture’ of round huts, do not suffer these illusions to 
anything like the normal extent?:*. 

The point raised about the Ponzo illusion is interesting. 
It could be that the vertical line 1s too far removed from 
the converging ‘perspective’ lines or, more interesting, it 
may indicate an important difference between size and 
shape constancy for which there is growing evidence. 

The Orbison illusions are compatible with Fig. 4b (ref. 4). 
An important feature of primary scaling is that it is set 
by typical neighbouring depth features, not by the relative 
depth in the parts of the figure as a whole when this is 
complex and having conflicting depth features. It 1s 
thus entirely different from secondary scaling, which 
works simply according to apparent distance. Now the 
Muller-Lyer and the Ponzo figures are simple cases, as 
there are no other lines in the figures to produce complica- 
tions; but to understand the Orbison figures it is necessary 


to isolate the neighbouring disturbing features and measure’ 


their apparent depth separately from the rest of the figure. 
The Orbison Fig. 3a (ref. 4) is a useful test case, for here 
perspective in the figure as a whole may be reversed by 
changing the spacing of the concentric circles, so that 
they are spaced either more or less closely from the centre. 
This reverses the apparent depth in the figure as a whole, 
but not the illusion when presented on a textured plane. 
This is again compatible with the interpretation for Fig. 4b 
(op. cit.). On the textured plane it is the typical depth 
information of the neighbouring lines which determines 
the primary scaling in all cases. These statements are 
testable by isolating features in any figure, measuring the 
depth of these isolated features, and comparing the 
measured depth of the isolated features with the illusion. 
_ Much work remains to be done in relating depth to 
illusory distortions, but it is now fairly clear how the 
theory can be tested adequately. 


i R. L. GREGORY 
The Psychological Laboratory, 
University of Cambridge. 


1 Gregory, R L., Nature, 204, 302 (1964). 
* Rivers, W. E R., Reports on the Cambridge Anthropological Expedition to the 
Torres Strarts, edit. by Haddon, A. C.,2, Pt 1 (Camb. Univ. Press, 1901). 


= Sera H., Campbell, D T., and Herskovitz, M. J., Seence, 189, 769 
1 Gregory, R. L., Nature, 199, 678 (1963) 
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Occurrence of the Electroencephalographic 
Alpha Rhythm with Eyes Open 


It is well established in electroencephalography that 
the alpha rhythm occurs much less frequently when the 
eyes are open in an illuminated environment than when 
they are closed. Moreover, if the visual enviroment 18 
patterned, then alpha occurrence is even less frequent. 
Finally, ‘paying attention’ to the pattern reduces the 
occurrence of alpha still further!. Although these general 
descriptions are valid, they can be musieading if one ` 
wrongly assumes that ‘much less frequently’ means a 
very low frequency of occurrence of the alpha rhythm. 
On the basis of such an assumption one might not attempt 
certain experiments concerning vision and the alpha 
rhythm, because the expected amount of alpha rhythm 
would be too little. 

Recently, I have completed a study of the electro- 
encephalographic (EEG) alpha rhythm recorded while 
nonsense syllables were being read. ‘The apparatus 
was so arranged that whenever alpha occurred, a non- 
sense syllable was projected on to a screen for 0-2 sec. 
If alpha was not present the syllable was not presented. 
In this closed loop situation the EEG was divided into 
successive alternations of alpha and non-alpha, activation 
durations*®. The increased durations of activation re- 
flected the increased alertness of the subject in response 
to the nonsense syllable flashed’on the screen. A reason- 
able expectation would be that combining eyes open, 
increased attention, heightened expectancy, patterned 
stimuli and illuminated environment, would so decrease 
the frequency of occurrence of alpha that experimental 
trials would be excessively long and tedious. 

Quite unexpectedly this was found not to be the case. 
Alpha rhythms, which disappeared when the patterned 
stimulus was automatically presented, re-appeared soon 
after the stimulus was automatically removed, permitting 
the next stimulus to occur. It was, in fact, the atypical 
subject who could not participate because of insufficient 
alpha with eyes open®. 

In exploratory investigations now being undertaken 
here subjects are tested with eyes open in an illuminated 
room. The experimenters, apparatus, etc., are in view. 
Using a loop situation similar to that described here, a 
tone is presented when alpha occurs and is removed 
when alpha ceases, that is, when cortical activation 
occurs. We have found that for many subjects, the 
‘blocking? or inhibition of the alpha rhythm during 
feedback stimulation is not greatly increased with eyes 
open when compared with a similar condition with eyes 
closed. For some subjects, even when instructed to ‘pay 
attention’ to the environment, alpha occurs more often 
than had been expected. 

These results are consistent with work described previ- 
ously where subjects, watching a moving visual stimulus 
under various conditions of mental set, exhibited alpha 
about 20 per cent of the time’. a 

These observations have convinced me that investiga- 
tions of electroencephalographic alpha rhythm and 
attention to patterned stimuli with eyes open would 
not be critically limited because of an infrequent occur- 
rence of the alpha rhythm. 


Tuomas B. MULHOLLAND * 
; Autonomics Division, 
National Physical Laboratory, 
Teddington, Middlesex. 


* Carnegie Fellow. 
1 Cobb, W. A., in Hlectroencephalography, edit. by Hill, D., and Parr, G 
(Macmillan, New York, 1963). 
: ae S T., and Runnals, S., Electroenceph. Clin. Neurophysiol , 14, 847 
` Rosenman, M., and Mulholland, T., unpublished laboratory report, V A. 
Hospital, Bedford, Mass., U.S.A. (1964). 
4 Mulholland, T , and Runnals, S, J. Psychol., 54, 317 (1962). 


z London, W.1), at 4 p.m-—Mr. d. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 
Monday, May 17 
INSTITUTE OF PETROLEUM {at the Royal Institution, Albemarle Street, 
H. Loudon, K.B.E.: “A Look Into the 
Future” (Seventh Cadman Memorial Lecture). 
UNIVERSITY OF LONDON {in the Botany Theatre, University College, 


Gower Street, London, W.C.1), at 5.80 p.m-~Prof. C. A. B. Smith “Life, 
Form and Number” (Inaugural Lecture). 


Monday, May !7—~Friday, May 2I 


INSTITUTION OF ELEOTRIOAL ENGINEERS, ELEOTRONIOS DIVISION (at 
Savoy Place, London, W.C.2)-—Conference on “Components and Materials 
Used in Electronic Engineering”. - 


Tuesday, May 18 
INSTITUTION OF ELECTRICAL ENGINEERS, SOIENOE AND GENERAL DIVISION 
Savoy Place, London, W.C.2), at 5.80 p.m.—Colloquium on “Random 
ignal Testing’. ; 
SOCIETY OF CHEMIOAL INDUSTRY, AGRICULTURE GROUP (at 14 eee 


Square, London, 8.W.1), at 5.30 p.m.—Annual General Meeting. Dr. 
Hamence: Chairman's Address, 


SOCIETY FOR VISITING SCIENTISTS (at 19 Albemarle Street, London, W.1), 


at 7.30 p.m.—Duiscussion Meeting‘on ‘“Research in the —— Industry”. - 


Chairman: Sir Arnold Hall, F.R S. Speakers: Sir Robert Cockburn, 


K.C.B., O.B.E., Ph.D , and Prof. P. Aigrain. 


Tuesday, May 18—~Friday, May 2! 


SOCIETY OF CHDMIGAL INDUSTRY (at the School of Pharmacy (University 
of vendo): Brunswick Square, London, W.C.1)—International Symposium 
on ‘‘Autoclaved Calcinm Silicate Building Products”. 


Wednesday, May-19 


LABORATORY ANIMAL SOIBNOE ASSOOIATION (at the Royal Society of 
Medicines, 1 Wimpole Street, London, W.1)--Symposium on ‘Observations 
on Incidental Disease in Animal Experimentation”. 


GEOLOGICAL SOCIETY OF LONDON, VOLOANIO STUDIES Grovr (at Burlington 
House, Piccadilly, London, W.1), from 2-7 p.m.—Colloquium on “Atlantic 
olcanoes”, 


INSTITUTION OF ELEOTRIGAL ENGINEERS, POWER DIVISION {at Savoy 
Place, London, W.0.2), at 5.380 p.m-—~Dr, W. Fong, Mr. J. R. French and 
Prof. G. H. Rawehiffe: “Iwo-Speed Single- Winding Salient-Pole Synchronous 
Motor” (with special reference to pumped storage). 


SOCIETY OF APOTHECARIES OF LONDON, FACULTY OF THE HISTORY OF 
MEDICINE AND PHARMACY E P Romerna Hall, Black Friars Lane, London, 
— — 5.30 p.m.-—Prof, EB. W. Walls: “Anatomy and Art” (The Osler 

& "i 


UNIVERSIEY OF LONDON (in the Physiology Theatre, University College, 
Gower Street, London, W.C.1), at 5.80 eo n O. Pellegrino (University 
of Messina): “Ultrastructural and Biochemical Studies on Experimental 
Atrophies of Skeletal Muscle’. * 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS (at 9 Bedford Square, 
London, W.C.1), at 6 p.m —-Mr. H. Lindskov Hansen: “A Groove Control 
System for Phonograph Disk Cutting Equipment”. 


« ROYAL AERONAUTIOAL SOCIETY, GRADUATES’ AND STUDENTS’ SECTION (at 


` 


* 10 Upper Belgrave Street, 


4 Hamilton Place, London, W.1), at 7.80 p.m.—Mr. A. D. Baxter: “Nuclear 


Powered Flight”. 
Thursday, May 20 


RoyaL Soorety (at Burlington House, Piccadilly, London, W.1), at 
4.30 p.m.—Prof. J, F. Allen, F.R.S., Mr. D. J, Griffiths and Mr D. V. Osborne: 
“Experiments to Investigate Some Types of Liquid Helium II”; Mr. F. H.J. 
Cornish: “Energy and Momentum in General Relativity”. 


LONDON MATHEMATIOAL Soormry (at the Royal Astronomical Society, 
Burlington House, Piccadilly, London, W.1), at 5 p.m.—Prof. M. ve: 
“A Conformal Mapping Technique for Infinitely Connected Regions”. 


UNIVERSITY OF LONDON (in the Physiology Theatre, University College, 
Gower Street, London, W.0.1), at 5 — Joseph Katz (Cedars-Sinai 
Medical Center, Los Angeles): “Pathways of Glucose Metabolism. I. 
Yivaluation of the Pathways”. ~ 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, W.C.2), 
at 5.30 p.m.—Annual General Meeting followed by a technical film show. 


BRITISH INSTITUTE OF RADIOLOGY (in the Reid—Knox Hall, Institute 
House, 32 Welbeck Street, London, W.1), at 6 p.m—Duiscussion Group 
Meeting on “Hodgkin’s Disease’, 7.80 p.m.—Annual General Meeting. 
8 p.m.—Ordinary Meeting followed by Mr. R. G. Reid: “Radiology in 
Criminal Investigation” (Presidential Address). 


ROYAL SOCIETY OF TROPICAL MEDICINE AND HYGIENE (at Manson House, 
26 Portland Place, London, W.1), at 7.30 p.m—Dr. K. C. Willett: “Some 
Observations on the Recent Epidemiology of Sleeping Sickness in Nyanza 
Region, Kenya, and Its Relation to the General Epidemiology of Gambian 
and Rhodesian Sleeping Sickness In Africa’, followed by a Discussion. 


Friday, May 21 


BRITISH INSTITUTH OF RADIOLOGY (in the Reid-Knox Hall, Institute 
House, 32 Welbeck Street, London, W.1), at 2 p m.—Radioblology Meeting. 


INSTITUTE OF NAVIGATION (at the Royal Institution of Naval Architects, 
London, 8.W.1), at 5.30 p.m.—Mr. R. E. Ander- 
_ son: “A Satellite/Ground Station Navigational Aid”. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 9 p.m.— 
Lord Bowden: “The Place of Universities in Modern Society”. 


j Monday, May 24 


UNIVERSITY OF LONDON (in the Physiology Theatre, University College, 
Gower Street, London, W.0.1), at 5 p.m.—Dr. Joseph Katz (Cedars-Sinai 
Medical Center, Los Angeles): "Pathways of Glucose Metabolism. II. 
Hydrogen Transfer and the Physiological Role of the Pentose Cycle’. 
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BRITISH SOOTY For Tax Pamosorgy oF Screnog (in the Joint Staff 
Common Room, University Coclege, Gower Street, London, W.C.1), at 
5.30 p.m.—Mr. L. L. Whyte: “=nternal Factors in Evolution”. 


INSTITUTION OF ELECTRICAL EEGINEERS, SCIENCE AND GENERAL DIVISION 
yom meeting with the Instituiton of Post Office Electrical Engineers, at 
avoy Place, London, W.C.2), at 5.80 p.m —Mr. P. H. Belsey: “Some 
Problems in the Training of Gradaate Engineers in the Telephone Industry”. 


ROYAL INSTITUTION, LIBRARY CrmoLE (at 21 Albemarle Street, London, 
W.1), at 5.30 p.m.—Dr. R. 8; Schultze: “A Forgotten Method of Book 
Ilustration—Books Dlustrated by Pasted-In Photographs”. 


ROYAL GEOGRAPHICAL Soorer” (at 1 Kensington Gore, London, 8.W.7), 
at 8.15 p.m.— Mrs. Graham Spryz “On the Trail of John Palliser”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned: 

LECTURER IN PSYCHOMETRIOS ur LECTURER IN STATISTICS IN THE DEPART- 
MENT OF EpDucATION-~Prof. E .A. Peel, Department of Education, The 
University, Birmingham, 15 (Muy 19). 

RESEARCH ASSOCIATES AND POST-DOCTORAL FELLOWS IN THE SCHOOL OF 
ENGINEERING SOIENOE for research in metal fatigue and noise and vibration 
—The Registrar, University of Warwick, Coventry (May a0); 

LEOTURER (with qualificationsgs-#n either the physiology of micro-organisms 
or the genetics of micro-organisms, and research interests in one or other of 
these ftelds) IN THE DEPARTMENT C¥ BOTANY —The Registrar, The University, 
Nottingham (May 21). 

RESEARCH ASSISTANT (preferably with a good honours degree in engineering 
or physics and some research experience) IN APPLIED MECHANICS IN THR 
DEPARTMENT OF MECHANICAL AND MARINE ENGINEERING—The Registrar, 
The University, Newcastle upon ‘Eyne, 2 (May 21). 

ADMINISTRATIVE ASSISTANT Bester toe a degree in chemistry) IN THE 
SCHOOL OF MOLEOULAR Scimnors—~The Assistant Registrar (Establishment), 
S University of Sussex, Stanmer House, Stanmer, Brighton, Sussex (May 
ASSISTANT LEOTURER/LECTURER IN THE DEPARTMENT OF STATISTICS— 
The Registrar, University College of Wales, Aberystwyth (May 22). 

LEOTURER or ASSISTANT LECTUZER IN PEDOLOGY IN THE DEPARTMENT OF 
GEOGRAPHY AND ANTHROPOLOGS-——~The Registrar, University College of 
Wales, Aberystwyth (May 22). 

ASSISTANT STATISTIOIAN (Experimental Officer or Assistant Experimental 
Officer) (preferably with a degree n science or mathematics and some know- 
ledge of statistical techniques) atthe Agncultural Research Council’s Unit of 
Statistics, University of Aberdeen-~-Thoe Secretary Agricultural Research 
Council, 15 Regent Street, Londor, S.W.1 (May 25). 

SENIOR LECTURER IN PsycHorpay; and a LECTURER IN ANIMAL HUS- 
BANDRY (Biometrics) at the University of Queensland, Australia—The 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, 8.W.1 “London and Brisbane, May 28). 

ASSISTANT LECTURER (with spedial qualifications in experimental physics, 
geronomy or astronomy) IN APPLIED MATHEMATIOS (Geophysics}—The 
Seeretary, The Queen’s University Belfast, Northern Ireland (May 29). 

ASSISTANT LECTURER or LECTTERRIN BIOCHEMISTRY —The Registrar, The 
Univeraity, Sheffield (May 31). i 

LECTURER or ASSISTANT LECTURER ——— qualified or non-medically 
qualified) IN THE DEPARTMENT OF BAOTERIOLOGY—The Registrar, The 
University, Leeds, 2 (May 31). 

LECTURER (qualified medical practitioner) IN OPHTHALMOLOGY—The 
Secretary, Institute of Ophthalmmiogy (University of London), Judd Street, 
London, W.C.1 (May 31). i 

PROFESSOR (preferably with considerable industrial and/or research 
experience) OF ENGINEERING IN THR DEPARTMENT OF AERONAUTICAL AND 
MECHANICAL ENGINHERING—The Secretary and Registrar, Bristol College of 
ALe soe Technology, Ashley “Down, Bristol, 7, quoting Ref. CST 65/30 

y 31). : 

SCIENTIST (preferably with experience in surface chemistry or metabolism of 
lipids) IN THE PHYSIOLOGY DEPARTMENT, to study the metabolism and sur- 
factant properties of lipoproteins in the lung, under the direction of Dr. A. D. 
Bangham—tThe Seore , lnstitate of oimai Physiology, Agricultural 
Research Council, Babraham, Cancbridge (May $1). 

SENIOR LECTURER/LECTURER INTHE SCHOOL OF MATHEMATIOS, University 
of New South Wales, Australia~~Ehe Association of Commonwealth Univer- 
sities (Branch Office), Marlborough House, Pall Mall, London, 8.W.1 (Aus- 
tralia and London, May $1). 

UNIVERSITY DEMONSTRATOR (wizh an appropriate honours degree and post- 
graduate experience of research ar teaching in soil science) IN PEDOLOGY-— 
(Me tT aaa School of Agricultare, University of Cambridge, Cambridge 

ay A 

READER IN APPLIED MATHEMAT-OS at Queen Mary e ar Academic 
Registrar, University of London, Senate House, London, W.0.1 (June 3). 

READER IN COMPUTER SOIENOB AT THE INSTITUTE OF COMPUTER SCIENCE 
— — Registrar, University of London, Senate House, London, 

0. une 3). 

SENIOR LECTURER and LEOTURERS (qualified in one of the following fields: 
pure mathematics (any branch), engineering mathemattes, or mathematical 
statistics) IN THR DEPARTMENT OF MATHEMATIOS, Fourah Bay College (The 
University College of Sierra Leone)}-~The Secretary, Inter-University Council 
for Higher Education Overseas, 33 Bedford Place, London, W.C.1 {June 4). 

CHAIR OR PARASTFOLOGY at the University of Singapore—The Secretary, 
Inter-University Council for Higher Education Overseas, 83 Bedford Place, 
London, W.C.1 (June 5). 

HEAD (with considerable research experlence in nutritional biochemistry 
and able to coordinate the researen programme of the department which 1s 
concerned with the nutmtive value-of miik and its products and includes, at 
present, active research on proteins, Ipolds, inorganic nutrients and vita- 
ming) OF THE NUTRITION DEPARTIENT—The Secretary, National Institute 
t — in Dairying (University of Reading), Shinficid, Reading, Berks 

une 8). 

LECTURER IN PHARMACOLOGY It THE DEPARTMENT OF PHYSIOLOGY AND 
PHARMACOLOGY—The Secretary, Chelsea College of Science and Technology, 
Manresa Road, London, 5.W.3 (June 8), i 

LECTURER or JUNIOR LECTURER {with interests in mineralogy and igneous 
petrology) IN GEOLOGY-~The Secretary, Trinity College, Dublin, 2, Republic 
of Ireland (June 8). 

SENIOR LECTURER or LECTURER (with teaching and research experience, 
and preferably a primary interes: in mycology and plant pathology) IN 
BOTANY at Makerere University Ccllege, Uganda (University of East Africa) 
—tThe Secretary, Inter-University Council for Higher Education Overseas, 
33 Bedford Place, London, W.C.1 (Juns 8). 
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READER (with a special interest ın either theoretical reactor physics or 
reactor heat transfer) IN NUCLEAR ENGINEERING at Queen Mary College— 
The Academic Registrar, University of London, Senate House, London, 
W.C.1 (June 9). 

READER (with special interests in the field of electron microscopy and 
electron diffraction) IN PHYSICAL METALLURGY at Imperial College—The 
Academic Registrar, University of London, Senate House, London, W.C 1 
e S FELLOW (with a Ph.D. degree) IN THE DEPARTMENT OF ORGANIC 

une 
CHEMISTRY —The Registrar, The University, Leeds, 2 (June 10), 

CHAIR OF GEOPHYsIcsS—The Registrar, The University, Leeds, 2 (June 14). 

CHAIR OF ANATOMY, and CHAIR OF PSYOHIATRY IN THE FAOULTY OF 
MEDICINE, Makerere University College, Uganda—The Secretary, Inter- 
won —— for Higher Education Overseas, 33 Bedford Place, London, 

: une 15), 

READER (with appropriate academic qualifications and teaching experience) 
IN PHILOSOPHY at the University of Hong Kong—The Association of Common- 
wealth Universities (Branch Office), Marlborough House, Pall Mall, London, 
S.W.1 (Hong Kong and London, June 15) 

CHAIR OF MECHANICAL ENGINEBRING—The Registrar and Secretary, 
University of Sussex, Stanmer House, Stanmer, Brighton, Sussex (June 19). 

LECTURER/SENIOR LECTURER (with a good, horours degree in electrical 
engineering, physics, physical chemistry or metallurgy with special qualifica- 
tions and research experience in one of the following branches: electrical 
materials, physical electronics, plasmas) IN THE DEPARTMENT OF ELECTRICAL 
ENGINEERING—The Secretary, University or Edinburgh, Old College, South 
Bridge, Edinburgh, 8 (June 21). 

CHAIR OF CLINIOAL CHEMISTRY—The Secretary, The Welsh National School 
of Medicine (University of Wales), 84, Newport Road, Cardiff (June 30). 

LECTURER (with an honours degree in engineering or science with two 
or more years of research and/or industrial experience, preferably in the 
field of automatic control or technical kinetics) IN THH DEPARTMENT OF 
CHEMICAL ENGINEERING, University of Melbourne, Australia—The Associa- 
tion of Commonwealth Universities (Branch Office), Marlborough House, 
Pall Mall, London, S.W.1 (June 30). 

SIMON MARKS CHAIR OF CARDIOLOGY at the Institute of Cardlology—The 
Asaderato Registrar, University of London, Senate House, London, W.0.1 

y 

LECTURER (with a postgraduate degree and — y a special knowledge 
of the biophysical or botanical aspects of biochemistry) IN BIOCHEMISTRY at 
Lincoln potege, University of Canterbury, New Zealand—The Association of 
Commonwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, 8.W.1 (New Zealand and London, July 31). 

LECTURER IN SOCIOLOGY to teach students of science and engineering and 
also students for whom sociology in a main subject—-The Academic Registrar, 
eee College of Technology, Loughborough, Leicestershire, quoting. 

MASTER to teach Sixth Form Chemistry—The Headmaster, St. Albans 
School, Abbey Gateway, St. Albans, Herts. 

RESEARCH ASSISTANT IN THE DEPARTMENT OF PSYOHOLOGY to work on a 
project in the field of personality—Prof. George Westby, Department of 

sychoiogy, University College of South Wales and Monmouthshire, Cardiff. 

RESEARCH ASSISTANT (with a degree including geography, botany or 
geology and an interest in techniques of quaternary dating including pollen 
ana ye) to work on problems of coastal evolution, under the direction of 

0. Kidson—The Registrar, University College of Wales, Aberystwyth. 
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ANALYSING AND PLANNING THE GROWTH OF SCIENCE 


N reviewing (Minerva; Summer, 1964) the papers 


presented at the Symposium on the History of Science . 


at the University of Oxford in July 1961, Dr. Joseph 
Ben-David suggested that publication of these papers 
represented an important step towards the establishment 
of a more realistic approach to the problem of what 
causes science to grow. Referring more especially to 
Dr. A. C. Crombie’s contribution, Dr. Ben-David saw the 
main importance of the Symposium as lying in the fact 
that in it a group of illustrious scholars had posed some 
of the problems of the growth of science in sociological 
terms. They had asked such questions as who are the 
people participating in scientific activity, and what are 
their members’ education, social position, means of 
livelihood, personal motives and opportunities, means of 
communications and institutions ? What critical audience 
is there to be convinced by, use, transmit, develop, revise 
or reject their conclusions ? What social pressures within 
the scientific community itself affect the consensus of 
opinion in favour of the old or of the new? How have 
scientific changes been located ın the context of general 
ideals and intellectual motives, and to what extent have 
extra-scientific beliefs given theories their power to con- 
vince ? What value has been put on scientific activity by 
society at large, by the needs of industry, commerce, war, 
medicine and the arts, by Government and private 
investment, by religion, by different states and social 
systems? To what external social, economic and 
political pressures are science, technology and medicine ex- 
posed? Are money and opportunity all that are needed 
to create scientific and technical progress in modern 
society ? 

These are some of the basic questions in scientific 
growth and until we can answer them we do not really 
know what it is that determines the development of 
science. Merely to recapitulate this list indicates how 
relevant are the answers to them, and to problems which 
are being considered by the Ministry of Technology and 
the Ministry of Education and Science. To plan the 
expansion of higher education without regard to them, for 
example, could involve colossal waste of resources. The 
vacant places in science and technology are sufficient 
reminder, for example, that we do not yet know the 
answers, as also are the remarks of Prof. R. V. Jones on 
the position in physics in his Joseph Payne lectures 
(Nature, 206, 129; 1965). 

The whole of those lectures on ‘‘The Advancement of 
Learning, A.D. 1605-2005”, is a contribution to the study 
and discussion of the way in which science grows, and 
that study has already been strangely stimulated by the 
increasing attention being directed to the means of 
developing scientific policy and the mechanism of scientific 
advice, more particularly by the more fundamental papers 
such as those of Dr. S5. Toulmin. It has been further 
stimulated in Britain by the formation of the Science of 
Science Foundation to encourage and promote the scienti- 
fic investigation of national and international science 
policy and the interactions of science and technology and 
society, to which the Ciba Foundation at present offers 
hospitality. The director of the Foundation, Mr. Maurice 


Goldsmith, has also edited, with Mr. A. Mackay, under the 
title of The Science of Science, a symposium of papers on 
society m the technological age collected to mark the 
twenty-fifth anniversary of Prof. J. D. Bernal’s ‘“The 
Social Functions of Science’, and the royalties on this 
book are to be used in. support of the Science of Science 
Foundation. 

As Mr. Goldsmith atmits, the ‘science of science’ is an 
awkward term for the examination of the phenomenon 
of science by the metkods of science, and it is arguable 
whether the ‘biology of science’ has anything more to 
commend it in the way of accuracy—though both seem 
preferable to the term “psychology of science’. The first 
of the annual lectures, which it is a purpose of the Founda- 
tion to organize, was delivered at the Royal Institution 
by Prof. D. J. de Solla Price on March 25, under the 
title “The Scientific Foundations of Science Policy” 
(Nature, 206, 233; 1965). Prof. Price reviewed his reasons 
for believing that we ars on the edge of a dramatic change 
in the social relations afscience and the tasks thai initially 
confront the new Foundation. He was concerned that 
we should gain sufficient understanding to avert crisis 
and to turn the forces of change to our advantage, and 
was confident that Dritain might have great hidden 
resources of strength if only they were properly deployed 
in science and technolozy. 

First, he emphasized the implications of the rapid growth 
in the number of sciertists and technologists. Contrary 
to the general belief, he pointed out that in the crude size 
of manpower and publ:shed work the post-war size and 
growth of science is sunply an extrapolation of a trend 
that is centuries old. Admittedly this statement applies 
only to the aggregate of all sciences for all countries, and 
in particular sciences end different countries there may 
be wide fluctuations. What is even more significant is 
that, in general, new fields and new nations expand most 
rapidly in scientific acuivity and old ones more slowly: 
whereas, for example, Britain took 300 years to expand 
from the first few scientists to some hundreds of thousands, 
in the United States that expansion took 150 years, in 
Japan about 60 and in the U.S.S.R. about 30. 

Prof. Price was provocative in this inaugural lecture, 
as indeed he was entitled to be, and the last figure about 
the U.S.S.R. is unlikely to be accepted without question. 
Nor can expansion of the same order of magnitude be 
expected in the majozity of the new nations within 
anything like a generation. There are many factors 
operating here which no doubt will in due course receive 
some examination fram the new Foundation. While 
Prof. Price’s discounting of the effect of nuclear physics, 
electronics, computers end space research may be accepted, 
even if science starts in a new country at the point which 
has at that moment been reached in the world at large, it 
cannot begin to move before certain conditions have been 
fulfilled. It was just these conditions which Dr. S. Dedijer 
aimed at stressing in his article on ‘“Underdeveloped 
Science in Underdeveloped Countries” in the autumn 
1963 issue of Minerva (Nature, 201, 327; 1964). 

Nevertheless, Prof. Price’s corollary, that in this situa- 
tion the question of leadership in science is suddenly 
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open to & new challenge, ıs important. There 5, as he 
observes, some evidence to suggest that the habitual 
rate of growth of the past no longer applies to the United 
States and to the U.S.S.R., and that there are now severe 
limitations in manpower, in money, and in aDHities to 
organize science on so vast a scale. Prof. Price ic not the 
first to point out that it is impracticable and unrealistic 
to suppose & country can continue indefinitely tc multiply 
its scientific population by 10 every half-centucr. How- 
ever, he makes the deduction from this theory thas for the 
United States and the U.S.S.R. within the next decade 
the rate of growth must decline by about half. Where he 
is likely to be challenged is rather in the view that even 
so there will be considerable shortages of scienze man- 
power in spite of its more efficient use and better deploy- 
ment of resources. Still more open to question is htsassump- 
tion that in this sort of maturity, it will be neeessary to 
attract the marginally qualified whether by highermotiva- 
tion or other means. 

Prof. Price does not believe that this situation marks 
any stagnation of the world, though it does mark the end 
of a social system of science and technology. and the 
conditions of research to which 300 years has accastomed 
us. He recognizes that it accentuates the siznificance 
of the criteria of scientific choice to which Dr. A. Weinberg 
has directed attention and that henceforth policy in such 
nations will be concerned increasingly with questions of 
tactics, strategy and efficiency. However, that & should 
involve attempts to attract into the field of sqence or 
technology the marginally qualified, except in the uuxillary 
role of technicians, seems more than doubtful, acd incon- 
sistent with the whole trend of his argument. Rather, 
it would seem that the object of policy shorid be to 
concentrate on attracting the ablest and most Qualified 
workers, and provide them with the conditions :n which 
creative work is most fruitfully and effectively pursued, 
including & really adequate supply of the right type of 
technical assistance. That is certainly more in accord 
with Prof. J. K. Galbraith’s argument that in our affluent 
society, by putting production first, wants tend to 
be created by the process by which they are satisfied. 
Applied to science the process could well result ic udvocacy 
of originality or creativity, becoming a subcttute for 
originality and creativity per se. 

Prof. Price, in placing some stress on the importance of 
mobility, including the ability to place men ir ə chosen 
field of activity, recognizes the need for care to avoid 
impairing the mainsprings of creative activity. He sees, 
too, that Britain must also face this problem of £ hmt on 
the supply of scientists and technologists, ani suggests 
that she ıs specially well placed from the point cf view of 
manpower resources because of her long history cfscientific 
prowess and her relatively well-educated popuiction and 
ease of intercommunication; though some may regard the 
latter advantages as over-stated. Even if Briain, like 
other countries, should train and maintain as many 
scientists and technologists as she can possidty afford, 
it is quite another matter to urge that her policr should be 
to provide as many needs or opportunities a£ possible 
#0 use them efficiently. It is not even to urge that 
much wider use be made at all levels in Government and 
industry and commerce of those with a scientific or 
technological training. 

Prof. Price cannot expect the argument thet Britain 
should deliberately create opportunities for the employ- 
ment of scientists and technologists to be accepted without 
much more convincing reasons than he advances in this 
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lecture. This is something widely different from advocating 
the wider and more efficient use of those with a scientific 
and technical training in positions involving decisions on 
policy. What he says about the admission of the scientist 
and technologist to the level of policy-making is sound 
and timely—as are his observations on the need for deeper 
understanding of the relation between science and tech- 
nology and the need for a more dynamic and less static 
attitude on the part of the scientist and techology, all 
of which should be encouraged by the mobility on which. 
he lays repeated stress. 

It is to this question of the relation between science 
and technology that he suggests the biology of science, 
or the science of science, may have something to contri- 
bute. He rejects the view that technology is simply 
applied science, for, while science and technology have 
sunilar features in their growth and are symbiotic, they are 
different and we need more studies on the way in which 
the growth of each cumulates. The symbiosis that keeps 
their growth in step appears to derive, he suggests, from 
the educational process that supplies scientists with a 
sense for the ambient technology and technologists with 
a sense of the ambient science of their student days. 
Meanwhile, the comparative youth of most research 
workers makes available to the scientist technology 
that is little more than a decade old, and conversely 
enables technology to operate with quite recent 
science. 

It is from this point that Prof. Price begins a considera- 
tion of the motives and psychology of scientists which leads 
him to develop his idea that in each active field of science 
to-day there really exists something corresponding to the 
informed group known, before the formal organization of 
the Royal Society, as the “Invisible College’, in which all 
active workers at that segment of the research front 
participate. This assertion of the primary importanee of 
personal communication is perhaps the most significant 
feature of his lecture. It is a timely challenge to the 
excessive claims that are sometimes advanced for the 
mechanization of scientific communications and at the 
same time a sound starting-point for a reconsideration of 
what is really essential for communication in fiercely 
competitive scientific excellence. 

Moreover, Prof. Price’s insistence on this point is the 
more impressive in that he gives full emphasis to the 
observation that scientific advance depends not merely 
on the gifted and outstanding individual, as it always 
has done, but to-day increasingly on the large institutions 
and the large fields. There is an inherent tendency to 
concentrate excellence, and although he does not refer 
specifically to the importance of cross-fertilization between 
the different disciplines it appears to be implicit in his 
argument. However, some of his suggestions or asides 
regarding facilities and assistants and the problem of the 
underdeveloped countries call for fuller examination— 
as was no doubt his purpose. So, too, does his comment on 
the importance of transport in communications between 
the ‘Invisible Colleges’ which has implications for the 
communication of science in general and could well put 
the information problem in a very different perspective. 

Prof. Price’s conception of these new “Invisible Colleges’ 
requires critical examination quite apart from its bearing 
on the communication of results. He visualizes a com- 
munity of 50-200 people, not all of whom will be in 
permanent residence in a particular spot, and he lays 
some stress on the need for them to avoid becoming 
closed or exclusive groups. He is concerned also to 
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correct the conservatism which characterizes scientists in 
general and to encourage the reception of new ideas. He 
recognizes the inherent drawback of a special research 
institute, built around an outstanding scientist, especially 
if that scientist leaves or the field of study loses its impor- 
tance. It is indeed in this connexion that he lays his main 
stress on the vital importance of effective means of 
encouraging high mobility of people from group to group 
within science and technology and from one to the other. 

Mobility and transfer, he observes, are hindered if, on 
one hand, science is located chiefly with the teaching of 
scientists and technologists, while, on the other hand, 
technology 1s based principally m industrial and govern- 
ment establishments. Prof. Price does not mention the 
contribution which the colleges of technology or the re- 
search associations might make, nor does he consider the 
extent to which the very costliness of much modern 
equipment, even when installed and operated on a co- 
operative basis, might affect mobility. He sees that we 
need all the modern devices of research establishments 
within the universities and of institutes for advanced 
study, and for special fields of research, and it is such 
institutes that he appears to visualize as offering residen- 
tial accommodation for his ‘New Invisible Colleges’. 
Given a series of such ‘Invisible Colleges’ here and else- 
where, he suggests that Britain might with advantage 
offer short-term fellowships to émigrés in a foreign ‘In- 
visible College’ to communicate with their colleges in 
Britain and renew acquaintance. On the industrial side 
he visualizes the growth of commercial research institutes 
of the A. D. Little type located in the vicinity of a univer- 
sity, much as was advocated in the Zuckerman Report. 

As has already been emphasized, Prof. Price was throw- 
ing out ideas for exploration, and the essential thing to 
him is the creation of a large number of scientific posts 
and centres of different types, and in such @ way as to 
encourage interchange as frequently as possible. To 
provide the funds for such a policy he looks to the re- 
deployment of unproductive research workers both by 
Government and industry, especially from institutions 
that do not seem to be achieving results of the highest 
calibre in science or technology. Here obviously we 
touch on one of the most difficult issues in the administra- 
tion of research: that of deciding when to close a line of 
research. This will always remain a matter of judgment, 
and calls for something more than clear knowledge of the 
dependence of growth on investment in research. 

For the rest, funds might come directly from industrial 
investment by grant and contract to research establish- 
ments around and in the universities, though Prof. Price 
admits that objections may well be raised to the extended 
use of contract research in the universities. He has also 
some confidence that taxation policy could be of assist- 
ance, and this might well receive more attention than it 
has done in recent years. It might be added that no such 
taxation policy is likely to succeed without the agreed 
support of the major political parties: it would be fatal for 
such policy to become a matter of party politics. 

For the ‘Invisible Colleges’ themselves Prof. Price 
suggests that the chief problems are those of formal 
and personal communication, and that an objective should 
be to assist them and to neutralize their disadvantages. 
Besides greater encouragement to mobility by further aid 
to travel, he suggests that means of communication 
between them could be improved, possibly by launching 
a scientific newspaper on the lines of the Financial Times, 
and by extending the use of the Royal Institution as a 
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central place for scienutfic conferences, for a central public 
relations unit for science, and for a research news service. 
Some of his suggestions are tentative and alternatives 
come readily to mind. However, the choice between these 
obviously must await some further work on the way in 
which. science grows——which it is the purpose of the new 
Foundation to foster. Prof. Price’s lecture is admirably 
conceived to stimulate such study. That study should in 
itself help to avoid the-main danger reflected in the lecture 
itself-——that of creating scientific posts purely to provide 
jobs for scientists—a Canger the significance of which is 
apparent to anyone who is also familiar with Prof. 
Galbraith’s criticism af this affluent society. 


ADVANCES IN DRUG RESEARCH 


Advances in Drug Research 

Vol. 1. Edited by N. =. Harper and Alma B. Simmonds. 
Pp. x+209. (London: Academic Press, Inc. (London), 
Ltd.; New York: Acsdemic Press, Inc., 1964.) 50s. 


AP VANCES in Dreg Research is designed to keep 
chemists, biochemists and pharmacologists informed 
on some of the presext-day progress in drug research. 
What may be described as drug research extends not only 
over different disciplines, but also over areas within them 
which are still poorly connected with each other by the 
present extent of our kcowledge. The situation is reflected 
in the four articles which make up this book and are 
surveys, by different authors, of subjects having few 
well-defined points of contact. Nevertheless, the articles 
themselves bring togetrer a great deal of information and 
are valuable introductions to the literature of the topics 
concerned. 

F. P. Doyle and J. H. C. Nayler have written a lucid 
and well-balanced account of the chemistry and bio- 
chemistry of penicillins and similar substances, and of 
the relationship of structure to antibacterial activity in 
vitro among this groun of compounds. Their survey of 
the present position in 2 field which has seen unexpected 
developments of clinicel importance within the past ten 
years is among the bes of its kind. 

L. S. Schanker has reviewed work on the physiological 
transport of drugs. Emphasis is placed on correlations 
between the lipoid solubility of a variety of drugs at 
different hydrogen ion concentrations and the facility 
with which these compounds diffuse through biological 
membranes, but consideration is also given to processes 
of active transport with different specificities. This subject 
is of major importance to an understanding of the use 
and mode of action of drugs, and it is one on which more 
information at the mo-ecular level is badly needed. 

F. P. Doyle and M. D. Mehta have described efforts 
made in the past decade to place the control of cough 
with antitussives on 5 more satisfactory basis and to 
progress beyond what have been described as ‘mostly 
ineffectual remedies’ af ‘the cough syrup jungle’. Their 
article includes è discussion of the mechanism of cough and 
its artificial production in laboratory animals and human 
subjects. Alkaloids of ine morphine group have long been 
used as centrally acting antitussives and much work 
has been done with txe object of obtaining substitutes 
for naturally occurring members of this group which do 
not lead to addiction or have other undesirable side- 
effects. Numerous compounds belonging to other chemical 
families, including esters of phenyleycloalkane carboxylic 
acids and phenothiazines, have been claimed to be non- 
addicting and non-nareatic. In addition to the search for 
substances which act on the medullary cough centre, 
many local anaesthetic= have been tested for a depressant 
effect on the peripheral nerve endings in the lungs and 
air passages. One of these substances, benzonatate, 
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which has some structural resemblance to tetracaine, has 
been claimed to be an excellent non-toxic antitussive. 

F. C. Copp has surveyed recent advances in the develop- 
ments of drugs which reduce the blood pressure by 
selectively affecting the functioning of the postganglionic 
sympathetic adrenergic nerves. These adrenergic neurone- 
blocking agents include quaternary ammonium com- 
pounds, large ring compounds containing side-chains with 
amidoxine, guanidine, and amide groupings and benzyl 
guanidines. Some of the compounds, including bretylium, 
guanethidine and two of the benzylguanidines, have found 
clinical use. 

These articles illustrate the efficiency with which 
organic chemistry can be used in the development of 
various areas of drug research once a lead and a suit- 
able test system have been found. It is by this semi- 
empirical approach that many valuable drugs are still 
obtained. E. P. ABRAHAM 


RECENT ADVANCES IN 
ALDOSTERONE RESEARCH 


Aldosterone 

Edited by E. E. Baulieu and P. Robel. (A Symposium 
organized by the Council for International Organizations 
of Medical Sciences established under the joint auspices 
of UNESCO and WHO.) Pp. xix+ 523. (Oxford: Black- 
well Scientific Publications, 1964.) 100s. 


HIS volume consists of twenty-six papers presented 

at the symposium on aldosterone held in Prague in 
August 1963. The participants included most of the 
research workers actively engaged in research in this 
field and included biochemists, physiologists, pharmaco- 
logists, nephrologists, cardiologists and obstetricians. It 
1s extremely useful in bringing together under one cover 
recent developments in the field of aldosterone research. 
The lively discussions are particularly interesting in 
underlining points of disagreement. 

The presentations are divided into three parts. Part 1 
deals with methods of measurement and metabolism. It 
includes papers on the relationship of 18-hydroxycortico- 
sterone to aldosterone, aldosterone metabolism, renal 
clearance of aldosterone and its metabolites, measurement 
of peripheral plasma aldosterone as well as secretion rate, 
the isolation of human urinary metabolites, and the 
conjugation of aldosterone and tetrahydroaldosterone in 
human urine and plasma. 

Part 2 deals with its regulation and biological effects. 
It includes papers on the relation of renin and angiotensin 
IT to aldosterone secretion and sodium excretion, studies 
on the sheep and rat including renin measurements in 
hypertensive rats, the role of the central nervous system. 
and potassium as well as renal blood supply. 

Part 3 deals with arterial hypertension and other 
pathological . manifestations. It includes papers on 
primary aldosteronism, a familial disorder simulating 
primary aldosteronism, hyperaldosteronism secondary to 
renal ischaemia, relationship of aldosterone and angio- 
tensin to human hypertensive disease, estimation of 
plasma renin, hyperaldosteronism in oedema and idio- 
pathic oedema and the secretion of aldosterone in normal 
pregnancy and pre-eclampsia. 

Much of the discussion was concerned with the role of 
the renin-angiotensin mechanism in relation to aldo- 
sterone production. It is clear that there has been much 
progress recently in methods of estimation of aldosterone 
and renin. It also emerged that in order to assess the 
importance of aldosterone in any particular situation 
neither the excretion nor even the secretion rates may be 
sufficient. However, plasma levels are, at present, both 
difficult and expensive. Although 18-hydroxycortico- 
sterone is a normal secretory product in the human and 
its secretory rate is related to aldosterone, it has not been 
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possible to demonstrate in vitro that it is the immediate 
precursor to aldosterone. Provisional chemical identifica- 
tion of the so-called “3 oxo-conjugate’’ was also reported. 
The papers and discussion covered a wide spectrum of 
topics related to aldosterone. However, as pointed out 
by Dr. G. W. Liddle in his concluding remarks, the 
subject of intra-adrenal biochemical conditions affecting 
aldosterone synthesis and release received little attention 
at the conference, as did the subject of the intimate 
biochemical mechanism of action of aldosterone. This, 
no doubt, is a reflexion of the fact that these aspects of 
the subject are probably not receiving the attention they 
merit, BERTHA SINGER 


STEROIDAL ALKALOIDS IN 
APOCYNACEAE 


Les Alcaloides Stéroidiques des Apocynacées 
Par Robert Goutarel. (Chimie des Substances Naturelles, 
Nr. 5.) Pp. 289. (Paris: Hermann, 1964.) 48 francs. 


Toa monograph, with a foreword by M.-M. Janot, 
is a most welcome addition to the excellent French 
series Chimie des Substances Naturelles edited by Edgar 
Lederer, and it more than fully meets the high standards 
set for the series of providing comprehensive yet concise 
treatments of relatively narrow groups of natural products, 
written. by authorities who have made major contributions 
in the field concerned. It is well conceived and its 289 
pages embrace a thorough coverage of all aspects of the 
literature pertaining to the steroidal alkaloids which 
have been isolated from plants belonging to the family 
Apocynaceae. It is perhaps unfortunate, however, that 
the recent discoveries of steroidal alkaloids of the pregnane 
type in plants of the families Buxaceae and Euphorbiaceae 
destroy what had previously appeared to be @ clearly 
defined chemical classification, thus leaving the content of 
the work somewhat arbitrarily hmited on the grounds of 
taxonomy alone. 

The subject matter is handled in a most logical manner 
with the monograph being divided into four self-contained 
chapters covering sources and methods of isolation of the 
alkaloids; chemical classification, structural elucidation 
and synthesis of the individual alkaloids; utilization of 
the alkaloids in the production of steroid hormones and 
other therapeutic agents; and the biological activities 
displayed by the alkaloids. Each chapter is clearly written 
and verbal description is kept to a minimum by the 
judicious use of well-presented tables which provide a 
wealth of ready information with minimal effort on the 
part of the reader. 

The first chapter, dealing with the sources and methods 
of extraction and separation of the different alkaloids, 
includes an excellent summary of the precise taxonomical 
relationships of those species of the Apocynaceae in which 
steroidal alkaloids have been found. Indeed, it should 
prove of considerable value as a guide to the more likely 
sources of further alkaloids belonging to the pregnane 
group. 

The second chapter, which covers the fundamental 
chemistry of the alkaloids, makes copious use of structural 
formulae which are sensibly designated by means of 
arabic and not Roman numerals, serving to make the text 
very easy to follow. The inclusion of direct reproductions 
of the infra-red spectra of the individual alkaloids and of 
line diagrams of selected mass spectra is a most com- 
mendable feature. The presentation of tables of physical 
constants of the parent alkaloids and their derivatives is 
also an excellent feature and, taken together with the 
infra-red and mass spectra, these should prove invaluable 
to the ready identification of any known pregnane 
alkaloids isolated from other plants in the future. A 
logical sequence is developed by dividing the alkaloids 
into 4 main groups—those derived from 5«-pregnane, 
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those derived from pregn-5-ene, those derived from 
conanine and those of unknown structure—and then 
creating further sub-divisions with each, alkaloid in turn 
being discussed in terms of its source, its physical con- 
stants, the key experimental evidence leading up to the 
structural assignment with copious cross-references to 
established analogies, and finally, its synthesis. 

The third chapter, which discusses the conversion of 
various alkaloids into steroid hormones and other thera- 
peutic agents, should serve to stimulate new interest in a 
number of these alkaloids as alternative potential raw 
materials for the commercial preparation of steroidal 
medicaments. 

Chapter 4, dealing with the biological properties and 
pharmacology of the alkaloids, is again very thorough and, 
as well as providing a review of the pharmacological 
literature concerned with the purified principles, includes 
references to Galenicals obtained from plants of the 
Apocynaceae since shown to contain steroidal alkaloids. 

The work includes both subject and author indexes 
with 385 references. This book should prove to be of great 
value both to workers whose special interests lie in the 
domain of alkaloids and to workers whose special interests 
he in the steroid field. M. Martin-SMITH 


ORGANIC ANALYSIS 


Organic Functional Group Analysis by Micro and 
Semimicre Methods 

By N. D. Cheronis and T. S. Ma. Pp. xxv + 696. (New 

York, London and Sydney : John Wiley and Sons, Inc., 

1964.) 188s. 


ROFS. Cheronis and Ma, in compiling Organic Func- 
tional Group Analysis by Micro and Semimicro 
Methods, have made available the fruits of their many 
years experience in the teaching of organic analysis at the 
City University of New York. The book is described as 
being intended for students pursuing an advanced course 
in organic analysis and for organic research chemists who, 
although they may not wish to analyse their products 
themselves (and which of them does?), may wish to be 
familiar with the methods used by those expected to do 
so. This, according to Prof. Ma, 1s in order that they might 
be better able to interpret the results of analysis. No doubt 
all analysts will sympathize with this objective, but they 
may also wonder whether Prof. Ma is being a little opti- 
mistic. In fact the book will be of value to all practising 
analysts and not merely to students. The discussions of 
methods and principles are wide-ranging, the references to 
original literature copious and the necessary information 
drawn from them without the inclusion of unnecessary 
detail. 

The authors have divided their book into three parts, 
dealing with general analytical techniques and methods, 
analytical methods for particular functional groups, and 
finally experimental procedures. The general methods 
section deals with such elementary analytical techniques 
as weighing, measurement of volume, filtration heating, 
etc., with special emphasis on micro- and semimicro- 
techniques. Clearly this part of the book is directed pri- 
marily at the student readership. The one criticism of this 
section 1s levelled at the chapter dealing with the influence 
of molecular structure on reaction rates. In an analytical 
work such as this, discussion of the subject cannot be very 
detailed, but 1f it is not it is unlikely to be of much value. 
Only eight pages are devoted to it, and this amounts to 
little more than an elaborate statement that reactions are 
influenced by molecular structure. 

Part 2, the critical survey of analytical methods, is a 
mine of useful information. Functional groups are consi- 
dered under the headings: oxygen, nitrogen, sulphur, 
unsaturated and miscellaneous functions. The last of these 
mcludes hydrocarbon, organophosphorus, organomercury, 
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organoboron, organosil:con, arsenic and halogen functions 
and the determination of water. Altogether nearly one 
hundred functions and methods for their analysis are 
discussed. Instrumental methods of analysis are not dis- 
cussed in the first part of the book, but in this section 
many examples of their use are woven into the text in a 
balanced manner. It is indeed refreshing to find authors 
who regard these meshods simply as weapons in the 
analyst’s armoury neitker to be shunned through ignorance 
of their potentialities nor enshrined for the same reason. 

The final section of the book deals with experimental 
procedures and is div-ded into two parts dealing with 
methods requiring normal and special apparatus. This 
section, which lists detailed analytical procedures of fifty- 
two experiments, no doubt incorporates much of the 
work and the results of the authors’ twelve-year research 
project on functional group analysis, referred to in the 
preface. Full details are given for these experiments and 
the lay-out follows the standard pattern. 

Altogether this is a very useful book which, in addition 
to providing the basis for a course in organic analysis, 
will provide a great deal of information for organic 
analysts at all levels. P. J. COOPER 


RADIATION CHEMISTRY IN U.S.S.R. 


Radtolysis of Hydrocarbons 

Edited by A. V. Topchiev. English edition edited by 
R. A. Holroyd. Pp. x1i+232. (Amsterdam, London 
and New York: Elsevier Publishing Company, 1964.) 
65s. 


HIS English edition of a book edited by the late 

Academician A. V. Topchiev, who was director of the 
Petroleum Institute, U.S.S.R. Academy of Sciences, 
Moscow, is a necessary addition to the library of all radia- 
It is one of the few reviews of radiation 
chemistry in the U.S.S.R. in English. This monograph 
contains basically a description of the research activities 
of the Radiation Research Laboratories of the Institute for 
Petrochemical Synthesis between 1957 and 1961, and it 
murrors the scientific interests of these Laboratories. 

This book is mainly >f interest to those working 1n the 
field of radiation chem‘stry of organic compounds, but ıt 
contains interesting chapters dealing with a theory of 
radiationless energy-transfer and theoretical aspects of 
hydrocarbon radiolysis which are worth the consideration 
of all radiation chemists. The latter chapter contains a 
section on the kinetics of reactions occurring in tracks 
which requires a sound grasp of statistical methods; a 
section on the kinetics of radiolysis in the presence of ‘hot’ 
atoms and molecular =ragments which considers space— 
energy distributions using the method of energy groups 
frequently used ın the sheory of neutron deceleration and 
thermalization; and finally a section dealing with the 
statistical theory of activated processes initiated by ioniz- 
ing radiation in condensed systems. This problem is 
tackled from the point of view of probability theory using 
the ideas of the statistical theory of oscillations. 

The remaining chapters are of a more experimental 
nature, although attempts are made to connect theory with 
practice at all times. ‘These chapters contain a wealth 
of useful and interestmng results. Full descriptions of 
experimental and analytical techniques are given. The 
headings of these chapters are: “Physicochemical Charac- 
teristics of Hydrocarbon Radiolysis”’ ; “Kinetics of Radio- 
lysis of Hydrocarbons”; “Free Radicals in the Radiolysis 
of Hydrocarbons” ; “Radiolysis of Alkanes Adsorbed on 
Oxide Catalysts’; ““Radiation-Thermal Cracking of 
Hydrocarbons”. 

Thirteen persons participated in the writing of this 
monograph and this is apparent to some extent. However, 
because of the nature of this book this is not a serious 
fault. What is more annoying is a number of obvious 
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errors which should have been eliminated on proof 
reading, and a few graphs which should be turned through 
90°. These errors may have arisen out of a desire to 
publish as quickly as possible, but when the next printing 
is carried out these should be corrected. The price seems 
quite reasonable considering it is a translation. 

Lovar V. ©. REES 


FATIGUE-RESISTANCE TECHNOLOGY 


Fatigue Resistance of Materials and Metal Structural 
Parts 

Edited by Alfred Buch. (Proceedings of an International 

Conference held in Warsaw.) Pp. vii+313. (London and 

New York: Pergamon Press, 1964.) 100s. 


pat GUE Resistance of Materials and Metal Struc- 
tural Parts reports the proceedings of a- fatigue 
conference held in Warsaw during May 1960 and, as 
might be expected, most of the contributions originated 
from laboratories in Eastern Europe. There are sixteen 
full-length papers and ten short summaries of research 
work; most of the summaries are little more than brief 
abstracts. Ten of the longer papers are in English and 
the remainder are in German with a synopsis of each in 
English. 

The contents are arranged in three sections, headed 
“Special Problems”, “Materials and Technological Prob- 
lems” and ‘“‘Constructional Problems”. The first group 
of papers includes à comprehensive survey by Hempel of 
the fatigue of heat-resisting steels and alloys at elevated 
temperatures. There is also an interesting attempt by 
Kudryavtsev to explain fretting fatigue in terms of the 
difference in electrode potential between specimen and 
rubbing pad. Special mention must also be made of a 
short but succinct paper by Uzhik that discusses the 
factors affecting the residual static strength in bending 
of steel bars containing fatigue cracks. The treatment 
emphasizes the importance of specimen geometry on 
fracture behaviour, and illustrates the advantages of 
replacing a single load-carrying component with a multi- 
plicity of smaller members that together provide the 
same cross-sectional area. This is a conclusion that will 
encourage those who advocate the control of fracture 
behaviour by the use of fibre-reinforced metal composites. 
Compared with previous fatigue symposia, the Warsaw 
conference had little to say on the micro-structural aspects 
of fatigue and, in particular, none of the research reported 
involved thin-foil transmission electron microscopy. The 
only purely metallographic paper, an electron micro- 
scopic study of the fatigue fracture surfaces of a medium 
carbon steel by Kocanda, is disappointing. No mention 
is made of the characteristic Zapffe and Worden lamellae 
or ripples, which are probably the most important char- 
acteristic of fatigue fracture surfaces, presumably because 
they were not observed. This in turn suggests that the 
specimen replication techniques used were not particu- 
larly sensitive since striae should be visible in this material 
and were reported on in detail by Crussard et al. in 1956. 

The remaining two sections of the book contain papers 
of rather more esoteric interest and include contributions 
on topics as diverse as the fatigue of cermets and the 
failure of vibrating brass plates in alarm sirens. There 
are three contributions on the fatigue of welded structures 
one of which is particularly interesting since it deals with 
welded crankshafts. 

As is often the case with a conference report, the 
scientific content of the individual papers varies widely 
in quality. It is perhaps unfair to criticize the clarity of 
presentation of some of the papers written m English 
since the authors were writing in a language not their 
own. There are, however, a number of cases where the 
presentation makes it difficult to follow the argument put 
forward. The number of typographical errors, incorrect 


NATURE 


May 22, 1965 VoL. 206 


references and misspellings ıs also rather high, and this 
book would have been much more valuable had the 
minor defects, and the ambiguities arising from the 
language difficulty, been eradicated. 

This book will be of value to the research worker 
actively engaged in the fatigue field not least because it 
provides a broad picture of the sort of work which is in 
progress in Eastern European laboratories. This value is 
substantially offset by the long delay between the con- 
ference and publication of the proceedings. Engineers in 
search of special data may also find this book useful, but 
it cannot be recommended to students or to those with 
only a general interest in the fatigue problem. 

D. A. RYDER 


SURFACE SCIENCE 


Recent Progress in Surface Science 

Vol. 1. Edited by J. E. Damelli, K. G. A. Pankhurst and 
A. C. Riddiford. Pp. xii+ 414. (New York: Academic 
Press, Ine.; London: Academic Press, Inc. (London), 
Ltd., 1964.) 114s. 6d. 


URFACE science is of immediate concern to chemists, 
physicists, biologists and engineers, and it is the 
intention of the editors of this serial publication to review 
all aspects of the subject. There is no doubt that a dis- 
tinct need exists for such a publication and it should 
perform & useful service for all workers in the field. In 
this, the first volume of the series, the authors were asked 
to lay particular emphasis on significant advances in their 
subject made during the period 1956-61 and on problems, 
as yet unsolved. On the whole this has been achieved 
and the result is eminently successful. However, rapid 
publication of review articles on recent progress in & 
subject is essential and the delay in publishing this 
valuable volume is to be regretted. 

The present volume contains eleven chapters authorita- 
tively written on a variety of topics and each includes an 
adequate list of references not all of which, by any means, 
originated during the period 1956-61. Some aspects of 
the liquid/air interface are considered in Chapter 1 
(‘Surface Viscosity”, by M. Joly) and Chapter 2 (“Foams 
and Free Liquid Films”, by J. A. Kitchener). Recent 
developments in double-layer theory and in the inter- 
pretation of electrophoresis data are reviewed in Chapter 3 
(“The Electrical Double Layer and Electrokinetic Pheno- 
mena’, by D. A. Haydon). In Chapter 4 (“Electrode 
Processes”, by Sigmund Schuldiner) advances in’ experi- 
mental techniques for the study of electrode processes 
and the nature of the electrolytic hydrogen reaction are 
discussed. Metallic corrosion in aqueous media is sur- 
veyed in Chapter 5 (“Corrosion of Metals”, by C. V. King), 
and Chapter 6 (‘‘Surface-Active Substances”, by W. 
Black) is concerned with the recent advances in the 
synthesis, production and utilization of surface-active 
agents. The relation between surface properties and 
semiconductivity is discussed in Chapter 7 (“The Chemis- 
try of the Semiconductor Surface”, by E. Tannenbaum 
Handelman). The remaining four chapters deal with 
certain aspects of surface science in biology. Facilitated 
diffusion. across the cell membrane is discussed in Chapter 8 
(“Facilitated Diffusion”, by W. D. Stein), the morphology 
of the cell surface and of intercellular contacts are con- 
sidered in Chapter 9 (‘‘Cell Contacts”, by E. J. Ambrose) 
and Chapter 10 (“The External Surface of the Cell and 
Intercellular Adhesion”, by E. H. Mercer), and Chapter 11 
(“Formation and Properties of Bimoleculer Lipid Mem- 
branes”, by P. Mueller, D. O. Rudin, H. Ti Tien and 
W. ©. Wescott) is concerned with lipid bilayers. 

This book is well produced but is expensive. There can 
be few people concerned with surface science who would 
not find it both stimulating and invaluable. Its publication 
is welcomed. G. D. PARFITT 
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GROWTH OF HUMAN GENETICS 


Humangenetik 

Ein kurzes Handbuch in funf Banden, Band 3, Teil 1. 
Herausgegeben von Prof. P. E. Becker. Bearbeitet von 
P. E. Becker, W. Lehmann, W. Lenz, U. Pfandler, H. 
Schade und O. v. Verschuer. Pp. xvii +719. (Stuttgart. 
Georg Thieme Verlag, 1964.) 214 D.M. 


HE appearance of ‘a short handbook in five volumes’ 

-—of which the book under review represents Part 1 
of Volume 3 and runs to 700 pages-—-may be expected to 
bring a smile to Anglo-Saxon lips. But when the subject 
is human genetics, the joke is short-lived. For even in 
an age in which explosions, either concrete or abstract, 
have become all too common, the growth of human 
genetics cannot be described as other than explosive. 
As recently as fifteen years ago, the subject might have 
been regarded ag a poor relation in the genetics family, 
handicapped both by unamenable material and lack of 
experimental techniques. To-day, Human Genetics may 
hold her head high and cannot be put to shame even 
by the infant prodigy, Molecular. 

It is asad, but inevitable, consequence of recent develop- 
ments that no one person can any longer command the 
whole field covered by human genetics. This applies to 
the academic scientist and, of course, even more force- 
fully to the clinician, who can scarcely help but feel 
bewildered by the continuous flood of publications. 
Prof. Becker and his colleagues have undertaken the 
gigantic task of bringing the entire subject together within 
the confines of a few volumes. A work of this size cannot 
possibly include the latest publications, but it can and 
does provide a wide basis on which present developments 
are founded. 

Humangenetik has a chapter on metabolic diseases, a 
subject which is fast growing as a result of recent dis- 
coveries in human biochemical genetics; this chapter, 
written by Dr. Pfandler, runs to 150 pages. A chapter of 
similar length on diseases affecting the urogenital system, 
by Prof. Lenz, includes the results of chromosome studies 
in diseases of sexual development. Diseases of endocrine 
glands have also attracted much work recently, and the 
same applies to muscular dystrophies and allied dis- 
orders ; substantial chapters on these subjects are provided 
by Prof. Lehmann and Prof. Becker, respectively. Alto- 
gether it is not surprising that the omginally planned 
volume had to be sub-divided. In addition, there are 
shorter contributions on allergic and rheumatic diseases 
by Prof. Schade, and on infectious diseases and malignant 
tumours by Prof. von Verschuer; for the intention has 
been to cover not only diseases with known genetic causa- 
tion but to include also conditions in which a genetic 
disposition might be one of many contributory causes. 
There are more than 4,000 references and an adequate 
index. 

The bulk of the review on metabolic diseases deals with 
about fifty pathological conditions, ranging from those 
in which the genetic causation is well understood, such as 
alkaptonuria and the amino-acidurias, to other abnormali- 
ties, such as diabetes and gout, in which the underlying 
genetic factors are less clear. The bringing together of 
information bearing on conditions which have not yet 
reached the level of biochemical genetics is particularly 
valuable. It is indeed a sobering reflexion that the spectacu- 
lar rise of biochemical genetics has probably uncovered 
only the tip of an iceberg, under which lies a vast number 
of abnormalities the biochemical and genetic basis of 
which remains to be elucidated. This applies even to 
conditions such as the lipidoses, in which there is clear-cut 
segregation between affected and unaffected sibs and where 
a genetic causation is not in doubt. 

To emerge successfully from the dark ages requires 
precision of method and terminology. A sentence like 
that on p. 19, “The increased rate of consanguinity fre- 
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quently observed among Jews, as well as their compara- 
tive affluence, undouttedly favour the manifestation of 
the disease” (my translation) is too imprecise to be mean- 
ingful. The same applies to the word ‘race’ used on @ 
number of occasions. It should either be replaced by the 
more neutral ‘population’, or the idea should be dropped 
altogether, since in p30ple with different cultures it is 
generally impossible to separate genetic from environ- 
mental factors, so that the concept is often meaningless. 

In abnormalities of the urinary tract, which form the 
first part of the chapter on diseases of the urogenital 
system, the mode of inheritance is also often uncertain. 
Among chromosomal abnormalities in abortions, only 
triploidy could be inctuded; but the section on the sex 
ratio of aborted embryos is valuable in pointing out the 
unreliability of much of the published data, including 
some studies on the alleged presence or absence of sex 
chromatin. . In the brief section on techniques for the 


- evaluation of sex chromatin, including drumsticks, too 


much allowance is made for insufficient experience on 
the part of the investigator. The only acceptable way of 
overcoming this disability ıs by acquiring sufficient 
experience. In the field of sex chromatin, material is 
freely available. 

The proliferation of data on chromosome studies may 
be judged from the fac+ that no less than a dozen abnormal 
chromosomal constitutions can give rise to Klinefelter’s 
syndrome; half these sre mosaics. This does not include 
patients who have adcitional abnormalities of the auto- 
somes, or leukaemia. Ibe section on Turner’s syndrome 
was written before the appearance of Lindsten’s mono- 
graph. Nevertheless, it includes fourteen chromosomal 
types, including ten mosaics and two structurally abnormal 
X'-chromosomes. 

Among endocrine disorders, Laurence—Moon-Biedl 

syndrome is an examp-e of a disease the genetic basis of 
which is well documentsd; it 1s listed among dysfunctions 
of the pituitary gland. in recent years there have been 
important advances inthe field of thyroid metabolism, as a 
result of which the var-ous diseases can be classified with 
greater accuracy. Some, like Pendred’s syndrome (deaf- 
ness with goitre) and zoitrous cretinism, have a simple 
genetical basis, while in others, such as congenital absence 
of the gland, the causative factors are mainly environ- 
mental. 
- Advances in the field of muscle diseases have led to the 
recognition of four different types of muscular dystrophy. 
Of these, the best known, or Duchenne type, is due to a 
sex-linked recessive gene; another (limb girdle type) 1s 
due to an autosomal recessive gene, while yet another 
is due to an autosomal dominant gene; the fourth is also 
due to a sex-linked recessive gene, but the course of the 
disease is milder than in the Duchenne type. 

Allergic diseases, suck as hay fever, scarcely come within 
the province of formal genetics, but the hypothesis 
relating their causatioc to an antigen-antibody relation- 
ship is clearly relevant to the general problem of the 
relationship between genotype and phenotype. No 
conclusion can yet be drawn as to the possible role of genetic 
factors in the causation of rheumatic diseases, infectious 
diseases or malignancies. 

All diseases affect a variety of organs and any classifica- 
tion must be somewhat arbitrary. For example, alkapto- 
nuria and the lipidoses have been included among meta- 
bolic diseases, but phenylketonuria and gargoylism 
(Hurler’s disease) have been relegated to other volumes 
among psychiatric diseases and disturbances of growth 
respectively. This mazes it desirable to have access to 
the whole set of volumas. The price will probably limit 
the number of individual owners, but it is to be hoped 
that it will be acquirec by libraries. For, just as to-day 
there can be few cooks who refuse to avail themselves of 
processed foodstuffs, scientists, too, cannot but benefit 
by the judicious use of potted literature. 

URSULA Mrrrwoca 
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Surface Properties of Semiconductors 

Edited by A. N. Frumkin. Authorized translation from 
the Russian by A. Tybulewicz. Pp. 171. (New York: 
Consultants Bureau, 1964.) 22.50 dollars. 


HE volume is a collection of 21 papers read at the 
conference on the “Surface Properties of Sem- 
conductors”, held in June 1961 at the Institute of Electro- 
chemistry of the U.S.S.R. Academy of Sciences, Moscow. 
The main justification for the verbatim publication of 
conference papers must be to ensure the widest and most 
rapid dissemination of the results of present-day research: 
this the present volume fails to do, despite the high standard 
of the work reported, appearing as it does four years after 
the conference and three years after the orginal Russian 
text. 

This conference is broadly comparable ın scope with 
the second conference’ on ‘Semiconductor Surfaces?’ held 
two years previously at Silver Spring, Maryland, the Pro- 
ceedings of which appeared in 1960. The main differences in 
emphasis between the two meetings are the lack of papers 
on the theory of surface states and on compound semi- 
conductor surfaces at the Moscow conference, and the 
Soviet workers’ greater awareness of the relevance of 
semiconductor surface theory im chemisorption and 
catalysis. 

Specialists will not need to be told that the science of 
semiconductor surfaces has made considerable progress 
since 1961, and that an international conference on the 
“Physics and Chemistry of Solid Surfaces”, distinctly 
biased towards semiconductors, was held at Brown 
University, Rhode Island, in June 1964, and issued its 
Proceedings ın the same year. Thus, and in view also 
of its high price, the book is more hkely to be bought by 
libraries for reference purposes than by individual research 
workers. 

The printing of text and figures is clear and singularly 
free from errors; the translation is technically very 
competent, but is sometimes difficult to read through 
excessive adherence to the Russian phraseology. 

i J. I. CARASSO 


Papers in Marine Geology 


Shepard Commemorative Volume. Edited by Robert 


L. Miller. Pp. xx+531. (New York: The Macmillan 
Company ; London: Colher-Macmillan Ltd., 1964.) 
150s. 


OR the past forty years, F. P. Shepard has been one ` 
of the leaders in marine geology. His impressive list . 


of publications (to 1961) is given at the beginning of this 
commemorative volume, which contains twenty-four 
papers written by a few of his former students. Their 
papers range from syntheses of existing knowledge to 
regional and local investigations of new ground reaching 
from the shore, via the shelf and submarine canyons, 
even to the deep sea. Most of them are concerned with 
the floor off North America, particularly its western side, 
but a few are concerned with more distant areas. 

There are some good papers and others that are worth 
the effort of working through them; but it is a pity that 
more care was not taken with the figures of certain chapters. 
The worst fault in presentation is that many figures were 
not drawn to suit the scale of reduction used in the book. 
This is particularly evident in Chapter 5, where it is 
almost impossible to make out what the author intended. 
In other chapters the significance of figures (for example, 
Fig. 14.8) would have been more self-evident if the data 
had been re-arranged or use made of different symbols. 
The figure captions in a number of chapters (for example, 
Chapter 20) are almost meaningless without reference to 
the main body of the text, although there is plenty of 
space beneath the figures for adequate descriptions to 
have been inserted. 

It is good to see that the book includes three papers 
with a dynamic approach to sedimentang It is unfor- 
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tunate, however, that in other papers there 1s so httle dis- 
cussion about whether the sediments (some of which are 
described in considerable detail) have reached their final 
place of deposition, or are merely in transit. The failure 
of earlier workers, on the thin open-shelf sediments, to 
make this distinction has already held up acceptance 
and assimilation of such new data for many years. 
‘A. H. STRIDE 


Study of Earthquakes 
By Dr. Takeo Matuzawa. 
Shoten, 1964.) n.p. 


Pp. 213. (Tokyo: Uno 


HIS book is one outcome of the hfe-work of a great 

seismologist, Prof. T. Matuzawa, now emeritus profes- 
sor of the University of Tokyo. Moreover, the seismologist 
has lived in a country where great and small earthquakes 
are prevalent. He has thus been concerned more particu- 
larly with the seismological problems associated with 
the proximity of these upheavals rather than with some- 
what remote theoretical questions. The book is therefore 
singularly valuable to seismologists hving in countries 
where earthquakes are scarce, not only because 1t tends to 
be complementary to their present problems, but also 
because it points out pertinent questions which still need 
a great deal of thought. 

The author of the book has limited the contents of this 
book chiefly to studies of the genesis of earthquakes and 
to phenomena closely related to it. The main subjects 
treated are: space and time distribution of earthquakes, 
crustal movements related to earthquakes, mode of 
emission of seismic waves (earthquake mechanism), 
genesis of tsunamis, statistical relations between the 
occurrence of earthquakes and other geophysical pheno- 
mena, thermodynamics applied to seismology, and finally 
the new Japanese project of data collection suitable for 
possible earthquake prediction in the future. 

With regard to particular problems, the author is 
plainly more in favour of the double dipole theory of 
earthquake mechanism than the single couple theory. He 
states, in support of this, that the elastic stresses inside the 
solid Earth are not caused by forces outside the Earth 
and thus the total momentum and angular momentum 
must be zero even when the stress is released by slip or 
fracture m the medium. If, then, the conservation of 
momentum and angular momentum is the case in the 
solid Earth, double dipole theory is more plausible than 
single couple theory. However, the author advises 
caution in forming theories, especially with inadequate 
data. 

Chapter 10 of this eleven-chapter book is taken up with 
a consideration of earthquakes (as ‘earthquake machines’) 
as heat engines. Prof. Matuzawa contimues—at the time 
of an earthquake, a certain quantity of wave energy E 
ig radiated through a certain closed surface which encloses 
the focus, and this 1s dissipated in the outer space. Just 
before the earthquake this energy was stored in the form 
of strain energy in a certain space which forms a field 
of strain energy. This energy field can be represented by 
an effective volume V, which is locally strained to the 
critical state for a break. Let an earthquake be represented 
by the maximum amplitude A which is observed at a 
certain epicentral distance, say, 100 km. ‘Then there 
exists a one-one correspondence among A, V and E in 
the sense of the theory of sets, that is, A—V—4H. 

The author then proceeds mathematically to give 
examples of volume-sets and Energy-sets (note the differ- 
ence) 'm a swarm of earthquakes including large earth- 
quakes, and continues to outline the probable construction 
and function of the earthquake machine. 

The book concludes with a description of the progress 
so far and the plans for further development within the 
Earthquake Prediction Research Group in Japan. 

In subsequent editions of the book the English should 
be overhauled. E. TILLOTSON 
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STRUCTURE OF HEN EGG-WHITE LYSOZYME 


A Three-dimensional Fourier Synthesis at 2 A Resolution 


By Dr. C. C. F. BLAKE, Dr. D. F. KOENIG*, Dr. G. A. MAIR, De. A. C. T. NORTH?, 
Dr. D. C. PHILLIPSt+, and Dr. V. R. SARMA 


Davy Faraday Research Laboratory, Royal Institution, 21 Albemarle Street, London, W.| 


“HE X-ray analysis of the structure of hen egg-white 
lysozyme! (N-acetylmuramide glycanohydrolase, EC 
3.2.1.17), which was initiated in this Laboratory in 1960 


by Dr. R. J. Poljak, has now produced a Fourier map of 


the electron density distribution at 2 A resolution in which 
the structure of the molecule can be clearly seen. 

Comparison of this map with the primary structure, 
determined by Jollés et al.*.*, by Canfield*® and in part 
by Brown", has made possible the location of each of the 
129 amino-acid residues of which the molecule is com- 
posed, many of which, ineluding the four disulphide 
bridges, can be identified unambiguously in the X-ray 
image. The arrangement of groups in the molecule is very 
complicated, and many interactions between them will be 
revealed only by detailed analysis of the map. This 
preliminary account of the work is intended, therefore, 
to indicate the quality of the results, and to show the 
general structure of the molecule. Further work which is 
described in the following article’? has also revealed the 
location of a site at which competitive inhibitor molecules 
are bound in the crystal structure so that it is possible, 
even at this stage, to identify amino-acid residues which 
may be involved in the binding of substrates. 


X-ray Methods 


Crystals of hen egg-white lysozyme chloride grown at 
pH 4-7 (ref. 8) are tetragonal with unit cell dimensions, 
a= b = 791, ¢ = 37:9 A, and space group P4,2,2 or 
P4,2,2 (ref. 9). Each unit cell contains eight lysozyme 
molecules (one per asymmetric unit), molecular weight 
about 14,600, together with 1 M sodium chloride solution 
which constitutes about 33-5 per cent of the weight of the 
crystal’, 


A preliminary investigation", in which the method of 


isomorphous replacement was used, showed that the 
space group is in fact P4,2,2 and made possible a calcula- 
tion of the electron density distribution at 6 A resolution. 

In the extension of this analysis to higher resolution it 
has been necessary to find new and better isomorphous 
heavy-atom derivatives. Those originally used contained : 
(1) mereuri—iodide ions; (2) chloropalladite ions; and (3) 
ortho-mercuri hydroxytoluene para-sulphonic acid (MHTS) 
and of these only the MHTS derivative was found to be 
suitable for work at higher resolution. An extensive 
search, using methods already described", revealed, 
however, that derivatives containing (4) UO,F= (ref. 12); 
and (5) an ion derived from UO,(NO,)., probably 
U0,(OH),("®)-, were very suitable for this purpose. 
In addition derivatives including (6) para-chloromercuri 
benzene sulphonic acid (PCMBS) and (7) PtCl>= (ref. 13) 
were found to be satisfactory for use at low resolution. 
All these derivatives except (1) and (2) were used in a 
re-examination of the structure at 6 A. The necessary 
diffraction measurements were made with the Hilger and 
Watts, Ltd., linear diffractometer adapted to measure 
three reflexions at a time**-1¢ and the data were processed 
and the other calculations made on the Elliott 803 B 
computer at the Royal Institution. The phases were 
calculated by the phase probability method!’, adapted 

* Present address: Brookhaven National Laboratory, Upton, Long Island, 
New York. 

t Medical Research Council External Staff. 


to make proper allowance for anomalous scattering of the 
copper Aa X-rays by the various heavy atoms'*. The 
availability of uranian derivatives was particularly 
fortunate in that the amomalous scattering effect is large 
for uranium and indeed a particular search was made for 
them with that in mind. The mean figure of merit ob- 
tained in these calculations was 0-97 as compared with the 
0:86 obtained before, amd the greater part of this improve- 
ment has been shown to arise from the improved treatment 
of anomalous scattering rather than from the inclusion of 
additional heavy-atom derivatives. 

Fig. 1 shows a model ef the electron-density distribution 
at 6 A resolution obtained in this new work. The outline 
of the molecule is certainly clearer in the new map than 
in the old, and withim the molecule there is improved 
continuity suggesting the course of a folded polypeptide 
chain; but the two maps are, in fact, very similar (root 
mean square difference in electron density 0-12 eA-) 
and it remains impossib-e to determine the structure from 
them in any detail. Nevertheless a tentative general 
interpretation was possible. The model can be divided 
roughly into two parts; on the left-hand side of Fig. | 
the density has the appearance of a single chain without 
cross-connexions While to the right the arrangement 
appears to be much more complex. In general agreement 
with the picture, the primary structure, shown in Fig. 2, 
includes some relatively ong lengths of polypeptide chain 
free from cross-connexions together with a region in which 
two disulphide bridges end two proline residues are close 
together. 


2 4 Resolution 


In preparation for tae high-resolution investigation, 
the various heavy-atern derivatives were investigated 
in the centro-symmetrie AkO and hOL projections at 3 and 
2 A resolution. Comparison of the various sign predic- 





Fig. 1. Solid model of the lysezyme electron-density greater than about 
0-5 electrons/ À’ at 6 A resolution 
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tions and examination of the radial distributions of the 
intensity differences!” showed that only derivatives (3), 
(4) and (5) were suitable for high-resolution work. Accord- 
ingly 2 A data were collected from the native crystals and 
for crystals containing these heavy atoms. The same 
experimental methods were used; but in order to minimize 
the effects of irradiation damage each erystal was exposed 
for only 20 h or less to the 8-filtered X-ray beam from a 
copper tube operated at 40 kV, 20 m.amp. About 16 
crystals were used to obtain each set of measurements 
which included generous overlaps for scaling*® and separate 
measurement of the reflexions in the Bijvoet pairs Akl 
and khl. Semi-empirical corrections were made for 
absorption®'. The data-processing system was designed 
at every stage to detect errors and to avoid their introduc- 
tion and to eliminate any need for comprehensive manua! 
checking. 

The complete set of 2 A data comprises some 9,040 
reflexions of which 1,640 are centric, a property of this 
space group which greatly facilitates the determination 
and refinement of the heavy-atom parameters. The main 
heavy-atom positions were all found from (A/’)? maps in 
projection, and subsidiary sites were found from AF maps 
in two and three dimensions when preliminary signs and 
phases had been found. The best parameters were determ- 
ined by the use of the quasi-three-dimensional set of 
centric reflexions, hkO, kOl, hhl, Okl, in an adaptation of 
Hart’s method?*. The final parameters are shown in 
Table 1. The large proportion of centric reflexions also 
made possible an examination of the variation in apparent 
occupancy with scattering angle, thus revealing the shape 
of the appropriate scattering factor curve for each heavy- 
atom. These curves agree well with those expected for a 
heavy central atom surrounded by a shell of light atoms 
replacing a sphere of uniform electron density. 

The temperature factors shown in Table 1 most deserve 
comment. Those obtained for the most important sites 
(of which there are no more than two for any derivative) 


Table 1. HEAVY-ATOM PARAMETERS 
Site X Y Z 0 B E N R 
MHTS I 2068 06138 00507 39-2 178 58 1247 
02415 0639093 0-9326 R 14-9 
LOAF, I 01783 05849 07204 55-65 91:0 74 1277 0-52 
0974 08976 0-4650 293 24-2 
OCOMM T 0 1 O8088 O4664 471 19-2 80 1140 57 
01898 05901 0-7168 421 1248 
Til 0046 07266 0-5515 90 1902 
IV 00869 08976 04866 11-4 68-4 
V 02024 06388 006781 286 42-8 


O, Occupancy of heavy-atom site—electrons; B, isotropic temperature 
factor constant—Å?; E, root mean square difference between observed and 
calculated heavy-atom changes for centric reflexions—electrons; N, number 
of centric reflexions In the range 0-01 <sin*0<0-15 used in refinement; 


R, reliability index for observed and caleulated heavy-atom changes of 


centric reflexions. 


Sequence of amino-acid residues in hen egg-white lysozyme reproduced from 
Canfield and Liu (ref, 5) 
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are all comparable with the overall value 
for the protein crystals themselves. The 
very large values obtained for other sites of 
(5) show that these sites are of little im- 
portance at high angles and may not repre- 
sent true sites of heavy-atom attachment. 
The minor site of (3) MHTS is clearly the 
SO,- group of this molecule: it occupies 
the same position as the equivalent group 
in the not strictly isomorphous PCMBS 
derivative*®. 

The refinement programme gave the root 
mean square ‘lack of closure’ errors re- 
quired in the isomorphous phase determina- 
tion’? that aro shown in Table 1. Analysis 
of the agreement obtained between 
measurements of symmetry equivalent re- 
flexions gave the corresponding values 
required for the anomalous-scattering 
phase determination’. These were found 
to vary as a function of sin 0 having the 
values 19 + 455 sin®0/2* for derivatives 
(3) and (4) and 26-5 + 485 sin*0/2* for 
derivative (5). 

The phases of the 9,040 reflexions were calculated on 
the Elliott 803 B computer and had a mean figure of 
merit of 0-60. The variation with angle was very similar 
to that obtained in the comparable analysis of sperm- 
whale myoglobin®*; the mean value fell to 0-38 at the 2 
limit. The ‘best’? electron-density distribution, un- 
sharpened, was calculated from these phases and “figures- 
of-merit’ on the University of London Atlas computer. 
The density was calculated at 1/120ths of the cell edge 
along a and b and 1/60ths along c, and was tabulated in a 
form suitable for immediate contouring to a scale of 0-75 
in. = 1 The Elliott 803 B computer was used to gener- 
ate that part of the map which was expected, from the 6 A 
resolution work, to include one molecule, from the arbi- 
trary asymmetric unit caleulated by Atlas. The absolute 
seale of the measurements is known only roughly (from 
statistical arguments and reasonable occupancies for the 
heavy-atoms) and the map was contoured at estimated 
0-25 eA intervals. 


The Fourier Map 


The electron-density corresponding to a single molecule 
extends over the full length of the c-axis of the unit cell 
and in the other axial directions lies within the ranges 
—-ł}<æ< +}, 0< Y <3}. The contour map was 
plotted on 60 sections of constant Z so as to extend safely 
beyond these ranges of X and Y. Two separate blocks of 
ten sections each, which are representative of the whole 
map, are shown in Figs. 3 and 4. No (000) term was 
included in the Fourier synthesis, so that density values 
are all relative to the average crystal density. Only 
contours of higher than average density are shown in the 
maps, but there are no patches of high negative density 
even at the heavy atom positions, and it is immediately 
apparent that the general background is satisfactorily 
uniform. In regions which must be occupied by water 
and salt’, such as those near the two-fold rotation axes, 
there are many small peaks, which are consistent with some 
degree of order in the liquid of crystallization. Within 
the molecular boundary the density indicates clearly 
the course of the polypeptide chain and the nature of 
many side-chains. 

At this resolution atoms are not expected to appear in 
the image as separate poaks of electron density, but groups 
of. atoms connected only by ionic or van der Waals’ 
interactions or by hydrogen bonds are expected to be 
resolved. It is satisfactory therefore to find a continuous 
ribbon of high density with characteristic features at 
regular intervals to represent the main polypeptide chain 
with its carbonyl groups and with side-chains protruding 
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Fig. 3. Sections Z =35—44/60 of the 2 A resolution electron density map. 
AA‘ shows the course of a length of a-helix lying in the plane of 


intervals of 0-25 eA“ 
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the sections. B indicates a length of helix more nearly normal to the sections 


from it. In some regions the conformation of the main 
chain is clearly «-helical. For example, Fig. 3 includes the 
density corresponding to two lengths of «-helix, one of 
which runs approximately parallel to the sections (AA’) 


while the other is more nearly perpendicular 
to the sections (B). Inspection of the density 
in comparison with models shows im- 
mediately that the helices are right-handed 


running towards the terminal amino end of 


the polypeptide chain in the direction AA’ 
and at B down into the map. 

It is in such helical regions that the side- 
chains are most easily identified. Thus the 
peak of high density a little below the helix 
AA’ and connected back to it clearly repre- 
sents a disulphide bridge between the helix 


and more extended chain near the bottom of 


the picture. To the left of the disulphide 


bridge, density characteristic of another 


side-chain, a phenylalanine, can be seen 
emerging from the helix at an a-carbon 
position four residues removed from the 
cystine towards the terminal carboxy! end 
of the chain. This observation, when com- 
bined with the sequence of Fig. 2, im- 
mediately identifies the disulphide bridge 
as that between residues 30 and 115 and was, 
in fact, the starting-point of a detailed cor- 
relation between map and sequence. The 
helix at B corresponds to a part of the chain 
nearer the terminal amino end and has 
features clearly consistent with the sequence 
Arg-Lys-Met-Ala-Ala-Ala of residues 14-9. 


In the non-helical regions. the courses of 


the main chain and the side-chains are rather 


less easily recognized by mere inspection of 


the map. Nevertheless, no real difficulty was 
encountered in following the main chain and 
nowhere did the density corresponding to it 
fall to the general background-level. As in 


Fig. 4. 
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the corresponding study of myoglobin, 
however, it was often simpler to recognize 
the denssty corresponding to particular 
well-marised side-chains than to follow the 
main-cham density directly. Some of these 
clearly identifiable side-chains in a non- 
helical region are shown in Fig. 4. They 
include ræst prominently the indole rings 
of trypteohan residues 28, 108 and 111, 
and the sulphur atom of methionine 105 
which come together with tyrosine 23 in 
this part of the structure to form a 
curiously regular hydrophobic box. 

Of course, not all the residues are as 
clearly reeognizable as this; but using the 
criteria formulated in the examination of 
myoglobm** it is possible to identify many 
of them with considerable confidence. 
Nevertheless, the existence of almost com- 
plete knowledge of the primary structure 
has beem of enormous value, and no 
attempt was made to analyse the X-ray 
image without recourse to it. No dis- 
agreements with the chemical information 
were obmous at this stage of analysis 
except in those few small regions in which 
the chemical studies** do not agree. 
These are discussed here. 


Genera! Description of the Molecule 


The meecule is roughly ellipsoidal with 
dimensions about 45 x 30 x 30 A. The 
general arrangement of the polypeptide 
chain is indicated in the schematic dia- 
gram of Fig. 5. It is clearly even more 


complicated than that of myoglobm, and a compre- 
hensive description cannet yet be given. Some important 
features, however, are immediately apparent. First, 


the x-helical 


content & relatively low. Detailed in- 





Sections Z = 25—34/60 of the 2 A resolutien electron density map. The densities 
corresponding to a number of amino-acid side-d@bains are numbered in accordance with 
Fig. 2 
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vestigations of the helical parameters have not yet 
been made, but about six lengths of helix have been 
recognized, some of them very short, as indicated im 
Figs. 5 and 6. If a residue is regarded as being in a 
helix if one or other of its possible hydrogen bonds 
is properly made, then about 55 of the 129 residues 
appear at this stage to be included in helices. This 
suggests a maximum helix content of about 42 per cent, 
in fair agreement with the predictions of optical rotatory 
dispersion**:**, 

The remainder of the molecule is less easily described, 
the folding of residues 35-80 being particularly complex. 
In this region three lengths of chain are roughly anti- 
parallel, two of them, residues 41-54, forming a nearly 
closed loop. Nearby are the two closely related disulphide 
bridges connected by short lengths of chain which inelude 
the proline residues (70 and 79). 

The disulphide bridges each have a helix 
on at least one side, although the half- 
cystine is generally the last helical residue 
or at least in the last turn of its helix. 
Only one bridge, 30-115, has a helix on 
both sides and 115 is a terminal residue. 

The inside and outside of the molecule 
are less easily defined than they are for 
myoglobin, in which the interior of the 
molecule consists almost exclusively of 
hydrophobic side-chains**. The lysozyme 
molecule appears to have a hydrophobic 
spine consisting mainly of the six trypto- 
phan side-chains and including the hydro- 
phobic box already described (Fig. 4). 
Three of these tryptophan side-chains, 62, 
63 and 123, protrude, however, beyond the 
molecular boundary and there are in addi- 
tion a number of strongly hydrophobic 
side-chains clearly on the molecular surface 
(for example, Val 2, Phe 3, Phe 34, Leu 17). 

On the other hand, the parts of the 
molecule most shielded from contact with 
surrounding liquid appear to include 
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Ser(91) and Gln(47). In addition, residue 58, 
which may be asparagine*, can be regarded 
as internal. All the lysine and arginine side- 
chains are external. 


Comparison with Low Resolution Results 


It is interesting to compare this molecule 
with the model obtained at 6 A resolution. 
The boundary of the molecule was correctly 
chosen in the revised 6 A work (Fig. 1) and 
was incorrect only in minor details m the 
earlier investigation". Furthermore, the 
very general interpretation was correct in 
that the complex folding indicated by the 
right-hand part of Fig. 1 does indeed include 
the two disulphide bridges 64-80 and 76-94. 
On the other hand, it is somewhat surprising 
to discover that the 6 A maps contain no 
significant indications of the positions of 
three of the disulphide bridges, possibly 
because they lie in diffraction minima asso- 
ciated with neighbouring helices. Clearly it 
is very unlikely indeed that the 6 A model 
could have been interpreted correctly in 
detail, even in the light of the primary 
structure, and this is true also of a model 
at 5 A resolution which is not described 
here. 


Comparison with Chemical Data 


The independent investigations of the 
primary structure®** now agree in all but 
a few details on the sequence of amino- 
acid residues in the lysozyme molecule. Two of the 
remaining doubts’ are concerned with the distinction 
between aspartic acid and asparagine, which are not 
readily distinguishable by the X-ray method. The other 
three difficulties, which are more serious, can be resolved 
to some extent by examination of the present map. 

Thus, residues 92 and 93 are included in a length of helix 
and their side-chains have strongly contrasted appear- 
ances. That of 92 is clearly forked close to the helix and 
is surrounded by a clear region of low electron density, 
while the side-chain of residue 93 is longer and approaches 
much more nearly to neighbouring density. It is probable, 
therefore, that the sequence 92-93 is valine-asparagine* 
rather than asparagine-valine*. In the second case, the 
side-chains associated with residues 40-42, which are in a 
non-helical region, appear to be much more consistent 





Fig. 6. Primary structure (ref. 5) showing (continuous line) the residues found in a-helical 
conformation and those in the apparent binding site (underlined) 
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(by similar arguments) with the sequence Thr-Gln-Ala‘ 
= than with Gln-Ala-Thr*. The third ambiguity, between 

“isoleucine and asparagine in positions 58 and 59, has 
already been referred to. In >this case the differences 
between the two densities are less clear, but on balance 
that associated with residue 58 seems more consistent 
with asparagine? than with isoleucine’ even though this 
residue can be regarded as being inside the molecule. 
Its environs include the disulphide bridge 76-94 and Leu 
83, but also serine 91, and there is an unexplained neigh- 
bouring patch of density which could represent an in- 
cluded water molecule. It is hoped that the detailed 
analysis of side-chain interactions which is now in progress 
will resolve this uncertainty. 

In addition to the primary structure there are, of 
course, very many chemical data on the physical and 
chemical properties of lysozyme which cannot be discussed 
here, but which are expected to be interpretable eventually 
in terms of the detailed structure. Something must now 
be said, however, about amino-acid residues probably 
concerned in the enzymatic activity, a subject on which 
there is so far rather little definite chemical evidence. 


Inhibitor Binding Site 


The following article describes the location at low 
resolution of the site of attachment of N-acetyl-glucos- 
amine and its dimer, chitobiose, both of which molecules 
act as competitive inhibitors of lysozyme. They attach 
themselves, at least in this crystal structure, in a cleft 
in the surface of the molecule which runs nearly vertically 
down the middle of Fig. 5 and which can be seen clearly 
in the low-resolution model (Fig. 1, ref. 7). The amino-acid 
residues bounding this portion of the molecular surface 
come from various parts of the polypeptide chain and are 
indicated in Fig. 6. Clearly, further examination is required 
to establish whether this site represents the binding site 
of substrate molecules, but for the present it seems a 
reasonable hypothesis that it does so and that the proper- 
ties of these residues may well repay detailed investigation. 
In accordance with chemical evidence®*-**, they include 
three tryptophans, now shown to be 62, 63 and 108, but 
not the single histidine which is located on the opposite 
side of the molecule. 


STRUCTURE OF SOME CRYSTALLINE LYSOZYME-INHIE 
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DETERMINED BY X-RAY ANALYSIS AT 6 A RESOLUTION 
By Miss LOUISE N. JOHNSON and Dr. D. C. PHILLIPS* 


Davy Faraday Research Laboratory, Royal Institution, 2} Albemarle Street, London, W.! 


RECENT investigation of the azide derivative of 

sperm-whale myoglobin! has shown that the inter- 
actions of proteins with small molecules can be examined 
in crystals when the phases of reflexions from, isomorphous 
unsubstituted-protein crystals are known. The difference 
Fourier method is used in which the changes in structure 
amplitude caused by the introduction of the small mole- 
cule are combined with the known phases te give a map 
showing the change in electron density. The work on 
myoglobin! was done at 2 A resolution; but we have now 
shown that interesting results can be obtained by this 


«o. method at 6 A resolution even when the substituted mole- 


: cules comprise only light atoms. The method depends 
oOn the existence of precise phase information for the 
protein crystals, information which is now available for 
lysozyme’, and by its means we have been able to investi- 
gate the structural relationship between lysozyme and a 
.® Medical Research Council External Staff. 


number of compounds which are related to the substrate 
of the enzyme and which act as competitive inhibitors 
of its action. In this way we have been able to locate a 
part of the molecule which may be responsible for its 
enzymatic activity. 

Lysozyme has a 6(l-4) glucosaminidase activity with 
the ability to hydrolyse a mucopolysaccharide component 
of some bacterial cell wails releasing N-acetyl amino 
sugars derived from glucesamine and muramic acid’, 
The proposed structure of a-tetrasaccharidet isolated from 
the cell wall of Micrococews lysodeikticus, which is made 
up of alternate N-acetylgiycosamine and N-acetyl 
muramic acid units, is shown in Fig. 1 in which the bond 
probably hydrolysed by lysozyme is indicated by an 
arrow. Lysozyme will alse hydrolyse chitin5, the (1-4) 
linked linear chain polymer of N-acetylglucosamine, and 
Wenzel et al. have shown that lysozyme will promote 
the cleavage of the trimer, tri-N-acetyl chitotriose, 
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releasing dimer and monomer molecules. They reported 
that N-acetylglucosamine inhibits the activity of lysozyme 
but that glucosamine does not, and recently Rupley? has 
reported that the dimer, di-N-acetylchitobiose, is also an 
inhibitor and that it is not hydrolysed. 

With this background we have examined the binding 
to lysozyme in the crystal structure? of five compounds: 
N-acetylglucosamine, di-N-acetylchitobiose, 6iodo zx- 
methyl N-acetylglucosaminide, glucosamine (hydrochlor- 
ide) and muramic acid. The first three of these, which are 
competitive inhibitors of lysozyme, bind specifically to 
one and the same site on the enzyme whereas the last two 
which do not inhibit do not bind specifically to this site 
either. 


Crystallographic Methods 


Crystals of lysozyme chloride were grown in the usual 
way at pH 4-7 (ref. 2) and then soaked for 24-48 h in a 
solution of the inhibitor with concentration about 0-6 M. 
A precession photograph was then taken of the AkO 
reflexions to 3 A resolution and the intensities were com- 
pared with those of the native protein crystals. If there 
were changes complete three-dimensional data were 
collected to 6 A resolution, processed in the usual way and 
scaled to the native data. (An outline of the experimental 
methods is included in the previous article*.) Typically 
the average F value was about 255 (arbitrary units) 
while the mean absolute difference in amplitude between 
the derivative and the native protein was about 30 with 
some differences as large as 86. About 400 AF values 
were used with associated phases to calculate each three- 
dimensional difference map at 6 A resolution. The 
calculations were done on the Elliott 803 B computer 
using a programme written by Mr. R. M. Simmons. 


Results 


(a) N-acetylglucosamine. The three-dimensional differ- 
ence synthesis gave a remarkably clear map with only one 
peak which could be interpreted as representing the 
N-acetylglucosamine (NAG) molecule. The peak height 
was 0-16 e/A® and the peak contained 48 electrons distri- 
buted throughout a volume of 460 A’, Luzzatti® has 
shown that in an electron-density synthesis the height of 
peaks representing atoms not taken into account in the 
phase determination approaches 50 per cent of their 
true height when the ratio of known to unknown atoms is 
large. Furthermore, in the present situation a reduction 


in peak heights is expected due to the replacement of 


water molecules. The peak height calculated for a mole- 
cule of NAG placed in the position of the peak was found 
to be 0-5 e/A® so that the observed value is in satisfactory 
agreement with the value expected for a molecule of NAG 
in this position displacing some water. 

(b) 6-lodo a-methyl N-acetylgtucosaminide. This deriva- 
tive was synthesized for us in this laboratory by Dr. 


Tetrasaceharide from Micrococcus lysodeikticus with the bond hydrolysed by lysozyme ref. 4) shown by an arrow 


J. W. H. Oldham. It gave rise to a single peak in the same 
position as that occupied by NAG itself and with a peak 
height of 0-22 «/A*. The peak contained 64 electrons 
distributed throughout a volume of 530 A*, The peak was 
significantly higher than that obtained for the uniodinated 
compound, but the iodine atom was not resolved. 

(ce) Di-N-acetylchitobiose. This dimer, in which two 
NAG molecules are joined by a B(1-4) linkage, was kindly 
provided by Dr. J. A. Rupley. The difference synthesis 
showed that the dimer binds to the same place as the 
monomer, giving rise to a peak of height 0-2 e/A* with 
100 electrons distributed throughout 960 A®*, 

The position occupied by chitobiose in relation to the 
lysozyme molecule is shown in Fig. 2. The model of the 
lysozyme molecule is based on the structure analysis at 
6 A resolution®. while the shaded peak representing chito- 
biose was constructed from the difference synthesis. The 
peak due to the single NAG molecule is shown as the dark 
region in the peak due to the dimer. 

(d) Glucosamine hydrochloride. The addition of glucos- 
amine gave rise to significant changes in the reflexion 
intensities, but difference maps showed no single peak 
where the NAG had bound but rather a large number of 
smaller peaks scattered over the unit cell. From this 
result it appears that glucosamine will bind to lysozyme, 
perhaps through its amino-group, but that it does not bind 
specifically in one place. 





Photograph of the model of a lysozyme molecule obtained by 


Fig. 2. 

X-ray analysis at 6 A resolution together with the increase in electron 

density observed in the presence of di-N-acetylchitobiose (hatched). 

The increase in electron density due to N-acetyiglucosamine is shown as 
the darker part of the chitobiose 
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ramie acid. —— acid, kindly supplied to 
a Dr. R. H. Gigg, likewise showed no signs of specific 
nding to lysozyme. 
nhibition experiments. The effects of NAG, 6-iodo 
methyl NAG and glucosamine on the activity of 
lysozyme were investigated by means of the usual method 
af assay®. The results confirmed the earlier conelusion® 
that NAG inhibits competitively while glucosamine does 
not, and showed further that 6-iodo «-methy! NAG has 
a very similar effect to that of NAG. 


Discussion 


Although it is only when this work is repeated at higher 
resolution that detailed information concerning the 
interactions between the protein and inhibitor can be 
obtained, these results at 6 A resolution are highly 
encouraging and the sono ne conclusions can already be 
drawn, 

There is good evidence. that the site indicated by the 
inhibitors is indeed the region of the enzyme responsible 

=. for its activity. The ink bitors are structurally analogous 
to the substrate and inhibit competitively. The inhibitors 

ai bind specifically to this one site whereas closely similar 
< molecules which are not inhibitors do not. The site is 

different from those to which the heavy atoms bind. 

ae, It is possible to make preliminary statements concern- 

ing the nature of the groups on the substrate which 
are involved in the binding. It appears the N-acetyl 
group is essential. Molecules such as glucosamine and 
muramic acid which do not. contain this group do not 
bind and do not inhibit. The fact that. 6-iodo «-methy] 
N-acetylglucosaminide binds and inhibits suggests that 
neither the reducing group nor the oxygen in the six 
position is essential for binding. Studies of other deriva- 
tives of NAG, in which different groups have been 
blocked?*, are now in progress and it is hoped that they 
will show, even in advance of high-resolution analysis, 
which groups are involved.in the binding. 

The results described so far do not reveal the site at 
which the N -acetylmuramic acid (NAM) moiety of the 
cell-wall substrate is bound. Unfortunately, this com- 
pound, though synthesized many times, is not readily 
available, and we have not yet obtained any for examina- 
tion. However, a preliminary investigation of the inter- 
action of lysozyme with penicillin V (ref. 11), probably a 

<o structural analogue of N-acetylmuramic acid!*, suggests 
<c that it is bound at a site adjacent to that occupied by 
co NAG and above it in Fig. 2. Experiments with N-acetyl- 
co muramie acid itself and the NAG-NAM dimer! are now 
= being planned. 
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From Fig. 2 it can. 3e seen that the inhibitor molecule 
lie well embedded in the enzyme molecule in a ere 
in its surface. This s interesting in view of the many 
theories of enzyme action which envisage just such. ê 
situation. At no pois“ does the density due to the inhibi 
tor molecules penetrate the density representing the 
enzyme, but in two regions they are very close. The 
amino-acid residues im these regions can now be identified. 
in the image of the erzyme at 2 A resolution and they are. 
shown in the previous: article?, It is encouraging that they. 
do not include the «ngle histidine, which is not now 
believed to play a direct part in the enzyme-substra 
interaction’, and that they do inelude three of the trypto: 
phans, since it has beer reported’>»'* that the maintenance 
intact, of four of the six indole residues is essential fi 
e nzymat ic activity. Charly the high-resolution investig 
tions of enzyme-inhib:wor complexes which are now bemg: 
started are needed te show in detail which amino-acid 
residues are involved in the binding. Similar experiments 
with substrate analogues resistant to hydrolysis and with 
true substrates such as tri-N-acetylchitotriose’, using 
methods pioneered by Doscher and Richards!?, may well 
reveal any structural shanges in the enzyme that take 
place during the reactoon that it controls. 

We thank our colleagues in this laboratory for their 
help in these experiments; Sir Lawrence Bragg and 
Prof. R. King for adviéeo; the Managers of the Royal 
Institution for the provision of facilities; and the Medical 
Research Council and the U.S. National Institutes of 
Health for financial surport. One of us (L. N. J.) thanks 
the Department. of Scientific and Industrial Research 
for a research studentstip. 
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By Pror. C. C. BUTLER, F.R.S. 
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MAHE structure of matter has always been of absorbing 
c d interest to natural philosophers. Indeed, as early as 

400 B.C. Democritus made remarkable speculations about: 
he atomic building bricks of the material world. No real 
rogress, however, was made until the importance of the 
perimental method was appreciated. In this lecture 
hall speak briefly about the main landmarks in man’s 
tigation of matter, from some of the bulk properties 
se of the basic component particles. We first take 
“look outwards from the Earth to the Sun and 



















the planets and then inwards, first to the atom and its 
structure, and then into still smaller spaces, into the 
structure of the comporent particles themselves. 

A great many astromemical observations were made 
during the seventeenth century. For example, Kepler — 
made a very detailed stady of the motion of the planets > 
around the Sun. Newtom however, was the first to realize 
that the Moon’s orbit ceald be explained by postulating 
that the Earth and Moon attract one another, the strength 
of the attractive force varying inversely as the square 
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of the distance between the Earth and Moon. This force 
is called the force of gravity. In the jargon of physics 
we say that a massive body is surrounded by a gravita- 
tional field; all masses within this field experience attrac- 
tions to the source of the field. This is the first of four 
basic field systems in the physical world. 

The ancient natural philosophers found that some 
forms of matter could be given remarkable properties of 
attraction and repulsion by rubbing them with a fur or a 
silk cloth. Eventually, this strange property was called 
electric charge. Two kinds were found called, for conveni- 
ence, positive and negative. Like charges repel and unlike 
charges attract. By 1798, Coulomb showed conclusively 
that the electric forces obey a law which is mathematically 
similar to the gravitational law. The strength of the 
electric force, however, is very much greater than the 
gravitational force. Thus, by the beginning of the nine- 
teenth century, two of the basic systems of forces operating 
in the physical world were known and understood in con- 
siderable detail. 

In 1808, John Dalton’s atomic theory was formulated, in 
which he showed that all materials were composed of 
invisible atoms. The chemists soon recognized many 
different. elements, each with its characteristic atom. 
Indeed, the world seemed to be a complicated place with 
almost one hundred different atoms. However, as early 
as 1815, Prout suggested that possibly all the elements 
could be constructed from hydrogen atoms, the lightest 
of all the many kinds of atom. At the end of the century, 
J.J. Thomson was investigating the properties of electric 
currents passing through gases. He realized that the 
currents were carried by negatively charged particles now 
called electrons. In 1910, Milikan showed that the 
electron carries a precise quantity of electric charge and 
has a mass which is only about 1/2000 that of the hydrogen 
atom. Thus, we have the first clear evidence for the 
existence of a sub-atomic particle. 

In 1896, Becquerel discovered that the element uranium 
emits radiation spontaneously and, by 1909, Rutherford 
found that part of this radiation consists of positively 
charged particles which are doubly charged (2 units 
of electron charge) helium atoms. These are called 
a-particles. Rutherford then had the brilliant idea of 
using the «-particles as probes to search for atomic 
structure. He could only interpret the results of these 
experiments by adopting a remarkable model describing 
the structure of a single atom. In this model almost all 
the mass of the atom is concentrated in a very small 
kernel called the nucleus. The diameter of the nucleus 
is only about one ten-thousandth of the diameter of the 
whole atom. Using a new quantum mechanics, Niels 
Bohr soon showed that negatively charged electrons 
move in complex orbits around the positively charged 
nucleus; thus, the electric forces of Coulomb control 
the stability of the atom. We now know that tho electric 
forces are responsible for the size of atoms and for the 
way in which they combine to form molecules; indeed, 
they are responsible for the whole of chemistry and 
biology. 

During the 1920’s physicists frequently used «-particle 
probes to gather information about the structure of 
nuelei. After a lot of deteetive work, Chadwick concluded 
in 1932 that nuclei are built up from hydrogen nuclei, 
called protons, and an uncharged form of the proton, a 
new particle called the neutron. Thus, the old idea of 
Prout has some truth after all! Protons and neutrons are 
a family of particles called nucleons. 

We have seen that the electrie forces are responsible 
for the stability of the atom as a whole. We must now 
investigate the forces responsible for binding the nucleons 
together in the extremely small nuclei. The main charac- 
teristic of this nuclear force is that it only acts over very 
short distances—-about one million millionth part of a 
centimetre. This nuclear force is the third force system of 
the physical world and is the strongest force. 
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In order to explain how two electric charges can in- 
fluence one another, even when very far apart, quantum 
electrodynamics suggests that particles of zero mass, 
photons or quanta of the electromagnetic field, are 
exchanged between the two charges. In 1935, Yukawa 
extended this idea when he suggested that the short-range 
nuclear force was produced by the exchange of a heavy 
particle between the sources of the nuclear attraction, 
namely, the nucleons. The nucleons behave like two 
rugger players who exchange a ball whenever they are 
close enough. Yukawa’s theory predicted that the mass 
of the exchange particle would be about 300 electron 
masses. Furthermore, if two nucleons collide sufficiently 
violently, Yukawa’s theory predicted that the exchange 
particle could be produced separately from the nucleons 
—the rugger players may drop the ball! 

Rutherford used «-particles with energies of a few 
million eleetron volts to probe the atom and in doing so 
he discovered the nucleus. (A million electron volts is 
the energy acquired by an electron accelerated through 
a voltage difference of one million volts.) Because of its 
high mass we must use probes of at least a few hundred 
million volts to have a good chance of producing the 
Yukawa particle. Between 1935 and about 1948 the 
cosmic radiation was the only available source of such 
energetic probes. Soon after the Second World War, 
however, the construction of several large synchro- 
eyclotrons was started. These machines were designed to 
produce intense streams of protons with energies up to 
about 500 million electron volts. Eventually, these 
machines were able to produce the Yukawa particles, 
but the first important results were obtained by using 
cosmuc rays. 

In 1947, C. F. Powell and several colleagues at Bristol 
obtained decisive evidence for the Yukawa particle in a 
photographic emulsion exposed to the cosmic radiation. 
The new particle is now called the m-meson, or pion, and 
it has a mass of 273 electron masses. The pion is not a 
stable particle; it decays spontaneously into a lighter 
particle called a u-meson, or muon, and a neutrino-—a 
particle of zero mass. The life-time of this process is 
about 2 x 10-*sec. The muons were first observed in the 
cosmic radiation by Anderson and Neddermeyer as long 
ago as 1936, but their properties were not clearly under- 
stood at that time. 

The cosmic radiation reaching sea-level consists mainly 
of energetic muons with some fast electrons. There is, 
however, a very small number of energetic protons and 
neutrons. After the Second World War, G. D. Rochester 
and I attempted to use this very weak flux of high-energy 
nucleons to prove heavy nuclei in order to observe the 
production of mesons. In these experiments the cosmic- 
ray nucleons collided with lead nuclei in lead blocks placed 
above a Wilson cloud chamber. Some of the electrically 
charged particles produced in the lead pass through the 
eloud-chamber gas, which is saturated with water vapour, 
leaving behind trails of ionized atoms. They also pass 
through Geiger-Müller counters which operate a mechan- 
ism for super-saturating the gas. If the conditions are 
correctly adjusted, water condenses on the ions forming 
visible drops, thus revealing the tracks of the charged 
particles. The chamber was provided with a high mag- 
netic field so that the momenta of the particles seen in 
the chamber could be determined from measurements of 
the curvatures of the tracks. 

The cosmic-ray interactions occur very rarely at sea- 
level and our detection apparatus was not very efficient. 
Nevertheleas, in a long series of observations between 
1946 and 1947, we obtained a few photographs of showers 
of mesons. Two were remarkable photographs containing 
convineing evidence for new unstable particles, each of at 
least 1,000 electron masses. 

These discoveries were not confirmed until 1950 but, 
thereafter, new results came in quickly. Cloud chambers 
were operated at several mountain observatories at 


coe May 22, 1965 


heights of about 10,000 ft. where the nucleon component 
of the cosmic radiation was about ten times greater than 
at sea-level. Large stacks of nuclear emulsion were 
exposed to still greater intensities near the top of the 
atmosphere using giant plastic balloons. In all this work, 
European experimental physicists played a leading part 
and by 1953 many new particles had been identified. 
The z-mesons were followed by the K-mesons with masses 
of 1,000 electron masses. A whole series of particles 
heavier than the nucleons, called hyperons, appeared-— 
the A-hyperon, 2+ -0 hyperons and the E-9 hyperons. 

_ All the new particles are ephemeral entities, usually 
with life-times of 10-!°--10-* sec, which are very long indeed 
on the nuclear time-scale, the unit of which is the time 
required for a light signal to cross a nucleus, that is, 
about 10-35 sec. Thus we conclude that the interactions 
responsible for the decays must be very weak. Indeed, 
the decay processes are very similar to the 8-decay process 
of radioactivity, for some of the new decay processes 
involve the emission of a neutrino, the uncharged and 
massless particle proposed by Pauli in 1931 to account for 
the conservation of energy in B-decay. Like the strong 
interaction, the weak interaction has a range of only 
nuclear dimensions. It is the fourth of the basic force 
systems of physics. Some of the properties of the four 
basic systems of fields, or forces, in physics are listed in 





Table 1. (The terms baryon and lepton are explained 
later.) 
Table 1 
Relative 
Field Source Quantum strength Range 

{1} Gravitational Mass graviton 1078 w 
(2) Electromagnetic charge photon 1/137 ap 
(3) Nuclear strong baryon pi-meson 1 10-* em 
(4) Nuclear weak baryon intermediate 107? 10-** em 

lepton boson 


In parallel with the cosmic-ray work, the first generation 
of accelerators built after the Second World War, namely, 
the synchrocyclotrons, enabled many new discoveries to be 
made on the properties of pions. For example, the decay 
of the neutral ~-meson into two photons was observed in 
1950. Furthermore, a quantitative study of pion- 
nucleon interactions was started and the early results 
confirmed all the qualitative predictions of Yukawa’s 
1935 theory. These machines were limited in energy 
and, unfortunately, they could not produce particles 
heavier than pions. 

The cosmic-ray flux of nucleons is small, even at very 
high altitudes, and by 1952-1953 it appeared that shortage 
of flax would limit further progress in the physics of K- 
mesons and hyperons. Fortunately, at about this time 
two powerful new particle accelerators came into opera- 
tion in the United States, the first at Brookhaven on 
Long Island, and the second at Berkeley in California. 
These produce intense streams of protons with energies 
of 3,000 million electron volts (or 3 GeV) and 6 GeV, 
respectively. Using these probes, physicists soon produced 
the new particles and obtained better measurements of 
many of their properties, for example, the masses and 
life-times were determined very accurately. Indeed, for 
the first time, it was possible to contemplate producing 
very large numbers of the new particles, particularly 
K-mesons, in order to use them as probes in more 
sophisticated experiments. 

In Europe, the physicists who had made excellent use 
of the cosmic-radiation also felt the need for artificial 
cosmic-rays. It was evident that to build a machine 
very much larger than the 6-GeV machine at Berkeley 
would be beyond the capability of any one European 
_ country in terms of manpower and money. Nevertheless, 


the scientific case for progress was very strong, so the 


<; possibility of setting up a European laboratory was con- 
 Sidered. By 1954 the European Organization for Nuclear 
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Research (called CERN, a title derived from the organiza- 
tion’s name in French) was established in Geneva by 
12 European countries. The main purpose of this labora- 
tory was to construct a large machine, called a proton- 
synchrotron, to accelerate protons up to 28 GeV. Thus, 
a very big step forward was initiated in faith that a rich 
field of investigation would be opened up. 

The first five years were spent in designing and building. 
The main part of the machine is a vacuum vessel with the 
shape of a horizontal amnular ring 600 ft. in diameter, but 
only 6 in. wide and 3 in. high. Protons are injected into 
this ring from a 50-Me¥ linear accelerator; they are then 
maintained on circular orbits round the annular ring by a 
weak magnetic field in the vertical direction. As the pro- 
tons revolve round the giant ring they pass through 
regions of high electric Held where they suffer acceleration 
as a result of the electr:c forces. Thus, the protons gain a 
small amount of energy each time they go round the ring. 
The magnetic field, which contains the particles in the 
ring, is slowly increased in step with the increase in proton 
energy. Eventually, % is uneconomic to increase the 
magnetic field any further and so the maximum useful 
energy for the protons is attained. A metal target is 
then inserted in the beam of protons, which contains as 
many as one million milion (104) particles. The protons 
collide with the metal auclei producing large numbers of 
pions, K-mesons and anti-protons. This acceleration 
process can be carried out about 20 times per min. 

Right from the beginaing, this complex machine worked 
unbelievably well. The number of particles in each burst 
is now substantially oigher than originally expected. 
Without doubt, this machine and a very similar one at 
Brookhaven are among the engineering wonders of the 
world. 

During the past few years, techniques which enable us 
to ‘see’ the trajectories of charged particles have con- 
tinued to play a domirant role in the accelerator labora- 
tories. I will refer brefly to only two techniques, the 
bubble chamber and the spark chamber. My colleagues 
at the Imperial College of Science and Technology have 
been very much concerned with both these techniques. 

The cloud chamber is not well suited to work with the 
giant accelerators. It can only be photographed once 
every 2-3 min, whereas the machines produce bursts of 
particles every 2-3 sec. Secondly, the density of gases 
at about atmospheric pressure is too low for interactions 
between energetic probes and gas nuclei to occur suffici- 
ently often. Several very high-pressure cloud chambers 
were built, but they ceuld not be photographed as fast 
as the conventional chambers. About 1952, D. A. Glaser, 
then a young cosmic-ray physicist at Ann Arbor, in 
Michigan, became very conscious of these serious limita- 
tions, so he set out to discover if tracks could be recorded 
many times a minute ia a transparent liquid. He found 
that if a liquid is momentarily superheated and if charged 
particles are then injected into it, boiling occurs along the 
trails of ions. Bubbles of vapour grow rapidly in the 
highly superheated fluid and can be photographed com- 
paratively easily. By 2953, an entirely new instrument, 
the bubble chamber, was successfully operated on a very 
small scale. 

Many people realized that liquid hydrogen would be an 
ideal fluid for making studies of proton-proton and 
meson—proton interactions. Prototype chambers were 
soon operated and ther plans were made for large cham- 
bers provided with magnetic fields. The first hydrogen 
chamber to operate in Western Europe was built at the 
Imperial College of Sc#ence and Technology. It was a 
small model only 4 in. ir diameter. Later on, in collabora- 
tion with the Universities of Birmingham and Liverpool 
and the Rutherford Laboratory, we constructed a 60-in. 
chamber containing abcut 130 gal. of liquid hydrogen. A 
general view of the chamber is shown in Fig. 1. After 
tests at the Rutherford Laboratory, this chamber was sent 
to Geneva for work with the 28-GeV proton-synchrotron. 





Fig. 1. A general view of the British 60-in, hydrogen bubble chamber in operation at CERN 


It has now taken about one million pictures using beams of 
protons, pions and K+-mesons. Recently, a very successful 
batch of 80,000 pictures using K--mesons of 10 GeV was 
obtained, using the new CERN radio-frequency separators, 
which sort out the wanted K--mesons from the unwanted 
pions. Previously, the highest energy K- pictures were 
of 6 GeV, also obtained in the British chamber. An 
example of a 6-GeV K- interaction is shown in Fig. 2. 
Spark chambers consist of stacks of accurately parallel 
plates made of metal or of metallized plastic in an atmo- 
sphere of argon and neon gas. After a high-energy particle 
has passed through the chamber very high electrie poten- 
tials are suddenly applied to alternate plates. Sparking 
then tends to occur along the ion trails, between the plates. 
The sparks emit plenty of light so they can be seen and 
photographed easily; the sparks can also be heard. It 
was soon realized that a ‘sound-ranging’ technique, a 
modern version of the First World War method of locating 
hidden guns, might be used to locate the sparks. This 
proved to be possible and the position of sparks can be 
measured to about 0-5 mm by this sonic technique. In 
practice, data from simple arrangements of sonic spark 
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chambers can be fed directly to a digital 
computer for high-speed analysis. 

The masses and electric charges of the 
more important of the new particles are 
given in the right-hand half of Table 2. 
Apart from the photon, the quantum of the 
electromagnetic field, the particles can be 
classified into three families. The light 
particles are the leptons, electrons, neut- 
rinos and muons. Important experiments 
with the large proton synchrotrons have 
shown that there are two kinds of neutrinos, 
those associated with electrons in radio- 
active %-decay and those associated with 
muons. In the mass scale the mesons are 
the intermediate particles; there is a group 
or multiplet of three pions with positive, 
negative and neutral charges and two multi- 
plets of two K-mesons. The heavy par- 
ticles include the nucleons and many 
multiplets of hyperons; as a family they 
are called baryons. 

The multiplet structure of the mesons 
and baryons is of great significance. The 
members of a multiplet have approximately 
the same mass, but different electric 
charges. We describe this property by allo- 
cating a quantum number to each multiplet called isotopic 
spin. If J is the isotopic spin, then the number of com- 
ponents in the multiplet is (27 +1). Thus isotopic spin is 
1/2 for the two nucleons and unity for triplets such as the 
three pions or the three =-hyperons. If the isotopic spin is 
zero, there is only one member in the multiplet; this is 
the case for the neutral A-hyperon. 

The new particles can be created with all their properties 
reversed; these are called anti-particles and they are shown 
on the left in Table 2. The anti-proton is the most famous 
of the anti-particles. It was first discovered in proton- 
proton collisions using the 6-GeV accelerator at Berkeley. 
In principle, it is possible to create anti-matter—negatively 
charged nuclei with positive electrons. Indeed, very 
recently anti-deuterons have been observed. 

Despite its complexity, Table 2 does not contain ali the 
new particles. In 1952, Fermi and others found remark- 
able evidence for the formation of resonant states of the 
pion and the proton. Each state is in effect a new particle 
of very short life the existence of which ean only be 
inferred indirectly. It breaks up before it can make a 
track of detectable length. We can, however, learn a 
great deal about the resonant state by making large 
numbers of measurements on the decay products. A.l- 
though we cannot take a single photograph of any one 
of the resonant states, their undoubted existence can be 
deduced from circumstantial evidence, During the past 
few years, large numbers of new resonances have been 
found; a whole spectroscopy of new particles comes from 
bubble chamber experiments using the large accelerators. 
These experiments frequently enable some of the impor- 
tant quantum numbers associated with a resonant state to 
be determined unambiguously, for example, the spin and 
parity. The spin of a particle is a measure of how fast a 
particle rotates about its axis. The value of the spin is 
expressed in amounts of h/2x and may be an integer or 
half integer. For example, the spin of the proton is 1/2 
and the spin of the pion is zero. The parity is a number, 
either —1 or +1, and is an intrinsic property related to 
left-right symmetry. 

I have already referred to the important concept of 
isotopic spin which tells us the number of particles in a 
given multiplet. Another important concept is called 
hypercharge, a quantity which is defined as twice the 
average olectrie charge in a particular multiplet. The 
remarkable property of hypercharge is that it is conserved 
in strong and electromagnetic intcractions, but is violated 
in weak interactions such as decay processes. Many 
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Fig. 2. A beam of 6-0-GeV/e K~-mesons crossing 
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(The existence of additional neutral pions cannot be excluded) 


significant developments came from this principle, first 
announced by Gellman and Nishijama independently in 
1952. Since then, other important conservation laws 
have been discovered, At first these laws appeared to be 
unrelated, but now we know that they are connected by 
surprisingly beautiful symmetry principles. 

In 1961, Gellman and Ne’eman both independently 
directed attention to a particular unified system of sym- 
metries which group apparently unrelated particles into 
supermultiplets. Several of these groups contain eight 
particles, and so, following an aphorism of the Buddha, 
Gellman described the classification scheme as the 
‘Eightfold Way’. 
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Fig. 3. Supermultiplet of eight baryons with spin 1/2 and parity + 1 


Baryon multiplets with various values of isotopic spin 
and hypercharge, but all with the same spin and parity, 
link together inte supermultiplets, some with eight 
members and one with ten members. A simple example 
of a group of eight baryons, each with spin 1/2 and parity 
+1, the nucleons, the A, the X’s and the =’s, is shown 
in Fig. 3. The theory relates the masses of these particles 
in a substantially correct manner. 
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t of the British 60-in. hydrogen bubble 
chamber at CERN, Andnteraction occurred on the left-hand side which is Interpreted as : 
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The aght-fold way predicted the super- 
multiplet of ten baryons with spin 3/2 and 
parity — 1 shown in Fig. 4. Nine of the 
members are resonant states and, at first, 
the tenth had not been observed, but its 
mass was predicted to be 1,675 MeV and 
it would be negatively charged. 

Furthermore, this new particle, called the 
Q-, weald be stable under strong and 
electromagnetic forces, so it should live for 
j about 19-*° sec and decay by weak inter- 
i actions. Thus, this particle should produce 
; a track :n a bubble chamber, and its decay 
could be observed. A- mesons of sufficient 
energy colliding with protons should ocea- 
sionally create these Q- particles. Groups 
at the CERN and Brookhaven Laboratories 
started the hunt for the Q- at the end of 
1962. At CERN we first used K- mesons of 
momentum 3-5 GeV/c, but found no evi- 
dence fer the elusive particle. We then 
decided to raise the K- momentum to 
6 GeV /e but, due to a number of difficulties, 
this experiment was delayed as late as the 
summer of 1964. Meanwhile, the Brook- 
haven group set up a 5-GeV’c K- beam 
and early in 1964 they found a truly 
remarkable photograph of a Q- production 
and deeay. The evont is shown in Fig. 5. 
Apart from the production and decay 
of the {2--particle, this photograph shows 
the comversion of two y-rays to elec- 
tron pairs, a very umasual process in liquid hydrogen. 
Calculations showed that the mass of the Q- was 
very close to the predicted value. This was a great 
triumph for the new theory involving particle sym- 
metries. 

The new theories have shown us some very beautiful 
symmetries or patterns between the large number of 
particles and resonanees. It is comforting to feel that 
there is order and syssem in a very complex situation. 
But how do we stand new in our quest for the fandamental 
building bricks of our world ? Recently, it has become 
apparent that it is possible to account for the properties 
of the particles by assuming they are built up of a hitherto 
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Fig. 5. The first O~-hyperon, a K- meson of 5-0 GeV/e interacts in the Brookhaven 80 in. 


hydrogen bubble chamber, The interpretation of the event is as follows : 
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undiscovered entity with three states called quarks (from 
a quotation from Finnegan's Wake) by Gellman. The 
theory does not actually require the quarks to exist, but 
it would simplify things if they did. Some strange 
properties of the quarks can be predicted; for example, 
they would have fractional electron charges. Unfortun- 
ately, their masses cannot be predicted. Needless to say, 
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experimentalists have searched for the 
quarks, but so far with no success. Possibly, 
they are so massive that the CERN and 
Brookhaven machines have insufficient 
energy to produce them. Very recent 
developments to the symmetry theories 
suggest that if the quarks do not exist then 
the basic objects may be two in number, 
the meson manifesting itself in a large 
number of states. All these developments 
are very new, and much more experimental 
and theoretical work is required. At least 
we can now feel that, after all the excite- 
ment of discovery of so many new particles, 
there is now some indication that they are 
constructed from some basic states. 

High-energy physics effectively started 
after the Second World War with the 
confirmation of the Yukawa hypothesis. 
As we look back to this discovery nearly 
twenty years ago, we realize how much 
has been achieved. The great accelerat- 
ing machines have provided the experi- 
mental physicist with intense beams of 
particles for a great variety of experiments, 
and now the theoreticians are making 
exciting progress in the interpretation 
of the results. But what future develop- 
ments must be expected ? 

During the past few years, high-energy 
physicists in the United States and in 
Europe have been considering future pro- 
grammes. Two clear conclusions have 
emerged. First, that the present large accelerators, par- 
ticularly at Brookhaven and CERN, should be improved. 
The intensity of the proton beams can be increased sub- 
stantially and new experimental facilities, particularly 
large particle detectors, will be needed for the sophisticated 
experimental programme of future years. Secondly, it 
has gradually become clear that higher energy proton 





Fig. 6. A photograph of a model of the proposed 300-GeV protonsynchrotron 
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beams must be made available if we are to penetrate 
further into the structure of the nucleons. 
When a fast proton from a machine collides with a 
_ Stationary nucleon its energy is used up in two ways. 
Some is used to make new particles but, unfortunately, 
the larger part goes into the recoil of the whole system 
* composed of incident particles and secondary particles 
created in the collision. If we call Hy, the useful energy 
sah creating particles, then relativistic mechanics shows 
that: 


Eu As \/2E.GeV 


_ where Ea is the of the accelerated protons. Some 
interesting data for the CERN machine and for possible 
future machines are given in Table 3. 


Table 3 
Ea Eu 
(1) Existing CERN 28 GeV 7 GeV 
(2) Proposed 300GeV 24 GeV 
* i Eu = 2 x 28 GeV = 66 GeV 
Effective Ea = 1,700 Gev 
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perhaps economical suggestion but, unfortunately, there 
are snags. 

The colliding beam system is equivalent to firing two 
streams of machine-gun bullets at one another and hoping 
for collisions. In fact, they will only occur very rarely 
indeed. It seems possible to build a large ring-shaped 
machine adjacent to the existing proton-synchrotron at 
CERN. This new ring is called a storage ring. It would 
be fed with two beams of particles from the existing 
machine, one revolving dockwise and one anti-clockwise. 
If these beams are kept apart, but are slowly built up in 
intensity to currents of about 10 amp and then allowed 
to interact in a region of ultra-high vacuum, about 10,000 
head-on collisions per see should occur. This appears at 
first sight to be a high gate. It is, in fact, eight or nine 
orders of magnitude smal er than the 10" or 10° collisions 
per see which could bə achieved with the 300-GeV 
machine. Nevertheless, it is worth while building a storage 
device, which is called an intersecting storage ring (ISR), 
in order to obtain a glimpse into very high-energy physics. 
The French Governmen: has given CERN a piece of 
France which is close to the existing machine and which 
would be suitable for ar ISR. Many people hope that 
an early decision will be made to build this addition 


to the CERN machine. Together with the improve- 
ment programme already referred to, it forms an attrac- 
tive programme of work for the Geneva laboratory for 
the next fifteen years or so. An artist’s impression 
of the CERN laboratory with the storage ring is shown 
in Fig. 7. 


If the incident energy is increased ten-fold to 300 GeV, 
@then the Ey is only increased to 24 GeV. The law of 
diminishing returns operates rather strongly here. It 
shows, however, that only a substantial step forward would 

- be worth while. After many deliberations European 
high-energy physicists have proposed that a 300-GeV 


machine should be constructed somewhere in Europe. 
If a decision to construct could be taken early in 1967, 


the machine could probably be completed by the end of 


1974. Such a machine, which would be ten times the size 
of the present one, is clearly a very costly project to build 
and particularly to operate. Nevertheless, if high-energy 
physics is to be pursued actively in Europe up to the end 


of the present century, such a machine is an indispensable 


tool. A photograph of a model of the proposed machine 
is shown in Fig. 6. 

People dream of the possibility of building still larger 
machines up to 800-1,000 GeV. Existing technology is 
sufficiently developed for such a project, but, naturally, 
the cost both in skilled manpower and money is very high. 
Eventually, it is to be hoped that such a machine will be 
built as an intercontinental collaboration, rather than as a 
purely European effort. 

A possible way of overcoming the slow increases of Ey 
with Ea has been studied extensively in recent years. The 
suggestion is to allow two beams of fast particles travelling 

"in opposite directions to collide together. When this 
happens, Eu becomes twice the proton energy. Table 3 
shows that if this could be achieved with the 28-GeV 
protons at CERN, the result is apparently equivalent to 
puilding a 1,700-GeV machine for protons incident on 


stationary targets. This looks a most attractive and 


= 
- C 


Thus, the new programme for Europe provides for an 
oxtension of the existing work at Geneva and, with first 
priority, for a new laboratory for the 300-GeV machine. 
Governments are now being asked to submit possible new 
sites for consideration. It would be immensely valuable 
to British physics, which has contributed so much to this 
field—Rutherford, Chadwick, Powell, to quote only a 
few—if it could be built in Britain. 

The past twenty years have seen great achievements. 
We have looked into the smallest spaces of the physical 
world, into the structure of the nucleons themselves. 
We have seen enough to -ealize that much remains to be 
discovered. Paradoxical y, we need much larger and 
more powerful accelerating machines in order to look more 
closely into these spaces only 10-** em in diameter. Some 
people may feel that thi penetration into the structure 
of the nucleons is scarcely worthwhile. The real reason 
for making new investigations is that we do not really 
know what are the basie building bricks of our world. 
Our story, which started 2,000 years ago with the specula- 
tions of Democritus, has not reached an ending yet. 
It would be tragic if the European community decided 
not to accept this challenge. I hope that a favourable 
decision on the new pregramme at CERN and on the 
300-GeV machine will be reached by the European 
Governments. 
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NEWS and VIEWS 


American Geophysical Union Awards 


Tue following awards have recently been made by the 
American Geophysical Union: 

William Bowie Medal, the Union’s highest award, to 
Prof. Hugo Benioff, retired professor of seismology in 
the California Institute of Technolegy and designer of the 
well-known Benioff seismograph. It formed the basis 
of the detection system recommended by the Geneva 
Conference of Experts for detecting nuclear explosions. 
Benioff also developed sensitive microbarographs, mag- 
netovariagraphs, underwater sound transducers, oscillo- 
graphs, and galvanometers. He was the first to suggest 
that the acceleration spectrum was the important constant 
to consider in antiseismic design. 

John A. Fleming Award to Norman F. Ness, staff 
scientist at the National Aeronautics and Space Adminis- 
tration’s Goddard Space Flight Centre at Greenbelt, 
Maryland, for his work on the magnetic field experiments 
of the [MP-1 satellite of the Explorer series. 

Ness’s experiments with this orbiting platform yielded 
the best measurements taken so far of the interplanetary 
magnetic field, the magnetic field shock boundary, the 
geomagnetic cavity boundary, the wake of the Moon, 
and the magnetic tail of the Earth. 

James B. Macelwane Award, given in recognition of 
outstanding contributions to the geophysical sciences by a 
young scientist, to Prof. Gordon J. F. MacDonald, an 
associate director of the Institute of Geophysics and 
Planetary Physics in the University of California at Los 
Angeles. His wide-ranging research across the broad 
field of geophysics touches almost every major area of 
geophysical endeavour. 


Geology and Geophysics in Massachusetts Institute of 
Technology 


Pror. Frank Press, at present professor of geophysics 
in the California Institute of Technology and director of 
that Institute’s Seismological Laboratory, has been 
appointed to succeed Prof. Robert R. Shrock, professor 
of geology, as head of the Department of Geology and 
Geophysics in the Massachusetts Institute of Technology. 


Prof. R. R. Shrock 

Pror. SHRocK is a recognized authority on life-forms 
which existed on Earth in past geological periods and on 
the investigation of sedimentary rock formed from pre- 
existing rock material and from remnants of living matter. 
Prof. Shrock requested that he be relieved of the adminis- 
trative duties of the Department more than a year ago, in 
order to concentrate on research, writing and teaching in 
his several fields of interest. Under Prof. Shrock’s leader- 
ship, the Institute’s academic programme in the geo- 
sciences has undergone vigorous expansion. It has become 
more and more quantitative, and has developed an 
increasingly close relationship with mathematics, the 
physical sciences and engineering. Also during his tenure 
as department head, Prof. Shrock played a key part in 
expanding and strengthening the teaching and research 

relationships of the Institute with the Woods Hole 
Oceanographic Institution. 

The Department recently moved into the Institute’s 
new 20-storey Cecil and Ida Green Building and forms, 
with the Department of Meteorology, also located in the 
Green Building, the core of the interdepartmental M.I.T. 
Center for Earth Sciences (Nature, 205, 15, 1965). 


Prof. F. Press 


Pror. Press has been a leader in the investigation of 
the structure and internal movement of the Earth through 


the detection, measurement and analysis of seismic 
data—shock waves travelling through the Earth from 
such sources as earthquakes and nuclear weapons tests. 
In 1959, he was part of a team of geophysicists who first 
identified free oscillations that reverberate for a long period 
following an earthquake and cause the Earth to vibrate like 
a ringing bell. The team detected these free oscillations on 
a large scale following the giant 1960 Chilean earthquake 
and again following the 1964 Alaskan earthquake. 

Prof. Press has also played an important part in measur- 
ing the thickness of the Earth’s crust and mantle both 
beneath oceans and continents. During the International 
Geophysical Year, he helped to show that the portion of 
the Earth’s crust occupied by the North American con- 
tinent is 23-30 miles thick. In recent years, he has been 
active in developing seismic techniques for the detection 
and measurement of nuclear weapons tests. 


Applied Mathematics in the University College of 
Swansea : Prof. H. N. V. Temperley 


Dr. H. N. V. TEMPERLEY, senior principal scientific 
officer at the Atomic Weapons Research Establishment, 
Aldermaston, has been appointed to the chair of applied 
mathematics in the University College of Swansea in 
succession to Prof. J. G. Oldroyd, who has been appointed 
to the chair of applied mathematics in the University of 
Liverpool (Nature, 204, 1138; 1964). Dr. Temperley has 
worked in a number of different fields, and has published 
more than fifty original papers on subjects ranging from 
biophysics to magnetism and liquid helium. His central 
interest has always been phase transitions. He was 
awarded a Smith’s Prize in 1939 for a preliminary investi- 
gation of this field under the inspiring direction of R. H. 
Fowler. During the Second World War he worked at 
three Admiralty establishments on underwater weapons 
and their effects on structures. Returning to Cambridge 
in 1945, he held various research and teaching posts in 
Cambridge and the United States, including a fellowship 
at King’s College and the Royal Society Smithson research’ ™ 
fellowship. He has been a senior principal scientific 
officer at Aldermaston since 1955, where he has worked 
on various problems in neutron transport, hydrodynamics 
and equations of state. His two technical books, Properties 
of Matter (1953) and Changes of State (1956), have both 
been successful: the former is about to go into a third 
edition, while the latter was the main publication sub- 
mitted for the Se.D. degree, which he received from 
Cambridge in 1958, but it is now largely out of date as 
a result of the recent growth of interest in this field. He 
is keenly interested in the relationships of science and 
other branches of knowledge, illustrated by his A Scientist 
Who Believes in God (1961). His father, mother and a 
grandfather were all university teachers and he has 
strong family associations with Wales. 


Inorganic Chemistry in the University of Leicester : 
Prof. R. D. Peacock 


Dr. R. D. Peacocr, senior lecturer in inorganic chem- 
istry in the University of Birmingham, has been appointed 
to the new chair of inorganic chemistry in the University 
of Leicester. Dr. Peacock graduated at King’s College 
in the University of Durham in 1948 and was awarded 
his Ph.D. in 1951 for researches in inorganic chemistry ' 
carried out under the direction of Prof. P. L. Robinson.” 
He was appointed a temporary assistant lecturer at New- 
castle upon Tyne in 1952 and then moved to the Imperial 
College of Science and Technology, where he was assistant 
lecturer (1953) in inorganic chemistry and lecturer (19564 





58 
istry, becoming senior lecturer in inorganic chemistry in 
1964. Dr. Peacock is distinguished for his researches in 
<> the field of inorganic compounds of fluorine and has more 
. than fifty publications to his credit. He has spent several 

. periods working in the United States at the Argonne 





). He then went to Birmingham as a lecturer in chem- 


Laboratories. He is a prominent leader in the Scout and 
Rover Movement and is an enthusiastic vice-president of 
the University of Birmingham Athletic Cross Country 
Club. 


Commonwealth Education Liaison Committee 


In a written answer in the House of Commons on April 
29, the Parliamentary Secretary to the Ministry of Over- 
seas Development, Mr. A. E. Oram, stated that Mr. A. R. 
Thomas represented the United Kingdom on the Common- 
wealth Education Liaison Committee. The terms of 
reference of the Committee were to consider matters of 
principle arising from schemes of Commonwealth co- 
operation in education which might be referred to it, and 
any suggestions for further improving Commonwealth 
co-operation in education to ascertain what information 
would be of value to member Governments and to suggest 
the most convenient manner of obtaining it, and to act 
gonerally as a centre of reference to develop and improve 
Commonwealth co-operation in education; to undertake 


such functions as are by agreement assigned to it from 


time to time consequent on Commonwealth Education 
Conferences—these would include publishing reports on 
the Commonwealth Scholarship and Fellowship Plan, 
improving arrangements for Commonwealth co-operation, 
preparing material for further Commonwealth Education 
Conferences, and advising on requests for assisting in 
concluding bilateral arrangements; to undertake, subject 
to the normal method of implementing co-operation 
through bilateral contracts, such other functions as seem 
necessary and feasible to develop and improve Common- 
wealth co-operation in education. 


High-energy Physics 

In reply to a question in the House of Lords on April 13, 
the Minister of State for Education and Science, Lord 
Bowden, said that the Government would pay its con- 
tributions to the normal expanding programme of the 
European Organization for Nuclear Research, and the 
size of these contributions for 1965 and 1966 had already 
been agreed. The administration had formally proposed 
that storage rings should be added to their present machine 


-< and the Government was now considering whether the 








merits of the proposal justified the expenditure involved. 
The design study of the possible 300-GeV accelerator was 
not yet complete and to assist this study the Government 
had put forward for appraisal a possible site for such a 
machine near Mundford in Norfolk; however, this did 
not imply any commitment to participate in the building 
of a European 300-GeV accelerator. It was hoped to 
reach a decision about the storage rings in June and this 
would add £5-6 million a year to the expenditure from 
1967-68, to which Britain should contribute about one- 
quarter. The big machine, if it were decided to build it, 
would cost at least £120 million, but he thought that this 
figure would be very considerably exceeded. The decision 
whether to proceed would not be taken until the autumn 
and would depend entirely on the total resources available 
for nuclear physics in Britain and in Europe. The pro- 
gramme for the European Organization for Nuclear 
Research was decided by a committee including repre- 


. sentatives of all the participating countries. 


Nuclear Propulsion of Merchant Ships 


o Repryine for the Government in a debate in the House 


of Commons on the nuclear propulsion of merchant ships 
April 15, Mr. R. Mason, the Minister of State, Board of 
de, pointed out that, while a working reactor could be 


NATURE 


designed and built, and a hull and engine produced of 
suitable configuration for operating with it, building a 
prototype ship was not an end in itself. The question was- 
whether the construction and testing of a prototype would — 
provide sufficient information to lead to a design for a 
genuinely economic merchant ship. There were two other 
more difficult questions: When would nuclear power prove 
economic for merchant ships? At what stage would it be 
best for a country with limited resources to throw in 
such resources as it couid devote to this particular field of 
technology? The Padmore Group estimated that a 
development programrae would cost some £15 million 
over about five years and envisaged a continuing pro- 
gramme of research anc. development beyond that period. 
So far, industry had shown little enthusiasm for bearing 
even a proportion of the costs in excess of those of building 
and operating a conventional ship equivalent to the 
proposed nuclear ship. There was need to examine 
carefully not only the ehannels of expenditure on a 
prototype leading to che successful development of a 
design for an economic merchant vessel, but also the 
benefits which could be expected to accrue from such 
excesses. These benefits would depend on the extent to 
which the design evolved was superior to those developed 
elsewhere. The Goverament had no alternative but to 
examine the whole matter afresh and it was not yet ready 
to indicate what its decision would be. 


Teaching Mathematics in Schools 


In reply to a questien in the House of Commons on 
May 6, the Secretary of State for Education and Science, 
Mr. A. Crosland, said that the Schools Council was conduct- 
ing a general review of the sixth-form curriculum. This 
review included a study of sixth-form mathematics, and 
the Council was publishing a bulletin on primary 
mathematics as well as collaborating with the Nuffield 
Foundation in a primary mathematics project. Secondary 
mathematics, including sixth-form mathematics, was being 
studied by the ‘School Mathematics Project’, directed by 
Prof. Thwaites of the University of Southampton, and 
the Department of Edueation and Science was organizing 
some short courses for mathematics teachers. A com- 
mittee, with Sir Neill Mott as chairman, which recently 
examined the supply of graduate school teachers of 
mathematics, recommended in its report a continuing 
expansion of university mathematics departments and a 
broadening of the range of courses which they offer, in 
order to provide the schools with a sufficient supply of 
teachers of mathematica 


The Patents (Employees’ Inventions) Bill 


THe Patents (Employees’ Inventions) Bill, which 
received a second reading in the House of Lords on 
April 27, has the simpie purpose of restoring the law 
governing rights in employees’ inventions to what it was 
believed to be before tha case of Patchett versus Sterling 
Engineering Co., Ltd., was decided in the House of Lords 
in 1955. In moving the second reading, the Parliamentary 
Secretary to the Board ef Trade, Lord Rhodes, explained 
that before 1949, when Section 56 (2) of the Patents Act 
was enacted, where was no statutory or other provision 
under which an employee-inventor in private industry had 
the chance of obtaming some reward for the exercise of 
his inventive skill. A Departmental Committee had been 
set up in 1944 under Sir Kenneth Swan as chairman to 
consider what changes wero desirable in the Patents and 
Designs Act. This committee bad recommended that the 
High Court and the Camptroller of Patents should be 
empowered to apportion the benefit of an invention or a 
patent between the employer and the employee who made 
the invention, in circums:ances where it could be said that. 
neither party was exclusively entitled to the whole benefit 
of the invention or pateat. This recommendation led to 
Section 56 (2) of the Patents Act, 1944, but when the case 
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of Patchett versus Sterling Engineering Co., Ltd., came 
before the House of Lords from the Court of Appeal, 
Mr. Patchett’s application was refused because under the 
Common Law of the Land every invention, according to 
the circumstances in which it was made, belongs wholly 
either to the employer or to the employee, in the absence 
of an express agreement to the contrary. Since then the 
Section in question has virtually become a dead letter and 
the present Bill was intended to rectify this by giving in 
Clause 1, sub-section 1, both the employer and the 
employee a right to so much, if any, of the benefit of an 
invention or patent as may be just. Sub-section 2 of 
Clause 1 then changes the law as laid down in the Patchett 
case by stating in effect that the Court or Comptroller of 
Patents shall not be bound by any rule of law or imphed 
agreement under which the benefit would belong ex- 
clusively to one of the parties. The power to apportion, 
however, does not prevent effect being given to the express 
terms of any agreement which may have been reached by 
employer and employees as to who shall have the benefit, 
either in the terms of employment or “in circumstances 
connected therewith’, but it does not give power to appor- 
tion the legal title. The second reading of the Bill was not 
opposed, though it was suggested that some guidance 
should be given to the Court or the Comptroller by 
indicating what factors should be taken into account in 
determining what is just. 


Smuts as a Man of Science 


Is his Smuts Memorial Lecture at the University of 
Cambridge last November, now published under the title 
Smuts: Study for a Portrait (Pp. 31. London: Cam- 
bridge University Press, 1965. 3s. 6d. net), Prof. W. K. 
Hancock re-examines the presidential address, “‘ The 
Scientific World Picture of To-day”, which Smuts 
delivered to the British Association for the Advancement 
of Science at its centenary meeting in 1931. Smuts him- 
self concluded that his world picture was necessarily 
provisional and that to-morrow would certainly be 
different, but while some recent developments in astron- 
omy have called in question Smuts’s confrontation of 
cosmic decline and organic evolution, all ten of the 
scientifie colleagues whom Prof. Hancock consulted 
agreed as to the accuracy and good proportions of Smuts’s 
factual reporting—eight of them considered that, with 
some reservations, the lecture would be just as much 
worth hearing to-day as when it was delivered. One who 
held a contrary opinion did not accept its holistic con- 
cept; the other adverse critic, an astronomer, appeared 
to start from the Baconian theory of scientific method. 
Prof. Hancock himself maintains that the lecture has a 
religious as well as a scientific character and recognizes 
in it two languages of discourse—Smuts asks questions 
not only about the natural world but also about his 
own place within it. He asks both what makes the 
universe behave as it does and what makes him behave 
as he does, the latter leading him inte the further ques- 
tions how ought he to behave and what values did he 
recognize and maintain? It is from the answers Smuts 
attempted to give to these questions that Prof. Hancock 
attempts to portray Smuts as a man of science and 
to outline his religious odyssey. He suggests that the 
address to the British Association was both a sum- 
mation of his book, Holism and Evolution, and a pro- 
gramme for a new book. Later, Prof. Hancock hopes to 
produce the evidence that Smuts gave a new deal to 
South African scientists and to science in South Africa. 
Here he only depicts the progress of Smuts from his 
affirmation in 1932 that the human spirit has firm 
anchorage, and merits response and hospitality from a 
friendly and kindly universe, to his belief that the moral 
government of the world is inseparable from our moral 
backing, through the Second World War years, and his 
summit of 1943 to the chasm and disappointment of his 
last. decade. 





The Wellcome Trust 
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Tur fifth report of the Wellcome Trust covers the years 
September 1962—August 1964, during which the Trustees 
allocated more than £2 million in support of experimental 
and historical research in human and animal medicine, 
bringing the total allocation since the creation of the 
Trust to more than £7 million (Pp. 102. London: The 
Wellcome Trust, 1965). Fifty-eight buildings for research 
were completed and another 28 are under construction. 
New capital grants for buildings during the period 
totalled £784,550, including one of £60,000 to the Royal 
Society to cover the cost of meeting-rooms in its new 
premises at Carlton House Terrace. Grants for equipment 
are now concentrated on special cases for which inde- 
pendent funds can be most useful, and grants for this 
purpose during the period totalled £427,520. Besides the 
grant to create a Wellcome research fellowship for 
Prof. L. C. Beadle at Makerere University College, — 
Kampala, Uganda, to enable him to spend all his time on 
research and writing up his results after retiring from his 
teaching post, research fellowships, scholarships and 
personal grants amounted to £336,175, while £148,932 
was allocated for research expenses and £75,652 for 
travel grants. Grants for the costs of symposia amounted 
to £5,100, and grants in aid of publications to £10,300. 
Of the £35,425 for medical research, museums and lib- 
raries, £20,700 went to the Faculty of Radiologists, 
London, towards the establishment and maintenance for 
three years of a library of radiographs for use as a research 
reference and teaching collection. £215,846 were expended 
on the running expenses of the Wellcome Historical 
Medical Museum and Library and other grants to assist 
the history of medicine totalled £120,000. Commenting 
on the place of the Trust in support of research, the 
Trustees point out that hitherto the largest share in the 
grants made from the Trust’s funds has been for the 
provision of new buildings or the extension of those 
already available. They do not think under present 
conditions they should regard so extensive an allocation 
for this purpose as a permanent feature of their policy, 
and they are watching the effect of the Robbins Report 
on the field of medical research. The position has been 
somewhat similar in regard to the provision of special 4 
items of research equipment. The Trustees point out 
that far higher financial resources would be required to 
enable them to accept responsibility for the permanent 
maintenance of research institutions as an established item 
of policy. Their policy is largely based on the considera- 
tion of each problem on its merits and in relation to funds 
available from other sources. They have also given 
thought to the special problem of support of research 
overseas, and consider that the need and opportunity for 
development of increased knowledge of medical problems 
in the tropics are still very great and the available funds 
limited. They are exploring ways in which they can | 
promote medical research of high quality in and for the — 
tropical areas with these general considerations in mind. 


Fluid Control J 

AN informative booklet entitled Pacemakers in Fluid. — 
Control has recently been published by the Hymatic 
Engineering Co. Ltd., a member of the Chloride Group. ` 
(Pp. 32. Redditch: The Hymatic Engineering Company, — 
Ltd.). This Company’s activities cover a wide range of 
interests in a highly specialized field which includes ~ 
project studies in fluid control, ana extend from propane > 
reaction jet-control systems for satellites through miniature.. 
cooling systems producing liquid air, hydrogen, neon and — 
helium, hot-air valves and control systems, fuel pressuriza- 
tion systems including compatibility with exotic fuel, to — 
the full span of ‘Hymatic’ products. Fluid control is the — 
art of manipulating the pressure and flow of both liquids | 
and gases; these can range from gases near the temperature 
of the Sun created in plasma physics research down to 







ud iian at about — 269° C. The Company’s activities 
o not as yet cover the whole of this range, but the booklet 
makes it clear that the Company rightly regards itself as 
being in the vanguard of research on the applications 
> Of fluids: “We are already extremely well versed in the 
a idiosyncracies of fluids, from hot engine gases down. to 
_ those at very near absolute zero’. Hymatice claim that 
- since 1955 they have been pioneers in the field of cryogenic 
engineering, the study and control of very low temperature 
down to about 4° K. “There are innumerable applications 
for low temperature equipment, military, commercial and 
in research. First, information applications—-masers and 
lasers, computer cryotrons and mia- rod detectors ; 
secondly, power applications 
conducting cables and high magnetic "Beld — for 
superconducting solenoids in plasma physics; and lastly, 
a broader field of research applications in solid-state 
physics, space chambers and bubble chambers.” 
The Company considers the science of cryogenics 
so important to-day that it has joined with three 
other companies active in this field to form a new con- 
:_ sortium, Cryosystems, Ltd., with the view of developing 
and manufacturing equipment, at the same time under- 
taking a continuing programme of original research in 
this modern discipline. This little publication is profusely 
illustrated, much of it in colour, and presents the reader 
with a realistic approach to the frontiers of a subject 
still only in its infancy. 








Varian Fellowship 
Varian A.G. is inviting applications from physicists and 
chemists who have recently obtained the degree of Ph.D. 
for its 1966 Fellowship. The successful candidate, who 
will be awarded 6,000 dollars, will spend twelve months 
in the Varian Research Laboratories in Zurich, com- 
` mencing in autumn 1965. There he may continue work 
in the field of his thesis or can carry out research in a 
new field with one of the Varian staff. Problems involving 
the aid of magnetic and electron resonances are of special 
interest, as are those concerning solid-state physics with 
nuclear resonance. Further information prior to applica- 
tion can be obtained from Varian Associates, Ltd., 
Russell House, Molesey Road, Walton-on-Thames, Surrey. 
Applications should be sent to Dr. W. G. Proctor, Varian 
AG., Klansstrasse 43, Zurich 8. 


Gordon Research Conferences, 1965 
Pur Gordon Research Conferences, which are designed 
_ to stimulate research in universities, research foundations 
ois and industrial laboratories, will be held this year at five 
~ locations in New Hampshire during June 14~September 3. 
O Eifty-four five-day conferences will be held, covering a 
wide range of topics in the physical and biological sciences. 
The purpose of the Conferences is to discuss the latest 
= seientifie developments, analyse their significance, and 
— provoke suggestions for further research. Residence and 
registration charges for each Conference will amount to 
- 115 dollars. Further information and forms of application 
can be obtained from Dr. W. George Parks, director, 
. Gordon Research Conferences, University of Rhode 
z5 Island, Kingston, Rhode Island. 


= University News : Birmingham 


. ‘Te following appointments have been announced: 
Senior Lectureships, Mr. W. R. H. Batty, Dr. E. J. Forbes, 
Dr. C. R. Patrick and Dr. L. F. Thomas (chemistry); 

~ Dr. R. W. Murray (zoology and comparative physiology); 
co Dr. C. E. Harrold (botany); Dr. R. G. O. Kekwick and 
¢ Dr. F. W. J. Teale (biochemistry); Dr. K. B. Haley 
(engineering production); Dr. D. C. Cooper (electronic 
electrical engineering); Mr. J. W. Carter (chemical 
meering); Mr. A. G. Gregory (mining and minerals 
neering); Lectureships, Mr. M. C. Lewis (botany); 
R. T. Walker and Dr. D. W. Davies (chemistry) ; 
i. J —— (electronic and electrical engineering) ; 
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Dr. R. Coleman (medical biochemistry and pharmacology) 
Dr. J. H. Pearce (microbiology); Dr. B. L. Reece (physies) 
Research Fellowships, Dr. J. Betts and Dr. K. Tot 
(chemistry). — 

London 


Dr. J. G. VALATIN reader in the University of Bir- 
mingham, has been appointed to the chair of theoretical 
physics, tenable at Queen Mary College. Dr. J. W. 
Bradbeer, lecturer in botany at the University College of- 
Wales, Aberystwyth, has been appointed to the readership 
in botany tenable at King’s College. The followi — titles. 
have also been conforred: Professor, Dr. J. Clunie. 
(pure mathematics, in respect of his post at the , Imperial : 
College of Science anc. Technology); Dr. H. I. Winner: 
(bacteriology, in respect of his post at Charing Cross. 
Hospital Medical School); Dr. G. H. Arthur (veterinary. 
obstetrics and diseases of reproduction, in respect of his. 
post at the Royal Veverinary College); Reader, Dr. P. 
Alexander (radiobiology, in respect of his post at the 
Institute of Cancer Research, Royal Cancer Hospital); 
Dr. I. M. Roitt (immuao-pathology in respect of his post 
at Middlesex Hospital Medical School). 


Announcements 


Mr. P. PARKIN, an acoustics scientist at the Building 
Research Station, Garston, Watford, has received the 
Wolfe Award for 1964, for his work on acoustic design in 
buildings and his invention of ‘assisted resonance’ for 
modifying and improving hearing conditions in auditoria. 
It was presented by the secretary of the Department of 
Scientific and Industrial Research, Sir Harry Melville, at 
the Building Research Station on March 16. This award 
of £500 is the seventh of ten to be made annually under the 
terms of the Wolfe bequest to the research worker in the 
Department of Sctentific and Industrial Research who 
makes an outstanding contribution to the research of the 
Department during the previous year. 

Dr. R. W. Princie, Dr. G. M. Brownell, Dr. K. I. 
Roulston and Dr. B. L. Funt were awarded the 1965 Inco 
Platinum Medal of the Canadian Institute of Miming 
and Metallurgy, at the annual general meeting of the 
Institute in Toronto, on March 30, for their develop- 
ment of the scintillometer and berylometer, instruments 
which have proved of great value in the exploration, 
development and expleitation of mineral and petroleum 
resources. 

THE annual Dale Leature of the Society for Endocrin- 
ology will be delivered by Prof. A. S. Parkes at the 
Zoological Society of Landon on May 27. Further informa- 
tion can be obtainec from Prof. I. Chester Jones, 
Department of Zoology, the University, Sheffield 10. 

A CONFERENCE on “Structure and Control of the 
Melanocyte”’, organized under the auspices of the Research 
Commission of the International Union Against Cancer, 
will be held in Sofia duriag May 25-29. Further information 
ean be obtained from Prof. N. Anchev, Oncological 
Institute, Sofia. 

A MEETING on “Non-steroidal Anti-inflammatory 
Agents”, arranged jointly by the Fine Chemicals Group 
and the Edinburgh Sestion of the Society of Chemical 
Industry, will be held in Edinburgh during May 28-29. 
Further information can be obtained from the Assistant 
Secretary, Society of Chemical Industry, 14 Belgrave 
Square, London, S8.W.1. 

AN international meeting on “‘Scientific and Practical 
Aspects of Colour” wil) be held in Lucerne during May 
3l-June 4. The programme will include sessions on: 
colour measurement; physiology; colorimetrics and 
colour systems; colour conditioning; calculation of dye 
recipes; colour and arts reproduction of colours; colour 
education, Further infcrmation can be obtained from the. 
Secretary of the Swiss Organizing Committee for the 
International Colour Meeting, 1965, Seefeldstrasse 301, 
8008 Zurich. pi 
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HIGHER EDUCATION IN BRITAIN 


HE short debate on higher education in the House 

of Commons on March 25 was notable chiefly for the 
speeches by Sir Edward Boyle, who opened the debate, 
the Secretary of State for Education and Science, 
Mr. Anthony Crosland, and the Minister of State, 
Department of Education and Science, Mr. R. E. Prentice, 
who replied. 

Sir Edward Boyle began by suggesting that the 
objective of 390,000 places in higher education by 
1973-74, including 218,000 in the universities, had 
largely been rendered obsolete by the march of events 
since the Robbins Report was published. In place of the 
10-8 per cent of the university age group which was then 
expected to get two or more passes at the Advanced 
Level Examination of the General Certificate of Education 
by 1973, a figure of 13 per cent was now expected. He 
suggested that the trend in the numbers achieving this 
level was a reasonable guide to the scale of higher educa- 
tion required. He pointed out that on present projections 
there would now be at least 70,000 students taking full- 
time courses of advanced study in regional and area 
technical and technological colleges in 1973-74, instead 
of the 50,000 expected. Sir Edward welcomed as entirely 
right the statement, issued on February 24, on univer- 
sities and the supply of teachers, especially the decision 
not to have an exclusive category of higher technological 
institutions. He was somewhat concerned, however, 
about the 1,500 vacant places in science and technology, 
particularly in the rather disturbing swing away from 
science in the sixth form. As regards the colleges of 
advanced technology, he hoped that they would con- 
contrate on high-level teaching as well as on learning 
and research and that the pressure on the colleges to 
become more academic when they received their charters 
would be resisted. Sir Edward strongly emphasized the 
importance of the technical colleges and welcomed Lord 
Bowden’s statement on March 19. He thought that there 
was a continuing place for the non-autonomous sector 
within Britain’s national system of higher education, but 
he did not think that anything like all the students in 
higher education wished to be in institutions the values 
of which were primarily academic. While he agreed that 
the highest possible standing should be given to the 
Council for National Academic Awards, the need ought 
to be considered for a regional organization of non- 
autonomous higher education. He also supported the 
idea of experimenting with new types of hybrid institu- 
tions of higher education. 

Mr. Crosland emphasized that, as regards the new 
- Technological University Institute in the North-east, 
what was contemplated was the creation of a new and 
possibly novel foundation. Referring to the 1,500 
vacancies in science and technology, he pointed out that 
the universities were making extra places available more 
rapidly than the supply of suitable candidates. However, 
Prof. F. 8. Dainton, of the University of Leeds, was under- 
taking an enquiry into the supply of candidates for the 
universities in science and technology. One of the initial 
tasks would be to analyse the statistical evidence bearing 
on the choice of course in science and technology by 
eligible candidates, and the services of his Department 
were being placed at Prof. Dainton’s disposal. Moreover, 
serious steps were now being taken to attract more 
recruits from both universities and training colleges into 
science teaching, and special priority was being given to 
the needs of science within the schocl building programme. 
The Department had sponsored research projects in 


teaching science and mathematics and was co-operating 
with the Nuffield Foundation, which had devoted £500,000 
for this purpose. The School’s Council had begun a major 
study of sixth-form curricula and examinations, and the 
Department was planning for a major contribution from 
regional and other senior colleges within the system of 
further education. Although the National Advisory 
Council on the Supply of Teachers had completed and 
approved its report, the report had not yet been formally 
submitted to the Minister, but on the mam question of 
the supply of teachers the present situation was very 
disturbing. There were at present about 290,000 teachers 
in primary and secondary schools—-55,000 fewer than were 
needed to reduce class sizes to 40 in primary schools and 
30 in secondary schools. Over the next ten years the 
school population would rise from about 7 million to 
9-5 million in 1976, and of this rise 350,000 would be due 
to the raising of the school-leaving age in 1970-71. With- 
out allowing for any improvement in the size of the 
classes, we should need 100,000 more teachers in 1976. 
The programme announced on February 24 would give 
no improvement until the ‘seventies, but it should reduce 
the deficit of teachers to 13,000 by 1976 and eliminate 
oversize classes by 1978. Mr. Crosland agreed most 
strongly with Sir Edward that education should not 
simply be looked on as a form of consumer goods, but 
overwhelmingly as an investment. 

Mr. R. E. Prentice said that the current rate of award 
for student grants was at present under review by the 
Standing Advisory Committee on Grants to Students, and 
a report from this Committee was expected shortly. The 
two specialized schools for management studies expected 
to take their first students in the autumn of this year, 
and Mr. Prentice said he would like to see the attitude of 
management towards further education closer in some 
ways to that of the Armed Forces. 

Miss H. Anderson and Mrs. S. Williams referred to the 
importance of encouraging girls at the secondary school 
stage to take more interest in science subjects, and Mrs. 
Williams also suggested that the possibility should be 
considered of work on joint development and research 
studies between industry and the technical universities, 
as is practised in the United States at the Massachusetts 
Institute of Technology and at the California Institute of 
Technology. Mr. W. Hannan referred to a speech of Lord 
Cameron to the Carnegie Trust for the Universities of 
Scotland regarding the support of enquiries in the 
universities into their relations with one another and 
into their future purposes and expectations. A number 
of questions were worth examining, such as the purpose 
of the universities and what aims and purposes univer- 
sities select and pursue and how best they should pursue 
them and what measure of academic freedom would be- 
required and justified. Mr. M. Rees urged that more 
attention should be directed to the reasons for student 
failure, and pointed out that according to the Robbins 
Report in 1961 about 14 per cent of the students who went 
to the university failed to graduate. Dr. J. Bray suggested 
that it was worth examining whether it was right to 
channel all funds for the expansion of higher education 
through the university rather than through agencies, 
which would have more direct financial interest in 
encouraging the kind of adult training and re-training 
courses which the community needed. A feature of the 
debate was the general desire to ensure that full value 
was obtained by the community for its growing investment 
in higher education. 
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NEW EXTENSION AT THE TORRY RESEARCH STATION, ABERDEEN 
By Dr. A. BANKS 


Deputy Director, Torry Research Station, Aberdeen 


C) April 6, Lord Fleck, formerly chairman of Imperial 
Chemical Industries, Ltd., opened the new labor- 
atories of the Torry Research Station, Aberdeen, previ- 
ously of the Department of Scientific and Industrial 
Research (Fig. 1). This Research Station was transferred 
to the Ministry of Technology on April 1. 

The Torry Research Station was opened in Aberdeen 
in 1929 as a direct result of a recommendation by the 
Imperial Economic Committee in 1927 that research on 
the preservation of fish should be increased and that a 
research station should be provided at a fishing port for 
this purpose. A site was obtained on the south bank of 
the River Dee, which at one time had been used as a 
shipbuilding yard. The original office building was 
modified to provide administration offices and library 
together with biochemical and bacteriological laboratories. 
The original fitting-out shed was supplied with an upper 
floor and the whole was then fitted out with a few labor- 
atories, engineering and joinery workshops, space for 
handling fish, including smoking, freezing equipment and 
a number of cold rooms ranging in temperature from 0° 
to —30°. This conversion was ultimately completed by 
1934. 

These facilities served the Station’s needs very well for 
a number of years, which saw the development of new 
techniques for the chilling, freezing and cold-storage and 
smoke-curing of fish; but with the growth of the Station 
after the Second World War, it became apparent that 
there was not nearly enough room for the work being 
done and for the demands on the Station's resources that 
were being made at the time. A small building and 
alteration programme was then begun which involved 
the provision of a large boiler-house to satisfy foreseeable 
future requirements, a number of single-storeyed tem- 
porary hutments to house workshops, administration 
offices, library, conference room, etc., and a small 
laboratory block. Space vacated by staff moving into 
these new premises was suitably modified for laboratory 
work. It soon became evident, however, that this kind 
of expansion was not enough and a start was made on a 
new permanent building. This was completed in 1954. 
The facilities provided here included new and improved 
equipment for the chilling, freezing and cold-storage and 
general handling of fish, an engineering test floor and 
drawing office and three laboratories. Once again, space 
vacated by staff and facilities as they were moved into 
the new buildings was suitably modified to provide 
laboratories and other requirements. Within a few years, 
this building had to be extended by a single-storeyed 
structure to house the Bacteriological Section of the 
Station, which until then had occupied the whole of the 
original shipyard office-block. It was found that this 
particular building had outlived its usefulness. 

In 1958, the unsatisfactory nature of the accommodation 
in the older buildings and in the temporary hutments, 
coupled with further increases in staff as new commit- 
ments were taken on, led to a decision being made to 
provide sufficient space in a new permanent building to 
satisfy the needs of the Station as regards laboratories 
and administrative services for some years to come. 

Quite a number of problems were encountered in plan- 
ning the size and shape of the new extensions. The site 
on which the Torry Research Station is built is far from 


ideal. It is small, irregular in shape, with a slope of 1 in 30 
towards the river. Prowisions had been made in previous 
building programmes for the buildings to be extended. 
Thus, the foundations of the single-storeyed extension 
had been made large eneugh to carry a further two storeys, 
and provisions had beea made for the steel frame work to 
be extended upwards and to be tied on to the taller main 
building. The single-<toreyed extension had been built 
up to the agreed building line, and the aim now was to 
erect two more storeys on top of this extension and at 
the same time to join a three-storeyed building at right 
angles to the main s*ructure at the point where the 
original extension had been made. It was hoped that in 
this way it would be possible to provide laboratories and 
offices for all the scien*ific and administrative personnel. 

Because the Torry Eesearch Station is a Government 
establishment, the ereetion of new buildings and modi- 
fications become the -esponsibility of the Ministry of 
Public Buildings and Works, and before planning can 
begin they, of course, need a list of requirements in terms 
of floor areas required fer the various purposes. Standards 
are laid down with regard to offices, but there is no 
standard requirement “or laboratory workers. Previous 
extensions and modifications had been limited in size by 
being built within existing structures, or by the space 
available on the site. Such strictures did not apply to 
the same degree in the present case, although there was 
a need to limit the size of the building and at the same 
time to make the best use of the space available, without 
preventing possible fursher expansions in the future. 

The chapter on “Laboratory Buildings and Their 
Maintenance” in E. & Hiscocks’s Laboratory Adminis- 
tration (Macmillan, London), which quotes liberally from 
the report by J. Lorne Gray (National Research Council 
No. 1913, Technical Peport No. 3. Ottawa; January 





Fig. 1. 


Aerial view of the Torry Research Station, Aberdeen, and the 
new extension 
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1949) proved most helpful in arriving at a figure for the 
special requirements of scientific workers. The scientists 
to be housed in the new building ineluded physicists, 
chemists, biochemists and bacteriologists, and it was 
decided to use a figure of 400 sq. ft. of gross space per 
worker with a use factor of 70 per cent as a basis for 
working out the laboratory space required. Applying the 
use factor to obtain a figure of 280 sq. ft. per worker and 
making allowances for proposed increases in staff over the 
next 5-10 years and for special requirements, the total 
area) of laboratory space, including ancillary space, 
worked out at 13,000 sq. ft. To this was added 7,900 sq. ft. 
of administrative office space, based on a requirement of 
150 sq. ft. for single rooms and 110 sq. ft. per worker for 
larger offices, and 1,500 sq. ft. each for library and con- 
ference room. The latter was removed from the schedule 
at a later stage. The total requirement was thus about 
19,500 sq. ft., to which had to be added the space required 
for corridors, toilets and stairways. 

At the beginning it became evident that the available 
space would best be used, and flexibility with regard 
to any modifications that might be required i in the future 
would best be obtained, by designing a standard main 
laboratory suitable with minor modifications for all 
sections and that this in turn would depend on designing 
a standard working bench. 

It was decided that adequate working space, together 
with room for fixed and experimental equipment not 
requiring a bench, could be obtained in a 20-ft. wide 
laboratory fitted on the ‘external’ wall with a number of 
14-ft. long by 5-ft. wide double-sided peninsular benches 
5ft. apart. This arrangement has a number of advantages. 
The maximum benefit is obtained from natural light, 


servicing problems are easily solved by the provision of 


service ducts on the inside of the walls of the building, a 
convenient way in any event for a multi-storeyed 
building, and space heating can be provided by radia- 
tors or convectors on the face of the service ducts be- 
tween benches. This meant that the distance between 
bench centres would be 10 ft., which in turn meant that 
the distance between structural stanchions would need to 
be 10 ft. also, so as to enable the building to be divided 
neatly into its component laboratories. It also meant 
that laboratories of any length in multiples of 10 ft. could 
be provided as requested. Each laboratory would have 
two single benches, one for each partition wall, and a 
number of double-sided benches, depending on the length 
of the laboratory. In order to restrict the span of the 
building to a reasonable dimension it was decided to build 
the main laboratories on one side of the building only and 
to use the other side of the central corridor for ancillary 
rooms. In this way, the span of the building has been 
kept down to 46 ft. 

The laboratory bench was designed in close consultation 
with the staff, and in the final stage a full-sized model 
was made so that staff and all concerned with the design 
and erection of the new building could have the oppor- 
tunity to make comments. The bench was designed to 
be fitted with a central service unit 9 in. wide with suit- 
able connexions for joining to the service supplies in the 
service duct. In the finished bench, the central unit is 
carried above the surface of the working bench to provide 
@ 12-in. high upstand on which service outlets to both 
sides of the bench are fitted. The central unit extends 
12 ft. from the wall, thus leaving a 2-ft. x 5-ft. space at 
the end of the bench, which is taken up by a 20-in. x 14-in. 
sink supplied with hot and cold water. Each side of the 
bench is supplied with six high-pressure water outlets, 
eight electric power points in four double units and four 
gas points. In addition, steam and an air or nitrogen line 
fed by a eylinder of compressed gas within the laboratory 
are provided as requested. Allthe bench tops and central 
upstands are finished in plastic. 

It was decided to fit each laboratory with a fume 
cupboard on one partition wall, and the design by Messrs. 








Armstrong (Hull), Ltd., was chosen. The cupboards were 
made 12 ft. 6 in. long, divided into two equal sections by a 
glass partition. Each section is fitted with a 4-5-in. deep 
trough and an 8-in, x 8-in. sink. Services, all with frontal 
control, include gas, water, electricity, steam and an 
oxygen or nitrogen line. Altogether, nine main laboratories 
ranging in length from 20 to 60 ft., fitted in all with 14 
double and 10 single benches and 9 fume cupboards, have 
been provided. 

Fig. 2, a sketch plan of new ground-floor laboratories, 
illustrates the general shape of the new extension and its 
position in relation to existing buildings. In arriving at 
this layout, a number of conditions had to be observed. 
First, the ground floor of the new building had to be level 
with the ground floor of the earlier extension, which, in 
fact, is 4 ft. below the level of the main building; secondly, 
the second or top floor had to be made level with the first 
or top floor of the main building; and thirdly, a pilot 
scale laboratory with a headroom of about 14 ft. had to 
be provided. All this has been done satisfactorily, but 
because there is a headroom of 20 ft. or so on the ground 
floor of the main building and the usual 10 ft. or so in 
the earlier extension, there is no direct link between the 
new first floor and the main building except by means of 
the stairway. 

For a number of reasons, the two new floors immediately 
above the earlier extension are used for administration 
offices and library. The distance between structural 
stanchions in this part of the building is 12 ft. 6 in., which 
would not have allowed a satisfactory arrangement of 
laboratories fitted with peninsular benches with centres 
10 ft. apart. In addition, the provision of the services 
required would have presented difficulties. 

Sufficient headroom for the pilot-scale laboratory has 
been obtained by taking advantage of the slope of the 
site. This laboratory and a workshop on the opposite 
side of the corridor have been located at the ‘gable’ end 
of the extension and the floor of that part of the building 
has been made level with the site at that point. An extra 
5 ft. of headroom has thus been obtained and, in addition, 
it has been possible to conform to the recommendation 
made with regard to fire precautions that a stairway and 
exit to the building should be provided at that point. 
The central corridor has been built with a slope of about 
l in 8 over a length of 36 ft. or so, in preference to a 
stairway, so that apparatus can be moved easily between 
the workshop and the laboratories at the higher level. 

Most of the ground-floor area, including the pilot-scale 
laboratory, is occupied by the Physics Section. The 
benches supplied in the main laboratories are not of the 
standard type; all are fitted with teak tops and in general 
they lack the full range of services, other than electricity, 
provided in other laboratories. Of special interest is a 
screened room, of which the walls, ceiling and floor are 
covered with sheet copper embedded in the surface finish, 
thus providing space within the building insulated against 
radio-frequency noise. 

In addition to these laboratories, space has been pro- 
vided for an extension of the Bacteriology Section, chiefly 
to accommodate the National Collections of Industrial 
and Marine Bacteria. The benches provided here, though 
of the peninsular type, are lower than normal. On the 
first floor, there are three sets of laboratories, a Photo- 
graphic Section and the administration offices. Labor- 
atories are provided for work on the lipids of fish and on 
fish meal, for work on the chemical and organoleptic 
assessment of fish quality, which includes a large room 
for examinining fish, built against the original gable end 
of the main building, and for work on the general bio- 
chemistry of fish flesh. The Photographic Section has 
two dark-rooms and facilities for dealing with emé and 
still photography. The administration offices melude a 
large general office and registry, Director’s and Deputy 
Director’s offices and a number of other individual 
rooms. 
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Fig. 2. Sketch plan of ground floor of the new extension to the Torry Research Station showirg join to existing buildings 


The second floor has laboratories for work on the 
chemistry of fish steroids and wood smoke, for work on 
fish muscle proteins, a typing pool, library, and informa- 
tion and lawson offices. The library is situated at the 
gable end of the extended main building, thus making 
use of what would otherwise be corridor space. One wall 
is fitted with high-level windows and the ceiling with six 
roof lights, 4 ft. 6 in. in diameter. The periodical rack is 
a special feature. All periodicals are shown on a wooden 
fixture, held sufficiently off the vertical to allow the books 
to stand without falling off, which pivots on two small 
projections near the top and which can therefore he 
raised and pushed back to obtain access to a boxed-in 
shelf on which immediate back numbers of the periodicals 
are kept. 


For the first time since the Station was opened in 1929, 
all the requirements of its basic and applied work and 
administration are now accommodated in the one building, 
having a total floor space of about 55,000 sq. ft. All 
sections now have ready and easy access to each other 
and to central services such as library, typing pool and 
administration offices. This has already led to an increase 
in efficiency of operation and to an improvement in 
general morale. 

In conclusion, mention must be made of the excellent 
work of Messrs. A. ©. Shalhs and §. ©. G. Lambert, 
architects of the Edinburgh Office of the Ministry of 
Public Buildings and Works, and in particular of their 
ready willingness at all tames to co-operate to the full with 
the scientific staff to provide the required facilities. 


CORRELATION OF AMINO-ACID COMPOSITION WITH CERTAIN 
CHARACTERISTICS OF PROTEINS 


By Dr FREDERICK T. HATCH 


Arteriosclerosis Unit, Massachusetts General Hospital, and Department of Medicine, 
Harvard Medical School, Boston, Massachusetts 


OST protems are comprised of a mixture of the same 

set of twenty natural amino-acids'. There is consider- 
able similarity among many proteins in the relative 
quantities of the various amino-acids?. One might therefore 
consider that a knowledge of the amino-acid composition 
of a protein would be insufficient to permit the drawing 
of deductions concerning specific features of its structure 
or biological function. A further knowledge of the amino- 
acid sequence, or primary structure, of a protein might 
be required for this purpose’, However, in this communica- 
tion. a series of correlations will be presented between the 
properties of certain proteins and their composition, when 


the constituent amino-acids are classified according to 
their polar or apolar natare*. 

For the purposes of this discussion, the following 
amino-acids have been assigned to a polar group: Asp 
and Asp NH, Glu and Glu NH,, Lys, Arg, Ser, Thr’. 
The following amino-acids have been assigned to an 
apolar group: Val, Leu, Leu, Met, Pro, Phe. The romam- 
ing common amino-acids have not been assigned to either 
group for reasons to be explained. His and Tyr have been 
shown to have ambivalent character; in a given protein 
some residues may reside in the surface and others in the 
interior®-§. The molecular size and polarity of Gly and Ala 
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Table 1. RATIOS OF POLAR TO APOLAR AMINO-ACID —— IN PROTEINS 
SHOWING A LARGE PROPORTION OF ONE TYPE 


Polar 
Protein Source Ratio Apolar residues Ref. 

Proteins with a large proportion of apolar residues 

— —— Human 1:03 1 

Tns poe 1- E 1 

—ã— id Bra 1-2 9,10 

Low-density lipoprotein Intestinal mucosa 113 11 

Lactic dehydrogenase Beef heart and liver i 16 1 

Structural protein Mitochondrion 1-18 12 
Proteins with a large proportion of polar residues 

Fibrinogen Blood 1:91 1 

Crotoxin Snake venom 2°00 1 

Myosin Rabbit 2°05 1 

Cytochrome c Horse 2-09 1 

Ribonuclease Pancreas 2°20 1 

Tropomyosin Muscle 2:99 14 


are considered insignificant. Cys often participates in 
specialized. covalent interactions. Tryptophan appears to 
exhibit ambivalent character in some cases, and in other 
proteins accurate quantitative data are lacking. The 
proportion of dicarboxylic acids which are in the amide 
form has not been considered because the side-chains 
probably retain a moderate degree of polar character in 
this form and because data are lacking in some cases. 
A complete treatment of the subject will obviously necessi- 
tate obtaining knowledge of the structural participation 
of all the omitted amino-acids, but in the present state 
of our information it seems best to limit consideration to 
the residues which clearly belong to one of the contrasted 
groups. 

The ratios of polar to apolar amino-acid residues have 
been calculated for 48 proteins which have no obvious 
peculiarities of amino-acid composition, such as occur in 
the collagens, for example. The ratios range from 1-03 to 
2°99 with a median of 1-45. The frequency distribution 
is normal in appearance except for a slight excess about 
the ratio 2-0 and a gap between 2-20 and 2-99. The proteins 
occurring near the extreme values of amino-acid ratios are 
listed in Table 1. While there are no common features 
immediately recognizable for all the proteins which 
show a predominance of either apolar or polar amino-acid 
residues, it is of interest to comment on the individual 
proteins. 

Proteins with a Large Proportion of Apolar Residues. 
Haemoglobin and sperm-whale myoglobin (with the 
relatively low ratio of 1-29) have been shown to have 
similar structures which are now becoming known in 
considerable detail!®.16, These are very compact molecules 
with a high content of helical structure and an interior 
comprised almost exclusively of apolar side-chains. The 
unusually high content of histidine in these proteins has 
not been taken into account in the calculation of the 
polarity ratio. However, it has been shown for myoglobin 
that the histidine residues are distinctly ambivalent in 
character’. Haemoglobin exists in solution as a dimeric 
aggregate of a monomer consisting of two different peptide 
chains’®. Aggregation in solution has been found to 
occur commonly among the group of proteins with a 
relatively apolar amino-acid composition!®. 

The conformation of insulin is not yet known, despite 
knowledge of its amino-acid sequence. There are two 
features of insulin which may be related to its relatively 
apolar composition. As discussed by Fisher'*, the insulin 
monomer is a small molecule with insufficient polar 
residues to cover its surface and insufficient interior space 
to contain the large number of hydrophobic residues. 
Fisher postulates that the observed aggregation as insulin 
exists in solution (hexamer under physiological condi- 
tions?) is a consequence of intermolecular interactions 
among the large number of apolar residues. The biological 
activity of insulin is at present believed to occur at cell 
membranes!*, which may be another manifestation of 
apolar interaction—in this case between the insulin and 
æ lipoprotein membrane. 

The brain proteolipid fractions isolated by Folch et al. 
are not yet known in homogeneous form®™1%20, However, 
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the proteolipids are believed to be major constituents of 
myelin. Their composition. and source definitely bespeak 
interactions between lipid and protein which result in 
formation of lipoprotein adapted for special purposes. 
These molecules exhibit solubility in organic (apolar) 
solvents and a strong tendency to form insoluble aggre- 
gates in aqueous media when lipid is removed. 

A very-low-density lipoprotein which becomes associ- 
ated with chylomicron-like fat particles in the intestinal 
mucosa during alimentary fat absorption has been studied 
by Hatch et al.11:21, This protein probably has an affinity 
for the lipid~water interface of the physiological fat emul- 
sion. When deprived of lipid, this protein also forms 
insoluble aggregates. 

The lactic dehydrogenases exhibit a predominantly 
apolar amino-acid composition. The enzyme exists in 
solution as a tetrameric aggregate in usual circum- 
stances**, No special relationship to lipid or membranes 
has yet been elucidated. 

The structural protein of the mitochondrion is found 
in membranous structures. This protein undergoes 
reversible apolar interaction with phospholipids and forms 
insoluble aggregates in solution when the lipid is 
romovedas, a. These properties resemble to some extent 
those mentioned above for insulin, proteolipid and the 
intestinal lipoprotein. 

Speculation on the existence of some ‘common denom- 
inator’ among the proteins of predominantly apolar 
composition involves the concept of apolar or hydro- 
phobic bonding?-?5-#8.37, At the intramolecular level this 
may be manifested by a compact, hydrophobic internal 
volume with, perhaps, a highly helical secondary struc- 
ture, At the intermolecular level there may be homo- 
logous interactions leading to formation of soluble 
oligomers or insoluble polymers?!?-1*. On the other hand, 
there may be heterologous interactions with other apolar 
materials leading to incorporation of these proteins into 
lipoprotein membranes or surface films*:.33, 

Proteins with a Large Proportion of Polar Residues. 
Fibrinogen is a large molecule with a high degree of axial 
asymmetry and thus a high ratio of surface area to internal 
volume. According to the concepts developed by Fisher?®, 
this type of structure imposes a requirement for a high 
ratio of polar to apolar amino-acid residues. 

Crotoxin from rattlesnake venom appears to possess 
the properties of neurotoxin and a haemolysin in the same 
molecule*®:3*, Since these properties suggest that the 
toxicity might depend on interaction with membranes, 
the relatively polar character of the protein seems to 
be an exception to the hypothetical rule. However, the 
purity of the protein is not certain, and no details are yet 
known of its structure or the molecular mechanism of its 
toxicity. 

Myosin is a fibrillar protein which has a high ratio of 
surface area to internal volume. As with fibrinogen, the 
hypothesis of Fisher!* indicates a predominance of polar 
amino-acids. 

Cytochrome c is of special interest because of its inter- 
action with phospholipids, which has been found to be 
ionic (polar) in nature’’3?, This may be contrasted 
(Table 2) with the apoler type of interaction between 
structural protein and phospholipids. Indeed, the three 
components, cytochrome c, structural protein and phos- 
pholipids, are believed to form a ternary complex which 
has an important role in the mitochondrial electron 
transport system*4. — 

Preliminary information on the conformation of ribo- 
nuclease indicates a very open structure with a minimum 


Table 2. INTERAOTIONS OF PHOSPHOLIPID WITH PROTEINS 





Amino- acid ratio ; 
Protein Polar Interaction Refs. 
Apolar mechanism 
Structural protein of mitochondrion 1:18 Apolar 238, 24 
Cytochrome e 2-09 Tonic 31, 32 


a 
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content of helix®*. Its substrate, ribonucleic acid, is & 
macromolecule which almost certainly has a highly polar 
surface. 

At present there is less evidence for any common 
structural or functional features among the proteins of 
polar character than is true of the apolar group. There 


seems to be a tendency towards a fibrillar or an ‘open’- 


coil structure and the characteristic molecular inter- 
actions seem to occur with other polar substances. 
Proteins with Intermediate Polarity of Composition. 
A large number of other proteins, including many enzymes 
and serum and milk proteins, exhibit intermediate values 
of the ratio of polar to apolar amino-acids!. In the present 
state of our knowledge, correlations of ratio in these 
proteins with the nature of their substrates or biological 
functions are not apparent. It is of interest that the 


human serum lipoproteins of both low- and high-density ` 


classes do not fall in the predominantly apolar category*™. 
Reliable data are not yet available on amino-acid composi- 
tion of the protein moieties of chylomicrons and very-low- 
density lipoproteins of serum. The egg lipoproteins studied 
by Cook et al. also do not belong to the predominantly 
apolar category?>36, All these lipoproteins differ from 
those present in the apolar class by being soluble in 
aqueous media rather than being present in membranes 
or interfaces. A point of similarity among them, however, 
is the tendency of the protein moieties to form aggregates 
in solution when the lipid content is reduced. 

It has so far been necessary to omit from consideration. 
the collagens and related proteins because of their unusual 
distribution of amino-acids. Since these are fibrillar 
proteins of extreme axial and surface-to-volume ratios, 
they must be treated as an entirely separate class beyond 
the scope of this discussion. 

These preliminary observations direct attention to the 
concept that the overall amino-acid composition of a 
protein bears a relationship to the secondary, tertiary 
and even quaternary features of its structure. Further- 
more, at least at the extremes of quantitative predomi- 
nance of polar or apolar amino-acid residues, there is 
evidence of adaptation of the amino-acid composition to 
the biological location and function of the protein molecule. 

This work was supported in part by a research grant 
from the John A. Hartford Foundation, Inc., and was 
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CHROMATOGRAPHY OF NUCLEIC ACIDS ON HYDROXYAPATITE 
By Dr GIORGIO BERNARDI 


Centre de Recherches sur les Macromolécules, Strasbourg, France 


HROMATOGRAPHY on hydroxyapatite was intro- 
duced as & very useful tool in protein chemistry by 
Tiselius, Levin and Hijertén!. In my experience, this 
technique is particularly advantageous in the separation 
of phosphoproteins* and of proteins of very close charge 
and/or size*, as well as in the purification of virus particles, 
like 72 bacteriophage, tobacco mosaic virus and turnip 
yellow mosaic virus‘. 

Results obtained in this laboratory during the past five 
years in the area of polynucleotides are presented here. 
Some preliminary reports have already been published**. 
The chromatographic experiments were performed at 
room temperature on hydroxyapatite prepared according 
to Tiselius et al.}. 

Chromatography of native DNA. Chromatographic frac- 
tionations of DNA. on hydroxyapatite were reported by 
Semenza’’ and by Main e¢ al.414; but their meaning was 
obscure because of the lack of unequivocal re-chromato- 
graphy experiments and of adequate physical character- 
ization of the starting DNA and the fractions; furthermore, 


no fractionation was achieved’ on the basis of DNA 
composition. 

Since it had not been established whether any changes 
occurred in the DNA properties on the adsorption— 
desorption process, this point was examined first. DNA 
samples were adsorbed on hydroxyapatite equilibrated 
with 0-005 M phosphate buffer pH 6-8. Up to 2 per cent 
of (acid-soluble) material was not retained by the column 
in some samples. The adsorbed material was then com- 
pletely eluted with 0-5 M phosphate buffer pH 6-8. The 
eluted product displayed no significant differences with 
respect to the loaded DNA, as judged by light-scattering, 
sedimentation, ultra-vialst absorption and ‘melting curve’. 
This behaviour was consistently found with many DNA 
samples from chicken erythrocytes, calf thymus and 
E. coli showing molecular weights in the 4-6 x 10° range. 
The recovery from the columns of the much larger DNA 
molecules from phages 7'2 and T5 was also complete. 
Preliminary results with 7'2 DNA ‘whole’ molecules 
indicated that the sedimentation constants of the loaded 
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and eluted DNA were identical. H. influenzae DNA was 
adsorbed and eluted from hydroxyapatite without any 
modification to its transforming ability for three different 
genetic markers}, 

The second point investigated concerned the possibility 
of fractionating native DNA. All DNA preparations from 
chicken erythrocytes, calf thymus and Æ. coli tested so 
far were eluted at 0-20 and 0:25 M phosphate, when elution 


f 


Figs. 1-3. Chromatography of calf thymus DNA (preparation B3) on 
1 Bc cm x7 cm hydroxyapatite columns. 10-20 ml. DNA solution O D a¢, 
were in the 1-2 5 range, were loaded at fraction number zero. 3:8-ml. 


fractions were collected. Recoveries were 100 per cent, except where 
otherwise stated 
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Fig. 1. Sin? at “elution of.” A 
» heat-denatured ; wa (100°), recovery, 95 per cent 
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Fig. 2 (See also legend to-Fig. 1.) Stepwise elution, in the presence of 

1 per cent formaldehyde, of: A, native DNA, B, heat-denatured DNA 

(100°); O, heat-denatured DNA. (100°, in the presence of formaldehyde); 

recovery, 93 per cent 
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was performed stepwise as in Fig. 14. Occasionally, 
minor additional fractions were eluted when the phos- 
phate molarity was raised to 0-30 and 0-50 M. On re- 
chromatography all these different fractions were again 
eluted in two peaks, at 0:20 and 0-25 M phosphate, 
respectively. The peaks obtained appear therefore to be 
‘false’ peaks, a type of artefact already examined by 
Tiselius eż al! and Hjertén'*. In agreement with this 
conclusion is the finding that when elution was per- 
formed with a linear molarity gradient, all native DNA 
samples investigated so far were eluted in one peak 
(Fig. 3A). 

A. very limited fractionation according to molecular 
weight does, however, take place on hydroxyapatite, as 
suggested, for example, by the slightly lower molecular 
weight of the lower eluting fractions, and by the separation 
of ‘cold’ 72 DNA ‘whole’ molecules (mol. wt. ~ 1:3 x 108) 
from sonicated phosphorus-32-labelled 172 DNA (mol. 
wt. ~ 5 x 105). It is doubtful, however, whether these 
fractionations are due to the chromatographic process 
itself, since the elution curves of DNA samples ranging 
in molecular weight from 6 x 10° to ] x 10% were essen- 
tially identical. These samples were obtained by limited 
digestion with acid deoxyribonuclease, an enzyme able 
to cut across the two strands at the same level and which 
does not alter significantly the native double-stranded 
structure until molecular weights of the order of 10° are 
reached!5. On the other hand, DNA samples enzymatically 
degraded to molecular weights lower than 5 x 10* showed 
fractions eluting at lower phosphate molarities than intact 
samples. Fractions eluted at 0-05 M phosphate or lower 
appeared to be formed by oligonucleotides of different 
sizes. Fractions eluted at 0-10 and 0:15 M phosphate had 
a larger molecular weight and a considerable amount of 
secondary structure since they showed a hyperchromucity 
of 15-18 per cent on alkalinization. 

Chromatography of heat-denatured DNA. Heat-denatur- 
ation was performed by heating at 100° for 15 min 
chicken erythrocytes or calf thymus DNA solutions at a 
concentration of 50-100 ug/ml. in 0-13 M sodium chloride— 
0-01 M phosphate buffer pH 6-8; these were then rapidly 
cooled in an ice-bath. The DNA solutions were chromato- 
graphed either as such, or after having been reacted at 
25° for 24 h with formaldehyde (final concentration 1 per - 
cent); in the latter case the eluting buffers contained 
l per cent formaldehyde. Heat-denatured formaldehyde- 
reacted DNA was mainly eluted at 0-15 M phosphate, 
with smaller fractions at 0-10, 0°20, 0:25 M and sometimes 


-& minor one at 0-50 M phosphate (Fig. 28), a pattern 


remarkably different from that of native DNA run in the 
same experimental conditions (Fig. 2A). 

The chromatographic fractions obtained from heat- 
denatured, formaldehyde-reacted DNA were dialysed 
against 0-13 M sodium chloride-0-01 M phosphate buffer 
pH 6:8 containing formaldehyde (1 per cent final con- 
centration) and heated for 15 min at 100°. The increase 
in optical density at 260 my obtained on this treatment 
was used as a measure of the extent of native-like double- 
stranded structure of the fractions (see following). This 
increase was found to be extremely small (0:5 per cent) 
in the 0-10 and 0-15 M fractions, while the 0:25 M fraction 
(and the 0-50 M fraction, if present) showed an morease 
of about 15 per cent. The starting, native DNA showed, 
on the same treatment, a hyperchromic shift of 38-40 per 
cent, and the heat-denatured, unfractionated DNA. showed 
an increase of about 5 per cent. Furthermore, the 0:25 M 
fraction, in contrast to the 0-10 and 0-15 M fractions, 
showed a sharp melting curve. 

These findings and the re-chromatography experiments 
(not shown here) indicated that two different fractions 
were present. When gradient elution was used (Fig. 
3B), heat-denatured, formaldehyde-reacted DNA was 
eluted in one main peak at about. 0:12 M phos- 
phate, followed by a minor fraction at about 0:20 M. 
These fractions were equivalent to the 0:10-0:15 M frac- 
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Fig. 3 (See also legend to Fig. 1.) Gradient elution of: 4, native DNA; 
gradient elution, in the presence of 1 per cent formaldehyde; B, heat- 
denatured DNA (100°), recovery, 95 per cent, O, a 1‘ 1 mixture of native 
and heat-denatured (100°) DNA 


tions and to the 0:25-0:50 M fractions of the stepwise 
elution, respectively. Artificial mixtures of native and 
heat-denatured DNA were easily separated on hydroxy- 
apatite (Fig. 3C). The behaviour of DNA which had been 
heat-denatured, but not reacted with formaldehyde, was 
comparable to that just described with the difference that 
the lower eluting fractions were less important, so that 
the whole chromatogram was shifted to the right (com- 
pare Fig. 10 with Fig. 2B). When heat-denatured H. 
influenzae DNA was run on hydroxyapatite using a 
gradient elution, most of the residual transforming 
activity was found in the small peak of partially denatured 
molecules!*. The single-stranded DNA from phage 9X 174 
was eluted at 0-15 M phosphate with a smaller fraction 
at 0-10 M. 

Finally, DNA samples which were denatured in the 
presence of | per cent formaldehyde, in which condition 
the melting temperature is lowered by 10°-15°, and 
chromatographed in the presence of formaldehyde, 
showed, in contrast to the previous case, an elution 
profile (Fig. 20) significantly shifted to the left, and 
extremely little material was eluted at molarities higher 
than 0-20. 

Fractionation of DNA. molecules according to their average 
base composition. The experiments with heat-denatured 
DNA, just reported, indicate that hydroxyapatite frac- 
tionates DNA molecules according to their secondary 
structure since the. percentage of native-like structure of 
the fractions was regularly increasing with the increase 
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of their eluting molarities. If the native-like regions were 
due to an intramoleeular process of re-annealing around 
GC-rich ‘nuclei’, as in type I reversibility of Geiduschek**, 
one would expect that GC-rich molecules would show a 
larger amount of netive-like regions compared to the 
GC-poor molecules, and elute at higher molarities than 
the latter. This is exactly what one actually finds. For 
example, in the case of calf thymus DNA heated to 100° 
and reacted with formaldehyde (Fig. 2B), the A+T/G+C 
ratio of the different fractions was found to be 1-58 for 
the 0:10 M, 1-26 for the 0:15 and 0-95 for the 0:25 M 
fraction, the ratio of the starting sample being 1-29-1-28. 

The fractionation o? DNA molecules according to their 
average base composition may be improved by using 
different denaturation temperatures; in fact, by changing 
the denaturation temperature it is possible to change at 
will the relative proportions of the various fractions 
(compare Figs. 1B and 10). 

The procedure developed three years ago? involved 
heating aliquots of a given DNA sample up to various 
temperatures and fractionating them on columns. Other 
experimental conditimms may lead to similar results, 
however. For example, chromatographic experiments 
may be performed at different high temperatures and 
constant ionic strength (see following); this permits a 
separation of melted from unmelted molecules at the 
temperature considered., 

Chromatography of RNA and polyribonucleotides. High- 
molecular-weight RNA from Ehrlich ascites tumour cells’, 
tobacco mosaic virus, turnip yellow mosaic virus, are all 
eluted in two peaks at 0-15 and 0-20 M phosphate (Fig. 4), 
when using a stepwise elution. They thus display a 
chromatographic behsviour similar to that of heat- 
denatured, DNA, with the remarkable difference that no 
fraction 1s eluted at molarities higher than 0-20 M. 


» Soluble RNA from EF. coli or yeast was eluted at about 


0-13 M phosphate, when using gradient elution (Fig. 5A). 
RN.A ‘core’, the undialysable residue left after digestion 
of RNA by pancreatis RNase, was eluted at 0-015 M 
phosphate (Fig. 5B), therefore at the same molarity level 
as DNA oligonucleotires (see foregoing). 

Synthetic polyribonxcleotides (purchased from Miles or 
Calbiochem) were alsa investigated. Polyuridylic acid, a 
polymer devoid of ary organized secondary structure 
under the conditions used ih the chromatography, was 
eluted at 0-10 M phosphate (Fig. 64). On the other hand, 
polyadenylic acid, which has some helical structure under 
the experimental conditions used, was eluted in a broad 
peak at 0-20 M phosphate; a considerable amount of 
low-molecular-weight material was eluted at a very low 
molarity (Fig. 6B). ‘The artificial complexes of poly U 
and poly A were also examined, under conditions where 
double-stranded poly -poly U or triple-stranded 2 poly 
U-poly A were formed. The double-stranded poly A- 
poly U complex was duted at a molarity only slightly 
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Fig. 5 Chromatography of: A, yeast soluble RNA; B, yeast RNA ‘core’ 

on 1 cm x10 om. hydroxyapatite columns; loading at fraction number 

zero, 3 ml. fractions were collected. Recoverles were 97 and 96 per cent, 
respectively 
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Fig. 6. Chromatography of: A, poiyanayio acid; B, polyadenylic acid 
on 1 em x 10 em hydroxyapatite. columns. 3 ml, fractions were collected. 
Recoveries were 94 and 765 per cent, respectively 


higher than poly A; the low eluting material was not 
any more apparent in this case (Fig. 7B). The triple- 
stranded, complex was eluted at a much higher molarity, 
in the 0-45-0-50 M phosphate region (Fig. 7A). 

Adsorption mechanism. It is likely that the adsorption 
of polynucleotides on hydroxyapatite takes place because 
of the electrostatic interaction between the negativé phos- 
phate groups of the nucleic acids and the positive calcium 
ions of the hydroxyapatite crystals. Increasing the 
molarity of the eluting phosphate buffer progressively 
reduces this interaction to zero, at which point desorption 
occurs. The decrease in the interaction appears to be due 
to a specific competition between the phosphate ions of 
the eluting buffer and the phosphates of polynucleotides 
for the calcium ions of hydroxyapatite, and not simply 
to increase of ionic strength. In fact, if elution is performed 
at constant ionic strength, with a linear gradient between 
1 M potassium chloride + 0-001 M potassium phosphate 
buffer pH 6-8 and 0-5 M potassium phosphate buffer pH 
6-8, native DNA is desorbed essentially at the same 
phosphate molarity as in the absence of potassium 
chloride. 

The foregoing explanation is also supported by the 
finding that treatment of hydroxyapatite with dilute 
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chelating agents reduces the adsorption capacity of 
hydroxyapatite for polynucleotides, an observation 
already made for proteins by Tiselius e¢ al.1. Furthermore, 
an investigation on nucleoside mono- and poly-phosphates 
and phosphorylated coenzyme derivatives® showed that 
their adsorption on hydroxyapatite is only related to the 
ionization of the phosphate groups, with no interference 
by the organic moieties of the molecules. 

Taking into account the fact that large polynucleotides 
may be considered of infinite length for the present pur- 
pose, it may be expected that the only property respon- 
sible for their chromatographic behaviour will be their 
linear charge density. In fact, the finding that heat- 
denatured DNA. has a lower affinity for hydroxyapatite 
than native DNA is in agreement with the reports that 
the charge density of denatured DNA?’ and its electro- 
phoretic mobility?*!* are lower than those of native DNA. 
The chromatographic results obtained with RNAs and 
synthetic polyribonucleotides and the effect of form- 
aldehyde on the elution of heat-denatured DNA provide 
further support to the interpretation given here. 

Conclusion. The results reported here establish chrom- 
atography on hydroxyapatite as a new, powerful tech- 
nique in the field of nucleic acids. Among its advantages 
over other already existing techniques, three are of special 
importance. The first 1s that the chromatographic 
substrate is an inorganic, crystalline, insoluble salt; it is 
therefore possible to work over a wide range of tem- 
peratures, as well as in the presence of organic reagents, 
hke formaldehyde, phenol, chloroform, etc. The second 
is that the adsorption—clution phenomenon is funda- 
mentally associated to one single property of the poly- 
nucleotides, namely, their linear charge density; this 
makes hydroxyapatite chromatography @ process under- 
standable in terms of known physicochemical laws. The 
third point is that this technique is simple, easy and 
reproducible and does not require any expensive equip- 
ment or reagent. 

Basically, hydroxyapatite lends itself to the fractiona- 
tion and characterization of polynucleotides as indicated 
by the examples presented here. Another use which may 
be briefly mentioned here is related to the preparation of 
nucleic acids, particularly DNA or RNA of viral origin. 
In this latter case hydroxyapatite may be used, in columns 
and in batches as well, both to concentrate and purify 


Absorbancy (260 my) 
Molarity 





0 10 20 30 40 50 
Fraction No. 


Chromatography of: A, polyuridylic aa olyadenylic acid 


Fig. 7. 

(3:1); B, polyuria yilo acid + polyadenylic acid (1 : 3) on 1 om x 10 cm 

hydroxyapatite columns. 3-mil. fractions were T iesea. Recoveries 
were 60 and 95 per cent, respectively 
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the virus particles and to separate nucleic acids from the 
phenol-treated virus. Several possible applications of this 
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3 Bernardi, G , Bernardi, A. and Chersi, A. (Qn preparation). 
t Bernardi, G. (in preparatian). 


: t s , F l À hy, is, 
technique will be discussed elsewhere, in a detailed — — at First Intern. Symp. Chromatography, Brusse 


presentation of this work. 
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EFFECTS OF ANTIBIOTICS ON THE UPTAKE OF 3935-METHIONINE AND 
32PO4 AND ON THEIR INCORPORATION INTO PROTEIN AND 
RIBONUCLEIC ACID OF GREEN TOBACCO LEAVES 
By Dr. B. PARTHIER 


Institut fur Allgemeine Botanik der Universitat, Halle a.d.Saale, Germany 


ANY observations have been reported on the 
long-term effects of antibiotics on higher plants, 
mostly resulting in inhibitions of root growth, shoot 
growth, leaf development or seed germination (for refs. 
see Brian! and Goodman’). However, little or nothing is 
known about “short-term effects” of these substances on 
the synthesis of protein and nucleic acids in green leaves, 
although the primary actions of some antibiotics have 
been found to be localized in protein or nucleic acid 
metabolism of micro-organisms (for example, chloram- 
phenicol*-°, streptomycin!!-4, puromycin'-*7, actino- 
mycin} and erythromycin”. 

The enhanced inhibitory effect of chloramphenicol and 
base antagonists of RNA on the *S8-methionine and *P 
incorporation into their corresponding macromolecules of 
detached, ageing leaves and its partial reversion by 
kinetin have been described®*. More recently, in short-term 
experiments with freshly gathered leaves, we found that 
chloramphenicol inhibits **S-methionine incorporation into 
protein to a high degree in the light, but only to a small 
degree in the dark*5. Inhibition of protein synthesis in 
developing plants by chloramphenicol or streptomycin has 
also been observed in other Jaboratories®* 5, 


We continued our investigations with tobacco-leaf disks 
with the following antibiotics: streptomycin, oxytetra- 
eycline (obtained frem Jenapharm, Jena), penicillin, 
erythromycin, neomyzin (Arzneimittelwerk, Dresden), 
puromycin (gift from Prof. Tamiya, Tokyo), actinomycin 
D, paromomycin (gifts from Dr. Thrum, Jena), cyclo- 
heximide (Upjohn Camp., Kalamazoo, gift from Dr. 
Mueller, Aschersleben), D-cycloserine (Hoffmann-La 
Roche) and chloramphenicol (Berlin-Chemie). Material 
and methods have been previously described, in detail?3.26, 

In addition to the effects on the synthetic processes we 
also investigated the influence of the antibiotics on the 
uptake of **S-methionine and Na,H**PO, through the leaf 
surface. This may be an important improvement, as the 
inhibition of uptake pf substances cannot be studied 
in vitro. Furthermore, with green. tissues we are able to 
learn whether the inhibition rates of uptake and synthesis 
caused by various antibiotics are different in the light 
and in darkness, that is, with or without energy from 
photosynthesis. F 

Our results are summarized in Table 1. In all experi- 
ments the radioactivity and the antibiotics have been 
administered simultansously. The rates of inhibition are 


Table 1. ERFECTS OF VARIOUS ANTIBIOTICS ON UPIAKE AND INCORPORATION OF *58S-METHIONINE AND N2,H™PO, IN GREBN TOBACCO LEAVES 


All figures are to be referred to a control with bi-distilled water instead of the Inhibitor solution. For each aample 20 disks (20 mm in diameter) from the 

intercostal areas of Nicotiana rustica leaves were washed, gently dried and floated on 10 ml, of a solution containimg the antibiotic and 8-12 xo. *S-methionine 

(spec. act. 75 mc./mM) or 15-20 uo. P~ The solutions of the antibiotics were freshly prepared before each experiment; their pH ranged from 6-0 to 7-4. 

Exposure 5 h in light (8,000 lux) or in darkness. After washing the incubated disks wi sy waer six times, they were stored overnight at — 20° O, 

homogenized and inactivated by acid. Hxtraction of bulk protein and bulk RNA and counting have been described in detail**. As im the 5-h experiments 

no changes of protein and RNA contents could be observed using the Folin method and absorption measuremerts at 260 my, respectively; the figures in the 
table are derived from total c.p.m. In brackets: data of dark experiments 


| Inhibition rates in per cent of the water control 


8%>-.orthophosphate No. 








Concentration | 238.methionine 


























No. Antibiotic of antibiotic — —ñ — experl- 
(M) Incorporated | | Incorporated | ments 
Uptake Incorporation 339 from Uptake Incorporation 22P from 
total uptake total uptake 
i Chioramphenicol 210- 37 (40) 70 (46) 48 (12) 14 
2 Neomycin 8 10-4 40 65 38 10 
3 Cycloheximide &10~ 45 78 42 5 
4 Paromomycin 8'107 50 70 30 6 
5 Actinomycin D 41074 54 50 0 12 
6 D-eycloserine 1104 0 0 0 6 
7 omycin 4 10~ 35 58 40 6 
8 Streptomycin 8-107 0 45 45 8 
9 Oxytetracycline 8107 0 48 48 8 
10 Erythromycin 8 10-4 0 23 23 10 
11 Benzyl penicillin 8-10-* 0 0 0 6 
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higher, of course, if the inhibitor has been added before 
the radioactivity. The differences in the inhibition rates 
between simultaneous and successive supplies may reflect 
the time of transport of the inhibitors into the cells and 
to their sites of action. As is seen from the table, the anti- 
biotics we have used show different actions both in uptake 
and incorporation processes. Concerning incorporation 
it seems possible to divide tho inhibitors into three 
groups. 

Antibiotics of the first group, to which belong chloram- 
phenicol, neomycin, cycloheximide and paromomycin, 
strongly inhibit protein synthesis without affecting **P 
incorporation into RNA (or only to & small extent in 
the light as a consequence of enzyme protein inhibition). 
‘These facts are well known for chloramphenicol’ and 
-cycloheximide*’, and here they are established also for 
neomycin and paromomycin. 

The antibiotics of a second group strongly block %#P 
‘incorporation into RNA and do not primarily influence 
"Protein synthesis: actinomycin D and p-cycloserine. 
Although large structural discrepancies exist between. the 
two molecules, they have in common their D-amino-acid 
‘configurations. However, it remains doubtful whether 
they have a similar site of action. p-cycloserme is known 
to be a potent inhibitor of the transamination reaction, but 
this process should not be involved in our observations. 
The results with actinomycin D are in agreement with 
the inhibition of DNA-dependent RNA synthesis, which 
has been described in many investigations in the litera- 
ture. 

Streptomycin, erythromycin, oxytetracycline and puro- 
mycin may be assigned to a third group, inhibiting both 
%58-methionine and **P incorporation. While in bacteria 
puromycin is known as an inhibitor of protein synthesis 
without effect on RNA, in green leaves this antibiotic 
seems to depress RNA synthesis also. This was observed 
also for HeLa cells by Holland**. Puromycin also exerts 
a different effect by its strong inhibition of amino-acid 
uptake, which is not influenced by the other three anti- 
biotics of. this group, when the same concentrations are 
used. Penicillin seems not to affect synthesis either of 
protein or of RNA. This confirmed the observations 
from other workers that penicillin has no effect on higher 
plants. : 

It is seen from Table 1 that those antibiotics which 
strongly inhibit protein synthesis likewise reduce the 
uptake of PO, remarkably. This is also true of 
oxytetracycline in concentrations higher than 2:10-3 M. 
The observed decrease indicates a connexion between 
protein synthesis and ion uptake, earlier proposed by 
Sutcliffe?® and Ellis®. Furthermore, **S-methionine 
uptake is significantly inhibited by each of the antibiotics 
blocking protein synthesis; oxytetracycline and strepto- 
mycin again in concentrations greater than 2-10-. 
However; actinomycin, which never depressed. **S-methio- 
nine incorporation into protein, also decreased - the 
amino-acid-uptake.in a high percentage. This may be 


due to an unspecific competitive ‘inhibition between. 
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amino-acid and antibiotic during the uptake process. 
We have found (unpublished results) that other molecules, 
such as dyes containing ring structures similar to the 
phenoxazone chromophore of actinomycin, can reduce 
*°S-methionine and **P uptake as the antibiotic does and 
at a similar rate. It may be asked whether such phenom- 
ena might be generalized for other antibiotics with regard 
to uptake depressions. 

As a rule, light stimulates total uptake of both amino- 
acid and phosphate and, consequently, their total incor- 
poration. A certain relation between the amount of 
uptake and the rate of incorporation is to be observed. 
However, tho rate of inhibition by any antibiotic is the 
same in the light and in darkness. The only exception is 
chloramphenicol. Its uptake seems to be stimulated in 
light, and therefore a difference exists between the inhibi- 
tion of protein synthesis in the light and in darkness**. 

From our results we can conclude that, in general, the 
effects of antibiotics on protein and RNA synthesis in 
tobacco leaves may be similar if not identical to their 
effects known from bacterial systems. Furthermore, it 
has been demonstrated that it is possible to separate 
protein and RNA syntheses with suitable precursors in 
vwo also, because the whole life-cycle of the cells of 
mature green leaves is very slow, as compared with those 
of bacteria. 
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USE OF IODINIZED“ANTIBODY FOR REVEALING VIRAL ANTIGENS IN 
ULTRA-THIN SECTIONS OF CELLS 


By M. I. PARFANOVICH, N. N. SOKOLOV, L. B. MEKLER, L. L. FADEYEVA, 


and Pror. V. M. ZHDANOV 
The D. i. Ivanovsky Institute of Virology, Moscow, U.S.S.R. 


INCE Singer! proposed using ferritin-conjugated anti- 
body the method of specific contrasting of antigens 

in electron microscopy has been widely apphed. Besides 
, ferritin,-a-protein of-a high- molecular weight (750,000) 


containing 23 per cent of iron, which is conjugated with 
y-globulm molecule with III-xelilenediisocyanate*, or 
2,4-toluenediisocyanate*®, or p,p-difluorodinitrodiphenyl- 
sulphone‘, attempts have been made to use organic 
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Fig. 1. Chiek embryo fibroblast four days after infection with measles 

virus, treated with iodinized antibody. Accumulation of electron-dense 

material in the nucleus, at the nuclear membrane and partly in the 
cytoplasmic vacuoles ( x 18,000) 


mercury compounds such as tetracetoxymercurarsany! 
acid’ and p-aminophenylmercurylacetate®. It has also 
been shown that with the introduction of about 20 atoms 
of iodine into the y-globulin molecule the latter retains its 
specificity’? and gives a satisfactory contrast in the 
electron microscope. This article presents some results 
obtained by the use of iodinized antibody for determina- 
tion of the localization of viral antigens in ultra-thin cell 
sections. 

The L4 strain of measles virus and trypsinized chick 
embryo fibroblasts were used. The titre of the virus in the 
tissue culture system was 10° JCPD,, in 0-1 ml. of culture 
medium. After incubation for three days the tissue cul- 
tures were infected with measles virus, one JCPD,, per 
cell, and incubated at 37°C in Medium 199 with 10 per 
cent of bovine serum. Electron-microscopic examination 
of the cells infected with measles virus was carried out 
within 12 days at 1-day intervals, together with titration 
of the virus in the culture medium. 

A standard anti-measles horse y-globulin produced by 
the Leningrad Institute of Microbiology with a tissue 
neutralization titre of 1: 512 to 1: 1,024 and a haemag- 
glutination-inhibition titre of 1:2,048 was used. The 
preparation contained 11 per cent protein. Todinization 
was conducted by the method described previously*. 

Preparations of tissue cultures, both infected and un- 
infected, were frozen and thawed, then iodinized y-globulin 
was deposited on them. They were held at 37° C for 30 
min. The preparations were then washed, fixed with 
Colfield’s osmium fixative at pH 7-4 for 10-15 min, passed 
through ethyl alcohol solutions of increasing concentra- 
tions and embedded in a mixture of methyl and butyl 





Fig. 2. 


Chick embryo fibroblast seven days after infection with measles 
virus, treated with iodinized antibody, Accumulation of electron-dense 
material at the nuclear membrane and in the cytoplasm (x 18,000) 
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metacylate (1:2) wita 1 per cent of benzoyl peroxide. 
Polymerization was carried out at 50°C within 48 h. 
Sections 20 my thick were prepared with Huxley’s ultra- 
microtome, placed on -o grids with collodion or *Formvar’ 
layers and studied in the electron microscope ‘YEM 54’ at 
80 kV. The experimental and control specimens were 
photographed under identical conditions. 

The following contrcls were used to check the specificity 
of the contrasting antigens with the iodinized antibody: 
(a) tissue cultures infected with measles virus and not 
treated with antibody; (b) tissue cultures infected with 
measles virus, treated with non-iodinized antibody and 
thereafter treated wi-h iodinized antibody; (c) tissue 
cultures infected with measles virus and treated with 
iodinized antirabic (heterologous) antibody; (d) un- 
infected tissue cultures treated with iodinized antibody ; 
(e) uninfected tissue cultures. 

One of the main purposes of this investigation was to 
verify the specificity of the reaction of iodinized antibody 
with antigen and preservation of the activity of antibody 
after iodinization. Im the haemagglutination-inhibition 
test the titre of iodinised antibody (1 per cent y-globulin) 
was 1:80 while its imitial titre, before iodinization, was 
1: 200. Preparations treated with iodinized antibody and 
thereafter treated with fluorescent antibody either did 
not react with the latter or displayed only. slight 
fluorescence, 

Because there are controversial data about the action 
of osmium tetroxide om antigenic activity®:!", the prepara- 
tions were fixed after treatment with iodinized antibody 
and, for the same reasons, thereafter embedded in meta- 
cylate. To facilitate penetration of antibody through the 
cellular membranes the preparations were frozen and 
thawed. As a result of shis a breach in the fine intracellular 
structures was obserwed manifested by breaks of the 
cellular membranes, partial destruction of the endoplasmic 
reticulum and mitochendria, exfoliation of nuclear mem- 
brane, rarefaction and partial shedding of the intra- 
nuclear material. Nevertheless, the basic structural 
components of the cell could be observed. 
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Fig. 3. Chick embryo fibrdlast seven days after infection with measles 
virus, treated with non-jodinized antibody. Accumulation of granular 
material at th- nuclear membrane (x 18,000) 


In cells infected wi-h measles virus and treated with 
iodinized antibody a highly contrasting dense material 
accumulated in the nucleus and at the nuclear membrane 
(Fig. 1). This was later found also in the cytoplasm 
including its peripherel zone (Fig. 2). In the same pre- 
parations treated with non-iodinized antibody granular 
masses also could be ebserved in the nucleus; but their 
density was considerably less than in the preparations 
treated with iodinized antibody (Fig. 3). A similar picture 
was observed in preperations treated with non-iodinized 
antibody and thereafter with iodinized antibody: the 
latter did not intensify the density of granular material 


786 


(Fig. 4). Cells infeeted with measles virus and treated with 
heterologous (antirabic) iodinized antibody resembled the 
intranuclear and cytoplasmic granular structures shown 
in Figs. 3 and 4. In normal non-infected cells treated with 
iodinized antibody no accumulation of dense granular 
material was observed either in the nucleus or in the 
cytoplasm; normal nuclear structures were better 
preserved than in infected cells (Fig. 5). 

The results described here show that iodinized antibody 
reacts specifically with antigen and gives a high contrast 
in ultra-thin sections of virus-infected cells—the contrast 
depending on the electron density of antibody-antigen 
complexes. Thus the method of iodinized antibody can 
be applied to the study of the intracellular development 
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Fig. 4. Chick embryo fibroblast seven days after infection with measles 

virus, treated with non-iodinized antibody and thereafter with iodinized 

antibody. Accumulation of granular material in the nucleus, at the 
nuclear membrane, and in the cytoplasm (x 18,000) 


NATURE 


May 22, 1965 VOL. 206 


> 





Fig. 5. Normal non-infected chick embryo fibroblast, treated with 
iodinized antibody. Absence of electron-dense granular'material, preser- 
vation of nuclear structures ( x 33,600) 


of the virus. This method, which is technically simple, 
has advantages over other methods of revealing virus 
antigens by means of antibody labelled with electron- 
dense compounds. 
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IMMUNOLOGICAL INERTIA IN PREGNANCY 


By J. M. ANDERSON 
Stobhill General Hospital, Glasgow 


HE experiments described here afford direct evidence 

of immunological unresponsiveness in the dog and 

the rat, existing mutually and specifically between the 
mother and the offspring immediately after parturition. 
‘Inertia’ is used for this state because words commonly 
used in the transplantation literature, such as ‘paralysis’, 
‘tolerance’™*, ‘antigen overload’? and ‘desensitization’, 
have special meanings dictated by the contemporary 
contexts of the respective observations and by the tenets 
of the clonal selection theory of immunity®. Also ‘inertia’ 
is less cumbersome than ‘unresponsiveness’, is equally 
descriptive and has no immunological connotation; it is 
used in a general sense meaning a lack of action by the 
system which preserves the immunological homoeostasis 
of an individual when immunological stimuli are applied. 
A number of experiments with laboratory rodents*-* 
have shown that it is the anatomical separation of the 
mother and the foetus which permits viviparous pregnancy 
in mammals, and that the trophoblast may form a non- 
antigenic and immunologically incompetent?® barrier 
between the mother and the foetus; these experiments 
present indirect evidence of barrier function. In contrast 
there are direct demonstrations of maternal inertia to 
orthotopic skin transplants from the young offspring in 
man™ and in the rat**. Similar results are reported in 
the nine-banded armadillo, Dasypus novemcinctus™, and 
in certain strains of inbred mouse™:'5, but both prepara- 


tions are subject to the criticism of being not representa- 
tive of naturally occurring heterogeneous populations 
in a genetic sense. Rats for the work recorded here were 
therefore taken at random from an outbred colony of 
more than 20,000 animals to test directly for inertia in the 
postpartum mother to the skin of the new-born. The 
converse, of inertia in the new-born to maternal skin, 
was tested with randomly available pregnant mongrels 
and the resulting litters, because the size of the pups 
made the transplantation technique more feasible than 
with rodents. The experiments are described and dis- 
cussed briefly here. 

Eight rats aged 1—4 days were decapitated and skinned. 
Each skin was scraped free of subcutaneous tissue and 
trimmed to fit a standard suprapannicular graft bed, 
measuring 20 mm x 25 mm, on the dorsal thorax of the 
donor’s mother. The rest of each litter was destroyed. 
The graft was retained by four corner sutures and the head- 
end was directed caudally; thus hairs growing in a sur- 
viving graft lay in the opposite direction to those of the 
host animal. A dressing was applied until the first inspec- 
tion 7 days later; thereafter each graft was left uncovered. 
At each inspection the percentage of epithelium surviving 
from the original graft was estimated. A series of control 
grafts was made from eleven rats aged 1-3 days to 
unrelated adult female rats, each at the same postpartum 
stage as the new-born donor of the skin graft, and the 
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litters of which were destroyed. These were at once con- 
trols of any maternal effect and of the genetic diversity of 
the rat population. All the rejected grafts were observed 
for a further thirty days to ensure that complete destruc- 
tion had occurred. 

In other experiments, seven mongrel pups born 1-7 days 
previously received full-thickness skin grafts measuring 
35mm x 45mm from their mothers by a technique similar 
to that described, and four pups aged 1 day received 
full-thickness skin grafts of the same size as the maternal 
grafts from a litter-mate. Sterile gauze dressings were 
applied after the first inspection 7 days later, and after- 
wards until the grafts were consolidated or rejected. 

There are clear differences between the results of each 
test group and its control. 

None of the rat new-born-to-mother grafts was rejected, 
but all except one of the new-born-to-unrelated-female 
grafts underwent homograft rejection. Four of the new- 
born-to-mother grafts have survived for 363-435 days, 
four have survived 195 days; all have good pelts, un- 
doubtedly of donor origin on the grounds of hair orienta- 
tion, density and texture. The single control rat with a 
surviving graft died 117 days after the application of the 
graft which retained a texture and hair quality equal to the 
test grafts. Two control grafts were rejected by a pro- 
tracted process during 3-8 weeks and one was rejected 
rapidly after 44 days of survival. The remaining seven 
control grafts were rejected in the conventional manner 
after surviving 9—11 days. 

None of the soven test grafts on dogs was rejected in-the 
expected manner; however, all four of the control grafts 
from a litter-mate to I-day-old pups were rejected con- 
ventionally after 9-13 days. Five of the seven mother- 
to-pups grafts showed none of the usual signs of homograft 
rejection; but two, both transplanted when the pups 
wero 7 days old, underwent protracted rejection during 
days 8-35 and 19-43, respectively. Thus far, three of the 
five have survived 110 days following transplantation to 
1-day-old hosts, and one died after 46 days with a surviv- 
ing graft bearing maternal hair. The fifth surviving graft 
was transplanted to a 7-day-old pup 396 days ago. The 
grafts on the four hosts now living each bore sparse hair 
of maternal colour and reversed orientation which 
gradually disappeared during the second and third months 
of survival; however, the grafts remained smooth, with- 
out induration, and they have gradually increased in 
size. 

These clinical observations were confirmed by histologi- 
cal examination of relevant specimens. 

The immunological inertia found between the mother 
and the new-born underlines the significance of previous 
similar findings in the armadillo, in man, in the mouse 
and in the rat. The two instances of modified homograft 
rejection occurring in hosts grafted at 7 days of age are 
compatible with a specific inertia. which must be tempor- 
ary, since the general fate of transplants between adult 
animals and their mothers is homograft rejection!®?»1417, 
Since all the control grafts except one were rejected in the 
present experiments there is no doubt that the hetero- 
geneity of the two populations concerned formed suffici- 
ently sensitive a preparation for the relevant test groups. 
The survival of one graft and the delayed rejection of 
three grafts in the rat control group parallel previous 
reports'#:!® of degrees of inertia in pregnant hosts to 
allogeneic skin grafts from unrelated donors. The 
mechanism of this non-specific diminished responsiveness 
remains obscure. 

Tn a previous investigation of the immunology of preg- 
nancy Anderson et al. is held a mutual interchange of cells 
within the placenta to be one possible mechanism of 
attaining in the mother a specific immunological inertia 
to the tissues of the offspring. Complementary inertia 
in the offspring to maternal tissues is a necessary part of 
such an explanation and this has been demonstrated in the 
group of new-born pups described. here. 


NATURE 


787 


The maternal component of this specific mutual inertia 
merits detailed investistion because it is induced naturally 
in an adult animal, in_contrast to the artificial induction of 
‘tolerance’ in new-born muce, the first laboratory solution 
of the homograft problem. It is comparable to specific 
inertia contrived in adult rodents and birds by parabiosis®" 
or by the injection of large doses of cells?! with or without 
irradiation®* or antimstabolites**. These successes are 
confined to the special conditions of close genetic relation- 
ship between the donors and the hosts, but they point 
to a unifymg hypothesis of explanation for all kinds of 
immunological inertia. rather than to the distinction 
previously drawn, on. she grounds of the clonal selection 
theory, between the relevant states in the new-born, 
on one hand, and in the adult animal on the other. The 
existence in Nature cf a system incorporating specific 
homotransplantation Tnertiaą in adult female animals is 
strong corroboration >of this unity, because it can be 
correlated in many respects with the situation seen in 
some dizygotic twins cof human beings™*, of cattle?**7 and 
of the marmoset**, whəre interchange of circulating cells 
in utero is held to tə a common denominator in the 
induction of specific inertia. Elucidation of the basic 
mechanisms involved, in terms of the circulating cellular 
populations of the mather and the foetus and in terms of 
the role of lymphoid. 2ells which may be committed or 
uncommitted (‘stem-cells’) in an immunological sense, is 
necessary for the further understanding of the mother- 
offspring and the chimneric inertias. 

The findings reported here favour a temporary mutual 
inertia as the reason. tor the absence of immunological 
reactions between the foetus and the pregnant mother. 
They also support the speculation that specific inertia to 
surgical transplants of allogeneic tissue may be obtainable 
in any adult host by the use of whole living cells or their 
extracts. 

This work was supported by the Medical Research 
Council. I thank Prof. W. Arthur Mackey for provision 
of experimental facilities and for review of the manu- 
script. 
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LEAD(II)-CATALYSED SOLVOLYSIS OF 4,4’-bis(N,N-DIMETHYLAMINO)- 
BENZHYDRYL AMINE IN 50 PER CENT AQUEOUS DIMETHYL 
SULPHOXIDE » 

B M. R. V. SAHYUN 


_ National Cancer Institute, National Institutes of Heaith, Bethesda, Maryland 


TK. pian acetic acid, 4,4’- bis(N, N-dimethylamino)- 
‘benzhydryl amine (RNH,) ionizes to form 4,4’-bis- 
(N,N - -dimethylaminophenyl)- carbonium ion (#t)!. This 
carbonium ion is easily detected owing to its intense blue 
colour (Amax 610 my, © 1:34 x 10%) (ref. 2). No colour 
appears on, treatment of RNB, with acid in water- 
dimethyl sulphoxide. (DMSO) mixtures. However, lead(IT), 
zinc(II), manganese(LI), iron(II) and aluminium(ITI)} salts 
effect the 10omzation. 

The. reaction of RNH, with lead nitrate in 50 per cent 
aqueous DMSO at 25° C was investigated ın some detail. 
Equal volumes of DMSO solution of RNH, and aqueous 

_ solution of lead, nitrate-were mixed. The optical density 
at 610 my was, thereafter monitored, and the data plotted 
as concentration of Rt versus time. Typical plots are 
shown as Figs. 1, 2 and 3. With 0-10 M lead nitrate, the 
concentration of Rt reaches a stationary state value after 
12 h (region B, Fig. 1); after 30 h it slowly adjusts to 
an equilibrium value (region D). No change in the position 
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of the absorption maximum was observed, nor were any 
new absorption bands detected during the course of the 
reaction. Experiments at various concentrations of 
ANH, (10° M > [RNH,] > 10~ M) led to an expression 
for the final equilibrium: 


>. 0-064 + 0-003 = [R+/[RNE,] (1) 
The stationary eee concentration of R+ could be pre- 


“dicted by: 


6-8 + 0-9 x 107M = (R+*P/{RNH,] (2) 
With 0-040 M lead nitrate, the concentration of Rt reached 
an equilibrium -value about 12 h after mixing (Fig. 2); 


- this.equilibrium concentration could be premieres ay the 


equation : : i 

1:00 + 0-07 x 10-7 M = [R+}"/[RNH,] (3) 
Note that equations (2) and (3) are of the-same quadratic 
form. If the solution 0-040 M in lead nitrate also con- 
tained 7:5 x 10 or 1:50 x 10- M ammonium hydroxide, 


results such as shown in Fig. 3 were obtained. The equi- 
librium concentration of A+ was determined -by: 


0:029 + 0-001 = [R+]/(RNH,] (4) 
Note that equations (1) and (4) are of the same linear 


form. When lead nitrate was 0-010 M, the equilibrium 
was reached directly in about 12 h, as with 0-040 M lead; 


_ the equilibrium concentration of Rt was predicted by: 


1-7 + 0-4 x 10-8 M = [R+]?/[RNH,] (5) 
Equation (5) resembles equations (2) and (3). 

The applicability of two types of equilibrium expression, 
for example, equations (3) and (4), suggests’ two environ- 


mentally different carbonium ions, here designated as.» 


R; and R;. Rj 1s formed in reactions obeying a quadratic 
equilibrium law; Rý is formed in reactions obeying a 
linear law. As the equilibration with 0-10 M lead nitrate 
is slow (requiring some 60 h as‘seen in regions A, B and 
C of Fig. 1) the stationary state concentration approaches 
an equilibrium concentration. The generation of the 
stationary state may then be treated as the formation of 
Ri from RNH,. ‘Qualitatively analogous results were 


obtained with zine chloride in place of lead nitrate. 
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The following scheme explains the observations: 
1 


Pote 1 
3 Pho — F Pb(OH), + Ri + NH, (6) 


R? + OH —> ROH (7) 
ROH + Hte R, + H,O (8)? 


where ROH represents the expected solvolysis product of 
RNHo., 4,4’-bis(N,N-dunethylamino)benzhydrol. ROH ıs a 
common indicator, and dissociates readily under the 
influence of acid according to reaction (8), for which the 
equilibrium concentrations are determined by?: 


4x 10° = [#*+)/(ROH][H*] (9) 


The leaving group in step (8) 1s solvent species, hence 
the carbonium ion Pý is in equilibrium with the solvent, 
that is, A, is ‘free’ carbonium ion. The opposite must 
then be true of Hy. Goldacre and Phillips? found that 
the equilibrium for reaction (8) is established mmmeasur- 
ably fast, so the environmental uniqueness of Ri requires 
the presence of another entity. This second entity may 
be (a) ammonia or (b) lead ion. Choice (a), the leaving 
group in step (6), may be eliminated as follows. The 
[+]? factor in equations (2), (3) and (5) suggests two 
species are formed stoichiometrically which are able to 
produce a mass law effect on the equilibrium of reaction 
(6). Only ammonia can so function, as lead ion 1s present 
in large excess. In this case, ammonia cannot be associated 
with Ra; if it were, ıb could not exert any mass law 
effect’. Thus lead ion which has catalysed the ionization 
of ANH, must remain in sufficiently close proximity to 
the formed F+ to affect the latter’s environment. Ri is 
therefore R+t associated with lead ion. This formulation 
converts step (6) into: 


RENH, + 


3 Í 
zPb* + RNH,=R+...Pb+#+5Pb(OH),+NH: (6a) 


The mvolvement of 3/2Pb+? is supported by the observa- 
tion that the slope of a plot of log [R*]?/[RNH.] versus 
log [Pb**] is 1-6. 

A large dipositive ion such as lead tends to incur 
structuring of the surrounding polar solvent, according to 
the treatment of Frank’. (As water and DMSO may form 
‘mixed’ structure in solution’, the considerations on which 
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Frank based his treatment of aqueous solutions should 
be applicable to water-—-DMSO mixtures.) The large 
carbonium ion should exert a sumilar effect. The com- 
bined ‘structure-forming’ effects of both cations create a 
solvent cage which msintains the association of the two 
cations despite Coulombic repulsion between them, and 
protects the carbonium son from attack by other reagents, 
for example, OH-. 

These results are intarestmg from at least two different 
points of view. The association of two cations is unusual. 
However, triple ions, consisting of two cations and an 
anion. associated, are well known’. Delocalization of the 
positive charge of the metal ion into the polar solvent, in 
accordance with the electroneutrality principle*, should 
serve to stabilize the cation pair. The solvent may also 
act ın place of a negative counter-ion; the oxygen of 
DMSO possesses anioric character®*. Participation by 
nitrate ion is not excluded either, although the fact that 
qualitatively analogous results were obtained with zine 
chloride (vide supra) suzgests that the function. of nitrate 
ion is not umque, In zhis connexion note the association 
between lead and nitrate ions!® and between zinc and 
chloride ions" in aqueous solution. 

The ammo group is unusual as a leaving group in Syl 
type reactions. Its ability so to function under the 
influence of metal ions (presumably by co-ordination 
thereto) may be of significance in understanding the 
physiological behaviour of amino compounds; for 
example, these results suggest the ability of some amines 
to function as alkylating agents when complexed with 
appropriate metal 1ons. 
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INFLUENCE OF NON-LETHAL DOSES OF RADIATION ON 
RECOMBINATION IN Chlamydomonas reinhardi 


By C. W. LAWRENCE 


Wantage Research Laboratory, Atomic Energy Research Establishmerxt, Berkshire 


T has been shown}? that a low dose of y-radiation 
influences chiasma frequency at only two short stages 
in the development of pollen mother cells. The first 
stage, during which irradiation reduces the number of 
chiasmata formed, occurs just before the start of meiosis, 
while the second stage, during which irradiation increases 
chiasma frequency, is situated in the late zygotene to 
pachytene period. This result was found in each of two 
species which differed in number and position of chiasmata. 
It was suggested that these observations could be inter- 
preted best by assuming that a low dose of radiation 
interfered with specific synthetic processes concerned, 
directly or indirectly with crossing-over (C.O.). If this 1s so, 
recombination should also respond to irradiation in the 
manner outlined here. The following account shows that 
the pattern of response is in fact very simular. 

The life-cycle and cytogenetics of the green alga 
Chlamydomonas reinhardt have been described in detail?-5 
and a variety of methods for investigating recombination 
have been developed®. It was chosen for the work 
recorded here because large populations of cells which 


move synchronously through meiosis can be obtained. 
Recombination was examined in the arginine 1—paba 2 
region of linkage group I>’. Arg. 1 is approximately 
ten units from the centromere and paba 2 twenty-one 
units distal from arg. 1. An arg. 1 mating type plus and 
a paba 2 mating type minus stock (stocks kindly supplied 
by Prof. R. P. Levine) were mated and the resulting 
zygotes matured by standard methods*®, with precautions 
to avoid zygote fusion. Media, conditions, and methods 
of culture were substartially those of Levine and Eber- 
sold’. Mature zygotes were washed from the maturation 
medium, unmated veg=tative cells having been killed 
previously by exposure to chloroform vapour for 40 sect, 
and a suitably diluted suspension spread on membrane 


’ filters (Oxoid) placed on minimal agar medium. Exposure 


of mature zygotes to kght triggers off germination and 
as a result they develop synchronously through premeiotic 
and meiotic stages, eventually rupturing to release four 
haploid celis. 

The degree of synchroay and the location ofthe different 
meiotic stages within the germination period were estab- 
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Fig. 1.. Influence of 1890 rads on recombination (solid line) and survival 
(dotted line) at different times during the germination penod 


lished by fixing samples of zygotes at intervals and 
staining them with azure 45. To assess synchrony the 
proportion of cells later than anaphase I was scored in 
each sample, and the results from three independent 
batches of zygotes subjected to probited analysis. This 
analysis showed that the average time from the start of 
germination to anaphase I was 9 h with a standard 
deviation based on different batches of zygotes of 13 min. 
The three probit slopes were homogeneous and gave an 
average standard deviation within batches of 32 min. It 
1s not possible to identify zygotene and pachytene stages 
in Chlamydomonas; but 10 per cent of cells had reached 
mid to late diplotene, the first stage to be rehably classi- 
fied, by 7-5 h, thus suggesting that the average time to 
pachytene was 7-7-5 h. f 

In the experiments, different samples of zygotes 
germinating on membrane filters were treated with cobalt- 
60 y-radiation at 30 min intervals from 3to 7-5 h after the 
start of germination. A dose of 1,890 rads at 3,780 rads/ 
min was given, irradiations beimg carried out in the dark in 
air at 25° C. Although the Chlamydomonas zygotes were 
given a higher dose in rads than Lilium or Tradescantia 
pollen mother cells, the energy deposited per cell was 
approximately the same in each case due to differences 
in cell volume. Mock irradiations were given to controls 
simultaneously with each irradiation treatment. 25-27 h 
after the start of germination the membrane filters were 
transferred to fresh medium, half in each treatment to 
yeast acetate medium and half to minimal supplemented 
with sulphanilamide (100 ug/ml.). Estimates of the 
proportion of surviving zygotes were obtained by counting 
viable colonies on yeast—acetate medium four to five days 
after germination. 90 per cent or more zygotes ger- 
minated in the control, and under the conditions of the 
experiment each zygote gave rise to one colony. Estimates 
of the proportion of zygotes producing one (or more) wild- 
type recombinant cells were obtained in a similar manner 
from the sulphanilamide—minimal medium, six to seven 
days after germination. Sulphanilamide suppresses the 
leaky paba 2 mutant and at the concentration used has 
only a negligible effect on the growth of wild-type cells. 
At the time of transfer to new medium each meiotic 
product had divided mitotically several times. During 
these divisions there was no difference between the 
growth rates and survival of parental and wild-type cells, 
presumably due to reserves derived from the wild-type 
zygote. The radiation experiment was repeated with 
four different batches of zygotes, a pair of Petri dishes 
constituting one treatment at any one time. Two metrics 
were calculated from the results. First, the proportion 
of zygotes giving recombinants in each treatment was 
determined, and then expressed as a percentage of the 
control frequency. Secondly, the number of zygotes sur- 
viving on yeast—acetate medium in each treatment was 
expressed as a percentage of the control count on yeast— 
acetate medium. In the statistical analysis, the error 
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mean squares were obtained from the differences between 
repeated experiments. 

The results are shown in Fig. 1. Two main features 
may be seen in this figure. First, recombination was 
influenced by irradiation at only two short stages during 
germination, and secondly, such changes occurred in the 
absence of lethality. 55h after the start of germination 
recombination was depressed to less than 85 per cent of 
the control value, a deviation which is significant (P= 
0-05—0-01), while at 6-5 h recombination was increased by 
nearly 10 per cent. This was not quite significant. Other 
experiments (see later) confirmed the increase, however, 
and the difference from the control was significant 
(P = 0-05-0-01) in an analysis of the pooled data. Mock 
irradiation had no effect on the controls, the results from 
which were homogenous. On average 42-6 per cent 
zygotes gave rise to wild-type recombinants in the control. 
On @ strand basis this is approximately equivalent to 
21 per cent recombination between arg. 1 and paba 2, 
in good agreement with values previously determined by 
different methods’. 

Trradiation with 1,890 rads at other times between 
3 and 7:5 h after the start of germination did not effect 
recombination. This was also found to be true of irra- 
diations before 3 h and from 7-5 to 9h. Apart from those 
at 3, 7 and 7-5 h, treatments were entirely non-lethal. In 
view of this, and the fact that all zygotes germinated on 
a single medium for the first 25 h, it is improbable that 
the changes in recombination were artefacts due to 
differential survival of wild-type cells on yeast—acetate 
and minimal medium. The absence of artefact was 
confirmed by treating homozygous wild-type zygotes and 
by demonstrating that there was no differential viability 
after 25 h on minimal medium. 

The pattern of response in theso results is strikingly 
similar to that of chiasma frequency in Lilium! and 
Tradescantia®. The similarity suggests that meiosis 
started between 5-5 and 6 h, and pachytene between 6'5 
and 7 h after the start of germination. These times are 
compatible with the times of later stages found during 
the cytological examination of zygotes. Additional 
evidence relevant to the timing of the early prophase 
stages is provided by the results of a cold-shock experiment. 
Cold shocks were given to different samples of zygotes at” 
intervals of 3~7-5 h by firmly pressing the Petri dishes 
against a smooth block of solid carbon dioxide for 45 sec, 
which rapidly reduced the agar temperature from 25° C to 
5° C, followed by 30 min at 1°-2° C in the dark. The 
experiment was carried out twice, with three pairs of 
Petri dishes in each treatment except for the control 
where twice this number were used. The results are 
shown in Fig. 2. In agreement with results from other 
organisms!*-11, low temperature was found to increase 
recombination. This increase was limited, however, to a 
period lasting from 6 to 7 h after the start of germination. 
The differences from the control at 6 and 7 h are each signi- 
ficant (P=0-05-0-01), but that at 6-5 h is not quite 
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Fig.2. Influence of cold shock on recombination (solid line) and survival 
(dotted line) at different times during the germination period 
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significant (P=0-1-0-05). The three values are homo- 
genous and the average difference from the control of 
8-5 per cont is significant (P <0-01). The control recom- 
bination frequency is close to that in the previous 
experiment. Low temperature ceased to affect recom- 
bination rather sharply between 7 and 7:5 h. Pachytene 
cannot, therefore, on the average have been completed 
earlier than 7 h, since temperature can scarcely have 
influenced recombination after this stage. On the other 
hand, on average 10 per cent of the zygotes have reached 
mid-diplotene or later by 7:5 h, and thus it is unlikely 
that the majority of cells reach pachytene after this time. 
The cold shock experiment therefore supports the timing 


suggested, by the radiation results. 


In addition to the similar location of responses, another 
feature which the present radiation results have in 
common with the earlier chiasma frequency data’? is 
the shortness of the responding stages. Irradiations 
(1,890 rads) of successive stages from 5 to 6h at 10-min 
intervals and from 6 to 7-25 h at 15-min intervals showed 
that the proportion of recombinants in the treated zygote 
population gradually departed from the control value, 
reached a maximum deviation, and then returned to the 
control value in a manner which approximated to a normal 
curve. In the case of the 5-5 h response, the standard 
deviation of this curve was closely similar to the standard 
deviation relating to synchrony of development in the 
xygote population. In the case of the 6-5 h response, the 
standard deviation was a little larger. This suggests 
that the zygotes are competent to respond over only very 
short portions of the germination period, possibly as short 
as 10 min around 5-5 h and 20 min around 6-5 h. It also 
implies that the response per cell is much larger than 15 
and 10 per cent respectively, and may at 5:5 h approach 
100 per cent at this dose. Support for such an inter- 
pretation comes from the dose-response relations. At 
both 5-5 and 65 h almost the maximum response is 
obtained with 1,890 rads, and very little further change 
in recombination is found with doses up to four times 
this value. 

The precise location within the meiotic cycle and short 
duration of these radiation offects suggest that damage 
to only one or two specific kinds of target is involved, 
and raise the question of their identity. One possibility 
is that chromosome structure is the primary site of 
damage. If this is so, the transitory nature of the influence 
on recombination is due either to an increased sensitivity 
of the chromosomes during these stages, or alternatively 
to some particular short-lived property of the chromo- 
somes or their behaviour which increases the chances that 
the damage will influence recombination. If the damage 
is similar to that giving rise to chromosome breakage, 
there is no evidence that the required transitory changes 
in sensitivity (or repair) occur!?. With regard to the 
second alternative, it is possible that pairing in early 
prophase facilitates translocation of broken chromatids. 
The period during which recombination can be increased 
appears, however, to be shorter than that of pairing in 
this as well as in the earlier material!:?. There is, more- 
over, no obvious reason why chromosome breakage 
should depress recombination at one and not other 
premeiotic stages. In general the absence of correlation 
between recombination and survival, and the high 
sensitivity of the processes involved compared with those 
concerning lethality, indicate that chromosome breakage 
cannot explain the results. Damage to chromosome 
structure of a different kind from that concerned in 
chromosome breakage may of course be involved. 

A variety of targets outside the chromosomes, either 
in other parts of the nucleus or in the cytoplasm, are 
suggested by the particular stages at which recombination 
was influenced. The premeiotic depression of chiasma 
frequency in Inlium and Tradescantia occurred in late 
GI or early S, and presumably the depression of recom- 
bination in Chlamydomonas also occurs at this time. At 
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this stage there are a namber of synthetic processes which 
are eligible as targets either on the grounds of sensitivity 
or short duration. Nuclear phosphorylation occurs 
during Gl and is known to be very radiosensitive™. 
Inhibition of nuclear phosphorylation may in part be 
responsible for the delay in DNA synthesis'* which is 
also sensitive to low doses of radiation at this time. 
Nucleotide kinases are also thought to be very radio- 
sensitive", and only o2zcur during very short periods of 
the meiotic cycle!®. Alternatively a depletion of the 
energy pool'® may ozscur. Finally, histone synthesis 
occurs at this time?®8°, Since histone may play an 
important part in chromosome coiling”, interferences in 
histone synthesis could be responsible for the charac- 
teristic lack of coiling of metaphase chromosomes following 
irradiation of premeiotic cells in Lilium and Tradescantia'?. 
Whatever the target at this stage, its damage must, in 
view of the cold shock and chiasma frequency data, in 
turn. affect either chromosome structure or some process 
involved in crossing-over occurring later in meiosis. 

Very little is known about the synthetic processes 
occurring during late zygotene or pachytene, but as 
crossing-over appears to take place at this stage a number 
of alternatives suggest themselves. If chiasma inter- 
ference is due to an active inhibition of crossing-over, 
radiation may impair this restraint. A limitation to the 
number of cross-overs per nucleus of the kind proposed 
by Mather?? is not, however, involved?. Alternatively, 
radiation may inhibit processes other than those con- 
cerning crossing-over, but which compete with them for 
energy or substrates. i 

In conclusion, this and the`earlier results suggest that 
non-lethal doses of radiation affect a few, possibly only 
two, synthetic processes which are in different ways 
concerned with the same terminal recombination events 
occurring in prophase. These radiation effects do not 
appear to be similar tc those in other recombination**.** 
or chiasma frequency**~*? experiments, where often larger 
doses were used and possibly different cell stages irra- 
diated. Finally, although the evidence relating to the 
stage at which DNA is synthesized in Chlamydomonas is 
only circumstantial, the results from the cold-shock 
experiment appear inccmpatible with some ‘copy-choice’ 
models of intergenic recombination®™*. Ifthe interpretation 
placed on the radiatior results proves correct, they also 
support this conclusion. 

I thank Mrs. V. J. Bronsdon and Mr. J. Harrison for 
their assistance. 
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CENTRIC CHROMOSOME FRAGMENTS AND POLLEN-PART MUTATION OF 
THE INCOMPATIBILITY GENE IN Nicotiana alata 


"By Dr. K. K. PANDEY 


Crop Research Division, Department of Scientific and Industrial Research, Lincoln, New Zealand 


ELF-INCOMPATIBILITY in higher plants is the 
result of a biochemical reaction which is apparently 
analogous to the immunity reaction in animals. In self- 
incompatibility a certain specific protein, antigen, un the 
pollen or pollen-tube interacts with a corresponding 
antibody in the style, resulting in the production of an 
inhibitory substance inimical to the growth of the male 
gametophyte’-*. This corresponding pollen and stylar 
reaction is controlled by the S gene which occurs in a 
large number of allelic forms each producing a unique 
specificity. Because of the several advantageous charac- 
teristics, relatively rare ın higher plants, associated with 
the S gene, 1t has been a subject of intensive investigation 
in the attempt to elucidate gene structure, evolution and 
function*5, 

Broadly, two methods have been used to examine the 
S gene in a gametophytically self-incompatible species: 
induction of polyploidy and mutation. In the diploid 
pollen of most autopolyploids, certain combinations of 
alleles interact—competitive interaction—so that the 
incompatibility reaction is weakened, leading to self- 
compatibility®:?. Mutation investigations of Oenothera 
organensis® showed that there were two mutationally 
independent units of the S gene, one governing the reaction 
of the pollen and the other that of the style. Later 
studies in Prunus avium’, Trifolium repens and T. 
pratense™ confirmed this finding. 

Further work in the autotetraploids of O. organensis1 
involving the pollen-part mutant alleles indicated that the 
S gene is composed of two cistrons, one controlling the 
specificity of the protein that is active in the incom- 
patibility reaction and the other contrellmg a ‘half- 
molecule or carrier’ responsible for the activity of this 
protein in the pollen and style. The pollen-part mutations 
are lesions or changes in this carrier cistron and do not 
affect the protein cistron which still retains its original 
properties of dominance and interaction. Thus two 
alleles which show competitive interaction when present 
in their normal states in the diploid pollen still show that 
interaction when one of the alleles has pollen-part muta- 
tion. Furthermore, the presence of a normal allele with 
a mutant allele in the same pollen may restore the lost 
activity of the latter. 

In a recent cytogenetic study of the irradiation-induced 
mutants of the S gene in Petunia inflata, however, Brew- 
baker and Natrajan!? explained the pollen-part mutation 
on the basis of competitive interaction in the pollen. 
Of the 68 X, plants, which included both self-compatible 
and self-incompatible individuals, only 5 of the self- 
compatible plants and their progeny were examined. 
Four of these X, plants and 16 of the self-compatible 
progeny studied all showed an additional centric-fragment 
in the normal diploid chromosome complement. None of 
the 9 self-incompatible progeny examined showed any 
fragment. All 15 self-compatible pollen-part mutants 
obtained were, like their parents, heterozygous for S 
alleles. The selfed progeny of one of these mutants were 
also all heterozygous. 

These results were in agreement with the assumption 
that the fragment bore the S locus. A proportion of the 


` 


pollen-grains produced by the fragment-bearing plants, 
by virtue of the inclusion of the fragment, would be hetero- 
genic for the S alleles and would show competitive inter- 
action resulting in self-compatibility. On the basis of these 
results in P. inflata, Brewbaker and Natrajan claimed that 
pollen-part mutants obtained in other species could also 
be explained on the competitive-interaction hypothesis. 

Apart, from the fact that Brewbaker and Natrajan 
found, among the X, plants and in their progeny, a number 
of plants which could not be explained on their hypothesis, 
there are 4 significant observations which suggested that 
competitive interaction could not be the explanation of 
pollen-part mutations ın general: 

(1) In O. organensis, no genotype, including those used 
for mutation studies, showed competitive mteraction 
resulting in self-compatibility, as a result of autopoly- 
ploidy. Yet these plants produced pollen-part mutations 
which were fully self-compatible. Evidently competitive 
interaction could not be the cause of pollen-part mutations 
heret’, 

(2) As ın O. organensis, the two genotypes S,S, and. 
SS, of T. pratense which produced pollen-part mutations 
were completely self-incompatible after the induction of 
autopolyploidy. (In the tetraploid genotype S,S,S,S,, 
no seed was produced in 577 self-pollinations ; m S2S.5,84, 
only one seed was produced from 429 pollinations. Com- 
parative cytological studies in respective diploids and 
tetraploids showed that while in S,S,S,S, there was some 
increase ın the extent of pollen-tube growth, although ,, 
far less than that required for successful fertilzation, 
in SS.SS, there was no increase at all.) Thus competi- 
tive interaction could not be the basis of pollen-part 
mutations in T. pratense as well. 

(3) The pollen-part mutants produced as a result of 
competitive interaction are expected to be all of one 
genotype, heterozygous for § alleles, whereas those pro- 
duced through mutations of the S gene would com- 
prise two genotypes, one homozygous (hom.) and the 
other heterozygous (het.), in equal proportions. In 
O. organensis® (7 hom., 7 het.) and T. repens*®® (10 hom., 
5 het.) approximately half the pollen-part mutants were 
homozygous and the other half heterozygous for the S 
alleles. That the self-compatible homozygous plants 
arose from the mutation (or deletion) of only the pollen 
part and not from the deletion of the whole S gene was 
clearly shown from the behaviour of the X, plants. No 
plant compatible as a female with the tester was obtained 
in the selfed progeny (a), whereas 50 per cent of the 
plants were to be expected of this type on the basis of the 
S gene deletion (6), namely: 

(a) 58,2 selfed—>S.5,° + SSS 
aT.) (LT) 


(b) SeS S selfed—>S,Se> SESS 
(T) (CT 


(SS, pollen-part mutation; 54° whole S gene deletion; tester, SeSe; LT., 
incompatible with tester (¢,; C.T., compatible with tester (¢)). 

(4) In the selfed progeny of the heterozygous pollen- 
part mutants in Oenothera and Trifolium two genotypes, 
one heterozygous and the other homozygous, were re- 
covered in equal proportions (c). This could occur only 
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on the basis of S gene mutation; competitive interaction 
would produce only heterozygous progeny (d), namely: 


(e) 8,8,° selfed->S,S, + 58 s,° 
a om. 
(d) SS aSa, Selfed—>S,5, Sop, + dS, 


(het.) (het.) 
(Sy, ~ S,-bearing fragment). 


It is clear that the results from O. organensis, T. pratense 
and T. repens are explained only on the basis of S gene 
mutation and are, therefore, in several respects, con- 
tradictory to those expected on the basis of competitive- 
interaction hypothesis of pollen-part mutation. Never- 
theless, when the observations in P. inflata are con- 
sidered it is obvious that in this species the situation is 
different from that in other species studied for S gene 
mutation. In P. inflata, the results, so far as they go, 
are in agreement with the competitive-interaction hypo- 
thesis. 

Now two interesting questions arise: (1) Is competitive- 
interaction basis of pollen-part mutation a special feature 
of P. inflata alone, or is it a feature common to its genera 
or even the whole family? (2) Is competitive interaction 
exclusively responsible for all pollen-part mutants, or is it 
that the genuine S gene mutants also occur but that the 
breakage of the S-bearing chromosome giving rise to the 
appropriate fragment occurs with such a high frequency 
that the products of competitive interaction simply 
overwhelm the rather rare S gene mutants? To answer 
these questions, mutation studies were undertaken in 
Nicotiana alata (n = 9), a diploid sister species of P. 
inflata, both belonging to the family Solanaceae. 

All mutants were obtained either spontaneously or with 
the aid of X-irradiation of only one, highly self-incom- 
patible genotype SS. X-rays (1,000 r.) were delivered 
to the whole inflorescence at a stage when the sporocytes 
in the most advanced bud were undergoing meiotic divi- 
sion. Pollen from irradiated buds as they came to bloom 
was used for incompatible pollinations on to unirradiated 
pistils. All pollinations were made in a bee-proof green- 
house. The plants obtained from these selfings or crossings 
are called X, plants. The testers included, in addition to 
the parent genotype (S,S;), the homozygous forms (S,S, 
and SyS;) which were produced through bud-pollination"™. 

Seed incompatibility was confirmed by cytological 
examination of the pollen-tube growth, by the method 
described elsewhere’. For the analysis of the chromosome 
fragments PMCs were studied using Snow's staining 
technique", 


Table 1. TESTING OF X, MUTANTS 


Results of selfs and reciprocal crosses with three tester plants. 'The presence 
or absence of the chromosome — sen only for a certain number of 
1 plan 


Kare Sel SS. 8,8 8,8. T f mutant oy —— 
No. 0 - ype of mu en 
planta fed 3 $ 3% 398 With Without 
62 + - + — + — + Pollen-part 34 1 
heterozygous 
2 - — + — + — + Pollen-part* 1 0 
heteroz 
12 — —— = 4 — + Eade ? 4 1 
ro 
2 — +- — — + + ‘Revertible’ homo- 1 0 
zygous (S381) 
3 — + — 4+ +4 — — *Revertible’ homo- 1 0 
us (S353) 
1 + + + + + — + Pollen-part homo- 1 
zygous (SaS) 


Table 1 gives the reactions of 82 X, plants and the nature 
of their mutations. 75 per cent (62) of the X, plants 
showed pollen-part mutation and were heterozygous. 
Two of the X, plants differed from the pollen-part mutants 
in that they remained self-incompatible although they 
. Were cross-compatible as males with the parent. These 
have been tentatively classed as ‘pollen-part*’ mutant, 
pending further tests. Twelve X, plants showed no 
change in their specificity from that of their parent and 
behaved exactly like them. They were ‘revertible’* 
heterozygotes. Similarly there were 5 plants (2 S,S, 
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and 3 SS,) which saowed no change in the S allele 
specificity but gave the reaction of only one S allele 
(revertible homozygotes). There was one plant, however, 
which as a female reacted like a homozygote (S,S,¢) 
but was self-compatible. It was classed as pollen-part 
mutant homozygote. 

Only about half (4¢) the total number of X, plants 
have been examined cytologically so far, and the results 
are given in the last column. It is significant to note 
that with the excepton of two plants (one each of 
pollen-part mutant heterozygote and revertible hetero- 
zygote) all X, plants examined had a centric-fragment in 
addition to their norma diploid chromosome complement. 
The centric-fragments, hough variable, are fairly large in 
size and can be traced without difficulty throughout 
meiotic division (Figs. 8). 

Among the 50 families, comprised of 8-20 plants each, 
raised from the selfed-pollen-part mutant heterozygotes, 
only 15 showed a small oroportion of homozygous plants; 
the overwhelming number of plants in these families and 
all plants in the remaining families showed only hetero- 
zygous plants. 





arrow, 
vely small } 
fragment; in the last (Fig. 8), the nt 
nguishable from other chromosomes, showi 
—— MI. da if hein oon ee of the cell. Note 
> w om a - heteroz us mutant, 
there is no fragment., (AN x 800) sini 
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The selfed progeny (14 plants) of the one homozygous i 


pollen-part mutant, S,S,¢, were all self-compatible, cross- 
compatible with S,S, (8), and cross-incompatible with 
SyS, (£), thus showing that the original mutant was the 
result of a pollen-part mutation of the S gene, and not 
the competitive interaction or the loss of the whole 
S gene. 

Taken in conjunction with the published evidence on the 
S gene mutations in Oenothera, Trifolium and Prunus, the 
present cytogenetical observations in N. alata lead to 
only one conclusion that genuine S gene mutations occur 
in N. alata also. The question which arises, therefore, is 
not whether S gene mutations occur, but rather how to 
explain certain observations in P. inflata and N. alata 
which are in agreement with those expected on the basis 
of competitive interaction. 

It is clear from the results in N. alata reported in Table 1 
that the fragment occupied a key role in the production 
of X, seeds. This role was, however, not limited, as 
Brewbaker and Natrajan have claimed, to the production 
of pollen-part mutants alone. It appeared to be more 
basic, for the presence of the fragment was necessary for 
the recovery of most mutants, whether self-compatible 
or self-incompatible. Here it is of interest to recall the 
results of mutation studies in Trifolium species. In the 
diploid T. pratense, as in other studied diploid species, 
O. organensis and Prunus avium, mutations were produced 
either in the pollen or in the stylar part of the S gene which 
never simultaneously in both. In the tetraploid T. repens, 
however, ‘complete’. mutations showing the loss of both 
activities occurred with a high frequency. It is believed 
that when both pollen and stylar parts mutated together 
the whole gene was inactivated, including certain essential 
units of the S complex. This would be lethal in the diploid, 
but in the tetraploid, where there is probably another 
locus which may be covering the inviability action but 
has now lost the incompatibility determination, such 
mutations would be viabloto, i. It is likely that the role 
of the fragment in P. inflata and N. alata may lie in its 
ability not only to induce competitive interaction but 
also to cover a vital deficiency usually associated with 
most of the S gene mutations in these species. 

For competitive interaction to occur in pollen the frag- 
ment must contain the allele other than that present in the 
usual haploid genome. As suggested from the work in 
Oenothera, competitive interaction would still result 
even when the allele in the haploid genome is a pollen- 
part mutant. However, the efficacy of the mutant allele 
to take part in the competitive interaction, as well as in 
the production of certain kinds of mutants (for example, 
revertible mutants, with fragments, which give rise to 
self-incompatible X, plants), may be dependent on the 
covering of a vital deficiency in the mutant allele by the 
normal gene on the fragment. 

Thus the fragment may have two roles in the pollen: 
(1) it produces competitive interaction; and (2) it may 
cover a vital deficiency of the mutant allele in the haploid 
genome. Most of the pollen carrying the S gene pollen- 
. part mutant, if it were to be recovered at all, would have 
to include the fragment. In these circumstances it is 
likely that it is the competitive interaction, and not the 
mutant allele, which is effective in producing the com- 
patibility reaction'*. The competitive interaction would 
be superimposed on the genuine S gene mutation and 
would conceal the identity of the latter. However, most 
of the S gene mutant pollen will probably be lost since 
the selection of the compatible pollen would be on the 
basis of competitive interaction alone; any inclusion of 
the mutant S gene in this pollen would be purely incidental, 
unless the causal mechanisms of the two phenomena-— 
the fragmentation of the S-bearing chromosome and the 
mutation of the S gene on its homologue—-were somehow 
related. | 

The foregoing hypothesis would explain certain results 
peculiar to Petunia and Nicotiana, but one thing is certain. 
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True gene mutations, characteristic of O. organensis, 
P. avium and Trifolium species, do occur also in N. alata. 
The recovery of the two mutants, the homozygous pollen- 
part with fragment and the heterozygous pollen part 
without fragment, proves this beyond doubt. Further- 
more, the occurrence of the latter, the heterozygous 
pollen-part mutant without fragment, shows that muta- 
tions do occur, although rarely, which do not need the 
covering effect of the fragment and may be identified only 
very rarely because of the overwhelming presence of X, 
plants with fragments showing competitive interaction. 
The mutants with the fragment may or may not be con- 
cealing a genuine pollen-part S gene mutation and no 
cytogenetic tests are possible to distinguish between the 
two possibilities. 

The cytological results presented in Table 1 are also 
significant from the point of view of revertible mutations. 
Most plants having this type of mutation, though genetic- 
ally indistinguishable from the parent, contained the 
fragment. This shows that the revertible mutations are 
not the result of any freak weakening of the incompatibility 
reaction allowing certain pollen tubes to go through and 
effect fertilization. It is, as suggested by Lewis', a result 
of genuine S gene mutation, which has later reverted to 
its original state, after the mutant gene had already acted 
soon after the meiotic division. 

Considering all evidence available in the six species 
studied so far, including O. organensis (Onagraceae), P. 
avium (Rosaceae), T. pratense, T. repens (Leguminosae), 
P. inflata and N. alata (Solanaceae), it may be concluded 
that genuine S gene mutations occur in all of them; but, 
whereas the mutants in the plants of the families Onagra- 
ceae, Rosaceae and Leguminosae, are easily recovered and 
analysed, those from the family Solanaceae (at least in 
P. inflata and N. alata) are harder to recover, probably 
because of one or both of the following peculiarities: 
(1) sensitivity of the S-bearing chromosome towards 
fragmentation; (2) sensitivity of the different elements of 
the S gene complex in such a way that most losses of the 
pollen or stylar components are associated with a simul- 
taneous loss of some other essential element also, and are 
therefore lethal in the pollen. 

The foregoing conclusion is further supported from the 
results of the unsuccessful attempt to produce permanent 
mutation of the S gene in another solanaceous species, 
Lycopersicon peruvianum™. From 8,326 pollinations in 
one genotype, including 3,599 in which pollen from irradi- 
ated buds was used, 23 seedlings were obtained, but they 
were all self-incompatible (revertible, temporary or 
unstable, mutations). Apparently, like those in its sister 
solanaceous species, P. inflata and N. alata, most of the 
permanent mutations of the S gene in this species also 
are lethal. But here, presumably either because the 
S-bearing chromosome is not amenable to fragmentation, 
as is also the case (by genetical inference) in Oenothera, 
Prunus and Trifolium, or because the two alleles of the 
genotype did not show competitive-interaction, none of 
the pollen could be compatible through the inclusion of 
the &-bearing fragment. 

In Solanaceae, therefore, only a detailed cytogenetical 
analysis of the X, mutants would reveal the rare S gene 
mutants which involved the pollen-part of the gene alone, - 
leaving the essential element of the complex unaltered. | 
In this type of pollen-part mutant there would have been | 
no need of the fragment for the viability of the mutant — 
pollen which begat the X, seed. In N. alata, where a 
considerable number (44) of the X, plants have been 
analysed cytologically, such a plant was discovered, 
whereas none was found in P. inflata where only 5 plants 
were studied. 

Investigations are being continued in N. alata to 
identify additional mutants without the fragment and to 
study their progeny. 

I thank Dr. L. Corkill, former director, and Dr. E. J. 
Godley, director of the Botany Division, for their advice. 
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EFFECT OF ULTRASOUND ON FIBRINOGEN IN HUMAN PLASMA 


By Dr. RONALD L. SEARCY, LOIS M. BERGQUIST, NORVAL M. SIMMS, 
_. DONALD JOHNSTON and JAMES A. FOREMAN 
Departments of Pathology, California College of Medicine and Los Angeles County General Hospital (Unit 2), Los Angeles 


G US cavitation produced by ultrasonic fre- 
NZ quencies has been widely used to disrupt plant and 
animal cells!-*, Little information is available, however, 
concerning the influence of ultrasound on cell-free bio- 
logical fluids. Preliminary investigations suggested that 
sonic disintegration markedly alters the biochemical and 
immunochemical characteristics of human serum lipo- 
proteins*, It did not seem unreasonable to assume that 
certain other macromolecules in blood would be sus- 
ceptible to the disruptive forces of ultrasound. For this 
reason, several physicochemical and serological properties 
of fibrinogen were examined in human plasma before and 
after exposure: to sonic oscillation. 
Pooled plasmas collected from normal and hospitalized 
individuals were subjected to a sonic frequency of approx- 
imately 20 kejs in an M.S.E. disintegrator (Electro- 
Medical Engineering Co., Burbank, California), A 
titanium probe 0-75 in. in diameter (end ratio 3-6 to 1) 
was placed 1-2 mm below the surface of a 2-5-ml. aliquot 
of plasma. During vibration, temperature was prevented 
from fluctuating by more than 1°-2° € by placing specimen 
containers in an ice water bath. 
Fibrinogen in plasma, which is rendered insoluble at 
56° C, may be quantitated in terms of microcapillary 
columns of centrifugally sedimented precipitate’. This 
technique was applied to pooled plasmas before and after 
disintegration. Sonic oscillation was routinely associated 
with a rapid disappearance of heat-precipitable fibrinogen. 
For example, a precipitate-level of 2-2 mm was obtained 
from one untreated plasma, whereas columns of 2-0 and 
1-5 mm of fibrinogen were recovered from the specimen 
following exposure to ultrasound for I and 2 min, respec- 
tively. With longer periods of disintegration, no fibrinogen 
could be isolated from the plasmas at 56° C. 
Aliquots of treated and untreated pooled plasmas were 
reacted with thrombin in order to convert fibrinogen to 
fibrin, The washed fibrin was then quantitated colori- 
- metrically using biuret solution’. A plasma pool which 
_ yielded 0-33 g per cent of fibrin prior to treatment pro- 

duced clots containing only 0-27 and 0-15 g per cent of 
_, this protein after 1 and 2 min of sonic oscillation, respec- 
tively. No fibrin formed from plasmas subjected to 
ltrasound for 3 or more min. 
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Table 1. EFFECT or SONIC #SCILLATION ON BROMPHENOL BLOE PISTRIBU- | 


TION OF PROTEINS SEPARATED. ELECTROPHORETICALLY ON FILTER PAPER 2 EES 


Disinte- Bremphenol blue uptake (% of total) 
gration a-f- a-Q- 8- Fibrino- yo 
time (min) Albumin globulfm globulin globulin gen globulin 
Q 51-7 33 Fe 12-8 10-2 14-6 
05 54-6 24 92 0-7 141 7 
1:0 53-3 34 6S 15-6 907 11:2 
2-0 53°6 3°5 TS 151 76 12-6 
30 528 8-6 8-1 14°9 20°6 
4-9 451 31 18-6 14:8 18-6 
5-0 43+} 38 11-5 20-8 20-8 
15-0 38-0 4°8 44-9 13-2 


band became even more diffuse and demonstrated a 
slight enhancement :n anodal migration with longer 
vibration. The plasma fibrinogen peak was not discernible 
on densitometric traemgs obtained after 2 min of ultra- 
sound. Following additional treatment, the globulin 
fractions were not slearly separated and ultimately 
merged. Moreover, 16min of vibration caused a majority 
of protein-staining ma:erial to migrate as a single aberrant 
zone in the region nermally occupied by the 6- and «-2 
globulins, 

The percentage of dre associated with the major protein 
peaks of treated anc untreated plasmas was calculated 
from the densitometrie patterns. The untreated plasmas 
showed an essentially normal distribution of proteins in 
terms of dye uptake. In a typical specimen exposed to 
ultrasound, the ratico of albumin to globulin remained 
relatively constant for the first 3 min of disintegration, 
but diminished progressively thereafter (Table 1). The 
percentage of the dye associated with the albumin fraction 
in this specimen declined from an initial value of 51-7 to 
38-0 with 15 min of vibration. This decrease may be 
accounted for by an eahancement in the protein-staining 
material in the «-2- and @-globulin positions. The exact 
partition of dye between y-globulin and fibrinogen was 
difficult to ascertain. Following oscillation for 2 min, the 
fibrinogen and y-globwiin could not be distinguished with 
any degree of certainty.. Therefore, in specimens exposed for 
more than 2 min all stain taken up near the point of sample 
application was arbitrarily calculated: as a single protein 


peak. The percentage of dye in the y-globulin—fibrinogen 


region tended to dirsinish slightly with disintegration 
time. For example, pror to treatment the y-globulin and 
fibrinogen areas contained a total of 24-8 per cent of the 
dye, whereas this value was reduced by almost half after 
vibration for 15 min. The additional protein-staining 
material in the a-2- and §-globulin zones after sonic 
oscillation appeared te be derived from both the albumin 
and fibrinogen fractieas. It is noteworthy that these 
changes in electrophoretic behaviour were not associated 
with any demonstrable alteration in total protein content 
of the plasmas. 

Small quantities of untreated plasmas and those dis- 
integrated for 15 mir were separated immunoelectro- i 
phoretically on agar-gel covered microscope slides, using 
‘Veronal’ buffer (pH 82, ionic strength 0-050) at a con- 
stant current of 4:5 m.amp per slide for 4h. After electro: 
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Fig. 1. Electrophoretic distribution of proteins in pooled plasma exposed to sonic oscillation for 0, 0-5, 1, 2, 3,4,5and15 min. Each stained filter 


paper electrophoretic strip is shown 


phoresis, the specimens were diffused against human 
fibrinogen antiserum or human serum antiserum (Hyland 
Laboratories, Los Angeles, California), The precipitin arc 
corresponding to fibrinogen was only weakly detectable 
in patterns prepared from oscillated plasmas. Little or 
no alteration occurred in precipitin ares corresponding to 
other protein fractions obtained by diffusion against 
human serum antiserum. A notable exception was the 
line of precipitation produced by $-lipoprotein. This are 
was much less discrete in the patterns from disintegrated 
plasmas. 

Aliquots of untreated and vibrated plasmas were 
assayed for fibrinogen in terms of the agglutination of 
latex particles coated with human fibrinogen antiserum 
(Hyland Laboratories, Los Angeles, California). Following 
1-2 min of ultrasound, plasmas no longer produced visible 
agglutination of the latex particles. Presumably, the 
antigenic sites on the fibrinogen molecule were not avail- 
able in disintegrated plasmas. 

Untreated pooled plasmas and those subjected to 
gaseous cavitation for periods of 15 and 30 min were 
inoculated with several strains of coagulase-positive 
Staphylococci. The mixtures were incubated at 37° C and 
observed for clot formation after 1 and 4 h. Without 
exception, the untreated inoculated specimens clotted 
within 1 h, whereas the mixtures prepared from oscillated 
plasmas failed to coagulate. Coagulase is a thrombin-like 
substance which promotes conversion of fibrinogen to 
fibrin. The results indicate that disintegrated plasma 
may, therefore, no longer contain an appropriate sub- 
strate for the coagulase reaction. 

Our findings suggest that high-frequency sound is 
capable of altering the precipitability of human fibrinogen 
at 56° C and also the reactivity of this plasma protein 
with thrombin or staphylocoagulase. Fibrinogen-levels 
of plasmas exposed to short-term oscillation were not 
further reduced when stored at room temperature for a 
number of hours. Therefore, it appears unlikely that the 
fibrinogenolytic-type of response to ultrasound was due 
to plasmin unless this enzyme was active only during the 
actual disintegration process. Ultrasound could modify 


elow the densitometric tracing. 


The arrow indicates the fibrinogen peak of untreated pooled plasma 


the molecular. configuration of fibrinogen, thereby in- 
creasing its solubility at 56° C. It is generally recognized 
that the conversion of fibrinogen to fibrin, catalysed by 
thrombin and possibly ceagulase, involves the initial 
formation of monomeric fibrin. These monomers after- 
wards undergo polymerization and form a clot. Con- 
ceivably, ultrasound could affect the fibrinogen molecule 
in a manner that precludes enzymatic production of 
fibrin monomers or the polymer. 

Short-term exposure of plasma to ultrasound enhances 
the electrophoretic anodal migration of fibrinogen 
on filter paper. The net negative charge on the fibrinogen 
molecule may be increased by oscillation. Such treat- 
ment, perhaps, disintegrates the molecule into small 
fragments possessing a greater affinity for the anode. The 
accumulation of protein in the «-2- and §-globulin 
electrophoretic positions following vibration apparently 
represents material formerly located in the fibrinogen as 
well as the albumin zones of untreated plasma. 

Immunoelectrophoretic patterns suggest that ultra- 
sound alters the antigenic properties of plasma fibrinogen. 
The fact that a precipitin are is visible after 15 min of 
oscillation indicates that some of the antigenic sites on 
the fibrinogen molecule remain intact and are capable of 
reacting with antibody. However, such treatment appears 
to obliterate the antigenic sites responsible for agglutina- 
tion of antibody-coated latex particles. 

The mechanisms responsible for the ultrasonically 
induced alterations in fibrinogen remain obscure. Our 
investigations are now aimed at further elucidating the 
effects of these potent sonic forces on various constituents 
of human plasma. 
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SOME MAGNETIC PROPERTIES AND THE POSSIBLE PETROGENETIC 
SIGNIFICANCE OF OXIDIZED ZONES IN AN ICELANDIC 
OLIVINE BASALT 


By Dr. N. D. WATKINS* 
Chadwick Laboratory, University of Liverpool 
AND 


S. E. HAGGERTY 
Royal School of Mines, Imperial College of Science and Technology, London, $.W.7 


AER a very large volume of palaeomagnetic 
data is now available’ from igneous materials, rela- 
tively few examinations have been made of the petrological 
details of the particular rocks involved. Rarer still are 
investigations of the variation of magnetic and associated 
petrological properties within single natural cooling 
units. 

The limited number of investigations into the variation 
of magnetic properties in single igneous bodies has been 
made mainly in Australia and Japan. Bull eż al.? found 
that the intensity of magnetization in a 1,200-ft. thick 
Tasmanian dolerite sill varied by a factor of 100, with a 
minimum just above the base, a sharp maximum above 
the central zone, and some decrease towards the upper 
surface. Joplin? showed that the zones of maximum 
intensity of magnetization correspond with a high meso- 
stasis and low density. A similar but less symmetrical 
variation of the intensity of magnetization in a 2,000-ft. 
sill has been observed by Jaeger and Joplin‘, with a small- 
scale apparently systematic variation of the same property 
superimposed on the broader variation. From this latter 
observation arose Jaeger and Joplin’st “block-settling 
hypothesis”, attributing the variation of magnetic proper- 
ties to blocks having fallen from the crust of the magma 
chamber to become anomalous masses, between which 
late-stage differentiates could form. This proposal was 
in contrast to the commonly held idea of differentiation or 
simple crystal settling being the cause of progressive 
changes of properties within a cooling igneous body. 

A poorly defined change in the inclination of the 
natural remanent magnetism vector in the foregoing 
dolerite has been shown, by comparison with the theoretical 
cooling rate, to be broadly consistent with an oscillation 
of the inclination of the ancient ambient geomagnetic 
field with an amplitude of 3°, and a period of about 400 
years®, A similar investigation was attempted by Kazmi’, 
who, after measuring variations of several magnetic 

* Visiting Leverhulme Fellow, 


parameters in a 19%-ft. core from a dolerite intrusion 
attributed the lack of systematic variation of the results to 
unexamined unstable components added since the initial 
cooling. 

Investigations of the type already described here have 
been applied successfully by Hatherton’?, who used 
magnetic properties tc divide a large ignimbrite mass into 
several units. Irving’ has noted that the variations of 
intensity of magnetization exhibited in the dolerites 
examined by Jaeger aad Joplin‘ are large enough perhaps 
to be used for determining the relative locations within 
the bodies, 

An examination ef tho mineralogy associated with 
magnetic properties ir some dolerites has been made by 
Akimoto and Kushiro® following a palaeomagnetic investi- 
gation of the dolerite= by Nagata et al.!, which revealed 
that the natural remaaent magnetism was so dominated 
by unstable components that no meaningful result could be 
obtained. Akimoto and Kushiro?’ found that the instability 
of natural remanent magnetism was associated with the 
presence of titanomaghaemite; and they proposed that: 
this instability resulted from the destruction by weathering 
of stable thermal remenent magnetism, and replacement 
by unstable isothermal remanent magnetism, which in 
addition to being magnetically unstable has a relatively 
lower intensity of magnetization than thermal remanent 
magnetism produced artificially in the specimens. 

An additional motive in examining the magnetic and 
petrological properties in igneous rocks is to contribute 
to detailed resolution of the controversy concerning the 
origin of the frequentiy observed reversed polarities in 
rocks (that is, rocks with magnetic polarities approxim- 
ately antiparallel to the present geomagnetic field direc- 
tion). The variation of the polarity of the geomagnetic 
field with time, convincingly demonstrated by Cox et al.™, 
must explain many, perhaps most, of the observations 
or reversed polarities ia rock samples. Following a sug- 
gestion by Blackett™. however, a few investigations 
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showing some correlations between magnetic and mineralo- 
gical properties in collections of basalt samples have 
recently been made™4, thus suggesting that irreproduc- 
ible self-reversing mechanisms may exist in addition to the 
very rarely observed reproducible self-reversing mechan- 
isms, whereby a lava may acquire a mineralogically 
controlled magnetic polarity which is opposite to the 
ambient magnetic field at the time of cooling. Budding- 
ton’® has also long advocated such investigations. As 
Hess" has pointed out, chemical analyses of igneous rocks, 
such as those carried out by Jaeger and Joplin’ in the 
Australian dolerites, cannot be expected to be as meaning- 
ful as a detailed examination of the textures and types of 
the iron—titanium minerals, since variation m these 
minerals is most likely to be the dominant cause of varia- 
tion in observed magnetic properties. Furthermore, 
Hess” emphasizes that measurement of the magnetic 
properties and examination of the magnetic minerals 
should be made on the same sample. 

As a supplement to a large-scale palaeomagnetic survey 
- of the lavas of eastern Iceland, the variations of magnetic 
properties and opaque minerals in single lavas are being 
examined. Thirty-five cores were drilled in a vertical 
traverse of a single lava 11 m thick, and three cores were 
obtained from the associated underlying baked zone. 
The lava is perfectly exposed next to the main road at 
the head of the fjord south of the town of Djupivogur and 
appears to be generally unweathered. <All but a few 
cores near the base of the lava were oriented in geographi- 
cal co-ordinates while still attached to the outcrop. The 
position of each core within the lava was carefully noted. 
Polished sections, thin sections, and specimens for mag- 
netic measurement were obtained from each core. 

The intensity of magnetization and èn situ direction of 
natural remanent magnetism have been determined using 
an astatic magnetometer. The intensity of each specimen 
is plotted in Fig. la, against the position of the specimen 
in the lava. The intensities can be seen to fall into two 
distinct groups; those more than 2-5 E.m.v./g and those 
less than 2:5 E.M.U./g. The directions of natural remanent 
magnetism have been plotted separately for the two groups 
and are presented in Fig. 2. The distinction between the 
two groups has been further defined in Fig. 2. The speci- 
mens possessing higher magnetic intensity have closely 
grouped natural remanent magnetism directions, whereas 
those specimens with relatively low intensity of mag- 
netization have very scattered natural remanent mag- 
netism directions. This difference is not a function of the 
sensitivity of the astatic magnetometer, which is variable 
and adequate for determining the natural remanent 
magnetism direction and intensity down to a factor of 
fifty below the most weakly magnetized specimen from the 
lava. The scatter of directions in the weakly magnetized 
specimens is consistent with the presence 


» ing with the apparently stably magnetized 
F This inter- 
<. pretation has been verified by demag- 
 netization experiments! using alternating 
magnetic fields of up to 400 oersteds, 
which have resulted in the removal of 
the unstable components present in the 
specimens with low intensity of magnet- 
ization so that the final natural remanent 
magnetism directions for all specimens 
within the lava are similar to those shown 
in Fig. 2a. Thus a direct correlation 
between. high intensity of magnetization 
and high stability is immediately evident. 
Fig. la shows clearly that the variation 
of intensity of magnetization is not a 
random event. The variation is asym- 
motrical with respect to the cooling 
surfaces, and a well-defined maximum 
in the intensity exists in the lower half 





of the lava. This result is similar to results of some of 
the previously deseribed work? *. 

Tho petrological properties of the thin and polished 
sections from each core were examined independently. 
An initial examination revealed considerable variation 
in the opaque minerals seen in polished section, despite 
virtually no change being evident in the silicates examined 
in thin section. This observation greatly emphasizes 
Vincent and Phillips's}? conclusion that the ferrous iron 
locked up in the silicates is less susceptible to oxidation 
than the opaque minerals. The lava is a typical olivine 
basalt containing some porphyritic feldspars. The 
feldspars are slightly sericitized and the ferromagnesian 
minerals show some degree of alteration to chlorite. 

In the least-altered parts of the lava flow, magnetite, 
probably with titanium in solid solution, and ilmenite 
oceur in approximately equal proportions. The magnetite 
is generally anhedral and contains ‘exsolution’ bodies of 
ilmenite, as included thin lamellae in reticulate (111) 
planes and thicker ‘sandwich’ laths usually in one (111) 
plane only. Ilmenite also occurs as an irregular composite 
intergrowth with magnetite, showing sharp contacts. 
Discrete ilmenite occurs as sub-hedral laths, or occasion- 
ally as a graphic intergrowth with olivine or pyroxene. 
In the more altered parts of the lava, these minerals have 
been oxidized to complex intergrowths of haematite, rutile, 
pseudobrookite and ‘meta-ilmenite’**. 

The distribution of primary ‘exsolution’ features in 
magnetite is not discussed in detail. These are para- 
genetically superimposed on the secondary mineralogy 
and probably occurred, in part, during the alteration 
process. 

Since the magnetic properties in the single lava appar- 
ently vary systematically the mineralogical expression 
of this variation should be expected to yield significant 
results if examined in detail. The variation of the oxida- 
tion state of the lava is an obvious choice for detailed 
examination, as Meitzner?! and others have shown experi- 
mentally that oxidation is the major effect contributing 
to magnetic change in lavas. The oxidation state of the 
iron-titanium minerals has much additional significance, 
since Verhoogen®? has theorized that spontaneous reversal 
of the magnetic polarity of a basalt can occur by oxidation 
processes. Ade-Hall et al.” have also demonstrated a 
correlation between reversed polarity and the degree of 
oxidation in some basalts, and Havard! has recently 
created near self-reversal of magnetic polarity im natural 
and synthetic titanomagnetites by partial oxidation. Con- 
sequontly, an attempt has been made to classify the speci- 
mons from the single lava under examination according 
to the degree of oxidation exhibited by the included iron- 
titanium oxides. The following classes emerged readily, 
and were found to occur in quite distinct zones in the lava. 





a b 

Fig. 2. Equal area projection plots showing” a, the direction of natural remanent mag- 
netism in the specimens with intensity of magnetization greater than 2-5 E.M.U./g, and 
b, the directions of natural remanent magnetism in the specimens with intensity of mag- 


netization less than 2-5 E.M.U./g. N, geographic north direction; O, upper hemisphere ; 
@. lower hemisphere; ©, baked zone (upper hemisphere); (E, direction of present geo- 


magnetic field in eastern Iceland 


* 
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Class I. Maghaemite zone. This zone is the one of 
minimum oxidation and is characterized by the presence 
of unaltered ilmenite and magnetite showing local altera- 
tion to maghaemite (Fig. 3a). Closely associated with the 
maghaemite is a spongy-looking grey product of low 
reflectivity, having red internal reflexions and weak 
anisotropism, which has been tentatively identified as an 
amorphous iron—titanium oxide* (Fig. 3b). 

Class II. Intermediate zone. Ten to 20 per cent of 
the opaque grains show some degree of alteration. Mag- 
netite is being replaced by haematite along (111) planes, 
and at grain boundaries. Exsolved aluminous spinels occur 
parallel to the cube faces. ‘Exsolved' ilmenite (Fe'TiQO,) 
in magnetite shows a heterogeneous breakdown to ‘meta- 
ilmenite’, taking the form of a fine network, and in the 
more progressive stages of oxidation this consists of 
haematite, rutile and secondary ilmenite. <A typical 
grain is shown in Fig. 3c. Discrete ilmenite contains 
spindle-like exsolution bodies of Fe,O, along (0001) planes. 

The scale of alteration varies considerably from grain to 
grain, probably as a result of oxidation inequilibrium. 

Class III. Haematite pseudobrookite zone. This zone 
represents the maximum degree of oxidation in the lava. 
There is a gradual but definite transition from the inter- 
mediate zone into an assemblage in which ilmenite and 
magnetite have been pseudomorphed by coarse aggre- 
gates of pseuclobrookite**, haematite, rutile and secondary 
ilmenite. Small areas of original magnetite are frequently 
present, and rutile or pseudobrookite may show relic 
(111) directions after earlier ‘exsolved’ ilmenite. A 
typical grain is shown in Fig. 3d. A common texture in 


discrete ilmenite is a graphic intergrowth between pseudo- 
In addition it is in this 


brookite, haematite and rutile. 
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zone that the silicates show their only variation, however 
slight, within the lewa. 

The distribution of these three zones representing 
increasing oxidation states is plotted in Fig. 10. 

A strong correlatien between intensities of magnetiza- 
tion and the degree of oxidation of the iron—titanium 
minerals emerges when comparing Figs. la and b. Thus a 
correlation between degree of oxidation and magnetic 
stability is also evident, since the intensity of magnetiza- 
tion has previously been shown to be proportional to the 
magnetic stability. Both these correlations of natural 
events agree impressively with experimental results by 
Petersen*? obtained by heating originally homogeneous 
titanomagnetites. The result agrees with observations 
made by Balsley and Buddington"* in their examination 
of the magnetic minerals of the Adirondack gneisses. There 
the intensity of magnetization was greatest in those 
minerals containing most micro-intergrowths together 
with the presence of rutile. The precise reason for the 
increase in intensity of magnetization associated with 
oxidation of the mineralogical groups is not clear, but 
Akimoto et al.** and Havard?! have shown that higher 
Curie points can result from increased oxidation in iron- 
titanium minerals, and this seems likely to be related to 
the problem. The magnetic properties of the specimens 
containing titanomaghaemite in the class I zone agree 
with Akimoto and Kushiro’s® observation that the mineral 
may be associated with magnetic instability. 

Consideration is now given to the origin of the systematic 
zoning of the oxidation and magnetic properties. The 
simplest explanation that the zoning is due to deuteric 
alteration. Deuteric alteration implies reactions during 
the late stages of the initial cooling of a lava, but the 





Fig. 3. a, Partial replacement of magnetite (dark grey) by maghaemite (white) along conchoidal cracks and st the contact to fresh ilmenite (med. 
grey); 0, an exceptional development of amorphous Fe-Ti oxide in cracks of a maghaemite pseudomorph ater skeletal magnetite; ¢, a complex 


intergrowth of ‘meta-ilmenite’ 


grey); magnetite also contains fine exsolution rods of spinel (dark grey): 
Photomicrographs by J. A. Gee, Imperial CoBege. (x e. 


(white) showing some degree of crystallographic control, 


haematite, rutile and secondary ilmenite—light grey) in lamellae and ass composite form in magnetite (med. 
d, a sub-graphic intergrowth of pseudobrookite (dark grey) and haematite 


450 oll immersion) 
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result may not be readily distinguishable from changes 
caused by elevated temperature, resulting from burial, 
or the activities of ground-waters, long after the initial 
cooling of the igneous material. If the zoning illustrated 
in Fig. la and b occurred during the initial cooling of the 
lava, it would therefore be expected to have some relation- 
ship to the cooling history. The rather marked asymmetry 
of both the magnetic and oxidation zoning within the 
lava is suggestive of a direct dependence on the cooling 
history, since one would expect that during cooling the 
zone of maximum temperature would migrate towards 
the lower part of the lava, and perhaps be the cause of 
asymmetry of the distribution of related properties. 
Quantitative analysis has been made of the temperature 
distribution at various times during the cooling history of 
the lava, using the various constants and theory by 
Jaeger”, and the observed thickness of the lava. The 
following generalities emerge: during the first three 
months of cooling, virtually no drop in temperature 
occurred at the centre of the lava; a condition of a maxi- 
mum temperature of only 100° C in the lava did not occur 
until nearly six years after the beginning of cooling from 
the assumed initial temperature of 1,000° C; during the 
first year of cooling, the maghaemite (Class I) zones were 
always in regions of decreasing cooling rate, whereas the 
haematite-pseudobrookite zone (Class HI) experienced a 
state of increasing cooling rate. The longest duration of 
temperature conditions above 600° C occurred in the 
Class IIT zone. These factors may or may not be closely 
associated with the origin of the observed zoning; but 
what is so striking is the similarity between the degree of 
asymmetry of the zones, and the temperature distribu- 
tion after a year or so. A curve showing the theoretical 
temperature distribution, at 58 weeks after cooling began, 
is shown in Fig. le. It can be seen that at this time, the 
limits of the haematite-pseudobrookite (Class ITI) zone 
are about those limits of the theoretical 650° C isotherm, 
the position of which can be defined from Fig. le, and it is 
perhaps interesting to note that at no other time during 
late stages of cooling are any of the defined mineralogical 
zones bounded on both sides by the same isotherm: 
rather the zones are in areas with temperature gradients. 
The position of the 650° C isotherm at 58 weeks after 
cooling may not be greatly significant, for although 
Gheith®* has shown that maghaemite inverts to haematite 
on heating to between 590° C and 650° C, no comparable 


data are available for cooling experiments, which might 


duplicate the situation of a cooling lava in Nature. In 
any event, as Buddington et al.™ have pointed out, a 
large number of variables in addition to cooling rates are 
sensitively involved in the formation of iron-titanlum 
oxides. 

At this stage, with no precise data on the temperature 
of formation of the different iron--titanium oxide assem- 
blages in the lava, the similarity between magnetic and 
petrological data, and the theoretical cooling rates, can at. 
the most be taken to be some evidence of a connexion 
between magnetic states, oxidation and deuteric alteration 
during late stages of the initial cooling. Akimoto and 
Kushiro’s® suggestion that the low magnetic stability 
characteristic of rocks containing titanomaghaemite has 
resulted from the destruction of thermal remanent mag- 
netism by weathering, and subsequent replacement 
by isothermal remanent magnetism, does not seem to 
apply to this particular lava, since oxidation increases 
away from the edges of the lava, where the effect: of 
weathering would be expected to be at a maximum. Any 
changes due to heating or weathering after the initial 
cooling would seem unlikely to result in the observed 
asymmetry of distribution of properties, particularly 
since the lava concerned is now beneath other lavas. 
The possibility of weathering being the cause of the 
oxidation and associated magnetic zoning thus seems 
to be remote; but nevertheless cannot be absolutely 
prechided at present. 
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Although the cooling histories of parts of a large intru- 
sion and a lava are most obviously not directly comparable, 
there is no observation as yet to suggest that Vincent and 
Phillips’s!* general statement concerning an intrusion is 
not applicable to the cooling history of the lava: “Most 
iron—titanium oxide minerals were formed as part of a 
primary precipitate, and under conditions of slow con- 
solidation, the composition of these minerals might 
continually change by oxidation-reduction reactions to 
maintain equilibrium with the partial pressure of oxygen 
in the surrounding inter-precipitate liquid as this gradually 
solidified”. 

A comment on the possibility that self-reversal of the 
original magnetice polarity of the lava has occurred is 
appropriate. The direction of natural remanent mag- 
netism in the baked zone underlying the lava is included 
in Fig. 2b. The magnetic polarity is the same as the 
reversed polarity of the overlying lava. A single magnetic 
polarity associated with such a diversity of petrological 
type is frequently cited as strong evidence that no self- 
reversal of polarity has eccurred, since the rarely ob- 
served reproducible self-reversing mechanism has occurred 
only under very restricted conditions. If it can be shown, 
however, that irreproducible self-reversals of polarity, 
such as any of the three types which Verhoogen*® has 
deseribed theoretically, are not rare in oxidized lavas, 
the observed reversed polarity could not without doubt 
be attributed to a reversed geomagnetic field during 
cooling, particularly since the baked zone {a lithic tuff) is 
observed to contain quantities of haematite, rutile, and 
psendobrookite, and as such is not very dissimilar, in 
critical properties, to the most highly oxidized zone of the 
lava. The possibility of a self-reversal having been 
caused during oxidation over a long period subsequent 
to initial cooling seems unlikely, since the observed oxida- 
tion, appears to be most probably a function of the original 
cooling. 

We thank Dr. A. P. Millman for confirmation of the 
identification of the minerals, and Prof. E. A. Vincent, 
Dr. G. P. L. Walker and Prof. A. F. Buddington for their 
advice. This work was supported by the Leverhulme 
Foundation and the Department of Scientific and Indus- 
trial Research. 
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FREQUENCY OF EXTRUSIONS OF SOME MIOCENE LAVAS IN OREGON 
DURING AN APPARENT TRANSITION OF THE POLARITY 
OF THE GEOMAGNETIC FIELD 


By Dr. N. D. WATX<INS* 
Sub-Department of Geophysics, Chadwick Labcratory, University of Liverpool 


IRECT observation of the extrusion of lavas from a 

modern volcano is a common occurrence. Spethman!?, 
for example, saw lavas pour out five times from 
various parts of the Myvatnsoroefi fissure in Iceland in 
1875. 

Determinatıon of the rate of extrusion of lavas during 
remote periods is, to say the least, a highly speculative 
exercise. Geikie* remarked that the reddish sedimentary 
interbasaltic layers which are common in parts of Iceland 
could act as a “rude kind of chronometer”, and Hawkes* 
postulated that 1,000 years was “not an improbable estim- 
ate for the average duration of intereruptive periods repre- 
sented by the red parting’’, although he was careful to 
point out that “rest periods” may have occurred. Hawkes 
also remarked, however, that ‘‘we could conceive of two 
flows extruded in one week being separated by a red 
parting”, since he suspected that the inter-basaltic layers 
might frequently be the result of ash deposited during a 
short, violent period immediately prior to the extrusion 
of a lava. 

It is the purpose of this article to present an inde- 
pendent estimate of the frequency of extrusion of a limited 
number of lavas in Oregon and Iceland, in order to supple- 
ment Hawkes’s ideas. 

Until very recently there was no possibility of studying 
any geological or geophysical phenomenon which was 
either sensitive enough to time variation, or which occurred 
frequently enough to use in a probability approximation, in 
order to improve on Hawkes’s largely intuitive estimates. 
Certainly the various radiometric dating methods cannot 
be expected to possess sufficient accuracy to distinguish 
between the ages of immediately successive lavas, unless 
an unusually large hiatus is present, although by dating a 
section of lavas spanning a time of the order of a million 
years, an average extrusion could be arrived at for the 
period concerned. The time dependence of the geomag- 
netic field polarity, as convincingly demonstrated by 
Cox et al.*+5, suggests that palaeomagnetic data can afford a 
readily available method of estimating lava extrusion 
frequencies, in at least two ways. 

The first way involves using the polarity epochs, or 
duration of unchanging geomagnetic polarity. Hospers! 
used Hawkes’s® original estimates of lava extrusion rates 
to make the first proposal for the length of periods of such 
geomagnetic polarity (inferred from his palaeomagnetic 
measurements in Iceland), and he supplemented Hawkes’s*® 


original estimates with his own speculation that tillites, 


and fluvioglacial beds between some early Quaternary 
lavas might represent periods of about 10,000 years. He 
thus suggested that a section of 25 lavas, the maximum 
number of successive lavas of unchanged magnetic polarity 
which he observed, might represent 25,000-250,000 years, 
or perhaps twice that length of time. Since then, Cox 
et al. have used radioactive dating to show that the 
polarity epochs during the past four million years are not 
necessarily of equal duration but are of the order of one 
million years, with the possibility of shorter period 
polarity epochs or ‘events’ having also occurred. Irving’ 
has mentioned that during the Palaeozoic era a polarnty 
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epochmay have lastec as long as 50 million years, or most 
of the: Permian period; but since Einarsson? believes that 
eviderce for at least 30 different polarity epochs can be 
found in the Tertiary basalts of Iceland, polarity epoch 
data Lave obvious patantial for estimating lava extrusion 
frequencies, as well as for use as a time-dependent strati- 
graphic tool in Tertiary lavas. 

I have demonstrated® an example of the use of the 
between-lava confidence parameter’®, obtained from 
palaecmagnetic data covering up to several polarity 
epochs, to give a qualitative mmpression of the relative 
extruson frequencies:-n large sections of lavas, assuming 
that tae lavas contamsd were extruded during periods of 
similar rates of geomagnetic secular variation. An 
approximate absolute extrusion rate cannot be deduced ` 
from tais approach, hawever. 

The second way in which palaeomagnetism can be used 
to estimate lava extrusion rates is to observe the effects 
of a transition pericd between the polarity epochs. 
Hospes’, again using Hawkes’s estimates as his basis, 
considered that “the reversal occurs within at most two 
averag> time-intervals, between successive flows: the 
reversel therefore occurs in 2,000 to 20,000 years’’. 
Hospers"? suggested that one-fiftieth of the period of single 
polarity would be sufficient for the transition to occur. 
Sigurgeirsson!! emphasized the rarity of transitional 
directions in lavas, but has found four transitions between 
zones Cf opposite polarity in Icelandic lavas, and concludes 
that they are not in exzess of a few thousand years dura- 
tion. Brynjélfsson' placed lmits of one and three 
thousand years on a well-defined polarity transition in a 
sequenze of Icelandic basalts. The only other transition 
zones in lavas so far described in the literature are those 
discovered by Van Zijl et al.1* and Momose* +; but no 
estimates of duration. and no details of the number of 
separata lavas involved were presented. 

Cox et al.’ have recined the statistical approach to 
determmation of the duration of the transition period, 
using taeir results defining the polarity epochs over the 
past foar million years. The results have defined seven 
periods of transition by implication, using 64 dates. 
None of the 64 randomly chosen specimens features 
directims of natural remanent magnetism transitional 
betweem opposite polarities. They reason that if the 
transition lasted 10,00C years, the probability that they 
would miss obtaining a transitional sample is just less 
than ore chance in fm. If the transition lasted more 
than 10 000 years, the probability of missing a transitional 
sample would decrease. 

Bearing this figure of 10,000 years in mind, considera- 
tion is mw given to a well-defined implied transition of the 
ancient geomagnetic field between reversed and normal 


_ polarity. which has been revealed during an intensive 


palaeomagnetic survey -cf a large single section of lavas in 
Steens Mountain, Oregar. The summit of Steens Mountain 
is close 7o 10,000 ft. above sea-level, being part of a Basin 
and Rarge fault block of very large throw, exposing 6,000 
ft. of vaicanic successiar. The section is the easternmost 
large-scele outcrop of Miocene lavas in southern Oregon, 
and is the type location of the Steens Basalt!*, which 
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is a highly porphyritic diktytaxitic basalt. Hvernden 
and James!’ have recently dated rocks immediately above 
the section at 14:5 million years. The lavas are generally 
thin, averaging only 10-15 ft. in thickness, and inter- 
basaltic sediments are rare. The outcrop is so perfect, 
however, that no difficulty was experienced in identifying 
separate lavas, although minor faulting and slumping 
which is sometimes difficult to define may have led to 
repeated sampling of a few lavas, or rare omissions. 

At least six cores were drilled from each of 71 apparently 
successive lavas using an air-cooled petrol-powered port- 
able drill**. All cores were orientated in geographic co- 
ordinates while still attached to the outcrop. The magnetic 
properties of the samples have been examined using a 
spinner magnetometer and an alternating field demagnetiz- 
ing apparatus!®. Preliminary laboratory measurements 
revealed an apparent transition of polarity across the 
lower 29 lavas of the sampled section, and the 190 cores 
taken from these 29 lavas have now been examined in 
detail. Seventeen specimens were subjected to progressive 
demagnetization in alternating magnetic fields ranging 
from 12°5 to 800 oersteds, using repeated runs at given 
field values to check for imperfection in the process?o. The 
experiments indicated that a field of 20 oersteds was suffici- 
ent to remove unstable components, and specimens from 
all cores were subjected to treatment. The results are 
presented in Fig. 1, and some other details, obtained from 
statistical analysis?! of the results, are given in Table 1. 
The lavas have probably been subjected to the effects 
of rotation about a vertical axis since cooling*®*4, as part 
of a regional tectonic modification of the broad configura- 
tion of the structural features of the western Cordil- 
lera®*-*4, Itis extremely unlikely that the data within the 
polarity transition shown in Fig. 1 have beon modified 
relative to each other, but a possible change of the original 
declination of natural remanent magnetism in all lavas 
has been considered in defining the limits of the transition 
zone. 

Although detailed examination of the magnetic constitu- 
ents and other magnetic properties is at present being 
made, “it is difficult to understand how such changes (be- 
tween polarities) could be caused during the cooling pro- 
cess, or during the time passed, as we would expect random 
variation in the direction of magnetism’’*. Hibberd* 
has suggested that an apparent transition described by 
Momose™ could have resulted from selective instability, 
but Momose™ later demonstrated stability in the lavas 
concerned. I myself have shown?! that Hibbord’s*5 
suggestion does apply to an apparently gradual transition 
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Table 1. STATISTIOAL ANALYSIS OF NATURAL REMANENT MAGNETISM IN 
EACH LAVA 


Lava No. N R K Lava No. N R K 
43 6 5950 121-9 58 6 5:970 166-7 
44 6 5:825 28 8 59 7 6-943 1045 
45 8 7-715 24-6 60 7 6 839 37-2 
46 6 5:965 1424 61 7 6-621 168 
47 7 6-929 844 62 7 6 796 29-4 
48 6 5783. 23-1 63 7 6 936 93 9 
49 8 2-881 23 64 6 5-599 12°5 
50 7 8:710 20 1 65 6 § 995 1,612°9 
51 6 5:573 11:7 66 6 5:993 7576 
52 6 5:738 19-1 67 8 7:974 273-4 
53 7 6-928 ¿83-6 68 6 5 967 149°7 
54 7 6°774 26°6 69 8 7981 3627 
55 6 5-962 136-6 70 6 5-987 37560 
56 6 5-882 52 4 71 7 6 988 495-9 
57 6 6876 40-4 


Lava No. refers to the number of the lava from the top of the section. 
N, number of orientated cores taken from the lava; R, resultant vector, 


assigning unit vector to each core; K, precision parameter G 





of polarity across eight lavas in southern Oregon, about 
thirty mules south-west of Steens Mountain; but the 
removal of unstable components in the transition under 
consideration on Steens Mountain seems to be complete 
according to the alternating magnetic field experiments, 
and the data can best be interpreted to represent a transi- 
tion of the geomagnetic field between opposite polarities. 

The transition zone proper is here defined as those 
directions giving virtual geomagnetic poles*? between 
60° north and 60° south latitude. (Sigurgeirsson™ used 
the 50° latitude for this purpose, but since the Miocene 
spin axis is almost certainly polewards of the 60° latitude’, 
the higher latitude is considered reasonable.) This 
definition causes the top 19 inter-basaltic horizons 
associated with the lavas examined to be included in the 
transition zone. Using the figure of 10,000 years arrived 
at for the transition period, this indicates an average 
of about 500 years between extrusions during this 
restricted part of the Miocene period, in this particular 
section. The only other lava extrusion rate which can 
be inferred by this method is from Brynjélfsson’s? investi- 
gation of Tertiary basalts in Iceland, where eight successive 
lavas can be considered transitional, giving a figure of 
about 1,200 years between eruptions. These figures are 
probably correct only to within a factor of two or three, 
since they depend entirely on the estimate of the length 
of the polarity transition, and this has been estimated 
by statistical reasoning for later transitions only; but the 
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Fig. 1. The mean inclination and declination of the natural remanent magnetism in each lava, Ordinate refers to the number of the lava, 
increasing from the top of the section. Inclination and declination are in degrees. The declination angle increases from zero (north) eastwards, 
> N, normal polarity; R, reversed polarity 


4 
iu 


No; 4986 May 22, 1965 


figures do represent estimates based on an entirely different 
approach to the original methods by Hawkes’. 

Jt is remarkable that the lava extrusion frequency based 
on the polarity transition data in Iceland and Oregon is 
so close to Hawkes’s original estimates of 1,000 years 
between eruptions. Because of their rarity, however, 
these magnetic data suggest that although there 1s no 
reason why such extrusion rates could not occur within 
a period of single magnetic polarity, hiatuses of the order 
of at least 10,000 years can reasonably be expected to have 


occurred between successive lavas of opposite stable ` 


magnetic polarities, and such groups of lavas have been 
observed frequently’. The overall impression gained is 
that if a lava extrusion frequency of the order suggested 
by Hawkes were common, more transition zones would 
have been discovered in palaseomagnetic surveys and, of 
course, large sections of lava would frequently occupy 
only a very limited time-range. 

The character of the data illustrated in Fig. 1 1s such 
that a speculative comment 1s appropriate: ıt can be seen 
that on three occasions a movement of the inclination of 
natural remanent magnetism greater than 30° occurred 
between lava extrusions, whereas the average movement 
between other extrusions is about 5°. This situation can 
be explained as the result of one of two possibilities. 
Either the lavas were extruded regularly and the ambient 
geomagnetic field moved suddenly after being stationary 
on three occasions, or the ambient geomagnetic field 
moved regularly and the lavas were poured out only 
periodically. 

Application of the principle of uniformitarianism to 
resolve this ambiguity is unrewarding, since both possi- 
bilities occur at present. Volcanic activity frequently 
occurs after a long period of inactivity, and the present 
geomagnetic field has remained almost stationary for 
at least several thousand years in the Pacific region®®. 

It is doubtful if this ambiguity can ever be fully resolved 
for the implied Miocene field transition unless obvious 
time-breaks are indicated between the lavas, by inde- 
pendent phenomena. In the case of an example of dual 
grouping of natural remanent magnetism in a section of 
lavas in southern Oregon®*, a time-break between the 
lavas concerned is indicated by the presence of a highly 
porphyritic lava at the base of the youngest of the two 
groups of lava. This highly porphyritic lava may repre- 
sent a period of volcanic inactivity immediately prior to 
its extrusion, during which time the coarsely porphyritic 
crystals had sufficient time to begin formation; and thus 
the grouping of natural remanent magnetism is the result 
of a pause in extrusion during regular movement of the 
ambient geomagnetic field. 

For the purpose of this analysis it is worth while to 
consider the frequency of extrusion if in fact the data 
represent periodic outbursts of volcanic activity, super- 
imposed on a relatively regular movement of the ambient 
geomagnetic field. If the inclination of the field changes 
roughly linearly with time, then the results would be 
consistent with an extrusion occurring on the average of 
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about once every 250 ysars, during periods of activity, 
followed by hiatuses af about 2,000 years’ duration, 
during the geomagnetic sransition. 

Until the duration and nature of the geomagnetic transi- 
tion can be determined vith more precision, the foregoing 
arguments can only be considered as a semi-quantitative 
improvement Hawkes’s' original ideas. The only plausible 
approach to solving the problem of the duration of a 
polarity transition with some precision appears to lie in 
the examination of the palaeomagnetic expression of a 
remote transition of the geomagnetic field in a very large 
cooling body, necessitatmg not only coincidence of cooling 
with geomagnetic transizion, but also several other ideal 
circumstances, to calculate the cooling rate®4. These 
conditions may never k= met, since to accommodate a 
10,000 year transition across the Curie point isotherms, a 
oe os need to be nan-composite, and about 4,000 ft. 
thick. 
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SILVER-110m AND COBALT-60 IN OCEANIC AND COASTAL 
ORGANISMS 


By Dr. T. R. FOLSOM and D. R. YOUNG 


Scripps Institution of Oceanography (University of California), La Jolia, California 


ARINE organisms collected along the California 
Coast in 1963 and examined! for Mn and “Zn 

by ordmary y-spectrometry often appeared to contain in 
addition small traces of "Co. As cobalt is believed to be 
essential to normal growth for many .organisms and ®Co 


is a radio-label which decays relatively slowly, half in 


' 5-2 years, it was of interest to examine the distribution 


of Co in more detail. “herefore, a dual-crystal y-spectro- 
graph was set up for more effective resolution of this 
nuclide while enabling use of relatively large samples. 
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It has been possible with this equipment to measure 
recent °°Co concentration-levels in many marine species, 
particularly in crustaceans and molluscs, without resort 
to chemical concentrating treatment. Prelimmary samp- 
lings of a few organisms in more or less distinct water 
masses at widely separated points in the Pacific produced 


a pattern of Co concentrations which provided interesting © 


comparisons with reported fall-cut distributions, with 
large-scale water movements, and with what is known of 
the migrations of certain marine organisms. 

Another nuclide also, one scarcely mentioned as a 
weapon detritus, was found to be spread widely ın the 
ocean and often concentrated more highly than ®Co in 
digestive tissues of molluscs and crustaceans. This is 
uomAg, having a half-hfe of 253 days. Little is known 
of concentration-levels or chemical forms taken, by either 
of these nuclides in sea-water of the open ocean; never- 
theless, their presence is made known through examin- 
ation of remarkable accumulations built’ up by living 
organisms. i 

Summing-coincidence y-ray spectrometry was selected 
for determining the Co and 1mAg activities because 
these nuclides emit cascaded y-photons having relatively 
high energies. Small amounts of these can be distinguished 
electronically against large amounts of K. and certain 
other radionuclides in the sample. The specimens were 
placed in cylindrical plastic boxes 0:75 in. high and 4 in. 
in. diameter and inserted between two sodium iodide 
scintilometer crystals spaced 1 in. apart; each crystal 
was 8 in. in diameter and 4 in. thick. Circuitry was used 
for rejecting non-comcidence pulses, and delivering only 
the sum of coincident pulses to a 200-channel analyser. 
Analyses were made through sum peaks appearing at 
2°50 MeV for ©°Co and 2-93 MeV for 4°" Ag lying in spectral 
regions where instrument background 1s relatively low 
and where *°K has little mfluence. For further suppressing 
the effects of other nuclides such as ‘Ru and the radium 
and thorium daughters, "Co was counted only while the 
pulses from each crystal were restricted (by two stabilized 
single-channel analysers) to energy bands at LI + 0-1 
MeV. About 8-0 per cent of the Co disintegrations 
appeared as counts in the 2-50 MeV peak; the background 
under this peak was only about 0:2 c.p.m. Because little 
y-ray interference appeared at 2-93 MeV, counting of 
10m Ag was carried out without band discriminators. In 
these circumstances, about 3-0 per cent of the mAg 
activity appeared in the 2:93 MeV peak, and the back- 
ground under this peak was about 1:3 ¢.p.m. This spectro- 
meter, used with dried or ashed biological material, 
generally resolves ©Co in amounts less than 10 per cent 
of what can be distinguished clearly’ by the single crystal 
spectrometer here. Improvement in mAg measurement 
is even more striking. 

-After preliminary inspection of many local species, 
systematic collections were made of certain organisms 
having wide distribution and having outstanding capa- 
bility for concentrating cobalt. Unfortunately, only in 
rare instances can identical species, living under closely 
simlar conditions, be collected at widely separate parts of 
the ocean. Nevertheless, two species of Mytilus living 
together at many points along the Pacific coast were 
observed to respond indistanguishably to Co. This 
encouraged collections from other species that appeared 
smilar. Mytilus has been selected wherever possible as a 
representative of intertidal conditions. Adult byssal 
mussels cannot be collected far out at sea; however, the 
barnacles often can be, particularly Lepas. This ‘goose- 
neck’ barnacle attaches itself to floating objects and 
travels widely on ocean currents; during its adult life, 
it remains just below the sea surface. While ®*°Co has been 
found in it in relatively high concentrations, not much 
110mAg has been observed. The squids were considered 
because they include pelagic as well as coastal species and 
because they can be collected systematically. They are 
caught commercially in many areas. 
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Early mspections also indicated that Co frequently 
accumulates most effectively in the liver or in the analo- 
gous digestive gland tissues of the lower animals. It has 
not been convenient to dissect this tissue routinely in 
mussels and barnacles, but this has been done on the 
larger squid and fish. In the oceanic squid, Stenoteuthis 
bartrami, for example, about 90 per cent of the ©Co activity 
was found in the digestive gland, which contributes less 
than 5 per cent to the total body-weight. 


Table 1. CONCENTRATIONS OF SILVER-110m AND COBALT-60 IN ‘LIVER, 
TISSUE IN PICOCURIES/WET KG 
(ig. 1) Location 110: A gy Co 
(4) Squid ‘Livers’ 
A N.E. Pacific Oceanic 3,600 + 150 3,800 + 100 
B N.E. Pacific Oceanic 1,600 + 100 = 
C N.E. Pacific Oceanic 4,200 300 1,200 + 100 
D N.E. Pacific Oceanic 1,460 + 100 1,106 + 100 
F Los Angeles Coast 200 + 100 0 (3) 
G Monterey Coast 800 + 100 0 (20) 
H Hawaiian Coast 1,400 + 100 0 (30) 
I Okinawan Coast 1,500 + 100 600 + 40 
J W. Hokkaido Coast 760 +150 0 (30) 
K E. Hokkaido Coast 500 + 100 O (15) 
iL Atlantic Grand Bank 150 + 20 0 (3) 
(B) Concentrations in ‘Livers’ of Other Organisms 
(1) Byssal mussels, Scripps Pler * 4*41 10+1 
(2) Byssal mussels, Q wa* 120 +10 40+4 
3 Albacore, N. Pacific population 80 +10 180 + 20 
4) Albacore, 8. Pacific population 0 (8) 3045 
5) Shark, Hawai 0 (15 0 (4) 
(6) Barnacles, N.E. Pacific gyral+ 0 te) 40+4 
(7) Barnacles, N. of Borneot 0 (2) 10+4 


* Whole soft tissue. t Whole organism. 

Table 1 compares concentrations of “Co and mAg 
found in specimens of squid, mussels, barnacles and fish 
collected in 1964. Fig. 1 and Table 2 indicate where the 
specimens were taken. Concentrations are given in pico- 
curies/kg of wet tissue. The (standard error) range arising 
from counting is indicated wherever this fell less than 
+50 per cent; otherwise, measurement is indicated as 
zero followed (in parenthesis) by a hypothetical concentra- 
tion that would have yielded just 50 per cent standard 
counting error. Counting generally was done for 16 h or 
more; however, the several null measurements have 
differing significance because sample sizes as well as 
concentrations varied greatly. Mussel samples generally 
weighed about 1 kg (wet), Lepas samples and squid 
digestive gland samples generally less than 50 g (wet). 

The squid specimens include both oceanic and coastal 
species. Nevertheless, concentrations in them were found 
to differ so greatly that environmental factors appear 
to have played some part. Two Lepas barnacles from 
very different waters are compared. As specimens of 
Mytilus were not readily available at Okinawa, a byssal 
mussel of the same family Mytilidae was collected from 
intertidal rocks. The albacore specumens were collected 
from two populations that are believed to dwell distantly 


Table 2. DESCRIPTION OF SPECIMENS 


Individ- Liver- 
(Fig.1) Position Collected Species ualst weight§ 
A 84N,135 W 7/8/64 Stenoteuthis bartramr 1 103 
B 37N,155 W 7/9/64 Stenoteuthis bartranm 1 19 
C 44N,165 W 81/8/64 Stenoteuthis bartramı 1 9 
D 46N,155 W 29/8/64 Stenoteuthrs bariramı 1 32 
F 38N,122 W Oct, 64 Loligo opalescens 30 19 
G 384 N,118 
Spring '64 Loligo opalescens 30 24 
‘H 21N,157 W 6/12/64 Sepioteuthis sp. 7 18 
I 27N,128 E 9/2/64 Symplectoteuthis 
oudluniensis 6 26 
J 48N,140 E 28/8/64 Stenoteuthis bartrami 6 26 
K 43N,145 B 30/8/64 Stenoteuthrs bartrame 6 32 
L: 47N,53 W  Fall’64 Hes cllecebrosus 4 145 
(1) 33 N,117 W 15/8/64 Mytilus calsfornianus* 50 1,560 
fe 27 N,128 W 9/2/64 Modiolus agrvpeta* 80 600 
8) 33 N, 117 26/7/64 Thunnus alalunga 3 325 
(4) 28 8,164 W Aug. ’64 Thunnus alalunga 3 385 
(6) 2LN,157 W 4/11/64 Galeocerdo cumerr 1 180 
(6) 29 N, 140 W 25/9/64 Lepas anateferat 30 132 
(7) 4 X 110 E 7/10/68 Lepas anseriferat 60 372 


+ Whole soft tissues. 
+ Whole organisms. 
t Apprexumate No. 

§ Wet wt. (g). 


. fall-out constituents. 
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Fig. 1. Locations where “°mAg and Co samples listed in Table were collected 


separated in oceanic regions where very different fall-out 
environments pertain. 

Much higher concentrations of Co are to be noted in 
livers of oceanic squid taken west of the California Current 
(Fig. 14 and B) than in similar tissue of coastal squid 
taken along the coast (F, G). This feature is similar to 
what has been observed m measurement of several other 
For example, "Cs and %°°Pu 
concentrations? in samples of water have been observed 
to be substantially higher on the western side of this 
major current. Also, comparison of ®Co concentrations 
in Lepas has shown this same trend across this current. 
These and certain other measurements of fall-out along 
the coast are consistent with the concept of a major 
oceanic current moving southward round a sluggish gyral 
lying to the west and insulated from the coast by a narrow 
counter-current flowing northward and carrying water 
from low latitudes where fall-out is low. Upwelling along 
the coast may also contribute to dilution. 

Squid specimens were collected in Hokkaido (J, K) 
and Okinawa (I) to compare fall-out concentrations in 
organisms living in the two major north-west Pacific 
currents. Okinawa lies in a relatively open oceanic area 
in the path of the Kiroshio Current. Recycling within 
a gyral on the right-hand side of the Kiroshio has been 
suggested in connexion with relatively high concentrations 
of 137Cs and Sr reported’ in Japanese waters in 1957-62. 
Whatever the reason, squid specimens (J, K) from 
Hokkaido yielded lower Co values than identical species 
from the east Pacific (A, B, C, D) and compared with a 
different species taken near Okinawa (J). 

Other comparisons can also be made with the ®Co 
concentrations. Barnacles from the east Pacific gyral (6) 
contained four times higher ®Co concentrations than 
similar barnacles from tropical waters north of Borneo (7). 
Bysall mussels from Okinawa (1) had higher "Co than had 
mussels from California (2), although it should be pointed 
out that these were of different genera, also that they were 
collected in areas where rainfall, tidal excursion, and also 
other conditions differed. 

A most interesting contrast can be seen in the concentra- 
tions of ®°Co (and also mAg) observed in the two Pacific 
albacore populations. These fish are exploited by large 
commercial fisheries and some of their habits are known. 
The southern fish apparently live much of their hfe in 
low latitudes, where fall-out rate is relatively low. The 
northern population is believed to traverse the northern 
Pacific annually? along higher latitudes where highest 
fall-out accumulations have been reported. Many ındi- 
viduals have been observed to pass through the areas 
(A, B, O, D) where highest concentrations of ®Co and 
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1l0mAg were observed in squid in 1964. 
Albacore are known to eat large amounts 
of squid, aad it ıs not surprising therefore 
that highsr °Co concentrations were 
observed in the northern population (3) 
than the scuthern (4). Of course, albacore 
may obtain Co from small fish and crus- 
taceans also, but these, too, are influenced 
by local fat-out. 

The distribution of mAg 1s not identical 
with that of 8Co. Highest concentrations 
of both muclides were found ın livers of 
squid from the north-east Pacific. On the 
other hand, the same species of squid 
from Hokkaido containing mAg exhibited 
no significant Co, and this discrepancy 
also was observed in other squid from 
California, Hawaii and the Grand Banks. 

In view of the wide distribution of 
1l0mAg in marine organisms, it is some- 
what strange that, similar occurrence 
has not been reported for land where 
dilutions generally are less, or in routime 
air samplings. One occurrence of omAg 
in the marine biosphers has been reported®; it was 
found in the liver of a spiny lobster taken in 1959 at 
Guam (9). This was roughly one year after large-scale tests 
and only 1,200 miles ‘dcwnstream’ from Entiwetok (8). 
However, during the six years between 1958 and 1964, 
uomAg decayed through more than eight half-lives to 
less than 0-3 per cent. Cn the other hand, origin during 
more recent tests, and tansport through global fall-out 
is not unlikely. This nuclide has been observed in squid 
from the Grand Banks (6° and elsewhere in the Atlantic at 
points well away from the influence of Central Pacific 
water. 

Au filters at Scripps —nstitution have exhibited little 
uomAg:; in December 1984, its activity was less than 10 
per cent of the Co activity measured by y-analyses. Air 
sample records! at Hanford National Laboratory recently 
were re-inspected by R. W. Perkins, who has generously 
reported in personal conmmunications that the *4°mAg/®°Co 
activity ratio showed a trend in the summer of 1963 of 
near 0-1. On the other hand, we have collected marine 
specimens from several parts of the north Pacific and 
Atlantic oceans exhibiting more 14°" Ag activity than ®Co. 

Decay of ®°Co is not rapid enough to reduce activity 
by large fractions during ocean-wide movements in the 
major currents. Measurements of local fall-out in the 
Marshalls led to one report’? of atomic abundance ratios 
60Co/*Sr as high as 0:27 + 0-1 reduced to zero time for 
one test in 1956; this corresponds to an activity ratio of 
about 1:4. It would appear therefore that the possibility 
of Co reaching distant parts of the Pacific by water 
transport cannot be overleoked. The last large near-surface 
test reported in the Marshall Islands was in 1958. On the 
other hand, the short lif of °mAg, and the fact that so 
little has been reported concerning it, directs attention to 
large nuclear weapons tested in 1961 and 1962. ‘This 
nuchde is commonly produced in reactors by neutron 
activation of 1%Ag, and ordinary silver contains about 
49 per cent of Ag, so that activation of silver in a weapon 
should result in products from Ag. 

It can be noted that ordinary silver contains 51 per cent 
of 1%Ag also. Therefore, preliminary steps have been 
taken for inspecting bio ogical specimens for 1°mAg the 
half-life of which is now recorded as “greater than 5 years”. 
Silver chloride precipitate from digestive glands of squid 
from Hawaiian waters was inspected while the photon- 
energy discriminators of the analyser were set so as to be 
favourable to the characteristic photons of Ag. Ina 
sample containing about 20 picocuries of 1°mAg, the 
activity of 1°°@Ap was determined as 0-2 picocuries with a 
counting error of +0-2. —t is evident that larger specimens 
will be needed or still better discrimination. 
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This longer-lived silver nuclide would be useful as a 
radio-label. Because it decays with a cascade of three 
high-energy photons, electronic means can be employed 
for distinguishing it from many other nuclides. Together 
with mAg, it might yield valuable dating information. 
Unfortunately, no cross-section data pertinent to weapons 
have been found on record. On the other hand, preliminary 
comparisons here of reactor-activated samples of enriched 
17 Ag and 1™Ag strongly suggest that very low cross-sec- 
tions for 18mAg relative to 11°mAg are common, or else 
the half-life of 1°*mAg is much greater than the five-year 
minimum reported for it. 

We thank the following for obtaining suitable specimens: 
Dr. H. J. Squires, Biological Station at St. John’s, New- 
foundland; Prof. J. D. Isaacs, Prof. J. A. McGowan, and 
P. H. Wiebe, Scripps Institution of Oceanography; 
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Prof. Y. Hiyama and C. S. Ananda, University of Tokyo; 
Dr. Lucian Sprague and J. J. Magnuson, Bureau of 
Commercial Fisheries, Honolulu; Mr. O. J. Heggem and 
J. Ise, Civil Administration, Naha, Okinawa; Prof. R. L. 
Bolin, Hopkins Marine Station of Stanford University. 
This work was supported by the U.S. Atomie Energy 
Commission and the U.S. Office of Naval Research. 
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VITREOUS ICE: IRREVERSIBLE TRANSFORMATIONS DURING WARM-UP 
By J. A. McMILLAN and S. C. LOS 


Argonne National Laboratory, Argonne, Illinois 


OW-TEMPERATURE deposition of water molecules 
in a vacuum produces @ vitreous phase that has been 
known for a long time. X-ray diffraction shows diffuse 
rings that resemble those of liquid water’. Irreversible 
crystallization during warm-up has been observed by 
several investigators!-§. The values of the temperature at 
which it starts, however, do not always agree and seem to 
be strongly influenced by the method of determination and 
the rate of warm-up, varying between 140° and 156° K. 
Estimates of the change in enthalpy during the trans- 
formation have also been reported?-*. The best value 
seems to be Ghormley’s AH; = —302 cal/mole (ref. 2). 
Other results are lower, presumably because of partial 
crystallization during deposition. 

No glass transformation has ever been reported, 
although some exothermic changes below the crystalliza- 
tion temperature have been attributed to glass stabiliza- 
tion through formation of hydrogen-bonds*. Vitreous ice 
crystallizes, during warm-up, in the cubic space group 
£ 43m (refs. 6, 7, 8). The diamond-cube lattice transforms, 
irreversibly, into the hexagonal P6,/mmce-lattice of ordin- 
ary ice near 200° K (refs. 3, 7, 8). The change in enthalpy 
of this transformation could not be detected, being 
therefore assumed to be less than 27 cal/mole on the 
basis of the calorimeter sensitivity?. 

We have developed an experrmental device for deposit- 
ing vitreous ice and performing differential thermal 
analysis in situ on samples of approximately 100 mg. 
With this apparatus ıt has been possible not only to 
detect a glass transformation but also to measure the 
enthalpy change of the transformation F43m — P6,/mmece 
and the activation-free energies of all three processes. It 
consists, as schematically illustrated in Fig. 1, of a pair 
of spoons made of 5-mil copper foil connected by a copper 
bridge and soldered to a copper-‘Pyrex’ ‘housekeeper’. A 
copper wire (Fig. 1, A) establishes electrical contact for 
the temperature measurements. Two constantan wires 
(Fig. 1, K) are soldered to the centre of each spoon and 
pass through two sealed copper-‘Pyrex’ housekeepers. 
The area, of each spoon is approximately 1 cm?. The 
ends of the constantan wires are soldered to copper wires 
and these reference junctions are kept in liquid nitrogen. 
The device is in a vacuum chamber and the spoons are 
cooled by pouring liquid nitrogen into the housekeepers. 
A small capillary with an opening about 1 mm’, pointing 
toward the centre of one spoon, deposits water molecules 
at a rate of 10-15 mg cm? h-t at a pressure of about 
2 x 10-* torr. After depositions of several hours, the 


liquid nitrogen is removed. The device then warms up at 
a rate of several degrees per minute. The thermocouple 
array permits the recording of the difference between the 
sample’s spoon temperature Tg and the reference spoon 
T g as a function of Tr in an X-Y recorder, and as a func- 
tion of time in a single-channel recorder. The sensitivity 
of the recording devices could be varied up to 4 x 10# 
em/V. Fig. 2 illustrates a typical recording. Its different 
features are analysed separately. 

(1) Glass transformation. It appears as a change of the 
sample’s specific heat determining a larger thermal lag 





Fig. 1. Detail of the experimental device for deposition and differential 
thermal analysis 
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Fig, 2, Typical warm-up recording of vitreous ice showing the thermal 


lag characteristic of the glass transformation (Tp) and the two exothermic 
peaks of crystallization (Tz and Tzr} 


between sample and reference. The duration of the 
process, tg, measured in the time-recording, is approxi- 
mately related to the activation-free energy AF; by’®: 


tq & (h/kT'y). exp (AF*/RTg) (1) 


where Ty 18 the temperature of the transformation, and 
h, k and È are the Planck, Boltzmann, and gas constants 
respectively. Experimental values at a warm-up rate of 
20 deg/min were: Ty, = 139° K, tz = 10 sec, and 
AF; = 8-8 kcal/mole. 

(2) F43m crystallization. It appears as a typical exo- 
thermic transformation peak. The duration tz is related 
to the activation-free energy AF? by™: 


(h{kT'z), exp (AF*/RTz) (2) 


where T's is the temperature at which the transformation 
starts. Experimental values at a warm-up rate of 18 deg/ 
mm were Ts = 149° K, tz = 6 sec, and AF} = 95 
keal/mole. Crystallization in the space group F43m 
proceeds at a fast rate, suggesting a rather large activation 
enthalpy AH!. Taking the data of Dowell and Rinfret’s 
Fig. 5 we find AH? = 14-4 kcal/mole by applying the 
equation! ; 


Tg = 


din te 
IOT) (3) 


The values of tz are physically significant, since these 
authors have observed that the rate of crystallization was 
constant at each temperature’. However, one must be 
careful in the interpretation of these results, since their 
values of the crystallization temperature are low, as had 
already been pointed out by Beaumont and collaborators’. 
Since Dowell and Rinfret’s experiments were made in the 
presence of nitrogen, while the others were in a vacuum, 
trapping of nitrogen molecules in the vitreous ice matrix 
may have affected not only the value of Tz but also AHY. 
In any event, such a large value of AH% means that the 
formation of the activated complex occurs with numerous 
breakage of hydrogen bonds. Taking this value of AH* 
and our value of AF} at 149° K, the entropy of the 
barrier is ASS = 33 m.u. The positive character of the 
activation entropy suggests a process of nucleation, in 
agreement with the picture of vitreous ice as consisting 
of a short-range ordered network of hydrogen bonds. 
Ghormley’s value of the change in enthalpy during the 
transformation indicates, in addition, that the total 
increase of hydrogen bonds ıs less than 10 per cent, 
accounting for the creation of long-range order. 

(3) P6,/mme recrystallization. It appears as a much 
weaker exothermic peak. As in the former case, tzz, 
Tz; and AF*, are related by equation 3. Experimental 
results at a warm-up rate of 16 deg/min were: Tzs = 


~ AHF 
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186° K, tzz = 120 sec, end AF}, = 12-9 kcal/mole. On 
the basis of Ghormley’s value AH, = —302 cal/mole, the 
ratio of the peak areas in the time-recording leads to 
AH zz =~ —36 cal/mole. Recrystallization in the P63;/mme 
space group proceeds at- slow rate, suggesting a rather 
small activation enthalcy AH?,. Treatment of the data 
of Dowell and Rinfret’s Fig. 6 leads to AH{, = 7-4 keal/ 
mole. The same comment about having trapped nitrogen 
molecules stands in thie case. From this value of AHZ, 
and our value of AFR at 189° K, the entropy barrier 
is ASt, = —30 w.u. Negative entropy barriers are 
usually associated with crystal growth from the melt, 
and the presence of nitrogen could certainly not affect 
their sign. The value of AHz, implies breakage of a 
significant number of hydrogen bonds. The process of 
recrystallization could then be described as taking place in 
two steps, namely: (1) breakage of hydrogen bonds until 
a small number of molecules, still having cubic symmetry, 
may distort along a trigonal axis and become a P6,/mme 
nucleus; (2) growth of such- a nucleus by attaching 
molecules that have preferential orientations. The first 
step would account for the value of AH, while the 
second one could explain the sign of the entropy barrier. 
The very small enthalpy change during the transformation 
accounts for the distortion along a trigonal axis that 
becomes the 6,-screw axs of the hexagonal lattice (Fig. 3) 
since both structures have the same number of hydrogen 
bonds. 


Fig. 3. Lattice of hexagonal ice showing one-eighth unit cell of the 
diamond-cube structure. ‘Tue spheres represent oxygen atoms; the 
bars, hydrogen bonds. Some bf these have not been drawn for the sake of 
simplicity. The positions of the hydrogen atoms are not indicated. The 
3-fold axis at the top of the cube becomes, after the transformation 


F43m-> P6,/mme, she 65-screw axis of ordinary ice 


This work was carried out under the auspices of the 
U.S. Atomic Energy Commission. 
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ASTROPHYSICS SUN ZETA 
. Identification of the Solar Spectrum in the — mor 
Region 60-170 A = 
A GROUP of intense unidentrfied lines in the solar oe 
spectrum in the range 170-220 A was first recognized in => Fe vii 
a laboratory source by Fawcett et al.1, who compared = cer 
solar spectra photographed by Tousey? with spectra from se | 
Zeta, and indicated that iron was the probable source 160 a e 
element. There followed work from a number of labora- ee ore 
3 
responsible. More recently, Gabriel, Fawcett and Jordan’! — Z} nxi 
have obtained classifications for many of the lines in this 
Ovi 





group, which is due chiefly to FeIX to FeXIV. This work 
also provided information on the corresponding iso- 
electronic sequences through to nickel. 
Below 170 A, photography of the solar spectrum. pre- 
sents certain difficulties due to absorption of radiation by 140 
the aluminium foil filter commonly used to reduce fogging 
due to scatter of visible light. This problem is solved when 
photoelectric detectors, insensitive to visible light, are 
used. Thus, photoelectrie spectra extending to shorter 
wave-lengths have been obtained by Neupert, Behring and =. 
Lindsay’ from rockets and satellites, and by Hinteregger, 
Hall and Schweizer! using rockets. A more recent spectrum + 
obtained by Hall, Schweizer, Heroux and Hinteregger® 
from a rocket flight on March 30, 1964, showed an 
improved resolution and gave signals extending down to 120 eD cx 
50. Å. The photoelectric spectra all show certain common 7 
features. Below the very intense lnes at 170-220 A, = 
there is a rather less-intense system extendmg to 144 A. e 
From here down, the spectrum appears to consist of a 
large number of weak lines. These tend to correlate 
between different records, although the evidence is not 
strong and the signals are quite close to the noise-levels. 
Attempts to identify solar lines in this wave-length 
region have been carried out by Pecker and Rohrlich?® 
and by Zirm™. These were based on wave-length correla- 
tion with known classified lines or extrapolated predictions, 100 
taking account of expected relative intensities. The dif- 
ficulty with this approach is that it is strongly biased 
towards the simpler types of spectra which are well under- 
stood or classified. In elements of the wron period, one 
would expect very many intense lines throughout this 
region, and the prospects of classifying many of these are —4 
at present rather remote. An alternative procedure for — 
such 1ons is recommended in this note. This involves a 
comparison of the solar spectrum with spectra from z 
laboratory sources, which are known to emit the spectra of Poa’ 
certain ions, although most of the lines are unclassified. 80 
An attempt has been made to extend the successful 
Sun/Zeta comparison to the region below 170 A. Compari- 
son with largely unclassified spectra from metal sparks has 
shown that, under certain conditions, the Zeta spectrum 
consists of an intense iron spectrum with some chromium 
and nickel, but with very little emission from the gas 
initially filling the device. These operating conditions were 
found to provide the closest correlation with the Sun, and 
a comparison of the spectra is shown ın Fig. 1. The solar 
spectrum is that obtained by Hall et al.*, while the Zeta 
spectrum is a microphotometer trace of a photographic : 
record, with the scanning resolution adjusted to that of 
the solar spectrum. Due to the different dispersions of the 60 À TERIN 
instruments it has proved difficult to align these two to ; 
the same accuracy as their resolution. Lines with known l 
classifications have been marked on the Zeta spectrum, Fig. 1. Comparison between a record of the solar spectrum (ref. 9) and 


: : i : a trace from a spectrogram of Zeta. Unclassified lines due to iron and 
whether or not they occur in the Sun. Otherlinesidentified nickel are indicated on the Zeta spectrum by dashes and dots respectively 
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Table 1, BECENTLY CLASSIFIED NICKEL Danes (Ref. 6) IDENTIFIED IN 
THE SOLAR SPECTRUM 


144-22 . @ 2 14-14 
144-99 Nix 3p°8d *D—Bp*3d? 2D 24-24 
48 8 NiXI 3p? 15383d 1P 0- 
Teas MXII 3p* *P—Bp'(2D)3d *D it 
154-15 MXU 3pë *P—Bp"(1D)3d *P 14-14 
ae NIXIII spi P.-33 (P)B8d 2D EA 
158° 2. z $ 
159-97 NX 8p°3d *D——3n°3d* UF 14-24 


as due to iron or nickel, by comparison with sparks, are 
marked with dashes or dots respectively. 

Comparison of the two spectra shows several important 
features. The iron system at 167-220 Å is, of course, 
present strongly in the Sun. Several strong lines ın the 
Zeta spectrum between 140A and 160A can now® be 
classified as similar isoelectronic transitions in nickel. 
These are also present in the Sun, and, together with one 
oxygen VI line, account for all the strong lines in the Sun 
between 140 A and 160 A. The new solar nickel lines thus 
identified are listed in Table 1. Furthermore, the nickel 
lme at 164-13 A appears to be isoelectronic with the ron 
line at 186-87 A and is therefore tentatively classified as 
NrXiv, 3p? 9D. — 3p*%(1D)3d PFa. At shorter wave- 
lengths, lines of FeVIII, IX, X, XI and XIV are evident 
in both spectra. Close examination of the remaining 
weaker features shows a strong correlation between the 
two spectra, mostly for the ron features but ın some cases 
for nickel lines. This correlation extends down to at least 
80 A and possibly to 60 A. There are several exceptions in 
this range; but, since the Zeta spectrum does not contain 
silicon or magnesium, both of which are abundant in the 
Sun, this is not too surprising. Such correlation as there 
is, however, establishes that the fine structure of the solar 
record is indeed meaningful and is not, m fact, merely a 
‘noise’ signal. Furthermore, there are indications that 
some of the lines classified by Zirin"! as due to other 
elements are in fact due to unclassified iron lines. 

In conclusion it can be stated that a comparison 
between the spectra of the Sun and Zeta in the range 
60-170 A has given the following information : 

(1) The strong solar emission lines between 140 A and 
165 A have been classified as nickel lines. 

(2) The majority of the emission lines in the solar 
spectra in the range 60-170 A are due to iron and nickel, 
mostly iron. 

(3) The weaker features in the solar spectra reported by 
Hinteregger et al.®? represent genuine signals and are not 
noise pulses. 

(4) The technique of comparing unknown astrophysical 
spectra with laboratory spectra from known ions, though 
unclassified, provides an important addition to other 
methods of identification. 

We thank Dr. H. E. Hinteregger for his interest and for 
permission to reproduce the record of the solar spectrum. 


A. H. GABRIEL 
B. C. Fawcerr 
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RACIOPHYSICS 


Observations of ?lanetary Nebulae at a 
Frequency of 2,700 Megacycles per Second 


TWENTY-FOUR of the well-known planetary nebulae 
have recently been observed at a frequency of 2,700 Mc/s 
using the Jodrell Bank Mark If radio telescope, the 
125 ft.x85 ft. steerakle paraboloid. A double-feed 
system was used, the receiver input being switched 
between two horns equal-y spaced (horizontally) from the 
focus of the telescope. “he beamwidth for a single horn 
feed was ~ 15’ arc and tre angular separation of the two 
beams was 20’ arc. Amplification at the signal frequency 
was provided by a varactor diode parametric amplifier 
operating in a non-degenerate mode. The receiver 
bandwidth was 8 Mc/s and the output time constant was 
half a second. 

Each nebula was obsezved for approximately 2 h (two 
separate periods of ] h each) after which time the effective 
root mean square (r.m.s ) noise ripple had been reduced 
to a level corresponding to the value of the expected 
signal from a point source of flux density 0-1 x 10-2 W m-? 
(e/s)-}. 

The observing technmizjue consisted of pointing each 
beam in turn at the optical position of the nebula for two 
consecutive periods of £2 sec; a digital voltmeter was 
used to sample the reesiver output at -sec intervals. 
The mean value of each set of 128 samples and the 
corresponding r.m.s. deviation were logged on punched 
paper tape. Each mean value was proportional to the 
difference between the signal strengths received from the 
position of the nebula and from a reference point, hori- 
zontally displaced by 2)’ are from the position of the 
nebula. Reference points on each side of the nebula were 
used alternately, and, since they were not fixed in celestial 
co-ordinates, the final eszimate of the source strength was 
relative to a mean value of the emission from the sur- 
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Fig. 1. The flux densities at 2,700 Mojs of twenty-four planetary nebulae 
plotted ın decreasing order. Unbracketed numbers are from the NGC 
catalogue and bracketed nurnbers are from the ZO catalogue. The 
nebula without a number hes celestial oa a=15 h 195 min, 
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Fig. 2. A graph of the logarithm of the radio flux density at 2,700 Mc/s 
plotted against the logamthm of the optical flux density ın the Hf 
spéctral line corrected for interstellar absorption 
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rounding background. The radio source, 3C 295, was 
used as @ calibration source, its flux density at 2,700 Mc/s 
being taken to be 12-6 x 10-28 W m~? (e/s)-? (from Conway 
et al.4), 

The telescope control system, an Argus 100 digital 
computer, was programmed to perform the observations 
completely automatically; if ever the following error of 
the telescope exceeded 0-02 degrees, this information was 
transferred to the signal logger which stopped sampling 
until the error was sufficiently small: Much of the data 
reduction was performed in real time by the telescope 
control computer. 

The results of the programme are presented in Fig. 1 
in which the flux densities of the nebulae are plotted in 
decreasing order. Only in the case of NGC 7293 was ıb 
necessary, in calculating the flux density, to take mto 
account the finite angular size of the nebula (900” x 720”). 

Calculations based on data published by Scott and 
Ryle? indicate that errors due to the confusing effects of 
weak, extra-galactic sources should be smaller than errors 
due to the thermal noise generated in the receiver, and 
this conclusion is verified by the results in Fig. 1: only 
one nebula (NGC 6884) gave a negative result for its flux 
density relative to the background emission. 

Optical data on the nebulae have been published by 
Collins, Daub and O’Dell’, and an attempt has been made 
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Fig 3. A graph of the logarithm of the radio surface brightness plotted 
against the logarithm of the ratio of the optical emission in the spectral 
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to find correlations between the radio and optical data. 
In Fig. 2 the radio flux density has been plotted against 
the optical flux density in the H$ spectral line, corrected 
for interstellar absorption. The scales are logarithmic 
and no indication of the errors in F(46), which may be 
large in some cases, has been given. Nevertheless, there 
is & fair-indication that a simple law of proportionality 
relates the two quantities. 

In Fig. 3 the logarithm of the radio surface brightness 
(in units of 10-2 W m- (c/s)~? per square second of arc), 
which was obtained on the assumption that the radio 
angular size was equal to the optical angular size, is 
plotted against the logarithm of the ratio, r, of the optical 
emission in the two spectral lmes 243729 and 23726. The 
correlation which is apparent between these quantities is 
in general agreement with the theory given by Seaton 
and Osterbrock‘ relating r to the electron density in the 
nebula. 

J. G. DAVIES 

R. J. FERRIDAY 
C. G. T. HASLAM 
M. Moran 

P. THOMASSON 
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Structure of Quasi-stellar Radio Sources 


RECENTLY, Slish! and Williams? have shown that the 
curvature at the low-frequency part of the spectrum of 
radio sources of hgh surface brightness could be interpreted 
as being due to synchrotron self-absorption, and that fre- 
quency of maximum flux could be used to compute the 
angular diameter for an assumed magnetic field. The 
predicted angular diameters, for a field of 10-* gauss, are 
in reasonable agreement with observations, except for 
sources such as CTA 21, CTA 102 (ref. 3), 3C 273B 
(ref. 4) and Parkes 1934-63 (ref. 5), for which the pre- 
dicted values are well below the hbmits of present-day 
observational techniques. The latter comment also applies 
to the components of the sources 30 84 and 3C 279 if 
their spectra are assumed to be due to synchrotron 
radiation. 

The purpose of this communication ıs to point out that 
the shape of the spectrum below the turnover frequency 
ean be used to infer some further properties of quasi- 
stellar sources. It is known from the work of Twiss? and 
Le Roux’? that the spectrum of an optically thick syn- 
chrotron source will have a slope of +2-5 as compared 
to +2 for an optically thick thermal source. For an ideal 
source of uniform surface brightness the slope of + 2-5 is 
reached soon after the turnover frequency. Any departure 
from a slope of +2-5 can be interpreted as a departure 
from uniformity in emission within the source. Fig. 1 of 
Williams? and recent measurements of Erickson and 
Cronyn!® show that spectral slopes below the turnover 
frequency vary over a wide range with only a few near 
+2-5. It is suggested that these results can be interpreted 
as evidence for considerable non-uniformity in emission 
within the sources. In general, we can classify the non- 
uniformities into three broad categories: (1) a highly 
concentrated core with halo, both components contributing 
comparable fluxes ; (2) randomly distributed conden- 
sations within a uniform medium ; (3) shell structure. 

The core-halo type of structure, with implications of 
two different time scales, seems a highly unlikely model 
for sources such as 3C 273B, 3C 84 and 30 279 with 
comparatively flat high-frequency spectral indices. Also 
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one can show that random distribution of condensations 
of varying optical depths cannot produce a sharp turnover 
point as seen in the spectra of sources such as 3C 48, 
3C 298, etc. For these reasons a shell structure 1s probably 
the best model for most of the sources. It is, of course, 
not necessary, from a theoretical point of view, that the 
shells should be spherical in shape. On the basis of the 
hypothesis of shell structure for quasi-stellar sources, 
1t is possible to understand the various spectral shapes as 
discussed. here. 

Jn the scheme of evolution visualized here, it is sugges- 
ted that the initial explosive event results in the formation 
of a shell of relativistic electrons of comparatively flat 
spectral index around the central object. Following 
Le Roux we can write down the relation between the 
frequency w: at which the optical depth is 1, the angular 
diameter (in seconds of arc) and the magnetic field (in 
gauss) for a circular disk source as : 

0277 -1/2 = 8-089 x 10? Sa(2a+3) vreve (2-5ta) F(a) 
(1+2)? (1) 

Where Sa is the flux in units of 10-?* W m-(c/s)— at a 
frequency va where the optical depth is thin, vz, and w are 
in Me/s, f(a) is a function of the order of 1 of the spectral 
index «and Zis the red shift of the source. Itis reasonable 
to assume that the product 6? H-1/? will have its minimum 
value at the initial stage of the explosion. Hence, for a 
given source, in the absence of any subsequent explosions, 
the value of v; will have its maximum value at the initial 
instant. The shape of the spectrum below the turnover 
point will depend on the optical depth of the shell. It is 
suggested that sources such as CTA 21 and CTA 102 are 
in such an initial stage of development of the source. 
Subsequent activity of the nucleus will increase the optical 
depth of the source, thereby increasing the turnover 
frequency and increasing the slope of the spectrum below 
the turnover frequency. Sources such as Parkes 1934-63, 
3C 273B and 3C 279 may be identified with this later 
stage of development of the source. If this conclusion 
18 correct, then sources with spectra similar to CTA 21 and 
CTA 102 will have considerable activity at the centre with 
consequent variations in optical and radio fluxes. Further- 
more, such sources will be intrinsically weaker than sources 
lke 3C 2738. The angular diameters computed from 
equation (1) using a magnetic field of 10-4 for CTA 102 
and 3C 273B are of the order of 0-01” and 0-1”. At the 
distances suggested for CTA 102 (ref. 11) and 3C 273B 
(ref. 12), the linear diameters turn out to be about 50 
and 250 pe respectively. This further suggests that CTA 
102 is probably younger than 3C 273B as pointed out 
earlier. It should be mentioned that at this earliest stage 
in expansion of the source both the flux and the turnover 
frequency will decrease very rapidly. This has been dis- 
cussed recently by Shklovsky?. 

The subsequent evolution of 30 273B will be essentially 
controlled by the expansion velocity of the outer boundary 
of the shell. In their discussion of the age of this source, 
Greenstein and Schmidt point out that a plausible inter- 
pretation of the total energy requirements necessitates 
a much higher field than 10— gauss. A similar conclusion 
has been reached by Ginsburg™ on other grounds. Since 
the diameters computed from equation (1) depend only 
on the one-fourth power of the field, the diameter will not 
be significantly changed by increasing the field to values 
of the order of 0-1-0-01 gauss. However, ın a field of 
0:01 gauss the life-tame of electrons radiating, say at 
30 em, will be only about 100 years. Consequently, 
by the time the radius is doubled by expansion, the effect 
of synchrotron losses on the spectrum of the source will be 
significant. There is considerable evidence indicating that 
the increase of the high frequency spectral index is corre- 
lated with decreasing surface brightness. There is also 
evidence in the spectra reported by Williams and by 
Erickson and Cronyn that as the spectral index increases 
the turnover frequency decreases. These two effects are 
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most simply interpreted. by assuming that as the source 
expands and decreases in flux the spectral index increases 
due to synchrotron losses. The rate of evolution along this 
sequence is essentially dependent on the velocity of expan- 
sion and the rate of deerease of magnetic field. As the 
outer boundary expands. the shell structure of the source 
becomes less prominent and hence the slope of the spec- 
trum below v: will become closer to the uniform model 
value of +25. Detaied model computations will be 
reported elsewhere. 

So far I have assumed a spherically symmetric expan- 
sion. However, the existance of sources such as Cygnus A, 
Centaurus A, and other dowble or multiple sources, com- 
pels us to conclude that spherical symmetry 18 not neces- 
sarily preserved, particularly in the most energetic sources. 
This lack of symmetry could be related to the possible 
rotation and the actual total energy of the explosive event. 
However, it seems reasonable to assume, as suggested by 
Shklovsky*, that all racio sources originate as explosive 
events at the nucle: of galaxies, and that some of the 
nuclei can undergo repetition of the events. Furthermore, 
it appears likely that tke spectral index of the electrons 
produced at the earliest stage of the source 1s compara- 
tively flat. If this is true, then the preponderance of a 
spectral index of about 0°75 among all bright radio sources, 
as reported by Conway, Kellerman and Longi, should 
find an explanation in the evolution of a source and not 
in the mechamsm of production of the initial electrons. 
This question will be discussed in detail elsewhere. 


T. K. Menon 
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PHYSICS 


A Possible Connexion between the 
Gravitational Field and Elementary Particle 
Physics 

Ir is frequently! stated that the general theory of 
relativity can play no Dart in the theory of elementary 
particles because of the extreme weakness of the gravita- 
tional interactions as sompared with all other known 
interactions. So far as the dynamics of elementary 
processes go, this appeers to be indisputable. From the 
kinematie or, more properly, from the group theoretical 
point of view this corclusion is not as obvious. The 
purpose of this commurication 1s to argue that the ques- 
tion is far from answered, and that there even appears to 
be some evidence ({albe+ quite inconclusive) to suggest a 
group theoretical conmxion between the gravitational 
field and elementary perticles. 

We will take it as axiomatic that elementary particles 
are described (in some sense) by fields, which are vectors 
in the space of the representations of the homogeneous 
Lorentz group. In actition we assume that the four 
Lorentz translations, though playing an important part, 
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as, for example, in the laws of conservation of energy and 
momentum, appear algebraically disjoint from the homo- 
geneous Lorentz group*. (This practical distinction 
between the two sub-groups of the ihomogencous 
Lorentz group plays an mmportant part in our arguments.) 
Lastly, we assume that the geometric properties of space- 
time are described, and governed solely by the metric 
tensor, that is, that there shall be no further geometric 
structure as, for example, an antisymmetric affine con- 
nexion or an a priori preferred direction in space-time. 

The conventional justification for the use of the Lorentz 
group, stated in geometric language, is in the symmetries 
of flat space-time, namely, that there exists a ten para- 
meter solution of Kuilling’s equation, Ey» + v;a = 0, 
whose commutator algebra is that of the Lorentz group. 
(No theoretical reason is given for the separation into the 
homogeneous and inhomogeneous sub-groups.) The 
question then arises as to the justification when there is a 
gravitational field present; that is, when the symmetries 
no longer exist, no matter how small the deviations. 

It appears to me that there are three possible means of 
defending the use of the Lorentz group even when exact 
symmetries no longer exist: 

(a) In space with no symmetry the holonomy group, 
which arises from the parallel propagation of an ortho- 
normal tetrad around all closed paths, 1s isomorphic to 
the proper homogeneous Lorentz group. However, in 
the limiting case when the space becomes Minkowskian, 
the holonomy group reduces to the identity transforma- 
tion. It thus appears that if use is made of the holonomy 
group, a completely independent justification is needed in 
flat-space. For this reason we reject the use of this group. 

(b) The second justification is that at each point of the 
non-flat-space, a local flat tangent space can be intro- 
duced‘. A natural group arising from this flat-space is 
the full homogeneous Lorentz group. (The full four- 
dimensional lmear group also arises.) The four transla- 
tions do not appear at all in this argument and must 
enter by some appeal to the approximate flatness of the 
space. Though adequate, this justification is not entirely 
satisfactory, in that an exact meaning should be attached 
to approximate flatness and its consequences analysed. 

(c) The third possible justification is to take the idea of 
approximate symmetries seriously, formalize it analytic- 
ally, and then examine its consequences, because com- 
plete syminetry ideally implies no matter at all. The 
idea is analogous to the one in which the Lorentz group, 
for velocities sufficiently small so that dynamically it is 
indistinguishable from the Galilean group, nevertheless 
leads to kinematic predictions as, for example, intrinsic 
spin or the existence of anti-particles. (Though it might 
appear as if this approach leads to the previous argument 
(b), this, in general, is not so.) The most obvious means of 
formalizing the concept of approximate symmetries is to 
begin with an approximate Killing equation, Eu.» + 
Evy œ 0, with the additional condition that the curva- 
ture of the space be approximately zero: 

Rapys ry 0. 
In the very important case of the space being asympto- 
tically flat5-* for large values of a suitably defined radial 
co-ordinate, this approach to approximate symmetry 
has been completely formalized and a detailed analysis 
carried out. Though it was expected that the final 
group structure to evolve from this analysis would be the 
full inhomogeneous Lorentz group, in fact a new, much 
richer group developed, known as the Generalized 
Bondi-Metzner group (G.B.M.)=®:8. Sachs? has shown 
that one can extract from the G.B.M. group in an unusual 
fashion the Lorentz group. The only normal four-para- 
meter sub-group of the G.B.M. group is the Lorentz 
translations. Though the orthochronous (improper) 
homogeneous Lorentz group is a (non-normal) sub-group 
of G.B.M. the important point is that it is also a factor 
group of the G.B.M. group. The importance of this lies 
in the fact that every representation of the orthochronous 
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homogeneous (improper) Lorentz group is therefore also 
@ representation of the full G.B.M. (They are, of course, 
not faithful representations of G.B.M.) It is thus seen 
that starting from the very general, asymptotically flat 
spaces, we can extract in a logically unified fashion the 
representations of the orthochronous homogeneous Lorentz 
group and the independent importance of the Lorentz 
translations. If this 1s indeed the group theoretical origin 
of the umportance of the Lorentz group in elementary 
particle physics, then it 1s imperative to study further the 
properties of the G.B.M. group and, in particular, to find 
its irreducible representations. 

I thank R. Penrose and D. Sciama for their discussions 
and also point out that many of the ideas expressed here 
are contained both explicitly and implicitly in the elegant 
paper of R. Sachs’. 
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Acceleration of Protons during the lon 
Cyclotron Instability 


Taw purpose of this communication 1s to report the 
observation of high-energy protons produced in associa- 
tion with an ion cyclotron instability in the ‘Phoenix’ 
neutral injection experiment at Culham and to discuss it 
in relation to astrophysical phenomena. Previously, 
energy spreading of initially monoenergetic protons and 
ion cyclotron frequency radiation had been observed in 
the DCX-1 experiment!; however, a close correlation 
between the RF emission evidencing this instability and 
the energy-spreading phenomena was not clearly estab- 
lished. This electrostatic instability 1s one of the general 
class of imstabilities which result from an anisotropic 
and/or non-Maxwellian velocity space distribution; these 
instabilities act in such a way as to decrease the aniso- 
tropy and increase the randomization through wave- 
particle interactions. 

The details of the ‘Phoenix’ experiment and the mag- 
netic field-density conditions at which the flute and 10n 
cyclotron instabilities occur have been reported pre- 
viously?. The ‘Phoenix’ plasma is produced by the 
injection of 20-keV neutral H atoms into a mirror field 
perpendicular to the field lines in the median plane. A 
fraction of the beam is ionized and trapped by the Lorentz 
v x B ionization process to yield a 20-keV proton plasma; 
densities of the order of 108 cm are attained. The cyclo- 
tron instability is detected by capacity probes which 
record strong signals at the ion cyclotron frequency. These 
signals occur in short bursts of 0-1-1 msec (discontinuous) 
or in long bursts lasting up to 100 msec (continuous). 
The high-energy protons are observed during the period 
of continuous high-frequency signals. 

The proton energy spectrum is derived from an analysis 
of the fast neutral particles leaving the plasma; these 
neutrals are produced by charge exchange with the back- 
ground gas. Conventional scintillation counter (CsI-T1) 
techniques are used to examine the high energy region. 
A thin aluminium foil is placed in front of the scintillator 
to remove particles with energy less than 40 keV and 
therefore permits the use of a large aperture without 
pile-up effects. The analyser is collimated to detect 
neutrals emitted in the median plane from a volume, 
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Fig 1 Time correlation of lugh-energy particles with RF emission. The 
sweep is 100 msec/div.; injection begins at the start of the sweep. The 
magnetic field variation 1s also shown 
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Spectrum of high-energy particles during first RF burst of Fig, 1. 
The sweep 1s 20 msec/div. 


l em in diameter, with its axis normal to the magnetic 
axis. In order to display the energy spectrum as a function 
of time, the pulse height analysis scheme described by 
Hunt et al. is used. Each event detected is displayed as 
a dot, the vertical position of which is proportional to 
energy. 

A. typical display of the time-dependent energy spec- 
trum 1s shown in Fig. 1; also shown are the rectified 
RF amplitude and the magnetic field; injection 1s begun 
at the start of the sweep and continued throughout its 
duration. It is seen that each RF burst is accompanied 
by a large increase in the number of high-energy particles; 
these persist for long times after the cessation of the RF 
signal because the rate of loss of high-energy particles by 
charge exchange and flute instability is small. The flute 
which is present during and between the RF bursts has 
been shown to cause negligible energy spreading. The 
time variation of the magnetic field during each of the 
bursts is sufficiently slow to allow compression and decom- 
pression effects to be neglected. In this case the maximum 
energy, for all magnetic fields, appears to be limited only 
by the size of the particle cyclotron radius and the physical 
limitation on the plasma radius. 

Fig. 2 shows the energy spectrum and RF amplitude 
for the first burst displayed on a fast sweep. The initial 
rate of energy gain is large (~ 20 keV/msec) but sub- 
sequently decreases. A steady-state distribution is 
achieved after 20 msec despite the fact that the RF 
activity continues for a significantly longer time. When 
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corrected for the energy dependence of the charge 
exchange cross-section cargon is the dominant background 
gas) the number of high-energy particles in a small-energy 
range between 60 and 160 keV is constant during the 
steady-state condition. l 

These observations may be of astrophysical significance 
since it has not been Dossible to identify the processes 
which lead to the production of the high-energy (0-1-— 
100 MeV) ions and/or electrons observed in association 
with the solar flares, the interaction between the solar 
wind and the Earth’s magnetosphere, and perhaps shock 
fronts in the interplanstary medium. Parkert has re- 
marked that “whatever the mechanism, the generation of 
fast particles by sufficiently agitated plasmas appears to 
be a general rule on any scale of laboratory size or larger”. 
He cites, as examples cf this generalization, the produc- 
tion of fast deuterons in unstable pinch discharges and 
fast electrons in a variety of electron beam-—plasma 
experiments. 

These results present-a clear laboratory example of the 
efficient acceleration of particles to high energy by an 
instability for which the only energy source resides in the 
particle kinetic energy. Although the acceleration of 
electrons in natural plasmas cannot be accounted for by 
this particular instability, it has been shown! that electron 
acceleration can result from a different velocity space 
instability. Amisotropic and non-Maxwellian velocity 
space distributions appear to be characteristic of solar 
wind interaction regiors and also result from the non- 
thermal energy source responsible for solar flares*. For 
certain conditions of magnetic field and density, the 
laboratory example shows that a non-Maxwellian velocity 
distribution leads to » cyclotron instability and the 
acceleration of protons to high energy. It is suggested 
that this wave-particle interaction can be an important 
natural acceleration mechanism in addition to the Fermi 
and betatron processes. 

We thank the ‘Phoenix’ operating team for their co- 
operation and especially P. Dubery who constructed the 
detection apparatus. 
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Nature of the Dipole States of Oxygen-1I6 


RECENTLY, two different analyses of the spectrum of 
photoneutrons from oxygen-16 on bombardment by 
34-MeV bremsstrahlung have been published. The 
first of these, by Yergir eż al.1, concluded that in the giant 
resonance region, the decay of the 22:3 and 24:3 MeV 
states (17; T = 1) ocearred with quite large probability 
via the 5:2 MeV doublet of oxygen-15 as well as via the 
oxygen-15 ground-state and the 6-2 MeV state of oxygen- 
15. These latter two decay channels are those which 
are expected to participate on the basis of the 1 particle-1 
hole description of ths 1-; T = 1 states of oxygen-16 
(ref. 2). In the othər analysis of the photoneutron 
spectrum, Tanner and Earle? have concluded that the neu- 
tronspectrum of Yergix is quite consistent with transitions 
to the ground- and 6-2 MeV-states of oxygen-15 only, 
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and that the 1 particle-1 hole description of the giant 
dipole resonance 1s thereby vindicated. 

It is the purpose of this communication to point out 
that, in both analyses, a normalization of the photoneutron 
spectrum to a measured oxygen-16 (y, n) cross-section had 
to be made, and that, in making this normalization, 
both groups effectively guaranteed the conclusion at 
which they ultimately arrived. Yergin et al. took the 
measured (y, n) cross-section of Geller and Muirhead‘ and 
normalized it in amplitude so thet their peak at 17-30 
MeV excitation energy exactly fitted the sharp peak at 
1:52 MeV in the spectrum of Yergin eż al.1. This is a 
completely arbitrary normalization, and no justification 
exists for making this exact fit. 

If the normalizing factor were changed (that is, in- 
creased), the broad peak at 1-3 MeV neutron energy 
would have its structure radically altered. The results 
of this re-normalization would then be to leave as a very 
open question the origin of this 1:3 MeV neutron group. 
Yergin’s normalization does give this group a width very 
close to that of the 22-3 MeV dipole state in oxygen-16, 
and so it is very tempting then to propose that this peak 
results from the decay of the 22-3 MeV (1-; T = 1) peak 
via the 5-2 MeV doublet of oxygen-15. In this manner 
Yergin et al.t concluded that a large proportion of the 
decays (namely 33 per cent) proceeded ın this way. 

Tanner and Earle? used the cross-section measured by 
Caldwell eż al.§ and normalized Yergin’s spectrum to this 
cross-section. at the 22:3 MeV peak, using the argument 
that “‘there is only 0-3 MeV available for neutron decay 
to the 6-2 MeV state of 0%. With this normalization, 
then, Tanner and Earle? guarantee that their argument 
shall lead, in the decay of this 22-3 MeV state, to close to 
zero branching via the 5:2 MeV doublet of oxygen-15, 
and thus to their opinion that the branching via this 
doublet is close to, if not actually, zero from the 22-3 
and 24:3 MeV dipole states. 

The only correct method of normalization is one which 
appeals to the total number of photoneutron events 
occurring, taking account of the proportion of (y, 2) 
events, and the data to make this approach are not cur- 
rently available. Another method of resolving this 
particular question would be to measure the photoneutron 
spectrum at 22-3 MeV using the monochromatic y-rays 
from positron annihilation in flight. This would indicate 
directly the proportion of decays of the 22-3 MeV state 
which take place via the ground state, the 5-2 MeV 
doublet, and the 6'2 MeV state of oxygen-15. The same 
could be done for the 24:3 MeV state. 

It is important that this question be resolved, for 
if the 22-3 MeV 1- state of oxygen-16 does decay by neutron 
emission leaving oxygen-15 in either or both of the mem- 
bers of the 5-2 MeV doublet, this result would imply that 
the wave function of the 22:3 MeV state does indeed 
contain some components of 2 particle-2 hole configura- 
tions, since Halbert and French® describe the members 
of this doublet in terms of (1s)4(1p)!*(1d) configurations. 
It is to be noted that the low excited states of nitrogen-16 
have among their number states which have odd parity’ 
and are not predicted in the | particle-1 hole model of 
Gillet and Vinh-Mau*. The simplest type of configuration 
which could give rise to these states is one of 2 particle-2 
hole excitation. However, the excitation of these states 
in the nitrogen-15 (n, n) reaction may be taken as implying 
some | particle-hole components in their wave functions. 
Thus we arrive at the conclusion that, even at 3-4 MeV 
excitation in nitrogen-16 (that is, even as low as 16-17 
MeV excitation in oxygen-16), there is mixing of 1 particle- 
1 hole and 2 particle-2 hole, and possibly higher configura- 
tions in the wave functions of the actual physical states. 
Just how large these admixtures are is not known; the 
experiment suggested here could help determine them. 
The most natural expectation is that these admixtures are 
not large, because the energies of the 2 particle-2-hole 
configurations used in a particle-hole calculation to give 
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the odd parity states are expected to be well above the 
energies of the 1 particle-1 hole configurations. How- 
ever, there are so many of these states that the perform- 
ance of a calculation to find the mixing of 2 particle-2 
hole configurations in the giant dipole states is prohibitive 
in magnitude. Thus, the experimental determination of 
the branching of photoneutron reaction through the 
5°2 MeV doublet takes on added importance. 

Even if there is mixing of 1 particle-1 hole and 2 
particle-2 hole configurations in the wave functions of the 
dipole states, this is not to be regarded as a “disaster for 
the single particle-hole description of the giant dipole 
resonance’’*. It is simply an indication that the single 
particle-hole model is only an approximation to the 
correct description of these states. 

I thank Dr. B. C. Cook for his advice. 
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GEOLOGY 


Age of Granites from the Tin Province of 
Indonesia 


Some years ago Dr. H. M. E. Schurmann (149 Waals- 
dorperweg, The Hague) collected large samples of igneous 
rocks from the Tin Province of Indonesia and arranged 
for the separation of various mineral concentrates which 
he distributed to a number of geochronology laboratories 
throughout the world. As suitable samples became 
available, we conducted measurements by the uranium- 
lead, thorium-lead, rubidium-—strontium and potassium— 
argon methods. Our collected results are shown in Tables 
1, 2 and 3. These measurements provide some insight 
into the history of igneous events in the Indonesian Tin 
Province, 

In the Tin Province of Indonesia the miner ahzation 
cycle which produced deposits of tin oxide and of iron, 
copper and lead sulphides is considered by Schürmann 
et al.1 to represent the final phase of the emplacement of 
massive granite bodies now exposed on the islands of 
Buliton, Bangka and Singkep adjacent to_the east coast of 
Sumatra. In the course of this mineralization, Triassic 
fossils of the region were converted to cassiterite. For 
this reason the time of emplacement of the granite is held 


Table 1 ‘POTASSIUM-ARGON MEASUREMENTS ON BIOTITE FROM GRANITE 
OF BILLITON, TIN PROVINCE OF INDONESIA 
Atmospheric 

K* tAr Radlogenic argon Age 

(%) (ml. at S$ Tt P /g)* (% of total) (m.¥.) 
6-734014 4-96 (+010) x 105 14 182+5 
B= — E x 107 y? 
Ae = 0:584 x 1071 


y7! 
ORK total = 0-0118% 
*Concentrations measured by stable isotope dilution. 


Table 2. RUBIDIUM-STRONTIUM DATA FOR MINERALS FROM GRANITE OF 
BILEITON, TIN PROVINCE OF INDONESIA 
8720p 
Mineral Rb Sr radio: ae Age 
(ug/g) (ug/g) (ug/g) (m.y.) 
Potassium feldspar 1,470415 339404 1-22 + 0-03 205+7 
Biotite (game 
sample ones 
to in Table 1) 955 +10 9-7+0-1 2°83 +005 201+6 


A for "Rb = 1:47 x 10-1 y- 
All concentrations measured by stable isotope dilution. 
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Table 3. LEAD, URANIUM, AND THORIUM DATA FOR MINERALS FROM GRANITE GE SINGKEP, INDONESIA 























dah 
* 204 
Xenotime A | 6 + 64 6,289 + 63 37844 0-588 
1098 | Xenotime B | 5,272458 9,195 + 92 +4 0-647 
2112 | Xenotime C | 3,438 + 35 5,958 + 60 207 +2 0:345 
1096 2,259 +25 | 31,433 +310 60l 46 5 
1026 2,305 +23 | 31,140 +310 6977 0640 
1025 2,669+27 | 31,838 +3820 547 +5 "448 
1097 2.950 + 30 — 10841 0:288 


2 for U = 1:537 x 10-1 yo. 2 for U =972 x10" y7. 
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to be representative of earliest Jurassic time. Dr. 
Schiirmann collected large samples of the Billiton and 
Singkep granites and arranged for separation of a variety 
of minerals from them. Using the potassium—argon 
method, Hurley et al.2 determined the age of the biotite 
from Billiton to be 180 + 5 million years. 

Holmes? used this result and that of a similar measure- 
ment on biotite from the Guichon-batholith in British 
Columbia by Baadsgaard ef al.4 to define the boundary 
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lotted on a concordancy line (X, xenotime; M, monazite, Z, zircon; 
P mineral separates from same rock sample; see Table 3) 
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between Jurassic and Triassic time in his revised geologic 
time scale. 

Our measurement of the age of this biotite by the 
potassium~argon methad is shown m Table 1. The result 
is in close agreement with that obtained by Hurley. 

Biotites do not readily lose radiogenic argon unless the 
mineral has been subjected to moderately high tempera- 
tures (over 250° C) after crystallization. For this reason, 
rubidium-strontium anc potassium-—argon measurements 
on & biotite usually yield the same apparent age. Our 
rubidium-—strontium messurements on the Billiton biotite 
(Table 2) indicated a distinctly higher age (200 million 
years) than that indizated by the potassium—argon 
determinations. Rubiditum-—strontium measurements on 


‘potassium feldspar from Billiton granite yield an apparent 


age of 205 million years, in close agreement with that for 
the biotite by the same method (Table 2). 

Since the biotite and orthoclase feldspar are from the 
same rock, it may be reasonably assumed that they 
initially contained common strontium of the same isotopic 
composition. Plotting spparent age in millions of years 
against strontium-87 pe? cent in the common strontium 
yields the graph shown im Fig. 1. The intersection of the 
lines for orthoclase and biotite occurs at 200 million years 
and involves a common strontium containing 7-10 per 
cent strontium-87. The basis of this type of solution for 
rubidium-strontium min2rals of the same rock is discussed 
by Compston and Jefferay°. 

Heavy minerals suitatle for lead, uranium and thorium 
measurements were not available from the Billiton granite, 
but xenotime, monazite and zircon were available from 
the Singkep granite, generally considered to be closely 
related orogenically to Billiton granite. The results of 
uranium, thorium and lead isotopic measurements of 

these minerals are shown in Table 3. (The 

letters 4. B and C represent different 

mineral separates from the same rock 

sample.) With a few exceptions, the ages 

found are distinctly in excess of 180 million 
_ years. 

The extent of the discordancy in *°*Pb/ 
2381] and ="Pb/**U ages is best considered 
according to the approach suggested by 
Wetherill of plotting radiogenic *°*Pb/?585U 
against radiogenic 7°7Pb *55U and compar- 
ing the pomts so obtamed with a line 
representing the locus of concordant ages. 
The resuls of such an analysis is shown 
graphically in Fig. 2. 

It is clear that the apparent discordancy 
of uranium-lead ages in Table 3 can be 
explained by experimental error (xenotime 
B is a possible exception). There does 
appear to be a systematic distribution of 
ages-—-the monazites grouping near 220 
milion ysars, the xenotimes near 205 
million years, and the zircon at 195 million 
years. 

Our conzlusions are that the 180-million- 
year age cbtained by the potassium—argon 
method on biotite of Billiton granite is a 
misleadingly simple interpretation of the 
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time of the igneous activity. Van Bemmelen’ indicates 
that these gramtes are part of an igneous system of 
batholitic scale. The spread of ages referred to here may 
be the effect of a long and complicated history of crystal- 
lization. The value of the potassium—argon age of the 
biotite as one defining the boundary between Jurassic 
and Triassic time may be open to question. , 

We thank Dr. T. R. Jones and Mr. H. M. Roth of the 
U.S. Atomic Energy Commission for providing us with 
the thorium-230 spike used in the isotope dilution analysis 
of thorium reported here. 
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Houston, Texas. 
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A Potassium/Argon Dated Pliocene Marsupial 
Fauna from Victoria, Australia 


KNOWLEDGE of the history and evolution of the mam- 
malian fauna of Australia was meagre until the recent 
work of Stirton. et al.1. They located a sequence of faunas 
in Central Australia, but precise assessment of the geo- 
logical ages has been. difficult because of the isolation of 
this area from the established geological section. This 
communication reports a Pliocene fauna from Victoria 
which has been dated by the potassium/argon method. 

A small assemblage of marsupial teeth was recovered by 
washing techniques from the ‘A’ zone of a fossil soil 
developed on the Kalimnan Limestone of Pliocene age from 
the Grange Burn near Hamilton in western Victoria. The 
locahty and stratigraphy are described in detail by Gill*. 

The sample of fresh-appearing basalt from a flow 
overlying the soil zone was collected 5 ft. above the bottom 
of the flow in order to minimize the effects of weathering 
on the more porous basalt near the bottom. The upper 
part of the flow has been recently removed by stream 
prosion. The whole-rock sample was dated by the potas- 
silum/argon method using a procedure described previ- 
pusly* , with a result of 4:35 + 0-1 m.y. (Table 1). The 
_rock is a finely vesicular, alkali olivine basalt belonging to 
the Newer Voleanies of Victoria‘. It consists of olivine 
phenocrysts set in a groundmass of plagioclase, clinopy- 
roxene, olivine, ron oxides; about 10 per cent brown 
isotropic glass occurs interstitially. Although the rock is 
free of alteration, and the glass is not devitrified, some 
‘loss of radiogenic argon by continuous diffusion may have 
occurred. Hence, the date of 4:35 m.y. must be regarded 
as a reliable minimum age, which, however, is probably 
close to the true age. This date is Upper Pliocene accord- 
ing to the time-scale of Evernden et al.* and is in good 

agreement with the stratigraphic evidence of a Phocene 
marine fauna found underlying the basalt. 

The contemporaneity of the marsupial fauna and the 
fossil soil with the overlying basalt is indicated by the 
presence of carbonized tree stumps and roots in growth 
position in the upper 2-3 ft. of the fossil soil. Immediately 


Table 1 
Sample K. analyses Atm.*Ar Calculated 
No. (wt. %) WHOA MOK’ (%) age (m.y.) 
GA 1141 0:717 
0718 Lovi7 2°545 x 10-4 33°3 4:35 


7g 4:72 x 10-19 yr", Az = 0-584 x 10-1 yr, “°K = 1:19 x 10-7 atom per cent. 
* vAr, radiogenic argon. 
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underlying the basalt ıs a thin layer of highly carbonaceous 
clay. Apparently the lava flow cremated a standing forest. 
It is unlikely that the fossils are appreciably older than 
the flow because it is doubtful that they would have 
survived the weathering processes in the ‘A’ zone of the 
soil for any length of time. 

The first marsupial material from this locality was an 
isolated tooth found by Gill and identified as a ‘cuscus’*)*-*. 
This was further discussed by Stirton!*. This specimen 
is now being re-studied by W. D. L. Ride of the Western 
Australian Museum. 

The material recovered by us consists of teeth and tooth 
fragments, with a few poorly preserved bone fragments. 
It was obtained by wet sieving matrix from the top 1 ft. 
of the fossil soil. Although only a small portion of the 
sieve concentrates has been examined, 48 teeth or tooth 
fragments, representing at least eight taxa, have already 
been found. The following groups are represented by this 
material: Phascogalinae 1; Macropodinae 2; ( ?)Macro- 
podinae or Potoroinae 1; Phalangerimae 1 (a form very 
close to Trichosurus); Pseudocheirinase 1 (a form very 
close to, if not congeneric with, Pseudocheirus}; Burra- 
myinae 1; (?)Phascolarctinae 1. As yet no teeth repre- 
senting Peramelidae, Phascolomyidae, Rodentia or Chirop- 
tera have appeared; but ıt would be premature to place 
too much significance on this fact with only this limited 
sample. Most of the specimens are clearly referable to 
living or Pleistocene genera or families. They are gener- 
ally smaller and are either less or differently specialized 
than the later representatives of these groups. There 
appears to be the pétential for a well-rounded fauna from 
this locality for comparison with the other Australian 
Tertiary faunas. 

This work was supported by U.S. National Science 
Foundation grant GB 975. We acknowledge the co- 
operation of the National Museum of Victoria and Monash 
University, Victona, Australia. 
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METALLURGY 


Effect of Heat Treatment on the Structure 
of Oriented Nickel Electrodeposits 


INVESTIGATIONS on the development of preferred orien- 
tations on electrodeposits using electron diffraction 
techniques!~* and examination. of texture and topography 
of electrodeposited metal surfaces‘-§ have been reported 
in recent years. Little information is available at present, 
however, regarding the effects of heat treatment of electro- 
deposited metals, at different temperatures, on changes 
in the foregoing properties. An electrodeposited metal 
develops not only preferred orientation but also internal 
stresses*-4, their extent depending on deposition condi- 
tions. Since annealing removes most of the stresses in a 





Fig. 1, 


Electron micrographs of the he isurfaces obtained by eleetrodeposition from a bath of pH 3-9. ta) Original surface (xe. 3,100); 


) heated to 550° C (xe. 6,000); (c) heated to 690° C (xe. 2,050) 


strained metal, it is of interest to follow possible changes 
accompanying such treatment. 

Nickel can be formed by electrodeposition not only in a 
state of high purity but also with widely different pre- 
ferred orientations’. Initial results are reported in this 
note on the changes in texture of electrodeposited nickel, 
resulting from thermal treatments at or above its recrystal- 
lization temperature. 

Nickel was electrodeposited at a current density of 10 
m.amp/em? for 25-30 min on surfaces of 2-mil thick 
polycrystalline nickel foil at a bath temperature of 
¥5° C, unless otherwise stated. The thickness of the 
deposits, in most cases, was about 5u. The deposition 
was made from sulphate—chloride baths (Watt's type), 
which were previously purified by prolonged low current 
electrolysis using a dummy cathode, followed by repeated 
filtration. All the chemicals including the nickel foil were 
of reagent grade. The nickel cathode surface was initially 
cleansed by etching in conc. hydrochloric acid, followed 
by washing with distilled water. The freshly prepared 
deposits were first examined with 50 kV reflexion electrons 
followed by heat treatment in a helium atmosphere as 
described here. 

The recrystallization temperature of nickel ranges from 
530° to 600° C (ref. 13). In order to examine the changes in 
texture of eleetrodeposits occurring around the recrystal- 
lization temperature, heat treatments were carried out in 
an ultra-dry helium atmosphere at: (1) 450° C for 60 min; 
(2) 550° C for 60 min; (3) 690° C for 30 min. The rate of 
heating up to and cooling down from maximum tempera- 
ture was about 3° C/min. 

The heat-treated samples were identified structurally 
by evaporating 50-A thick platinum on parts of their 
surfaces and measuring the d,,, diffraction line of platinum 
as an internal standard, along with d-spacings for the heat- 
treated nickel by means of reflexion electron diffraction. 
In order to follow the changes in topography of some 
selected metal surfaces resulting from heat treatment, 
platinum pre-shadowed carbon replicas of the surfaces 
were studied by electron microscopy*. 

Nickel, electrodeposited on surfaces of clean and poly- 
crystalline nickel foils, develops a random orientation 
during the early stages of deposition up to a certain thick- 
ness, When a bath of pH 2:1 is used'*+!*, For longer times of 
deposition, these bath conditions favour the development 
of a (210) preferred orientation. Electrodeposition from 
baths of pH values of 3-9 and 5-1 favours the development 
of (100) and (1010) + (211) preferred orientations, 
respectively, at advanced stages of deposition. The 
development of mixed structures (that is, hexagonal close 
packed (1010) + face-centred cubice (211)) in electro- 
deposited nickel under certain conditions of deposition 
has been discussed in detail in the past’**. Any of 
the foregoing baths when maintained at 75° C favour the 


development of a (110) orientation, during advanced 
stages of deposition. 

Table 1 summarizes the results as to the effect of heat 
treatment on the orientatien of the nickel electrodeposits, 
as determined by electron diffraction. Similar changes in 
diffraction patterns during heat treatments are also found 
to occur if the oriented nickel deposits are formed on 
polycrystalline platinum feils. 


Table 1. EFFECT OF HEAT TRESTMENT ON ORIENTATION OF ELECTRO- 
DEPOSITED NICKEL 

Original Heat treatment at °C 

orientation 450 690 
(210) (210) r r 
(100) e(111)+m(108) (111) + m(100) r 
(1010) +(211) nr nr r 
(110) w(110) + m(3L1) r r 


r=random; nr=nearly random; w=weak; m=medium; #=strong. 


Fig. la shows the topography of the electrodeposited 
nickel surface (5y thick). developing (100) preferred 
orientation. Figs. 1b and ce show nucleation and grain 
growth occurring in the deposits as a result of heat treat- 
ment at 550° and 690° C respectively. 

Our results on the heat treatment of oriented nickel 
deposits thus reveal that whatever their initial texture 
or preferred orientation, hea. ing the specimens in a neutral 
atmosphere, in the temperatare-range where recrystalliza- 
tion of nickel is known to occur, leads to a structure which 
shows random orientation by reflexion electron diffraction. 
It is thus seen that in adsorotion and catalysis investiga- 
tions which use nickel filmes, one should be concerned 
about the temperature history of the film being used. 
Frequently, the assumption is made that the (100), 
(110) and (111) planes are ecually exposed in the surface. 

This work was supportel by U.S. Atomic Energy 
Commission on contract AT(30-1)-1710. 
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Effect of Ligands on the Rate of Reduction 
of Cobalt(lll) Complexes by Radiolytically 
Produced Hydrogen Atoms 


Tus reduction of transition metal complexes by 
hydrated electrons has recently been investigated. It has 
been found that ligands affect the rate of reaction between 
esq and the metal ions'. As this reduction is obviously an 
outer sphere process? the effect of different ligands on the 
rate of reduction of these complexes is a measure of their 
efficacy in transferring an electron to the central atom. 
Aquated electrons and hydrogen atoms are the most 
elementary reducing agents in aqueous solutions. Hydro- 
gen atoms have been found to react differently from 
electrons In many reactions’, thus it was of interest to 
examine the effect of ligands on the rate of reaction of 
hydrogen atoms with a series of metal complexes in order 
to compare the mechanisms of reduction by these most 
reactive reductants. 

The rate of reaction of radiolytically produced hydrogen 
atoms with Co™(NH,), X complexes has been determined. 
The measurements were carried out using competition 
kinetics following the hydrogen abstraction from 2-p-iso- 
propanol or D,-methanol. The ratio R = HD/H, in the 
hydrogen evolved was measured, and the rates of reaction 
of the complexes were evaluated as follows. When 
D,;-methanol was used as a reference compound, G(HD) 
was calculated from R and Gy,; G(HD) = R x Ga, 
where Gg, = 0°34 is the molecular yield of hydrogen in 
this system‘. The specific rate constants were calculated, 
taking ky+p,con = 8-10! M~ sec~, from G(HD) in the 
presence of the complex and Ga = G(HD), = 0-62 in its 
absence’, When 2-D-isopropanol was used, the calculations 
were somewhat more complicated due to hydrogen abstrac- 
tion from 6 positions. Taking into account the relative 
reactivity of the x and ĝ positions of the alcohol‘, the 
following formula was obtained: 


where Gg is the yield of abstraction from the B position. 
From Gs, G(H + 2-p-isopropanol) = 3-5 Gs was caleu- 
lated. The rest of the calculation is identical to the case 
of D,-methanol using G(H + 2-p-isopropanol) instead of 
G(HD) and taking KH + 2-p-isopropanol = 8°5 x 10° M~ see-! 
(ref. 4). The effect of 0-01 M of the complexes on Gy, in 
the presence of the alcohols was neglected. In the case 
of acid solutions Gy = 3:84 instead of Ga = 0-62 was 
taken (ref. 4). In all the calculations it was assumed 
that no hydrogen is formed by hydrogen abstraction from 
the complexes. This assumption was checked by measur- 
ing the absolute yield of hydrogen from the same systems. 
By measuring tho yield of the total radiolytically produced 
hydrogen, specific rates for the hydrogen atom reactions 
could be obtained. The results, although less accurate 
than the isotopic ones, were in full agreement with the 
latter. 

The results are summarized in Table 1, and each value 
is the mean of three experiments. The specific reaction 
rates are in good agreament with those obtained by a 
totally different technique for some of these complexes’, 
Only an upper limit of the specific rate of reaction of the 
aquo complex could be determined k < 1 x 106 M-! see-t 
as the rate is too slow for an accurate measurement. The 
result fits that of Navon and Stem, who found that it is 
the slowest in the series with a rate constant of 4-5 x 10° 
M- see. 

A comparison of the results with the rates of reaction 
of complexes with aquated electrons demonstrates a sig- 
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nificant difference in the effects of ligands on the reactivity. 


In the case of electrons the order of reactivity is: 
OH” > CN” > NH, > H,O > F° > Cl > r 
as opposed to the order measured for hydrogen atoms: 


H,0 > F~ > NH, > OH™ > CN” > Cl > Ny > Bro > I- 


A change in the order of reactivity in the sequences may _ 


indicate a difference in the mechanism of reduction. 


Two alternative mechanisms have been formulated for = 


redox reactions of transition metal complexes, namely, 
the inner sphere (bridged activated complex) atom trans- 


— 


fer, and the outer sphere electron transfer reactions. The = 


effect, of ligands on the rate of redox reactions has been 


proposed as a tool for the assignment of mechanisms for Pixs 


these processes. The applicability of this approach has its a 


limitations as different sequences of reactivity have been < 
It was suggested, © 


observed in different systems?:%’. 
however, by Endicott and Taube’ that the relative 
reactivities of OH- and H,O complexes may be used as 
a diagnostic criterion. The examination of the cases of 
reduction by the simplest reducing agents, namely, 
aquated electron and hydrogen atoms using the sequence 
of reactivity of oxidizing complexes, seems to be most 
instructive. As it is obvious that the aquated electrons 
react via an electron transfer mechanism, the effect of 
ligands in the case of hydrogen atoms indicates that the 
latter react via an atom transfer. 


(NH); CoX +? + H— (NH); Cot? 4 AH 


The difference in the reactivity of H,O and OH- as 
bridging ligands would require an increase of reactivity 


of aquo complexes with increasing pH as opposed to the- 


decrease observed for ead (ref. 1). This has actually been 
observed for Fet? (ref. 8), Cut? (refs. 9 and 10), and Cr+? 
(ref. 11). 


Table 1. RATE CONSTANTS FOR THE Reaction H + Co™(NH,).X * 
, Concentration » HD k 

Substrate Alcohol of alcoholf{(M) H, (Mi geent) 
None (CH,),CDOH 0-05 GAB — 
None CD,0H 0-05 1-85 — 
CANH, p F** CD. OM 0-05 46 12x igt 
Co(NH,),** CD,0H 0-05 0-37 rx 10* 
Co(NH,),0H**? (CH,),CDOH 0-05 0-62 + 25 x 10? 
CANH JON (CH,).CDOH 0-05 0-54 37 x 10? 
Co(NH,);,Cl* = (CH) gC DOH 0-05 0-19 22% 10 
CANH JAN?  (CHsjg¥C DOH 20) 0-34 39 x 10° 
CNH hBr (CH,;),CDOH H10 0056 1x 10° 
CaN H, Jtt? (CH,),CDOH 0-10 94. 171 3x 10° 


* Solutions were at 4 <pH <6 and were irradiated with a dose of 5x 10° : 


All complexes were examined at a 1 x 10-* M concentration. 
+ Measured at pH 7-5. 
+ Measured at pH 1. 


* 


It should be noted that the rates of reduction of cobalt 
complexes by hydrogen atoms are several orders of mag- 
nitude slower than the corresponding reactions with 
hydrated electrons. This effect is most conspicuous for 
the aquo and fluoro complexes, where the reactions with 
@aq are close to the limit of diffusion controlled processes. 


This is in accord with the differences observed between. 
atom and electron transfer reductions of the same com- 


plexes*:?7. On the other hand, the rates of the hydrogen 


atom induced atom transfer reactions are several orders — 
of magnitude higher than those of inner sphere reactions _ 
of the same complexes with any other known reductant, 
for example, Crt*+. As the stability of XH formed in the 


bridged transition state is not greater than that of XCr++ 


it is unlikely that the rate of cleavage of the Co--X bond — 


in the bridged complex is rate-determining™’, Thus it is 


implied that the formation of the bond of X with the 













oF donor is the main contributing factor to the rate- 
etermining step in these inner sphere reactions. 
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CHEMISTRY 


Crystalline Solution in 3CaO.AlO; on 
the Join Ca;Al,O.-'Ca;Fe,0,’ 

_.. Taes extent of substitution of ferric iron for aluminium 
in tricalcium aluminate has been investigated using con- 
-ventional high-temperature phase equilibrium techniques. 
. Starting materials were mechanical mixtures of reagent- 

grade oxides. Raw mixtures were suspended for several 

hours in platinum-foil envelopes at the hot spot of a 
<- platinum-wound vertical-tube resistance furnace. Tem- 
peratures were read using a Pt-90Pt10Rh thermocoupie 

frequently calibrated against melting points defined on 

the 1948 International Temperature Scale. Identification 

of phases in the quenched products was made by use of 

X-ray diffraction and of transmitted-light microscope. 

A condensed phase equilibrium diagram for a portion 
of the join Ca,Al,0,—‘Ca,Fe,0, through the system 
CaO-Al,O,—Fe,0, is shown. in Fig. 1. The maximum 
extent of the field of tricalcium aluminate crystalline 
solutions was found to be 3-5 moles per cent ‘Ca,Fe,0,’ at 

~1,389° C, the temperature of the ternary invariant point. 
At this temperature, a tricalcium aluminate crystalline 
solution of composition Ca,Al,.9;Fe9.9;0. co-exists with 
liquid, lime, and a calcium alumino-ferrite phase of 
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composition CagAl,.egF€ 9.4205. Other phase relations 
determined in this investigation were in good agreement: 
with the results of Newkirk and Thwaite!. i 

The possibility of reduction of some iron in these” 
mixtures to the ferrous state was investigated by wet. 
chemical techniques deweloped by Ingamells*. Analysis | 
of samples on the join Ca,Al,0,~‘Ca,Fe,O0,’, which had 
been heated to liquides temperatures and quenched, 
showed less than 0-25 per cent of the total iron to be in 


this type of investigatien. a í 
Careful determinatior of tricalcium aluminate lattice. 
constants as a function of iron content showed only very. 
minor variations from the values for the pure end member. 
These equilibrium relationships are of considerable. 
importance to the uncerstanding of the behaviour of — 
Portland cement clinker, of which both tricalcium 
aluminate and dicaleiura ferrite crystalline solutions are 
important constituents. If tricalcium aluminate in 
cement clinker contains substantial amounts of iron, as 
suggested by the resulte of the work recorded here, then = 
the distribution of irom and aluminium among clinker 
phases, and the factors controlling this distribution, will 
be more complicated than previously realized. Calculation o — 
of mineralogical contert of cement clinker, as by the < 
Bogue method, should ‘be based on realistic crystalline 
solution compositions aral not on simplified end members. 
This work was supported by U.S. National Science 
Foundation grant GP--2291. 
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Mechanism of <rystal Growth for the 
Enzyme Chymotrypsinogen 
In a previous publication! it was shown that the 
morphology of chymotrypsinogen crystals was dependent 
on the supersaturatior at which they were formed, 
Particular emphasis wasiaid on the nucleation mechanism. 
In the following work evidence is presented which suggests 
the underlying mechanism of the enzyme crystallization. 
Low supersaturation. At low degrees of supersaturation 
the enzyme crystallizes from aqueous solution at room 
temperature as hollow whiskers as shown previously, 
One possible explanation for this type of growth is that 
the individual molecules are aligned in the erystalline - 
product in a stereoregwar manner. If the crystal could 
grow by a screw dislocation mechanism, then the material _ 
near the axis of the screw would be highly strained. In 
certain unfavourable cases the strain energy may be so 
great that the crystal g-ows with the molecules avoiding 
the core area and hence forming hollow tubes. With such 
a mechanism the molecules may be aligned around the 
tube in a configuration similar to that shown in Fig. 1. 
Thickening of the tubular growth could ensue by deposition 
of subsequent layers in a similar configuration. In support 
of the foregoing assertions we have found tubular chymo- 
trypsinogen crystals wound into a macroscopic spiral 
configuration. These spirals show strong birefringence 
under polarized light, indicating an aligned structure 
(Fig. 2). The growth of these tubes is usually very slow, . 
thus providing time for winding of the molecules into thi 
regular array. : 
































Fig. 1. Schematic diagram of the possible configuration of chymotryp- 
sinogen molecules in the tubular growth structure 





Fig. 2. Optical micrograph showing birefringence of spiral growth areas 
under polarized light ( xe. 660) 
Kendrew* has suggested that globular proteins 


contain linkages which might prevent the individual 
molecules from unwinding. On this basis it might be 
expected that normal enzyme crystals would be built 
from the basic spherical units. Clearly the structural 
features of the enzyme fibres are not in accord with a 
globular configuration. Since most of the material which 
normally crystallizes from solution does apparently consist 
of globular material it is possible that our starting material 
(seven times recrystallized, product of Light and Co., 
Ltd.) either contained denatured material 
or contained material which became de- 
natured during subsequent treatment. 

Higher supersaturation. At higher super- 
saturations the crystals deposit much faster 
and the molecules do not have time to coil 
into a regular formation. The result is 
globular material which may or may not be 
incorporated into a fairly compact crystal 
shape. In this category four different types 
of growth may be distinguished. At the 
highest supersaturations spherical globules 
of various sizes are produced. Fig. 3 is an 
electron micrograph replica of this type of 
material. Presumably once a globule is 
formed it can grow by random accretion of 
molecules. Previous considerations led us 
to the conclusion that the homogeneous 
nucleation of globules could probably occur 
with a critical radius of about 100 Å. This 
is approximately the size of the smaller 
globules in Fig. 3. 

It is again of interest to consider the sub- 
structure of the globular material in terms 
of the behaviour of individual molecules; 
if the individual molecules are bound into 
units consisting of relatively few molecules, 
then the globules must be aggregates. On 
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Figs, 4 and 6. 
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the other hand, the globular material is certainly of 
different structure from the more compact crystalline 
material, suggesting that the molecular building blocks 
are very different for the two cases. 

Figs. 4 and 5 show high-magnification replicas of surface 
growth features for the compact crystals grown at slightly 
lower supersaturations. It appears that erystallization 
occurs by incorporation of material at a growth step 
which in some cases emanates from a dislocation. 

This type of crystal is formed either by heterogeneous 
nucleation or an impurity particle giving rise to a disloca- 
tion or by homogeneous nucleation. Both types of crystal, 
we believe, grow by surface nucleation of molecular clus- 
ters which are in turn incorporated at the growth step. 
On this basis the packing of these uniform molecular 
clusters (possibly hexagonally stacked) would give rise to 
the pyramid and groove features previously noted. 

At concentrations intermediate between the compact 
and globular forms of crystal, dendrites are formed. This 
modification of erystal form probably arises, as with other 
types of crystals, from the necessity of dissipating heat 
during the crystallization process. 

In summary, three entirely different types of material 
are produced when chymotrypsinogen is crystallized from 





Fig. 3. Electron micrograph —— of globular material found in 


association with crystalline material (x e. 47,000) 





Fig, 4 Fig. 5 


Replicas of surface features showing steps (xe. 65,600) 












cous solutions. is are — material, produced 
ow supersaturation ; ; compact crystallites from 
rate supersaturations (~ 50 per cent) and globular 
` material at moderate and high supersaturation. It would 
— seem that the molecular configuration, as reflected by the 
-morphological features, is a function of physical para- 
-meters (particularly supersaturation). Thermodynamic 
considerations might, therefore, be an essential feature 
relating the complex strueture to the formation mechanism 
for enzyme erystals. 
This work was supported in part by the U.S. National 
Institutes of Health. 
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Electron Diffraction: ‘Analysis of Mixtures of 
Hexagonal and. Cubic Cadmium Sulphide 


ESTIMATION of hexagonal cadmium sulphide i in mixtures 
with the cubie form can be obtained. by reflexion electron 
-diffraction of the polyerystalline material. Photographic 
S pla tes are microphotometered and the integrated intensi- 
ties are measured for several lines: Intensity ratios for 
the sample are compared with similar data for calibration 
standards and the hexagonal content is obtained graphic- 
ally. 

A Trueb, Taueber KD3. electron diffractograph was 
used with Kodak medium-contrast projector slide plates. 
Plates were scanned with a recording microphotometer, 
and integrated intensities were then obtained by plani- 
metry. 

General Electric luminescent-grade CdS was used for 
the hexagonal standard. Cubic CdS was obtained by 
passing HS (refs. 1 and 2) into a hot solution 0-3 F in 
HNO, and 0-1 F in Cd(NO,),. After thorough washing, 
the precipitate was dried in vacuum at 180° C. Only 
eubie lines appeared when its purity was tested by electron 
or X-ray diffraction. Calibration standards containing 
from 50 to 100 per cent hexagonal CdS were thoroughly 
_ mixed with a spatula on glazed paper. 

Samples were prepared using a 1/4-in.-wide metal strip 
noistened y with ‘Ambroid’ cement (excess cement wiped 
ff). The CdS was firmly pressed on the strip and 
smoothed with a spatula. No cement appeared on the 
surface that. was, examined. by electron diffraction. 
Several photog à je plates « of differing transmission 
were made for that plates with approxim- 
yot regardless of composition, 

» plates were microphotometered 
| ig: | rent adii to minimize spottiness. 
The ines scanned are. shown in. Table. 1, and a typical 
pattern i is shown in Fig. 1. J — 















INTERPEAN AR SPA CINGS 


Table 1. 

Hexagonal Cubic 
2-068 A 2-058 A 
1-808: — 
1-791 L753 


The line at 1-898 A was selected for determining per- 
centage hexagonal CdS. Overlapping occurs, but this 
line is moderately intense and sufficiently removed from 
the shadow edge to prevent marked absorption. The 
dashed lines in Fig. | indicate the backgrounds selected 
for these peaks. The areas A and B were obtained with 
a planimeter and. the ratio A/B was computed. The 
_ealibration curve appears in Fig. 2, The hexagonal 
: crystallites were large and produced spotty lines. Grind- 
-ing increased line width and the difficulty in assigning 
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Fig. 1. Diffraction patterm for 87-20 per cent hexagonal Cds 
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Fig, 2. Calibration curve based on 4/B 


backgrounds. Furthermore, grinding of thin oriented 
films did not®* produce normal powder-pattern inten- 
sities and annealing ultimately converted>* the cubic 
material to the hexagonal form. Hence, grinding was 
restricted to that occurring during the mixing process. 
Large standard deviatoons resulted from micropho- 
tometry of spotted lines. The ratio of peak height to 
background at 1-89 A shows similar deviations while the 
ratios at 1-79 A, 2-06 A and 2-45 A were even less satis- 
factory. Consequently, even with ideal calibration 


standards a standard error of about 10 per cent of the 


hexagonal form is expectsd for oriented samples yielding | 
spotty patterns. Significantly better results should be 
obtained for randomly eriented films of small uniform 
erystal size. 
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Requirements of an Ice Nucleus 
Tue ability of a substance to nucleate ico is thought to 
depend on two factors, the first being the fit’ between the 
ice lattice and the lattice of the nucleator, the second being 
the nature of the chemical bonding between the ice and the 
nucleator. The importance of the latter factor has been 
proved experimentally by showing the dependence of 
nucleation on the surface charge of silver iodide under 
conditions which did not alter the fit?. However, the role 
of fit remains in doubt because, although some good 
nucleators do exhibit good fit, there are exceptions which 
cast doubt on the theory®, and some authors have suggested 
that only chemical factors are of importancet. 
To provide unequivocal proof of the role of fit requires 
a system in which the fit can be varied without, at the same 
time, altering the chemical factor. This clearly precludes 
the comparison of nucleators of widely different chemical 
composition although there would be less objection to 
the comparison of closely related members of an isomor- 
phous series. The problem can be circumvented by 
nucleating different phases of ice by the one nucleator, 
thus keeping the chemistry of the system constant while, in 
effect, varying the fit. In the present work this has been 
accomplished by freezing aqueous suspensions of silver 
iodide under pressures up to 3,000 bars (one bar = 0-987 
atm.), thus giving silver iodide the opportunity to nucleate 
ice in the stability ranges of ice I and ice III (Fig. 1). 
Up to 3,000 bars silver iodide has a hexagonal structure 
similar to ice I (ref. 6), the fit between the two lattices 
being within 2 per cent in ali directions. Ice ITI has a 


tetragonal lattice in which the hydrogen bonds are dis- 


torted by as much as 15 per cent from the normal tetra- 
hedral direction?. An examination of the crystal model 
of ice TIT has revealed no spacings which correspond to 
the spacing of the silver iodide lattice. 

The nucleation of ice under pressure was carried out by 
suspending a droplet of water cn a fine thermocouple 
which was itself suspended in a high-pressure vessel filled 
with heptane. After bringing the vessel to the appropriate 
pressure, the vessel was cooled, whereupon the temperature 
of the thermocouple fell steadily to the nucleation tempera- 
ture, then rose abruptly to a ‘plateau’ temperature which 
represented the melting point of the phase which was 
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Fig. 1. Full lines denote phase boundaries between ice I, ice ITI, and 

the liquid as a function of temperature and pressure. Dashed lines 

denote nucleation levels. AB, ice Lin pure water; CD, ice ITI in pure 
water: EFG, ice I in silver iodide suspensions 
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solidifying. The vessel was then warmed and a second 
check on the solid phase was obtained by noting the _ 
‘arrest’ in temperature as the phase melted. 

When doubly distilled water was frozen, ice I formed up 
to a pressure of 2,060 bars, while above this pressure ice > 
III formed, each phase nucleating approximately 20° © w 


Epad 


below its melting point curve (that is, along lines AB 
and CD, Fig. 1). Inadvertent nuclei were evidently 
responsible for the freezing of ice I, since it is well estab- => 
lished that homogeneous nucleation of ice I requires a 
supercooling of at least 35°. There is no experimental 
evidence to show whether the same is true for ice ITI. 

When aqueous suspensions of silver iodide were frozen 
the nucleation of ice I was greatly facilitated, the necessary ~~ 
supercooling being only 4° (EF, Fig. 1), but the nucleation » 
of ice ITI was not improved. Thus a droplet of suspension, > 
cooled at a pressure between 2,060 bars and 2,750 bars ©- 
(for example, 2,500 bars), nucleated at point X on the ~ 
extrapolation of HF. The phase which solidified was not 
ice ITT but ice I, as shown by the fact that both the 
‘plateau’ temperature and the ‘arrest’ temperature coin- 
cided with point Y, on the extrapolated melting point 
curve of ice I, and not with point Z. 

Phenazine, another nucleator which closely fits ice I, 
also induced ice I in the region where ice ITI is the stable 
phase, thus confirming that the effect is not a peculiarity 
of silver iodide. 

Thus, in a situation where the chemistry is not a variable 
factor it has been shown that the phase which best fits 
the nucleator is preferentially nucleated even though this 
phase has the lower stability—-a clear demonstration 
of the importance of fit in ice nucleation. * 


L. F. Evans 
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Heterogeneous Exchange between Chromium 
(IH)-oxide and Chromate 


Andersen and Maddock! have doubted whether Libby’s 
hypothesis, that the transition metal oxyanions in the =e 
Szilard Chalmers reaction yielded fragments containing 
the metal in its original oxidation state, is still tenable, - 
From their experiments and results published by Libby? 
and Harbottle’ I suggest that the oxidation state of the. 
chromium fragments must be determined in the crystal | 
and not by reaction taking place on dissolution. : 

As a consequence of this postulate the question arises . 
whether the fragments of lower oxidation state undergo - 
exchange reaction with the chromate matrix and especially 
whether exchange takes place in the solid state between 
chromate and tervalent chromium. At first sight, measur- 
able exchange effects might seem improbable, for it has 
been shown by Burgus and Kennedy‘ and other authors®.* - 
that exchange between chromium in tervalent and hexa- 
valent state is negligible in aqueous solution. The excep- 
tional stability of the ion [Cr(H.O0),]**, as demonstrated © 
by exchange experiments with H0, causes chromic ion 
to be relatively inert in an aqueous medium. It has been” | 
shown, for example, that in the solid state, where the - 
chromic ion is unhydrated, reaction occurs with diphenyl- 
carbazone’, whereas in aqueous solution the chromic ion... 
does not react. Thus it seemed reasonable to look for . 
exchange effects also in the solid state. 





























), p-a. was irradiated for 50 h at a thermal neutron 
of 10*n/em? sec. The radiochemical purity of the 
ulting “Cr activity was checked by means of y-ray 
roscopy. A sample of the active Cr,O, was ground in 
n agate mortar with 100-fold excess of K,CrO,. The 
verage grain size of the oxide was then roughly estimated 
uicrometrically and was found to be about 3p. A pill 
of the mixture was pressed under a pressure of 28 tons/cm?. 
= Pieces of the pill (80-60 mg each) were heated in an 
oven for various lengths of time at constant temperatures 
_ of 230°, 350° and 500° C. After heating the substance was 
: dissolved in H,O and the Cr,O, was filtered off. The filtrate 
-was made IN HCl and was four times extracted with 5 ml. 
_methylisobutylketone. The hexavalent “Cr activity in 
the combined organic phase was reduced and stripped into 
“aqueous sulphite solution. The percentage of exchange 
was calculated from measurement of the y-activity of the 
strip solution by means of a sodium iodide (TI) scintilla- 
tion counter. | ee lh | 
From Fig. 1 it can be seen that considerable exchange 
chad taken place. From the shape of the heating curves 
it may be concluded that rapid exchange occurs in the 
surface layer of the oxide grains, followed by slower 
diffusion and controlled reaction of inner parts of the 
grains. 
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Fig. 1. Percentage exchange between CrO, and KCrO; plotted against 


time of heating 


c These results may have some significance with regard 
to the mechanism of thermal annealing of Szilard Chalmers 
< defects. The annealing effect at comparable temperatures 
< is usually considerably greater than the exchange percent- 
age shown in Fig. 1. It should be noted, however, that 
the hot fragments are in a state of maximum dispersity 
whereas the oxide particles presented less than one 
> promille of the tervalent chromium in contact with the 
chromate. | ate 

~~ It was suggested by Harbottle® that exchange reaction 
between the hot fragments and the chromate determines 
the retention. Maddock and de Maine? concluded from 
- experiments with chromate fluoberyllate mixed crystals 
that thermal annealing occurs by recombination of the 
. fragments with O*- ions rather than by exchange. The 
results presented here lead to the conclusion that the 
_ contribution of the exchange to the annealing yield is of 
_ decisive importance if Andersen and Maddock’s' assump- 
ion is correct with regard to the existence of fragments 
fer oxidation state in the crystal. 

hough very little is known about the reactivity of 
ns like CrO*+ the exchange behaviour of Cr,O, seems to 
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support Harbottle’s hypothesis? also in the case of the 
fragments in the matrex containing chromium in the 
original oxidation state. : 

H. MARCHART _ 
Analytisches Institut der Universität, Wien. 
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Adsorption Gas Chromatography of 
Hydrocarbons on Activated Alumina e 

A MULTICOMPONENT mixture of saturated and un- 
saturated hydrocarbons has been successfully separated 
on a single gas~solid caromatographic (GSC) column of 
activated alumina. This separation is remarkable when 
the extreme boiling-pomt range (—88-3° to + 125-8" C) 
of the respective comparents is considered. 

Previously, gaseous aad liquid hydrocarbon mixtures 
have been analysed om temperature-programmed gas— 
liquid chromatographic: GLC) and refrigerated columns. 
Under such conditions, melting point, boiling point and 
thermolability of the Hquid phase drastically limit the 
useful operating range ef the column!?. For example, 
propylene carbonate-mocified alumina has allowed separa- 
tion of low-boiling hydrocarbons from C, to C, {ref. 3). 
Thermal sensitivity of this liquid phase made it necessary 
to use low column temperatures which, in turn, restricted 
its use with higher liqaid hydrocarbons. When used 
previously as a GSC active solid, alumina has been applied 
in conjunction with silica gel for the separation of light 
hydrocarbons**, Wher the alumina was used alone’, 
applicability was still limited to the C,-C, range, since the 
run temperature extended to only 150° C. 

Chromatographie investigations of aromatic hydro- 
carbons on alumina by. Klemm et al. are applicable in 
interpreting present results even though their investiga- 
tions dealt with liquid-splid adsorption phenomena. 

Fig. 1 illustrates a seperation achieved in this laboratory 
with uncoated activated alumina in a column 6 ft. long x 
0-25 in. diam. It represents a boiling range of compounds 
encompassing about 215° C, from ethane (b.p. — 88°3° C) 
to n-octane (b.p. + 123° C), including paraffins, olefines 
and acetylene. Through use of temperature programming, 
the entire 13-member series was cleanly resolved in less 
than 30 min. 
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Fig. 1. Alumina adsorptiomgas chromatogram of hydrocarbon mixture. 
Instrument, F and Af model "§09-——model 40 temperature programmer, 
column, 6 ft. x 0-25 in. diameter aluminium; support, 60/80 mesh 
activated alumina; statiomacy phase, none; carrier gas, nitrogen; _ 
flow rate, 65 ml/min; injeetor, 150°C; detector, flame ionization; `. 

block temperature, 150°C; programme rate, 21° C/min from 75° to. 
300° C; chart speed, 45 inzh: sample, 300 al. gas + 2 ul. liquid- 
njected (two syringes}; analysis time, <7 min; - 


simultaneously 
attenuation, 100 x 3 
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The instrument used was an F and M model 1609 
flame ionization chromatograph equipped with a column 
that contained 60/80-mesh activated alumina obtained 
from Microtek Co., Louisiana. Theoretical plate effi- 
ciencies for ethane and n-octane were calculated to be 
83 and 230 per ft., respectively. 

Components were eluted according to molecular weight 
and degree of unsaturation. In spite of the large difference 
in molecular weight (26 versus 58) and boiling point (— 84° 
versus —0-5°C), acetylene was retained longer thar 
n-butane, indicating the strong degree of associatior. 
between its m electrons and the alumina lattice. 

When chromatographed isothermally at low tempera 
tures, acetylene was firmly bound and exhibited con- 
siderable tailing. Saturates always preceded unsaturates 
of equivalent carbon number. Methane and higher mem- 
bers of the series above n-octane can also be resolved by 
employing appropriate temperatures and column lengths. 
These, and other, aspects of alumina GSC will be presented 
later. 

Such alumina GSC should find wide application where 
complex hydrocarbon mixtures contain both gaseous and 
liquid constituents. 

The mention of firms’ names or trade products does 
not constitute an endorsement by the U.S. Department of 
Agriculture over similar firms or produets not mentioned. 


R. L. HOFFMANN 
G. R. List 
C. D. EVANS 
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BIOPHYSICS 


X-ray Diffraction from Contracting 
Molluscan Muscle 


THE anterior byssus retractor muscle (ABRM) of Mytilus 
is a smooth muscle which, through its very low relaxation 
rate, is specialized for maintaining contraction for very 
long periods in vivo. Tonie contractions of this muscle 
lasting up to 20 h can be produced in vitro by stimulating 
electrically at a frequency of 2-3/min'. As a result 
of technical improvements’, detailed X-ray diffraction 
patterns can now be obtained from the living anterior 
byssus retractor muscle in 12 h or less (Fig. 1), and thus 
it has been possible to compare the X-ray diffraction 
patterns of the contracting and the resting muscle. 

The contractile mechanism of the anterior byssus 
retractor muscle is made up of two kinds of filament: thin 
(actin) filaments about 80 A in diameter, and thick 
(paramyosin) filaments about 1000 A in diameter’. 
Characteristic X-ray reflexions from both types of fila- 
ment are seen in X-ray diffraction photographs on or near 
the meridian (fibre axis direction). The positions of the 
three most intense of these reflexions were measured and 
the results are shown in Table 1. These reflexions corre- 
spond to the 5th and 10th orders of a basic paramyosin 
periodicity of about 720 A and the 6th order of a basic 
actin periodicity of about 350 A (or possibly the 7th 
order of a 410 A periodicity)*:. 

Table 1 shows that there is no change (within the 
experimental error of less than 1 per cent) in either the 
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Table 1, ACTIN AND PARAMYOSIN SPACINGS FROM RESTING AND CONTRACTING 
ANTERIOR BYSSUS RETRACTOR MUSCLE 


ta) Resting (A) Contracting (A) 
Actin: 58:8 + 0139% (8)t 58-6 + 017 (8) 
Paramyosin : 720 + O18 (8) 72-0 + 008 (8) 
143 +06 (5) 143 +06 (5) 
(b) 
Actin : 58-6 + 0-25 (17) 58:4 + 0-16 13) 
Paramyosin : 72:3 + 0-16 (17) 72-0 + 0-20 13) 
143 + O5 02) 144 +11 (9) 
* S.E.M. 
t Number of muscles. 
(a) Muscles from which both a resting and a contract pattern were 
obtained ; (6) all muscles from which patterns were obtained (including 
those ina), Note that in some patterns the "144" À paramyosin reflexions 


could not be measured. 


actin or the paramyosin periodicity. Frequently, X-ray 
reflexions up to the 40th order of the paramyosin periodi- 
city and the 60th order of the actin periodicity (taking 
the 350 A option) have been seen (Fig. 1) and in no case 
was there any appreciable difference between the patterns 
from resting and contracting muscle, as regards either 
spacings or intensities. Thus it can be coneluded that 
during contraction of the anterior byssus retrector muscle 
there is no overall change in the arrangement of the 
molecules within either the actin or the paramyosin 
filaments. This provides strong evidence against the 
hypothesis that tonie contraction in this muscle is caused 
by a change of state (for example, crystallization) in the 
paramyosin component of the muscle*:’. 

It has been suggested by Lowy and Millman! that 
tonic contraction in the anterior byssus retractor muscle 
is caused by an interaction between actin and paramyosin 
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filaments similar to the interaction between actin and 
myosin filaments during contraction of vertebrate 
striated muscle. If this is so, then the foregoing results 
provide further support for the sliding filament hypothesis 
proposed for vertebrate striated muscle”, The actin- 
“myosin interaction might involve either long-range (for 
example, electrostatic) forces, or a cycling system, with 
most individual actin and myosin molecules in their 
‘resting’ configurations at any given time during con- 
traction?, 

We thank Sir John Randall for providing facilities for 
this work, Dr. J. Lowy and Dr. Jean Hanson for their 
advice, and Mr. Z. Gabor for photographie assistance. 
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BIOCHEMISTRY 


Thymidine Diphosphate Nucleotides as 
Substrates in the Sucrose Synthetase 
Reaction 


Tue UDP-glucose: p-fructose  2-glucosyltransferase 
(sucrose synthetase) is considered to be responsible for 
much of the synthesis of sucrose in plants}. Recently the 
important role of this enzyme in the dogradation of sucrose 
in plant storage tissues was pointed out?. Other nucleo- 
tides, notably ADP, can also serve as glucosyl acceptors 
in this system®". Furthermore, tracer experiments with 
— earbon-14 have shown that ADP-glucose formation from 
- sucrose and ADP is a channel for the transfer of glucose 
from sucrose. to starch’, and that TDP-glucose is a 
© substrate for sucrose synthesis in a crude enzyme prepara- 
= tion obtained from wheat endosperm’. 

. A detailed quantitative study of the specificity of this 

enzyme to nucleoside diphosphates serving as glucosyl 
acceptors has now been made using a highly purified 
sucrose synthetase from sugar beet root*, which is free of 
invertase and phosphatase activities. The results pre- 
sented in Table | show that TDP is a very efficient acceptor 
- whereas ADP is much less effective in this case than with 
the sweet corn enzyme system*. Chromatographic 
analysis? of reaction systems containing UDP, TDP and 
ADP, as described in Table 1, indicated the appearance of 
new nucleotide components which behaved in the same 
way as authentic UDP-glucose, TDP-glucose and ADP- 
glucose, respectively. 





Table 1. EFFECT OF NUCLEOSIDE DIPHOSPHATES ON SUCROSE CLEAVAGE 
BY SUCROSE SYNTHETASE 


Fructose liberated 


Nucleotide (sraoles/mi. [hy Relative activity 
UDP 2-29 100 
TDP 0-67 52 
ADP i720 16 
CDP O15 12 
GDP 08 6 
None 0-02 — 


The reaction mixture contained: tris, 25 mM; sodium acetate, 20 mM; 
mono-sodium phosphate; 20 mM (pH 6-0); sodium fluoride, 20 mM; sucrose, 
-200 mM: EDTA, 1:5 mM; nucleotide, 2-5 mM; purified enzyme, 22 ag 
protein/ml.; and bovine serum albumin, 50 eg/ml. Incubation was at 37°. 
The amount of fructose liberated was measured as deseribed previously’. 
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From a reaction mixture similar to that described in- 


Table 1, and containing TDP as the nucleotide, the new k 


sugar nucleotide component was quantitatively isolated 
by paper chromatography, analysed chemically and 
enzymatically, and shown to be TDP-p-glucose, using 
the chemical and enzymatic procedures already described’. 
A reaction mixture whica contained tris buffer, 120 mM 
at pH 7-2; fructose, 60mM; EDTA, 6 mM; sodium fluoride. 
30 mM; TDP-glucose, 6mM, and purified enzyme, 144 
ugiml., contained, after incubation. for 3 h at 37°, about 
3 mM disaccharide which was identified as sucrose by 
paper chromatography, specific colour reactions and 
enzymatically’. i 

Kinetic investigations* have clearly shown that UDP 
and TDP as well as UCP -glucose and TDP-glucose are 
competing substrates for the same site of the transgluco- 
sylase. The Vy, value “or sucrose synthesis at pH 7-2 
with UDP-glucose as the substrate was 3-7 times higher 
than that observed for TDP-ghicose. The Vmas value for 
sucrose cleavage at pH 4-0 using UDP as the glucosyl 
acceptor was 1:7 times Eigher than that observed when 
TDP was used. The apparent Km values obtained for 
the uridine and thymidine nucleotides were of the same 
order of magnitude (Tabe 2). 





Table 2, VALESS FOR THE URIDINE AND THYMIDINE 


N'OLEGLTIDES 


APPARENT Kin 


Substrate afi of assay Km M) 
UDP 6-0 7-7 x 10° 
TDP 6-0 G4 x 10°5 
UDP-glucose T2 27 x 10-4 
TDP-ghicose T2 9. 5 x 10-5 


Sucrose cleavage was followed ty measuring the appearance of free fructose 
in a system containing 0-25 M suerose and varying concentrations of nucieo- 
side diphosphate. Sucrose synthesis was — bY measuring the appearance 
of UDP, or of free glucose liberated by addition of yeast invertase, in a 
reaction mixture containing 10 mM fractose and varying concentrations of 
sugar nucleotides. Analyses werescarried out as described elsewhere, 

TDP-glucose is an intermediate in the biosynthesis of 
TDP-.-rhamnose and TDP-p-galactose, which serve as 
glycosyl donors in the Hosynthesis of complex sacchar- 
ides%1°, Tt is thus possibee that formation of TDP-glucose 
by the sucrose synthetase of plant storage tissues, where 
sucrose is found in higk concentration, is a significant 
pathway for the supply of glycosyls to various biosynthetic 
reactions occurring in these tissues. Recent experiments 
in our laboratory have shown the presence of several 
thymidine diphosphate sugar derivatives which occur 
naturally among the souble nucleotides obtained from 
sugar beet roots. 

This work was supported by research grant FG-IS-141 
from the U.S. Departmeat of Agriculture. 
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Optical Rotatory Cispersion of Cytochrome c 
Phospholipid Complexes 


PHOSPHOLIPIDS are pramary structural materials of the 
mitochondrial membrane, and numerous observations 
implicate them in the fanction of cytochrome e (ref. 1). 
Thus, when bound in the mitochondrial membrane, 
cytochrome c is not easivy extractable and permits higher 
rates of electron transpert than does added cytochrome ¢ 
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Fig, 1. Optical rotatory dispersion of cytochrome e and its phospholipid 
complex. Specific rotation, [a] yz» is plotted against wave-length. 


Within the limits of experimental error, no differences are detected 
between the rotatory — of eytochrome e in water (—) and 
cytochrome ¢-phospholipid complex in isooctane (~~-—). Cytochrome 


¢, itself, is insoluble in isooctane, The protein used is a mixture of 


oxidized (90 per cent) and reduced (10 per cent) forms. Heavy arrows 
along the abscissa indicate absorption maxims of the oxidized cyto- 
chrome, while light arrows Indicate those of reduced cytochrome. 
Rotatory dispersion was measured in the Cary Model 60 recording 
spectropolarimeter using protein concentrations of 0-12-0-45 mg per mi, 


(refs. 2-4). Moreover, when the beef heart mitochondrial 
electron transport particle is treated with phospholipase, 
cytochrome c is released from the binding site as the 
soluble protein’. In addition, phospholipids are required 
for activity of purified preparations of reduced cyto- 
chrome c oxidase®-*, and for reactivation of succinoxidase 
activity after solvent extraction of mitochondria’. 

Cytochrome ¢-phospholipid complexes soluble in iso- 
octane presumably form through the interaction of 
negatively charged phospholipids and positively charged 
free amino groups of the protein'**!, Since these phospho- 
lipid complexes may simulate the physical environment 
of cytochromes in the mitochondrion, it appeared im- 
portant to establish the effect of this association on the 
structure of the protein. Spectropolarimetry seemed to 
offer an especially suitable approach, since optical rotatory 
dispersion serves both as a sensitive index of alterations in 
protein conformation'®-"“4 and of potential changes in the 
asymmetry of localized areas of the protein, for example, 
the vicinity of the haem moiety“, We have therefore 
examined the optical rotatory dispersion of phospholipid- 
cytochrome ¢ complexes which are soluble in isooctane, 
comparing the parameters reflecting the conformation of 
the protein under these conditions with those for the 
protein itself in aqueous solution. 

Horse heart cytochrome c (Type III) was obtained from 
Sigma Chemical Co, and mixed phospholipids were pre- 
pared from beef heart according to Gray and Macfarlane”. 
The complexes of mixed phospholipid with cytochrome c 
were prepared as described by Das and Crane. Stoi- 
chiometric complexes with a ratio of phosphorus to 
cytochrome varying from 22:1 to 32: 1 were obtained. 

Fig. 1 gives a comparison of the rotatory dispersion of 
cytochrome ¢ in water with that of the phospholipid 
complex of the protein, extracted into isooctane. The 
rotatory properties of the lipid-protein complex in the 
organic solvent are virtually identical with those of the 
protein in aqueous solution. Formation of the complex 
does not cause discernible changes in either the charac- 
teristics of the multiple Cotton effects generated by the 
haem group or in the magnitude of the trough of the 
intrinsic Cotton effect at 233 my, thought to reflect protein 
conformation. The optical rotation of cytochrome c is 
markedly influenced by the oxidation state of the haem 
iron atom?*, but formation of a complex with phospholipid 
does not alter the rotatory properties of either the reduced 
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or the oxidized protein. Moreover, no changes in optical 


rotation were evident in preparations having ratios of 
phosphorus to cytochrome c ranging from 22:1 to 32: 1. 

Neither the protein nor the phospholipid alone can be 
extracted into isooctane, but their complex is quite soluble 
in this solvent. Moreover, the complex is stable for 
several days at room temperature. Hence it would appear 
that the phospholipid stabilizes the protein against this 
strongly hydrophobic medium without altering the 
physical structure of the cytochrome. If such a complex 
does, indeed, have similarities to the native state of 
cytochrome c, it would appear that the association with 
phospholipid does not materially affect the conformation of 
the protein; thus, the native structure may be preserved 
in a non-aqueous region of the cellular environment, at 
least in so far as such conclusions may be drawn from 
measurements of optical rotatory dispersion. 
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Micro-method for the Estimation of Specific 
Proteins in Mixtures 


Tar method described here is a micro-version of one 
developed earlier! and is based on the gel-diffusion tech- 
nique of Ouchterlony®. It is suitable for any protein or 
other macromolecule which can diffuse through a weak 
agar gel and for which precipitating antibodies are 
obtainable. Its“advantages over the macro-method are 
that it requires only a small volume of reagents (about. 
0-12 ml. of dilute protein and 0-03 ml. of dilute antibody 
solution), that the incubation period is 18 h or less, that 
the use of quantitative micro-pipettes is unnecessary, and 
that it can be carried out on microscope slides instead of 
Petri dishes. Its error of estimation when tested on a 
glycoprotein of rat serum was +8 per cent (95 per cent 
confidence limits) compared with +5 per cent for the 
macro-method. It has also been found satisfactory for 
titration of a mouse serum myeloma globulin’. 
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Fig. 1. The standard gel diffusion pattern used in the method showing 
the effect of 4 dilutions of rat serum (1/1-6, 1/4, 1/8, 1/16) diffusing against 
an antiserum for an a,-globulin (centre well) 


mm 


2 a 8 16 32 
Concentration of protein (units/100 ml.) 


Fig. 2. Showing the distance travelled by the leading edge of the 
precipitate with increasing concentrations of the specific a,-globulin 


The method is essentially a half-scale version of the 
macro-method and utilizes the pattern of holes punched in 
agar gel, 1-5 mm thick, as shown in Fig. 1. The holes are 
5 mm in diameter and the outer ones are 5 mm from the 
centre hole at the nearest points. The holes were made with 


a cork-borer type of punch guided by a template of 


‘Perspex’, 0-75 in. thick, in which were drilled 5 sliding-fit 
holes. Better results could probably be obtained with a 
Feinberg-type cutter‘. The agar used was a 1-5 per cent 
solution of ‘Ionagar 2’ (Oxoid) in phosphate-buffered 
saline (pH 7-0) filtered through 2 layers of Whatman No. 1 
paper. 
` When Petri dishes were employed they were of the 
same 2-5-in. diameter special flat-bottomed type (Shandon) 
used in the macro-method. They were filled with 4-5 ml. 
of molten agar and set on a level surface until gelling had 
occurred. The hole pattern was cut in the middle of the 
plate. 

For microscope slides a ‘Perspex’ tray of the kind used 
for immunoelectrophoresis was employed (Shandon 
Scientifie Co.). This held 8 slides and, by removing 0-5 
mm of ‘Perspex’ from the edge of the accompanying 
scraper, agar gels of about 2-0 mm depth on the slides were 
obtained. The holes in the bottom of the tray were sealed 
oither with cellulose tape or by pouring the agar at 50°— 
55°C. Gels 1-0-2-5 mm thick were tested on the slides and 
found to show no differences in reading. The only 
essential for accuracy was that in a particular 5-hole 
pattern all holes should be of the same depth. The tray 
was allowed to set on a level surface, and was covered to 
prevent excessive evaporation. As with the Petri dishes 
it was stored in a moist chamber before use. Two five-hole 
patterns were cut per slide so that one tray was equivalent 
to 16 Petri dishes. 

The holes were filled to give a flat meniscus (or approxi- 
mately so) using fine Pasteur pipettes. As in the macro- 


NATURE 


827 


method the inner hole was filled with the standard anti- 
body solution and the ouver hole with the protein solution 
to be titrated. No adjus«ment was made to the meniscus 
after about 10 sec since the agar imbibed liquid fairly 
rapidly. The gels were incubated at 37° C on a level 
platform in a moist chamber. At the end of incubation 
the slides with their layers of agar were cut out of the tray 
with a scalpel, and the cistance that the precipitate line 
(leading edge) had traveled from its own antigen hole was 
read by means of a low-power microscope’. 

The lowest concentration of antiserum which gave 
readable lines was chosen as the standard and it was 
calibrated by taking 4 concentrations of the protein 
and making 32 tests for each concentration. The result 
for a rat serum «,-glycoprotein was a straight line when 
distance was plotted against logarithm of the protem 
concentration (Fig. 2). As before*®, the mean of 4 observa- 
tions was used when ti-rating unknowns and these 4 
observations came from 4 different Petri dishes or well- 
patterns. The accuracy of each run was checked by 
including as one of the “*unknowns’ a standard solution 
which gave a high readmg. The mean error of +8 per 
cent was observed with zels 1-5 mm thick in plates and 
2-0-2-5 mm thick on slices. 
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Toxicity and Haermagglutinating Activity of 
Legumes 


ALTHOUGH it is generally accepted that most legumes 
contain haemagglutinine very few reports are available 
on their relative activities. After establishing a very 
high haemagglutinating activity in a local cultivar of 
Phaseolus vulgaris! a survey of such activities in 16 differ- 
ent legumes was carried eut. This communication reports 
also on the toxicity on intraperitoneal injection of 70-g 
male rats with a crude preparation isolated from the 
respective legumes. The isolation procedure was identical 
with that described by Lyman and Lepovsky* for soybean 
trypsin inhibitor. Ths crude soybean preparation 
contains not only trypsm inhibiting properties but also 
haemagglutinating activ-ty?. It has been reported that 
this fraction also contams factors which retard gastric 
emptying, stimulate enzymatic secretion in the intestine, 
increase sloughing of mucosal cells and interfere with 
absorption of amino-acrls through the intestinal wall’. 
Each rat was injected with 12-5 mg of crude legume 
preparation in 1 ml. of &9 per cent saline. 

Haemagglutinating aetivity was determined by the 
method of Lienert involving the absorbance measurement 
of unsedimented trypsimated rabbit erythrocytes. The 
activity was assessed ir an extract obtained by homo- 
genization of the milled gume in 0-9 per cent saline in a 
1 to 10 ratio (1 g legume to 10 ml. saline). 

Heat treatment of the legumes and the isolated crude 
preparations consisted o” autoclaving layered samples for 
30 min at 121°C. The efect of heat treatment on protein 
solubility was determined by TCA treatment of extracts 
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Table 1. Error or Heat TREATMENT OF LEGUMES ON HAEMAGGLUTINATING ACTIVITY, INTRAPERITONEAL TOXICITY, PROTEIN SOLUBILITY AND 
iy FOoD ACCEPTANCE 

tae. ` H.U. jg f Toxicity * | Protein solubility | | Food acceptance t 
O No | Specie ; Coramon name ö— ett O nnn ne te nl 
, : ; R H R | Ho UR H 8 R H 
i 1 | Phaseolus vulyaris | Natal round yellow bean » 155,000 66 777 | QT 271 ce 6 ; — ; + 
f 2 | Phaseolus vulgaris i Umzumbi bean © 45000 | ö 611 | Of? | 36-0 a re * » 
3 | Phaseolus vulgaris » darieot bean , 40,000 |, 20  @ | OF | 266 5 13 ~- 5 + 
> 4 | Glycine max Soybean ' 30,000 | G | 4/7 | OF | 287 4 gra S 
| 5 | Phaseolus vulgaris | Sugar speckled bean | 8000 4 | 30 | 05 | 20-0 L9 — — 
>. ÖĞ i Phaseolus acutifolius | White tepary 66000 6 = Wb § Gb | 284 2.8 oe Wt oe 
( 7 | Phaseolus multifloris ; Searlet runner 4000 i4 | & 1B Oh | 2h ZE - : = 
| oR | Canavalia ensiformis | ‘Jack Sword’ bean 1200 ð 88 | 410l 300 1-0 S 4 a 
/ 9 | Vicia sativa : Common vetch 120 | We | 05 | OG 5 184 De 4 ; $ 
| 10 Vicia faba Broad bean | 90, Vb | 05 | 05 | 280 2-4 E ee 
11 Pisum sativum Green pea BO 4 = Of5 | QB | 159 2-2 + + 
| 12 | Phaseolus aureus Mung bean 73 © ; OF | O18 | 279 o-0 te 
143 Vicia vitrosa 2 60 ©  Of6 | O5 | 178 2-5 +o + 
| 14 | Phaseolus liminsis ime pole 20 | 8 Ob + O/6 | 806 2.5 — 
15 | Phaseolus liminsis Lima dwarf Ot i Ob | O5 | 310 2.0 +o 0 k 

16 | Vigna sinensis Cowpea 6 ® ' a5 ! OM | i9-4 2.9 ~ i + 


* Given as number of animal deaths 72 h after injection. 


prepared in a similar fashion as described for haemagglutin- 
ating activity determination. The solubilities are ex- 
pressed as mg of TCA precipitable nitrogen per g of raw 
or autoclaved legume. 

Food acceptance or refusal of rations containing the 
respective legumes was tested with groups of 5 weanling 
male rats each. The ration offered contained (per cent): 
legume, 65; L-methionine, 0-3; corn oil, 5; salts, 5: cod 
liver oil supplemented with vitamin E, 1; water soluble 
vitamin mix, 0-25; choline chloride, 0-15; and corn starch 
to make up to 100. 

From Table 1 it can be seen that haemagglutinating 
activity differs considerably for the legumes under test. 
Even cultivars of the same species, Phaseolus vulgaris, 
show a wide range of activities: 155,000 H.U. for ‘Natal 
Round Yellow’ to 3,200 H.U. for butter beans. Without 
exception autoclaving of the legumes resulted in reduction 
of the haemagglutinating activities to negligible values. 
Autoclaving also markedly reduced the protein solubility 
in 0-9 per cent saline. 

Table 1, in which the respective legumes are listed in 
decreasing order of hacmagglutinating activity, can be 
divided into two sections when both food refusal and 
intraperitoneal toxicity are taken into consideration. 
Raw legumes from 1 to 8 are all rejected by rats and possess 
intraperitoneal toxicity. There are two exceptions: 
first, the crude fraction isolated from haricot beans is 
not toxic; secondly, raw soybeans are consumed by rats 
although the consumption is considerably lower than 
in the case of heated soybeans. From common vetch 
downward (9-16) no factors, responsible for food refusal 
and intraperitoneal toxicity, were found to be present 
in the legumes. Except tor ‘Jack Sword’ beans (Canavalia 
ensiformis) autoclaving of the first category of legumes 
resulted in destruction of the intraperitoneal toxicity 
and also removed the factor(s) responsible for food refusal. 
Complete refusal or insignificant food consumption was 
observed for rats offered rations containing autoclaved 
Canavalia ensiformis. Overnight soaking of these beans 
before autoclaving slightly improved acceptance of the 
ration, but the consumption was still far below mainten- 
ance requirements, r resulting in drastic weight losses and 
death after a short experimental period. 

From this study it is evident that although intraperi- 
toneal toxicity is only present in legumes with haemag- 
glutinating activities higher than 1,000 H.U./g, haemag- 
glutination is not necessarily the responsible factor: 


Canavalia ensiformis is highly toxic yet has the lowest: 


haemagglutinating activity of the first category of legumes; 
haricot beans, which have a high haemagglutinating 
activity, are not toxic. Intraperitoneal injection of five 
times recrystallized soybean inhibiting factor (NBC 
Biochemicals) was found to be non-toxic, yet the crude 
soybean trypsin-inhibiting preparation (No. 4) is toxic. 
The toxic principle therefore appears to be extracted in 


t Food refusal, + food consumed. 


conjunction with the trypsin-inhibiting factor during the 
initial extraction stages. Separation of these factors will 
be reported on elsewhere. 
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Nature of Lactic Dehydrogenase isozymes 
in Rat Kidney 


Evipence has been published recently that lactie 
dehydrogenase (LDH) in most vertebrate tissues consists 
of two varieties combined as tetramers: the form of 
LDH predominant in heart tissue (H,) the form pre- 
dominant in muscle or liver A a), or hybrids of these (H, M ,, 
and Hi, and H,M],) (refs. 1, 2). The control of the rela- 
tive percentages of these forms is believed to reside in two 
genes, one for the H form and one for the M form’. In 
apparent contradietion to this theory, some tissues 
exhibit more than five LDH bands after electrophoretic 
separation® 4. Electrophoresis of rat kidney homogenates 
yields six widely spaced bands. The extra isozyme 
(X-band) differs qualitatively from the other five in not 
requiring DPN or phenazine methosulphate (PMS) in 
the incubating medium for its demonstration. It appar- 
ently corresponds to a previously described band in rat 
kidney*®, which also did not require DPN or PMS. The __ 
results of the experiments described below indicate that _ 
the additional X-isozyme is composed of a normal iso- — 
zyme or hybrid the mobility of which is altered by migra- 
tion in association with additional substances. 

Preparation of tissue homogenates, electrophoretic 
procedures, and detection of LDH bands after electro- 
phoretic separation were conducted as previously des- 
cribed®:?, Fig. la shows the results obtained after starch- 
gel electrophoresis and staining for LDH activity of rat _ 
kidney and liver homogenates. The buffer contained | 
0-092 M of boric acid and 0-036 M of NaOH. The anoma- 
lous X-band can be observed between the 2nd and 3rd 
ISOZVMOS. 

The X-band is generally found to be more resistant to 
inhibition than the other isozymes. When 0-01 ml. of 
butanol was added to, and mixed with, 0-2 ml. of the rat 
kidney homogenate immediately before the electrophoretic 
separation, the activities of all the isozymes were more or 
less completely inhibited, except that of the X-isozyme, 
which was unaffected. This is also shown in Fig. la. 











a. JE on I 
b a 
Fig. 1. I, Original rat kidney homogenate. II, wore kidney homogenate 
itl Rat liver ho IV, 


Iv mM tl I 


after butanol addition. Same liver 

homogenate after butanol lation. a, Sonn ete eagra e e medium ; 

ù, from the same gel, but without PMS in the incubation medium. Kidney 
X-band is indicated by the arrow 


Similar treatment of the rat liver, or other tissues exam- 
ined, caused complete inhibition. Appropriate treatment 
with other inhibiting agents, such as 2-mercaptoethanol 
or urea, also resulted in inhibition of all the rat kidney 
- isozymes except the anomalous one. 

Fig. 16 demonstrates the results obtained when the 
other half of the gel in Fig. la was stained for LDH 
activity in an incubating medium from which PMS had 
been omitted. The anomalous rat kidney isozyme is 
again the only one that retains significant activity. 
When DPN was omitted instead of, or in addition to, 
the PMS, the results were the same. 

Since activity is retained almost exclusively in the X- 
band, the use of an incomplete incubation medium or 
butanol inhibition was employed as a marker to detect 
the presence of this band with other procedures. After 
electrophoresis in agar, for example, a sample of rat 
kidney with only the X-isozyme active demonstrated 
a band in the position which isozyme 2 normally occupies. 
The X-isozyme could not be demonstrated by agar electro- 
phoresis of the original kidney homogenate, since its 
position was superimposed over that of the normal second 
isozyme. 
The difference in position after agar and starch-gel 
electrophoresis suggested that the reticular structure of 
the starch gel may alter the relative mobility of the X- 
isozyme. This was demonstrated by reducing the con- 
centration of starch gel from the usual 12 per cent down to 
lower levels. In order to handle the starch gel at concen- 
trations below 10 per cent, it was necessary to stabilize 
the starch gel by adding 4 per cent agarose to it. Control 
experiments demonstrated that the agarose did not affect 
the mobility in the starch gel. When the starch-gel con- 
centration was reduced from 6 to 4-5 per cent, the X- 
isozyme ted from its usual location between the 
second and third isozyme to the position usually occupied 
by the second isozyme, as it does in agar. 

The relative position of the X-isozyme during starch-gel 
electrophoresis also depends on the buffer. When buffers 
were employed other than the borate buffer used here, 
the X-isozyme would frequently move relatively more 
slowly, and would usually be unobserved due to over- 
lapping of other bands. 

The resistance of the X-isozyme to inhibition, its 
retention of activity without addition of DPN or PMS, 
and the effect of the starch-gel structure and borate ions 
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on its mobility, are all eonsistent with the concept that 
the X-band consists of normal isozymes combined with 
other substances. Combination with other substances 
would tend to protect the isozyme from being attacked 
by inhibiting agents, anc would increase its size and lower 
its relative mobility in starch gels. 

When a sample of the zat kidney, which contained 0-5 M 
NaCl and 0-1 M phosphate buffer at a pH of 7-0, was 
frozen overnight, and sufficient butanol was then added 
to inhibit the normal isezymes, the homogenate demon- 
strated a decreased X isozyme, but also showed the 
presence of a band in tne position of isozyme 1, or, in 
some instances, betweer 1 and 2. The control sample, 
treated the same, but net frozen, demonstrated a darker 
X-isozyme, but only a tace of a band in the position of 
isozyme 1. This suggests the possibility that freezing, 
which is known to dissoc:ate the LDH tetramers to mono- 
mers', and the butanol treatment, tended to weaken the 
bond between isozyme 1 and other substances bound to it. 
Bound substances, whick could have protected isozyme 1 
from the butanol inhibition, may have been dissociated 
from isozyme 1 during the migration, after the butanol 
had separated from it. 

LDH has been demonstrated to be complexed with 
other substances previously*. It would thus appear from 
the results obtained here with rat kidney that the presence 
of more than five bands does not necessarily contradict 
the concept that the LDH isozymes are under the control 
of two genes. This wor< was supported by grant HE- 
08345-01 of the U.S. Public Health Service. 
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Lactic Dehydrogenase Isozymes in Human 
Testis — 


THE electrophoresis of lactic dehydrogenase (LDH) of 
vertebrate tissue homogenates generally results in the 
separation of 5 bands or isozymes. These are believed to 
consist of tetramers of 2 pare forms, the slowest migrating 
band (M,), the most rapidly migrating band (H,), and 
3 hybrids with intermediase mobility (H,M;), (HM), and 
(H,M,)'*. One gene is believed to control the M compon- 
ent, while another controk the H component, so that the 
2 genes together can yield only 5 different isozymes by 
various combinations of F and M. 

Some tissues, such as ret kidney®t, or testis of various 
species®*, contain more than 5 isozymes. Zinkham, 
Blanco, and Kubchyk have demonstrated that anomalous 
X-bands in pigeon testis form 3 different types of electro- 
phoretic patterns, and they postulate the existence of a 
third genetic locus’. 

Various characteristics cf the anomalous 6th or X-band 
in human testis have been investigated by electrophoretic 
techniques, and the results are presented below. Prepara- 
tion of tissues (surgical speeimens), electrophoretic analysis 
and demonstration of LLCH activity were conducted as 
previously described*:*. Starch-gel electrophoresis was 
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" Starch-gel electrophoresis of testis homogenate was conducted 
buffi 8-6, in the gel on the left (A), and with a 
phosphate-citrate buffer'* of pH 7-0 in the gel on the right (a), In each 
case, migration towards the anode is to the left, and a curve of optical 
density against distance is shown above the stained pattern 


conducted with the Poulik buffer'®, except when otherwise 
specified. 

In a number of respects, the X-band exhibited charac- 
teristics similar to the other isozymes in testis. Starch-gel 
electrophoresis was conducted with different buffers 
commonly used by other investigators, at pH close to 8-6. 
It was found that the relative mobility of the X-band 
(that is, compared with the mobility of the other isozymes) 
was constant, despite the nature of the buffer ions. When 
the electrophoresis was conducted in a dilute agar medium 
instead of starch gel, the relative mobility was still un- 
changed. 

Starch-gel electrophoresis of the testis homogenate was 
also conducted at different starch-gel concentrations, 
ranging from 10 to 16 per cent. The concentration of 
starch gel also had no effect on the relative mobility 
of the X-band. The X-band has the same requirements for 
DPN and phenazine methosulphate for demonstration of 
activity as other isozymes. 

In some characteristics, however, the X-band appears 
to be distinct from the other isozymes. When starch-gel 
electrophoresis was conducted with a phosphate buffer 
at a pH of 7-0, the relative mobility of the X-band was 
altered, and it migrated between isozymes 4 and 5 instead 
of between isozymes 3 and 4 (Fig. 1). When a phosphate 
buffer at a pH of 8-6 was used, the X-band again migrated 
between isozymes 3 and 4. 

The X-band also exhibited a specific resistance against 
2-mercaptoethanol inhibition. One volume of the testis 
homogenate was mixed with one volume of a solution of 
2-mereaptoethanol which had been diluted 1 to 7 with 
water. After 4 h incubation at 37° C, the homogenate 
was subjected to electrophoresis. The activity of all the 
isozymes was completely inhibited, except that of the 
X-band, which was unaffected. 

The anomalous 6th band, previously investigated in the 
rat kidney, has a relative mobility which is affected by 
pH of the buffer, and a specific resistance against mercapto- 
ethanol similar to that of the X-band in human testis‘. 
The fact that the testis X-band’s relative mobility is 
unaffected by the concentration of starch gel suggests that 
it is of approximately the same molecular size as that of the 
other isozymes in the tissue. However, the dependence 
of relative mobility on pH, and the X-band’s resistance 
to mercaptoethanol inhibition, suggest the possibility 
that it migrates in association with some other, relatively 
low molecular weight substance. Such an association could 
account for the resistance to attack by the mercapto- 
ethanol. The association of LDH with other substances 
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has been observed previously". It is possible that the 
X-band in human testis consists of normal H or M 
sub-units which is altered or complexed with some other 
substance. 

A more complete report of this work will be published 


elsewhere. This work was supported by U.S. Public 
Health Service grant HE-08345-01. 
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Shikimic Acid, a Constituent of Tutsan Berries 


THE ripened seed capsules of tutsan (Hypericum andro- 
semium) wore dried, ground and extracted with petroleum 
ether (60°-80° C) followed by further extraction with 
acetone. The residue from the evaporated acetone extract, 
on vacuum sublimation, yielded a colourless solid, which 
crystallized from acetone-petrol in colourless plates m.p. 
184°, with analysis C, 48-1; H, 5-8 per cent. C,H,,0; 
requires C, 48-2; H, 5-8 per cent. Preliminary tests showed 
unsaturated and acidic properties. The infra-red spectrum 
proved to be identical with that of shikimic acid’ 
(cyclohex-l-ene-3 : 4: 5-triol-l-carboxyliec acid) which is 
recorded in D.M.S. spectrum 2635. 
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New Types of Kinins and their Action on 
Fruit Tree Species 


WE have been engaged in work on the effects of some 
kinetin analogues on various tree species and have found 
that they have somewhat different biological activity’ *. 
Because of the comparatively low solubility of 6-furfuryl- 
amino- and 6-benzylaminopurine in water, which com- 
plicates the application of these compounds, our interest 
was directed primarily to the preparation of kinetin 
derivatives with higher solubility in water. The solubility 
of kinins can considerably influence their transport and 
therefore also their practical application. After application 
of 6-benzylaminopurine-8-"C into the petioles of leaves 
of one-year-old apple shoots, the applied kinin was found 
by autoradiography about 10 cm in the basipetal direction 
from the point of application whereas kinin transport in 
the apical direction was negligible’:*. The most soluble 
compounds of this type synthesized by us up to now 
are N-(6-purinyl)-8-phenylalanine and N-(6-purinyl)-«- 
phenylglycine and the 6-benzylamino-9-glucosylpurine 
already described*:*. The first of these had no biological 
activity. 6-Benzylamino-9-glucosylpurine was about as 
active as 6-benzylaminopurine, whereas the biological 
activity of N-(6-purinyl)-x-phenylglycine depended on the 
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type of application. The activity of N-(6-purinyl-«- 
phenylglycine applied to the bark and bast is more active 
in stimulating the buds of apple trees from the winter 
vegetative rest than is 6-benzylaminopurine itself, or 
6-benzylaminoglucosylpurine®. Fig. 1, where N-(6- 
purinyl)-«-phenylglycine was applied to every second 
bud, shows that leaves of considerable size shot from the 
stimulated buds within 20 days, whereas no change was 
observed in the unstimulated control buds. 





Fig. 1 


When disks of leaves were cultivated no damage was 
observed within a week at 20 y/ml. concentrations of an 
aqueous N-(6-purinyl)-«-phenylglycine solution, whereas 
the edges of the disks were necrotized in identical con- 
centrations of 6-benzylaminopurine. 

N-(6-purinyl)-«-phenylglycine and WN-(6-purinyl)-f- 
phenylalanine were prepared by condensation (3 h) of 
6-chloropurine with «-phenylglycine or $-phenylalanine 
and in the presence of sodium hydrogen carbonate in 
methyl ‘Cellosolve’ at 120°-130°C. The product was re- 
crystallized from 90 per cent acetone and chromato- 
graphed on Whatman No. | paper in the system acetic 
acid—butanol—-water; Rp for C,,H,,N;O, = 0-64. 

For C,,H,,N,0, (269-2), m.p. 230°-232° C (49 per cent), 
calculated: 26-01 per cent N; found: 25-47 per cent N. 
For C,,H,,;N,0, (283), m.p. 305°-308° C (decomp.), yield 
54-5 per cent, calculated: 59-35 per cent C; 4-62 per cent 
H; 24-72 per cent N; found: 58-92 per cent C; 4-42 per 
cent H; 25-10 per cent N. 
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Effects of Cross-urion of Motor Nerves to 
Fast and Slow Skeletal Muscles 


THE principal difference in the dynamic properties of 
fast and slow skeletal muscles of the rat has been attributed 
to differences in their force : velocity properties’. If this 
difference were maintained by specific neural influences*-* 
the primary effect of cross-union of motoneurones would 
be a change in the intrmsie speed of shortening of the 
contractile material. Ascording to the view that the 
active state duration is cependent on the intrinsic speed 
of shortening', this shoulc lead to a change in the isometric 
twitch contraction time which is inversely proportional 
to the change in speed. Furthermore, there should be no 
change in the twitch : tesanus ratio resulting from these 
changes in the force : velccity properties because the same 
mechanical events would take place on an altered time 
scale. A series of examinations is being made to test these 
possibilities and to determine the effects of nerve cross- 
union at different times efter the operations. The results 
described below were obtained from rat extensor digitorum 
longus (EDL) and soleus SOL) muscles 30-47 weeks after 
cross-union of their motor nerves. 

Operative cross-union® of the nerves to EDL and SOL 
muscles was performed 3n three-week-old female rats 
(Wistar) in aseptic conditions; the anaesthetic was 50 mg 
pentobarbital sodium/kg body-weight injected intraperi- 
toneally. In four animels the nerves to EDL and SOL 
were transected and cros=united in the right leg. In two 
of these animals (Fig. 1, B and D) the same nerves in the 
left leg were transected and self-united; in the other two 
animals (Fig. 1, A and C} no operation was performed on 
the left leg. The dynaraic properties of these muscles 
were determined using tae methods and apparatus de- 
scribed previously’. All measurements were made with 
the muscles at 35° C. 

Fig. 1 shows representative records of isometric 
responses of normal, self-mnervated and cross-innervated 
muscles. Records of contractions were obtained from 
either a normal or a self-nnervated muscle in one leg as 
controls for the responses of the cross-innervated muscle 
in the other leg. Comparison of the responses of normal 
(N-EDL, N-SOL) and self-innervated (S-EDL, S-SOL) 
muscles shows that there is virtually no change resulting 
from transection of the nerves and subsequent re-innerva- 
tion. In contrast the respenses of cross-innervated muscles 
(X-EDL and X-SOL) are greatly altered and assume a 
form similar to that waich characterized the musele 
formerly innervated by the nerve. In comparison with 
control muscles, the cvoss-innervated EDL muscles 
receiving SOL nerve (X-EDL) show an increase in the 
times for contraction and half-relaxation, and increased 
summation of clonic contractions at 20 e/s (Fig. 1 A 
and B). The reverse changes are evident in records 
of contractions of cross-innervated soleus (X-SOL) 
muscles (Fig. 1 C and L). Values for the contraction 
time (Tc) and half-relaxation time (Tr) are given in 
Table 1. Furthermore, there are changes in the form of 
isometric tetanic contractions following nerve cross-unicn. 
The rate of development and decay of isometric tetanic 


Table 1. CHARACTERISTICS OF ISOMETRIC CONTRACTIONS AND THE CON- 
STANTS DESCRIBING THE FORCE : “ELOCITY PROPERTIES OF NORMAL, SELP- 
INNERVATED AND CROSS-INNERVATSD EXTENSOR DIGITORUM LONGUS (EDL) 
AND SOLEUS (SOV) MUSCLES or THE RAT AT 35°C. ABBREVIATIONS ARE 


DEFINE? IN THE TEXT 


Saro- Ve 
Muscle meres when 
Age weight pe Te Thr P, P=0 
Animal (wks.) Muscle (mg) fibe (msec) (msec) Pi Pa (g) (u/see) alP, 
A 50 N-EDL 145 4,287 13 765 0197 372 48:5 0-285 
X-EDL 87 4,189 27 d 0-243 76 26-4 0135 
B 33 S-EDL 180 4,158 15 9-25 0197 189 416 03 
X-EDL 80 383 27 38 0-242 28 25°15 0152 
g 46 N-SOL 140 4,754 36 £55 0186190 224 01 
X-SOL 165 624 16 185 0197 129 346 0:285 
D 40 S-SOL 146 5,553 415 64 0-235 182 17-65 0-17 
X-SOL 146 6,2-1 18 £22 019 206 36-5 0-235 
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Fig. 1. Records of isometric responses of normal, self-innervated and 
cross-innervated extensor digitorum longus (W-EDL, S-EDL, X-EDL) 
and soleus (N-SOL, S-SOL, X-SOL) muscles from four rats 14, B, C, D. 
The responses of the normal and self-innervated muscles in the left leg 
serve as controls for those of the cross-innervated muscles in the right 
leg. The records are from left to right, the twitch, the clonic response to 
stimulation at 20 c/s and the tetanic response to stimulation at the 
optimal frequency (about 200 c/s). All recordings were made with the 
muscle at the optimal length and 35° C 


tension is reduced in EDL after re-innervation by SOL 
nerve and the slope of the tetanus plateau is reversed. 
The opposite changes occur in SOL muscles innervated 
by EDL nerves. The twitch tension: time curves for 
X-EDL and X-SOL are not enclosed by the curves for 
the normal muscles (V-EDL, N-SOL). Consequently the 
twitch of a cross-innervated muscle is not simply a com- 
ponent of the normal twitch. In other words, the changes 
which occur following nerve cross-union involve trans- 
formation of musele fibres and are not merely the result 
of selective re-innervation whieh reveals the response of a 
kind of muscle fibre already present. 

The ratio of the maximum isometric twitch tension 
(P:) to the maximum isometric tetanic tension (Pe) is 
nearly the same in normal, self-innervated and cross- 
innervated muscles 8-10 months after the operations. 
Values for the twitch : tetanus ratio’ (P;/P,) are listed in 
Table 1. Changes in P:/P», of the kind reported by Buller 
and Lewis* and Lewis? for the cat, occur in the rat but 
are only transitory effects of nerve cross-union in this 
animal. | 

The speed of shortening was determined for different 
loads from distance : time curves of after-loaded isotonic 
tetanie contractions to repetitive stimulation at the 
optimal frequency. The speed of shortening of a sarco- 
mere (Vs) was estimated as described previously? by 
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dividing the speed of the whole muscle by the average — 
number of sarcomeres in individual muscle fibres. In Fig. 2 
the speeds of shortening for normal, self-innervated and 
cross-innervated muscles are plotted against the isotonic 
load expressed as a percentage of the load equivalent 
to the maximum isometric tetanie tension. Hills m 
equation? ((P + a) F = b(P, — P), where P, = maximum |. 
isometrie tetanic tension, P = load, V = speed of short- < 
ening and a and b are constants) was fitted to the data for | 
each musele ; the constants describing the force : velocity 
curves are listed in Table 1. The force : veloeity proper- 
ties of normal and self-innervated muscles are virtually > 
identical. On the other hand, the intrinsic speed of =: 
shortening (Vs when P = 0) of cross-innervated muscles ~~ 
differs from the control values and approaches the speed m _ 
which was characteristic for the muscle formerly inner- == 
vated by the nerve. The shape of the force : velocity 
curve also changes after nerve cross-itnion as indicated by 
changes in the values for the ratio a/P, given in Table 1. 











0 50 100 0 50 100 
% Po fo Po 
Fig. 2. Foree; velocity curves for normal (A), self-innervated (@) and 
crose-innervated (A, ©) extensor digitorum longus (left) and soleus 
(right) muscles of the rat, The speed of shortening of a sarcomere (Vs in 
iset) is plotted against the isotonic load expressed as a percentage of 
the load equal to the maximum isometric tetanic tension; the curves 
were fitted using Hill’s equation and the constants describing these are 
given in Table i 


The changes in the isometric twitch contraction time 
following nerve cross-union are inversely proportional 
to the changes in the intrinsic speed of shortening and 
there is no net change in the twiteh: tetanus ratio 
(Table 1). This pattern of change is essentially the same 
as that involved in normal differentiation! and may be © 
explained on the same basis. The changes in speed which 
occur following nerve cross-union are brought about by a 
neural influence which has, presumably, a direct. effec 
on the contractile material, thereby determining the 
intrinsic speed of shortening. In cross-innervated muscles 
the whole of the net change in the active state may be 
accounted for interms of the hypothesis that the duratio 
of the active state is dependent on, and inversely propor 
tional to, the intrinsic speed of shortening. Consequently 
these changes in active state duration are secondar 
effects of nerve cross-union and are not under direc 
neural control. : 

This work was supported by a grant to Sir John Eccle 
from the Muscular Dystrophy Associations of America, Ine 
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Spike-generation in Dendrites and Synaptic 
Inhibition in Immature Cerebral Cortex 


Tue extent to which dendrites of neurones ın the 
contral nervous system are capable of supporting conduc- 
tile activity has been a matter of considerable controversy!, 
Impulse initiation in the vast majority of neurones occurs 
in the initial axonal segment or cell body and this is 
followed by a variable degree of dendritic invasion by the 
spike potential?-5. Partial spikes in dendrites, which 
electrotonically influence low-threshold trigger zones in 
the initial axonal segment, have been observed in a small 
proportion of hippocampal neurones! but only rarely in 
neocortical neurones’ *. Spike-generation in dendrites 
with conduction into the soma has not been demonstrated 
with intracellular recording in the mammalian brain 
although such a mode of iumpulse initiation has recently 
been shown for crustacean pit receptor neurones’. In 
contrast to the stereotyped pattern of impulse initiation 
in. neurones of adult animals, we have observed a remark- 
able lability in respect to spike-generation in neurones of 
immature cerebral cortex. 

Evidence for multiple sites of impulse initiation in 
immature neurones has been obtained in intracellular 
recordings from sensorimotor cortex of kittens less than 
3-4 weeks old anaesthetized with pentobarbital sodium. 
Animals were prepared in a manner similar to that for 
stimulation and recording through K+ citrate-filled miero- 
pipettes’. Stimulation of ventrolateral thalamic regions 
was used to evoke augmenting responses and synaptic 
activities in sensorimotor cortex neurones. 

The most frequently encountered sequence of synaptic 
events observed in neurones of immature cortex during 
thalamic stimulation consisted in short-latency EPSP’s 
which were succeeded by prolonged IPSP’s. The IPSP’s 
recorded in young kittens were considerably longer in 
duration (200-500 msec) than those observed in neocortical 
neurones of adult animals during the same type of thalamic 
stimulation’. This property of IPSP’s in immature 
cortical neurones was a major factor in the development of 
changes in evoked spike potentials. The complete spec- 
trum of these alterations is illustrated in Figs. 1 and 2 
with respect to the activity of a single neurone. At a 
time when the neurone exhibited no spontaneous or 
evoked activity, as indicated by the superimposition of 
the intracellular and baseline traces (Fig. 1A), 5/sec 
thalamic stimulation initially produced a build-up of 
EPSP’s from a level of progressively increasing hyper- 
polarization due to IPSP summation. Spike generation 
might be elicited on the crest of an EPSP (Fig. 141). 
In other series of stimulations (Fig. 1B and C), EPSP 
attenuation occurred during summation of residual IPSP’s. 


A 





(lower beam) trace during quiescent phases before stimulation. 
of stimulations with 10-15 sec between each series. 
1s different from those evoked during 


of 05 mV, negativity upwards 


NATURE 


A-O, consecutive series 
Spike triggered in 4 by an EPSP (1) 
summation of prolonged FPSP’s (82 and 3 and O). 
Note attenuation of early EPSP’s during late phases of stimulation. Voltage calibration 
applies to intracellular recording. Cortical surface responses have n maximum amplitude - 
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Fig. 2. Details of the electrographic characteristics of different types of 
spikes and partial responses -voked during the sustained soma hyper- 
polarization produced by continued high-frequency thalamic stimula- 
tion as ın Fig, 1, Spikes recorded during hyperpolarization (D and E) 
are shorter in latency and ha-e a more rapid Tise time than during early 
phases of stimulation when srke 18 triggered by a prominent EPSP (A). 
Arrow in C indicates a second zomponent. Spike-typea 4, 5 and 6 reflect 
progressive changes oberved during prolonged stimulation 


Under these conditions spikes evoked by the second and 
successive stimuli appeered to rise directly from the new 
base-line of sustained hyperpolarization initiated by the 
first stimulus. Such spikes consisted of a sıngle component 
and a prominent delayed depolarizing potential (Fig. 1B3) 
or two components, the latter rising from the shoulder of 
the delayed depolarization (Fig. 162 and C). 

Details of the progressive changes in spike potentials 
during continued high-frequency thalamic stimulation are 
shown in Fig. 2. Spike-tspes labelled 1, 2 and 3 are similar 
to those noted in Fig. 1. Examples of responses shown in 
Fig. 2D-F were taken fom continuous recordings during 
prolonged 10-30/sec taralamic stimulation. At such 
stimulus frequencies sunmation of IPSP’s resulted in a 
hyperpolarization. of the soma membrane at about 8-12 
mV above resting values noted prior to the onset of stimu- 
lation (cf. Fig. 14). Spikes recorded during early phases of 
high-frequency stimulation were shorter in latency than 
those evoked by a prominent EPSP. The second com- 
ponent of the short-letency spikes became graded in 
amplitude (Fig. 2D and #) with continued stimulation and 
in some instances survived loss of the initial spike (Fig. 
2£6). A small depolarizing potential superimposed on the 
sustained membrane hy Derpolarization was barely detect- 
able when all spike-gensration was eliminated. 

Interpretation of the data shown in Figs. 1 and 2 is 
facilitated by considerazion of the morphological features 
of neurones and synaptic relations during the post-natal 
development of kitten zerebral cortex!®, Axodendritic 
synaptic pathways are relatively well developed and 
constitute a prominent mode of activation of cortical 
neurones by specific thalamic afferents in 
young kittens’*. In view of this it is 
inferred that, in addition to EPSP-IPSP 
sequences elicited in the soma during low- 
frequency thalamic stimulation (Fig. 1), 
EPSP’s are also generated in dendrites. 
Soma-spike initiation predominates in the 
absence of membrane hyperpolarization 
whereas IPSP-summation and subsequent 
soma EPSP attenuation result in a shift of 
spike generation to dendrites. The double 
component spikes observed during soma 
hyperpo-arization may be due to activity 
arising st several dendritic loci with vari- 
able degrees of occlusive interaction be- 
tween svikes and partial responses. We 
consider the small depolarizing potential 
which smvives failure of spike generation 
to be an electrotonic reflexion of the 
dendritiz EPSP initiating conducted spikes 
and parsial responses. Í 

Shifts in the site of impulse initiation 
from soma to dendrites have also been 


100 msec 


Fig. 1. Intracellular recordings from a neurone in sensorimotor cortex of a 21-day-old kitten. 
Upper beam record, cortical surface evoked augmenting response elicited by 5/sec ventro- 
lateral thalamic stimulation. Middle beam, baseline trace, superimposed on intracellular 
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observed in immature neurones, during hyperpolarization. 
of the soma by injection of current pulses through the 
recording electrode. It should also be noted that in 30- 
40 per cent of neurones impaled ın kittens less than 3 weeks 
old, spike potentials exmbited multiple components, 
inflexions and partial responses. 

Variations in spike configurations similar to those noted 
here have not been observed in comparable studies of 
intracellular activities of sensorimotor cortex neurones in 
adult preparations’'®, 

Observations on the characteristics of IPSP’s point to 
an extraordinary development of inhibitory processes in 
the immature brain. The finding of multiple loci for 
spike-generation in immature cortical neurones provides a 
mechanism whereby axodendritic as well as axosomatic 
synapses may secure cell discharge at a time when the 
soma-dendritic surface has not acquired its full comple- 
ment of synaptic endings. The fact that in adult animals 
impulse initiation in neocortical neurones is restricted to 
the soma-initial segment regions suggests that the matura- 
tional process in cortex involves changes in the excitability 
of dendrites with subsequent suppression of their spike- 
generating mechanism. Whether this suppression is a 
consequence of a developmental increase in postsynaptic 
membrane receptor sites specialized for transmitter 
activity or an ‘inductive’ effect of axodendritic synapses 
on juxtasynaptic membrane remains to be determined. 
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Association of Human Serum Parathormone- 
like Activity with Pre-albumin Electro- 
phoretic Zones 


Reichart and L’Heureux! reported that, by ethanol 
fractionation of plasma, parathyroid hormone-like activity 
could be found ın fractions II and JIT, the 8 and y frac- 
tions. The quantity of circulating hormone was estimated 
at about 40 v.s.P. units per 100 ml. in blood-bank plasma, 
using a parathyroidectomized rat bioassay sensitive to the 
serum. calcium-raising activity of 10-15 units. 

Development of a bioassay technique sensitive to 0:1 
U.8.P. units in our laboratory, by modifications of a method 
originally described by Davies ez al.?, permitted estimation 
of activity ın electrophoretic fractions derived from as little 
as 0-12 c.c. of human serum. We have found that the 
parathyroid hormone-like activity in a broad zone migrat- 
ing in advance of albumin (pre-albumin) correlated best 
with, the clinical evidence of parathyroid function. 

Serum was placed on each of eight electrophoretic strips 
—0-06 c.e. per 12-in.-long paper strip or 0-012-0-04 c.c. 
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per six 12-in. cellulose acetate (“‘Sepraphore ITI’) strips. 
Protein fractions were separated using the recommended 
voltage, buffer and time interval in a moist nitrogen 
atmosphere (Beckman model Æ for paper electrophoresis, 
Gelman Instrument Co. for cellulose acetate). At the end 
of the run, the strips were quick frozen and the two end 
strips were stained for protein. Bromphenol blue was used 
to stain the paper strips, and ponceau S was used to stain 
the cellulose acetate strips. These end strips were used as 
guides for cutting the frozen strips within 0-5~2 h, which 
were then eluted and kept at —5°C. 

Each fraction was eluted using saline or 0-01 M cysteine 
hydrochloride in 5 per cent dextrose, including 2—3 em of 
the pre-albumin zone, the albumin zone, pooled « 1 and 2 
zones, and pooled B and y zones. A 5- to 10-fold ratio of 
eluant to original serum volume per strip was used, with 
18-h elution conducted at 5° C. 

Usually 0-1 or 0:2 ml. of eluate was injected sub- 
cutaneously in each of two groups of six Swiss albino 
female mice, 20-25 g weight. Two groups of mice as 
controls received 0+] c.c. saline or 5 per cent dextrose, 
and two groups received 0-16 unit or 0:33 unit bovine 
parathyroid injection standard (obtained from Eli Lilly 
Co.). All these mice were pre-treated with an intraperi- 
toneal injection of 0-15 M sodium chloride containing 
16 m.equiv./l. calcium chloride, 8 m.equiv./l. magnesium 
chloride and 25 mg/kg acetazolamide. After 15 min, 
urine devoid of faeces was collected for 3h. Urine volumes 
were made up to 25 ml., and duplicate analyses were 
performed for calcium’, phosphorus‘, magnesium, sodium, 
potassium and endogenous creatinine. The protein content 
of all eluates was measured by the Lowry method’. 

Seven criteria of activity were established by the assay 
of bovine and human parathyroid extracts prepared in our 
laboratory, as well as by assay of commercial bovine 
extracts used as standards in each bioassay (obtained 
from Eli Lilly Co.). Dog thyroid-parathyroid venous blood 
is high in this activity, as shown by administration of 
0-01-0-02 ml. of serum per mouse. Parathormone prepara- 
tions induced: (a) a dose-dependent response with (5) . 
increased m.equiv. phosphorus/mg creatinine ratio, (c) de- 
creased m.equiv. calctum/mg creatinine ratio, and 
(d) decreased m.equiv. magnesium/mg creatinine ratio, as 
compared to the excretion ratios of the control groups. 
The eluates also (e) lost all activity criteria after alkaline 
hydrolysis with recrystallized trypsin and did not alter 
renal sodium (f) or potassium excretion (g). Activity was 
estimated from the net increase of the phosphorus/calcium 
equivalent quotient excreted by mice receiving eluates 
above that of control mice. This ratio had the best index 
of precision (0-25) of any of the responses measured. 

The results have been based on more than 80 bioassays 
and were substantiated by use of other electrophoretic 
media including starch-gel, acrylic-gel, and continuous- 
flow paper electrophoresis. 
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Fig.1. Parathormone-like activity as per cent of control P/Ca exc.etion, 

recovered from eluates of serum protein electrophoretic zones. Each 

column represents the mean activity in 4—15 bioassays from 3-7 patients. 

Differences of activity of the pre-albumin eluates are statistically signifi- 

cant (P < 0-05) between hypo- and hyper-parathyroid and hypercaleaomic 

sera, and between sera from normal Individuals and hypercalcaemic or 
hyperparathyroid patients 
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Table 1. PARATHORMONE ACTIVITY RECOVERED FROM GLAND EXTRAOTS AND SERUM ERE-ALBUMIN ELUATES 








; 835 
Mean % change from Tryptic Ratio of 
Source of hormone Dose per controls m equiv. t Value, inactivation | dose response 
mouse P/m equiv. Ca S.E. ef diff. (%) human/bovine 
Commercial bovine extract 033 U0S.P unit 390 + 28 (S. 5.) 14 (from. control) 100 — 
Human parathyroid extract ml. 290 
0-2 mi. 475 — 100 0-44 
Human serum pre-albumin: 
(a) Eluates from 4 hypoparathyroids 6 — — 86* 17 D.B. — — 
elution 
(b) Eluates from 7 euparathyroid, hyper- 0-1 mi. 1385+18 2-4 (between 100 0-18 
parathyroid, and osteoporotic sera 0-2 he om 257 +49 2 dogs levels) 
elution 


— 





All fractions of sera except albumin from hyperpara- 
thyroid, hypercalcaemic and osteoporotic patients yielded 
eluates with mean activity values weil above the cor- 
responding sham-injected controls (Fig. 1). Hypopara- 
thyroid sera (including two patients without tetany who 
had received calcium and vitamin D substitution therapy) 
lacked detectable activity in serum pre-albumin zones. 
These sera did show minimal activity in the « globulin 
and albumin zones. Eluates of serum fractions from 
euparathyroid patients were in most instances inter- 
mediate in their activity between hypo- and hyperpara- 
thyroidism, hypercalcaemia and osteoporosis. Re-elution 
of the segments of each zone (from paper but not from 
cellulose acetate), followed by a second bioassay, confirmed. 
the presence or absence of activity obtained by the initial 
elution and indicated trapping of some activity in paper. 

The most active pre-aloumin paper eluates possessed 
activity comparable to 25-650 u.s.P. units per mg peptide- 
bond containing substances and resembled human para- 
thyroid gland extracts in the slope of their dose response, 
in their renal effect on phosphorus, calcium and mag- 
nesium transport, and in their inactivation by alkaline 
tryptic hydrolysis (Table 1). 

Summation of the activity recovered from all the protein 
fractions of serum (with allowance for the difference in 
mouse dose-response slope to bovine and to human 
parathormone) indicated total activity comparable to 
10-100 v.s.P. units per ml. serum in sera from eupara- 
thyroid, osteoporotic and hypercaleaemic patients, or & 
minimum of 5-10 mg of hormone per litre of serum, 
assuming 3,000 v.s.P. units/mg activity’. If the molecular 
weight of human parathormone is similar to the 10,000 
estimated for bovine hormone’, this would represent 
0-3-3 x 10-* moles/]. serum. 

The most concentrated human parathormone activity 
in serum pre-albumin alone represents between 10-’ and 
10-8 moles/l. serum ın these patients. Both concentrations 
represent underestimates, due to residual activity recover- 
able from paper by second elutions. Thyroxin and two 
glycoproteins have also been identified in the human 
serum pre-albumin component®*, However, these con- 
centrations are 2—3 orders of magnitude larger than results 
of immunological methods of assay based on use of bovine 
antigens’??°, which often do not indicate presence of 
hormone in: euparathyroid sera. Suggestive species dif- 
ferences between bovine and human parathyroid antigens 
have been reported*!, m addition to the differences in 
dose-response slope observed in this study. So far, we have 
not substantiated, except in isolated instances in human 
serum, the presence of any substances reducing mouse 
urinary phosphorus/caleium excretion through a calcium 
diuretic effect, which might resemble ‘calcitonin’ in its 
effect on serum calcium concentration?*. 

The concept of an increase in circulating pre-albumin 
parathormone concentration in some hypercalcaemic 
states associated with cancer, and in some patients with 
post-menopause osteoporosis, is supported by these in- 
vestigations. The increase of acidic «-1 glycoproteins 
(‘orosomucoid’) in serum of cancer patients, which migrate 
also in the proximal pre-albumin area on starch-gel 
electrophoresis®, suggests a possible source for further 


“investigations of altered-transport of active parathormone 


_polypeptides in blood ir disease. The activity present in 
protein fractions other than pre-albumin perhaps repre- 
sents more firmly associated hormone, persistence of which, 
in some mildly hypoparathyroid patients, suggests that it 
is ineffective in maintenance of serum calcium concen- 
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A New Vasopressor Agent in Blood Extracts 


THE determination »f angiotensin by the method of 
Morris and Robinson! involves precipitation of blood with 
ethanol, desalting witk absolute methanol, precipitation 
with dry ether, and assay on rats’, blood pressure. They 
reported an average ci 85 per cent recovery of added 
angiotensin. Pressor responses equivalent to about 
1-0-1:5 ng angiotensiz/ml. blood were obtained by us 
from normotensive haman peripheral venous blood, 
although Morris and Eobinson! reported no angiotensin 
in peripheral arterial bood of normotensive patients, and 
complete loss of angiotcnsin between atrial and peripheral 
venous blood in patienzs with hypertension secondary to 
renal ischaemia. Also pressor responses equivalent to 1-3 ng 
angiotensin were obtained by us from peripheral venous 
blood of a patient bi:aterally nephrectomized 70 days 
before sampling, and in 24-day-old normal human blood 
kept in a refrigerator. Sinally, recovery of tritiated angio- 
tensin added to blood was very low. In view of these 
findings, the method was re-examined leading to isolation 
of a vasopressor substarce having properties not previously 
described for other vasopressor agents. 

The method of Morris and Robinson! was followed for 
extraction of the preseor material. 50 ml. of blood was 
added to a weighed flask containing ethanol, the mixture 
filtered through acid-ezhanol treated diatomaceous earth 
and the filtrate acidified with 0-5 ml. concentrated hydro- 
chloric acid. The aleaholhe extract was next reduced to 
5 ml. volume by evaporating the alcohol and water on a 
steam bath with a jet of compressed air blowing on the 
surface of the solution, and adjusted to pH 7-5 with 
sodium hydroxide to precipitate extracted denatured 
proteins. Desalting was accomplshed by evaporating 
the extract to dryness and extracting with absolute 
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Table 1. RECOVERY OF RADIOACTIVITY. 1,000 ng TRITIATED ANGIOTENSIN 
ADDED TO 50 mi. BLOOD 


Exp No.1 Exp. No.2 


(%) (%) 
Blood precipitate 41-4 50-0 
Protein precipitate 15-4 10-0 - 
Salt precipitate 28-4 246 
Ether supernate 1-0 18 
Final recovery 10°8 13-8 
Total radioactivity 97 0 99:7 
Total amount of pressor maternal ng 
angiotensin equivalent 275 ng 270 ng 
Presaor activity of angiotensin recovered 
120 ng 132 ng 


after electrophoresis at 14-16 cm 


Table 2. RECOVERY OF RADIOACTIVITY. 1,000 ng TRITIATED ANGIOTENSIN 
ADDED TO ETHANOL. BLOOD ADDED LATER 


Blood precipitate 26 6 
Protem precipitate 26 
Salt precipitate 57 0 
Ether supernate 1-5 
Final recovery 11-4 
Total radioactivity 99 1 
Total amount of pressor material ng 
angiotensin equivalent 265 ng 
Pressor activity of angiotensin after 
electrophoresis at 14-16 cm 115 ng 


Table 3. RECOVERY OF RADIOAOTIVITY. 100 ng TRITIATED ANGIOTENSIN 
ADDED TO 50 ml. BLOOD 


Exp. No.1 Exp. No. 2 
% a 


6) Yo) 
Blood precipitate 6°45 11-9 
Protein precipitate 27-6 7-8 
Salt precipitate 80-2 45-0 
Ether supernate 5'4 T4 
Final recovery 22 3 19-0 
Total radioactivity 92 6 $1-1 
Total amount of pressor material ng 
angiotensin equivalent 200 ng 170 ng 
Pressor activity of angiotensin recovered 
after electrophoresis at 14-16 em 25 ng 21 ng 


methanol, repeated three times. Finally, the extract was 
dissolved in a small amount of methanol and 8 volumes of 
dry diethyl ether added to precipitate angiotensin. This 
was dried, dissolved and assayed on rat blood pressure. 
One exception to the method was that during filtration of 
the alcoholic extract, the suction filter step through a 
Coors No. 3 ceramic filter was omitted. 

Recovery was measured by using randomly tritiated 
angiotensin, 300 ue./ml. specific actavity, chemically and 
radiochemucally pure, retaining full biological activity?. 
Two dose-levels, 0-1 and 1:0 ug angiotensin in 50 ml. 
blood, were used. At each step of the method, aliquots 
were taken, placed on ash-free filter paper, burned’, 
and the tritiated water produced counted by liquid scin- 
tillation. Electrophoresis was run at pH. 25 on CM 
cellulose paper for 9 h at 4° ©, 7 V/em. Under these con- 
ditions asparaginyl'-valyl>-angiotensin II moves 14-16 
em towards the cathode. 

When 1,000 ng tritiated angiotensin was added to 
50 ml. freshly drawn human venous blood, recovery of 
pressor material having the same electrophoretic mobility 
as angiotensin averaged 125 ng. Another substance 
moving 8 to 10 em, and having a pressor activity equiva- 
lent to 150 ng angiotensin, was also detected (Table 1). 
About 87 per cent of the radioactivity was lost in the 
various fractionation steps with only 12-3 per cent 
recovered in the final fraction. The greatest loss of radio- 
activity occurred during blood precipitation and averaged 
45 per cent. When blood was added rapidly into an alco- 
holie solution with swirling, large clumps of coagulated 
proteins formed which were not broken up with vigorous 
stirring. These clumps probably trapped angiotensin, 
since only half that much radioactvity was lost at this step 
(Table 2) when angiotensin was first added to ethanol and 
then whole blood squirted from a syringe. The next largest 
loss of radioactivity occurred during precipitation of 
inorganic salts with methanol, amounting to about 
50 per cent of the radioactivity remaining in solution after 
the protein precipitation step. 
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When only 100 ng of tritiated angiotensin was added 
to 50 ml. blood, recoveries were-a little higher (Table 3), 
but again there was pressor material which migrated more 
slowly, and, therefore, was not angiotensin. In one patient, 
bilaterally nephrectomized 70 days before sampling, 
pressor material equivalent to 1:35 ng angiotensin/ml. 
was recovered from blood without detectable circulating 
renin on repeated assays‘. This pressor material also 
migrated 8-10 cm on electrophoresis. 

Because of low recoveries of added angiotensin, and the 
detection of pressor material in blood of a nephrectomized 
patient, we suspected that this active material, different 
from angiotensin, was formed during extraction. The step 
of the Morris and Robinson procedure thought most likely 
to yield artefact was the reduction in volume. Here the 
solution was so acid that the 5 ml. extract required 
about 10-11 ml. 6 N sodium hydroxide to bring it up to 
pH 7-5. Thus during the final stages of evaporation, the 
sample was about 12 N hydrochloric acid at temperatures 
of between 95 and 100° C. It can be assumed that many 
peptides will be hydrolysed under these conditions, which 
probably explains the low recoveries obtained with tritia- 
ted angiotensin. 1,000 ng angiotensin in 50 ml. normal 
saline added to 250 ml. ethanol, and acidified with 0-5 ml. 
concentrated hydrochloric acid, was evaporated down to 
5 ml. using the same methods. Only 13-19 per cent could 
be recovered on assay. Under these vigorous conditions, 
other pressor agents might be formed. 

This unidentzfied pressor material was soluble in acetone, 
methanol, water, partially soluble in chloroform and 
insoluble in ether. It was not destroyed by boiling 
for 10 min at pH 2 or pH 10 or by incubation with 
pepsin, trypsin, chymotrypsin, carboxypeptidase and 
papain. At pH. 7 it was very slowly dialysable. Its pressor 
response, when assayed on a pentolinium-blocked rat, was 
similar to that of angiotensin, but slightly more prolonged. 
For equal heights of blood pressure, the response lasted 
about 50 per cent longer for the unknown substance com- 
pared to angiotensin. The properties of this vasopressor 
substance indicate that it probably is not a peptide. 
It has some characteristics of lipids and could be formed 
by the drastic conditions used in extraction. 

This work was supported by a grant from the American 
Heart Association. 
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HAEMATOLOGY 


Blood Groups in Rheumatoid Arthritis 


From the study of the blood groups of patients with 
various articular diseases, Cohen et al.2 concluded that 
there was a significant correlation between the absence 
of the Rh antigen D and rheumatic disease. There also 
seemed to be a correlation with the absence of antigen N, 
while no correlation was found with the ABO blood group 
system. Their series consisted of 99 patients, 31 of whom 
suffered from rheumatoid arthritis, 31 from rheumatoid 
spondylitis, 15 from gout, 9 from disseminated lupus 
erythematosus, 6 from familial Mediterranean fever, and 
7 from various other diseases. As the statistical analyses 
did not demonstrate any significant heterogeneity among 
the results obtained for the different diseases, the data 
were pooled. 
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The purpose of the present investigation was to test 
whether the same correlation(s) could be demonstrated 
in patients living in another geographical area. We 
further felt the desirability of studying the different 
diseases separately. 

We have grouped fresh blood samples from 217 patients 
suffering from definite or classical rheumatoid arthritis, 
according to the criteria of the American Rheumatism 
Association. For comparison we used some studies 
previously performed at our laboratory: Hartmann and . 
Lundevall’s studies on the A,A,BO and MN blood groups’, 
a series of Oslo blood donors tested for the MN groups 
during the years 1961—64 (ref. 4), and Hartmann’s study 
on the frequency of the Rh(D) antigen in Norway’. 


Table 1 
D+ D- Total 
Normal controls? 20,837 3,714 24,051 
Rheumatoid arthritis 191 28 217 


The results of thé Rh testing are given in Table 1. 
Among the D — patients one was cdE/ede, the others were 
C— and E—. No case of D! was observed. There was no 
significant difference in the Rh(D) frequency of the two 
groups (xy? = 1-974, 1 d.f., 0-20 > P > 0-15). It is note- 
worthy, however, that while there was an excess of D— 
patients in the study of Cohen et al.', there is in our series 
a small deficit in D— persons. 

The MN groups are given in Table 2: 


Table 2 ` . 
M MN N Total 
Control series I? 3,508 5,714 2,424 11,644 
Control series IJt 1,483 2,401 1,014 ; 
Controls, total 4,989 8,115 3,488 16,642 
Rheumatoid arthritis 67 106 44 217 


When the total number of M and N genes observed in 
the patients and in the total control group are compared, 
we find x? = 0-06463, 1 d.f., 0:80 > P > 0-75. 

The A,A,BO groups of our patients were also in good 
agreement with the normal distribution’. 

Our results indicate that the previously observed corre- 
lation between rheumatic diseases and Rh (or MN) 
blood groups? is not accounted for by rheumatoid arthritis. 

ANNE M. GRÖNVIK KORNSTAD 
University Hospital for Rheumatic Diseases, 
Oslo Sanitetsforenings Sykehus, 
Oslo 1. - 
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, Effect of Histidase on Agglutinability of 
Human Erythrocytes 


THE use of enzymes to make red cells agglutinable 
by ‘incomplete’ agglutinins has become standard’. Some 
enzymes seem to destroy the MNSs and, Duffy erythrocyte 
receptors!, influenza viruses destroy M, N, Lua and Lub 
agglutinogens, and receptor-destroying enzymes inactivate 
M and N*. So far as we know, the enzyme histidase has 
not been tried. We have found that incubation of human 
erythrocytes for 0-5 h at 37° C with a 0-16 per cent solution 
of histidase (liver) (obtained from Nutritional Biochemicals 
Corp., Cleveland, Ohio) in Na,HPO,—-KH,PO, buffer 
of pH 7-7 and ionic strength 0-15 destroys their reactivity . 
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with ‘complete’ anti-C, -D and -E rhesus agglutinins 
and with anti-D, -c and -e ‘incomplete’ agglutinins. The 
A, B, H, M and N activities were not affected. 

Since the only known substrate of histidase is 1-histid- 
ine®, these experiments might suggest that histidine plays 
an important part in the structure of the rhesus antigens 
or in their attachment to the erythrocyte. It will be re- 
called that Hackel! found that anti-D and -E agglutinms 
Hackel did not obtain 
inhibition of anti-C agglatinin with this amino-acid; but 
we have also successfuly inhibited anti-C, -c and -e 
agglutinins. 

This work was suppcrted by grants (GM-—04704-08, 
GM-~06939-05 and H#-G1076-13 from the U.S. National 
Institutes of Health and a research grant NS #-GB-2219 
from the U.S. National Science Foundation. 

One of us (A. C.) is a trainee in human genetics under 
grant HTS-5388 from tke U.S. National Heart Institute. 
The other (W. C. B.) is the recipient of a U.S. National 
Institutes of Health resarch career award K6-6 M-14, 
184-03. 
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HISTOLOGY 


Effect of Various Agents on the 
Developmental Pheses of the L Strain Cells 
in vitro 


Our experiments started from the observation that the 
morphology and physiolegy of L cells were closely linked 
in the intermitotic interval, that both changed regularly 
and periodically in caca cell generation given certain 
conditions in vitrot. There have been publications on 
these morphological changes during intermitosis?, and 
attention has been drewn to the connexion between 
changes in morphology and physiology*, and to the 
dynamics of nucleic acid synthesis during intermitosis*. 

L strain cells were pkotographed every 1-2 h during 
a period of 36-48 h in the logarithmic phase of growth. 
In the logarithmic and in the stationary phase of growth, 
the cells were stained with acridine orange and observed 
and photographed with the fluorescent microscope. In the 
logarithmic phase of growth, 2 we./ml. adenosine °H or 
cytidine °H were added~in the nutritive medium. The 
medium was changed afser 10 min, and the cells on the 
cover glasses were fixed 20, 30 and 40 min and 1, 2, 4, 6 
and 24 h after adding the tritiated nucleosides, and 


, proceeded for autoradiographic analysis. 


All this has been done with untreated cells and with cells 
treated with 8 ug/ml. of actinomycin C, as with the cells 
irradiated with y-rays fram the ®°Co source (776 or 1,552 
rads). - 

We were able to distinguish seven fairly typical develop- 
mental forms, or phases of growth. We have designated 
these phases of growth by initial letters of the words 
approximately describing their morphological appearance: 
M, cells in the phase of mitosis, N, new cells (created by 
the division of M cells), which change into S, symmetric 
cells, and these then develop into As, asymmetric cells. 
These are chronologicalzy followed by La, wide cells 
(which we divided into Le, and La, cells by their differing 
staining and differing rates of synthesis of RNA and 
DNA). Lastly, O, ovoid cells, become transformed into 
M cells. 
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The cells were stained differently ın the 
various phases of growth. ‘There was a 
marked increase of ‘colour intensity in the 
La, phase as compared with that in the La, 
phase, which 1s the palest (Fig. 1). 

The rate of synthesis of RNA was most 
rapid in the nucleus of the La, cells, 20 and 
30 min after the application of the radio- 
active nucleoside; the rate was 15 times 
greater than in the cells of younger La, 
cells, and 4 times greater than m the As 
and O cells. The rate of synthesis of DNA 
was most rapid in the cells of La, phase 
(Fig. 2). 

Introducing actinomycin into the cell 
cultures and observing them in the same 
way, it was clear that only those cells had 
divided which had been in the La, O and 
M phases when the actinomycin was intro- 
duced. However, their daughter cells 
stopped their development in the phase 
similar to the La, or N phases and died. The 
cells which were in the N, S, As or La, phase 
when actinomycin was introduced developed until they 
reached a stage corresponding to the La, or the N phase 
and then all the cells flattened, rounded off and finally died. 
4 h after the action of actinomyem the bright orange red 
colour faded from the nuclei and cytoplasm, especially 
from the nueleoli, which became barely discernible. 
24 h after the action of actinomycin, when the-cells could 
no longer be classified according to phase, we found that 
the synthesis of RNA had been very reduced, as compared 
with radioactivity of the La, phase of untreated cells. 

Cells that had been treated with y-rays (776 or 1,552 
rads) were also examined m this way, and it was found 
that: (a) non-irradiated control cells increased during 
48 h by 150 per cent, while the cells irradiated with 
776 rads increased by only 25 per cent and those treated 
with 1,552 rads by only 2 per cent. Cells irradiated with 
1,552 rads, after first passage, all died in twenty days; 
(b) some of the cells which at the moment of irradiation 
were in the La, O and M phases of growth divided in the 
48 h following irradiation; (c) all the cells which at the 
moment of irradiation were in the N, S, As and La, 
phases of growth failed to divide even after 48 h; (d) after 
another 48 h all cells observed (divided and undivided) 
assumed roughly the same shape, similar to the cells in 
La, or in N phases; (e) 24 h after irradiation the cells 
stained with acridine orange revealed a little bright orange 
red dye in tHe nucleus and in the cytoplasm; (f) 24 h after 
irradiation the synthesis of RNA was very reduced and of 
DNA. was stopped. 

In an additional experiment sarcolysine was applied 
and studied in the way described here’. Using 50 ug/ml. 
sarcolysine the effect was similar to that of actinomycin 
and with y-rays. However, with 5 ug/ml. sarcolysine a new 
effect became evident. The development of the cells, 
which at the moment of applying sarcolysine were in the 
phases N, S, As and La,, stopped when they reached the 
shape similar to the La, phase. But the cells which at the 
moment of adding sarcolysine were in the phases Las, 
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O and M developed and divided; thew daughter cells 
developed only as far as the stage in which the mother cell 
was at the moment of adding sarcolysine, that is, at phase 
La, O and M, respectively. 

It would seem, therefore, that the initial effects of 
these agents are multiple. First, damage to DNA with 
consequence of blockage of the mRNA synthesis. As 
the result we should have the continuation of growth, 
development and mitosis only with the cells which at the 
moment of action of actinomycin or y-rays have accumu. - 
lated some quantity of RNA (probably mRNA) and 
which have. replicated DNA. This happened with 
some of the cells La, O and M. The cells with no 
accumulated RNA and with no replicated DNA will 
not divide and will not develop beyond the phase La,. 
This is the case with N, S, As and La,. Secondly, blockage 
of the synthesis of mRNA. and the degradation of the 
already synthesized MRNA! may explain the arrest of 
development of the cells which do not divide (some of the 
cells La, O and M, and all cells N, S, As and La,). In all 
these cases a similarity between the effects of these agents 
exists. Thirdly, our results suggest the following possi- 
bilities: the L cells synthesize mRNA in the As phase 
for the kinases and in the La, phase mRNA for the ‘mito- 
tic proteins’. But our additional experiments with 5 
g/ml. sarcolysine suggest one very speculative possibility: 
that in every phase of growth our cells synthesize one 
particular mRNA for the duration of the ‘biological 
clock’ (for the ‘time’ from one developmental phase until 
the next corresponding phase of their daughter cells). 
Fourthly, it may be concluded that the cells synthesize 
mRNA for the ‘mitotic proteins’ only for their own divi- 
sion and not for division of their daughter cells. But it 
seems that mRNA for the ‘biological clock’ lives from one 
developmental phase until the same developmental phase 
of the daughter cells. Jonizing radiations in the doses 
used affect the cells to the same degree, irrespective of 
their phase of growth and development, whereas different 
genes (or their products) are damaged ın different phases 
of growth. 

B. A. Nešković 


Laboratory of Experimental Oncology, 
Medical Faculty, Belgrade, 
Pasterova 14. i 


1 Nešković, B. A., Abstracts Second Congress Biolog. Yugosl., 19 (1962) 

* McQuilkin, and Earle, J. Nat. Cancer Inst., 28, 4, 763 (1962). 

> Eario, W. R, Analytic Cell Culture, Nat. Cancer Inst. Monograph, No. 7. 
213 (1962). i 

t Sead, J , Nature, 198, 147 (1963). 

? Nešković, B. A., Pantelić, M , Bugarski, M , Guzina, D), and Milosavljević, 
A. (to be published) 

* Staechelin et al., Secence, 140, 180 (1963). 
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PATHOLOGY 


Effect of ‘Captan’ on the Mouse Ascites 
Tumour of Ehrlich 


Tes inhibitory effect of various seed-extracts on the 
development of the mouse ascites carcinoma was traced 
to the presence of ‘Captan’, a fungicide, with which the 
seeds had been treated. 

We therefore injected 015 g/kg of ‘Captan’ (N-tri- 
chloromethylthio-4-cyclohexene-1-2, dicarboximide) i.p. 
daily for 14 days into white Swiss mice (25-28 g) which 
had been moculated one day before injection with 2 x 10° 
ascites tumour cells. Higher doses of ‘Captan’ were 
found to be too toxic. 

‘Captan’ was extracted by means of 95 per cent ethanol 
from its inert carmer m the commercial preparation 
(Stauffer Chemical Co.). The alcohol extract was diluted 
with sterile water (one part to 27 parts) and 2 c.c. of this 
opalescent solution containing the foregoing stated amount 
of ‘Captan’ was injected. The amount of ethanol present 
was found to exert no influence on the growth of the mouse 
ascites tumour cells. 

Fig. 1 shows a representative experiment; six other 
experiments gave similar results. With the injection of 
‘Captan’ the mean survival of mice inoculated with ascites 
tumour cells was increased from 26 to 80 days. 
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Fig 1. Survival of mice inoculated with 2x 10° Ehrlich ascites tumour 
cells (1) no treatment, (2) treated with ‘Captan’ 


It was of interest that all the mice treated with ‘Captan’ 
were found to have solid tumour on autopsy apparently 
originating from the injection site in the abdominal wall. 

There are several entries concerning ‘Captan’ in the 
Negative Results of the Cancer Chemotherapy Screening 
Data of the U.S. Public Health Service (Entry numbers: 
492, 3160, 3321, 6458, 17374, 24836, 28998, 32419). 
These experiments differ from ours not only as to the 
tumours which were used as test material, but also in the 
vehicle which was employed and the amount of ‘Captan’ 
injected. 

In view of our findings the tumour spectrum of N-tri- 
chloromethylthio-4-cyclohexene-1-2, dicarboximide will be 
investigated. 

Fritz STECKERL 
Mary Lovise TURNER 
Boston University School of Medicine, 
Department of Medicine, 
Boston, Massachusetts. 


Inhibition by Nucleoside Analogues of Tumour 
Formation by Polyoma Virus 


Tue inhibition of an oncogenic virus by a halogenated 
deoxyribonucleoside was first demonstrated by co-operat- 
ing groups at the U.S. National Institutes of Health and 
Yale University}. They showed that the development of 
adenovirus 12-induced subcutaneous tumours in neonatal 
hamsters could be suppressed by either a single injection 
of 5-lodo-2’-deoxyuridine (IUdR) given at the same 
subcutaneous site as the virus, or even at a site distant 
from the virus injection using 10 subcutaneous doses of 
IUdR given on alternate days. This dosage of drug was 
apparently quite non-toxic. 
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The work recorded here was initiated to determine 
whether tumours produc=d at a site distant from the virus 
injection and by a different DNA virus could be inhibited. 
The ‘Toronto’ strain of polyoma virus? produces diffuse 
kidney tumours and nodular heart tumours which lead to 
death about 16 days after injection of undsluted-virus into 
new-born hamsters®*. “When diluted virus is used, all 
tumours tend to be nodular, death is delayed, and sub- 
cutaneous tumours are common. 

The polyoma virus wasgrown ın mouse embryo tissue and 
concentrated to a titre ot approximately 10° tissue culture 
infective doses 50 per cent effective (ZCID,,). 0-1 ml. 
of the virus was mnjectej subcutaneously over the right 
shoulder and 0-1 ml. of a sterile solution of either the drug 
or of saline was injected subcutaneously over the left 
rump shortly thereafter Survivors were weaned on the 
twenty-first day. All dead animals which could be 
recovered were subjected to autopsy and histological 
sections were prepared when indicated. 

When undiluted virus-~was used, the control animals had 
an average survival time of only 16:1 days (Table 1). 
When IUdR, 5-10do-%’-deoxycytidine (ICdR) or 6- 
azauridine was given fora smgle day, there was no indica- 
tion of a change in time of survival. On the other hand, 
when repeated doses of 0:5 mg of either TUdR or ICdR 
were given for 5 consecutive days, the average survival 
was increased to 34:6 and 26-8 days, respectively; never- 
theless, all treated animals died with tumours within 71 
days. 


Table 1. NEONATAL HAMSTERS —— WITH UNDILUIED POLYOMA 
IRUS 
No, of Average sur- 
Drug Do~e Day animals vival (days) 
None (saline) 01 zn. 1 or 5 16 16 1 
5-Iododeoxyuridine 05 me 1 3 173 
(IUdR) 05 ng 5 5 34°6 
5-lododeoxycy tidine 05 mg 1 5 17 6 
(IdE) 1 0 mg 1 7 208 
05mg 5 4 268 , 
6-Azauridine 05 ng 1 6 18 5 


In a second experiment, several dilutions of virus were 
used and the treatments with 0-5 mg of [UdR were pro- 
longed to 10 subcutaneous injections, given on alternate 
days. The results at 120 days are summarized in Table 2. 
The striking decrease ir. incidence of tumours at dilutions 
of 10-! and 10~* confirms the efficacy of IUdR 1n the inhibi- 
tion of viral oncogenes, not only on tumours formed at 
the site of virus injection, but also on those formed at 
sites distant from the s-te of virus injection. 


Table 2, NEONATAL HAMSTERS ey WITH DILUTIONS OF POLYOMA 
_ IRUS 


Virus lflution 10° 1077 107 10° 
No treatment Tumocrs/total 17/17 20/20 11/13 9/17 
(saline) 4 Turours 100 100 85 53 
§-Iododeoxyuridine Tumocrs/total 5/5 3/13 2/12 1/18 
05 mg on alternate 
days x 10 % Turours 100 23 17 6 


Although viral oncozenesis in new-born animals is an 
artificial system, this investigation does provide some 
evidence that drugs may be used to modify the conse- 
quences of virus infection. These experiments do not 
provide a defimtive answer to the question of whether 
IUdR acts to prevent replication of the virus or to inhibit 
the neoplastic cell in the intact animal. Pertinent to this 
point, however, Herrmann’ and Cramer et al.* have shown 
that IUdR may act selsctively against a DNA virus with- 
out stopping cell growth in tissue culture, and Munyon et 
al." have shown that [TUdR inhibits the production of 
polyoms virus in tissue:culture. Hence, it would seem that 
viral inhibition is the more probable explanation of the 
present results. Perhaps inhibition of viral growth reduces 
the rate and frequency of cell transformation and allows 
the suckling hamster sufficient time to mature and to 
mobilize its immunological defences both against virus and 
against the new antigen’ of transformed cells. Such a 
mechanism would be tompatible with the virus dosage 
effects which we have observed. Further pharmacological 
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studies of polyoma virus-induced tumours and related 
systems have been. initiated. 

This work was supported by American Cancer Society 
grant T23G and in part by U.S. National Institutes of 
Health grant AZ-—00701 (F. L. B.). 

Davin 8. Fiscuer 
Departments of Pharmacology and Medicine, 

Franors L. BLAOK 
Departments of Epidemiology and Mierobiology, 

ARNOLD D. WELCH 

Department of Pharmacology, 

Yale University School of Medicine, 
New Haven, Connecticut. 
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RADIOBIOLOGY 


Change in Chromosome Number during 
Continuous Irradiation 


A, PREVIOUS communication} reported some quantitative 
data on the effects of continuous irradiation of HeLa cells 
grown as a monolayer. The incorporation of a suitable 
quantity of tritiated, water in the growth medium provided 
a uniform source of radiation. An effect was noted with 
a dose-rate as low as 30 rads/day, when cells were repeat- 
edly sub-cultured. Cells have now been exposed to such 
continuous irradiation for more than twelve months and 
this communication reports changes in the chromosomes 
number of the continuously irradiated cells. 

Although the HeLa cell line is aneuploid in chromosome 
number, a comparatively homogeneous cell population 
can be obtained by sub-cloning?. In this laboratory, such 
a procedure has usually revealed a stem line of 59/60 
chromosomes. On one occasion a population of obviously 
larger cells was isolated with a stem-line of 120 chromo- 
somes, but these were more slowly growing cells and were 
discarded. A newly sub-cloned cell population was used 
for the present work and this revealed the usual stem- 
line of 59/60 chromosomes with no chromosome aberra- 
tions (Fig. 1A). 

The cells were cultured in replicate 4-oz. medical flat 
bottles as previously described! and aliquots were sub- 
cultured at intervals of 11-14 days, the continuously 
irradiated (30 rads/day) and control cells being handled 
on the same day. A characteristic inflexion! was observed 
in the population growth-curve of the irradiated cells 
during each sub-culture, while the control cells grew 
exponentially. 

After five months (and twelve sub-cultures) chromo- 
some spreads were made from both the irradiated and the 
control cell populations. There was no significant change 
in chromosome number with the controls (Fig. 1B), but a 
downward spread in chromosome number was evident 
with the continuously irradiated cells (Fig. 1D). These 
showed not only the typical chromatid and chromosome 
damage observed in X, cells (chromatid and chromosome 
exchanges, triradials, duplications, sister-unions, rings and 
dicentrics with acentric fragments) but also a smaller 
frequency of damage surviving from previous divisions 
now in X,..., (dicentrics and rings without acentric 
fragments, chromosome translocations and deletions). 

The low frequency of damage in the control series was 
of the chromatid break or ‘chromatid gap’ type, often 
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Fig. 1. Chromosome numbers and percentage chromosome aberrations 

in Fela colis. (50 celis per histogram.) A, mitial control cells; B, 

control cells at five months; C, control cells at twelve months; D, irradia- 

ted cells at Aye months; E, irradiated cells at seven months; F, irradiated 
cells at twelve months 


regarded as of spontaneous origin or due to technical 
procedures’. If this type of damage is ignored in cal- 
culating the aberration frequency, a frequency of 42 per 
cent is found for the five-month sample (Fig. 1D). The 
control values (Fig. 1A, B and C) would all reduce to zero. 

At five months both cell populations were growing at 
the same rate (except for the usual inflexion in the 
irradiated growth curve). At seven months the con- 
tinuously irradiated cells were growing more slowly than 
the control cells and, in order to obtain a sufficient number 
of mitotic cells for chromosome counting, an aliquot was 
grown in control medium for two weeks. This may 
explain the lower percentage of chromosome aberrations 
(Fig. 1#) than was found at five months since only damage 
surviving from previous cell generations was found. 
Nevertheless, the chromosome number had fallen still 
further between five and seven months. 

After continuous irradiation for twelve months at 
30 rads/day (34 sub-cultures) there was no significant 
difference between the growth rates of the irradiated and 
control populations and chromosome spreads were made 
directly from the two populations (as had been done at 
five months). There was very little change in chromosome 
number with the control cell population (Fig. 1C), but the 
majority of the continuously irradiated cells had main- 
tained their lower number (Fig. 1F) although there were 
now some with the same number as the controls. The 
karyotypes of these were recognizably different from the 
controls, however, containing now more small acrocentric 
chromosomes and a long submetacentric. 

Again, there was a higher proportion of recent chromatid 
and chromosome aberrations than in the controls; ignoring 
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the chromatid breaks or gaps, this figure was 8 per cent. 








The drop in frequency from the five-month irradiated 
sample (Fig. 1D) may indicate that selection for cells 





-resistant to the production of chromosome aberrations 
had taken place. Nevertheless, an X-ray dose-response 
_ curve using the technique of Puck and Marcus* showed 


-> Each value represents the mean for six segments + the S.D. 


monolayer. 
number has not been associated with any change in 
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no change in radiosensitivity with respect to the repro- 
ductive integrity of these cells continuously irradiated 
for twelve months. This was found to be the same as 
that usually found with the HeLa cells in this laboratory 
(that is, D, = 140 rads, N = 3). 

So far as we know, this is the first investigation of 
chromosome numbers during a protracted period of con- 
tinuous irradiation at a low dose-rate of cells grown as a 
A progressive lowering in chromosome 


radiosensitivity, whether. measured by single doses or by 
the continuous irradiation (30 rads/day) which appears 
to have caused the chromosomal change. 
— A. H. W. Nias 
C. H. OCKEY 





Paterson Laboratories, 
Christie Hospital and Holt Radium Institute, 
Manchester. 
1 Nias, A. H. W., and Lajtha, L. G., Nature, 202, 613-(1964). 
* Nias, A. H. W., Gilbert, C. W., Lajtha, L. G., and Lange, ©. S., Intern. J. 
Rad. Biol, (in the press). . 
* Migeon, B. R., and Merz, T., Nature, 208, 1395 (1064). 
* Pack, T. T., and Marcus, P. L, J. Erp. Med,, 108, 653 (1956). 


Effect of Alginic Acid on the Movement of 
Strontium-85 and Calcium-45 across Surviving 
Heal Segments 


Recentiy, Skoryna et al.) reported that the gastro- 
intestinal absorption of calcium and strontium by the 
intact animal was influenced by a compound polymer of 
mannuronie and guluronic acids (alginic acid) obtained 
from brown algae (Phaeophyceae). The pattern of 
absorption was found to be similar for the two ions, but 
with different rates of absorption. Following the simul- 
taneous injection of sodium alginate along with radioactive 
calcium and strontium into the intestine, Skoryna et al. 
reported that the absorption of radiostrontium was reduced 
from 50 to 80 per cent, while no significant reduction was 
observed in radiocalcium absorption. It would be repeti- 


tious to mention the importance of such a compound as 


alginic acid in the area of biospheric contamination, if 

it would selectively reduce the absorption of strontium 

while allowing calcium to be available to the body. 
Wilson and Wiseman? described a technique which 


permitted the direct examination of the movement of 


substances across the intestinal membrane by im vitro 
methods. This technique has been adapted to provide 
information concerning the influence of alginic acid on the 
absorption of caleium and strontium. 

OF rats weighing 100-125 g were fasted for 24 h and 
killed by exsanguination. The abdomen was immediately 
incised, and the ileal segments were resected from their 
mesenteric attachments and removed. Using a standard 
technique® the individual segments (5-6 em long) were 
washed in cold saline and everted so that the mucosal 
surface would be on the outside and serosal surface on the 
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Table 2. 
STRONTIUM BY ALGINIC àCID AT VARYING CONCENTRATIONS 


Pe cent alginic acid In media 
— te 4 + 


Element O01 08 1-0 
i Per cent reduction 
Sr 8 BE 4 41-3 82:8 80-7 
Ca 0 6 154 513 Ths 


Table 3, PERCENTAGES TRANSFES OF CALCIUM-45 AND STRONTIUM-35 ACROSS 
DIAL“ Sis MEMBRANE 


Percent alginic acid in media 
r i * 


Element 6 GO. — 005 Ol OS LO 
i Per cent transfer 
“Sr 76 53 6-0 4 2-4 23 
OCA 12] 10-6 12-4 og 61 5a 
Ratio © 1-6 2-0 21 23 25 28 
“r 


inside of the segment. “The segments were ligated and 
injected with 0-6 ml. of unlabelled incubating solution. 
Each injected segment was placed in a 25-ml. Erlenmeyer 
flask with 5 ml. of cole incubating solution containing 
alginic acid, caleium-45 and strontium-85. The flasks 
were aerated for 1 min w&h oxygen, stoppered, and placed. 
in a shaking water bath with temperature controlled at 
37°C. For removal of carbon dioxide during incubation, a 
small plastic vial contaiaing filter paper saturated with 
6 N sodium hydroxide was suspended in the flask when the 
stopper was inserted. The segments were incubated for 
4h, after which they were removed, washed with saline, 
blotted, and the residual volume of solution within the sac 
was determined. Calecium-45 and strontium-85 determ- 
inations were made on gaucosal samples (fluid outside 
the sac), and on the serOzal samples (fluid inside the sac). 

The incubating mediure. was similar to that of Schachter 
and Rosen? and consistedwof NaCl, 0-135 M; KCI, 0-011 M; 
Na HPO,, 0-008 M; 0-08 ce. “Ca/ml., and 0-1 ue. 86Sr/mi., 
and varying concentratiens of alginic acid. The specific 
activity of caleium-45 and strontium-85 was 24-2 c./g 
and 5-5 ¢./g respectively The total amount of calcium 
and strontium in each 5 mł. of media was 0-003 ug calcium 
and 0-018 ug strontium. The pH of the medium was 
adjusted to 7-5. 

To determine the influence of alginic acid on calcium-45 
and strontium-85 movement, five different concentrations 
of alginic acid were investigated. The percentage of 
ealcium-45 and strontium-85 which moved across the 
membrane at 37° C and 3° C is presented in Table 1. 
The results indicated that:there was differential absorption 
of calcium-45 and strontzim-85 and that calcium-45 was 
favoured over strontium-85 as shown by the ratio. A 
comparison of the values determined at 37° C and 3° C 
suggested that this phenomenon of differential absorption 
or retention was not temserature dependent. Thus, the 
increase in ratio of caleium-45 to strontium-85 with each 
increase in the concentration of alginic acid in the media 
and the absence of dependence on temperature intimated 
that the differential movement was a function of the 
alginie acid. 

The per cent reduction ia the movement of total calcium 
and strontium across the ileal segments at varying con- 
centrations of alginic acii is presented in Table 2. It 
should be pointed out thet with increasing concentration 
of alginic acid there is a reduction in the difference in the 
amount of calcium and strontium held by the alginic acid 
due to the increased number of sites available for reaction 
with a constant amount ef calcium and strontium. 


AeA A anran inir ——— — — — — — — — — — — —— — — 


Element Q Opi 
Sr (37°C) . 3093+099 | 360411 
| ee) 2-92 + 0-56 
"Ca 370) | 476424 | 480418 

ale | EP a 
t t 4 ot 
Ratio agr o| (8°C) 131 


— 














Per cent alginic acid in media 
i — — — — —“ — — — 
0-05 0-1 | 0-5 | 1-0 
Per cent transfer | 

2-93 + 0-52 2-32 + 0-03 0684026 — 0434033 
| 0-15 40-05 
| £50418 4074084 | 2874077 | 187043 | 
| 0404007 | 
| 1-54 1:76 | 3-48 3-16 i 
| | 2-66 | 
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To verify the observation that differential retention of 
calcium and strontium was a function of the alginic acid, 
the labelled media with varying concentrations of alginic 
acid were dialysed at 37° C for 18 h. The results of this 
experiment are presented in Table 3. 

In conelusion, these observations suggest that the 
differential retention of calcium and strontium by alginic 
acid is probably due to the slightly more reactive nature of 
strontium in competing for available sites. 


W. Moore, Jun. 
R. L. ELDER 


Research Unit, 

Southeastern Radiological Health Laboratory, 
Division of Radiological Health, 
Research Branch, U.S. Public Health Service, 
P.O. Box 61, Montgomery, Alabama. 
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BIOLOGY 


Histochemical Investigations of Cholinesterase 
in Different Molluscs with Reference to 
Functional Conditions 


THe function of acetylcholine, (ACh) is accepted in 
general as being in close relationship with the presence of 
acetylcholinesterase (AChE). The presence of AChE in 
an excitable tissue is likewise interpreted as proof of the 
cholinergic mechanism. On the basis of physiological 
investigations on Aplysia and Helix pomatia it seemed 
to be proved that ACh plays an important part in the 
central neural processes of molluses!*, Kerkut and 
Cottrell* demonstrated ACh directly from snail ganglia 
in the nervous system of Aplysia depilans cholinesterase 
(ChE) was detected by biochemical methods‘. For these 
very reasons it is surprising that up to now there are 
no histochemical data on the presence of AChE in the 
central nervous system of molluses. 

The aim of our experiments was to investigate by histo- 
chemical msthods the AChE in the central nervous system 
of different lamellibranchs (Anodonta cygnea, Anodonta 
piscinalis, Unio tumidus) and gastropods (Helix pomatia, 
Arion empiricorum, Limax maximus and Limnea stagnalis). 
It is well known that the living processes of molluses are 
different during optimal living conditions from conditions 
with low metabolism, and that this fact is important 
concerning the regulating processes of the nervous systems 
both of the gastropods’ and the lamellibranchs*. As we 
assumed that the state of the animals’ activity will be 
reflected in the brain enzymatic condition, we carried out 
investigations on both active and inactive animals. 

We took as optimal conditions when the mussels and 
Limnea stagnalis lived in fresh Balaton water, while the 
other gastropods were feeding and moving in their usual 
living conditions just before killing. Low metabolism 
was caused in Anodonta by lack of oxygen for 3-4 days, 
in H. pomatia, L. maximus and A. empiricorum by keeping 
them in dry, cold and starving conditions. L. stagnalis 
was placed for 10-14 days into standing water at + 4° C. 
The viability of these latter animals was maintained 
perfectly during the changed conditions. Our investigations 
were carried out during April—October. 

For histochemical investigations the Gerebtzoff thio- 
choline method? and the Barnett-Seligman indoxy! 
acetate method* were used. The thiocholine method was 
applied after fixation for 1 h at 4° C in neutral formalin, 
at pH 5 and 6-2. Acetylthiocholine iodide (AThCh) and 
butyrilthiocholine iodide (BuThCh) were used as sub- 
strates. Duration of incubation was 1-3 h in the case of 
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A B C 


Fig. 1. Part of Helix pomatia ganglia, killed in the inactive state. 

Substrate AThCh-iodide, pH 62; duration of the incubation 2 h at 

37° C. A, without inhibitor ; B, after 30 min incubation in 10+ M DFP: 
C, after 30 min incubation in eserine hydrochloride (xe. 190) 


the thiocholine method and 10-20 min in the case of the 
indoxyl acetate method at 37° C. For inhibition eserine in 
10* M and DFP in 10-* M concentrations were used as 
usual, 

When applied to the central nervous system of lameli- 
branchs all these methods produced negative results, both 
for the animals in the active state and in hypoxigenic 
conditions. No ChE activity was found either in the cells 
or in the neuropile. 

In the central nervous system of gastropods the hydro- 
lysis both of the AThCh and BuThCh occurs (the latter 
more intensively) when the animals were killed in the active 
state. The reaction product is localized in the neuropile, 
in the form of fine particles. This hydrolysis could be 
totally inhibited by eserine and DFP in the aforementioned 
concentrations (Fig. 1). 

The indoxyl acetate method also gave positive results 
in the neuropile of the central nervous system of active 
gastropods, but it could be inhibited with eserine in a 
concentration of 10 M only to a certain extent. 

In assays on the ganglia of H. pomatia and L. stagnalis 
(being in the inactive state before killing) both the thio- 
choline and the indoxyl acetate methods were clearly 
positive not only in the neuropile but also at the border of 
the nerve cells. In the ganglia of L. maximus and A. 
empiricorum positive reaction was found only in the 
neuropile. In the case of H. pomatia the hydrolysis of 
BuThCh, in L. stagnalis that of AThCh, was more 
intense. The applied inhibitors, however, were quite 
ineffective in this case (Figs. 2 and 3). 





A B C 


Fig, 2. Part of Helix pomatia ganglia, killed in the inactive state. Sub- 
strate BuThCh-iodide, pH 62; duration of the incubation 2 h at 37° C. 
A, B. C, as in Fig. 1 (x e. 190) 
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A B C 


Fig. 3. Part of Limnea stagnat — killed in the inactive state. 
Substrate AThCh-iodide. samai 6:2; tion of incubation 2 h at 37° C. 
A, B,C, as in Fig. 1 (xe. 190) 


Our findings suggest that in the central nervous system 
of lamellibranchs there are no enzymes to be found corres- 
ponding to the histochemical criteria generally accepted 
for AChE, or at least the quantity does not reach the level 
necessary for histochemical demonstration. It should be 
mentioned that generally AChE is not unknown in lamelli- 
branchs, as with these very same methods it may be 
detected in the sarcolemma and endomysium of the 
adductor muscle of Anodonta’. 

According to our result there is no AChE present in 
_ the central nervous system of the gastropods examined. 

Hydrolysis of the AThCh and the BuThCh could be 
inhibited by eserine and DFP in concentrations 10-* M 
and 10-* M respectively, corresponding to the criteria of 
BuChE. In the active state of the animals 10- M eserine 
inhibited the indoxy] acetate hydrolysing enzyme only 
partly, indicating that an aliesterase may be present among 
them. 

The enzyme, detectable in the animals killed in the inac- 
tive state, hydrolysing thiocholine and indoxy! acetate 
corresponds to the criteria of arylesterase (ArE) as it could 
not be inhibited with eserine and DFP in the applied 
concentrations’. The functional significance of this 
enzyme is not known; but it is possible that its occurrence 
is caused by the low level of metebolism, and that it also 
plays a significant part in the central neural regulation of 
hibernation. According to the literature ArE is capable of 
hydrolysing different substrates, therefore one must take 
its presence into consideration also in the course of the bio- 
~ chemical investigations of cholinesterase in gastropods. 
ArE was not detectable in lamellibranchs even after keeping 
them under anaerobic conditions for 3-4 days; neverthe- 
less, it cannot be stated that, given more adequate 
conditions and after a longer period, it could not occur also 
in lamellibranchs. 

On the basis of our experiments in lamellibranchs the 
possibility of cholinergic mechanisms at an interneuronal 
level cannot be excluded, but it seems that in these 
processes neither AChE nor BuChE is present in histo- 
chemically detectable amounts. In the ganglia of gastro- 
pods only BuChE was found, permitting the estimation of 
the cholinergic mechanism also only with great reserva- 
tion. In electron-microscopical investigations, both in 
the ganglia of lamellibranchs and gastropods, structures 
similar to cholinergic synapses of vertebrates can be found ; 
it may thus be supposed that a cholinergic mechanism 
can exist without AChE being histochemically detectable. 

From these results it can be assumed that the central 
nervous system of lamellibranchs and gastropods essentially 
differ from the point of view of ChE and ArE activities. 
Recent electron-microscopie investigations have shown 
the presence of the axo-somatic synapsesinlamellibranchs" 
contrary to data obtained for gastropods'*. It may be 
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supposed that in the nervous systems of the two different 
classes of molluses both structural and functional differ- 
ences are present. 
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Changes in Metabolism of Ribonucleic Acid 
during the Early Embryonic Development 
of the Sea Urchin 


CHANGES in the nuesie acid metabolism during the 
embryonic development. of the sea urchin may occur at 
defined stages'!~*. Thus it should be possible to refer this 
metabolism to steps of embryonic differentiation. How- 
ever, the investigations are either incomplete or based 
on inadequate techniques. 

In the work recorded here the phenol extraction method 
has been used'*, which should give the most well-defined 
fractions of RNA (ph-RNA and aq-RNA; aq-RNA = 
RNA in the aqueous phase from phenol extraction; 
ph-RNA = RNA in the phenol phase). The RNA was 
estimated by different-al absorption measurements at 
260 and 280 mu. The DNA was shifted to the aqueous 
phase through treatment with PAS (sodium p-amino- 
salicylate) and determined by the diphenylamine reaction. 
In order to test a variation in the amount of acid-soluble 
nucleotides, extraction «f a part of the homogenate was 
made with 5 per cent perchloric acid. After the extraction 
the homogenate was hydrolysed in order to estimate the 
total amount of nucleic acid. As material, embryos of 
Echinus esculentus were used. For each series of estima- 
tions samples were drawn from one and the same batch of 
developing embryos. Imall, 14 developmental series were 
utilized. The correspondence between the different series 
was very close. One representative series is reproduced in 
Fig. 1. Initial changes m the RNA fractions oecur during 
the period of syngamy*:'* which are not represented in 
Fig. 1. 

A certain inverse varistion should be observed in regard 
to the two RNA fractions, ph-RNA and aq-RNA. Par- 
ticularly, a rapid change is obvious after the ninth division 
step, at the ‘512’-cell stage. The fraction of acid-soluble 
nucleotides also demons rates an inverse course compared 
to the nucleic acid fractson, though the fluctuations at the 
‘512°-cell stage are less marked. The DNA amount shows 
an uncomplicated incæase which would represent a 
doubling around each eleavage step. Some preliminary 
analyses demonstrate qealitative changes in the composi- 
tion of the ph-RNA. Until about the ‘512’-cell stage an 
increase in the ratio adenine to guanine was observed, 
whereafter this ratio was constant. No such change in 
composition was found or aq—-RNA. 

In a complementary part of this work the embryos have 
been treated with actmomyein C continuously during 
subsequent periods of 2 h. Morphological disturbances, 
which may occur, were observed until the pluteus stage. 
If the treatment was »vefore or after the ‘256—512’-cell 
stage no marked influence could be detected with the 
concentration used. Hewever, a treatment during these 
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Fig. 1. The change in amount of various fractions of nucleic acid 

during the carly development of the sea urchin #ehinus esculentus. One 

typical batch of embryos is represented. Aq-~RNA = RNA in the aqueous 

phase from phenol extraction (O); Ph-RNA=RBNA in the phenol phase 

(@); DNA = DNA estimated by the diphenylamine reaction (C); AN = 

acid soluble nucleotides (A). TNA = total amount of nucleic acids after 
acid extraction (A). E indicates unfertilized eggs 


cell stages completely spoiled the ordered mesenchyme 
formation. 

After the ‘512’-cell stage the absolute division syn- 
chrony of macro- and meso-meres in the Echinus embryo 
disappears and changes in the nucleic acid metabolism at 
this stage have been put in a causal relation to a possible 
early differentiation’ * 13, The RNA analyses in the work 
recorded here confirm these embryonic stages as being 
critical. The result of treatment with actinomycin also 
points in this direction. The effect of this inhibitor of the 
formation of messenger-RNA may be compared to the 
pronounced effect that testosterone has in different sea- 
urchin species on the cleavage steps following immediately 
after the ending of the division synchrony*', 
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Dependence of Indolyl-3-acetic Acid and 
Coumarin-induced Growth on Ribonucleic 
Acid and Protein Synthesis 


Or the many hypotheses suggested to explain the 
mechanism of action of auxins! the most feasible seems to 
be that these plant growth regulators act on a nucleic 
acid system controlling synthesis of essential proteins’. 
The validity of this assumption can be verified, at least 
partially, by investigating the effects of specific inhibitors 
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of — — and — synthesis on induced growth. 


Included among such inhibitors aro: (4) mitomycin C 
(MMC), which links in vivo the complementary strands of 
DNA and blocks its replication®; (B) actinomycin C, 
(AMC), referred to also as actinomycin D, which inhibits 
DNA-directed RNA synthesis by binding on to the 
guanine residues of priming DNA‘; (C) puromycin (PMC), 
which inhibits protein synthesis by substituting for the 
next incoming aminoacyl-sRNA in the polypeptide chain 
formed on the mRNA template’; (D) diazouracil 
(DAU), which by competing with or displacing uracil can 
lead either to synthesis of abnormal RNA molecules or to 
blocking the synthesis. 

Experiments were carried out on 7-9-cem etiolated sun- 
flower plants (Helianthus annuus L. var. “Pastewny’), 
from which 10-mm hypocotyl sections were dissected out 
about 4-5 mm below the node of the cotyledon. The 
sections were floated on distilled water for 2 h, washed 
with tap water, thoroughly blotted, divided into lots of 
8, weighed on a torsion balance and transferred into 
5-5-em Petri dishes containing 8 ml. solution of a given 
inhibitor with IAA or coumarin. The controls contained 
no inhibitor. 

In the next series of analyses, intended for the examina- 
tion of the effects of inhibitors on the induction of growth 
by coumarin or indolyl-3-acetic acid (IAA), the sections 
after weighing were either placed in 3-5-cm glasses con- 
taining 5-5 ml. AMC (7-3 ug/ml.) or 40 ml. PMC (60 
ug/mil.), or were transferred to 5:5-em Petri dishes con- 
taining 8 ml. DAU (50 ug/ml.). After 4, 8, 12, 16 or 19h 
the sections were weighed again and transferred to 5-5- 
em Petri dishes with 8 ml. coumarin or TAA solution 
without mbhibitor. 

The sections were incubated at 24°-25° C in darkness 
(experiments with AMC) or under continuous illumination 
produced by electric bulbs and day-light fluorescent 
tubes®. Growth of the sections was measured gravi- 
metrically. Each glass or Petri dish contained 2 per cent 
sucrose. Each type of test was run in duplicate, and 
repeated 3—4 times. 
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Fig. L Effect of actinomycin C on the Indolyl-3-acetic acid- and 
coumarin-indueed growth of sunflower hypocotyl sections, Thin lines: 
A, sucrose: B, IAA; C, coumarin; D, AMC. Thick lines: sections pre- 
treated for 4,8, 12 ‘and 18 h on AMC and then transferred into TAA 
( GIK, M) Jor — tH, J, L, Q) solutions. Concentrations: suerose, 

2 per cent; LAA, 1x104 M; coumarin, 200 ug/ml.; AMC, 7-3 xg/ml. 
Incubation. WAR carried out in the dark. L. $ D., at P=@01=0-3 mg 
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Fig. 2. Effect of puromycin on the TAA- and coumarin-induced growth 
of sunflower hypocotyl sections. Thin lines: A, sucrose; B, TAA: C, 
coumarin: D, puromycin. Thick lines: sections pretreated for 4, 8, 12 
and. 19 h on PMC solution and then transferred on solution of TAA 
(GI, K, M) or coumarin (H, J, L, Q). Concentrations: sucrose, 2 per 
cent: TAA, 1 x 10° M: coumarin, 200 ug/ml; PMC, 60 ug/ml. Incubation 
was carried out in the light. 2.5.0. at P= 0-01 = 04 mg. Initial 
weight of the section was 50 mg 


It was noted that MMC (80 pg/ml.) did not significantly 
affect either the IAA- or coumarin-induced growth. Thus, 
it was inferred that the induced growth of sunflower 

“hypocotyl sections is not dependent on the replication of 
DNA’. It is dependent, however, on the DNA-directed 
ORNA synthesis since AMC (7-3 pg/ml.) reduced not only 
IAA- and coumatin-induced growth but also elongation 
in the control (Fig. 1, curves B and Æ, C and F, A and D, 
respectively). The inhibition is striking after 8 h incuba. 
tion, particularly in the case of a (IAA + AMC) treated 
< sample, 
The sections pre-incubated on AMC continued to 
respond to the growth stimulators, but the magnitude of 
-the response was greatly reduced in comparison with the 
-eontrols that had not been treated with AMC. Such 
results suggest that IAA and coumarin, directly or 
“indirectly, can act as inductors of RNA synthesis, pre- 
< sumably of the messenger RNA(s). The results plotted in 
_ Fig. 2 support. this inference because PMC, according to 
: the time of action, markedly suppressed growth of the 
__ sections. Moreover, the sections pretreated with PMC 
` responded positively to TAA and. coumarin, but the 
< magnitude of the response was inversely proportional 
to the length of time of pre-incubation. Similar results 
“were noted also after application of chloramphenicol 
< in a concentration slightly affecting growth of the control 
(8 x 10-3 M) (ref. 7). 
- Jt is worth noting that the [AA-induced growth seems 
<. to be much more sensitive to AMC and PMC than is the 
> ecoumarin-induced one: for example, PMC, applied in a 
“mixture with IAA, completely blocked the growth of 
sections after 8-12 h (Fig. 2, curve Æ). 
=> The effects produced by DAU (50 ug/ml.) are most 
<. striking because this uracil analogue seems to have a 
stronger inhibitory action against the coumarin-induced 
growth than against the TAA-induced one (Fig. 3, curves 
C and F, and B and E, respectively). This difference is 
‘ticularly evident in a case of the sections pretreated 
-DAU for 8 h: such sections respond only slightly 
oumarin (Fig. 3 J) though they respond relatively 
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vigorously to TAA (Fig. 3 I). Uracil (150 ug/ml.) pre- 
vented or markedly redaced the inhibitory effects pro- 
duced by DAU*. It can be concluded, therefore, that 
DAU competes with uraci. in this system. Effects produced ` 
by thiouracil were similar to those produced by DAU? — 

The data of Figs. 1-3 ‘ead to the conclusion that TAA?” 
and coumarin? can realize their biological potency through — 
the induction and/or acceleration of synthesis of specific 
proteins catalysing processes concerned with growth. Tt 
is most probable that these stimulators, as has been _ 
suggested for some animal hormones’, co-ordinate the 
synthesis of messenger RNAs. If this assumption were 
correct, then the enzymes synthesized on the m-RNA 
& h active, since rapid inhibition. 
of growth occurred after 3 h of action of a given inhibitor. — 
Furthermore, it is possible that. the. mRNA(s) induced 
by coumarin is rich ir uracil because the coumarin- — 
induced growth is very. sensitive to uracil analogues, - 
while the IAA-induced mRNA(s)-is rich in cytosine since 
the [AA-induced growth is more sensitive to AMC which 
specifically binds on to tae guanine residues of DNA. 

As early as 1949 Berhad suggested that auxins could 
regulate protein synthesis by influencing RNA meta- 
bolism, and Silberger aad Skoog"! have shown that an 
increase in the level of nucleic acids precedes increase 
in fresh weight of I&A-treated tobacco pith tissue. 
Several other authors kave also maintained that RNA 
plays a part in auxia-induced growth’, and have 
pointed out that auxim is necessary for mitosis and 
DNA replication. IAA in low concentrations stimu- 
lated synthesis of both DNA and RNA in pea inter- 
nodes and young coconvits, but at greater concentrations 
the auxin stimulated the release of RNA from some 
of its ‘bound’ form. Cf great importance is the finding 
that IAA incubated with peroxidase. is converted into 
a substance of unknowr structure (IAA’), which forms a 
complex with pea shoot RNA. Naphthaleneacetic acid 
also binds to a nuclear anaterial.of pea internodes: here 
the binding is associatec with a release of RNA™. AMC, 
PMC and chloramphericol inhibited the TAA-induced 





75 
i 





Se 
ot 


60 | 


fnerement of fresh weight (mg) 


Time of incubation (h) 
Fig. 3. Effect of diazouracil on the ILAA- and coumarin-induced growtt 


t 
Thin lines: A, sucrose; B, LAA: C, 


of sunflower hypocotyl sectkans. AA; 

eoumarin; D, diazouracil. Thick lines: sections pretreated for 4, 8, 12 

and 16h with DAU and then transferred on solution of IAA (G, I, K, M) 

or coumarin (H, J, L, Q). “Soncentrations: sucrose, 2 per cent; LAA. 

1x10 M; coumarin, 200 gg/ml; DAU, 50 »g/ml. Incubation was 

carried out in the light. LAD. at P=001=0-4 mg. Initial weight of 
the section equalled 50 reg; suntiower plants were 8-10 cm long 
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growth and protein synthesis in pea stem and oat coleop- 
tile sections and artichoke tuber disks?. All these data 
indicate that auxins can induce mRNA(s) synthesis, 
either by direct combination with the genetic apparatus 
of the cell, or by induction of synthesis of specific meta- 
bolites which combines with repressor molecules or with 
gene regulators, 

In view of the data presented here, it is of interest to 
note that MMC and AMC, PMC, DAU and chloramphenicol 
did not interfere with gibberellic-acid-induced growth of 
the first leaf of maize’. 

_I thank Dr. J. R. Tata (National Institute for Medical 
Research, Mill Hill, London) and Mrs. J. M. Wisniewska 
(Institute of Experimental Pathology, Polish Academy of 
Sciences, Warsaw) for a gift of puromycin, and Farben- 
fabriken Bayer (Leverkusen, Germany) for a gift of 
actinomycin C (‘Sanamycin’). Diazouracil was obtained 
from KEK Laboratories, Inc., Long Island, N.Y. 
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Demonstration of 6-Carotene in Gametangia 
of Phycomyces blakesleeanus Burgeff 


INTENSE local yellow or orange pigmentation of game- 
tangia of conjugation Mucorales was first reported by 
Zopf (1888) (ref. 1) and has since been frequently observed. 
However, as recently as 1959 (ref. 2), the pigment was 
referred to in general terms and had not been charac- 
terized. 

In mycelia of many species, the pigment has been 
shown to be §-carotene; and in the Choanephoraceae 
accumulation is greatly stimulated in mixed positive and 
negative cultures®4, notwithstanding the observation that 
this appears not to be a general phenomenon‘. 

In Phycomyces blakesleeanus, the large tong-shaped 
gametangia become intensely pigmented, even before 
fusing. A large number of such developing gametangia 
were isolated (dry weight 21 mgi and the constituent 
carotenoids were extracted with acetone and characterized 
and determined spectrophotometrically*-. 

The principal pigment was B-carotene, in a concentration 
of 860 ug/g. This compares with concentrations in mycelia 
of the parent strains of 200 ug/g and 150 ug/g grown singly 
and 166 ug/g grown in mixed culture’, Thus a stimulation 
of accumulation comparable to that observed in gross 
mixed cultures of Choanephoraceae occurs locally in 
developing gametangia. 
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Such a local stimulation remains to be demonstrated in 
other specios shown not to undergo a gross stimulation. 
From simple observation, it is probable that this can be 
done, and the hypothesis of an association between 
carotenoids and sexuality in these fungi may become 
generally applicable. The nature and function of the 
association remain to be elucidated. 

This work was supported by a special scholarship from 
the National Research Council of Canada. 
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Indirect Anthelmintic Action of Carbon 
Tetrachloride against Fasciola hepatica 


Tur value of carbon tetrachloride as an anthelmintic 
was first reported in 19251, and it is now widely used 
against the liver fluke (Fasciola hepatica) in sheep. 
Although the anthelmintic efficiency and toxicity of carbon 
tetrachloride have been extensively investigated, the mode 
of its anthelmintic action has been little investigated. 
Stephenson? has shown that carbon tetrachloride at a 
concentration of about 159 pg/ml. in glucose saline was 
not toxic in vitro for flukes, and a stimulating effect at a 
concentration of about 790 ug/ml. and a toxice effect at 
about 1,590 ug/ml. have been reported’. As part of an 
investigation on the anthelmintic action of carbon tetra- 
chloride, its effect on adult liver flukes has been studied 
in vitro using flukes freshly recovered from sheep, and 
in vive in artificially infested sheep. 

In vitro incubations were carried out at 37° C in glucose 
saline or in blood with liver tissue (50:50) to which 
penicillin and streptomycin were added to suppress 
microbial action. With an in vitro concentration of 
carbon tetrachloride of 1,000 ug/ml., the 50 per cent sur- 
vival time of the parasites was about 24 h, compared with 
about 72 h in a carbon tetrachloride-free medium. There 
were no deaths of the flukes in either medium during the 
first 18 h. However, when fresh liver slices or minced 
liver were included in the blood-liver incubating medium, 
concentrations of 250 pg/ml. were associated with a higher 
than 60 per cent loss within 12 h. When the liver slices 
were preheated to destroy enzyme activity, time of 
survival was unaffected. Time of survival was also 
unaffected by using bile as the medium for the flukes. 

in vivo an oral dose of 2 or 4 ml. of carbon tetrachloride 
labelled with carbon-14 (about 90 or 180 mg/kg) gave 
peak concentrations of about 36 and 65 ug of carbon 
tetrachloride per ml. of bile respectively during the first 
12 h after administration. This was higher than the peak 
blood-level of about 12 and 21 ug/ml. All flukes were 
dead when the sheep were slaughtered and examined 
24 h after dosing. Our previous work‘ has shown that 
these doses of carbon tetrachloride were 100 per cent lethal 
against mature flukes within 12 h. 

The foregoing concentrations of carbon tetrachloride 
in the bile were some 24 to 44 times lower than those found 
to be toxic in vitro? and about 15-28 times lower than the 
concentration of 1,000 ug/ml. which we found to pro- 
duce only a 50 per cent mortality by 24 h, 

We have also found, using radioactive carbon tetra- 
chloride, that the drug is metabolized by the sheep to the 
extent of about 4 or 5 per cent, and that non-volatile 

















jolie products are present in the bile within 15 
of administration. 





~ metabolic products of the drug, and/or materials produced 


“by the liver when it is affected by the drug. 


A. C. Konpos 
G, L. McCriymonr 


Department of Biochemistry and Nutrition, 
School of Rural Science, 
University of New England, 
Armidale, New South Wales. 


“t Ernst, W., Minch-Tierdrifl. Weehr., 76, 1109 (1925), 


* Stephenson, W., Parasitology, 38, 116 (1947). 
* Chance, M. R. A., and Mansour, T. E., Brit. J. Pharmacol., 4, 7 (1949). 


t Kondos, A. C., Southcott, W. Hu and MeClyment, G, L, Austr. J. Agrie- 
Res., 14, 852 (19633. 


Food Medium of Prepared Dog Biscuit 
for the Mass-production of the Nematode 
DDI36 (Nematoda; Steinernematidae) 


THe use of nematodes for biological control of pest 
insects requires mass-culture techniques that can produce 


: large numbers of nematodes quickly, cheaply and simply. 


Mass-culture techniques developed for Neoaplectana glaseri 
Steiner permitted the use of this nematode for biological 
control of the Japanese beetle, Popillia japonica Newm., 
in the New England states’. 

The nematode—bacteria complex known as DD136 (ref. 
2) was tested as a potential agent for biological control", 
Dutky et al. developed mass-culture techniques by rearing 
the nematodes on larvae of the wax moth, Galleria mellon- 
ella L., and obtained up to 2 x 105 infective stage nema- 
todes per insect. This technique involved first rearing 
wax moth larvae in quantity. At Belleville, various 
media were tested for mass rearing of DD136. Of several 
kinds tested the most satisfactory was a dog food, “Ken-L’ 
(Quaker Oats Company of Canada, Peterborough, Ontario), 
which is kibbled in manufacture into 1/8-3/8-in. pieces. 

The technique is simple. 20 ml. of the dog food is 
mixed with 20 ml. of distilled water in a 9-cm Petri- 


dish. This is then autoclaved for 15 min at 15 Ib. pressure 


Each plate is inoculated with 1-2 x 10° nematodes. 


and cooled overnight under sterile conditions. The 
nematodes for inoculum are rinsed five times with 0-1 
per cent formalin to remove most of the contaminants. 
A 
few days incubation at about 24° C gives rise to large 


~ numbers of nematodes, indicated by the shiny grev 


appearance of the culture. When the nematodes become 
heavily concentrated in the culture they align and remain 
motionless until disturbed. They may be gathered 
from 8 to 14 days after inoculation, but some samples may 
take up to 20 days to develop to this stage. When the 
inoculum is too sparse (1-5 x 10° nematodes per plate), 
collection may be delayed a week or more. The nema- 
todes are washed from the medium into a large container 
and are allowed to settle. The suspended debris from the 
medium is decanted and discarded. The nematodes 
are then stored in 0-1 per cent formalin at 5°-10° C in 
litre flasks. 

Generally a single plate yields about 3 x 10° nematodes 
at one time, but as many as 7-1 x 10° have been obtained 
in a single collection. But each plate can usually be used 
six times, so that the total yield per plate in a two- 
month period may be at least 1:8 x 10° nematodes. 
Several plates were used up to twelve times. It is esti- 
mated that 60-80 per cent of the nematodes collected 


are in the infective stage. 







= After 2-4 days the medium usually becomes lightly 
> contaminated with bacteria that remain throughout the 
life of the culture. Plates of mediurn that become too 
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Be ‘he. results indicate that the anthelmintic action of 
-carbon tetrachloride against adult Fasciola hepatica in 
< the sheep is not wholly direct but probably involves 
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heavily contaminated with bacteria or fungi may be — 


discarded. Bactericides are not added, as the bacteria. ~ 


are probably necessary for the success of the culture. 


Fungicides need not be added as it is more economical to — 


discard the contaminated plate. 
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isolation of Trypanosoma theileri Laveran 
1902, from Cattle in Scotland 


Waite Trypanosoma theileri is considered to be a cosmo- 
politan parasite of cattle, it has yet to be recorded from 
Scotland’. During September and October 1964 the 
milking herd of Ayrshire cattle belonging to the Royal 
(Dick) School of Veterinary Studies, Edinburgh, was 
screened for the trypanosome using the blood agar culture 
technique recommended by Herbert®. The herd is 
situated at the Veterinary Field Station eight miles south 
of the city. 

Six cultures were inocalated with 2 ml. of defibrinated 
blood from each animal examined. One out of 25 cows 
sampled yielded positive cultures, typical crithidial forms 
being found in one culture on the third day and in the 
remaining five by the sixth day. This cow was in its 
twelfth lactation and kad been bought from Lanark 
cattle market in July 1959. The history prior to that 
time is uncertain. 
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incorporation of _abelled Thymidine into 
the Silk Gland of the Silkworm 


Ir has already been established that the silk gland of the 
Bombyx mori larva grows bigger without cell division’, 
that each gland cell nucleus is gradually ramified, showing a 
strong affinity to Feulgea reaction (unpublished observa- 
tion) and that both chramatins and nucleoli increase in 
number and volume witk age. It is not yet known, how- 
ever, whether deoxyribonucleic acid in the nuclei of the 
glandular cells is syntheszed during larval growth without 
cell division. It is reported by Amano et al.‘ that 
labelled thymidine is an adequate tracer of newly 
formed deoxyribonucleic acid in autoradiographs. We 
have investigated this problem by electron microscopic 
autoradiography. 

Silkworm larvae in the fifth day after the fourth moult 
were used as specimens. Each silk gland was dissected 
out from both series of larvae, either 30 min or 2 h after 
injection of 50 uc. of thrmidine-6-7H. 
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Fig. 1. 

cell 30 min after injection of thymidine-6-"H. 

chromatin bodies and diffuse chromatins (* e. 10,000). CH, chromatin: 

ER, rough endoplasmic reticulum ; G, Golgi region ; VO, nucleolus ; 
PN, patch of nucleolar material 


Electron microscopic autoradiograph of a part of the glandular 
Several grains are seen on 


Fig. 2. Electron microscopic autoradiograph of a part of the glandular 
cell 2 h after injection of thymidine-6“H. The number of grains is clearly 
more than that In Fig. 1 (xs. 10,090) 


Several pieces of the posterior division of the silk 
gland were fixed in 1 per cent osmium tetroxide adjusted 
to pH 7-6 with veronal acetate for 1 h, embedded in ‘Epon’ 
by Luft’s method after dehydration in ethanol and sec- 
tioned with an ultra-microtome. Zach section was 
covered by photographic emulsion NR-M1 by the tech- 
nique of Mizuhira et al.°, and developed after exposure 
for 2 months. They were then stained by Mizuhira and 
Kurotaki’s method and photographed by electron micro- 
scopy. 

As shown in Fig. 1, there were several nucleoli, chroma- 
tin bodies, and patches of nucleolar material in the nucleus, 
The nucleolar regions consisted of both nucleoli, and 
patches of nucleolar material were seen in several portions 
of the nucleus without inclusion of any radioactive sub- 
stance. 
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30 min after the injection of labelled thymidine, several 
grains were visible on some chromatin bodies and diffuse 
chromatins in the nucleus, while no grain was observed in 
others, or in nucleolar regions, or cytoplasm (Fig. 1). 
Although not indicated in Fig. 1, the number of grains 
differed in different parts of the same nucleus. From this 
and from Amano's evidence, it may be suggested that 
deoxyribonucleic acid is newly synthesized on the chrom- 
atins at different parts of the nucleus incorporating 
labelled thymidine. 

2 h after the injection, the number of grains had in- 
creased, while none was observed on the nucleolus (Fig. 2). 

From the results mentioned here, it is concluded that 
in the nucleus of the silk gland, deoxyribonucleic acid is 
synthesized on chromatin bodies and diffuse chromatins 
before the so-called endomitosis without cell division. 
Therefore, we are inclined to believe that a function of 
the chromatin in the nucleus of the silk gland is like that 
of the polythene chromosome in the salivary gland of 
Diptera, although no chromosomes have yet been 
observed in the silk gland of Bombyx mori. 

We thank Drs. V. Mizuhira and M. Kurotaki for their 
advice, Dr. A. Hirata for the supply of photographic 
emulsion, and Mr. H. Matsumura for his help. 
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Mutants of Escherichia coli KI2 Lacking 
Thymine 

INVESTIGATION of the genetic controlling mechanism of 
DNA synthesis became the problem of to-day after the 
main features of an enzymatic pathway of DNA biosyn- 
thesis had been cleared up. A biosynthetic stage, where 
such a controlling mechanism is suspected to exist, is the 
synthesis of thymidilic acid, the most specific of DNA 
precursors. The thymidilie acid synthesis in Æ. coli is 
known! to be produced by methylating deoxyuridine 
monophosphate (d4UMP) to deoxythymidine monophos- 
phate (ATMP). The reaction is controlled by thymidilate 
synthetase and tetrahydrofolate as a cofactor?. 

The two mutants which cannot produce the thymidilate 
synthetase have been described earlier*. The most striking 
feature of these mutants is their death in the absence of 
thymine, so-called ‘thymineless death’, which seems to be 
caused by metabolic imbalance in a bacterial cell. This 
phenomenon is widely used for the investigation of pro- 
cesses occurring before and at the beginning of DNA 
replication*~*, 

We have isolated 150 thymineless mutants (thy-) of 
E. coli K12 strain Hfr 3.0SO B; lac-* using the technique 
of Okada, Yanagisava and Ryan’. 

Some modifications of the procedure, for example the 
change of the mutagen/thymine ratio and repeated 
treatment with aminopterin of the samples from which the 
mutants could not be isolated after the first treatment, 
enable the efficiency of the technique to be increased. 


* The Hfr 3.0SO E. coli K12 strain and the P1 ke phage were kindly 
given to us by F. Jacob. 
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The mutants obtamed are unable to 
utilize the immediate precursors of thy- 
midilic acid, the deoxyuridilic and deoxy- 
eytidilic acids, for their growth. A direct 
thymidilate synthetase activity determined 
yin a few mutants by means of incorporation 
of carbon-14 technique? has shown the 
absence of the enzyme. 

During the examination of the thymine- 
less death in 134 independently isolated 


This delay seems to correlate with a slower 
rate of replication of such mutants. 
= Detailed work is now in progress (Fig. 1). 
' These mutations are shown to lose the 
property of ‘delayed death’ when trans- 
ferred into F- strains by matings. 

In some mutants partial revertants have 
been obtained, which required less thymine 
(0:5y per 1 ml.) than the original ones 
(more than 5-O0y per 1 ml.). 

. From the series of matings of Hfr 3.0SO 
thy~ strains with some F- strains with markers in various 
chromosome segments ıb ıs evident that the thy locus is 
linked with cys- marker (cysteinless) and the gene order 
along the chromosome is: str-cys-thy-his. The distances 
between each of the markers (his, thy and cys) and the 
origin of the Hfr 3.0SO chromosome (this strain 1s derived 
from Hfr H, which injects O-T'L-lac-his-str) determined ın 
interrupted experiments were 72, 100, 100-5 min, respec- 

„tively. The linkage between cys and thy was confirmed in 
transductional matings (the latter were performed with 
Pl ke phage*)®. <A limked transduction of these two 
markers was found to be of about 1 per cent frequency. 

It is of interest that on Jacob and Wollman’s map? 
the serine-glycine locus lies somewhere in the same 
region of the chromosome. This fact may be of importance 
because of serme and glycme being the donators of the 
methyl group in the thymidilate synthesis’). 

For the more precise genetical mapping of thy- mutants 
the reciprocal matings of various mutants have been 
carried out by conjugation. A, determination of the order 
of the mutant sites was carried out by comparing the 
recombination frequencies meamngs obtained im the 
reciprocal crosses?®, The recombination frequency was 
calculated as a fraction of wild type (thyt) recombinants 
in the standard class cys+ str-r in a cross: Hfr 3.0SO 
eystthy,-str-s x F-cysthyjstr-r. The mapping of 134 
mutations has shown that all of them are situated in the 

-same segment of the chromosome, that is, to the right 





Fig 2. 
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Fig. 1. Kinetics of cell death in the absence of thymine Dotted line 
represents a mutant with ‘early’ death, and solid line represents a mutant 
with ‘late’ death 
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considerable delay of death has been found. \ 
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lurahtps of snalanis 
4, Lp P3 I, 44, GISA 
98,93; LOR, 1,120,184, 
130, SAH 


4 9b (3x2) 
G3 (3 *¥ 
366 (37) 
(4,43 (3 *~) 


A preliminary genetical map of the thymin~ locus of the E. cols K12 chromosome. 
Forty-one of 134 already mapped mutations are shown. The distances between mutanta 


are expressed in units of mcombination 


the cys marker. The mu-ants are distributed irregularly 
within this segment (Fig. 2). At least two groups of 
mutations could, be distinzmshed. Mutations of the first 
are tightly linked; the maximal recombmation frequency 
within the group being nzar 0-01 unit of recombination. 
There are many mutatiors in both groups, which do not 
recombine with each otker while being mated. Such 
mutations seem to be identical because the method 
used is good enough to distinguish such small distances 
as 0:0005 unit of recombination. 

In any event, when 3 recombination between two 
mutants could not be detected in the conjugation experi- 
ments, it could not be detected ın the transductional 
matings, and vice versa. 

An interesting peculiarizy of the P1 ke phage has been 
found in the transductional experiments. In all the 
cases the titre of the phag> grown on a mutant was about 
5-10-fold lower than tat of a phage grown on the 
prototroph (thyt). The determination of the average 
phage yield from mutant end non-mutant cells has shown 
that differences do exist, although there are no differ- 
ences in the adsorption raze and the duration of a latent 
period. The average phage yield was 120-150 and 10-40 
particles for non-mutant and mutant cells, respectively. 

Under conditions of thymine starvation, when the 
thy- cells infected by the phage were transferred to the 
medium containing no thymine at the end of the adsorp- 
tion, the phage yield was practically absent. 

This is eviderce that tae P1 ke phage ıs a thymine- 
defective one. 
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influence of Added Nucleosides on Acriflavin 
Induction of petite Mutants in Baker’s Yeast 


REORMNæ reports have suggested the occurrence of DNA 
in mitochondria of yeast? and chick embryo?. These 
studies have added interest in view of the presence of 
DNA in the chloroplast fractions of algae and higher 
plants’, and its obvious implications for non-chromosomal 
inheritance’. The respiratory-deficient petite mutants of 
yeast possess altered mitochondria’, and they are 
easily induced by a variety of agents®. It is important to 
establish the chemical nature of the non-chromosomal 
determinants of this inheritance pattern, with DNA and 
RNA most probably involved, since they are the 
principal genetic materials. To approach the question of 
which nucleic acid might be the determinant for the 
respiratory characteristic, Moustacchi and Marcovich’ 
added uridine and thymidine along with the mutagenic 
base analogue 5-fluorouracil (5-FU). Their data showed 
that added thymidine was ineffective at all mutagen 
concentrations used, but that uridine significantly 
reduced the frequency of mutants induced at 5-FU con- 
centrations of 0-1 and 0-2 ug/ml. There was no appreciable 
effect when uridine was added at 5-FU concentrations 
lower than 0-1 or higher than 0:2 ug/ml. When both 
nucleosides were added, the results paralleled those 
obtained with only thymidine added or with neither 
nucleoside present. They concluded that RNA was more 
likely than DNA to be the determinant involved, even 
though the uridine effect occurred only in a narrow portion 
of the concentration range of the mutagen. We have re- 
investigated the problem, using the same experimental 
design, with the more commonly applied mutagen for 
petite induction, the acridine dye acriflavin. Unlike 
Moustacchi and Marcovich’, we found that both uridine 
and thymidine reduced the frequency of petite mutations 
induced by acriflavin. Our results, like theirs, also showed 
the nucleoside effect to be restricted to a narrow segment 
of the range of mutagen concentrations tested. 

Tsogeni¢ isolate cultures of the diploid yeast strain 
zso-N were grown in & semi-synthetic medium containing 
l per cent dextrose. Inocula were taken from 24-h 
cultures and grown in 250-ml. Erlenmeyer flasks in a water 
bath shaker at-32° C, with continuous agitation. At the 
time of inoculation, 0-5-12-0 ug/ml. acriflavin and 100 
ug/ml. nucleoside were added to each test culture. Cul- 
tures were diluted and plated on dextrose-nutrient agar 
after reaching a population size of 107—108 cells per ml. 
during 24 h growth on the shaker. After 2-3 days for 
colony development, mutant frequency was determined 
by tetrazolium agar overlay®. Normal colonies developed 
a red colour within 3--5 h, whereas petite colonies remained 
white. Duplicate experimental and control flasks were 
analysed in two or three separate experiments for each 
mutagen concentration and nucleoside treatment. 

For each acriflavin concentration used there was a 
statistically significant increase over the spontaneous 
petite frequency of 0:7 per cent (Fig. 1). The petite form 
occurred at frequencies near to 100 per cent at acriflavin 
levels of 1-5 pg/ml. and higher, whether or not nucleosides 
were also present. Only two of the tested acriflavin 
concentrations showed an altered response with added 


Table 1. MUTANT a INDUOED BY AORIFLAVIN AT ‘TWO CRITIOAL 


NCENTRATIONS 
Mean 
Acriflavin Nucleoside Total No. No. percentage of 
(ugſinl.) added colonies i petite 
F examined colonies colonies S. E. 
0-75 None 680 383 56°8 + 4-9 
Uridine 917 165 180+1-6 
- Thymidine 726 188 252 + 7-8 
Uridine + 
thymidine 745 -277 8372+70 
1-00 None 486 315 64-84 7-1 
Uridine 654 . 524 80-142-7 
Thymidine 502 255 50°38 + 5-2 
Uridine + 3 
thymidine 589 397 67-44 4-1 
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Fig. 1. Frequencies of petite mutants induced by acriflavin, with and 
without added nucleosides 
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nucleoside (Table 1). At 0-75 ug/ml. of mutagen, each 
nucleoside treatment significantly (P = 0:01) reduced the 
frequency of petite mutants, as compared with the 
frequency induced by acriflavin alone. The results were 
somewhat different using 1-0 ug/ml. acriflavin. At this 
concentration, all nucleoside treatments were significantly 
different from one another (P = 0-01) but not from that 
of acriflavin alone. However, the data showed a con- 
tinuing tendency for reduced mutant frequency when 
thymidine was present in the medium. There was no 
difference in cell survival between controls and acriflavin- 
treated populations. 

Although acriflavin and base analogues are believed 
to induce nuclear gene mutations by different mechan- 
isms’, little is known of non-chromosomal mutation 
mechanisms. Nagai and Nagai? found that either 
guanosine or adenosine could reduce the frequency of 
petite mutants induced by caffeme from 97 per cent to 
less than 1 per cent, while the two nucleosides combined, 
with caffeine, yielded about 25 per cent petite mutants. 
In the present case, we cannot decide whether the differ- 
ences in nucleoside effect on acriflavin- and base analogue- 
induced mutagenesis are due to differences in mutagen 
action, to yeast strain differences, or to other factors. 
Acrifiavin is known to interact specifically with DNA, 
and to eliminate nucleic acid-containing structures such 
as episomes#*, In our work the reduction in induced 
mutation frequency, both with added thymidine and with 
uridine, argues a DNA and RNA involvement in the 
respiratory non-chromosoma! genetic determinant system. 
Until critical experiments are designed, we should not 
rule out the possibility of a DNA genetic determinant 
for the respiratory-deficient phenotype of vegetative 
petite mutants, 

This investigation was supported in part by a research 
grant from the U.S. Public Health Service (4J—04916). 

CHARLOTTE J. AVERS 
CLAIRE D. Dryruss 


Department of Biological Sciences, 
Douglass Campus, Rutgers—The State University, 
New Brunswick, New Jersey. 
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PSYCHOLOGY 


Short-term Recognition Memory for Normal 
and Whispered Letters 


WHEN a subject is asked to recall a list of items, he is 
aw asked to recall only certain relevant features of each item. 
If presentation is visual, subjects are usually not asked to 
recall the exact size, position, brightness, texture, etc., of 
the items. If presentation 1s auditory, subjects are usually 
not asked to recall the exact frequency, intensity, stress, 
ete. of the items. Features which are not to be recalled 
may be termed ‘irrelevant’. However, it is important to 
note that a logically ‘irrelevant’ feature is not necessarily 
irrelevant to the memory trace for relevant features. 
„Previous studies have shown that ‘irrelevant’ items in the 
presented list produce a considerable amount of interfer- 
ence in short-term recall of ‘relevant’ items, even when 
subjects have complete knowledge of which items are to be 
ignored?:2, 

The present experiment is concerned with an ‘irrelevant’ 
feature of an item, rather than with ‘irrelevant’ items. 
and it is concerned with short-term recognition memory. 
rather than short-term recall. The ‘irrelevant’ feature is 
voicing (normal versus whispered pronunciation of letters), 
and the purposes of the experiment are: (a) to determine 
whether recognition memory is better when the presented 
items and the test item are both normal or both whispered 
than when one is normal and the other is whispered: 
(b) to determine whether the retroactive interference 
produced by an interpolated list of letters is affected by 1ts 
similarity to the presented and test letters in the ‘irrele- 
p vant’ voicing feature. The term ‘voicing feature’ will be 

used throughout to mean all of the frequency, intensity. 
durational, ete., differences between normal and whispered 
voice. 

One sec after a ‘ready’ signal, subjects listened to a list 
of five different letters presented at the rate of 0-5 sec/ 
letter, followed by a 1-sec tone, followed by an ‘inter- 
ference’ list of eight different letters presented at a rate of 
0-5 sec/letter, followed by a l-sec tone, followed by a 
recognition test letter. The subjects were to decide whether 
the test letter was in the original list of five letters, answer- 
ing ‘yes’ or ‘no’ and giving their confidence on a scale 
from ‘I’ (least confidence) to ‘5’ (most confidence). They 
were given 18 sec in which to answer ‘yes’ or ‘no’ and indi- 
cate their confidence. The eight interference letters were 
always different from the five letters to be remembered. 
The test letter was either the same as a letter in the original 
list of five or else different from any in the original or 
interference lists. Letters from the interference list were 
“never used as test letters. To reduce rehearsal and ensure 
attention to the interference list, subjects were required 
to copy the interference letters as they were being pre- 
sented. The subjects were also required to copy the test 
letter, and only correctly copied test letters were scored 
for correct recognition. The entire experiment was 
recorded on tape. 

There were two groups in the experiment. In group 
N all original lists were pronounced with normal 
voicing. In group W all original lists were pronounced 
with whispered voicing. Within each group there were 
four conditions representing the four combinations of 
normal versus whispered interference lists and normal 
versus whispered test letters. Within each of the four 
conditions there were two subconditions determined by 
whether the test letter was or was not from the original 
list, correct or incorrect test letters, respectively. Correct 
test letters could come from any one of the five serial 
=" positions, and each serial position was represented as a 
test letter equally often. Incorrect test letters occurred 
3/5 as often as correct test letters in all eight subconditions. 
Within each group all conditions were given to all subjects. 
Conditions were randomized in blocks of 4 x 8 = 32 
trials. All four interference and test voicing conditions 
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were combined with three incorrect test letters and all 
five serial positions for correct test letters, in each block 
of 32 trials. There were 3 blocks in the experiment for a 
total of 96 trials. 

Each trial required akout 30 sec, and the experiment 
lasted around 50 min. Group testing was used. The 
subjects were undergraduates in this Institute talking 
psychology courses, wha participated in the experiment 
as part of their course quirements. Thirteen subjects 
were run in group N and 18 subjects in group W. 

To each test item a subject must respond with one of 
ten decision-confidence pairs. Let 2 = 1, 2,..., 5, 6,..., 
10 represent ‘yes’ with confidence ‘5’ (greatest confidence), 
‘yes’ with confidence ‘4’... ., ‘yes’ with confidence ‘l’ 
(least confidence), ‘no’ w-th confidence ‘I’, .. . ‘no’ with 
confidence ‘5’. Let fı(x) represent the total frequency 
(over all blocks and all subjects) with which response 2 


10 
occurred in condition xv. Let rifw) = fila)/X fie} 
t=] 
represent the relative fr>quency with which response 7 
‘2 
occurred in condition x.. Let R(x) = È r(x) represent 


the cumulative relative trequency with which responses 
1 through 2 occurred in condition x. The memory operating 
characteristic (MOC curve) is a plot of A(x), the (correct) 
recognition rate for some condition in which the test item 
is the same as the presentad item, against R:(y), the (false) 
recognition rate for some condition in which the test item 
is different from the presented item. 

In common-sense terms, it is relatively meaningless to 
compare conditions with respect to correct recognition 
rate (correct ‘yes’ respons), unless you also compare the 
conditions with respect tc false recognition rate (incorrect 
‘yes’ responses). If one can obtain correct recognition 
rates for several different values of the false recognition 
rate, then one can plot an MOC curve for a condition 
and compare that curve to the MOC curve for another 
condition. If one curve Aes above the other curve, then 
recognition memory is batter in the condition with the 
higher MOC curve. The confidence judgment technique 
allows one to determine one point on the MOC curve for 
each possible cut-off alcng the decision-confidence con- 
tinuum. In this experiment there were ten decision- 
confidence pairs, hence nine cut-offs and nme points on 
the MOC curve for each ccndition. 

The MOC curves for 2ach of the four conditions in 
group N are presented in Fig. 14. The conditions are 
represented by three letters —NNN, NNW, NWN, and 
NWW—the first letter representing the voicmg of the 
original letter, the second representing the interference 
letters, the third representing the test letter. Fig. 1B 
presents the MOC curves for the four conditions in group 
W-—WNN, WNW, WWa, and WWW. 

The general shape of all. eight MOC curves is very similar 
—smooth curves of continually decreasing slope that are 
symmetrical about the main diagonal. Such MOC curves 
could be very closely fittec by a theory of recognition mem- 
ory formally isomorphic z0 signal detection theory. This 
theory assumes that the strengths of the memory trace 
for correct and incorrect items are represented by two over- 
lapping normal distributicns, correct items having a higher 
average trace strength than incorrect items. Symmetry 
about the main diagonal implies that the strength distri- 
butions for correct and incorrect items have equal vari- 
ance. The theory assumss that a subject responds with 
decision confidence pair ¿ when the trace strength of the 
test item is greater thar some critical cut-off strength, 
ci, and less than the cut-off, cr-,, for decision-confidence 
pair 7-1. Signal detecticm theory applied to recognition 
memory is described in more detail by Egan’ and Norman 
and Wickelgren‘. 

The MOC curve for normal presentation averaged over 
all interference and test conditions was virtually identical 
to the average MOC cu-ve for whispered presentation. 
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But the ordering of the four mterference and test condi- 
tions was very different for normal as opposed to whispered 
presentation. The voicing of the interference letters had 
no consistent effect on the MOC curve, other things being 
equal. However, the voicing-similarity of the test letter 
to the presented letters had a moderate, but consistent, 
effect on the MOC curve. The average MOC curves for 
test letters with voicing identical to, or different from, 
the original letters are shown in Figs. 2A and 28. Short- 
term recognition memory appears to be better when the 
original letters and the test letter are both normal or both 
whispered than. when one is normal and the other is 
` whispered, ` 

This finding implies that normal and whispered items 
are not coded identically ın short-term memory. If they 
were, there could be no difference ın retrieval contingent 
upon the voicing-similarity of the test item to the original 
items. On the other hand, it seems rather likely that the 
internal representative of a normal item has a lot in 
common with the internal representative of a whispered. 
item, accounting for the fact that recognition memory 18 
far better than chance when the original letters and the 


test letter have different voicing. One could assume that. 


the internal representatives of normal and whispered 
letters have nothing in common and that long-term 
associations have been formed between them in the past, 
although intuitively this seems unlikely. 
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Fig. 1. MOC curves for conditions in groups N and W 
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Fig. 2. Average MOC curves for test items similar and dissimilar to the 


original items in voicing 


The voicing feature of a letter is represented in short- 
term memory, even though this feature is formally 
irrelevant to correct performance. Recognition memory 
is superior when the voicing of the test letter ıs similar ,_ 
to the voicing of the original letters. Within the frame- 
work of the strength theory of memory outlined earlier, 
this implies that the average strengths of the correct and 
incorrect normal letters are farther apart than the average 
strengths of the correct and incorrect whispered letters 
when. the original letters are normal. The reverse is true 
when the origmal letters are whispered. 

This work was supported primarily by grant, MH 
08890-01, from the National Institutes of Health, U.S. 
Public Health Service. Further aid was received from a 
National Aeronautics and Space Administration grant, 
NsG 496, to Hans-Lukas Teuber. 


WAYNE A. WICKELGREN 


Department of Psychology, 
Massachusetts Institute of Technology, 
Cambridge, Massachusetts. $ 
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2 Wickelgren, W. å., Nalure, 203, 1199 (1964). 
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- FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, May 24 


LINNEAN SOOIETY OF LONDON (at Burlington House, Piccadilly, London, 
W.1), at 5 p.m.-—Anniversary Meeting. 


UNIVERSITY OF LONDON (in the Physiology Theatre, University College, 
ower Street, London, W.C.1), af 5 p.m.—Dr. Joseph Katz (Cedars-Sinai 
Medical Center, Los — “Pathways of Glucose Metabolism. II. 
Hydrogen. Transfer and the Physiological Role of the Pentose Oycle”’. 


BRITISH SOCIKTY FOR THE PHILOSOPHY OF SOIENCE (in the Joint Staff 
Common Room, University College, Gower Street, London, W.C.1), at 
6,80 p.m.—Mr. L. L. Whyte. “Internal Factors in Evolution”. 


INSTITUTION OF ELECTRICAL ENGINEERS, SCIENCE AND GENERAL DIVISION 
(joint meeting with the Institution of Post Office Electrical Engineers, at 
Savoy Place, London, W.C.2), at 5.30 p.m.—Mr. P. H. Belsey’ “Some 
Probloms in the Training of Graduate Engineers in the Telephone Industry”. 


ROYAL INSTITUTION, LIBRARY CIROLE (at 21 Albemarle Street, London, 
W.1), at 5.80 p.m.—Dr. R, S. Schultze: “A Forgotten Method of Book 


“*"THustration—Books Illustrated by Pasted-In Photographs”, 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, S.W.7), 
at 8.15 p.m.—Mrs. Graham Spry: “On the Trail of John Palliser”. 


Tuesday, May 25 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 5.80 p.m.— 
Sir Lawrence Bragg, O.B.E., F.B.S.- “Magnetism”. (Lecture for Fourth 
Form Boys and Girls from Schools in London and the Home Counties. To 
be repeated on May 26, June 1 and 2.) 


SOOLETY OF OnEMICAL INDUSTRY, AGRICULTURE GROUP (at 14 Belgrave 
Square, London, S W.1), at 56 80 p m.—Annual General Meeting, followed by 
Dr. J. H. Hamence: “Chemicals in Agriculture in the Last Three Decades”. 


INSTITUTION OF MECHANIOAL ENGINEERS (joint meeting with the Institu- 
tion of Civil Engineers, at Great George Street, London, S.W 1), at 6 p-m-— 
Mr. J. D. Hay, Mr. H. M. Hughes and Mr. R. W. Wrathall: “The Bretby 
Tunnelling Machine”. 


Wednesday, May 26 


BRITISH INTERPLANETARY Socrety (in the Lecture Theatre, 4 Hamilton 
Place, London, W.1), af 10 a m.. Symposium on “Launching Facilities for 


„a~ Space Vehicles’, 


re 


N 


INSTITUTION OF ELECTRIOAL ENGINEERS, SOLENOE AND GENERAL DIVISION 
(at Savoy Place, London, W.C.2), at 5.80 p.m.—Annual Meeting. 


INSTITUTION OF ELEOTRONIO AND RADIO ENGINEERS (at the London 
School of Hygene and Tropical Medicine, Keppel Street, Gower Street, 
London, W.C.1), at 6 p.m.—Major General L. H. Atkinson, 0.B.E.: “The 
Impact of Electronics on the Army’s Repair Organization”. 


SOCIETY OF CHEMICAL INDUSTRY, Foon Group (at 14 Belgrave Square, 
London, 8.W.1), at 6.15 p.m.—Annual General Meeting. 


SOOIETY FOR ANALYTICAL CHEMISTRY, MICROCHEMICAL METHODS GROUP 
— Feathers”, Tudor Street, London, E.C.4), at 6.30 p.m.— Discussion 


Thursday, May 27 


ROYAL Socrery (at Burlington House, Piccadilly, London, W.1), at 9 a.m. 
Discussion Meeting on “Deformation of Solids by the Impact of Liquids” 
organized by Dr. F. P. Bowden, F.R.S. 


INSTITUTION OF CIVIL ENGINEERS, HYDROLOGICAL Group {at Great 
George Street, Westminster, London, S.W.1), at 5.80 p.m.—Informal 
Meeting on “Experiments in Catchment Management in East Africa” 
introduced by Dr. J. 8. G. McCulloch. 


UNIVERSITY OF LONDON (at Senate House, London, W.C 1), at 5.30 p.m.-—~ 

Prof. Fausto Lona (University of Parma): Thermoperiodic and Photo- 

odio Re ulremen of Alpine Plants in Relation their Growth and 
velopment’. 


Thursday, May 27—-Saturday, May 29 


INSTITUTION OF MECHANIOAL ENGINEERS, LUBRICATION AND WEAR 
GROUP (at 1 Birdcage Walk, Westminster, London, 8.W.1)}—Convention on 
“Lubrication and Wear”, 


Friday, May 28 


UNIVERSITY COLLEGE, LONDON (in the Engineering Theatre, Malet Place 
London, W.C.1), at 5.30 p.m.—~Dr. John Brown: “Co-operation in Engineer- 


ing Education” (Inaugural Lecture). * 

ENVIRONMENTAL GROUP (in Room 201, Civil a a Department, 
Imperial College of Science and Technology, London, 8.W.7), at 6.15 p.M, 
Discussion Meeting on “The Relationship Between the Various Factors which 
Affect the Human Environment and the Extent to which Attempts to 


Optimise One Factor in Isolation Affect Design for Others”, 


SOCIETY FOR ANALYTIOAL CHEMISTRY, THERMAL ANALYSIS GROUP (in the 
Meeting Room of the Chemical Soclety, Burlington House, Piccadilly, 
London, W 1), at 6.80 p.m.—Inaugural Meeting. 


Monday, May 3! _ 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY (in the Main Lecture 
Theatre, Department of Electrical E eering, Exhibition Road, London, 
$.W.7), at 6.80 pm.—Dr. B. J. Nield “Fatigue Problems in Raliway 
Engineernng”’,* a 


PLASTICS INSTETUTE, LONDON SECTION REINFORCED PLASTICOS SuB-GROUP 
e ra Eccleston Hotel, London, 8.W,1), at 7.30 p.m.-~Annual General 
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APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before 
_ the dates mentioned: ; 

Lecturers (with experience in communications, microwaves, plasma 
engineering or in some other branch of electronics, and preferably some 
teaching experience) IN ELECTLONIC ENGINEERING IN THE SCHOOL OF 
ENGINEERING SOIENCE-—~The Registrar, University College of North Wales, 
Bangor, North Wales (May 25). 

LEOTURER/ASSISTANT LECTURER IN STATISTICS IN THE DEPARTMENT OF 
MATHEMATICS—The Secretary, University of Exeter, Northcote House, 
The Queen’s Drive, Exeter, Devanshire (May 27). 

LECTURER, Grade II (with special interests m electron microscopy and 
fine structure); and a LEOTURER:. Grade IT (with special interesta in nucleic 
acid biochemistry or protein biesynthesis) IN THE DEPARTMENT OF BIO- 
— May 2 — trar, Unversity Senate House, Tyndall Avenue, 

, y . 
Oa LECTURER IN Botany-~The Registrar, The University, Hull 

&y + 

ASSISTANT LEOTURER or LEOTORER IN BoTANY with special reference to 
mycology particularly in connexion with fungal genetics—The Secretary, 
fay eit College (University of London), Malet Street, London, W.C.1 

ay " 

ASSISTANT LECTURER (preferatly with an interest in political philosophy 
IN PHILOSOPHY—The Registrar, Westgate House, University of Kent a 
Canterbury, Canterbury, Kent (fay 31). 

DEMONSTRATOR or SENIOR DEMONSTRATOR IN THE DEPARTMENT OF 
ZooLoay~~The Registrar, The Uriversity, Newcastle upon Tyne, 2 (May 31). 

LECTURER or ASSISTANT LECTURER (with experience in any branch of 
electronic engineering) IN EL=ZOTRONIG ENGINERRING—The Registrar, 
University of Leicester, Leicester (May 31). 

LECTURER (with a special interest and qualifications in urban geography) 
IN Grocrapuy—tThe Secretary of the University Court, The University, 
Glasgow (May 31). 

RESRARCH ASSISTANT IN THE GEOCHEMICAL LABORATORY, DEPARTMENT 
oF GEOLOGY—tThe Registrar, Kir’s College (University of London), Strand, 
London, W.C.2 (May 31). 

RESRARCH ASSISTANT IN TEB SvUB-DEPARTMENT OF COMPUTATION, 
rA al oF MATHEMATICS—The Registrar, The University, Hull 

y i 

RESEARCH ASSISTANT (medical or sclence graduate interested in tropical 
medicine or immunology) to participate in an investigation of malarial 
immunity which is being carried oat jointly by the London School of Hygiene 
and Tropical Medicine and the Department of unology, St. Mary’s 
— Secretary, St. Meary’s Hospital Medical School, London, 

: y 31). 

RESEARCH ASSOCIATHS (2), and 2 RESEARCH ASSISTANT (with an honours 
degree or a diploma in technology in electrical e eering or physics) IN 
THE DEPARTMENT OF ELECTRICAL ENGINEERING—The Principal, Lanchester 
College of Technology, Priory Sreet, Coventry (May 31). 

RESEARCH FELLOW (preferably with the degree of Doctor of Philosophy 
in physiology or zoology) IN ANCIAL PHYSIOLOGY IN THE DEPARTMENT OF 
AGRICULTURE—The Registrar, The University, Nottingham (May 31). 

SENIOR LEOTURER IN ELECTRIDAL ENGINEERING (Research); a SENIOR 
LECTURER IN BICCHEMISTRY; & LECTURER IN MATHEMATICS; a LECTURER 
IN IVIL OR MUNICIPAL ENGINEERING; and RESEARCH ASSOCIATES IN 
ORGANIC CHEMISTRY, CIVIL ENGZINRERING/BUILDING, MECHANICAL ENGEN- 
EEBRING, PRODUCTION ENGINEERING, PHYSIOS AND BroLoay—The Principal, 
— ae Regional College of Technology, Burton Street, Nottingham 

ay 

TUTORIAL STUDENT (graduate or about to ——— IN MATHEMATICS— 
ane Pa iy King's College (niversity of London), Strand, London, 

Ve y ⸗ 

LEOTURER or ASSISTANT LECTURER IN PHILOSOPHY—The Registrar, 
University College of North Wales, Bangor, North Wales (June 1). 

RESEARCH DEMONSTRATOR IN GEOGRAPHY, & RESEARCH DEMONSTRATOR 
IN ZOOLOGY, and a RESEARCH DIOMONSTRATOR IN BoTANy—The Chairman, 
Natural Sciences Committee, Hagee University College, Londonderry 

une 1). 

RESEARCH FELLOW IN MICROBIOLOGY IN THE DEPARTMENT OF CHEMISTRY 
to participate in a study relating O a new antiblotic--The Registrar, Univer- 
sity College of Swansea, Singleton Park, Swansea, South Wales (June 1). 

ASSISTANT CURATOR (with experience of fleld research in, ethnology) oF 
THE MUSEUM OF ARCHAEOLOGY AND ETHNOLOGY-~The Secretary of the 
Appointments Committee, Faculty of Archaeology and Anthropology, The 
University, Downing Street, Cambridge (June 2). 

LECTURER and an ASSISTANT LECTURER IN THE DEPARTMENT OF APPLIED 
MATHEMATICS AND THEORETICAL _Puysics—The Secretary of the Appoint- 
ments Committee of the Faculty >f Mathematics, University of Cambridge, 
Silver Street, Cambridge (June 2). 

FELLOW and TUTOR or LECTURER IN MATHEMATIOCS—The Principal, St. 
Hugh’s College, Oxford (June 3). 

ASSISTANT LECTURER IN STATISTICS Om the Unit of Biometry), for teaching, 
ee Jae ieee Registrar (Room 22, 0.8.B.), The University, 

une 4). 

RESEARCH FELLOW IN THE DHPARTNENT OF METALLURGY to carry out 
research in the general fleld of physical metallurgy, and may be required to 
take some part in — work in the Department-—-The Registrar, Univer- 
sity College of Swansea, Singleton Fark, Swansea (June 4). 

ASSISTANT LECTURER IN THE [SRPARTMENT OF PHYSIOLOGY in St. Salva- 
tor’s OCollege—The Secretary, University of St. Andrews, College Gate, 
St. Andrews, Fife, Scotland (June 5). 

LECTURER or ASSISTANT LECTURER IN APPIIED MATHEMATIOS—The 
Registrar, The University, Leeds,-2 (June 7). 

ECTURER (with qualifications hh physics) In Enucation—The Registrar, 
The University, Manchester, 18, quoting Ref. 102/65. (June 10). 

LECTURER (graduate in agriculsure or cultural botany, postgraduate 
training in plant physiology, anc preferably experience in the tropics) IN 
THE DEPARTMENT OF CROP HUSBANDRY AND HORTIOULTURE, University 
of Ghana-~-The Assistant Registraz, Ghana High Commission, Higher Educa- 
tion Section, 15 Gordon Square, Leadon, W.C.1; or The Registrar, University 
of Ghana, P.O. Box 25, Legon, Accra, Ghana (June re 
CHAIR OF AGRICULTURAL CHEMISTRY at Makerere University College, 
Uganda (University of East Afriea)—The Secretary, Inter-University 
——— Higher Education Overseas, 33 Bedford Place, London, W.C.1 

une 15). 

CHAIR OF BIOCHEMISTRY at Charing Cross Hospital Medical School—The 
— Registrar, University cf London, Senate House, London, W.C.1 

uns 21). 

CHAIR OF CHEMICAL PATHOLCGY af Charing Cross Hospital Medical 
School—-The Academie Registrar, University of London, Senate House, 
London, W.C.1 (June 21). 5 


— 


—— 
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OHAIR OF BIOCHEMISTRY at Monash University—The Association of 
Commonwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, 8.W.1; or The Registrar, Monash University, Clayton, Victoria, 
Australis (Australia, June 30). 

HEYWOOD ELECTRONICS RESEARCH FELLOW IN TAB DEPARTMENT OF 
ELECTRONIG AND ELEOTRIOAL ENGINEERING (special consideration will be 
given to candidates who have been working in industry}—The Registrar, 
The University, Sheffield, 10 (June 30). 

LECTURER and an ASSISTANT LECTURER (graduates in medicine and/or 
science) IN PHYSIOLOGY—The Registrar, University College of South Wales 
and Monmouthshire, Cardiff (June 30). 

LECTURER or ASSISTANT LECTURER IN PLANT PATHOLOGY IN THE DEPART- 
MENT OF AGRIOULTURAL Botany—The Registrar, University College of 
Wales, Aberystwyth (June 80). 

CHAIR OF ORGANIO CHEMISTRY at Monash University, Australia-~-The 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, 8.W.1; or The Registrar, Monash University, 
P.O. Box 92, Clayton, Victoma, Australia (Australia and London, July 19). 

ASSISTANT MASTER (bachelor) to teach geography at all levels-~-The 
Headmaster, Wrekin College, Wellington, Shropshire. 

LECTURER (mathematician or mathematically inclined engineer, preferably 
with some teaching, together with industrial or research experience) IN THE 
DEPARTMENT OF MATHEMATICS—The Academic Registrar, Loughborough 
College of Technology, Loughborough, Leicestershire, quoting Ref, 20/G. 

LECTURER or SENIOR LECTURER IN PHYSICAL SOrENOE—The Principal, 
The College of Education, Bognor Regis, Sussex. 

LECTURER (with qualifications and interest in some branch of physical 
geography, preferably biogeography or climatology) IN GEOGRAPHY at the 
University College, Dar es Salaam, University of East Africa-~~-The Secretary, 
Pier Tain y Council for Higher Education Overseas, 33 Bedford Place, 

fh on, + * a 

MASS SPECTROMETRY TROHNICIAN IN THE DEPARTMENT OF OHEMISTRY, 
for duties which will tnvolve analysis of chemical compounds using an 
A.E.. MS9 High Resolution Mass Spectrometer and an Atlas CH4 Mass 
Spectrometer- The Secretary, Department of Chemistry, University of 
British Columbia, Vancouver 8, Canada. 

MASTER to teach Chemistry throughout the School, including advanced 
level—The Headmaster, King’s College School, Wimbledon, London, 8.W.19. 

MASTRE to teach Mathematics at all levels including the sixth form-—The 
Master, Dulwich College, London, 8.6.21. 

POST-DOOTORAL FELLOW IN PHYSICAL CHEMISTRY for work which will 
involve the preparation of single crystals or organic and inorganic substances 
and the study of diffusion and electrical conductivity in these crystals— 
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REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Philosophical Transactions of the Royal Society of London. Series B: 
Biological Sciences. No. 751, Vol. 248 (18 February 1965): The Anatomy 
of the Thecodont Reptile Euparkeria capensis Broom. By Rosalie F. Ewer 
Pp. 379-435 + plates 31-34. 273.; 4.05 dollars. No. 752, Vol. 248, (18 
February, 1965)‘ The Fine Structure of Crustacean Proprioseptors. II: 
The Thoracico-Coxal Organs in Carcinus, Pagurus and Astacis. By Mary 
Whitear. . 437-456 -+ plates 35-40. 168. 6d.; 2.45 dollars. (London: 
The Royal Society, 1965 ) [13 

Transactions of the Royal Soclety of Edinburgh. Vol. LXVI, No. 4: 
Studies on the Functional Morphology and Feeding Mechanism of Monodella 
argentarii Stella voter: Thermosbaenacea). By Geoffrey Fryer. Pp. 
49-90. 15s. Vol. LXVI, No, 5: A Comparative Account of the Feeding 
Methods of the Beatles Nebria brevicols (F.) (Carabidae) and Philonthus 
decorus (Gray.) (Staphylinidae). By M. E. G. Evans. Pp. 91-109. 8s. 6d. 
(Edinburgh: The Royal Society of Edinburgh, 1965.) {18 

British Raflways Board. The Development of the Major Railway Trunk 
Routes. Pp. 100. (London: British Railways Board, 1965.) 15s. [43 

Royal Observatory Bulletins. No. 90: Studies in the Magellanie Clouds. 
VII: Distribution of Faint Stars of Various Colours in Selected Areas of the 
LMC. By Sir Richard Woolley and Elizabeth Epps. Pp. BE318~H828 + 
2 plates. (London: H.M. Stationery Office, 1965.) $s. net. {93 

Department of Scientific and Industrial Research and Fire Offices’ Com- 
mittes Joint Fire Research Organization. List of Recent Reports ete. 
published by H M. Stationery Office and in Technical Journals (1959-—— 
August, 1064), Pp.16. (London Department of Scientific and Industral 
Ta and Fire Offices’ Committee Joint Fire Research — 
The Pharmaceutical Society of Great Britain. Symposium on Identifica- 
tion of Drugs and Poisons, School of Pharmacy, University of London, 
March 20, 1965. Pp. 70. (London: The Pharmaceutical Society of arent 


Britain, 1965 ) 9 
Philosophical ‘Transactions of the Royal Society of London. Series B: 
Biological Sciences. No, 753, Vol. 248 (4 March, 1965): New Triassic 


Dicynodonts from South America, Their Origins and Relationships. By 
C. B. Cox. Pp. 457-516. (London: The Royal Society, 1965.) 21s., 
3.15 dollars, [93 

Regional Advisory Council for Technological Education: London and 
Home Counties Report on Education for Physics and Mathematics im 
Colleges of Technology in the London and Home Counties Region. Pp. 42. 
(London: Regional Advisory Counell for Technological Education: London 
and Honte Counties, 1964.) 5s [98 

The University of Sussex. Fifth Annual Report, 1963-64. Pp. 42+-xv. 
(Stanmer, Brighton: The.University of Sussex, 1964 } [93 


NATURE 


May 22, 1965 VoL. 206 


International Nickel, Limited. 90/10 Cupro-Nickel for Seawater Pipe- 


lines. Pp. 12. (London: International Nickel, Limited, 1965.) 93 
iding Research Station Digest (Second Seres). No. 56: Painting 
Walls—2. Pp. 4. (London: H.M. Stationery Office, 1965.) 4d. [93 


The Carnegie United Kingdom Trust. 61st Annual Report, 1964. Pp. 
en M 68+2 plates. (Dunfermline: The Carnegie Umted Kingdom —— 

Bulletin of the British Museum (Natural History). Geology. Vol. 10, 
No. 3: Two Heterosporous Plants from the Upper Devonian of North 
America. By J. M. Pettitt. Pp. 81-92+2 plates. (London: British 
Museum (Natural History), 1965.) 13s. {93 

The Royal Observatory, Edinburgh. Publications—Vol. 3, No. 7: The 
Pletades. By F. Ahmed, L. O. Lawrence and V. O Reddish. Pp. 181-260. 
153. net. Publications—Vol. 3, No. 8: Recognition of Rapidly Rotating 
Pole—on B-type Stars. By B. N. G. Guthrie. Pp. 261-274. 3s. net. 
(Edinburgh and London: H.M. Stationery Office, 1965.) [93 

Proceedings of the Royal Irish Academy. Vol. 64, Section A, No, 1: 
Classical Statistical Mechanics and the One-Dimensional Oscillator. By 
J. L. Synge. Pp. 1-16. 4s. Vol. 64, Section A, No. 2: Some Irish Con- 
temporaries of Faraday and Henry. By P. J. McLaughlin. Pp. 17-36+ 
plates 1-4. 5s. 6d. Vol. 64, Section A, No, 8: The Influence of Variations 
1n Pressure and Temperature on the Calibration of a Photo-Electric Nucleus 
Counter. By P. J. Nolan and J. A. Scott. Pp. 37-48. 33. Vol. 64, 
Section B, No. 1: The Faunal Succession and Volcanic Rocks of the 
Ordovician near Bellewstown, Co. Meath By J. Q. er and N. Rast. 
Pp. 1-24+ plates 1—4. 6s. Vol 64, Section B, No 2: The Effect of Tem- 
perature on Weight Changes and Water Fluxes in the Common Frog Rana 
temporaria. By J. N. B. Grainger. Pp. 25-32. 1s. Vol. 64, Section B, 
No 3: The Last Glaciation in the Burren, Co. Clare By A. Farrington. 
Pp. 33-40. 1s. (Dublin: Hodges, Figgis and Co., Ltd., 1964 and 1965) [93 


Other Countries 


Forest Research Institute, Dehra Dun. Indian Forest Leaflet No. 174 
Gums and Resins. By Dr. R. R. Fernandez. Pp. 21+3 plates. (Dehli: 
Manager of Publications, 1964.) Rs. 1.76; 48. 1d.; 63 U.S. cents. {93 

The Basic Matter of the Universe and Atoms. By P. K. Eswariah. 
Pp. 78+Supplementary Book containing — only. (Shevapet, Salem, 
India: P. K. Eswariah, 128, Appu Chetty Street, 1963.) [93 

Australia: Commonwealth Scientific and Industrial Research Organiza- 
tion. Division of Fisheries and Oceanography. ‘Technical Paper No. 16: A 
Bibliography of Systematic References to the Grey Mullets ugilidae). 
By J. M. Thomson. Pp. 127. (Melbourne: Commonwealth Scientific and 
Industrial Research Organization, 1964.) [93 

European Organization for Nuclear Research (OBRN). Annual Report 
for 1963. Pp. 181. (Geneva: Buropean Organization for Nuclear Research 
(CERN), 1964.) ; [93 

The International Nickel nompany of Canada, Limited. Annual Report 
for 1964. Pp. 40. (Copper Cliff, Ontario: The International Nickel Com- 
pany of Canada, ted, 1965.) [93 

United Arab Republic. Ministry of Scientific Research—Institute of 
Oceanography and Fisherles. Publications of the Marine Biological Station, 
Al-Ghardaqa, Red Sea. No. 13: The Elasmobranchs of the North-Western 
Red Sea. By H. A. F. Gohar and F. M. Mazhar. The Internal Anatomy of 
Selachii from the North-Western Red Sea. By H. A. F. Gohar and F. M. 
Mazhar. Keeping Eiasmobranchs in Vivaria. By H. A. F. Gohar and 
F. M. Mazhar. Pp. 250+ 380 plates. (Cairo: Ministry of Scientific Research— 
Institute of Oceanography, 1964.) {93 

Societas Scientiarum Fennica. Commentationes Humanarum Litterarum, 
XXXIV, 1: Muslim Death and Burial—Arab Customs and Traditions 
Studies In a Village in Jordan. By Hibma Granqvist. Pp. 287. (Helsinki: 
Societas Scientiaram Fennica, 1965.) 14.30 F. marks. {93 

United States Depariment of the Interior: Geological Survey. Water- 
supply Paper 1757-D: Ground-Water Provinces of Southern Rhodesia. 
By P. Eldon Dennis and L, L. Hindson. Pp. iiit+15+plate 1. Water- 
Supply Paper 1812: Public Water Supplies to the 100 Largest Cities in the 
United States, 1962. By Charles N. Durfor and Edith Becker. -ix+ 364. 
Water Supply Paper 1943: Quality of Surface Waters of the United States, 
1962. Parts 5 and 8: Hudson Bay and Upper Mississippi! River Basins, and 
Missouri River Basin. Prepared under the direction of S. K. Love. Pp. 
x+418. 1.50 dollars. — er eats Paper 1945: Quality of Surface 
Waters of the United States, 1962. Parts 9-14: Colorado River Basin to 
Pacific Slope Basins in Oregon and Lower Columbla River Basin. Prepared 
under the direction of S. K. Love, Pp. xvil+691. (Washington, D.C: 
Government Printing Office, 1964.) [93 

Institut Royal Météorologique de Belgique. Publications, Série A, No. 51: 
Annuaire Climatologique pour 1963. Pp, 94. Publications, Série B, No. 44: 
Les Transformations sans Échange Thermique et sans Echange Bnergétique 
dans; l’Atmosphére. Par Dr.. L. Dufour. Pp. 75. Observations Ionos- 
pheriques—Station de Dourbes, Novembre, 1964. Pp. 26. Décembre, 
1964. Pp. 26. (Uccle-Bruxelles: Institut Royal Météorologique de 
Belgique, 1964 and 1965.) f [98 

Observations Magnétiques faltes à l'Observatoire de Port-aux-Francais, 
Kerguelen, 1959-1960-1961. Par R Schlich, M. Souriau, P. Lamarque, 
L. Meister et P. Patriat. (Annales de l'Institut de Physique du Globe de 
P Université de Paris et du Bureau Central de Magnétisme Terrestre, Tome 
32.) Pp. 147. (Paris: Institut de Physique du Globe de Université de 
Paris, 1964.) 93 

Deutscher Wetterdienst. Verhditnis- von Sommer- zu Winterniederschlag 
(%) aus Mittelwerten der Hydrologischen Halbjahre, Zeitraum 1891—1930. 
Erganzung zu: Mittlere Niederschlagssammen (mm) fir dle Bundesrepublik 
Deutschland, Zeltraum 1891-1930. Pp. 3+map. (Offenbach a.M.: 
Selbstverlag des Deutschen Wetterdienstes, 1964.) {93 


Editorial and Publishing Offices of “NATURE” 
MACMILLAN (JOURNALS) LIMITED 


ST. MARTIN’S STREET, LONDON, W.C.2 
Telephone Number: Whitehall 008]. Telegrams: Phusis London W.C.2 


Annual subscription: Inland £13, Overseas £13 [5s., payable 
in advance, postage paid to any part of the world. 


Advertisements only should be addressed to 
T. G. Scott & Son, Ltd., 1 Clemant’s Inn, London, W.C.2. 
Telephone Number: Holborn 4743 


Registered as a newspaper at the General Post Office 


Copyright © Macmillan (Journals) Limited, May 22, 1965 


No. 4987 May 29, 1965 


- NATURE 


855 


DEVELOPMENTS IN MANAGEMENT EDUCATION 


HAT the British Institute of Management is giving 

a positive lead to the raising of management quality 
and standards in British industry was well brought out 
by the level of attendance and the emimence of the 
contributors at its National Conference at Brighton 
during March 16-18. The Conference considered də- 
velopments in management education in Britain over 
the next five years and examined them under four main 
heads. i 

For comparison, and often as a stimulus, papers were 
first presented describing the present position in other 
parts of the world. Gaston Deurinck, for example, the 
director of Fondation Industrie-Université, Brussels, and 
vice-chairman of the Belgian National Council for Scienti- 
fic Policy, described the state of management educa- 
tion in Europe. The exporience of the past ten years, 
he suggests, has directed attention to a number of 
grave misunderstandings which affect the contribution 
the universities can make to the training of future 
managers. 

These misunderstandings are of two kinds. The first 
results from the attitude adopted by the senates of many 
universities in the course of the nineteenth century towards 
what is called ‘vocational training’. In France, Germany 
and Great Britain, vocational schools have grown up 
outside the orbit of the universities. The establishment of 
Technische Hochschulen in Germany, and of the Ecole 
Polytechnique and Ecoles des Hautes Etudes Commer- 
ciales in France, provides examples of this split. In the 
United States, the Harvard Business School, the Massa- 
chusetts Institute of Technology and the Carnegie Insti- 
tute of Technology were set up outside the universities, 
as vocational schools for training engineers and business- 
men. But thereis the difference that, in the United States, 
this split has been progressively attenuated, and more 
intimate relationships have been established between— 
in particular—certain business schools and universities. 
Hence, the leadership taken by the United States in the 
sphere of business management has been, above all, the 
outcome of research carried through by some of their 
leading schools. A similar movement, following from the 
strides made at that time in economic theory, got under 
way in Europe between 1925 and 1939. Even to-day, 
many institutions continue to assimilate the study of 
management into applied economics. Contrary to 
developments in the United States since the Second World 
War, however, neither research in the social sciences nor 
the work carried out by mathematicians in the universi- 
ties has been integrated on the same scale into the study 
of business administration. This is one of the major 
causes for. the malaise which persistently retards the 
development, quantitative as well as qualitative, of 
management education in Europe. In France, Germany, 
Italy and Switzerland, management institutions remain 
outside, or on the perimeter of, the universities. The 
situation in Great Britain has been clarified through the 


reports of Lord Robbins and Lord Franks, and the pioneer- 
ing work of James Piatt, while in Belgium, The Nether- 
lands, Norway and Sweden, integration into the system of 
higher education is under way. 

The second kind of misunderstanding which has weighed 
and continues to weigh heavily against harmonious 
development derives directly from the attitude of the 
universities, and consists of a lack of confidence and 
co-operation betweer them and industry. In many 
countries it prevents tull integration of management and 
business studies into the network of university education 
and research. The co-operation which is foreseen must in 
no way change the 2ultural role of the university in 
society. On the consrery, top managers are becoming 
ever more aware of the dangers of too specialized an 
education, and of tka absence of culture in business. 
It is thus by respectng thew fundamental raison d'être 
that university and industry must continue and enlarge 
their dialogue. In eonsidermg the place of executive 
development programmes, Deurinck explained how some 
of the more advanced_institutions in Europe are brought 
together in the Eurcpean Association of Management 
Training Centres wh:ch, at the present time, has in 
membership some 31 institutions of both types, from 
Bergen to Palermo, which together represent some 260 
full-time managemen> teachers and research workers. 
Each year, in addition to a number of speciahzed short 
programmes run for some 5,000 persons, some 2,500 
experienced managers take part in their general manage- . 
ment programmes. 

Nevertheless, the zontents of certain executive de- 
velopment programrres should be reconsidered. <A 
re-orientation of the >rogrammes of certain institutions 
is called for, in order to face up to the multiplicity of 
needs. 

Management education in the United States was out- 
lined by Marshall A. Robinson, programme director for 
Economics and Businass Administration, Ford Founda- 
tion. The prevailing vattern is that men who do under- 
graduate work in othe fields find that graduate study of 
business is increasingl- required for a career in manage- 
ment. Business education in academic institutions in 
the United States encompasses a good deal more than 
the kind of management programme which Britain is 
contemplating. Ther» is a broad spectrum of about 
600 university-level programmes of business admunistra- 
tion; one-third of these are organized as separate faculties 
within the universities, and many of them have pro- 
grammes resembling those in some British regional col- 
leges and colleges of commerce. Whereas only about 
20 universities offerec postgraduate instruction before 
the Second World W~r, about 180 now have Master’s 
degree programmes, some of which focus on management 
and others on special subjects such as accounting and 
marketing. About 4) universities have a doctorate 
curriculum. 
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These multitudinous programmes exist because of the 
American educational system, which brings about half 
the high-school graduates into college; about one out of 
every five college students enrols in preparatory courses 
for business. 

Business programmes can be described by their primary 
orientation. (1) The programmes at the undergraduate 
level generally concentrate on job preparation in specific 
fields, such as marketing, banking, accounting, personnel, 
ete. (2) The programmes that offer work at both the 
undergraduate- and graduate-level try to satisfy students 
who wish to specialize as well as students who aspire to 
learn broader managerial techniques. (3) The programmes 
that work only at the graduate-level are generally devoted 
to developing managerial personnel and research-minded 
teachers of business administration. 

University programmes to-day draw, more or less 
equally, on four streams of knowledge: economic analysis 
of-the firm, the industry, the nation and the international 
scene; the psychology and sociology of individuals and 
groups working in business organizations; the mathemati- 
cal-quantitative analysis of systems and controls, and the 
appleation of these analytical tools to specific business 
functions and problems. 

American business has now moved past the relatively 
simple and static setting in which family connexions, the 
right school tie, and a general education were adequate 
preparation for a career in business. 

Robinson also directed attention to the pluralism of 
management education. Economics 1s thought of as the 
basis for the study of business, but long experience has 
shown that economics is an extremely limited, often 
misleading, foundation for understanding management. 
There are, of course, important economic issues to be 
considered, but management is much more than applied 
economics-—-a fact that American faculties learned very 
slowly. s 

The critical element in the development of the American. 
business programmes is found in the changing nature of 
university-based research—from passive descriptive re- 
cordings of what business did ın this or that situation, to 
an essentially scientific process which yields results that 
can be tested. Equally significant has been the changing 
role of business in the research process. Busimess has 
learned that it is foolish to refuse a research worker 
access to records and plant personnel on the grounds 
that no one ın the firm understands what the research 
worker is up to; if ıt were thoroughly understood, there 
would be no sense in doing the research. More positively, 
the serious research man, as he pursues his own objective, 
will often provide fresh insights on the workings of the 
firm—insights that suggest opportunities for management 
to improve operations. The active participation of 
university research people in the on-going processes of 
business is the most effective way of ensuring the relevance 
of the university programmes. 

Analysis of experience during the past ten years suggests 
that there may be a universal law for management 
education. This states that the excellence of university 
programmes for management education is directly pro- 
portional to the volume of research conducted by 
academics in the business setting and inversely propor- 
tional to the lack of interest in research shown. by the top 
leadership of business. 

Under the second heading various speakers analysed 
what industry in general and specific functions in particu- 
lar require from management education. G. S. Bos- 
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worth, reporting on behalf of the Management Education 
Panel of the Federation of British Industries, indicated 
that an essential element of management education is 
general education about the world in which we live, 
properly balanced between science, technology and the 
humanities for everyone, while alterations in the method 
of teaching may also be necessary. In industry some 
of the essentials are to consult each other, to profit by 
other people’s mistakes and not to spend too much time 
rediscovering for ourselves things which other people 
have already unveiled. The corporate solution of problems, 
discussion about facts and opinions, and the corporate 
reaching of decisions are inhibited by the examination 
system which requires the individual to answer questions 
on his own. This corporate activity is what the case-study 
method emphasizes in management studies. Secondly, 
for ease of assessment of the individual’s performance, 
and this is particularly so in science and mathematics. 
the information given to the student is sufficient and 
necessary and the answer is uniquely right. In real hfe 
there is more than enough information; mostly it 1s wrong 
or misleading and the vital pieces are usually missing. 
The answer 1s neither uniquely right nor wrong but it is 
an optimum. The problems to be solved are not confined 
to such topics as mathematics, history or French; they are 
multi-facet problems, involving not only physical quanti- 
ties but also human imponderables; not only chemistry 
or geography but also other factors such as time, money 
and emotions. The student in formal education at any 
level gets little practice in dealing with this type of 
problem, and again, the case study or group project 
attempts to give some practice in handling complex 
problems of this kind. 

The next stage in management education is to devise 
means of reaching objectives and of effecting their imple- 
mentation. The means may differ between different 
environments but they will usually involve the participa- 
tion of people. A favourable climate of opinion needs to 
be generated and communication is clearly important. 
This is the area of organization, administration, public 
relations, human relations, communications and so on. 
Some of these skills are learnt by experience throughout 
life, but anything learnt purely by experience can 
usually be better taught in an organized way and this 
teaching should clearly form part of education for 
management. 

One of the important tasks of formal education at 
all levels is adequate teaching which will lead to an under- 
standing of the environment in which the young person 
will find himself. This becomes increasingly important 
as the young person approaches his first job, and it is necos- 
sary to make provision both for him and his employer 
to decide what that job will be. Consequently there is 
need to expose the young man to the industrial and com- 
mercial environment before this. 

This should occur not later than immediately after the 
first degree, and it is for this reason that the Federation of 
British Industries recommends that there should be 
approximately six months spent in an industrial organiza- 
tion before a man attends any postgraduate business 
course. The task of this course is to make sure that the 
student achieves a certain minimum level of knowledge 
and understanding of the environment of his first job. 
Jt should also sharpen his powers of perception of the 
issue involved. In addition, 1t should aim to teach him 
something of the known skills and techniques necessary 
to devising means whereby objectives may be attained 
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and the extent to which attainment and efficiency can be 
measured. 

On completion of this course or, alternatively, after 
suitable experience and training in the business world, the 
young man will find himself employed on a specific job 
inside a department, such as engineering, sales or produc- 
tion. This job will inevitably, in the initial stages, be more 
supervisory than managerial in its content. If the 
individual is successful he will eventually become a 
candidate for the job of running the enterpmse and & 
further course of instruction will be useful at this stage. 
The aim here will be to turn the young man’s gaze out- 
wards to the environment in which the enterprise is 
operating. The content of this type of job is mainly 
managerial and it is for this conversion process that the 
post-experience courses should be designed. The students 
will now be senior people, often heads of large departments 
carrying substantial responsibility and not entirely devoid 
of general knowledge of the business world. They will 
be pragmatic and practical men who will not take kindly 
to high-flown theory and will be unlikely to respect 
theoreticians who are devoid of practical experience. 
Whereas the postgraduate course can in a large measure 
be taught by academics assisted by mon from the world 
of business, in the ‘post-experience’ course much of the 
teaching must be done by practising businessmen and 
managers who are not only conversant with the latest 
techniques but also well aware of their advantages and 
defects when applied in practice. There is another aspect 
of business and management education which is particu- 
larly important at a time when few of our executives have 
been exposed to formal study of, and education in, business 
and management. They need to be brought up to date, 
not only so that their operating efficiency may be im- 
proved, but also, and perhaps ¡more important, so that 
they will accept and use the highly trained output of the 
business schools. They have little time to spare and for 
them it will be necessary to provide semmars of short 
duration where they can learn about the new techniques 
from those who have both developed and used them, and 
also become acquainted with the theories which havé 
emerged from study and research in business and manage- 
ment. 

In discussing the role of the universities in management 
education, W. G. McClelland, senior research Fellow at 
Balliol College, Oxford, showed that there are several 
wrong reasons for releasing managers to go on a manage- 
ment course at a university. One is prestige. A second 
bad reason for releasing people is to save consultants’ 
feos. “You have a problem, you’ve heard of some new 
technique for tackling it, you know consultants will cost 
you 50 guineas a day, and you think you can get it done 
on the cheap by sending off bright young so-and-so on a 
management course which covers it.” 

This is not what universities are for. They ought to 
cover the techniques, but for them to attempt to provide 
people with specific and immediately applicable answers 
to short-term problems is a misuse of their resources. 
How then should they ‘cover the techniques’? First, 
they can provide managers with an appreciation of the 
techniques. This does not mean teaching first steps in the 
techniques themselves. It means making managers 
aware of the principles underlying the techniques, the 
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limitations of the techniques, the assumptions on which - 


they are based and which may not be valid in every case, 
the possibilities of future development and application, 
and so on. 


‘marketing managem=nt, 
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Secondly, there is che development of competence in a 
person to practise the application of these techniques. 
This is a matter of professional training which some 
university institutions, properly, do not undertake. 
The Imperial College pf Science and Technology, London, 


has a one-year course in production engineering, the 


University of Hull a one-year course in operational 
research, and the University of Oxford a two-year B. Phil. 
in economics. All these are postgraduate courses which 
turn out people who vould be regarded as professionally 
trained and qualified to practise. 

The practical art of management, in which professional 
competence can alsc be developed, is also based on 
certain fundamental iliserplines, and it is perhaps the 
main strength of the aniversities in the field of manage- 
ment education that these subjects are established in 
them. Engineering end mathematics are relevant_ to 
production managenzent, economics and sociology to 
economics and statistics to 
finance and accountency, psychology and sociology to 
personnel managemert, and, for top management, there 
is political science. 

But each of these subjects exists in a university in its 
own right, regardless of 1ts application to the problems of 
management. Each makes progress in its own theory and 
in the application of shat theory to a much wider range 
of problems than those of business management. They 
are living bodies of Enowledge with immense fertilizing 
power. Contact with them can avoid inbreeding and 
the dependence on hackneyed platitudes which the 
passage of time has rendered false but left un- 
questioned. 

Finally, the development of research into management 
and its problems were examined by Prof. R. W. Revans, 
formerly of the University of Manchester and now director 
of the European Association of Management Training 
Centres. Of 10,000 enzries under the general classification 
of Human Sciences it Industry shown in the library of 
the Department of Scientific and Industrial Research, 
only 61 extracts satisfied the conditions that they were 
drawn from Western Exrope; had to do with the immediate 
tasks of managers; exhibited the approach, analysis and 
conclusions expected in a piece of bona fide research. 
When these 61 entries are examined in detail they com- 
prise two sub-classes: themes personal and themes exter- 
nal to managers. A theme is personal to a manager when 
it deals primarily with his own understanding of his own 
professional activity, shat understanding which is neces- 
sary to improve tha- activity; it is external when it 
touches on the task hə does, or should do, without being 
much influenced by his individual personality, or without 
affecting him more then it would have affected any other 
manager trying to hold down the same job. In 61 entries, 
any research that assesses the practical results of manage- 
ment selection and training schemes, or evaluates what 
managers actually da, is likely to contain more useful 
material than studies >f worker or apprentice training or 
of the side effects of automation on management situa- 
tions. Of the 61 rigorcusly selected extracts, only about a 
dozen seem to centre on management as an activity of 
living individuals; the other extracts, strictly interpreted, 
are excursions into social psychology, economics and 
anthropology. These claim to be subjects in their own 
right, and are no more part of management than mathe- 
matics or physics are part of astronomy. 

Prof. Revans insistel that these were not his distinc- 
tions, any more than radium was a creation of the Curies, 
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or that gravitational attraction did not exist before the 
fall of Newton’s apple. They arise out of an examination 
of the industrial scene. Nor is this all. The universities 
of Britain have had professorships of anthropology, 
economics, and so forth, for more than half a century; 
there are more than fifty chairs in economics alone. 
However, this year British industrialists have taken the 
unprecedented step of subscribing £5 million to establish 
two new university business schools, confidently expecting 
them to raise the standards of British management. 
What is it, then, that they hope to do that has not previ- 
ously been done by the not undistinguished schools of 
economics and other subjects? It is presumably to 
prosecute research and teaching in management as some- 
thing different from research and teaching in these other 
subjects, however intricately management may seem to 
be bound up with them. Can one find more by examining 
the research, projects of the members of the European 
Association of Management Training Centres? Among 
their manifold activities, do they examine how managers 
act as managers? How, if at all, are the results of such 
examinations applied ? 

At the beginning of 1965 the Association had 30 
members, of whom 21 had reported between them 147 
active research projects. These may be classified under 
three headings. The first comprises economic and social 
questions, such as the consequences of legislation on a 
whole industry, problems of international trade, the 
structure of a national judiciary, the relation of wages to 
productivity, the effect of the Common Market on particu- 
lar industries, the re-organization of the European Coal 
and Steel Community, industrial development in Egypt, 
optimization of road networks in Sicily, tourism in @ region 
of France, economic and social planning in Belgium, and 
Trade Union structure in the British mining imdustry. 
There were 35 such projects reported, but one only gave 
specific attention to the dynamic processes of manage- 
ment. This was a study, with ‘established controls and 
first-hand interviews, of the parts played by particular 
Government officials in decision-making on matters of 
publie policy. 

The second category of researches is in the field of 
business management itself. Ninety-seven of these are 
reported. Some are highly derivative, as in the impact 
made by biography as a management subject, or the study 
of the less-well-known works of Henri Fayol. Others 
deal with general subjects, such as the control of public 
corporations, or the use of questionnaires for estimating 
managerial capacity; some analyse the structure of larger 
firms, or the place of professional engineers in a background 
industry; others deal with mergers, or computers, or 
product diversification and so forth. But there are some 
which seem to be directed more clearly than others towards 
this quest for the dynamic triad, this effort of a man to 
steer his system through the world outside it, this activity 
calculated to change situations under one’s hand, moving 
in an environment one can do little to control. From 
Brussels there is a report of how actual managerial 
problems are identified, analysed and resolved; it aims to 
assess to what extent scientific methods, so-called, are 
used by decision-makers. In Barcelona an attempt is 
being made to examine the place that a number 
of managers believe themselves to occupy in their 
firms, and to describe the tasks they should be carrying 
out. 

The third heading under which the researches of the 
Association are classified contains but 15 entries-research 
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into the problems of management training and develop - 
ment. Some of these appear to be of great practical 
interest; the identification of management training needs, 
from Edinburgh; the evaluation of sensitivity training, 
from Leuven; and from Yxtaholm an assessment of a 
six-week advanced management course. It would appear, 
therefore, that about one-tenth of the Association’s 
research programme is concerned with management 
itself. 

Where should the examination of this dynamic element 
of management be leading? Management stends out 
from the established economic and social sciences. The 
dynamic essence of management, involving so intimately 
the personal qualities of the individual, is to be found in 
the fogs of diagnosis and in the guiles of therapy. The 
future of management research lies in developing methods 
of problem definition and of solution application. “I see 
no way of doing this remote from where the problems 
exist and where their solutions must be applied, and I see 
little carry-over from existing academic disciplines to 
help us”. 7 

Of the three elements in a dynamic triad, one of them, 
the outside environment, the national economy, can be 
studied externally, for in a limited sense it is basically 
the same for all managers; another element, the internal 
system, such as for measuring costs or controlling stock 
levels, can also be brought into the classroom. “But 
whether any individual can learn much about his personal 
contribution to the triad without exercising it, I very 
much doubt. This, I believe, is why Sir Eric Ashby 
suggests that books on management are of no more use 
Prof. Revans went on to 
explain how his methods were bemg tried out in the 
Manchester School. 


OLDUVAI, 1951-6] 


Olduvai Gorge, 1951—61 

Vol. 1: Preliminary Report on the Geology and Fauna. 
By L. 8. B. Leakey, with contributions by P. M. Butler, 
M. Greenwood, G. Gaylord Simpson, R. Lavocat, R. F. 
Ewer, G. Potter, R. L. Hay and M. D. Leakey. Pp. 
xiv+118+97 plates. (Cambridge: At the University 
Press, 1965.) 75s. 


HIS is the first part of a preliminary report on the 

excavations carried out at Olduvai Gorge by Dr. 
L. 8. B. Leakey and his colleagues up to 1961, and is a 
continuance of the report given in his book on the Gorge 
published in 1951. Preliminary in nature, the work con- 
tributes the most complete survey as yet compiled of the 
stratification and faunal remains to be found in this 
remote and beautiful area of East Africa, and includes 
a large number of well-chosen illustrations. Further 
volumes are to be published, concerned with the remains 
of human. ancestors and their associated cultural sequences, 
so that little mention of these occurs here. 

Study of fossil remains is ever a prolonged procedure, 
and the detailed description and diagnosis of every 
specimen recovered from a site as rich as Olduvai will 
take a very long time indeed. However, sufficient time 
has elapsed for a specific survey of the faunal material, 
and the results of this are included, together with brief 
preliminary notes on the various orders by a number of 
distinguished contributors. 

During the period 1949-61 Dr. Leakey’s research 
finances gradually improved, and this allowed him to 
spend more time in excavation of finds in situ in the 
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sedimentary strata, as opposed to the surface inspection 
and collection which had had to be the main occupation 
of his earlier expeditions. Bigger grants have also per- 
mitted a better mapping and a more comprehensive 
appraisal of the stratigraphy, and the inclusion of a well- 
drawn map and a geological section helps greatly in an 
understanding of the location in space and time of the 
various specimens described. 

Inevitably, m a strictly preliminary report on a wide 
variety of faunal remains, some aspects are better covered 
than others. The Suidae and the Bovidae are well repre- 
sented in the deposits and are extensively described. 
Other mammalia have a fairly detailed appraisal, but 
time has not permitted the inclusion of details of the 
non-mammalian fauna. Work is proceeding, and more 
detailed descriptions will doubtless become available. 
With further time, too, one or two sources of possible 
taxonomic confusion may well be removed: for example, 
the creation of a species novum, Potamochoerus intermedius 
for a skull from site F. L. K. N.N.I is unlikely to endure 
since this is apparently preoccupied by P. intermedius 
(Lonnberg), 1910, even though this last-mentioned 
specimen ıs now commonly regarded as pertaining to 
P. kotropotamus. 

The investigation of specimens found in situ has greatly 
clarified our knowledge of the faunal sequences present 
in Beds I and II. It now seems clear that the remains in 
the lower part of Bed II are quite close to those in Bed I, 
both pertaining to the Villafranchian, and that a major 
break in Bed IT separates these lower deposits from those 
in upper Bed II, which are clearly Middle Pleistocene. 
Bed III has yet to be properly studied and is not included, 
and reports of excavations in Bed IV have yet to be 
published. However, some 27 species clearly belonging 
to Bed IV have now been identified, imdicating the 
presence there of a later Middle Pleistocene fauna 
closely resembling those found at Olorgesailie and 
Kanjera. 

In considering the contentious subject of geochronology, 
Dr. Leakey has wisely published as one separate chapter 
the full texts of the various communications to Nature 
concerned with potassium~—argon dating at Olduvai, and 
thus leaves the reader free to make his own appraisal of 
the available evidence. Apart from one minor correction, 
his only comment is to point out that, whatever the 
“absolute” dates may be, the faunal remains in the 
various strata are clearly diagnostic of their epochal 
positions. It is a little unfortunate that there is no 
reference in this particular chapter to an emendation by 
Evernden and Curtis of a critical potassium—argon dating 
which appears in the stratigraphical appendix contributed 
by Dr. Hay. Clearly, much remains to be done before a 
generally acceptable, absolute dating of the Oldowan 
strata can be achieved. 

As a preliminary report this volume 1s impressive, and. 
adds greatly to the debt that palaeontology owes to Dr. 
Leakey and his colleagues. Collecting at Olduvai is 
hazardous, difficult and expensive, and although the 
savage beauty of this desolate area helps to compensate 
one for the difficulties encountered, the large variety of 
fossil material obtained there by Dr. Leakey reflects his 
energy, courage and tenacity of purpose. These qualities 
emerge strongly in his text, and give vitality to what, 
written by another man, might have been a dull, pedantic 
catalogue. The author has not feared to be didactic, and 
at times may appear to be dogmatic, but nowhere where 
it is of importance does he fail to summarize available 
evidence. 

For those not concerned with human evolution this 
book constitutes a wide survey of the present state of 
analysis of the Oldowan mammalian material, and is 
complete in itself. For the Pleistocene archaeologist 
interested in Africa, as all must be, it comprises 
a necessary background for further studies. 

P. R. Davis 
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SERVO-AMPLIFIER DESIGN 


Servo Amplifiers 

By D. E. Polonnikov Translated from the Russian. 
Pp. vili +351. (London: Heywood Books, Temple Press 
Books, Ltd., 1965.) 80s. 


HIS ıs an easily readable translation, using familiar 

terminology, of a book first published in the U.S.8.R. 
It is concerned with tke use of thermionic valves in the 
construction of servo-amplifier circuits employed in the 
field of automatic control and instrument manufacture. 
The electronic amplifier can be one of the principal items 
used in a closed loop control, measuring or indicating 
system. The scientific -and industrial usefulness of such 
equipment is governed by system performance, that 1s, 
error, sensitivity, transiznt behaviour and norse selectivity 
and also from practical considerations of reliability, 
physical size and cost. All these properties are, to a large 
extent, affected by the operating characteristics of the 
servo-amplifier. 

Servo Amplifiers directs particular attention to the 
specific features which must be taken into account during 
the design stage of the high-performance electronic 
servo-amplifier. In Ckapter 1 the principles of servo- 
mechanism action are reviewed and the influence of ampli- 
fier characteristics on the operation and properties of the 
servo-operated indicatcr is discussed. Such points of 
importance are made as to the degree of adaptability of 
the input devices of tne amplifier and the differences 
which characterize the stability of the servo-amplifier 
over its counterpart tsed solely for monitoring pur- 
poses. 

The survey given in Caapter 2 of existing servo-amplifier 
circuits will be of great value to the user of this type of 
equipment, since many of the problems that arise in 
practice have been cited and solutions suggested. It 
will guide the applicasions engineer in his choice of 
proprietary equipment for specialized tasks which do not 
warrant costly developrment of new equipment. 

Introduced in Chapter 3 is a logical and systematic 
approach to the design and calculation procedure of the 
main characteristics of an amplifier. Since the servo- 
amplifier can vary considerably in structure and para- 
meters, many of the requirements which must be satisfied 
are formulated and diszussed. This is followed by an 
interesting section on experimental methods of determining 
the principal parameters and characteristics, a stage in 
development that is not always fully explored because of 
the need to meet production delivery dates. The 
experienced design and. development engineer will find 
this chapter of value. 

Chapters 4-6 give detailed consideration to one special- 
ized facet of amplifier design, namely the input 
arrangements. These are examined for the alternating 
current and direct curreat amplifier and the high, current 
amplifier used with trensducers of very large internal 
impedance. Particular ettention is directed in-:these three 
chapters to interferences which reach the amplifier input 
or originate in the ampl-fier itself and which can restrict 
the sensitivity of the whole unit and increase its liability 
to error. 

The design of a voltsge amplifier, that is, the choice 
of valves and the number of stages, is determined by 
the desired voltage gain. In the selection of a valve for 
the first stage of an ampufier, one must take into account 
the noise-level of the valve, the grid current and the input 
capacitance, while at the same time maintaining the 
requirements of the input arrangement chosen. No 
severe demands are mad; on the servo-amplifier in regard 
to non-linear distortion. since in practice the amplifier 
operates into a motor load which reacts only to the 
fundamentsl of the amplifier output voltage. All these 
pomts are examined in Chapter 7. 
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The final chapter by Polonnikov, Chapter 8, deals with 
the power stage of the amplifier and the power supplies, 
since these frequently constitute a continuous whole. 
Enumerated are the primary requirements for the output 
stage which must be taken into account when selecting 
and designing the power stage of the servo-amplifier. 
These requrements are then illustrated by a closer 
inspection of the different circuits employed for power 
amplifiers. 

A useful addition that brings the text up to date 1s 
Chapter 9 on transistor servo-amplifiers by the techmecal 
editor of the translation, A. K. Godden of the Northampton 
College of Advanced Technology. This is written in the 
same style and illustrates how the use of the transistor 
eliminates certain problems associated with the thermionic 
valve but introduces others into the circuit design. 

_ Comprehensive information is not available on general- 
ized experience of the research into the methods of 
designing electronic servo-amplifiers and this book helps 
to satisfy this need and should be of assistance to the 
servo-amplifier designer and user of either limited or wide 
experience. 

K. F. Gur 


ROCKET DISPERSION 


The Flight of Uncontrolled Rockets 

By F. R. Gantmakher and L. M. Levin. Translated by 
O. M. Blunn. Translation edited by W. G. Hughes. 
(International Series of Monographs on Aeronautics and 
Astronautics. Division 7: Astronautics, Vol. 5.) 
Pp. xii+379. (London and New York: Pergamon 
Press, 1964.) 100s. net. 


f kia Flight of Uncontrolled Rockets is chiefly concerned 

with the motion of unguided rockets during powered 
flight, which is the portion of their trajectories where 
disturbing factors other than gravity have their greatest 
effect. After all-burnt the motion is similar to that of a 
shell and ordinary ballistic theory 1s applicable. The 
effects of asymmetries of design, manufacture or operation 
during burning are mainly responsible for the high dis- 
persion of rockets compared with shells; a mathematical 
formulation of the effects of these asymmetries is therefore 
an essential prerequisite to the improvement of rocket 
accuracy. 

The book is an edited and revised translation stemming 
from the investigation of rocket dispersion in the U.S.S.R. 
during the Second World War. Chapter 1 contains a 
derivation of the general equations of rocket motion, while 
Chapter 2 is devoted to the approximate calculation of 
trajectories during powered flight, and Chapter 3 gives a 
general discussion of dispersion. The next three chapters 
present a detailed treatment of the dispersion of finned 
rockets, attention being directed to both rotated and 
unrotated rockets and also to short-range rockets of the 
type mainly used as anti-tank weapons. 

Approximate results for the computation of dispersion 
are derived for a simplified system in which the motion 
is taken as two-dimensional, the concept of the ‘critical 
section’ and its use being of particular mterest. The 
usefulness of these results 1s greatly enhanced by the 
numerous tables which give values of the various functions 
occurring in the equations. Chapters 7, 8 and 9 deal with 
three-dimensional motion, spin stabilization and the effects 
of wind. A brief account of the aerodynamic forces acting 
on & rocket 1s given in an appendix. 

It 1s evident from the work of Gantmakher and Levin 
that an extensive theory has been developed in the 
U.S.S.R. to describe the motion of uncontrolled rockets 
during powered flight. It should be noted that correspond- 
ing Western treatments give similar results ; differences 
occur mainly in the detailed appheation of the results 
rather than in the basic theory. Originally no account 
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was taken of Western work, but for this translation an 
additional appendix giving a brief survey of simular work 
done in the United Kingdom and the United States has 
been written by E. T. J. Davies of the Royal Armament 
Research and Development Establishment. This appendix 
adds greatly to the value of the book and justifies its claim 
to give the reader a better overall understanding of the 
subject. It also indicates some small defects in the main 
text. 

Since a high standard of mathematics is not expected 
of the reader, the book should be of particular value to 
engineers, although some may prefer the more rigorous 
and detailed treatise by R. A. Rankin. G. E. Coox 


GLOUCESTERSHIRE PLACE-NAMES 


The Place-Names of Gloucestershire 

Part I: The River- and Road-Names; The East Cots- 
wolds. Pp. xin+268. Part H: The North and West 
Cotswolds. Pp. xui+264. Part IIHI: The Lower Severn 
Valley; The Forest of Dean. Pp. xiv+272 (1964). 
Part IV: Introduction, Bibhography, Analyses, Index, 
Maps. Pp. xv+274. (English Place-Name Society, 
Volumes 38, 39, 40 and 41.) By A. H. Smith. (London: 
Cambridge University Press, 1965.) 42s. net; 8 dollars, 
each part. 


ITH the publication of yet another set of county 
volumes, the English Place-Name Society and their 
general editor, Prof. A. H. Smith, once again place us 
heavily in their debt. The four volumes on Gloucester- 
shire, compiled by Prof. Smith himself, contain an 
immense amount of material, concerning both the inter- 
pretation. of individual names and also more general 
matters relating to the county as a whole. 

The problem of trying to recover the original meaning 
of a specific name forms the core of place-name study, 
and the authoritative, though not necessarily final, 
interpretations of the place-names of Gloucestershire are 
given in the details included in the first three parts. But 
in many respects Part IV, containing the introduction and 
various analyses, forms the most stimulating part of the 
work. In the introduction, Prof. Smith uses the place- 
names of the county as aids to help iluminate many 
themes——the early organization and extent of the shire 
and its hundreds; the geographical division of the county 
into the three main regions of the Cotswolds and upper 
Thames valley, the valley of the Severn and its tribu- 
taries, and the Forest of Dean; the settlement of the area, 
particularly by the Anglo-Saxon peoples; the distribution 
of various categories of place-names, such as those 
which include personal names and those field names that 
indicate good and poor land. The names and elements 
in many of these categories are hsted in full in the later 
sections of the volume where, for example, nicknames for 
poor land are shown to be about four times as numerous 
as those for productive land. An understanding of the 
distribution of many of the elements is greatly helped by 
a study of the admirably drawn and clearly reproduced 
maps. These are printed on transparent paper so that 
the various distributions can easily be compared with 
each other or with the geological map that has been 
similarly reproduced. 

Though. always of a high standard, the volumes of the 
English Place-Name Society have become increasingly 
thorough over the past forty years. This is clearly shown 
by a comparison of the Gloucestershire material with the 
first county volume (for Buckinghamshire) published in 
1925. In area, Gloucestershire is nearly twice the size of 
Buckinghamshire, yet the amount of place-name material 
published is three and a half times as great. These latest 
county volumes certainly reflect great credit both on the 
editor and on the publishers. I. S. MAXWELL 
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POSSIBLE ANTI-MATTER CONTENT OF THE TUNGUSKA METEOR OF 1908 
By Pror. CLYDE COWAN 


Department of Physics, Catholic University of America 
AND 


C. R. ATLURI and Pror W. F. LIBBY 


Institute of Geophysics and Department of Chemistry, University of Califomnia, Los Angeles 


ERHAPS the most spectacular meteor fall to be 

observed in modern times occurred on June 30, 
1908, at 0h 17m 118 v.r. in the basin of the Podkanemaia 
Tunguska River, Siberia (60° 55’ N, 101° 57’ E), some 
500 miles to the north of Lake Baykal’. It was seen in 
a sunlit cloudless sky over an area of about 1,500 km 
in diameter and was described as the flight and explosion 
of a blindingly bright bolide which “‘made even the light 
of the sun appear dark”. The fall was accompanied by 
exceptionally violent radiation and shock phenomena. 
Although seismic, meteorological and geomagnetic field 
disturbances were registered at pomts around the world 
at the time, and descriptive accounts of the phenomena 
accompanying the fall were collected from. witnesses during 
the years following, the first inspection of the place of fall 
was not made until 1927. No trace of a crater was found, 
though great damage of the forest was still evident due 
to thermal and blast effects. 

Various hypotheses have been advanced to explain 
the massive phenomene as having been caused by a large 
meteor, a small comet or a nuclear explosion. All are 
argued cogently, for and against. Estimates of the total 
yield of energy, made from the records of the disturbances 
already mentioned and from deductions based on blast 
and thermal damage at the site of the fall, agree with one 
another quite well and place the yield at something in 
excess of 1023 ergs, probably about 10%4 ergs. If this were 
the result of a nuclear explosion of some sort, then the 
yield of neutrons into the atmosphere with the consequent 
formation of carbon-14 from atmospheric nitrogen should 
be detectable by analysis of plant maternal which was 
growing at that time. It seemed worth while, therefore, 
to make such an analysis, and the growth rings of & tree 
were chosen for this purpose. 


Phenomena of the Fall 


Before reporting the present work it may be of interest 
to repeat some of the accounts of the effects of the 
Tunguska meteor. The general area of the fall is composed 
of taiga with peat bogs and forest and is (fortunately) 
very sparsely populated. One eye-witness, S. B. Semenov, 
a farmer at Vanovara some 60 km away, told L. A. Kulik, 
who investigated the meteor first in 1927 (ref. 2), that he 
was sitting on the steps outside his house around 8 a.m., 
facing north, when a fiery explosion occurred which emitted 
so much heat that he could not stand it: “My shirt was 
almost burnt on my body”. However, the fireball did 
not last long. He just managed to lower his eyes. When 
he looked again, the fireball had disappeared. At the 
same time, an explosion threw him off the steps for several 
feet, leaving him briefly unconscious. After regaining 
his senses, a tremendous sound occurred, shaking all the 
houses, breaking the glass in the windows, and damaging 
his barn considerably. 

Another observer®, P. P. Kosolopov, a farmer and 
neighbour of S. B. Semenov, was working on the outside 
of his house, when suddenly he felt his ears being burnt. 
He covered them with his hands and ran into his house 
after asking Semenov if he had seen anything, on which 
Semenov answered that he too had been burnt. Inside 
the house, suddenly earth started fallmg from the ceiling 
and a piece from his large stove flew out. The windows 


broke and he heard thinder disappearing to the north. 
Then he ran outside, bret could not see anything. 

A Tungus, Liuchetken, told Kulik on April 16, 1927, 
that his relative, Vassila Ihch, had some 500 reindeer in 
the area of the fall and many “storage places”. With 
the exception of several dozen tame deer, the rest were 
grazing in that area. “The fire came by and destroyed the 
forest, the reindeer and all other animals’. Then several 
Tungus went to investigate and found the burnt remains 
of several deer; the sest had completely disappeared. 
Everything was burnt i Vassil Ilich’s storage including 
his clothing. His silverware and samovars (tin?) were 
molten. Only some large buckets were left intact. 

According to Krinov! the dazzling fireball moved within 
a few seconds from the- south-east to north-west leaving 
a trail of dust. Flames and a cloud of smoke were seen 
over the area of the fall. Visible phenomena were observed 
from a distance as greas as 700 km, and loud explosions 
were heard after the psssage of the fireball at distances 
up to 1,000 km. 

The first inspection of the site was carried out by Kulik 
in 1927 (ref. 2). Trees were blown down over an area with a 
radius of 30-40 km. Exposed trees were uprooted with 
their roots pointing toward the centre of the explosion in 
a radial manner. Addit-onal expeditions by the Academy 
of Sciences of the U.S.S.R. were sent in 1928 and 1929-30. 
The centre of the explosion area was found to have been 
ravaged by fire and searing could be traced to a radius of 
15-18 km from the certre of the explosion. Numerous 
holes with a diameter from several to several tens of 
metres had been found. in the first expedition of 1927; 
however, subsequent work including excavations up to 
34 m depth did not yield any meteoric material. These 
holes were explained later by Kulik as natural formations?. 
During 1938-39, an aerial survey was conducted over the 
devastated area to assess more completely the extent of 
the destruction. 

The fall of the meteor resulted in a seismic wave recorded 
on the Zollner—Repsold pendulums of the Irkutsk Magnetic 
and Meteorological Obssarvatory?. Subsequent analyses 
for the epicentre of the earthquake coincide with the 
location of the fall and also established the accurate tıme 
of the event. 

In addition, several observatories in Russia and Europe 
recorded the barometric waves caused in the atmosphere 
by the meteor. The semic and barometric effects have 
been discussed ın deteil by Krinov', Fesenkov®, and 
Whipple*. The Tungusxa meteor also caused a dofinite 
disturbance of the Earth’s magnetic field as registered at 
the Irkutsk Observatory and others around the world. 
The disturbances were s.milar to those recorded following 
nuclear explosions in tha atmosphere. 

After the fall of the mezeor, the nights were exceptionally 
bright everywhere in Europe and Western Siberia. As 
far south as the Caucasus, newspapers could be read at 
midnight without artifidal light. The brightness slowly 
diminished and disappearad after a duration of twomonths’. 

In comparison, if the fall had occurred in the United 
States over, say, Chicag>, visible phenomena would have 
been noticed as far away as Pittsburgh, Pennsylvania, 
Nashville, Tennessee, and Kansas City, Missouri. The 
thunder would have been heard in Washington, D.C., 
Atlanta, Georgia, Tulsa, Oklahoma, and in North Dakota. 
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The Meteorite Hypothesis 


The results of the first investigations of the Tunguska 
site led to the belief that a meteorite of very large imtial 
mass penetrated the Earth’s atmosphere and hit the 
surface, destroying itself in a violent explosion’. This 
explanation sought to account for the absence of meteor- 
itic debris in the fall area. Since a crater was never 
found, it was assumed that one might have been 
formed in a layer of permanently frozen soil which lost 
its form rapidly and could no longer be distinguished after 
the first summer. 

In the analysis of Fesenkov: all evidence points to a 
retrograde orbit around the Sun with considerable inclina- 
tion of its orbit to the ecliptic. This 1s atypical for meteo- 
rites derived from asteroidal disintegration. Another 
interpretation of the motion of the meteor is that it 
moved parallel to the Earth at much lower speed, in 
which case its relative speetl had to be very low. In view 
of the great energy released, the explanation of a retrograde 
orbit associated with high relative speed is to be preferred 
over a slow relative speed which is difficult to reconcile 
with the effects of the meteor, such as burning the area, 
etc. 


The Cometary Hypothesis 


This hypothesis was proposed by A. 8. Astapovich and 
independently by F. J. W. Whipple in 1930 (ref. 6). The 
evidence in favour of a cometary nature of the meteor is the 
motion of the meteorite opposite to that of the Earth and 
the resulting high velocity of an estimated 60 km/sec® which 
yielded on impact the calculated 1075 ergs. Since F. L. 
Whipple’s comet model! consists of a conglomerate of 
frozen ices such as methane, water and ammonia inter- 
spersed with solid mineral mattor, the meteor or small 
comet appears likely to have exploded above the Earth’s 
surface without leaving significant traces of matter on 
the ground. Based on the observations of the Potsdam 
Geodetical Institute which permit the velocity determ- 
ination of the shock wave propagated through the atmo- 
sphere, the speed of 318 m/sec measured corresponds to 
an. atmospheric height of 5-6 km, which is the altitude of 
the main explosions of the meteor>.*, 

Further evidence favouring a small comet is the unusual 
luminescence of the night sky immediately after the fall 
over Siberia, Russia, and Western Europe, but not the 
United States or in the southern hemisphere’. Evidently 
the dust tail was directed away from the Sun, as expected 
for comets, and extended in a north-westerly direction 
at the moment the main body hit. The dissipation of this 
tail resulted in the night sky being brighter initially by 
about 50-100 times the normal value, but 104 times less 
than daylight. 

Abbot in California found that approximately from 
the middle of July, or 2 weeks after the explosion, until 
the second half of August 1908, the coefficient of trans- 
parency of the atmosphere was noticeably depressed’. 
Fesenkov suggested that this was caused by the loss of 
vast amounts of material from the meteor during its 
fight through the atmosphere, possibly of the order of 
several million tons of master’. 

It appears unusual, however, that such a comet was 
not observed on its collision course with the Earth, as it 
should have been seen unless it approached from a direc- 
tion with very small angular distance from the Sun. 
Fesenkov estimated the size of the cometary nucleus as 
about several hundred metres®, which is perhaps only 
one order of magnitude below that of well-known comets 
seen at great distances. 


The Nuclear Reaction Hypothesis 


In an article by F. Y. Zigel discussing the results of 
A. V. Zolotov’s expeditions of the past three years, the 
events of the Tunguska fall have been re-examined". 
The velocity of the meteor has always been required to 
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be large in order to account for the release of 1073 ergs on 
impact. This can be determined from the ratio between 
the amplitudes of the ballistic wave caused by the velocity 
of the body in the atmosphere and the blast wave caused 
by the explosion of the body itself. 

Zolotov selected trees which had remained standing 
and on which traces of the effects of both waves remained. 
Apparently, the ballistic wave arrived from the west and 
broke only very slender branches, whereas the blast 
wave from the north broke large tree branches. From 
these results he calculated that the ballistic wave before 
the main explosion was, in fact, of minor size as compared 
with the blast wave. Eye-witnesses of the Tunguska fall 
recalled that the flight of the meteor was dimmer than 
the Sun, corresponding to a velocity in the atmosphere of 
less than 4 km/sec. If the velocity was mito than an 
order of magnitude lower than this, then the explosion 
could not have possessed the required energy for the 
explosion. 

These considerations led to the question whether or 
not a massive chemical or nuclear release of energy 
occurred at the final break-up of the meteor. The nature 
of an explosion can be determined by the distribution of 
the energy released, one factor being the amount of radiant 
energy emitted. 

At 17-18 km from the epicentre, Zolotov found trees 
which had been subjected to a thermal flash and had 
started to burn. A natural forest fire was ruled out for 
the area. In order to start a fire in a living tree, about 
60-100 cal/em? of incident thermal radiation is required. 
By calculation the radiant energy of the explosion was 
found to be 1-5 x 10? ergs. Other energy-yield estimates 
for different locations placed the thermal energy of the 
explosion between 1-1 and 2:8 x 10°? ergs. 

Since the estimated yield of thermal energy is so close 
to the estimate of the total explosive energy, Zolotov 
favours a nuclear rather than a chemical explosion. 


The Chemical Radical Reaction Hypothesis 


In an examination of the records of the fall, the radiation 
fiash stands out among the others discussed by different 
authors during the past decades. Specifically, the remarks 
by Semenov and Kosolopov of experiencing burning 
sensations, and the melting of Vassili Iich’s metal ware, 
appear to confirm the emission of considerable amounts 
of thermal radiation by the explosion. 

Very large chemical high-energy explosions can create 
sufficiently intense shock-waves in air which, in turn, 
will radiate thermal energy, perhaps sufficient to account 
for the fire-setting in the taiga. From the examination 
of nuclear explosions, the phenomena accompanying the 
release of large amounts of energy in air are well known". 
In the case of a nuclear explosion and a fraction of a 
second after the detonation, a high-pressure, intensely 
hot and luminous shock front forms and moves outwards 
from the fireball. 

While the dissipation of kinetic energy in the Tunguska 
explosion probably accounts for the major portion of 
energy released, the reaction with air of vast amounts of 
chemical high-energy species such as the radicals observed 
on comets can be an additional source of energy. For high 
meteor velocities, the relative contribution of chemical 
energy to the final explosive break-up will be small, 
but for a low-velocity body it may be significant. Theoreti- 
cal considerations place the output of energy of a system 
using the recombination energy of chemical radicals 
midway between that of conventional chemical propellants 
and nuclear reactions in energy released/unit mass. 

A very large chemical radical explosion of the meteor 
would account for many of the observed phenomena. 
Our very limited knowledge of the actual concentration 
of radicals on comets, their exact nature and the mech- 
anism of radical reactions make a quantitative calculation 
of the release of energy by such a model very difficult, 
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especially in context with the uncertainties of the exact 
orbit of the Tunguska meteor. x 


The Anti-matter Hypothesis 


Discounting any but purely natural phenomena, it 
becomes difficult to construct a model for either a fission 
or fusion chain-reaction which would produce the effects 
observed. For the former, an almost-critical mass of 
fissionable material might be conceived which became 
tamped on entering the atmosphere. The tamping would 
have to be such, however, as to take the material far 
beyond criticality m a very short time to prevent its 
disassembly with low yield. The multi-megaton yield 
observed, however, coupled with the very low efficiency 
known for the best of such devices, would require a large 
initial mass—well above the critical mass of normal 
density uranium or plutonium. Thus, super-criticality 
obtained by tamping alone could scarcely be credited as 
the mechanism. On the other hand, to obtain it by 
increasing the density of a sub-critical mass by compression 
seems equally unlikely, for this must be a result of the 
mechanical forces generated by penetration into the 
atmosphere. 

To obtain the effects from a fusion reaction, a sufficient 
amount of deuterium, and possibly tritium, must be 
contained in a compressed state and heated to several 
million deg. C. It must then be maintained in that state 
so that self-heating can carry the reaction to the explosion 
stage. Again, it is difficult to conceive of a model for such 
a mechanism which 1s attained merely by entry into the 
atmosphere of the Earth. 

In searching for other natural means by which a large 
nuclear energy yield might be obtained, we are unable 
to find one other than the annihilation of charge-conjugate 
(‘anti-’) matter with the gases of the atmosphere. Several 
objections immediately arise to this hypothesis, all 
different from those raised above. No mechamecal extremes 
are required of the model, however. 

The first objection is that no evidence is known for 
the existence of anti-matter in the gross state. Other 
than as anti-particles produced by high-energy interactions 
of ordinary matter with itself or with electromagnetic 
radiation, no anti-matter has been observed. This is 
understandable in the environment of the Earth, and 
so one must look to astronomy for such evidence. The 
complete symmetry between the two charge-conjugate 
states of matter, however, makes an astronomical test of 
an isolated, distant object difficult. 

The second problem. arises ın considering the flight of an 
‘anti-rock’ through the atmosphere. If the rock is approxi- 
mately spherical with diameter d cm and of density 
e g/em$, then it might penetrate a distance of dp g/cm? 
into an absorbing medium before being consumed. The 
minimum. distance through the atmosphere is about 103 
g/em?. Thus, if the density is of the order 10 g/cm, then 
the diameter of the rock is of the order 100 cm. The 
number of nucleons in such an object is approximately 
4Ad*o, or about 3x 10%, and the yield of energy would 
be of the order 10?” ergs, rather than 107° as observed. 
The fact that the bolide did not reach the surface of the 
Earth is ignored in this estimate, and is off-set by the 
additional distance due to the inclined trajectory of the 
object. The discrepancy factor is, nevertheless, quite 
large. In addition, the flight of the bolide would have 
exhibited its largest yield somewhere toward the middle 
of its path, rather than towards its end—it would have 
thinned-down and died out. 

A. second look at the process tempers these conclusions, 
however. The exceedingly strong radiation shock accom- 
panied by heating of the air ahead of the bolide, in 
addition to the pressure of electrons and other particles 
ejected in the forward direction by the annihilation reac- 
tion of complex nuclei with other, different complex 
nuclei, would rarefy the atmosphere ahead and greatly 
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increase the range. A carefully calculated ‘model for 
such a process may kə in order. It could be that only a 
small fraction of the bolide could annihilate in flight, 
but that it remains essentially solid until it reaches a 
point where it is travelling slowly deep in the atmosphere. 
Here, continued annikilation might heat ıt to the gaseous 
stage and dissemble it explosively, resulting in a final 
annihilation as the geses mixed with atmospheric gases. 
In any event, the prowss seems far too complex to dismiss 
on the basis of a rapid estimate. 

Of the three modele for a nuclear explosion, we choose 
the annihilation model as a basis for an estumate of the 
amount of carbon-14 produced. We must first estimate 
the number of neutrons produced/nucleon annihilated. 


Annihilation of Anti-rock in the Atmosphere 


We have, of cours, no information concerning the 
state or the chemical composition of the supposed anti- 
matter comprising the bolide. Assuming it to be molecular 
compounds simular to those of ordinary meteorites, we 
ignore annihilation of the electrons, for these would 
produce a small fraction of the yield and would form no 
neutrons in the process. 

The simplest case »f nucleon annihilation is that of 
pp. Even in this instamce, the annihilation is not limited 
to S states, and the process becomes complex due to the 
various possible angular momentum states in the initial 
system and varous cherge states in the final system. The 
final system may contain pairs of kaons and various num- 
bers of positive, negati7e and neutral pions. A measure of 
the number of charged particles emitted in the annihilation 
of pp is given by Horwitz et al. as an experimentally 
obtained histogram extending from zero to seven prongs/ 
event, with a flat maxmum in the region of 3—4 prongs. 
The high average multiplicity greatly complicates the 
situation because of the many possible quantum numbers 
in the final state. Refinements in an estimate by taking 
into account pi, nñ anc np are obviated by the realization 
that we may be dealing here with reactions between 
complex nucle: and batween fragments of such nuclei 
as they become broker by partial annihilation. Let us 
take four charged pions, on the average, as the basis for 
proceeding, two positi-e and two negative/nucleon pair 
annihilated. 

The positive pions vill decay in the atmosphere, but 
the negative ones will, n general, be captured by oxygen, 
nitrogen and carbon nuclei. In view of the overall uncert- 
ainty in this estimate, we will assume that all of the 
negative pions are absorbed. at rest by nuclei. A simplified 
picture of the process, obtained from the measurement 
of prongs produced in stars in nuclear emulsions from 
negative pion absorption, is that of the 140 MeV rest 
energy of the pion gained by the nucleus, 40 MeV is lost 
by fast neutron emission at the time of absorption and 
100 MeV is then lost by boiling-off of neutrons and 
charged particles in an evaporative process. Taking the 
mean energy!® of the prompt neutrons as 12 MeV and 
their binding energy = 8 MeV, the mean number of 
prompt neutrons is 2. Assuming that the probability 
for then boiling off a nautron is the same as that for a 
proton, and weighting the probabilities obtained from 
prong counts accordingl-, we find that two more neutrons 
are produced. from light nuclei. Thus, four neutrons are 
produced per pion absorbed, or eight neutrons per nucleon 
pair annihilated. In view of the great uncertainties in 
this estimate, we take tre number to be 8 + 4. Thus, for 
a total energy yield of 10%4 ergs by nucleon-antinucleon 
annihilation and a yielc of about 3 x 10-% ergs/nucleon 
pair, about (2-7 + 1-4) » 10°? neutrons would be released 
to the atmosphere. 


Effect on Atmospteric Radiocarbon Content 


We may make some estimates of the effects of releasing 
neutrons in amounts such as this in the following way: 
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Assume that every neutron produced is absorbed 
in. the reaction 4N(n,p)“4C, and that the radio- 
carbon so produced is rapidly oxidized to carbon 
dioxide in the atmosphere. Thus (2:7 + 1:4) x 
1077 molecules of radio-CO, mix with the atmo- 
spheric gases. Taking the total mass of the 
atmosphere as 5-3 x 107! g, and the mean carbon 
dioxide content of the air as 0-030 volume per 
cent (though this varies geographically and 
seasonally), we readily calculate the atmospheric 
carbon dioxide to contain 6-6 x 107 g carbon 
as carbon dioxide. Taking the decay constant 
of carbon-14 as 2:3 x 10-!*m-!, our new radio- 
carbon. should exhibit 9-4 x 10-! d m~ g- of 
atmospheric carbon. As the specific activity of 
atmospheric carbon is 13-56 + d m- g, this 
represents an. Increase of some 7 per cent in the 
radiocarbon, activity?’. 

In making this estimate, we have taken the 
radiocarbon to be uniformly distributed in the 
atmosphere after both vertical mixing and mixing 
between, the northern and southern hemispheres, 
and have neglected absorption in the ocean and 
biosphere. Thus the result is approximate. 

An alternative basis for an estimate of the yield of 
radiocarbon by an anti-matter Tunguska explosion is 
provided by the data on the yield of this isotope by the 
testing of nuclear explosives in the atmosphere. By 
September 1961, the equivalent of 70 MT (1 MT, megaton 
TNT equivalent is 4 x 10%? ergs) of fission and fusion 
nuclear explosive was released in air bursts and about 
100 MT im surface tests. The specific radiocarbon-level 
taken up by plants at that time’® was about 25 per cent 
above the natural cosmic-ray level of radiocarbon. We 
may estimate an upper limit to the anti-matter in the 
Tunguska meteor in the following way: 

Taking the full 70 MT of air bursts and one-half of the 
100 MT of surface bursts as effective for producing 


10 + 50. BMT of fission or fasion 


fired in the atmosphere producing a 1 per cent rise in 
radiocarbon activity. 

If, now, the known damage parameters of the Tunguska 
explosion are used as input data for the Nuclear Bomb 
Effects Computer, a value of about 30 MT (10?! ergs) 
energy yleld is obtained (supplement to publication 
cited as ref. 12), which at 2 BeV (3 x 10-3 ergs) per 
nucleon pair consumed and 8 + 4 neutrons yield gives a 
total neutron yield as shown above, of (2:7 + 1:4) x 102? 
neutrons. Since the meteor disintegrated in the atmo- 
sphere, this would be expected to give (2-7 + 1:4) x 1024 
carbon-14 atoms. Therefore, if the Tunguska explosion 
had been due to anti-matter, it should have behaved like 
35 MT of fission or fusion fired at the same latitude (say 
the U.S.S.R. test site at Novaya Zemlya, 74° N, 150° E) 
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and, using our experience with bomb test carbon-14 as a 
basis of comparison, we can estimate the possible anti- 
matter content of the 1908 Siberian meteorite. 


Radiocarbon Analysis 


A section of a 300-year-old Douglas fir (Pseudotsuga 
taxifolia), the ‘Hitchcock’ tree, which fell in the winter 
of 1951 in an unsurveyed area (35° 15’ N, 111° 45’ W) 
of the Santa Catalina Mountains about 30 miles from 
Tucson, Arizona, was provided by the Laboratory for 
Tree-Ring Research of the University of Arizona, Tucson. 
About 20 g of wood was stripped from each ring for the 
interval of 1870-1936, and the radiocarbon contents of 
the rings of each fifth year were measured, excepting for 
the years around 1908. Table 1 contains the results 
expressed as percentage deviations from the international 
standard reference level of 1890 (0:95 of the count-rate 
of the National Bureau of Standards oxalic acid). Column 
IV contains carbon-13 mass spectrometrie corrections in 
per mil deviation from the Chicago PDB standard. 
(The mass spectrometric analyses were provided with 
the help of R. McIver and W. Sackett of the Jersey 
Production Research Co., Tulsa, Oklahoma.) The 
percentage deviations in carbon-14, corrected by these 
figures for isotopic gir oo ga are contained in column 

. l + 814 ; 4 
V, according to oer) x 100. Finally, the 
last column contains the results corrected again for the 
effects of dilution of atmospheric carbon dioxide by the 
burning of industrial fossil fuels®°. We have used Fergus- 
son’s*! values for this correction (the Suess effect). 

Additional tree-ring samples were meas- 
ured from an oak tree (samples provided by 
L. Wood, Inst. Geophysics, Univ. Calif., 
Los Angeles) cut in 1964 near Los Angeles 
(in the Simi Valley, 34° 12’ N, 118° 48’ W). 
They are given as UCLA-776, 778, 779. 

The results of columns V and VI are 
plotted in Figs. 1 and 2, respectively. 

As some 90,000 counts were taken on 
each sample, the standard deviation in each 

e value is of the order 0-005 of that value. 

Experience has shown that the equipment 

5 -18 sufficiently stable, so the statistical un- 
certainty is the principal one. 


Discussion 


Inspection of Table 1 yields some interest- 
ing points: of all the numbers in columns IIT 
and V, only those values for the year 
1909 exceed the reference-level. In column V, 


1930 
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Table 1. RADIOCARBON CONTENT OF TREE-RINGS AROUND 190872 


I IL III IV Y VI 
_ % HC correc- % HO 
Sample Year % dQ Per ml ` ted forisotopic corrected for 
No. uncorrected 6O fractionation Suess effect 

UOLA~769 1873 9 — 2238 0 + 0-05 
UCLA-768 1878 ~Q 72 — 230 — 0-75 — 0 67 
UOLA-787 1883 ~Q-31 -22 9 — 6°32 ~ 022 
CLA-788 1888 ~ 1°84 — 22-2 —1 69 — 1-59 
UCLA-765 1893 ~% 75 — — ~~ 3 60 
UCLA-782 1894 oe 126 — — ~ 1°11 
UCLA-763 1898 ~ 0°48 — 229 —0 50 ~Q 80 
UCLA-760 1903 ~ 0:28 — 231 — 0-29 ~ 0:02 
UCLA-761 1908 — 1°07 — — — 0'72 
UCLA-778 1908 — 0°96 — — — 0'61 
UCLA-774 1909 +026 — 22:0 +025 + 0-60 
UCLA-778 1909 + 0°17 — 24:8 +016 +0:51 
UCLA-780 1910 -0 70 — 22-2 — 0°73 — 0-38 
UCLA-779 1910 ~~ 1:50 — 245 — 1-55 — 1:20 
UCLA-762 1913 -0'81 — 22°6 —0 84 ~ 0 45 
UCLA~764 1918 ~ 1-20 — 224 — 1:24 ~~ 0'69 
UCLA-770 1923 ~ 0:63 — 23 0 —0 66 + 0°04 
m UCLA-771 1928 ~ 2°40 — 224 — 2°45 — 1°58 
UOLA-772 1938 ~~ 1:50 —22°0 — 1°55 ~ 0:27 


two others also exceed the standard, but by relatively 
small amounts. When a mean value is calculated for the 
points in a forty-year span around 1909, the latter exceeds 
this value by about 1] per cent. 

A. second point to be noticed is the presence of strong 
fluctuations in the years around 1893 and 1928, as well 
as the presence of other, lesser ones at other times. These 
fluctuations are typical and appear to be real®*~**, though 
they rarely exceed 2 per cent, as reported in the literature. 
In the results presented here, they are all negative with 
respect to the reference-level, though this is due to the 
arbitrary choice of the standard level. They are, evidently, 
due to variations in the carbon-14 burden of the local 
atmosphere. Such fluctuations tend to obscure the small 
effect searched for here and make its value the more 


r uncertain. 


At least three other instances are known in which 
strong positive deviations appear to occur**, They are 
A.D. 1687 (+2:65 per cent), 1297 B.o. (+ 2:23 per cent), 
and 1925 B.c. (+ 2-34 per cent), where the deviations are 
taken with respect to the average values obtained from 
39 oak samples ranging in age from 110 to 203 years prior 
to 1960. When compared with the deviation of the oxalic 
acid standard, however, which was + 4:99 + 1:06 per cent 
with respect to the oak average, these deviations are also 
negative. 
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Although there are uncertainties in both the estimate 
of the expected radiocarbon yield on the basis of the anti- 
matter hypothesis for tae Tunguska meteor and in any 
extra radiocarbon burden of the atmosphere in the years 
following 1908 as reflected in this work, the data do yield 
& positive result. They appear to set an upper limit of 
1/7 for the fraction of tke meteorite’s energy which could 
have been due to anti-matter. 
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ARMS CONTROL IN THE ARCTIC 
By Dr. TERENCE ARMSTRONG 


Scott Polar Research institute, Cambridge 


A RECENT proposal by Alexander Rich and Alek- 
sandr P. Vinogradov (Bull. Atomic Scientists, 22, 
November 1964) has revived interest in the possibility 
of using the Arctic to further the cause of arms control. 
The proposal they make may be put briefly thus. The 
Antarctic is at present the only sizable part of the world 
where international treaty forbids multarization and 
provides for inspection. In order to promote the growth of 
mutual trust between the United States and the U.S.S.R., 
and specifically to gain more experience of inspection 
procedures, it is suggested that the Arctic might be a useful 
area, to consider next. 

The Arctic is chosen because it has less military value 
than most other regions, and need not involve many coun- 
tries—at first only the United States and U. S. S. R., the 
nearest point of contact of which is, of course, in the Arctic. 
The territory to be included in the agreement may be 
increased by stages. First, it is suggested that Alaska and 
an equivalent area of north-east Siberia, possibly including 
all, or part of, Kamchatka, should be subject to inspection. 


Secondly, Greenland might be added, by agreement with 
Denmark, together with a further equivalent area of 
Siberia, on the Soviet side. Finally, the rest of the Arctic 
zone might be brought in, involving the participation of 
Canada, Norway and Sweden. (The authors do not define 
their “Arctic zone”, probebly deliberately, but it is likely 
that Finland would also be involved.) 

The stipulation is mad> that inspection should verify 
the absence of nuclear weepons and delivery systems only, 
and should not be concerned with radar installations or 
military bases as such. n other words, the proposal is 
primarily for a “nuclear-free zone”. 

This proposal bears a close resemblance to one put 
forward to the United Nations in 1957 and 1958. In 
1957, the western powers. proposed to the Disarmament 
Commission a measure to safeguard against the possibility 
of surprise attack. This msasure was an inspection system 
to cover the whole of the United States, the U.S.S.R. and 
Canada; but if this were unacceptable, an Arctic area, 
closely similar to that in Rich and Vinogradovw’s stage 
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three, was put forward as an alternative. In the event, 
neither proved acceptable. In 1958, the U.S.S.R. accused 
the United States in the Security Council of endangering 
peace by permitting military aircraft with nuclear bombs 
to fly in the direction of the U.S.S.R. The United States, 
in countering this accusation, again proposed an inspection 
system, and this time put the Arctic variant first. Ten 
members of the Council supported the proposal, but it 
was vetoed by the U.S.S.R., who claimed that such an 
arrangement would be used by the United States only 
to collect intelligence information. 

In view of this history, the most promising feature of the 
new proposal is its joint authorship—the first example of 
such authorship in this field. Prof. Alexander Rich is a 
professor of biophysics at the Massachusetts Institute of 
Technology, and Academician A. P. Vinogradov ıs director 
of the V. I. Vernadskiy Institute of Geochemistry and 
Analytical Chemistry in Moscow. Both are distinguished 
scientists, and they used the opportunity of a Pugwash 
Conference to establish contact on this problem. They 
write, of course, in a private capacity. If their paper does 
not allude to the earlier history of the idea, this presumably 
reflects a desire to let bygones be bygones, and to that 
extent may be a hopeful sign. That Vinogradov is a 
man of very considerable stature in Soviet science is 
certainly true; but it is also true that the Soviet Govern- 
ment has in the past dissociated itself from the views 
of even its official scientific delegates. 

The proposal itself can be criticized along four maim lines. 
First, like all disarmament proposals, it involves a certain 
risk: if the potential enemy knows where its opponent’s 
nuclear weapons are not kept, 1t is that much nearer to 
knowing where they are kept. But all disarmament 
proposals must start from the point of accepting that risks 
of this sort are smaller than the risks of continuing without 
any disarmament. Secondly, it may be argued that the 
Arctic is an atypical region, so that any lessons learnt 
about inspection procedures would not be of much use 
for application elsewhere. On this it may be said that the 
Arctic is not all atypical. Rich and Vinogradov’s stage one 
would include Alaska and north-eastern Siberia. In each 
of these only the northern part is north of the tree-line, 
and therefore unlike most other land surfaces (though 
perhaps it is relevant to point out that tree-less tundra 
approaches to within 500 miles of Ottawa). The southern 
part looks very like boreal forest elsewhere, and is to a 
large extent typical of hundreds of thousands of square 
miles of more southerly territory. 

A. third criticism is that a nuclear-free zone should not 
be set up in an area like the Arctic where there is nobody 
to get hurt, since this is the best place for nuclear weapons 
to be. This argument is valid only if ‘counter-force’ 
strategy is planned, and known to be planned, by both 
sides, a condition which seems unlikely to be fulfilled in 
both its parts. 

Finally, there is the following argument. The principal 
merit of the proposal is that ıt will enable procedures to 
be worked out in a comparatively harmless area, in order 
that they may be applied afterwards, when trust has 
grown, in more important areas. This ‘snowball’ process 
is held by some to be implausible. Pursuit of agreements 
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of no security value, just because they are obtainable, is 
argued to be a bad approach. A false impression may be 
given that progress is being made, whereas the real 
difficulties have not yet been encountered. The answer 
to this would seem to be that the proposal is not for an 
agreement of no security value, but for one of small 
security value. Even stage one will be somewhat inhibiting 
to the military planners of the country under inspection. 
To that extent progress will have been made, and any 
growth of confidence which accompanies 1t will be wholly 
advantageous. 

The next step might be to formulate the structure of 
possible inspection systems. The word ‘inspection’ can 
comprehend much. Aerial inspection is clearly a major 
component, with the altitude and frequency of flights 
providing a wide range of possible variation. Ground _ 
observation posts at key centres, and mobile ground teams, 
might also play a part. The task is to devise a system which 
wil find out enough without being unacceptably obtrusive. 
It is sometimes argued that the details of an inspection 
system will be quickly enough agreed between nations 
once the idea of undergoing inspection is accepted; there- 
fore it is towards acceptance of the idea that effort should 
be directed. But this view takes no account of the fact 
that the details of the system can materially alter its 
character and therefore its acceptabilty. A weekly flight 
at 20,000 ft. is a very different proposition from a dozen 
motor vehicles on continuous patrol, or a company of 
uniformed men in barracks at an administrative centre. 
If the Soviet Government shows the slightest interest in 
this proposal—publication of Rich and Vinogradov’s paper 
in æ Soviet journal, promised in the American edition, 
might be taken as a minimal sign of mnterest—then there 
would be much to be said for working out what the lowest 
useful level of inspection might be. Investigations on these 
general lines have no doubt been made already. Although, 
as pointed out earlier, the environment is not as atypical 
as might be casually supposed, certain local factors would 
clearly influence the planning of any inspection system. 
A favourable factor is that human activity is so limited 
in these regions that anything new or unusual in the way 
of construction work would be the more easily distinguish- 
able. An unfavourable one is the darkness in winter, 
resulting from the fact that the Sun does not rise on the 
most northerly part of the stage-one territory for two 
months. But this sounds worse than it is, since twilight, 
moonlight, and reflexion from snow are left out of account, 
and these will do much to lessen the difficulty. Another 
factor, noted by Rich and Vinogradov, is that inspection 
of the Kamchatka area could be helpful in negotiations 
towards a treaty banning underground nuclear tests, 
because this area, with the islands to the south, produces 
three-quarters of the natural earthquakes which occur in 
the U.S.S.R. 

The initiative taken by Prof. Rich and Academician 
Vinogradov is to be warmly welcomed. Their proposal 
should be elaborated and developed by anyone who can. 
Only by a considerable effort of imagination in a direction 
unfamiliar to all but a few specialists is a workable plan 
likely to emerge, and there is to-day no more important 
direction to which creative thought should be turned. 


ART AND THE TWO CULTURES 


By F. F. ROSS 
Central Electricity Generating Board, 25 Newgate Street, London, E.C.! 


HE word ‘art’ has, apparently, many meanings. In 
its simplest it refers to painting, or drawing, but not 
to engineering draughtsmanship; to music, sculpture, the 
visual impact of architecture, but not to the mechanism 


of recording, the process of bronze casting, or the installa- 
tion. of lifts. It is considered by some to be unscientific, 
practised by the inadequately educated, and by others as 
an altogether higher form of human activity than scientific 
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research or application. We hear it said that engineering 
is an art, that politics is an art, even that scientific 
research is an art. 

Can we arrive at, and agree on, a definition of ‘art’ 
which reconciles these seeming contradictions, and im 
so doing close the gap between. the two cultures of modern 
civilization ? We can, and the definition is this: “Art 
consists in the making of decisions in the absence of 
sufficient knowledge or guidance”. This is all-embracing. 
In general, good art is more likely to result if the artist 
is well educated in his basie science and apphes it. Bad 
art is the more probable outcome if the decisions are taken 
in ignorance or disregard of relevant knowledge. But 
such ‘good’ or ‘bad’ results are not mevitable. It is 
possible to arrive at the best decisions by flair or luck. It 
is of the essence of art that decisions must be made in the 
realm of the unknown that lies beyond the facts; therefore, 
it is possible for poor decisions to be made, and bad art 
produced, by someone who has all the knowledge, or 
science, relevant to making the best ones. Indeed, the 
man or woman who has devoted much time to arguing 
and weighing facts may be so unpractised at making 
decisions in the dark as to be more likely to be a bad 
artist. But this is no excuse for the artist not to educate 
himself ın the science of his profession. 

Art, then, is a higher type of human activity than 
science. But to earn and deserve this place it must be on 
top of science, not in place of it. However well a building 
looks in its setting, ıt is bad architecture if the walls 
crack, the timber succumbs to fungal or insect attack, the 
heating is poor, or the paint peels off. A painter on 
canvas who knows nothing of elementary paint or varnish 
chemistry, or the science of perspective, 1s unlikely to 
produce & masterpiece. A car must not only look well in 
the showroom but also perform well on the road. A play 
written in ignorance of the science of stagecraft is unlikely 
to have a long run or even to be performed at all. The 
writing of this essay is, by definition, art, for no information 
exists to determine the content of the next sentence; but 
it follows that it could well have been better art if written 
by someone more skilled in the science of communication 
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and the use of words than in the biological and physical 
sciences. 

Scientific research, since it lies m the unknown atop 
of all existing knowlecge, we must reckon as one of the 
higher arts. Only consideration of this activity as truly 
an art as sculpture is coasistent with the extraordinary and 
unpredictable differencss between human beings in their 
success in this field. As Dr. Pwani onee so pithy 
said: “A research worker who ıs not sometimes lucky 
is a bad research worker”. But a research field 1s com- 
monly narrow. It is nos too difficult to acquire at an early 
age all the science immediately relevant to a given sub- 
ject. The highest arts of all are surely, or should be, 
architecture (including town planning), engineering 
design, and managemens (including politics). The science 
needed for the compezent practice of these arts lies 
scattered in many fields, in amount and variety beyond 
the capacity of most smzle human beings. Yet our future 
conditions of living and of material wealth will depend 
largely on decisions male in these arts. 

All arts require some science, some much more than 
others. Two extreme types perpetuate the dichotomy 
between art and science. The uneducated man who 
practises his chosen art-with knowledge insufficient for a 
high probability of success in his decisions; and the scienti- 
fic bigot who does not realize that in so far as he is only 
applying scientific knowledge he is not truly human, for, 
where science is by itsel? enough, a computer fed with the 
data will produce the right answer. In between there is a 
growing body of men who strive to acquire as much 
knowledge of the structure of the world around them as 
they can comprehend aad as seems relevant to the arts 
by which they earn their living or occupy their leisure. 

The day is approaching when it will no longer be 
fashionable for the lawyer or accountant to boast of his 
ignorance. Such an edmission will be evidence of 
mental laziness or intellectual incapacity. Then will 
the scientist more readil- appreciate that the purpose of 
his learning is to enable him to be a better artist, and 
that in the field of human relations he can go on learning 
all his life. 


TELEONOMIC TEACHING AND THE SUPPLY OF BIOLOGISTS 
By DAVID STENHOUSE 


Department of Zoology, University of Queensland, Brisbane, Awstralia 


IR EDWARD APPLETON? has directed attention to 
a number of issues which must have a profound 
effect on the recruitment of scientists, and therefore on 
scientific activity, well into the future. A person’s career 
is usually determined, often unwittingly and often within 
narrow limits, during schooldays—and, as Sir Edward 
points out by implication, the factors which govern this 
choice are often immical to science. I want to enlarge 
on Sir Edward’s thesis in a context of biology, and in 
particular to suggest that the problem should be posed, 
not only in terms of the number of the recruits but also, 
and more importantly, in terms of the type of person 
who makes a career in science. I also wish to raise some 
points regarding the teaching of biology which appear 
to be relevant and important. 

To start with education, Sir Edward says: “We can 
all agree that one essential function of university educa- 
tion is to develop the student’s capacity to learn, to 
understand and to think on his own”. Probably most 
people would subscribe to this form of words—in practice, 
however, we give decreasing order emphasis to the three 
‘capacities’ mentioned, ‘learning’ receiving most and 


‘independent thinking’ least. Worse than this, it is not 
simply a matter of graded emphasis: too much emphasis 
on factual learning’ actua-ly diminishes independence and 
originality. This 1s, I beleve, widely accepted as applic- 
able within the history c the individual. It cannot be 
documented ın this form; but since the selection pressures 
which operate between -ndividuals appear to be sub- 
stantially similar to those which operate on the choices 
of actions or attitudes exercised by the individual, we can 
analyse these selection pressures through the reactions of 
different individuals to tham. Some interesting work has 
already been done along these lines. 

Hudson, for example, hes shown? that science in general 
attracts predominantly persons of a ‘converging’ ten- 
dency? who try to minimize their involvement with other 
people and with ‘complexity’. A less-restrained inter- 
pretation, which is in acecrd with the evidence though it 
goes beyond it, is that th» simplification and particulate 
factualism of most science as it is presented to the child 
or adolescent, actually tend to repel those ‘divergers’ who 
require, and can cope wish, the complexities and con- 
fusions of reality. Now, while it is not yet established that 
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Scientific discoveries are made moré by divergers than 
by convergers, the evidence does tend in this direction. 
P artacularly if ‘discovery’ is to involve ‘re-orientation of 
mental attitudes and -outlooks’, the mental flexibility, 
even ‘looseness’, of the diverger would seem to be required. 
‘We can re-state the recruitment problem, then, by saying 
that science by selecting against divergers will reduce its 
own. collective ability to ‘come to terms with’ reality in 
general. One particular problem is that science will 
-Otherwiso impair its adequacy for self-government—the 
. administration of science will be increasingly carried out 
by a new managerial class rather than by scientists. A 
“recent article in Nature‘ stresses the need for concern, with 
‘the mechanisms for decision-making with regard to 
sscientific policy, and cites with approval Crossman’s 
-article “Scientists in Whitehall”*—obviously the personal 
‘Yualities of the scientists in Whitehall must be of immense 
significance. Narrow and incomprehensible specialists 
can do great harm; while adaptable and versatile 
‘generalists’, competent in evaluation and communication, 
can enhance the mutualism of science and society. 

In the context of biology, Underwood! has spoken 
against acquiescence in the reductionist fallacy in teaching 
(that is, the thesis that biological phenomena can be 
understood and predicted solely in terms of their ‘com- 
ponent’ physico-chemical phenomena), and Beer? has 
powerfully elucidated the necessity for general and holistic 
thinking, from the standpoint of information theory. In 
biology, reductionism has been and continues to be useful. 
There are signs, however, of a revival in holistic thinking, 
particularly in the behavioural sciences. Teleology, for 
example, shorn of historical connotations under the name 
‘teleonomy’®, seems likely to have a useful role in guiding 
research®, It can also add to the effectiveness of teaching, 
both in allowing greater breadth of imsight and in giving 
increased psychological impact. To say: “An animal has 
a skeleton in order to keep its body in shape and to 
provide a firm basis for the muscles to work on”, stimu- 
lates the interest of a class in proportion as it makes 
meaningful a number of hitherto discrete and amorphous 
items of knowledge. (Bones as levers, the identifiability 
of skull shapes, the lack of skeleton in Amoeba, coelom 
functions in earthworm locomotion, ete. . . .) Teleonomy 
can also help to umfy the functional and evolutionary 
approaches whose seeming incompatibility, as Mayr?® 
notes, has caused “‘most of the misunderstandings in 
biology”. 

It would be of interest and importance to know whether 
or not teleonomic holistic teaching really can attract 
relatively more ‘divergers’ than the conventional approach 
does, and research on this point would be of great value. 
Evidence at present is. of course, fragmentary and sub- 
jective. Hudson? has shown that, while secondary school 
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pupils attracted to physics and chemistry are over- 
whelmingly of ‘convergent’ type, more ‘divergers’ are 
attracted to the biological sciences. Little of this attrac- 
tion could be due to overtly teleonomic teaching~— because 
little if any is done. But many good biologists are 
unconsciously teleonomic (as has been pointed out, for 
example, by Bernatowicz", who castigates them for it), 
and students undoubtedly respond to this. My own 
impressions, based on seven years as a student and eight 
years teaching in three different university institutions, 
are: that complex (rather than simple) subject-matter, 
presented in an organized fashion, tends to attract 
the more able students of both ‘converging’ and 
‘diverging’ types; the more explicit and obvious the 
organization, the more attractive it is to ‘convergers’; 
while the less obvious and more buried it is, within limits, 
the more attractive to ‘divergers’. As a student in one 
department I saw implicitly teleonomic teaching draw 
able undergraduates, year after year, into the more 
advanced levels of the subject. Not all of them were 
‘divergers’, but some were. In another and much larger 
department I have seen emphatically non-teleonomic 
teaching, teaching that has been intentionally ‘objective’, 
‘factual’, ‘mechanistic’, etc., in the narrowest sense, result 
in numerically small and academically weak advanced 
classes. 

I suggest that two propositions could, and should, be 
investigated by suitable research: that holistic and 
telednomic teaching in biology does attract both the 
able and the ‘diverger’; and that a ‘diverging’ tendency 
is often overborne, especially in the early postgraduate 
life of scientists, by subtle social pressures which force 
them into the ‘converging’ mould. One could adduce a 
multiplicity of such pressures. Some of them have 
achieved public discussion already, for example, by 
Barzun?”. It is beyond the scope of this article, however, 
to attempt to do more than to point out the existence, 
and the importance, of some little-recognized relation- 
ships. 
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JOHN WOODWARD, F.R.S. (1665—1728) 
PHYSICIAN AND GEOLOGIST 


By Dr. V. A. EYLES 


N Westminster Abbey, not far from the tomb of Sir 
Isaac Newton, there lies the body of John Woodward, 
and a tablet commemorating his achievements was 
erected in the Abbey not long after his death on April 
25, 1728. No one would compare Woodward’s scientific 
attainments with those of his contemporary, Newton, 
yet, as a naturalist whose work attracted much attention 
not only in Britain but also in much of Europe, both 
during and after his lifetime, he deserves recognition by 
historians of science. 
Woodward practised as a physician for more than thirty 
years, and as such gained notoriety, if not distinction. 


He made an important contribution to botanical science, 
and he was much interested in archaeology; but it was as 
a geologist that he is chiefly remembered. He can justly 
be regarded as the foremost British geologist of the period 
preceding Hutton, Smith and Lyell, and his name is 
perpetuated in the Woodwardian chair of geology in the 
University of Cambridge, for the foundation of which he 
left provision ın his will. 

Woodward was born in Derbyshire on May 1, 1665 
(ref. 1). He was educated at a country school where he 
became proficient in both Latin and Greek. At the age of 
about sixteen he moved to London, and was there appren- 
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ticed to a linen draper. Finding this occupation uncon- 
genial, he pursued a further course of study. Eventually 
he became acquainted with Dr. Peter Barwick (1619- 
1905), Physician in Ordinary to Charles IT. Barwick was 
so impressed with Woodward’s abilities that he took 
him into his household to study medicine. Under 
Barwick’s tuition he must have made great progress in the 
physician’s art for, in 1692, he was chosen to succeed Dr. 
Stillingfleet as ‘professor of physick’”’ in Gresham College, 
although he had no academic qualification. Barwick’s 
testimonial supporting his candidature states that Wood- 
ward had studied physic ın his family almost four years, 
and that he had also “‘prosecuted his studies with so much 
industry and success, that he hath made the greatest 
advance not only in physick, anatomy, botany, and other 
parts of naturall philosophy; but likewise in history, 


+= geography, mathematicks, philologie, and all other usefull 


c from Cambridge. 


_« seriously critical, 


learning, of any man I ever knew of his age”. This 
testimonial, supported by others from “many gentlemen 
of figure in the learned faculties”, among whom was 
Robert Plot, formerly keeper of the Ashmolean Museum, 
was sufficient to secure his appointment. In the following 
year Woodward was elected Fellow of the Royal Society, 
and thereafter served on the Society’s Council from time 
to time. On February 4, 1695, he obtained the degree of 
doctor of medicine by patent granted by the Archbishop 
of Canterbury. This ‘Lambeth’ degree was awarded 
relatively infrequently, usually as a reward for eminent 
service, to those who had not been able to conform with 
university regulations for mternal degrees; and it then 
constituted a legal qualification for the holder to practise 
medicine®. A year later, apparently by virtue of his 
Lambeth degree, Woodward received an M.D. degree 
In 1702 he was elected Fellow of the 
Royal College of Physicians. _ 

Meantime, Woodward had taken up residence at 
Gresham College, where he delivered lectures on medicine 
and commenced to practise as a physician. In 1718 he 
published his only contribution to medical science, a 
book entitled: The State of Physick: and of Diseases ; 
with an inquiry into the Causes of the late increase of them ; 
but more particularly of Smallpox. With some considera- 
tions upon the new practice of Purgeing in that Disease. 
In this book he strongly attacked the new practice of 
purging used in the treatment of the secondary fever in 
smallpox by such well-known physicians as Richard 
Mead and John Freind, and advocated treatment by 
emetics. His book aroused the wrath of Mead, Freind 
and other physicians; and Woodward was immediately 
attacked m a series of pamphlets. These, mostly anonym- 
ous or pseudonymous, were mainly scurrilous rather than 
ough Woodward had some defenders’. 
The quarrel might have been less bitter had Woodward 
been a more popular character ; but contemporary evidence 
leaves no room for doubt that his character was not such 
as would have endeared him to his contemporaries. 
This quarrel led to the famous ‘duel’ between Mead and 
Woodward which took place on June 10, 1719, in the 
vicinity of Gresham College, when Mead disarmed Wood- 
ward, According to Woodward’s own account of the 
incident‘, after onlookers had separated them, he said to 
Mead that “had he been to have given mo any of his 
Physick, I would, rather than take it, have ask’d for my 
Life of him; but for his Sword, it was very harmless”. 

An account of some of Woodward’s case-histories was 
published in 17575, but otherwise Woodward receives 
little or no mention in histories of medicine, and it must 
be concluded that he made no contribution of importance 
to medical science. It may be suggested, however, that a 


« critical examination of the vigorous pamphleteering war 


in which he became involved might provide interesting 
material for a study of the medical ethics of the 
period. 

Woodward mentions that he studied botany at an 
early stage in his career, but he made only one contribution 
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to botanical science. Like others before him, he was 
curious about the subject of plant nutrition, and he was 
not convinced, that the results obtained by van Helmont 
and. Boyle, who inclined to the view that water alone was 
their source of nutrition, were based on satisfactory 
evidence. He therefore carried out a series of controlled 
experiments on the gowth of plants in water, chiefly 
spearmint, over a period of months. He used weighed 
amounts of water from various sources, being well aware 
that some waters carried more dissolved or disseminated 
matter than others, ard he used distilled water in one 
experiment. He weighed his plants at the beginning and 
end of the experiments. By this means he obtained one 
important result-——proof that the greater part of the water 
drawn up by plants passes out through thew pores and 
is exhaled into the atmosphere. He thus demonstrated 
for the first tıme the pnenomenon of transpiration. He 
also believed that he kad established that mineral sub- 
stances and not water pzovided the plants with nutrition, 
water acting only as = vehicle from which the plant 
extracted nourishment; but in reaching this conclusion 
he was not, of course, aware of the part played by water 
in the formation of carbohydrates. The experiments 
were made in 1691 and 1692, while Woodward was still a 
pupil of Barwick, and fcr its time this was a careful piece 
of experimental work. The results were published in 
1699 in the Transactions of the Royal Society’. 

Woodward’s interest in geology was aroused by chance, 
as a result of a visit, in company with Dr. Barwick, to 
the home of the latter’s father-in-law, Sir Ralph Dutton, 
Here, wandering about 
the Cotswold country  ctanizing, in an area studded 
with exposures of richl- fossiliferous Jurassic rocks, he 
first became aware of tae existence of fossil remains of 
marine organisms. Tl question of their origin, he 
relates: “was a Speculation new to me; and what I judg’d 
of so great moment, thas I resolv’d to pursue it through 
the other remoter parts of the Kingdom; which I after- 
wards did ...’. The first fruit of Woodward’s new 
interest was the publicacion, in 1695, of a book entitled 
An Essay Toward a Na-ural History of the Harth. This 
contained a theory of the origin of the rocks of the Earth’s 
crust that, ın the light of present knowledge, has little 
more to recommend it than Thomas Burnet’s Sacred 
Theory of the Earth, published. a few years earlier, and 
William Whiston’s New Theory of the Earth, published 
in 1697. Woodward’s vews met with criticism, but the 
book was widely read. IG was reprinted in 1702 and 1723, 
and, translated into Latm, French, Italian and German. 
Wocdward’s ‘theory’ hac, however, one merit, which was 
of considerable importarce at that time. It advocated 
and emphasized that fos] remains were organic in origin, 
a view by no means universally accepted at the close of 
the seventeenth century, some still believing them to be 
sports of nature, formed within the rocks by some obseure 
process. At the same time the theory claimed that the 
distribution of the rocks and their fossil contents in 
successive beds or strata was a direct result of the universal 
deluge. Thus his theory was acceptable to most people, 
especially the clergy, whc still believed in the universality 
of Noah’s flood. Among those converted by Woodward 
to belief in the organic prigin of fossils was the distin- 
guished Swiss naturalist, J. J. Scheuchzer, who translated 
the Essay into Latin, snd published it in Zurich in 
1704. 

In 1696 Woodward published anonymously a twenty- 
page pamphlet entitled: Brief instructions for Making 
Observations in All Parts o the World : as also for Collecting, 
Preserving, and sending over Natural Things, Being an 
Attempt to settle an Umiversal Correspondence for the 
Advancement of Knowledc both Natural and Civil; and a 
sub-title indicates it was intended for the promotion of 
Natural History, in all pars of the World. The instructions 
Woodward printed are so thorough and modern-sounding 
that it is worth summarizing them. Under the subhead 
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ings “At Sea’, “At Land” and “Upon the Sea-shores”’ 
he indicates the sort of meteorological, oceanographical, 
hydrological, geological, botanical and anthropological 
observations he considered worth making. Perhaps the 
most mteresting part of the “Instructions” is the ‘List 
of Such Instruments as may be serviceable to those 
Persons who make Observations and Collections”. Here 
we find mentioned the “Weather-glass now lately con- 
trived by Robert Hooke”; the common barometer and 
thermometer; the ““Hygrobaroscope’’, for specific gravity 
observations; a ““Dipping-needle”’ for observations on sea 
and land; a quadrant for astronomical observations and. 
determining heights; a level for determining the dip of 
strata; hammers and a ‘“‘Chissel” for examining rocks; 
crucibles and fluxes for trials of ores; and an “Eradicator” 
to take up the roots of herbs. Woodward then adds that 
“It would be of incredible advantage to this Design, were 
all the Thermometers and Hygrobaroscopes used in it 
adjusted nicely and exactly after some one common 
standard,” and he recommended for this purpose “Mr. 
Hunt, Operator to the Royal Society at Gresham College”, 
who would not only procure these instruments but instruct 
in their use. Nothing if not thorough, Woodward did 
not forget the necessity for quires of brown paper and 
nests of pill boxes in which to pack specimens; and for 
“the more tender Creatures, Insects, Lizards, Serpents, 
Mo.“, he recommended the use of bottles and jars, with 
spirits of wine, rum or brandy, and sublimate of mercury 
as preservatives. Finally, he suggested, the Custom-house 
officers should be warned, so that no inconvenience or 
damage resulted when the consignments were examined. 
This pamphlet, there is reason to suppose, was widely 
circulated, for it is known that Woodward corresponded 
with many naturalists, not only in Britain, but in Europe, 
America and Asia. 

In succeeding years Woodward gathered together, at 
Gresham College, a very large collection of fossils, minerals 
and other ‘curiosities’, which he described carefully, 
noting information such as locality and mode of occur- 
rence. Even by modern standards, the collection must 
have been a fine and very extensive one, for it included 
not only a large and representative suite of British 
minerals and fossils, but many specimens from Europe, 
and, some from North America and Asia. It was probably 
accumulated largely from correspondents, and by ex- 
change, though undoubtedly Woodward collected much 
British material himself. The fame of his museum must 
have travelled far, for among those who have left a record 
of visiting it were several foreigners. 

Woodward’s passion as a collector resulted in the 
appearance of two more books from his pen. One, 
bearing the misleading title Fossils of all Kinds Digested 
into a Method, was published in 1728, the year of his 
death. It contains much miscellaneous matter; but is 
essentially a text-book of mineralogy, with a systematic 
classification of minerals, and an indication of methods 
to be used in identifying them. Among these are determ- 
inations of hardness, specific gravity and the effects of 
heat, and other characters to be noted are form, colour, 
transparency and so on. At that time chemistry could 
provide relatively little help, and crystallography almost 
none for identification, and so Woodward’s mineralogy 
bears little resemblance to modern text-books. It was, 
however, at least as good, and possibly better than 
others of its time, and, moreover, Woodward was the 
first British author to publish a work solely devoted to 
the subject, a fact that seems to have been completely 
overlooked by historians. 

Woodward’s last book, published posthumously in 
1729, was a catalogue of his geological and mineralogical 
collections, entitled An Attempt towards a Natural 
History of the Fossils of England : in a Catalogue of the 
English Fossils in the Collection of John Woodward, M.D., 
the term ‘fossil’ being used here to include both minerals 
and ‘extraneous’ or organic fossils. In fact, it also contains 
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lists of the foreign minerals and fossils in the collection.. 


The extent of the collection can be judged from the fact ~. 


that the book contains nearly 600 pages in small type. 
Here again it is noteworthy that the lists of minerals 
occupy considerably more than half of the book, emphasiz- 
ing the author’s interest ım mineralogy. The mineral 
lists give localities and notes on the types of ores and their 
mode of occurrence. Many specimens come from British 
mines long since abandoned, hence the book has some 
value, even to-day. 

Little need be said of Woodward’s activities as an 
antiquarian, though they were well known in his hfetime. 
He corresponded for many years with Thomas Hearne 
and others on the subject; and in 1712 published a book 
entitled An Account of some Roman Arms and other 
Antiquities lately digged wp near Bishopsgate ; with brief z- 
Reflections of the Ancient and Present State of London. ™~ 
It is perhaps worth noting, too, that he realized the 
nature and use of stone artefacts, which he figured and 
described in his book Fossils of all Kinds Digested into d 
Method. 

Woodward was a typical virtuoso of a type common in 
the late seventeenth and eighteenth centuries, a man of 
intense intellectual curiosity, pursuing knowledge for its 
own sake. It is well known that he was ill-mannered, 
quarrelsome and easily offended, and that he had a great 
conceit of himself. His continued rudeness offended Sir 
Hans Sloane and led to his expulsion from the Council 
of the Royal Society. On this occasion, in reply to the 
plea that Woodward was a good natural philosopher, 
Sir Isaac Newton replied, “that in order to belong to the 
Council a man ought to be a good moral philosopher as 
well as a good natural one’’?. Woodward’s nature was _ 
such as to provide a natural target for the wits of the ™ 
period, and many amusing examples of their shafts 
might be quoted; for example, he figured as ‘Doctor 
Fossile’ in a play, Three Hours After Marriage, performed 
at Drury Lane in January, 1717. One of his visitors, Sir 
John Clerk of Penicuik, Midlothian, after making the 
acquaintance of Woodward and his “vast collection of 
natural Curiosities’’, expressed, the opinion that Woodward, 
himself “was the greatest Curiosity on earth, being a 
vain, foolish affected Man. His Natural History, however, 
is a book that deserves to be read, as it treats very well 
on Minerals and fossils’. Stukeley, the antiquarian, 
described him as an ‘egregious coxcomb’. 

Though Woodward made no contributions of outstand- 
ing and permanent value to natural science, his works 
were often quoted by eighteenth-century authors, and it 
can be said with truth that he greatly stimulated the 
study of geology and mineralogy boty during and after 
his lifetime. In addition, he bequeathéd his collection of~. 
English fossils to the University of Cambridge (which 
bought the foreign ones for £1,000 from his executors), 
and, there they are still preserved in their original cabinets. 
He also left a sum of money to the University to found a 
lectureship in geology, the first of its kind in any univer- 
sity, and if the early occupants of the position made no 
serious effort to carry out Woodward’s wishes, the fault 
was not his*. Woodward played a not unimportant part 
in forwarding the Scientific Revolution that commenced 
in the seventeenth century, and his labours deserve to be 
remembered. 


1The principal source of blographical material about Woodward is 
J. wes Taea of the Professors of Gresham College, 283 (1740); bat 
see also f.n 


2 Wall, ©., Brit. Med. J., 854 (1955). 
E — sepreally, Beattie, L. M., John Arbuthnot, 190 (Cambridge, Mass. + 


t St, James's Evening Post, No. 635, June 18, 1719, p. 3; and other news- J 
papers. 

5 Select Cases and Consultations in Physick, by the late eminent John 
Woodward, M.D , now first published by Dr. P. Templeman (1757). 

e Phil Trans. Roy Soc., 21, 193 (1699). 

7See De Beer, G. R., Sir Hans Sloane and the British Museum, 87 (1958). 


§ Clark, J. W., and T. McK. Hughes, Life and Letters of Adam Sedgwick, 1, 
Chap. 5 (i8 90). 
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OBITUARIES 


Mr. |. H. Burkill 


Mr. Isaac Henry BURKILL, distinguished for his work 
on the useful plants of the tropics, died on March 8, after 
a short illness, in. his ninety-fifth year. He was born near 
Leeds and educated at Repton School and the University 
of Cambridge. On graduating m 1891 he was awarded a 
scholarship by his College (Gonville and Caius) and 
appointed assistant curator of the University Herbarium, 
remaining at Cambridge until the end of 1896, during 
which period he and J. C. Willis collaborated in extensive 
field work. 

Their earliest investigations concerned, the epiphytic 
vegetation of pollard willows by the River Cam; their 
main work was in Glen Clova, where they carried out an 
elaborate investigation of pollination, recording more than 
17,000 insect visits to flowers. Burlall’s herbarium work 
introduced, him to the floras of France and Switzerland, 
and then a collection of specimens from the Pacific, which 
resources at Cambridge did not enable him to name, led 
him to visit Kew, where his interest in tropical plants 
began. He was appointed to the Herbarium staff at the 
Royal Botanic Garden, Kew, from 1897, and two years 
later transferred to the Director’s office, where he was 
introduced to the many aspects of tropical economic 
botany with which Kew was concerned. 

Burkill left Kew at the end of 1900 on appointment as 
assistant to Dr. G. Watt, reporter on economic products 
to the Government of India. Watt had written his 
Dictionary of the Economic Products of India, and had 
been requested to write a shorter version, on Commercial 
Products; he had also in hand the arrangement of a new 
wing of the Indian Museum devoted in part to economic 
products. Burkill took over the Museum work, and. also 
travelled, extensively, visitang markets where local produce 
was on sale and making reports for use in the new 


Dictionary, and during these travels he pursued his own 


work on floral biology. At Calcutta he met Dr. D. Prain, 
superintendent of the Botanic Garden (later director at 
Kew), and became interested in the economic plants 
which were in cultivation there at Watt’s request; these 
included a large number of yams. Thus began the col- 
laboration of Prain and Burkill in an investigation of the 
wild and, cultivated species of Dioscorea in Asia, which 
resulted in a large monograph much later (1936, 1938). 

After the publication of Watt’s second Dictionary, 
Burkill’s status was changed, and he felt unsettled, not 
seeing a prospect of doing the work he wished to do. 
However, he did have a major opportunity for botanical 
exploration when he accompanied the Abor Expedition 
(November 1911 March 1912) to the outer range of the 
Himalayas near the junction of the Dihang River with 
the Brahmaputra. On his return from the expedition he 
was offered the post of director of Gardens, Straits 
Settlements, in succession to H. N. Ridley. 

At Singapore he found much reorganization necessary, 
and little skilled assistance. Ridley had left nine months 
previously: his methods had always been haphazard; 
he never understood Burkill’s methodical and scholarly 
nature. The First World War brought continuous staffing 
difficulties, and an assistant director with botanical 
qualifications, appointed in 1914, did not arrive until 
1919. Burkill had duties in Penang and Malacca, which 
necessitated travel, and this he used to collect specimens 
and enlarge his knowledge of native plants. He collated 
the records of plants introduced to the economic garden 
(where the Hevea trees, source of most of Malaya’s rubber 
plantations, had been planted) and made new intro- 
ductions, including local yams. He made contact with 


E. W. Foxworthy, forest research officer at Kuala Lumpur, 
with whom he collab»yrated in investigations of forest 
trees. The Governor of the Straits Settlements (Sir 
Laurence Guillemard), hearing of Burkill’s growing files 
on useful plants, proposed that he should write a Drc- 
tionary of the Economie Products of Malaya after his 
retirement. With this in view, Burkill spent much time 
in travel during his last three years in Malaya, collecting 
specimens ın local markets, with notes on local names and 
uses; he also made a special effort to collect data on 
plants believed to be of medicinal value. His most 
important publication Curing these years was a survey of 
some 1,500 oriental vernacular names of yams, with 
comments on the origins of the cultivated species and on 
the wanderings of man. 

After his retirement in 1925 he settled at Leatherhead, 
and went regularly to Kew, where he elaborated his card 
index of references. In three years he accumulated 
36,000 of these, and oniy then began writing. The Dic- 
tionary was published, ir two volumes, in 1935. It is the 
most important single work of the present century on 
useful tropical plants. Jt is particularly noteworthy for 
the scholarly fullness an1 accuracy of the information on 
the origins and the histcry of human exploitation of the 
various species; and it contains the largest and most 
critical collection of Malay plant names ever recorded. 
It also contains contrikutions on animal produce, fish 
and minerals, but these occupy only a small fraction of 
the whole. 

After completing this great task, Burkill returned to the 
family Dioscoreaceae. Flo cultivated Tamus in his garden 
and investigated its mozphology and anatomy in com- 
parison with Dioscoreas in cultivation at Kew. His help 
was asked for by Belgian.and French botanists concerned 
with Dioscorea species in Africa, and his investigations of 
these led to new ideas akout the evolution and spread of 
the family, to which his last paper (1960) was devoted. 

Burkill accepted appointment as botanical secretary of 
the Linnean Society in 1337, and continued through the 
difficult years to 1944. In 1951 he delivered the Hooker 
Lecture to the Society on “Habits of Man and the 
Origins of the Cultivated Plants of the Old World”. The 
Society awarded him the Linnean Gold Medal in 1952. 

His last work was entztled Chapters on the History of 
Botany in India, publisaed by the Bombay Natural 
History Society during 1353-63, to be issued shortly in 
book form by the Botanmal Survey of India. He went 
to great trouble to collect and verify biographical data of 
the many persons concerzed, and his last visit to Kew 
was in connexion with th: work. His failing eyesight in 
his last years was a trial to him, though his mind remained 
alert and active; his w-fe helped most faithfully by 
writing much of the last chapter at his dictation. 

R. E. Hourrum 


Prof. L. H. May 


Tue sudden death on April 3 of Prof. Lancelot Harris 
May, professor of plant physiology, Waite Agriculbural 
Research Institute of the University of Adelaide, means 
that botanical science has suffered a great loss. After 
serving in the Royal Australian Aur Force, Prof. May 
graduated from the University of Adelaide in 1949 with 
first-class honours in botany. He held a Services Canteens 
Trust Fund overseas scho.arship during the early fifties 
at the Imperial College of Science and Technology, 
London, where he worked >n sugar metabolism in plants 
with Dr. H. K. Porter anc the late Prof. F. G. Gregory. 
He was awarded a Ph.D. degree by the University of 
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London and a diploma of membership of the Imperial 
College of Science and Technology in 1954. 

He returned to Adelaide to assume the leadership of 
the Department of Plant Pathology at the Waite Institute. 
He built up an active research and teaching unit which 
now has wide international recognition, particularly in 
the fields of mineral nutrition and root growth, carbo- 
hydrate metabolism and plant—water relations. He was 
appointed to the chair of plant physiology in 1964. 

Prof. May visited the United Kingdom and the United 
States in 1961 under the auspices of the Carnegie Cor- 
poration and spent six weeks at the Grassland Research 
Institute and the International Botanical Congress in 
1964 under a grant from the Agricultural Research Council. 
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His numerous colleagues and friends in Australia and 
the United Kingdom, who have enjoyed his cheerful 
amiability, bis quiet charm, his honesty, his sharp and 
penetrating observations and the keenness and perception 
which he has brought to a range of problems in plant 
physiology, will all feel his loss deeply. Behind a quiet 
and unassuming manner lay an alert mnd which quickly 
arrived at sound, reasoned and humane judgments. 
Coolness, dexterity and precision were equally evident in 
the laboratory, on a cricket ground or on the tennis court. 
It was while playing tennis that Prof. May died at the 
early age of forty-two. He leaves a widow and two 
children. F. L. MILTHORPE 

H. K. PORTER 


NEWS and VIEWS 


Organic Chemistry in the University of Bristol : 
Prof. W. Baker, F.R.S. 


Pror. W. Baxer is due to retire at the end of July 
from the Alfred Capper Pass chair of organic chemistry in 
the University of Bristol, which he has occupied since 
1945. As a student, Baker studied at the University of 
Manchester where he carried out research work first under 
A. Lapworth, then under Robert Robinson. In 1932 
Robinson moved to the Dyson Perrins Laboratory in 
Oxford and invited Baker to join him there, where he 
was appointed University lecturer and later became a 
Fellow and Praelector of The Queen’s College. He was 
elected to a fellowship of the Royal Society in 1945. 
Prof. Baker’s early research work was concerned mainly 
with the synthesis of isoflavones, flavones and chromones. 
In 1933 he and, independently, K. Venkataraman, dis- 
covered the rearrangement of orthoacyloxyacetophenones, 
a reaction now known by their joint names. SBaker’s 
interests then extended to studies on the effect of chelation 
on the chemical and physical properties of molecules, 
the synthesis of derivatives of 1,2,3,4-tetrahydroxyben- 
zene, and of naturally occurring allyl- and propenyl- 
phenols and -phenol ethers, also to investigations of the 
structure of the condensation products of phenols with 
ketones. During the Second World War, Baker played an 
important part in the Oxford team studying the chemistry 
of penicillin. At the University of Bristol much of Baker’s 
research work has been carried out in collaboration with 
Dr. J. F. W. McOmie and Dr. (now Prof.) W. D. Ollis. 
Some of the earlier lines were continued but many new 
topics were also investigated. These included studies 
on the synthesis of large-ring compounds utilizing the 
‘rigid-group’ principle (first enunciated by Baker), 
inclusion compounds (especially ‘Dianin’s compound’ 
and tri-orthothymotide), and the examination of a new 
class of natural products, the bifavonyls. Baker’s Tuden 
Lecture in 1944-45 entitled “‘Non-benzenoid Aromatic 
Hydrocarbons” stimulated world-wide interest in this 
class of compound and the rapid progress in this field 
made at Bristol (especially with mesoionic compounds 
and biphenylene) and elsewhere has been fittingly sum- 
marized in Baker’s Pedler Lecture 1964-65 entitled “The 
Widening Outlook in Aromatic Chemistry”. Apart from 
his own wide interests he encouraged his colleagues to 
develop their own lines of research work, with notable 
success. In recent years Baker has been closely concerned. 
with the design and building of new laboratories at 
Bristol, which will provide his successors with a lasting 
heritage from his term of professorship. 


Prof. M. C. Whiting 


Dr. M. C. Wuirine, University lecturer at Oxford, has 
been appointed to the Alfred Capper Pass chair of organic 


chemistry at Bristol, in succession to Prof. Baker. Dr. 
Whiting was educated at Jarrow Grammar School, Co. 
Durham, and is yet another of those who won Royal 
scholarships in chemistry to the Imperial College of 
Science and Technology, to be appointed to a professor- 
ship. He was awarded the B.Sc. degree with first-class 
honours in 1945 and the Governors Prize for practical 
chemistry and obtained his Ph.D. degree in 1948 for work 
on unsaturated lactones with Sir Ewart Jones. He joined 
the chemistry staff at the University of Manchester in 
1948 and during 1951-52 he worked in collaboration with 
Prof. R. B. Woodward at Harvard on ferrocene. In 1955 
he was appointed to the staff of the Dyson Perrins ` 
Laboratory and was elected to a fellowship at Pembroke 
College in 1959. He was a visiting lecturer at the Chemistry 
Department of the University of California at Los Angeles 
in 1958. An outstanding experimentalist, but with a deep 
appreciation of underlying theory, Dr. Whiting has made 
notable contributions to acetylene chemistry, especially to 
synthesis of the novel polyacetylenes, for example 
Me,C.(C=C),».CMe,. In 1958 he effected the synthesis of 
the vital natural hydrocarbon, squalene and, in an elegant 
degradative study on lagosin, he was the first to establish 
the correct structure of a polyene antibiotic. His interests 
are now directed mainly towards the elucidation of the 
course of organic reactions; to this end he has developed 
highly sophisticated methods of analysing the complex 
isomer-mixtures obtained in solvolysis reactions and 1s 
investigating Hammett acidity functions, using electronic 
computation to improve the handling of the experimental 
data.. 


Sir George Beilby Memorial Fund Gold Medal and 
Prize: Mr. J. A. Charles 


THe Administrators of the Sir George Beilby Memorial 
Fund, representing the Royal Institute of Chemistry, the 
Society of Chemical Industry and the Institute of Metals, 
have decided to make an award from the Fund m 1965, 
consisting of the Gold Medal with a Prize of 100 guineas, 
to Mr. J. A. Charles, lecturer in metallurgy in the Univer- 
sity of Cambridge, in recognition of his work in process 
and reaction metallurgy. Mr. Charles graduated in 
metallurgy at the Royal School of Mines (Imperial 
College of Science and Technology) in 1947. His first 
appointment was with the Metallurgical Research Depart- 
ment of J. Stone and Co., Ltd., where he worked mainly 
on the metallurgy of tin-base bearing metals, but with 
already an interest in process aspects of metallurgy in the 
context of such investigations as the preparation of 
spectrographic standards subject to segregation, the effects 
of vibration at various frequencies on the cast structure of 
tin base alloys and the tinning of cast iron. In 1950 he 
moved to the research laboratories of the British Oxygen. 
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Co., Ltd., South Wimbledon, where he was responsible 
for research on the fundamental principles of oxygen. 
cutting and allied metal combustion processes, and 
studied the effect of the main variants such as oxygen jet 
characteristics, oxygen purity and metal composition. 
He undertook the setting up and development of small 
puot-scale research and development facilities for hot-metal 
treatment and steelmaking: this resulted in the publica- 
tion in 1956 of the first book covering the whole field of 
oxygen applications in ferrous extraction metallurgy with 
W. J. B. Chater and J. L. Harrison. In 1960 he took an 
appointment as lecturer in the Department of Metallurgy, 
University of Cambridge, with particular responsibility 
for the teaching of extraction metallurgy to final-year 
students and the establishment of a research group in 
process metallurgy. Continuing his interests in molten 
iron treatment he and his group have studied the kinetics 
of oxidation of molten iron alloys using a novel droplet 
oxidation and quenching technique with subsequent 
micro-analysis. Investigations have also been carried out 
on the production of a strong steel microstructure in which 
martensite is dispersed in ferrite in a fibrous or laminar 
form. With greatly improved space and facilities, plans 
are in hand for future work in the fields of high-speed 
roasting and sintering and the use of plasma heating in the 
extraction of metals. 


Director-General of the Meteorological Office 


Pror. B. J. Mason, professor of cloud physics in the 
Imperial College of Science and Technology, London, has 
been appointed to succeed Sir Graham Sutton as director- 
general of the Meteorological Office. Sir Graham has been 
director-general of the Office since 1953 and will be retiring 
on September 30, 1965. Prof. B. J. Mason has held his 
present position since 1961 (Nature, 188, 781, 1960). _ 


Natural Environment Research Council 


In a written answer in the House of Commons on May 
17, the Secretary of State for Education and Science, Mr. A. 
Crosland, stated that he had appointed the following to 
be members of the Natural Environment Research 
Council under the chairmanship of Sir Graham Sutton: 
Mr. F. C. Bawden, director of the Rothamsted Experi- 
mental Station (Lawes Agricultural Trust); Sir Edward 
Bullard, professor of geodesy and geophysics, University 
of Cambridge; Prof. A. R. Clapham, Department of 
Botany, University of Sheffield; Prof. F. K. Hare, 
Department of Geography, King’s College, University of 
London; Prof. J. E. Harris, Department of Zoology, 
University of Bristol; Lord Howick of Glendale, chair- 
man. of the Nature Conservancy; Prof. M. V. Laurie, 
Department of Forestry, University of Oxford; Prof. 
M. J. Lighthill, Royal Society research professor, Imperial 
College of Science and Technology; Prof. J. H. Taylor, 
Department of Geology, Kings College, University of 
London; Prof. J. C. Mitcheson, Department of Mining 
and Mineral Technology, Imperial College of Science and 
Technology; Mr. N. A. F. Rowntree, director of the 
Water Resources Board; Prof. S. K. Runcorn, Depart- 
ment of Physics, University of Newcastle upon Tyne; 
Prof. V. C. Wynne-Edwards, Department of Natural 
History, Marischal College, University of Aberdeen; Dr. 
C. M. Yonge, Department of Zoology, University of 
Glasgow. 

Mr. Crosland went on to say that a charter incorporating 
the Council had been approved by The Queen in Council, 
and it was hoped that the Council would come into formal 
existence on June 1, when the relovant provisions of the 
Science and Technology Act, 1965, would be brought 
into force. The Council would be responsible for supporting 
and undertaking research in Earth sciences and ecology. 
It would take over responsibility for the Nature Con- 
servancy, the Geological Survey and Museum (with which 
would be amalgamated the Directorate of Overseas 
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Geological Surveys, at present under the Ministry of 
Overseas Development. in accordance with the recom- 
mendations of the Braundrett Committee on Technical 
Assistance for Overseas Geology and Mining), the Hydro- 
logy Research Unit and-the National Institute of Oceano- 
graphy. It would alsc take over the present responsi- 
bilities of the Development Commission in relation to 
fisheries research and allied subjects, would assume 
financial and policy responsibility for the research now 
carried out by the Meteorological Office in seismology and 
geomagnetism, and wou_d co-ordinate research in meteor- 
ology generally with tha: carried out by the Meteorological 
Office; it would be responsible for the support of long- 
term forestry research, in consultation with the Forestry 
Commission. The Council would have power to make 
research and postgraduate training awards in all the 
subjects which it covers. It would work through sub- 
ordinate committees responsible for each of the main 
activities concerned and based, where appropriate, on the 
body now responsible fcr the field in question. 

Mr. Crosland said thas Mr. R. J. H. Beverton, deputy 
director of the Fisheries Laboratory of the Ministry of 
Agriculture, Fisheries ard Food at Lowestoft, would act 
as secretary of the Research Council. This appointment 
would be submitted for the Council’s ratification in due 
course. 


Expenditure in Indian National Laboratories 


A. Study of Eaupenditure in National Laboratories in 
India, made by the Survey and Planning of Scientific 
Research Unit of the Council of Scientific and Industrial 
Research, New Delhi, aml issued as Survey Report No. 2, 
records an increase in she Council’s expenditure from 
Rs. 5-2 million in 1946 -0 Rs. 81:2 million in 1962 (by 
A. Rahman, A. Ghosal, N. Sen, N. R. Rajagopal, (Mrs.) 
S. Dasgupta, S. H. M. Husaini and A. K. Roy. Pp. iv+ 98. 
New Delhi : Council of Seientific and Industrial Research, 
1964). During 1956-57 te 1961-62, recurrent expenditure 
increased at the rate of 1% per cent per annum and capital 
expenditure at 35 per cent per annum; in 1961-62, 64 
per cent of the total of Rs. 81-2 million was recurrent. 
The data are analysed to indicate the proportion of 
current expenditure on diferent items and their trend, the 
relation of recurrent to cepital expenditure and the trend 
of cost per scientist. The laboratory staff increased from 
2,682 in 1954 to 4,925 in 1958 and 9,014 in 1963, the rate 
of growth being about 16-per cent per annum for 1954-58 
and 13 per cent for 1958-53. The ratio of supporting staff 
remained fairly constant—being 75 per cent in 1954 and 
73 per cent in 1963. Of she total in 1954, 662 (24-7 per 
cent) were scientists and zechnologists directly concerned 
with research and devebpment, 1,276 (47-6 per cent) 
ancillary technical personnel, and 744 (27:7 per cent) 
administration, compared with 27-1 per cent, 47-3 per cent 
and 25:6 per cent in 196& The cost per scientist varied 
considerably, being abou= Rs. 50,000 at some developed 
laboratories and as low as Rs. 18,000 at the Central 
Food Technological Reseerch Institute and the Central 
Leather Research Instituse. There are many vacancies 
in the scientific staff and pnly 5-1 per cent had monthly 
salaries greater than Rs. 1,000, 44°5 per cent having 
salaries of Rs. 300 or less. More representation of labora- 
tory staff on university and industrial committees is 
desirable, also reconsiderstion of the methods of selec- 
ting deputations for abroad, and greater use in selecting - 
and assigning priorities to branches of science and technol- 
ogy which are of importance and in which training is obtain- 
able. Facilities available Hr scholarships offered overseas 
should be better known ard utilized, and a more rational 
policy is also urged of participation in international 
conferences. Wider use of statisticians is desirable and there 
is some critical comment cn the output of research papers, 
which has declined since .956-58, although the number 
published overseas has risen. A detailed study of the whole 
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problem of the utilization of the results of research is 
recommended. 


British Institute of Management Export Reconnaissance 
Training Scheme 


THE British Institute of Management Export Recon- 
naussance Training Scheme has been devised to enable 
British companies engaged in exporting consumer goods 
to give the promising young executive between the ages 
of 25 and 35 an opportunity to “investigate an overseas 
consumer market, provide his company with information, 
gain practical evidence of specific export scenes and 
broaden his outlook and demonstrate his initiative and 
powers of objective analysis in an unfamiliar situation”. 
The scheme is intended for young executives from all 
functions of management. The first project under the 
Scheme—to the United States—has been planned in 
association with Lord Watkinson’s Committee for Exports 
to the United States. Twenty young executives will fly 
as a group to New York and Chicago, disperse to carry 
out an investigation on a strictly individual basis over a 
period of about fourteen days and then return as a group 
to the United Kingdom. Each individual will be given a 
separate project. It will take the form of a personal and 
practical exercise in planning, preparing and executing a 
reconnaissance of three aspects of the consumer market 
in New York/Chicago. The three aspects will be potential 
demand for a selected product of each individual’s own 
company, potential demand for another product which is 
complementary to the product of his own company but 
not competitive with his own company, and local shopping 
habits and resulting potential demand for British exports 
in general. Each individual will submit a separate report 
on each aspect. The first group of twenty will fly to New 
York on June 1, 1965. 


Human Relations in Industry 


in a recent note on the financial statement of Procter 
and Gamble, Ltd., for the year ending June 1964 (Nature, 
204, 1257; 1964), attention was directed to the somewhat 
unorthodox, albeit modest, format and substance of that 
publication, in particular the beautiful illustrations of 
Newcastle and Northumberland scenes ın colour included 
in the text. A study of human relations in @ large and 
progressive organization such as this would in any event 
be instructive; when such a survey is conceived in an 
artistic background and is conducted by a competent but 
detached observer with a keen eye and ear for the humani- 
ties in a factory environment, then some arresting and 
original results may be anticipated. These are forth- 
coming in one of the latest of the firm’s publications, 
Fyfe Robertson looks at Procter and Gamble Limited 
(Pp. 26. Newcastle upon Tyne: Procter and Gamble, 
Ltd., 1964). This brochure gives the writer’s impressions 
of what he saw and heard during his roving commission 
in the various departments of this large factory, and of 
some of the people who spend their working-day lives 
there. The cultivation of good relations between. major 
industries and the public is now universally recogmzed; 
this publication illustrates at least one novel means of 
its satisfactory achievement. 


Scottish Journal of Geology 


THis new periodical results from a decision of the 
Councils of the Geological Society of Glasgow and the 
Edinburgh Geological Society to merge their Transactions, 
which have been separately published through the past 
century (Scottish Journal of Geology, 1, Part 1; January 
1965. Pp. 1-100. Edinburgh and London: Oliver and 
Boyd, Ltd. Published for the Geological Societies of 
Edinburgh and Glasgow, 1965. Volume subscription: 
80s.; 12 dollars. Single copies: 30s.; 5 dollars). It is 

tend ed that three parts will constitute each annual 
lume. Part 1 of Volume 1, January 1965, presents in 
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100 pages six papers covering a wide field of geological 
enquiry. W. T. Harry demonstrates from field evidence 
that the Cairngorm granite pluton is a composite dis- 
cordant stock, not a concordant sheet. The age of the 
lower part of the New Red Sandstone of south-west Scot- 
land is discussed by W. Mykura in the light of the recent 
discovery of plants of Westphalian D age in a sedimentary 
intercalation within the Mauchline Volcanic Group; much 
of the succession of ‘Permian’ lavas and sediments of 
Ayrshire, Sanquhar and Thornhill may be of Carboniferous 
age. D. 5. Weedon contributes a petrological and chemical 
account of the layered ultrabasic rocks of Sgurr Dubh, 
Isle of Skye. M. J. O'Hara, writing on primary magmas 
and the origin of basalts, stresses the probable importance 
of crystal fractionation, at various depths, which the 
primary magmas may undergo during movement to the 
surface to yield extrusive basalts. W. A. Read relates 
shoreward facies changes to cyclical sedimentation in part 
of the Namurian east of Stirling. Potasstum—argon age 
determinations on some rocks from St. Kilda and Rockall, 
ranging between 60 m.y. and 35 m.y., are recorded by 
J. A. Miller and P. A. Mohr. The page size of the new 
periodical is 94 in. x 64 in. The Journal, which effects a 
welcome simplification m the literature, is aimed at 
presenting both the scientific work of the two Societies 
and other geological research in Scotland. 


National Museum of Wales 


Tue fifty-seventh annual report of the National Museum 
of Wales for 1963-64 regrets the delay in the completion 
of the west wing caused by damage to the aluminium 
sheeting used on a part of the roof (Pp. 96+6 plates. 
Cardiff: National Museum of Wales, 1964). Eventually 
it was decided to replace the aluminium with lead, in 
spite of the extra cost involved. The Council was also 
disappointed that the building of the Museum block at the 
Welsh Folk Museum has not yet begun. A small panel 
of persons experienced in the field of publicity and public 
relations has been formed to advise the Council on such 
matters. In the Department of Geology, work continues 
on the reorganization of reserve and study collections and 
the compilation of a comprehensive bibliography of the 
geology and allied sciences of Wales and the Welsh 
borders. The Department of Botany planned a number 
of new exhibits for the increase in gallery space provided 
by the general rearrangement, and an exhibit illustrating 
“Colour and Form in Mollusca Shells” was provided by 
the Department of Zoology. Further modernization of 
exhibits has been carried out in the Prehistoric Galleries 
and much preliminary planning in connexion with the 
expansion of the Department of Industry has been under- 
taken. Several loan exhibitions have been shown by the 
Department of Art and, at the Welsh Folk Museum, work 
on the re-erection of the tannery removed from Rhayader, 
Radnorshire, was the most important task undertaken. 


Measurement of Particle Elongation and Flakiness 


THOsE concerned with the practical determination of 
elongation and flakiness of aggregate components, particu- 
larly as regards concrete, and as at present carried out in 
accordance with standard methods and apparatus, have 
not all been entirely happy about the validity of results 
obtained or the procedure implied. A paper on this 
subject by G. Lees, Department of Transportation and 
Environmental Planning, University of Birmingham, 
has recently been published (Magazine of Concrete Re- 
search, Cement and Concrete Association, London, 16, 
No. 49; December 1964). All are agreed that particle 
shape does play an important part when selecting aggre- 
gates for concrete and that its proper assessment is material 
to the mechanical strength and ultimate behaviour of the 
product. While conceding that measurements of flakiness 
and elongation have long been considered important, 
Mr. Lees considers that “. . . methods of determining 
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these qualities both by direct measurement and by means 
of gauges are in need of some revision”. The paper under- 
lines some of the difficulties and fallacies concerned with 
the present technique and suggests means to overcome 
them. His conclusions may be summarized as follows: 
(1) “Confusion over which directions through a particle 
should be measured in order to ascertain the long (a), 
intermediate (b) and short (c) diameters can be resolved 
by taking the actual longest axis as a, the axis determining 
the smallest circular (or square) aperture through which the 
particle could pass as 6 and the axis determining the nar- 
rowest slot through which the particle could pass as c. 
The long, intermediate and short diameters are not 
necessarily at right angles to each other”; (2) “Present 
British Standard flakiness and elongation gauges do not 
satisfactorily perform the function for which they were 
intended” ; (3) it is considered that calliper measurements 
are the most accurate means of assessing fitness and 
elongation ratios, and that even judgment by eye, where 
trained observers are employed, is superior to the use of 
gauges in classifying particles into shape categories; 
(4) finally, it is recommended that a return be made to 
Zinge’s ratio of 0-66 for both elongation and flatness ratio 
boundaries between shape categories. This paper appears 
at a time when the revision of British Standard 812: 1960, 
Methods for Sampling and Testing of Mineral Aggregates, 
Sands and Fillers, is approaching completion, and doubtless 
its import will not be overlooked. 


Introduction of Cash Flow into Critical Path Scheduling 


A. C. Kleinschmidt, W. R. Moore and V. M. Tamashunas 
of the Industrial Engineering Department, Iowa State 
University, Ames, Iowa, have recently completed an 
investigation to determine whether components should be 
manufactured in the user’s plant rather than purchased 
(Int. J. Prod. Res., 3, No. 2; 1964). The eritical path 
technique was of assistance in developing a general-purpose 
model for ‘produce’ or ‘purchase’ decisions, in conjunction 
with a ‘requirements planning network’. ‘Though the 
pre-planning activities shown are often quite informally 
determined, the use of the network contributes valuable 
information to production planners. The purpose of a 
production plan is to provide management with informa- 
tion and recommendations necessary for an intelligent 
decision. Company managements have operated effectively 
during past years with the conventional summaries show- 
ing project costs and proposed savings. The timing of 
expenditures and close control of the completion date, 
however, are of more importance each succeeding year. 
The use of the critical path technique makes it possible 
to show this information in the analysis summary report 
which is submitted to management for approval. Through 
the mechanism of earliest starts and latest finishes, specific 
data concerning each major activity can be shown in a 
pre-production cash-flow analysis. In the test plan used 
as an example, real data on a present-day problem are 
shown. When an analysis is developed informally, unless 
immediate approval is given, the analysis is of little value. 
Formal preparation and recording of the different steps 
in completing analyses, together with the ‘floating date’ 
aspect of the critical path technique, permit the analysis 
to be delayed without penalty. When a plan needs to 
be delayed to await a more favourable time for action, 
the necessary information is readily available for review 
and quick action at any time. A form has been developed 
to standardize the record of the activity information 
developed in the plan. 


The Geological Society of London: Officers 


Tue following have been elected officers of the Geological 
Society of London for the session 1965-66: President, 
Prof. F. W. Shotton, professor of geology, University of 
Birmngham; Vuice-presidents, Prof. O. M. B. Bulman, 
Woodwardian professor of geology, University of Cam- 
bridge, Prof. L. Hawkes, emeritus professor of geology, 
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Universıty of London, Prof. F. H. Stewart, Regius pro- 
fessor of geology, University of Edinburgh, and Prof. D. 
Williams, professor of mining geology, Imperial College 
of Science and Technology, University of London; Sec- 
retaries, Dr. P. A. Sabine, chief petrographer, Geological 
Survey and Museum, ard Mr. W. B. Harland, University 
lecturer in geology, Uriversity of Cambridge; Foreign 
Secretary, Prof. O. M. B. Bulman; Treasurer, Dr. W. 
Bullerwell, chief geopkysicist, Geological Survey and 
Museum. 


Announcements 

Dr. P. R. Gross, as present associate professor of 
biology at Brown University, Providence, Rhode Island, 
has been appointed prefessor of biology at the Massa- 
chusotts Institute of Tehnology, where his research will 
be primarily concerned with growth and development at 
the molecular level. 


Dr. F. HARTLEY, Dean of the School of Pharmacy in 
the University of Londoa and formerly director of research. 
and scientific services as British Drug Houses, Ltd., has 
succeeded Prof. H. J. Eméléus as president of the Royal 
Institute of Chemistry and will hold office for the two 
years to Apml 1967. Dr. Hartley is a leading authority 
on drugs and is a member of the Dunlop Committee on the 
Safety of Drugs and vice-chairman of the British Pharma- 
copoeia Commission of ihe General Medical Council. 


Tu British Tissue Celture Association has changed its 
name to the British Society for Cell Biology, as was 
decided at the annual general meeting held at Aberyst- 
wyth on April 3. 


THE sixth intornation=l Radiocarbon Dating Conference 
will be held at Washington State University, Pullman, 
during June 7-11. Fur-her information can be obtained 
from Dr. R. M. Chatte>s, Washington State University, 
Pullman, Washington. 


Tue fifth Australian Spectroscopy Conference, spon- 
sored by the Austrahan Academy of Sciences, will be 
held in Perth during May 31—June 2. Further information 
can be obtained from Dr. A. J. Parker, Department of 
Chemistry, University of Western Australia, Nedlands. 


Tus fifteenth annual meeting of the Société de Chimie 
Physique, on ““Movemen:s and Phase Changes in Molecular 
Solids”, will be held in Paris during May 3l-June 4. 
Further information can be obtained from Prof. G. 
Emschwiller, Société de Chimie Physique, 10 rue Vauque- 
ln, Paris 5. 

Tue forty-eighth Canadian chemical conference, on 
“Chemistry—-Formula tor Progress’, and exhibition of 
the Chemical Institute cf Canada will be held in Montreal 
during May 3l—June $. Further information can be 
obtained from the Chsmical Institute of Canada, 48 
Rideau Street, Ottawa 2, Ontario. 


A SYMPOSIUM on ‘‘Genetic Control of Differentiation”’, 
arranged by the Biological Department of Brookhaven 
National Laboratory, will be held at the Laboratory 
during June 7-9. Further information can be obtained 
from Dr. H. H. Smith, Brookhaven National Laboratory, 
Upton, Long Island, New York. 


CORRIGENDUM. In the article “Nature of Electron 
Equilibrium in Heterogeneous Solids and the Proposed 
Electron Energy Distrinution in Degenerate p-n June- 
tions”? by Prof. M. A. Melehy, which appears on p. 456 
of the January 30 issue of Nature, on the left-hand side 
of equation (44), the quantity p should be replaced by 
(b/g). Also in the second paragraph preceding equation 
(44) the two consecut-ve sentences pertaining to the 
battery voltage should vead: ‘“Here (v/q) is the forward 
applied voltage. This mange in... , the electron gains 
(vig) electron volts fron: the battery”. In the m.x.s., the 
units of (b/g) and (v/g) sre in volts, while , and v would 
have the same unit as EL’. 
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BASIC PROCESSES IN SOLID AND LIQUID INSULANTS 


ONE-DAY conference with the above title, arranged 

by the Sixth Section of the Société Francaise des 
Electriciens and the Dielectric Research Department of 
the Laboratoire Central des Industries Electriques was 
held in Fontenay-Aux-Roses (Seine) on March 19. The 
aim of this conference was to bring out recent advances 
in the study of dielectric phenomena, including work on 
the various processes of polarization; transient, steady, 
transverse and surface conductivities; phenomena local- 
ized at metal—insulation interfaces and ‘intrinsic’ dielectric 
breakdown. All the papers presented at the conference 
dealt with phenomena in solid dielectrics, except one 
which described recent work at one establishment in 
the United Kingdom on dielectric phenomena in mineral 
oil. . 

In this report we shall give a brief résumé of the papers, 
some of which are to ba published in full in La Revue 
Générale de l Electricité, because the attendance at the 
conference was limited and it is felt that the subjects 
discussed are of great topical interest to the many people 
at present investigating dielectric phenomena. 

The conference opened with a review paper by Coelho 
(‘Present Problems in the Field of Insulators and Dielec- 
tries”) on recent investigations with dielectrics at very low 
temperatures. This included work carried out at other 
laboratories on the dielectric properties of liquid helium 
as well as that on the dielectric strength of very pure 
crystals at low temperatures. He discussed the work of 
Kühn and Luty of Stuttgart on the paraelectric behaviour 
of (OH)- hydroxyl dipoles in a KCl crystal, in which they 
showed that at an applied field of 10’ V/m and a tempers- 
ture of a few degrees Kelvin it was possible to orientate 
almost all the (OHY dipoles in a direction parallel to the 
field. 

Fallou and Bouvier (“Experiments on the Conductivity 
of Polymers in Thin Films’’) reported measurements of the 
veriation in conduction current with film thickness and 
mean applied gradients for two types of polymer: poly- 
amide 6-6 and polycarbonate. In the case of polyamide 
6-6 they found a considerable increase in the conductivity 
with decrease in film thickness. The dielectric losses, when 
measured at a low frequency, exhibited a similar but less 
pronounced variation. However, at higher frequencies 
the losses were independent of the film thickness. This, 
Fallou and Bouvier attributed to ionic charges sssociated 
with the presence of moisture in the films. Measure- 
ments made on polycarbonate, which was well dried, did 
not indicate any variation of conductivity with thickness, 
thus confirming the investigator’s hypothesis. For both 
polymers the conductivity was independent of the mean 
applied gradient up to 5 x 104 V/em. The dynamics of 
moving ions, accumulated in surface potential barriers, 
and of the carriers exchanged between the surface and 
the volume of the dielectric material were discussed in a 
paper by Goffaux (“Mechanism of Conduction and 
Electrical Properties of Solid Insulating Materials”). He 
investigated the variation in loss angle of mica and 
tri-acetate of cellulose with voltage, frequency and 
temperature. Goffaux also analysed surface conductivity, 
taking into consideration the transfer of surface changes 
from place to place by a process of thermal excitation. 

Bucci, Fieschi and Guidi (“Ionic Conductivity in Dielec- 
trics’’) extended their previous investigations on dielectric 
polarization using an ionic thermocouple. Such a method 
depends first on polarizing the sample in a static electric 
field for a given time at a given temperature. The solid is 
then cooled down to a temperature where any ionic motion 
is stopped and the external field taken off. The solid is 
then warmed up at a constant rate and the discharge 


current noted as a function of temperature. The processes 
of relaxation give rise to bands of current, the analysis 
of which gives information on the characteristics of relaxa- 
tion. For example, using this method in the case of 
dipolar orientation, the number of dipoles, the activation 
energy and the parameters of the relaxation can be 
measured independent of the temperature. Bucci et at. 
reported several measurements, particularly on alkah 
halogenated crystals, where they observed: relaxation of 
dipoles; strong bands of thermal conductivity (probably 
due to surface effects), relaxation of space charge and the 
effect of X-ray irradiation. The capacity of a Si-Si0,—Al 
structure was measured by Forlani and Minnaja (“New 
Methods for the Study of the Interface Si-SiO,’’) n 
otder to obtain information on the distribution of the 
charged states at the interface of the silicon. By illuminat- 
ing the structure they obtained the field distribution 
between the semi-conductor and the dielectric. Conduc- 
tion phenomena were also studied by applying a direct 
voltage between the silicon and the aluminium, and the 
distribution of the charged states at the Si-Si0, interface 
deduced from an analysis of the conduction characteristics. 
Additional information was obtained by analysing the 
conduction measurements under illumination and thus 
these investigators were able to present a picture of the 
phenomena present at the interface Si-Si0, under the 
effect of an applied field. 

A review of the various ideas and concepts adopted 
by the different schools of thought on dielectric losses in 
organic compounds was given in a review paper by 
Freymann (“Progress Made Through the Idea of System 
Faults and the Study of Dielectric Properties”). He 
discussed the effects of lattice faults and chemical impurt- 
ties and reported on some experiments from the work of 
Mme Freymann and Mme Jaffrain which show that a 
hydrogen connexion is not indispensable for observing 
dipolar adsorption. Petiau and Curien (“Studies of the 
Segregation of the Impurities in Alkaline Halogenides by 
Dielectric Measurements”) reported investigations of the 
kinetics of the spontaneous variation of the number of 
dipoles, caused by the presence of divalent impurities at 
atomic concentrations of the order of 10-, in halogenated 
alkalis. These investigations were made by the measure- 
ment of the dielectric losses at various temperatures 
between, 50° and 200°C. They found that a reaction of the 
third order occurred, possibly due to a regrouping of the 
dipoles in trimers, and then & second reaction due to more 
complex associations. In crystals with a higher impurity 
content, of the order of 10-2, the divalent impurities in 
LiF precipitated, in the form of MgF, or LisMgF,, both 
phases being orientated in the Lif matrix. Petiau and 
Curien studied these precipitations by X-ray diffraction 
methods and micrography. 

A theoretical consideration by Desbrandes (“Theoretical 
Study of the Vibrational Interactions on Metal-dielectric 
Contact”) of thermal vibrations st the boundary of a 
erystal in equilibrium with the ambient medium led him 
to conclude that the alterations of the phonon spectrum 
at the boundary of a solid characterize the vibrational 
properties of the ambient medium. 

Arnoult, Sixous and Dansas (“Frequency Absorption 
Spectra of Layered Heterogeneous Dielectrics; Interface 
Polarization’’) investigated, over a range of frequencies 
(from a few c/s to the megacycle range), how the complex 
permittivity of an assembly of two parallel layer thin sheets 
is modified when the complex permittivity or the con- 
ductivity of either sheet is varied or the ratio of the thick- 
ness of the sheets modified. Using arrangements of mica 
in conjunction with ethanol + 1 per cent water, and 
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propylene glycol + 0-5 per cent or 3 per cent of a standard 
soda solution, they studied the variation of the conduc- 
tivity of the latter substances with temperature. Again, 
using mica in conjunction with different metal oxide 
powders (alumina, zinc oxide, mercury oxide, ete.), they 
found that the relationship between the permittivity 
factor «’ and the loss factor e” in the Cole-Cole diagram 
was not a semicircle but rather an arc of a circle the 
centre of which was below the axis of the abscissa. 
Lacoste, Leturcq and Martinot (“Methods of Studying 
Slow Polarization Phenomena’) developed a simple 
method, based on obtaining three values on the dielectric 
hysteresis cycle of a material, which makes it possible to 
calculate immediately «’ and s” in the frequency range 
10--10-4 ejs. They obtained the frequency response 
for various insulations (mica, muscovite, lac, methyl- 
phenyl-polysiloxane, etc.) and reported variations of 
from 1 to 10 of ©’ and £” which appeared between 10-? 
and 10-4 c/s. They also found that e” plotted as a function 
of e’ produced one or more ares of a circle centred below 
the axis of the abscissa indicating a spectra of relaxation 
comprising time constants distributed in accordance with 
a Cole—Cole distribution. 

In the only paper dealing with liquid dielectrics, 
Nosseir, Hawley and Lawrence (“Recent Research on 
Fundamental Processes in Liquid Dielectrics under the 
Influence of High Electrical Stresses”) reported results 
of their investigations of the effects of additives on 
electrical phenomena in mineral oil. They measured the 
gassing coefficient and the breakdown strength for oils 
with. different aromatic contents. Increasing the aromatic 
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content in the range (-25 per cent increased the break- 
down voltage and gavə a corresponding reduction in the 
gassing coefficient. A lnear relationship was found 
between. gassing coefficient and aromatic content. They 
also studied the effecs of adding different amounts of 
quinone to a given oi] and found that there was an opti- 
mum concentration which gave maximum electrical 
strength; however, this concentration was slightly less 
than that which resulsed in the minimum gassing rate. 


Nosseir et al. also investigated the effect of additions of 


sulphur hexafluoride (EF,) to mineral oil. It was found 
that stress conditioning an on sample containing SF, 
caused the breakdown strength to fall and the conduction 
current magnitude to increase. This was explained by 
the deposition of sulphur on the electrodes. After a period 
of stress conditioning luminescence occurred near the 
cathode. The breakdo-vn strength was dependent on the 
partial pressure of dissolved SF,. Additions of minute 
quantities of SF, resul-ed in an increase in the electrical 
strength while further additions decreased the strength. 
Visual observations indicated that complete breakdown 
of an oil sample contain.ng SF, was preceded by initiating 
events at the anode = that breakdown sparks started 
at the anode and proceeded to the cathode. Visual 
observations of a gas/»il interface in the vicinity of an 
oil gap, stressed by a direct voltage, revealed some 
interesting phenomena. It was found that with voltage 
increase the free surface was disturbed sufficiently to 
give rise to vortices in the liquid which were eventually 
drawn. to one of the eleztrodes. A. NOSSEIR 
R. Hawley 


THE CARNEGIE UNITED KINGDOM TRUST 


HE annual report of the Carnegie United Kingdom 
Trust *, covering the year 1964, includes tributes to 
the work of two senior trustees who died during the year, 
Sir George Dyson and Sir Hector Hetherington. 
Grants for the arts at £27,568 remained much the same 
yas for the previous year, but settlement of the grant of 
£30,000 towards the cost of Balvicar Street Centre, Glas- 
‘gow, for handicapped children brought the total for com- 
munity services to £78,598, compared with £31,800 in 1963. 
Grants for education, including £38,668 for youth services 
in place of £15,393 in 1963, increased to £47,695. Grants 
to museums continued on the usual lines and fourteen 
museums took advantage of the provision for obtaining 
expert reports on their own organization. Measures 
that would lead to improving their services were started 
with the help of Trust funds in five museums, and sixteen 
were in receipt of sums aggregating £6,929, of which 
£5,504 represented final instalments of grants to some 
twelve museums. A grant of £1,000 to the Museums 


Association gave some stability to its financial structure at | 


a time when it was beingseriously threatened by rising costs. 

Of three grants in 1964 for new communities, one was 
the provision of a new building with an unusual range of 
functions in the re-developed area of Scotswood, New- 
castle upon Type; the second was for projects in new 
communities, for the University Settlement in Barton 
Hill, Bristol; and the third (and largest) was promised 
to the Skelmersdale Development Corporation, which will 
receive £15,000 towards the capital cost of a social centre 
at Grimshaw Delf. Two books arising out of the pioneer 
Bristol Social Project were published. The first, Stress 
and Release in an Urban Estate, describes work carried out 
with various groups, including mothers, teachers, social 
workers, and a mixed gang of adolescents; and a second 
volume, Life on the Outskirts, a study of neighbourhood 


* The Carnegie United Kingdom Trust. Fifty-firat Annual Report, 1964. 
ED. — — plates. (Dunfermline: The Carnegie United Kingdom 
st, , 


and family, was ın preparation. During the year, £2,000 
went to the Family Welzare Association towards the initial 
cost of re-organization, and a report published in June, 
Handicapped Children and their Families, describes the 
work of three teams of nvestigators in Glasgow, Sheffield 
and. Shropshire, who stadied the problems of 600 handi- 
capped children and thair families. 

The Trust again supported the work of the four National 
Councils of Social Service in England, Scotiand, Wales 
and Northern Ireland, with grants for general purposes, 
but the only village hall transactions in the past year or 
two were concerned with halls existing or projected in 
Eire. The Trust promised a grant of £30,000 to enable 
the National Association of Youth Clubs and the Educa- 
tion Department of the West Riding of Yorkshire County 
Council to collaborate n an educational experiment of 
a pioneer kind in a new sscondary school; the grant, which 
would be a contributicn towards the total cost of the 
school, would be used for building a centre for young 
people in their last yeare at school and afterwards. Three 
other projects for the >enefit of difficult young people 
were the subject of new grants in 1964. The first was con- 
cerned with an attempt by the Christian community in 
the University of Edinkurgh to meet the needs of young 
men who were trying to regain a place in society after 
a term in borstal or prison. The second went to the 
Scottish Association of Youth Clubs for a project to attract 
unattached young people living in a group of housing 
schemes on the outskirts of Edinburgh. The third was 
awarded to the National Association of Youth Clubs 
for its attempt to divert the energies of young people 
who have been responsible for Sunday riots at numerous 
seaside resorts. 

The Trust was confident that at the end of the year 
satisfactory arrangements would be made to complete the 
scheme for the first public nature centre at Brantwood, 
near Coniston, in 1965. Disappointingly slow progress, 
however, is also repor-ed with regard to the Brecon 
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‘Beacons Mountain Scheme. The Trust continued to 
provide bursaries for residential courses in the field sciences 
at the field study centres of the Field Studies Council, and 
bursaries in 1964 were given to 72 people, of whom 42 
attended courses in England and Wales and 30 courses in 
Scotland. Members of 43 societies received such help. 
A second grant of £5,000 was made towards the field 
studies centre at Kindrogan, Strathardle, Perthshire, 
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while grants were again made to local archaeological 
societies affiliated to the Council of British Archaeology 
under the arrangement first made in 1958. The British 
Astronomical Association was again supported in its work 
among amateurs by subsidizing courses, and the grant 
of £500 from the Royal Meteorological Society was used 
in 1964 to assist the Society to defray the cost of eight 
courses arranged by its Field Studies Committee. 


NATURAL GAS FOR BRITAIN 


T a time when the Government 1s exhorting the gas 
and other major industries concerned with natural 
fuel resources to give a forward boost to coal mining by 
contracting an annual intake of half a million tons of coal 
or more, it is interesting to turn to a recent publication by 
the Gas Council which would appear to underline its 
present and future policy and intentions in no uncertain 
terms (Natural Gas for Britain, pp. 36. The Gas Council, 
4-5 Grosvenor Place, London, 8.W.1; April 1965). This 
is the story of the Gas Council’s scheme for importation 
and utilization of natural gas from Algeria, a scheme which 
is now a fait accompli. In the words of Sir Henry Jones, 
chairman of the Gas Council: ‘‘Organization on a massive 
scale was required to combine, m a continuous supply 
operation, the activities of the natural gas producers at 
Hassi R’Mel in the Sahara, the liquefaction plant at 
Arzew, the ocean methane carriers, the Canvey terminal 
and the pipeline for the distribution to as far north as 
Leeds and Manchester. All this had been achieved within. 
three years of the Minister’s approval in November 1961 
of the Gas Council’s scheme to import methane from 
Algeria”. The Methane Princess carried the first com- 
mercial cargo of liquid methane to Britain, arriving at 
Canvey Island on October 12, 1964. About this time her 
sister ship, Methane Progress, left the jetty at Arzew 
with the next cargo to complete the first round of a 
regular service, designed to deliver 700,000 tons of 
Algerian liquefied methane per annum at Canvey; at this 
rate it is equivalent to 10 per cent of Britain’s gas 
supply. 

This publication provides a vivid and well-illustrated 
account of the relatively short history of the Gas Council’s 
enterprise in harnessing this new source of power for 
Britam. It describes the initial role of the Methane 
Pioneer in. experimental voyages made between the Gulf 
of Mexico and Canvey Island in 1959-60; the first ex- 
perimental load of liquefied natural gas actually arrived 
at Canvey on February 20, 1959. A section “The 
U.K.—Algerian Project” outlines the scheme as a whole, 
from production at Hassi R’Mel, pipeline via Relizan to 
Arzew, the liquefaction plant at Arzew, trans-shipment 
to Canvey, re-gasification and storage plant at Canvey, 
thence onward distribution of the gas to the various 
Area, Boards by the methane grid serving London, Read- 
ing, Hitchin, Dunstable, Birmingham, Sheffield, Man- 
chester and Leeds. Further sections are devoted to 
“Saharan Seat of Operations” at Hassi R’Mel with its 
intricate system. of gas lines and gas-condensate storage 
tanks; to the specialized design and equipment of the 


tankers involved in ocean transport—both Methane 
Princess and Methane Progress have a carrying capacity 
of 12,200 tons of hquid methane, equivalent in dimensions 
to a crude-oil tanker of 28,000 tons, and each cost £4°75 
million, roughly double that of a crude-oil tanker of the 
same dimensions; to the Canvey Island terminal with its 
unloading gear, pipes coated with ice as the tanker 
discharges her cargo, and complex array of pipework 
connected with the liquid-methane storage tanks and other 
units. ‘“‘Britain’s Methane Pipeline’’ is described in some 
detail; the main pipeline is 18 in. outside diameter, 
branch lines ranging from 6§ in. to 14 in. according to 
anticipated load requirements; this grid system distributes 
90 million ft.3 of gas per day at a calorific value of 1,100 
B.Th.U./ft.3, about double the heating value at which 
town gas is normally supplied. 

It is in the final section of this booklet, “‘Gas Industry’s 
New Horizons”, that we discern the hopes and intentions 
of the Gas Council for the future. “This progress reflects 
the big change-over to hydrocarbon oils and gases which 
by 1968 will have reduced the industry’s use of coal to 40 
per cent of gas production.” It ıs pointed out that the 
Minister of Power ın February 1964, ın answer to a 
Parliamentary question, gave the following figures of 
comparative capital costs of making gas and electricity 
per umt of installed capacity: electricity generation: 
atomic, coal-fired and oil-fired power stations, £97, £34 
and £32 per kW respectively; gas making: oil reforming, 
£8 per kW equivalent. Prospects of obtaining new supplies 
of natural gas in future are promising. “Vast reserves | he 
fallow or are flared off as waste in areas more distant than 
Algeria which have been commercially inaccessible for 
want of sufficiently economic means of liquefaction and 
ocean transport. But the position is changing. An 
offer ... to supply natural gas from Nigeria 1s currently 
being studied by the Gas Council’. The possibilities of 
utilizing natural-gas resources nearer home are also en- 
visaged; Dutch gas from Groningen, and, of course, the 
at present unknown but much-publicized potentialities of 
the British area) of the North Sea continental shelf. 
The Times, in its principal leading article appearing 
shortly after the first arrival of the Methane Princess at 
Canvey in October last year, remarked: “On a generally 
sombre economic horizon, the future for gas is a rare, 
bright glow’’. There could scarcely be a more fitting 
comment on the facts as now disclosed by this informative 
booklet, nor on the pioneer work of the Gas Council and 
all concerned in bringing about this re-vitalization of the 
gas industry in Britain. 


SCHOOL BIOLOGY EXAMINATION SYLLABUSES 


N a paper presented to a conference arranged by the 
Joint Biology Committee in November 1964, L. C. 
Comber drew some general conclusions from new exam- 
ination syllabuses in biology which had been produced 


over the past two years (Biology and Human Affairs, 30, 
No. 2; Spring 1965). They are- 

(1) Room has been found for some modern material 
and greater biochemical detail is more specifically asked 
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for nowadays. Adenosine triphosphate and the role of 
mitochondria and other cell structures, as well as the 
function of deoxyribonucleic acid in relation to genetics, 
are mentioned, for example. However, on the whole, there 
has been no marked change in the general method of 
approach. Essentially this is left to the discretion of the 
individual teacher. This contrasts strikingly with the 
American. Institute of Biological Sciences Curriculum 
Study courses, of which there are three versions, each 
each with its own method of approach (Nature, 197, 
4; 1963). The Blue Version, Molecules to Man, adopts 
a biochemical approach which, to some, seems to 
face the whole process in the wrong direction. The 
Yellow Version course is developed from the level 
of cellular organization, and in many ways repre- 
sents an approach rather in line with some of the 
English teaching syllabuses. The Green Version adopts 
an ecological approach, but one very different from the 
natural history that some of the more successful schools 
in Britain find attractive. 

(2) A broader study of organisms treated as ‘going 
concerns’ in relation to each other and their physical 
environment is encouraged. The type study derived from 
T. H. Huxley, but lacking much of the depth and rigour 
with which he originally endowed it, which has domin- 
ated advanced secondary school courses in the past, 
is being largely discarded, and replaced by a more func- 
tional treatment. Underlying biological principles are 
thus receiving more attention than botanical and zoo- 
logical detail, and biology as a synthesis is replacing 
botany and zoology as separate disciplines. 

(3) Experimental physiology and the elements of bio- 
chemistry are receiving a recognition long overdue. 

(4) Some attempt is bemg made, but so far perhaps 
not sufficiently explicit, to reach a modern position in the 
field of genetics by drawing together three important 
lines of evidence, namely, experimental breeding, cyto- 
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logical analysis and bischemical process, and by relating 
this knowledge to the problems and processes of evolution. 

(5) Field work is being more actively stimulated, and 
there is a distinct trend away from descriptive studies 
concerned with speciss lsts of well-defined habitats 
towards more quantitative and analytical studies on a 
restricted scale. The intention of this approach is to 
direct attention to the important ecological methods and 
principles, especially those with economic applications. 

(6) Individual or greup projects are being included or 
encouraged and & premium placed on originality. 

All these changes appear to be in the right direction, 
and one welcome general feature is that the syllabuses are 
now usually accompan.ed by explanatory notes and sug- 
gestions for practical work. It 1s sigmficant, however, 
that little assistance has been given, so far, as to how to 
introduce ATP and CNA, for example, in any but an 
essentially dogmatic way. There are several problems 
that must be solved before much of the ‘modern biology’ 
can be taught satisfactorily at the secondary school level. 

A simple example <ndicates the general direction of 
progress. No one would question the desirability of dis- 
section, but some further consideration of its place might 
make clearer its purpcse and the methods to be used in 
carrying it out. Muck time has been wasted in the past 
in laboriously following dissection guides with the view of 
uncovering and confirming minute details of structure of 
little apparent functional consequence. The value of 
drawing with meticulous care the various stages in the 
dissection, often witkout explanatory notes and com- 
ments, may also be questioned. Some practice in these 
techniques is no doubt essential, but dissections less 
closely directed, covering a wider range of organisms in 
far less detail and wich greater mmportance attached to 
the mferences that can ba drawn from them, at each stage 
would provide a better trainng and prove much more 
stimulating to the student. 


A PALAEOMAGNETIC OBSERVATION OF MIOCENE GEOMAGNETIC 
SECULAR VARIATION IN OREGCN 


By Dr. N. D. WATKINS* 


Chadwick Laboratory, University of Liverpool 


HE Earth’s magnetic field is subject to fluctuations 

of several types', ranging from variations of external 
origin, which can last the order of milliseconds, to changes 
with periods much in excess of the duration of direct 
observations of the magnetic field, the earliest of which 
began in London in the sixteenth century*®. These data 
from London show a regular clockwise or westward move- 
ment of the geomagnetic field around the axial dipole 
component. Bullard et al.? and Yukutake* have shown 
that the present westward drift of the geomagnetic field is 
due to westward drift of non-dipole components of the 
field at a rate of about 0-2° of longitude per annum. 
Movement of the main dipole component has not been 
observed directly”. The relatively rapidly moving non- 
dipole components appear to originate at the core- 
mantle boundary of the Earth’. 

The regular nature of the London |jobservations 
was the basis of an assumption which led Watanabe® 
to extrapolate the observed variation of the inclina- 
tion of the geomagnetic field back several hundred 
years, for use in dating some baked archaeological 
remains. Aitken et al. have used well-dated pottery 
kilns and other fired objects to effectively extend observa- 
tion of the geomagnetic field back to the first century 

* Visiting Leverhulme Fellow. 


A.D. ın Britain. In doing this, Aitken et al.* showed 
that extrapolation of observatory data ıs invalid, and 
in fact a period of anticlockwise or eastward drifting 
of the geomagnetic fisld occurred between a.D. 900 and 
1350 ın Britain. 

Variations of the order already discussed here are 
gonerally referred to es secular variations!. The character 
of the secular variatior,, which is obviously time-dependent, 
is diversified by geographical variation, as pointed out by 
Cox’, who has directed attention to the almost complete 
lack of geomagnetic secular variation in the Pacific 
basin at present. Æ condition of subdued non-dipole 
components appears to have persisted for at least the 
past million years, according to palacomagnetic data 
from the Pacific region'. Despite the complicated varia- 
tions of the secular change, however, palaeomagnetic 
results from Plio-Plsistocene rocks indicate that the 
Earth’s magnetic fiekil has been predominantly that of 
a dipole aligned alonz the present spin axis for at least 
the past million years or so*. This result, together with 
the cyclic appearance of the direct observations, and the 
requirements of the dynamo theory for the origin of the 
geomagnetic field’, ferms the basis of one of the funda- 
mental assumptions in palaeomagnetism: that is, that the 
non-axial dipole cormponents of the geomagnetic field 
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will average out the spin axis if observation spans a period 
of about ten thousand years’®, It has been suggested 
that larger periods may be needed to accomplish this, con- 
dition during the Cretaceous period", 

Obviously the magnitude of the geomagnetic secular 
variation in remote periods is of basic importance in 
palaeomagnetism, and in the theory of the origin of the 
geomagnetic field. Wesink!? has studied the variation of 
natural remanent magnetism across seventeen successive 
Plio-Pleistocene lavas in Iceland. Both normally and 
reversely magnetized lavas occur in the section, which 1s 
likely to span about two million years or more. His 
observations show that the virtual geomagnetic poles®, 
which are the surface expressions of the hypothetical 
geocentric dipoles creating the observed direction of 
natural remanent magnetism, have wandered up to 30° 
from the present spin axis. This is very similar to 
present conditions where a departure of up to 29° between 
the observed field and the axial dipole field is disclosed 
from available observatory records’. 

As a supplement to a regional survey of the palaeo- 
magnetism of the Miocene lavas of southern Oregon}, 
& section of flat-lying reversely magnetized lavas on 
Abert Rim (120° 10’ W., 42° 34’ N.) has been sampled 
in order to examine the secular variation of the geomag- 
netic field contemporaneous with cooling of the lavas. 
The precision required necessitated taking about six 
samples from each lavaf. A total of 98 cores were taken 
from 16 successive lavas in a section of 27 lavas totalling 
about 800 ft. in thickness. Eleven lavas in the section 
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were not sampled. since a minimum separation of 10 ft. 
between samples could not be maintained because of 
inaccessibility. A total of 12 cores were taken from four 
successive baked interbasaltice sediments, averaging about 
3 ft. in thickness, near the base of the section. All cores 
were orientated, while still attached to outcrop, in 
geographic co-ordinates to an accuracy of 2-5°. The 
stratigraphic relationships of sampled and unsampled 
lavas, and interbasaltic zones, are shown as the ordinate 
in Fig. 1. 

Abert Rim is the summit of a typical Basin and Range 
normal fault, which 1s little eroded, and steep, forming 
the eastern side of a large graben. The lavas are mostly 
Steens Basalt, which is a highly porphyritic dikytaxitic 
basalt first described by Fuller?* on Steens Mountain, 
east of Abert Rim. Sedimentary beds with an Upper 
Miocene vertebrate fauna?’ lap with a very slight un- 
conformity on to similar basalts exposed on Poker Jim 
Ridge (120° 10’ W.), a very large fault scarp ummediately 
east of, and parallel to, Abert Rim. Evernden et al.18 
have dated tuffs, which interdigitate with the upper part 
of the Steens basalt, as 15-0 million years old. Watkins?® 
has used several factors to show that sections of lavas in ~ 
southern Oregon accumulated much moro rapidly than 
sections of similar thickness in the Columbia River area 
bordering Washington and northern Oregon, and there- 
fore sections such as Abert Rim are more suitable for 
examination of the geomagnetic secular variation than 
sections to the north, smece a minimum time break 
between lavas is obviously desirable. The time between 
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successive extrusions of the lavas sampled may average 
as little as 500 years'®; but it is not impossible that 
much longer periods may have occurred between 
extrusions. 

The natural remanent magnetism and the unstable 
components of natural remanent magnetism of all cores 
have been examined using a spinner magnetometer, 
and an alternating magnetic field demagnetizing appara- 
tus?! Fifteen specimens were subjected to progressive 
demagnetization in alternating magnetic fields ranging 
from 25 to 800 oersteds. Very high magnetic stability 
was evident, and an alternating magnetic field of 50 
oersteds, which was considered adequate to remove the 
small amounts of unstablenaturalremanentmagnetism pre- 
sent, was applied to specimens from all cores. One excep- 
tion was encountered : a specimen with an anomalously 
high intensity of magnetization and flat-lying direction of 
. y natural remanent magnetism, most likely caused by light- 


. ‘4 ning™, required application of an alternating magnetic 


field of 800 oersteds to render agreement of natural 
remanent magnetism direction with natural remanent 
magnetism in other specimens from the lava. The pro- 
gressive demagnetization data are typically those expec- 
ted in rocks possessing thermal remanent magnetism, 
although Kobayashi®* has shown that thermal remanent 
magnetism is indistinguishable from chemical remanent 
magnetism on the basis of the comparison of demagnetiza- 
tion data. The natural remanent magnetism of the baked 
interbasaltic sediments was not subjected to demagnetiza- 
tion experiments, since these specimens are being used in 
other investigations. The mean direction of natural 
remanent magnetism and some other statistical para- 
meters™ are presented in Table 1. Mean declinations and 
inclinations of natural remanent magnetism are shown 
in Fig. 1, and the virtual geomagnetic pole for each lava 
is shown in Fig. 2. 


Table 1. STATISTIGAL ANALYSIS OF NATURAL REMANENT MAGNETISM OF 
THE LAVAS OF ABERT RIM, OREGON 


Lava 
No. N De 1? R k J 
4 6 193 0 — 58-8 5 9783 230 4 14°93 
6 6 185 0 — 504 5-9833 290-4 7-59 
9 6 190 5 — 62-2 5 9858 352-1 3-2 
11 7 160 1 — 64:6 6-8885 53-8 4:20 
14 6 164-3 — 87-5 59599 1247 4-45 
17 8 184-2 — 582 5 6683 1677 5:49 
18 7 180 1 — 54°71 6:9750 240 0 2°89 
19 5 1651 — 46°4 4:7592 16°6 3°26 
20 6 178-4 — 408 5:8941 472 4°54 
21 6 183-7 — 89-4 5:8975 482 5°19 
B.Z. (a) 5 179:5 — 42°2 4:9830 0 70 
29, 8 183-0 — 43°6 5:8034 757-8 2-53 
B.Z. (b) 2 180-1 — 46:5 1-9824 _ 6-01 
23 6 192-4 — 43°83 §-9439 89 1 2°16 
B.Z. (ce) 2 159-4 — 458 1 9985 — 4.97 
24 7 181-9 — 43°8 6 9376 961 2°12 
B.Z. (d) 3 172°3 — 509 2 6842 sete 0°36 
25 6 184-8 —42 6 5 9699 142-4 191 
~26 6 T814 — 445 59791 239-2 1°77 
27 8 159-0 — 59-0 5-9757 205:8 447 


Lava No. refers to the number of the lava from the top of the section, 
WV, number of cores taken. 


D°“, Azimuth of mean declination of natural remanent magnetism, with 
respect to geographical north (angle increases eastwards from north). 


1°, Mean inclination of natural remanent magnetism with respect to 
horizontal (— indicates veetor above horizontal); R, resultant vector assign- 
tng unit vector to each core; k, precision parameter™ = (N-—1)/(N —R); 
J, mean intensity of magnetization In E.M.U. em *xi10%; B.Z., baked 
interbasaltic zone. 


Polished sections have been made of specimens from all 
cores, and the titanium-iron oxide minerals have been 
examined under oil, using a Reichert Zeto-Pol Pan 
reflexion microscope at a magnification of x 1200. 
Specimens from all lavas show oxidized forms of titano- 
magnetite, and ilmenite lamellae in titanomagnetite are 
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Fig, 2. Virtual geomagnetic poles for the lavas of Abert Rim, Oregon. 
Virtual geomagnetic poles for successive lavas are joined by a straight 
line, with the arrow pointing to the younger lava. Ovals of confidence 
for the 63 per cent confidence cane are included. Some confidence ovals 
and lines joining successive -virtual geomagnetic poles are omitted for 
dlarity. Thick cross, mean ~7irtual geomagnetic pole for entire section, 
assigning unit vector to eacE lava; thin cross, north geographical pole. 
The virtual geomagnetic pcies, resulting from south-seeking natural 
remanent magnetism, have been transposed to the northern hemisphere 


common. The state of oxidation of these magnetic minerals 
is highest near the top of the section, where Increased 
oxidation has led to the common occurrence of pseudo- 
brookite, rutile, and some rutile in a titanium-poor 
titanomagnetite host, ix the youngest two lavas sampled. 
Further qualitative and quantitative analyses of these 
minerals are in progress, but the data available so far 
support correlations observed independently in studies 
of an Icelandic olivine basalt; the oxidized iron-titanium 
oxide minerals are magnetically highly stable, and the 
basalts with the most highly oxidized forms of magnetic 
constituents possess a Ligher intensity of magnetization 
than those with less oxidized minerals**. 

All the available evidence suggests that the geomagnetic 
field. during cooling of the lavas was reversed compared 
to the present geomagnecic field polarity. This is not sur- 
prising since Cox et al.= have provided strong evidence 
that the Earth’s magnesic field has reversed its polarity 
several times during ths past four million years. The 
polarity of the sampled baked interbasaltic zones is in all 
four cases the same as that in the overlying lava, which is 
magnetically stable. Thus the rarely observed self- 
reversing mechanism?’ ic unlikely to be the cause of the 
reversed polarity, since the baked sediments and lavas, 
being so petrologically dassimilar, are unlikely to possess 
the same self-reversing mechanism, which is likely to be 
a sensitive function of chemical composition. Since 
Verhoogen”*® has theorized that oxidation may produce 
irreproducible self-reversals of polarity in basalts, and 
Havard?’ has produced near reversals of polarity in titano- 
magnetites by partial oxidation, as the magnetic minerals 
in the Abert Rim basalis and the baked interbasaltic 
zones show signs of oxidation, there remains the appar- 
ently remote possibility cf self-reversals having occurred 
to cause the observed revarsed polarities. Some evidence 
for a reversed geomagnetic field being the cause of the 
polarity in the basalts ic forthcoming from palacomag- 
netic results from the Ries area, southern Germany: 
Angenheister and Pohl” have reported reversely mag- 
netized volcanic rocks with an age of 14-8+0-7 million 
years. This is about the age***! of some of the upper 
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part of the Steens Basalt type section, where reversely 
magnetized lavas underlie some normally magnetized 
lavas, and so it is not impossible that the Ries volcanic 
material and the Abert Rim lavas cooled during the same 
reversed geomagnetic polarity epoch. 

Tt can be seen in Figs. 1 and 2 that the five lavas directly 
associated with the interbasaltic zones have natural 
remanent magnetism directions which are not significantly 
different from each other. This situation suggests that 
since the ambient geomagnetic field defined in younger 
lavas was apparently subject to some movement, most 
likely both the interbasaltic sediments and the adjacent 
lavas may have accumulated during a relatively short 
period. Thus Geikie’s®* suggestion that two lava flows 
could be extruded in a very short time and still be separ- 
ated by a sedimentary interbasaltic zone, resulting possibly 
from ash falls during violent inter-eruptive activity, may 
apply to the lavas concerned. The smooth variation of 
the inclination of natural remanent magnetism shown in 
Fig. 1 suggests that the top 10 sampled lavas may have 
cooled during a single cycle of inclination variation, 
particularly since the first break in the smoothness of the 
curve occurs at the first sign of a hiatus in the section, 
in the form of an interbasaltic sediment (Fig. 1). It is 
strongly emphasized, however, that Figs. 1 and 2 merely 
show the successive directions of natural remanent 
magnetism and associated virtual geomagnetic poles in 
time, and the data do not represent a continual record 
of the directional behaviour of the ancient magnetic field. 
The time breaks between the levas are unknown and are 
obviously too large to yield a highly detailed record of the 
secular variation of the ambient geomagnetic field durmg 
this part of the Miocene period. As can be readily seen in 
Fig. 2 particularly, and as must be expected, no meaning- 
ful regular trend can be discerned. The results do at least 
show that the total geomagnetic inclination variation was 
apparently at least 28°. This is similar to the palaeo- 
magnetic results from Plio-Pleistocene lavas in Iceland, 
and is of the order of variation indicated from the archaeo- 
magnetic results from Britain’, which show a total of 22° 
variation. There appears, then, to be no large difference 
between the geomagnetic secular variation observed 
during Historic and Plio-Pleistocene times and that 
secular variation indicated by reversely magnetized lavas 
of Miocene age. 

Although it is impossible to attribute the data shown 
in Fig. 1 to any particular component of the Earth’s 
magnetic field}, a comparison can be made with mathe- 
matical models of, or relevant statistical expressions of, 
the effects of the present geomagnetic field, in order to 
estimate the similarity of the palaeomagnetic data to that 
which would be expected from a geomagnetic field of 
predominantly dipolar character. Irving and Ward! have 
compiled a hypothetical statistical model of the geo- 
magnetic field in the form of a geocentric dipole, perturbed 
by randomly directed components of constant magnitude 
which can be considered to be equivalent to non-dipole 
sources. The latitude dependence of the circular standard 
deviation (the radius of the circle the centre of which is 
the true mean direction, and which contains 63 per cent 
of the individual directions) for the model is very close to 
the latitude dependence of the circular standard deviation 
calculated from the 1945 geomagnetic field data*‘. 
Statistical analysis of the natural remanent magnetism 
for the Abert Rim lavas, assigning unit to each lava, 
results in a palaeolatitude of 37°+3-5° and circular 
standard deviation of 14-2°. If account is taken of possible 
tectonic rotation of the section about a vertical axis 
associated with movement of the oroclinets:33 which is 
flanked by southern Oregon, the palaeolatitude is corre- 
spondingly decreased to 31° +3-5° ; and with the circular 
standard deviation remaining unchanged, a situation 
which agrees with similar data for the 1945 geomagnetic 
field, where a latitude of 31° corresponds to a circular 
standard deviation of 14-2, is arrived at. 
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This agreement between statistical parameter for the 
Abert Rim lavas and the 1945 geomagnetic field data 
does not by any means necessarily prove that the part 
of the Miocene geomagnetic field concerned was mainly 
dipolar, since other conditions could be envisaged which 
would result in statistical similarity ; but the agreement 
is nevertheless consistent with a dipolar geomagnetic 
field predominating during at least part of the Miocene 
period. 

Finally, it is considered appropriate to mention the 
potential of the natural remanent magnetism of Abert 
Rim as a stratigraphic tool. Although in common with 
many of the thick sections of lava in southern Oregon, 
only a single polarity is evident*, and thus detailed sur- 
face mapping utilizing polarity differences of lavas such as 
have been carried out for Icelandic lavas** cannot be 
made, it is obvious from the natural remanent magnetism 
inclination variation, in particular, that sufficient charac- 
ter exists to enable specific horizons in sections of single 
magnetic polarity lavas to be traced laterally, if the need. 
arises. 

In summary, the investigation of the natural remanent 
magnetism of the Abert Rim lavas has shown that: 

(1) Durmg a period of probable reversed geomagnetic 
polarity the magnitude of a Miocene secular variation of 
the inchnation of the geomagnetic field was similar to 
variations in historic and Plio-Pleistocene times. 

(2) Analysis of the natural remanent magnetism from the 
Abert Rim lavas is consistent with a geomagnetic field 
during part of the Miocene period which is statistically 
similar to the present geomagnetic field. 

(3) The occurrence of interbasaltic horizons may not 
necessarily represent long periods between the eruption 
of lavas. 

This work was carried out at Stanford University, with 
support by the U.S. Air Force, under contract AF 
19(604)-8043. I thank Drs. R. Doell and A. Cox, of the 
U.S. Geological Survey, for loan of apparatus; and 
G. W. Walker, of the Geological Survey, for advice on the 
geology of the Abert Rim area. 
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USE OF A QUARTZ CRYSTAL VIBRATOR IN VACUUM 
DISTILLATION INVESTIGATIONS 


By L. HOLLAND, L. LAURENSON and J, P. DELVILLE 


Central Research Laboratory, Edwards High Vacuum International, Ltd., Mancr Royal, Crawley, Sussex 


HE use of an oscillatmg quartz crystal operating in 

the thickness shear mode, to measure the weight of 
thin superimposed films, was reported by Sauerbrey?. 
The technique has been investigated in this laboratory and 
the design of a suitable instrument using a crystal operat- 
ing at 6 Mc/s was reported by Steckelmacher et al.?, 

A crystal vibrator has been used by us to determine the 
rate of condensation of fluids undergomg distillation in 
vacuum. The group of fluids considered here is that 
commonly used in vacuum pumps. 

The apparatus used is shown in Fig. 1. The quartz 
crystal was cooled to —195° C by mounting it on the end 
of a hollow copper rod cooled with liquid nitrogen. A 
small quantity of the fluid to be investigated was placed 
in a long tube suspended from the base-plate of a bell jar. 
To minimize evolution of vapour from sources other than 
that of the test fluid, the fluid container and vacuum 
vessel were made from stainless steel and the vacuum 
seals made with aluminium wire gaskets. The oil diffusion 
pump was fitted with a liquid nitrogen trap. The end of 
the tube containing the oil was heated and the vapour 
emitted tended to form a narrow beam impinging on the 
vibrating crystal. 
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When the crystal 1s cooled there is a small change in its 
fundamental frequency. Further changes occur owing to 
condensation of residual vapour and the electronic drift 
ofthe instrument. Thus before heating a liquid the crystal 
was cooled and the efects of the foregoing determined. 
With a 6-Me/s crystal fisted with a vapour mask of 6-3 mm 
diameter a mass changa (Am) of 3 pg shifted the crystal 
frequency (Af) by 1 ke's at room temperature and it was 
assumed that the eryssal sensitivity did not change on 
cooling. 

For values of Af up to at least 150 ke/s Af/Am was 
constant. To determirs the behaviour of the crystal at 
low temperature an intial distillation study was made 
with a non-fractionatmg liquid of uniform molecular 
weight, namely, di-2 eth7l hexyl sebacate (EHS) mol. wt. = 
426-7 which has been previously purified by vacuum 
distillation. The fluid was held at 100° C and the relation 
Af] Am found to be constant as shown in Fig. 2a. Afisa 
negative quantity as the accumulating mass on the 
crystal reduces the oscillating frequency. 

Having established tke lnear relationship between Af 
and the condensate mass the apparatus was used to study 
the molecular distillation of a rotary pump mineral oil 
(Edwards, type 18) and of a diffusion pump fluid (silicone 
DC 705). Both these fluids showed an initial high rate 
of condensation owing tc the presence of volatile fractions. 
The curve in Fig. 2b for she mineral oil was obtained with 
a constant evaporation temperature of 50° C. With the 
silicone oil the light fraccions were eliminated by heating 
the oil at successively higher temperatures (60°, 100° and: 
150° Œ) and waiting at each temperature until Af/Am 
became constant (Fig. 2c. 

Fractionation of the mineral oil is understandable as it 
contains molecules of different molecular weight and 
possesses a low resistaace to thermal decomposition. 
The silicone fluid is a pentaphenyltrimethyl trisiloxane® 
with a uniform molecular weight of 546. However, it 
has been proposed that DC 705 might contain a small 
quantity of lighter fractiens‘ which is confirmed by these 
experiments. 

The rate of evaporation from a surface is given by the 
Langmuir equation: 


R = 5:85.107%7aAP VMIT g cem- sec 


where P is the vapour pressure (torr), T the absolute 
temperature (°K), M the molecular mass, A the evaporant 
area, (cm?) and a, the accommodation coefficient for 
evaporation. As the crystal condenser is operated at 
— 195° C it is reasonable 5o assume that the accommoda- 
tion coefficient of condensation is unity for all the fluids 
considered here. 

Values of ae P can be celeulated if R is derived from the 
condensation rate. As tke crystal is directly above the 
evaporant surface with tha vapour stream normal to both 
surfaces, the condensatior. rate per unit area is given by 
mj. = R/(xl*) where m i the condensation rate, A, the 
condensation area, and J the distance between the fluid 
surface and the crystal. 

This method gave for DD 705 at 150° C an đe P value of 
6 x 10-4 torr compared with a reported vapour pressure 
of 10-3 torr (ref. 3) which suggests that a, = 0:6. For 
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EHS at 100° C ae P was 2:7 x 10-4 torr compared with a 
published vapour pressure value of 2-6 x 10-4 torr 
(ref. 5) so that ae was probably equal to one. 

Values of ae P for purified silicone DC 705 were derived 
from the ratio of the evaporation rates (R42 ;/Rpys) as 
given by the Langmuir equation, and the reported vapour 
pressure values? for EHS taking ag (EHS) = 1. Plotted 
in Fig. 3 are the ae P values as a function of temperature 
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Fig. 3. Vapour pressure-temperature for DC 705 


for silicone DO 705 with, for comparison, a published vapour 
pressure curve’ determined by ebullition and effusion 
techniques. The lower values of the a, P curve suggest 
that ae ~ 0-6. 

Oil condensed on the tube re-evaporates negligibly on 
to the crystal because of its low vapour pressure at room 
temperature and restriction of the evaporation free paths. 
Use of the tubular source enhanced the detection of 
volatiles of low concentration, as in DC 705, because oil 
condensed on the tube interior flowed back to the heater 
keeping free evaporation in the crystal direction. 

To permit precise calculation of either a, or P, experi- 
ments are now being made with a reconstructed apparatus. 
Vapour is emitted either directly from a fluid or from an 
effusion. cell into a refrigerated enclosure with the crystal 
vibrator forming part of the enclosure wall. 
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ADSORPTION OF ZINC AND COBALT ON ILLITE IN SEA-WATER 
By R. CHESTER 


Department of Oceanography, University of Liverpool 


ROBLEMS regarding the fate of radioactive material 
introduced into the oceans from fall-out and from 

the disposal of radioactive waste products have stimulated 
research into the mechanisms by which trace elements are 
removed from sea-water. The first comprehensive investi- 
gation of these mechanisms was made by Krauskopf 
and in addition several authors have examined the uptake 
of radionuclides in the biosphere?-*. However, much of 
the research concerning the reactions of trace elements 
with the minerals of sedimentary rocks has its origin in 
soil chemistry®:* and may not be directly applicable to a 
medium as complex as sea-water. Work is therefore being 
carried, out in this department to evaluate the role of 
the major mineral components of oceanic sediments as 
trace element adsorbants and to assess the application of 


the data, obtained to imterpretative geochemistry. This 
report presents the results of a preliminary study of the 
reactions of cobalt and zinc with the clay mineral illite 
in sea-water. 

Certain of the filtered sea-water samples used in the 
experiments had a pH slightly below that of the world-wide 
oceanic average and were buffered to a pH of 8-2 with a 
few drops of a 1 per cent equimolecular solution of sodium 
carbonate and sodium bicarbonate. Varying proportions 
of cobalt-60 and zinc-65 ions were allowed to react with 
0-20-g samples of the separated small-size fraction of illite 
in 60 ml. of sea-water contained in 125-ml. glass bottles. 
To prevent settling of the clay mineral suspensions the 
experiments were carried out in @ specially constructed 
shaking apparatus immersed in a thermostat bath. To 
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determine the time taken for equilibrium to be reached 
aliquots were withdrawn from the sea-water—clay mineral 
suspensions at various time-intervals. The aliquots were 
then centrifuged, a portion of the clear supernatant liquid 
was withdrawn and its activity was measured on a 
scintillation counter and compared with a standard. The 
equilibrium time for the cobalt reaction was about 60 h 
and for the zinc reaction about 40 h at 26° C, and the results 
used to construct the isotherms described below were 
obtained from experimental runs carried out in excess of 
these times. The ionic strength of the sea-water solutions 
is constant and it was therefore assumed throughout 
the experiments that non-specific electrostatic bonding 
did not occur. i 
Isotherms of cobalt and zine absorption, determined at 
26° C, are illustrated in Fig. 1 and the experimental results 
from which they are drawn are listed in Table 1. Both 


Table 1, DATA OF ZINC AND COBALT ADSORPTION ON ILurre* 


(Concentration in ug) 
(1) Cobalt adsorption 
Isotherm Amount of cobalt Amount of 
No. Temperature in original solution cobalt adsorbed 

1 26° © 5 24. 
10 drd, 

50 19 

100 48 

200 90 

500 110 
3 50° © 5 85 
10 5-9 

50 31 

100 67 
4 70° C 5 47 
10 85 

50 47 

100 84 

(2) Zine adsorption 
Isotherm Amount of zine in Amount of 
No. Temperature original solution zine adaorbed 

2 26° C 5 4:6 
10 86 

50 46 

100 91 

200 173 

400 298 

500 306 
5 50° C 5 36 
10 83 

100 89 
6 70° © 5 3-6 
10 83 

50 37 

100 81 


*The following conditions were constant for all isotherms: pH, 8-2; 
amount of illite, G-2 g; total volume of solution, 62 ml. 
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isotherms are of the same type as those of Kurbatov et al.” 
and show two distinct regions represented by their slopes. 
In the region of low ccncentration the slope of the iso- 
therms is unity indicating that the amount of cobalt and 
zine removed is proportional to the amount in solution. 
Kurbatov et al.” refer to this portion of the isotherm as 
the region over which Henry’s law is applicable. Akove 
this region the slope is less than unity indicating that the 
amount of trace element removed is no longer proportional 
to that in solution. Tha break in the isotherm indicates 
the onset of surface saturation. 

It is evident therefore that the adsorption of trace 
elements on clay minerals in sea-water is described by 
the model postulated Ey Kurbatov et al.?. This was 
considered by Krauskopi! but was not established, due to 
the lack of sensitivity of the analytical method used. The 
isotherm model provides a ready means of comparing the 
relative efficiency of mineral absorbants by comparing the 
fraction of the total amount of various trace elements 
which is removed from solution on the linear portion of 
the isotherms, provided zhat the amount of adsorbant is 
constant. 

Tho isotherm model msy also be useful in establishing 
the type of reaction involved in the removal of trace 
elements from sea-water. According to Hodgson et al.® 
the reactions between Feavy metals and clay mineral 
surfaces are likely to be ef one of two types: adsorption 
of a hydrolysed ion, which may be written, 14*++H,0= 
MOH*+H*t and MOHt+X-=]XMOH; or specific ex- 
change of an unhydrolyssd ion with weakly dissociable 
H+, which may be written, M*+4+HX=M+*X+Ht. (X 


represents the adsorbing surface.) Hodgson et al.8 interpret 


the reaction between cobalt and montmorillonite as one 
involving the adsorption o? a hydrolysed ion. DeMumbrum 
and Jacksont? have concluded, from infra-red absorption 
investigations of the react-on of zinc and copper with clay 
material, that losses in the O-H absorption intensity can 
be explained by the replacement of the hydrogen in the 
structural OH groups of zhe clay by zine and copper. 
The effect of temperatuse on the form of the cobalt and 
zine adsorption isotherms was determined and is illustrated 
in Figs. 2 and 3, and the experimental results are shown in 
Table 1. The reaction of cobalt with ilite is endothermic 
in agreement with the findings of Hodgson eż al.*, but the 
reaction of zine with illise which shows only a small 
temperature effect is exothermic. The reactions must be 
considered in terms of the nature of the dissolved species 
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Fig. 8. The effect of temperature on the adsorption of zine by illite in 
. sea-water, Isotherm 2 at 26° C; isotherm 5 at 50° O; isotherm 6 at 70° C 


of cobalt and zinc in sea-water. Krauskopf! has concluded 
that zinc is present in sea-water chiefly as Zn?t and ZnCli* 
ions and that cobalt is present probably as Co*t, CoCl*+ and 
perhaps Co(OH)*, the latter data being adopted from 
Kurbatov et al.?7. Spencer and Gieseking™ have postulated 
that cobalt ions adsorbed from a solution of .cobaltous 
chloride consist of Co?+ and the monovalent hydroxy- 
cobaltous ion, COOH+. DeMumbrum and Jackson?* have 
shown from calculations of the ratio of unassociated cations 
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to hydroxy-cations, that at pH 8 unassociated cations of 
Zn2+ are by far the most abundant ionic species. 

In view of this and of the different reaction types 
suggested by DeMumbrum and Jackson! and Hodgson 
et al.® for zinc and cobalt with clay minerals, it is probable 
that the zine absorbed by illite from sea-water will be 
mainly the unhydrolysed ion whereas the cobalt will be 
taken up mainly as a monovalent ion, probably CoCl* or 
Co(OH)+. A further investigation must be carried out 
before it can be established if the temperature responses of 
the cobalt and zine reactions are thermodynamically 
consistent with the two contrasting hypotheses for their 
removal from solution, and it is possible that one of the 
two hypotheses does not entirely describe the reaction of 
either zine or cobalt and that complexes other than those 
described are present in sea-water. A note of caution 
must be entered, however, in attempting to interpret 
temperature effects in terms of differences in bonding 
mechanisms, and Hodgson (personal communication) 
suggests that the difference in the temperature responses 
of the cobalt and zinc reactions is simply a reflexion of 
differences in bonding energy. 
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REFRACTIVE INDEX OF AIR AT 0:337-mm WAVE-LENGTH 
By Dr. J. E. CHAMBERLAIN, Dr. F. D. FINDLAY* and Dr. H. A. GEBBIE 


Basic Physics Division, National Physical Laboratory, Teddington, Middlesex 


HIS article presents results of a measurement of the 

refractive index of air at a wave-length of 0-337 mm. 
In addition we have calculated the value to be expected 
based on longer wave-length measurements and a know- 
ledge of the pure rotation spectrum of water vapour. 
Good agreement has been achieved. 

Monochromatic radiation of 0-337 mm wave-length is 
obtained from the CN maser!*. This wave-length hes in 
@ comparatively transparent region of the atmosphere, 
but such absorption as exists is affected by the wings of 
pressure-broadened rotational lines of water vapour 
situated on either side. Any attempt to calculate the 
refractive index of the atmosphere at this wave-length 
must take account of the close proximity of these. Values 
of refractive index have previously been measured in the 
microwave region at wave-lengths greater than 3 mm (ref. 
3) and have been calculated for wave-lengths greater than, 
0-6 mm (17 cm-!}4. To extend the calculated values to 
a wave-length of 0-337 mm (29-7 cm~) we can take over 
‘the microwave data of Essen and Froome? and add the 
algebraic sum of the contributions from the individual 
water vapour rotation lines using Benedict’s absorption 
line strengths’ and one of the Kramers—Kronig relations. 

The absorption strength A; of a feature at a wave- 
number k; is given by: 


a ae eee 
a 
* Present address: C.A.R.D.E., P.O. Box 1427, Qu2bec, Canada. 


(1) 


where a(k) is the absorption coefficient obtained from 
I = I, e—%, A? is the integrated absorption strength per 
atmosphere and p is the (partial) pressure in mm mercury. 
For partial pressures with which we are concerned the 
simple proportional relation between A; and p given in 
equation (1) is justified’. The Kramers—Kronig relation 
we use is’; 





if 
n(k) ~ no) = ga | Oh, ae (2) 
: 0 


where n(k) is the refractive index. If the absorption 
features at k; are isolated (an approximation requiring 
the half-widths to be much less than the separation of 


f = l 
the features) and if |k—k] > 0 when k = ky, then PE 
is nearly constant over the regions where a{k) is sig- 
nificant. We can then combine (1) and (2) to obtain the 
result: 





` 1 A; 
Np(k) — ma) = Fp warisi kiok 


lIl yx l a(k) 1 
27” k near È 7 k? — f? 





which simplifies to give: 
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No lme shape assumptions have been made. 

We now apply equation (3) to water vapour in the 
atmosphere. As the half-width of the pressure-broadened 
lines is of the order 0-1 em- at normal atmospheric 
pressure? the assumptions of equation (3) are satisfied even 
when k: and k are close. Following Essen and Froome 
we take for the refractive index of water vapour at 
zero wave-number the expression: 


86-26(5748 + T 
eee (4) 


combine it with their expression for the index of dry air 
free of carbon dioxide and equation (8) to give for the 
refractive index of a moist atmosphere at a wave- 
number k (between absorption features): 
103-49(P—p)  86-26(5748+T7)p 

T 7 Te a 


nplk) — np(0) = (3) 


np r(0) = 1 10-8 


{npyp,r(k) — 1}108 = 


=, , 
pk? £ e. (5) 
15207? ann, ki? (k — k?) 

where P = atmospheric pressure, p = partial pressure of 

the water vapour and T = absolute temperature. The 

small effect due to carbon dioxide has been ignored. 

In the experimental determination of the refractive 
index a simple Michelson interferometer was used. In one 
arm there was a cell 302 cm long which was fitted with a 
“Melinex’ window and which carried one of the interfero- 
meter mirrors. The instrument was illuminated by a near 
parallel beam of monochromatic radiation obtained from 
a CN maser. A path-difference: 

ney n(E) — Yd = MEE) (6) 
where k is the wave-number in air of the radiation, d is 
the length of the cell and m the number of intensity 
maxima recorded by the detector, was introduced by 
admitting room air into the evacuated tube. The experi- 
ments were carried out at values of P = 770 mm mercury, 
p = 12-3 mm mercury, and T = 298-6° K. Using these 
data together with k = 29-7 cm~ and the mean value of 
m = 6-4] (measured to within one-quarter of a fringe in 
any single run), we have from equation (6): 

{n(29-7) — 1}10® = 357-0 + 14-0 
If we evaluate the terms in the expression (5) for k, = 0 
to kı = 126 cm using the pressures and temperature 
given here, we find that: 


{n(29-7) — 1}10° = 262-6 + 72-0 + 185 = 353-1 


We estimate an error of about 3 per cent in this calculated 
value. It can be seen from Fig. 1 that we are justified in 
neglecting the contribution to the summation from lines 
of wave-number greater than 126 cm~ because the terms 
decrease rapidly as (kı —'k) increases. Although the 
measured value is slightly greater than that calculated, 
the latter lies within the experimental error. We can 
conclude that a formula such as equation (5), extending 
that given by Essen and Froome, may be used to calculate 
the atmospheric refractive index in the submillimetre 
region between the water vapour rotation lines. We also 
see that the dispersive contribution by the water vapour 
constitutes only a few per cent of the total refractive index 
at 29-7 cm-}. 

An approximation to equation (3) will yield a simple 
expression for the dispersion of water vapour in the 
millimetre region where strong absorption features are 
absent. It is easily shown that when k is much less than 
the k, (an assumption we can apply to wave-lengths 
greater than 1mm), then equations (3) and (4) for water 
vapour reduce to: 
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Fig. 1. Plot of the contribution tc the refractive index of air at a wave- 

length of 0 337 mm from the pure rotation lines of water vapour in the 

region 0-126 cm1, The line strengths are shown on a logarithms scale 

below and the figure Illustrates how the contribution falls off as the lines 

become more remote from 0-337 mm wave-length even though many of 
these lhnes ere very strong 


Ponle) ~ Yor =—— EN) te mM 


p2 
where ke is a centroid wave-number given by: 
l 7:627 T°? Aj 2494x 10-8 T? 


kei = GTH T) ant, ka 874847 =) 


The summation is taken frem k; = 10 to ki = 126 cm- 
and the small effect of the absorptions at 0-74 and 6-12 
cm~ is ignored. We then find that for water vapour the 
refractive index at 293° K over the wave-length range 
greater than 1 mm is given by the expression: 


(nk) — lo = 6-07 {1+ (ger) bp 6 


This is similar to equation (12) of Birnbaum‘ although the 
value at zero wave-number given here is, in accordance 
with observation’, slightly higher. 


1 Gebbie, H. A., Stone, N. W. B., and Findlay, F. D., Nature, 202, 685 (1964). 

a meres G. W., Gebbie, H. A., and Chamberiaim, J. B., Nature, 205, 377 

* Esson, L., and Froome, K. D., Nature, 167, 512 (1951); Proc. Phys. Soc., 64, 
862 (1951). 

« Birnbaum, G., J. Chem. Physa., 21, 57 71953). 

ž Benedict, W S. (persons! communicaGion). 

* Benedict, W. S., Herman, B., Moore, 3. E., and Silverman, S., Canad. J. 
Phys., 34, 830 (1956). 

7 wae aes J. E., Findlay, F. D., and Gebbie, Æ. A., Applied Optics (in the 
preas). 

s Van Vleck, J. H., Phys. Rev., 71, 425 (1947). 
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LONG-TERM EXPANSION AND CONTRACTION OF 
CLAY PRODUCTS 


By Dr. J. S. HOSKING, Dr. H. V. HUEBER and A. E. HOLLAND 
C. S. .R.O. Division of Building Research, Victoria, Australia 


“HAT clay products expand when exposed to the 
atmosphere after leaving the kiln was first recognized 
about fifty years ago', and since then the damage to 
brickwork and tiling resulting from the expansion has led 
to an extensive study of the problem throughout the 
world. Investigations of the dimensional changes of 
bricks and other clay products have been in progress here 
for ten years?—!!, the major object being to determine the 
time and magnitude of maximum expansion so that 
action to prevent damage to structures incorporating 
clay products could be realistically based. Attempts to 
accelerate expansion by immersing samples in water or 
autoclaving them in steam having proved unsuccess- 
ful5-7.19, it was decided to continue indefinitely the 
measurement of samples exposed out of doors, or indoors 
at 70° F and 50 to 65 per cent relative humidity. As a 
result of these long-term measurements it is now clear 
that the expansions are not necessarily permanent; they 
may be followed by contractions as great as or greater 
than the earlier expansions. 

The results for nine types of clay product, several 
varieties of brick, and nine experimental brick walls are 
summarized in Table 1 and Figs. 1. 2 and 3. From these 
it is seen that, with the exception of two products (wall 
tiles and dense stoneware), the specimens after an initial 
expansion have now either contracted or shown little 
movement for some years. ` 


Table 1. 







No. 
examined 











Brick—Melbourne stiff-plastic t 
Brick—-Melbourne wire-cut 
Brick—Sydney : 
Brick-——-Adelaide 
Architectural terra-cotta 
Wall tile 

Floor tile 

Roofing tile 

Sanitary ware, ‘china’ 
Sanitary ware, ‘refractory’ 
Dense stoneware 

Firebrick 


* Posıtive value: expansion; negative value: contraction. 
+ Duplicate samples introduced at 5 years not included. 
= Samples have not yet shown a definite maximum. 


Table 2. 


Method of No. 


Location manufacture Variety examined 


Sydney * Semi-dry press 
Semi-dry press 
Wire-cut 
Stiff-plastic 
ire-cut 


Adelaide t 


* Standing for 7 yr. t Standing for 6 yr. 


Maximum expansion 















(yr) 
0-217-0 071 n ; 0-216-0 068 
0 162-0 001 75 

0-152-0:007 6 : í 

— 7 0:111—0:072 

— 7 0:162-0-121 

0-066-0 019 7 0:051-0-014 
0 166-0 012 7-5 0 165-—0:001 

— 7 0-155-0:055 

— — 7 0:088-0-036 

= — 6 0 086-0 073 
0 032 0 053-0 018 7 0 040-—0 024 





Contractions were first apparent for the Sydney semi- 
dry press common bricks (curve 8, Fig. 2). Most of these 
expanded a little before they started to contract after 
exposure for only a few months. They have been shrinking 
steadily for years and are now shorter than when they 
left the kiln. Most other Sydney bricks, Adelaide bricks, 
firebricks and floor tiles after expanding for a year or so 
remained fairly steady for the next three or four years, 
but then started to shrink and have been doing so for the 
past two or three years. In all, about 50 per cent of the 
Sydney and Adelaide bricks are now smaller than they 
were originally, and an analysis of the times taken for 
the bricks concerned to expand and then return to their 
original lengths is given in Table 2. On the average, the 
Sydney bricks and the firebricks returned to their initial 
lengths in seven years (Fig. 1). 

The Melbourne stiff-plastic bricks (curves 2 and 3, 
Fig. 2) have been in the air-conditioned laboratory for 
ten years. They expanded continuously for eight years, 
but since then thé red variety has shown signs of con- 
tracting and the cream has remained steady. The two 
varieties of sanitary ware now seven years old have shown 
little movement in the past three years, while the archi- 
tectural terra-cotta and roofing tiles have contracted 
‘shghtly. 

The Melbourne bricks have reached a stage where 
greater contractions are to be expected. At the time they 


EXPANSION AND CONTRACTION OF VARIOUS TYPES OF CLAY PRODUCT STANDING IN AIR 


Expansion and contraction * 





Movement to date * 





Period of 
exposure 












































NUMBER OF SYDNEY AND ADELAIDE BRICKS THAT HAVE ALREADY RETURNED TO THEIR ORIGINAL LENGTHS AFTER INITIAL EXPANSION 


No. of bricks and time taken to revert to original length 
| Total in 7 yr 
13 


37 


Lt] li 


Oo 
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Dimensional change (per cent) 


Time (yr) 


Fig. 1. Mean dimensional changes for nine types of clay product exam- 

ined (1) bricks—Melbourne; (2) bricks—Sydney; (3) bricks—‘Adelaide; 

(4) architectural terra-cotta; (5) wall tiles; (6) floor tiles; (7) roofing tiles; 

(8) sanitary ware—‘china’ body; (9) sanitary ware—‘refractory’ body; 
(10) dense stoneware; (11) firebrick 


Dimensional change (pei cont) 


0 1 23 8 4 5 6 °F B § 48 


Tims (yr) 


Fig. 2. Mean dimensional changes for various types of brick examined; 
Melbourne, (1) wire-cut pink; (2) stiff-plastic cream in air-conditioned 
room for 10 years; (3) stiff-plastic red in air-conditioned room for 10 
years; (24) and (3.4) with duplicates included after 5 years; 8 stiff- 
plastic red, 50 years old; (5) hand-made, 100 years old. Sydney, (6) wire- 
cut texture; o semi-dry press facing; (8} semi-dry press common. 
Adelaide, (9) stiff-plastic cream: (10) wire-cut cream; (11) all reds 


were sampled duplicate sets were stored for future 
reference in the chemical laboratory. After five years it 
was decided to include these in the examination of expan- 
sion, so they were placed in the air-conditioned laboratory 
and measured with the other bricks. For the next 18 
months they expanded at about the same rate as those 
under long-term observation, but then started to contract 
and have continued to shrink for the past three years. 
Curves 2 and 2A show the average movement of the 
Melbourne cream and red bricks, respectively, when the 
data for the later-introduced bricks are included. Of 
further interest is the behaviour of some red stiff-plastic 
bricks about 50 years old and some hand-made bricks 
estimated to be 100 years old, collected during the 
demolition of old buildings in Melbourne in 1959. These 
bricks have been shrinking continuously since they were 
placed in the air-conditioned laboratory (curves 4 and 5, 
Fig. 2). 

Curre -1 (Fig. 3) shows that the experimental brick 
walls have behaved like the Melbourne cream bricks from 
which they were built; they expanded steadily for seven 
years but have shown little movement in the past year 
or so. However, the expansion of the walls has always 
been greater than the average for the corresponding bricks 
standing in the laboratory (curve 2, Fig. 3). In the first 
three years it appeared that the expansion of the walls 
was governed by that of the lighter burnt bricks in them 
(curve 3, Fig. 3), but beyond the third year the expansion. 
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of the walls has exceeded even that of the lighter burnt 
bricks, indicating that fectors additional to the expansion 
of the bricks themselves olay a role in the total movement 
of the walls. Over the years the walls have expanded 
about 1-4 times the average of the bricks they contain. 

At one time it was thcught that if the causes of expan- 
sion were known it showd, theoretically, be possible from 
the kinetics of the processes involved to obtain the 
relationship between expansion and time. However, the 
multiplicity of mechanisms which have been suggested 
(for example, chemical reaction between moisture and the 
non-crystalline componeats of the body*5+#4, physical! 1 
and/or chemiucal'4 adsorption of water, stress release 
within the body®!*) makes the possibility of a single 
satisfactory relationship seem remote. The quantitative 
relationships that have been proposed would result in 
either an asymptotic approach to a maximum value’ 
or an ever-increasing expansion’. It is now apparent 
from our results that neither of these relationships can be 
correct since many of ovr samples are now contracting, 
and it 18 reasonable to expect that eventually this reversal 
of movement will be shown by others. 

These long-continued oDservations show that maximum 
expansions are reached ix much shorter times than were 
originally thought possib.e. Where damage in buildings 
appeared 20-30 years after erection’ it could be that 
although stresses due to expansion were imposed years 
previously the damage occrred only after a minor increase 
in stress due to other agencies such as changes in tem- 
perature or vibration from traffic. The original values for 
maximum expansion and hence the jointing for brick- 
work, estimated from the 5-year trends, were of the right 
order, but present values are somewhat lower. The early 
estimates for jointing vaned from 0-8 in./100 ft. for 
Sydney semi-dry press commons to 2-8 in./100 ft. for 
Melbourne stiff-plastic creams®. Values calculated now 
from observed maximum expansions and the behaviour 
of the experimental walls are 0-5 and 2-5 in./100 ft. for 
the former and-latter, respectively. 

The fact that clay products contract rather than main- 
tain a steady state after reaching maximum expansion 
adds to the problems in brickwork and tiling. Cracks due 
to expansion can open up on subsequent contraction and 
new cracks can develop at points of weakness in restrained 
structures where tensile stresses of contraction follow 
compressive stresses of expansion. It is probable that the 
widening of the cracks in she brickwork of a 20-year-old 
building in Melbourne, thought at the time to result from 
continued expansion at tre corners’, was due to con- 
traction of the walls, and -that cracking observed in the 
middle of a long wall built in common bricks in a 2-year- 
old Sydney building, which showed expansion at the 
corners, resulted from the same cause. 

Until about three years ago the contraction of the 
Sydney common. bricks was considered exceptional. With 
contractions Becoming marifest for most of the products 
under examination it now appears that contraction fol- 


25 
20 
15 


10 


Dimensional change (in./100 ft.) 





1 2 3 4 5 6 7 8 9 10 
Time (yr) 
Mean dimensional changes for experimental walls and for 


Melbourne stiff-plastic cream bricks from which they were erected’ 
(1) walls; (2) all bricks sampled; (3) lighter burnt bricks only 


Fig. 3. 
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lowing expansion 1s the rule rather than the exception, 
and investigations are necessary to determine the causcs 
of contraction and whether the factors responsible for the 
opposing dimensional changes operate simultaneously, 
with expansive forces predominating at first and con- 
tractions later, or the factors causing contraction operate 
only after those causing expansion have ceased to function. 
For example, if hydration of amorphous compounds within 
the body is the major cause of expansion, then subsequent 
atomic rearrangement within and crystallization of the 
hydrated compounds could be a major factor in con- 
traction. Changes in stress relationships within and 
between body components could also play a part m 
expansion—contraction behaviour. 


1 Schurecht, H. G, J. Amer. Ceram Soc., LL, 271 (1928). Schurecht, H. G., 
and Pole, G. R., J. Amer. Ceram Soc.,12, 596 (1929). 

* Hueber, H. V., and Milne, Angela A., Nature, 176, 509 (1955). 

a Hosking, J. S., and Hueber, H. V., Nature, 182, 1142 (1958). 
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RESPONSES OF CORTICAL AUDITORY NEURONES TO FREQUENCY 
MODULATED SOUNDS IN ECHO-LOCATING BATS 
By Dr NOBUO SUGA* 


Biological Laboratories, Harvard University, Cambridge, Massachusetts 


N insectivorous bat, Myotis lucifugus, utters frequency 
modulated (FM) sounds for echo-location. The dura- 
tion of each sound is 2-5 msec in cruising flight, but 
0-3-1 msec during the approach to an object. The fre- 
quency of sound sweeps down more than one octave from 
high to low within each tone pulse’? The bat’s auditory 
system is highly developed at levels lower than the medial 
geniculate body but not above*. Thus the importance of 
the lower levels, including the inferior colliculus, in echo- 
location has been suggested. Comparative examination of 
the inferior colliculus* and the auditory cortex showed 
more cortical units which responded differently to FM 
tone pulses of increasing or decreasing frequency, and more 
This report describes neural responses to FM tone pulses. 
which were more sensitive to FM than to pure tone pulses. 
With glass micropipette electrodes filled with 3 M 
potassium chloride, about 190 smgle neurones were 
isolated from 27 bats anaesthetized with ‘Nembutal’, 
Most of them were encountered in the cell layers at a 
depth of 150-450u where the evoked potential was 
negative—positive diphasic. When impulses of a single 
neurone were recorded, a response area (frequency 
response curve) was measured with a 4-msec pure-tone 
pulse and then the thresholds for 4-msec FM tone pulses, 
of increasing or decreasing frequency, were examined. 
During the FM tone pulses, the logarithm of the frequency 
changed approximately linearly with time*®, The rise—fall 
times of pure and FM tone pulses were 0:5 msec. 

Response patterns of cortical auditory neurones were 
very phasic ‘on’ responses which were produced by the 
interplay between excitation and inhibition. The response 
areas seemed to be categorized into four types in terms of 
the shape: narrow, ‘closed’, double peaked, and wide 
response areas. In most neurones with response areas 
belonging to the latter two types, thresholds to FM tone 
pulses were almost the same regardless of the direction of 
frequency sweep. However, the neurones of the first two 
types responded variously to FM tone pulses, because they 
had inhibitory areas abutting on the response areas. In 
Fig. 1, response and inhibitory areas and thresholds for 
FM tone pulses of six single neurones are shown. 

In Fig. 1, neurone A with a narrow response area and the 
best frequency at 74 ke/s did not respond to an FM tone 
pulse sweeping down from 100 to 50 ke/s (arrow 1) but did 

* Present address: Department of Zoology, University of California at Los 
Angeles. 
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respond to a pulse sweeping up from 50 to 100 ke/s between 
8 and 70 dB below the maximum avesilable intensity 
(arrows 2a and 2b). When the downward-sweeping pulse 
swept from 80 to 40 ke/s, the neurone was activated by it, 
and the threshold was 60 dB below the maximum available 
intensity (arrow 3). Such behaviour of the neurone can be 
explained by successive stimulation of inhibitory areas 
which were located at both sides of the response area. At 
the auditory cortex, spontaneously active neurones were 
so rare that it was impossible to measure the inhibitory 
areas with a single tone pulse. Therefore, a pair of tone 
pulses were used, that 1s, a 4-msec test tone pulse was 
delivered 2 msec earher than a 4-msec excitatory one 
(called the fixed tone pulse) which fell within the response 
area. The frequency and intensity of the test tone pulse 
were changed and inhibitory areas were measured in which 
the test tone pulse inhibited the response to the fixed, 
excitatory pulse. In Fig. 14, the fixed tone pulse was 
73°6 ke/s, 56 dB. The inhibitory area (shaded) above the 
response area had a low threshold and abutted directly on 
the excitatory area, while that below the response area 
had a high threshold and was separated by a gap. The 
asymmetry in the response of this neurone to the FM tone 
pulses sweeping in different directions was explained by 
the order of stimulation of inhibitory and excitatory areas. 

The organization of excitatory and inhibitory areas was 
different from neurone to neurone. In Fig. 1B, the neurone 
had a narrow response area. The inhibitory area measured 
with a fixed tone pulse of 85-3 ke/s, 78 dB was large at 
frequencies lower than the response area, but small at 
higher frequencies. Thus the thresholds for FM tone 
pulses sweeping between 45 and 100 ke/s differed by 30 dB 
with sweep direction (arrows 1 and 2). In Fig. 1C, the 
neurone had a small inhibitory area when analysed with a 
fixed tone pulse of 90-0 ke/s, 80 dB. Thresholds of response 
to this neurone to FM tone pulses sweeping between 60 
and 120 ke/s were the same regardless of direction of 
frequency sweep (arrow 2) at lower intensities. But 
upward-sweeping FM tone pulses excited this neurone 
only up to an upper threshold, 8 dB below the maximum 
available intensity (arrow 1). No upper threshold was 
found to downward-sweeping tone pulses. Narrow 
response areas of some neurones were sandwiched in 
between inhibitory areas with low minimum thresholds. 
so that these neurones were not excited by any FM tone 
pulses. 
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Fig. 1. Response areas (open circles) and thresholds for FM tone pulses 
(arrows) of six cortical auditory neurones. The ordinates and abscissae 
represent the intensity (re 0 0002 dyne/cm*) and frequency of tone 

ulses. The uppermost solid line is a frequency response curve of the 
oudspeaker used to deliver pure tone pulses and the dotted line just 
below is that for the loudspeaker used to deliver FM tone pulses The 
intensity within an FM tone pulse varied with frequency even if the 
same input voltage for different frequencies was supplied to the loud- 
speaker, so that the intensity 1s represented by the vertical position of an 
arrow below and parallel to the dotted line (the maximum available 
intensity). Horizontal position of each arrow shows the direction and 
range of frequency sweep during a 4-msec FM tone pulse. The solid 
arrow represents the threshold of the neurone and the dotted one the 
‘upper’ threshold above which no responses were evoked. The dashed 
arrow on the dotted line means that the FM tone pulse did not exete a 
given neurone at any available intensity. In A, B and C, the difference 
in threshold for FM tone pulses due to directions of frequency sweep was 
explained by the order of stimulation of inhibitory (shaded) and 
excitatory areas. Triangles represent frequencies and intensities of 
fixed tone pulses used to measure the inhibitory areas In D, E and F, 

neurones were more sensitive to FM than to pure tone pulses 
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Many varieties of msponses to FM tone pulses were 
produced by antagonistic interaction between excitation 
and inhibition. Out of 105 neurones studied with FM tone 
pulses, 28 showed more than 10 dB difference in threshold 
depending on direction of frequency sweep, 12 showed 
upper thresholds, and. 16 gave no responses to any FM 
tone pulses despite low thresholds for pure tone pulses. 
In the inferior collicuzus, about 30 per cent of neurones 
studied showed such ciaracteristics*. For these neurones, 
it was important whica sounds were delivered prior to, or 
followmg, a sound falling within the response area, as well 
as which sound was delivered simultaneously with ıt. 
Therefore, the neurones with narrow response areas do not 
act as simple electroric filters, but have more complex 
properties. Minor differences among echoes might be 
analysed by these neurones. 

In the inferior collulus, 3 per cent of the neurones 
studied had thresholds more than 10 dB lower for FM 
than for pure tone pu-ses*. However, 14 neurones of the 
auditory cortex (13 per cent} showed such properties. In 
Fig. 1D, the threshold Zor an FM tone pulse sweeping down 
from 100 to 45 ke/s (arrow 2) was 13 dB lower than the 
minimum threshold o? the neurone at 60 ke/s. The fre- 
quency of the pure tone pulse was changed at the intensity 
of the minimum threshold, but no responses appeared. In 
Fig. 1E, a downward-sweeping FM tone pulse (70-35 ke/s) 
did not excite the neurone (arrow 1), but an upward-sweep- 
ing pulse (35-70 ke/s” evoked umpulses (arrow 2). The 
response area was very narrow. The difference in threshold 
to pure and FM tone pulses was 12 dB. In Fig. 1F, no 
response area could be measured and there was no response 
to an upward-sweeping FM tone pulse (arrow 1), but there 
was à clear response to an FM tone pulse sweeping down 
from 100 to 50 ke/s (arrow 2). Such neurones had relatively 
high thresholds, so thet they did not seem to improve the 
minimum threshold ofthe bat’s audiogram measured with 
pure tone pulses. Th.s does not mean that there are no 
advantages m using FM tone pulses for echolocation. 
Some neurones discherged a greater number of impulses 
for FM than for pure zone pulses and more neurones were 
concerned with processing FM tone pulses than single- 
frequency pulses? 5, 
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1 Griffin, D. R., Listening in she Dark (Yale Univ. Press, 1958) 

? Griffin, D. R , Symp. Zool. Joc. Lond , 7, 61 (1962). 
? Poljak, S., J. Psychol. Neurol. Tpz., 32, 170 (1926). 
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GENERAL ELECTRON ACCEPTOR C,N,O,F, * 
By Dr. P. R. HAMMOND + 


Department of Chemistry, University of Leicester, and Naval Ordnance Test Stæion, China Lake, California 


CLASS of uncharged x-electron compounds which 

are characterized by high electron affinities, namely, 
a class of organic Lewis acids or organic electrophiles, is 
the subject of this article. As a result of their high electron 
affinities, the compounds should act as electron acceptors 
in forming acceptor~donor complexes!. They should 
be readily reduced by polarographic’, chemical’ and 
possibly by photolytic* techniques to radicals amenable 
to examination by electron spin resonance spectroscopy. 
They should present a challenge to the few known methods 
of measuring electron affinity®, and they should exhibit 


* Rarlier articles in this series are ref. 9 and Nature, 201, 922 (1964) and 
papers cited therein. 

+tIOTL. Fellow, 1962-64. Present address: Naval Ordnance Test Station, 
China Lake, California. 


unusual and interestirg chemistry®. It is proposed that 
this class is included within the formula CywNzOyF:. 

A. justification for shis proposal is as follows. It is 
apparent that for a substituted z-electron system, high 
electron affinity (E), and a property with which this is 
frequently associated-—high ionization potential (J)— 
occur with substituenss having large Hammett o values. 
Thus properties that ere dependent on # and J show this 
clearly, as may be seen from the polarographic reduction 
potentials of nitrobenzenes’, charge-transfer absorptions, 
polarographic and megnetron studies? of be nzoquinones, 
and the charge-transer absorptions!® of complexes of 
anilines and anisoles. Similarly, electron impact ioniza- 
tion potentials of benzenes'! and pyridines” sh ow this effect. 
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Of a series of substituted ethylenes ÇN R CN N3 
( Table 2), only the nitro-compound formed NOON é CN oN AEN CN, _CN on 
coloured complexes with m-donors (Table a oN o P i i i 
1). Thus, only for the mtro-compound CN “7 "cN R CHET EN CN CN Scr 
is the electron affinity large enough to ià Ng 
bring the charge-transfer absorption of 
its mr complexes into the visible region. 
(A. weak absorption was observed in a O-CO o 0 
mixture of N,N,N’,N -tetramethyl-p- COL Enot co” “co ç ğa FA s ço p-a £9 
phenylene diamine and acrylonitrile in é € F PR s ST Qa f up 
dichloromethane at 388 mu along the cg ~G” co ee E FTR coe" 
edge of the spectrum of the aromatic base. —— o 
It increased, with increasmg acrylonitrile 
concentration, even though the latter 
does not absorb in this region, and was CF3 
probably a charge-transfer band.) Table CF3 CF3 CF CFs cy £F3 a CF3 Cfa 
2 shows the ionization potentials of sub- g cme d i i exc 
stituted ethylenes. As the order'is very CECE, Gig. “Gls cry “CUS rp CF3 CF3 
close to those for the substituted ben- cfa : 
zenes! and pyridines", it is assumed that 
the process observed is @ z-electron . 
ionization. o — O—N=0 
Uncharged substituents having large CN -Ex £N Nemc! u CN CN —— oN 
Hammett c values are also those contam- 2- N ON, l ‘ef aS T - 
ing the most electronegative elements CN ~¢~ tN — a O NŽ E7 SN 
and are for the most part unsaturated. > Š yen ee 
It is not unlikely that the most powerful 
electron, acceptors will be those contaming 
a high proportion of the most electro- 
negative elements. By any definition of CF, — CFa Na Fs CN CN CF; CF, 
electronegativity, this will comprise nitro- NEN — foo ted can’ 
gen, oxygen and fluorine. Indeed, one 2 2 CFS “NT CFS Cig, “hes CF3 
definition’ of valence state electro- 
negativity relates it to electron affinity 
and ionization potential, the properties 
with which this article is concerned. If, Be ie o 
with these three elements, carbon is — * o J FOE OF 
included, because of its ability to form pC, — Ga i fo i 
chains and rings, then many electron i cro Paes CFS CF, F —— 
— will be accommodated by the j ) O 
ormula CuN,O0,F;. 
The figure shows families of carbon 
nitrides®15.16 carbon. oxides, carbon. fuor- E F 
ides and multi-element compounds, which = FAC, CF, 9 NO2 2Cx NOs COC, — 
have been selected from the lterature. noon =N d l NN —— 
In some cases electron-accepting proper- ** “¢7 ora J— rae IF nor Ca 
ties have been reported, and in all of them id "O2 


they are expected. Thus the cyanocar- 

bons®:15, in which there is much current 

interest because of their remarkable 

chemical and physical properties, are here regarded as 
special cases of the carbon nitrides. 

Further, compounds for which strong electron accepting 
properties have been reported, including those of Fig. 1, 
show that a high degree of unsaturation is also a requisite 
for large electron affinities. In terms of the formula 
CuNzO,F., this is equivalent to small values of 2, y 
and z, for any particular value of w. 


Table 1 DonNoR-ACCEPTOR COMPLEXES OF NITROETHYLENE AT 21° 


Donor N, N-Dimethy!l- Pyrene N,N,N’ N’-Tetramethyl- 
aniline p-phenylene diamine 
Solvent Dichloro- ._ Dichloro- Cyclohexane 
methane methane 
Association constant 
(i mole) at 015 23 19 
Absorption (my) 455 475 400 


Spectra were measured on a Unicam SP 700 recording spectrophotometer 
All charge-transfer absorptions occurred at the edge of the nitrosthylene and 


Fig. 1. Examples of the acceptor C«Nx2O/Fz 


It 1s not claimed that all r-electron systems included in 
the formula should necessarily be strong acceptors. 
Neither is it claimed that all organic acceptors are re- 
stricted to the formula. It is proposed, however, that 
the majority of the most powerful, neutral, paired-electron 
acceptors are described by CyNzO,Fz; and from suitable 
arrangements of these elements, it is possible to visualize 
very many more. Moreover, provided that a molecule 
contains nitrogen, oxygen or fluorine in high proportion, 
and provided that it is highly unsaturated, this number 
may be multiplied further if other elements are included. 

Organic z-electron compounds, rich in nitrogen or 
oxygen, are known to exhibit exceptional chemical 
reactivity!’. The reactions are here considered as particu- 
lar examples of the chemistry of molecules with high 
electron affinity and are therefore particular examples of 


donor spectra, and in no system were maxima observed the chemistry of the acceptor CuNzOyF2. Further 
Table 2. IONIZATION POTENTIALS OF SUBSTITUTED ETHYLENES 
Substituent (CHa N CH,0 GH, H Br Cl F CHO CF, CN XO- 
Ionization potential (78) 8-03 9°73 10-52 9-80 9:99 10°37 10 10 (10 9) 10 91 “ne 


With the exceptions noted, the values are ——— potentials. Watanabe, K , Nakayama, T., and Mottl, J, “Final Report on Ionization Potential 


of Molecules by a Photoionization Method’’, December, 1959, 


737. Bralsford, R., Harris, P. V., and Price, W roc. Roy, Sec, 


Dept. Army 5399-01-004, ORD 7'B2-0001, 00R 1624, Contract No DA-04-200-ORD 480 and 
UP A, 258, 459 (1960) was the source for fluoroethylene, and trifluoromethylethylene was 
estimated in this paper assuming I(CF;O0H = CHa) —I(CF,Cl = CF,) = (HCH 


CH,)~I(HCF=OF,). The value for N,N-dimethylvinylamine was estimated 


by comparing spectra! data of complexes for the enamine and methyl vinyl ether as shown tn the foregoing section on the ionization potential of this compound. 


` 
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investigations of the chemistry of this class should be of - 
considerable interest. 

Lonization potential of N,N-dimethylvinylamine. Solu- 
tions of N,N-dimethylvinylamine in cyclohexane with 
$-trinitrobenzene and p-benzoquinone showed now absorp- 
tions at 445 my and 459 mu. Also, addition of a solution of 
the enammo to maleic anhydride produced an immedi- 
ate red coloration on the surface of the crystals, whereas 
a chemical reaction leading to an orange precipitate 
occurred with tetracyanoethylene. The colours of 
solutions were unstable, changing over 30 min at room 
temperature. At the same time, a white precipitate, 
presumably the polymer of the amine, slowly appeared. 
An absorption at 405 mu was observed in a dichloro- 
methane solution of methyl vinyl ether and tetracyano- 
ethylene. On the assumption that the quoted absorptions 
arose from acceptor-donor complexes, an estimate is 
made of the decrease of ionization potential of the amino- 
ethylene with respect to the vinyl ether from information" 


in Table 3. The approximate relation for the charge- 
transfer band: 
hvgn = Taonor — Eacceptor + constant 
18 applied. 
Table 3. REPORTED ABSORPTION MAXIMA (my) OF SOME DONOR-ACCEPTOR 
COMPLEXES 
Acceptor s-Trinitro- Benzoquinone Tetracyano- 
benzene ethylene 
Donor 
Hexamethylbenzene 395 418 545 
Solvent Carbon tetra- Carbon tetra- Dichloro- 
chloride chloride methane 
Pyrene 445 450 724 
Solvent KBr disk Carbon tetra- Dichloro- 
chloride methane 
N,N,N’,N’-tetramethyl- 
-phenylene diamins 614 638 965 
Soivent Creiohexane Cyciohexane Dichloro- 
methane 


Electron affinity of monocyclic azines. (1) Polarographic 
reduction of the azines has been reported at the following 
half-wave potentials referred to the calomel electrode: 


Benzene Pyridine Pyridazine Pyrazine s-Tetrazine 
Not reducible von, the -201 * —2- 16+ —212f — 0 78F 
cathodic limits of 


solvents yet tried 


* Dimethylformamide solvente and supporting electrolyte tetraethyl- 
ammonium iodide, 

t Dimethylsulphoxide "solvent: and supporting electrolyte tetra-n- 
propylammonium perchlorate. 


This potential is a measure of the energy needed to 
place an electron in the lowest unoccupied molecular 
orbital together with the change in solvation energy on 
passing from the neutral molecule to its radical ion. 
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Changes in this potential therefore correspond to changes 
in electron affinity. 
(2) A successful, taeoretical examination! of n->r 
transitions considers tae orbital containing the promoted 
electron in the excited state as the lowest unoccupied 
m-orbital of benzene perturbed by aza-substitution, and 
that the lowering of the energy of this (in eV relative to 
pyridine) is as follows: 
Pyridine Pyridazine Pycimidine Pyrazine €s-Triazme s-Tetrazine 
00 0°28 028 0°57 0 28 1-14 
Thus an Increase in x-electron affinity occurs on sub- 
stituting a benzene (—H group by nitrogen, and this 
increase continues on further substitution. 
I thank my colleaguas in the Department of Chemistry, 
University of Leicester, for their criticism. 
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PRELIMINARY INVESTIGATION OF THE ACTION OF (2-CHLOROETHYL)- 
TRIMETHYL AMMONIUM CHLORIDE ON THE COMPOSITION OF 
THE SOLUBLE N-FRACTION AND THE PROTEIN FRACTION 
OF YOUNG WHEAT PLANTS: 


By Pror H. LINSER, K. H. NEUMANN and H. EL CAMATY 


Institut fur Pflanzenernahrung, Justus Liebig-Universitát, Giesser, Germany 


N the past few years, increasing attention has been paid 
to the effects of (2-chloroethyl)-trimethyl ammonium 
chloride (CCC) in dwarfing plants without injunous 
effects!-*. Some morphological as well as some biochemical 
changes may occur under the influence of the growth 
retardent. Stoddard®, working on the chemical changes 
Lolium temulentum after treatment with different 
ts of CCC and N, found that after 7 days plants 
with CCC contained more than twice as much 


sucrose as the control. He also pointed out that fructosane 
production was highest with 10-! M treatment of CCC and 
declined with greater or smaller dosage. It was decided 
to investigate the comzosition of the protein fraction as 
well as the soluble N-fraction. 

Wheat, kernels, variety ‘Opal’, were soaked in a solution 
of 5,000 p.p.m. CCC for 12 h. Similar wheat kernels were 
soaked in distilled water as a control. The wheat kernels 
were germinated in coarse sand culture in a Neubauer- 
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dish. Moisture was kept constant during the course of the 
whole experiment. Full-strength Hoagland solution was 
added for nutrient supply, and after 7 days from germina- 
tion. the plants were gathered. Shoots were weighed and 
stored in 70 per cent ethanol ready for chromatographic 
analysis. 

The plants were extracted three times for 24 h with 70 
per cent ethanol and the last extraction was carried out 
with hot ethanol. The three extracts were combined and 
purified off the non-amino-acid components by use of 
‘Dowex 50 x 4’, 120-200-mesh cation-exchange columns. 
By this procedure the alcohol-soluble N-fraction was 
obtained. The insoluble residue was hydrolysed using a 
750-fold amount of 6 N HCl for 32 h under reflux. The 


Table 1, INFLUBNOE oF CCC ON TH COMPOSITION OF THE PROTEIN N 
FRACTION OF YOUNG WHEAT PLANTLETS 


— O00 +0CC 
YN %N 
Protein N pe N Protein N pe N 
Glufamic A-group 
Glutamic A 2 94 49-27 319 55 96 
Glutamine — —_ — —— 
yNH,-but. A — — — ~~ 
Proline 10 19 170 98 21-14 393-06 
OH-proline 1 59 26 70 T T 
Arginme 31:89 585 15 513 88 07 
Total 46 61 782 10 29°46 537-09 
Aspartic A-group 
Aspartic A 14°45 242 56 12-80 222 34 
Asparagine — — — — 
Methionine 6 46 108-46 9 07 15728 
Methionine 
sulphoxide 0 93 15°57 1-23 21-20 
Threonine 1 94 32°52 3 49 60 31 
Lysine 6 00 100 68 812 140 97 
Total 29-78 499 79 34 71 602 10 
‘Ti lose-group 
Serine 2 11 35:36 2-52 43 56 
Giyene 4 31 72-40 7 45 129 31 
Oysteine — — — = 
Total 6°42 107 76 9 97 172 87 
Py.uvie A-group 
Alanine 491 82 37 6-70 116-64 
Valine 235 30:52 421 73 94 
Teucmne 3°81 63 92 5 87 102-01 
Total 11 07 185 81 16 78 292 59 
Tryptophan 1 80 30°15 1 92 33°10 
Vyrosin 4 38 72°34 714 126 97 
ug N/fraction — 1,575 00 — 1,60500 
mg Nig dry wt — 86 — 83 


Table 2. INFLUENCE OF COC ON THE COMPOSITION OF THE SOLUBLE N- 
FRACTION OF YOUNG WHEAT PLANTLETS 


~ CCC +000 
fobie f 
Soluble N ug N Soluble N ug 
Glutamic A-group 
Glutamic A 3°52 43 00 3 51 42°94 
Glutamine 4 95 81 48 7 50 91-90 
yNH,-but. A 2 22 36 68 1-60 19°57 
Proline T T T T 
Arginine 7 80 120-15 2538 31 00 
‘Total 17 99 281 16 15 14 186 41 
Aspartic A-group 
Aspartic A 0:86 14 18 1 02 12 52 
Asparagine 63-44 1,044 89 65 23 798°77 
Methionine 0°33 5 65 2 28 27 91 
Methionine 
sulphoxide — — F T 
Threonine 1°86 30°62 1°22 15-00 
Lysine — — = — 
Total 66°49 1,095 29 69 75 853 90 
Tiiose-group 
Serine 2 3 72 61 20 3 82 46 75 
Glycine 133 21 71 1 43 17 56 
Cysteine — — — ~— 
Total* 5 04 82-91 525 64 25 
Pyruvic A-group 
Alanine 7:73 125 07 911 111 60 
Valine 1:98 32 63 0 78 05 
Leucine 1:84 80 29 0 33 406 
Total 11°55 187 99 10 22 125 15 
ug soluble N/mg 
fresh wi. 0 827 — 0-612 
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hydrolysate was purified, following the same procedure 
asın the case of the alcohol soluble fraction. The fraction 
obtained will be called protein fraction. For the chromato- 
graphic analysis of the amimo-acid composition of both 
these fractions, the two-dimensional paper chromato- 
graphic method was followed as described by Thompson 
and Steward’ with some minor modifications. The amino- 
acid analyses were carried out in duplicate. 

Although CCC does not seem to imfluence the total 
amount of protein-N, the soluble N-fraction was decreased 
to a certain extent. However, some changes occur in the 
amino-acid composition of the two fractions. The amino 
acids in Tables 1 and 2 are arranged into so-called ‘family 
groups’. which are based on the results of Cowie and 
Walton? and on the work of Roberts et al.*. 

In the protein after treatment with CCC, proline, meth- 
1onine, methionine-sulphoxide, threonine, lysine, serine, 
glycine, alanine, valine and leucine are mncreased and OH- 
proline and arginine are decreased. Comparing the changes 
ın the composition of the protein fraction with the changes 
in amino-acid composition of the soluble fraction, one 
can divide the changes in the concentration of tho amino- 
acid into two patterns: (a) aanno-acids which are m- 
creased in protein but show a decrease in the soluble 
fraction due to CCC—threonine, serine, glycine, alamme, 
valine and leucine; (b) amino-acids which decrease or 
increase simultaneously in both fractions—-proline, OH- ° 
proline, arginine, methionine, methionine sulphoxide and 
lysine. 

With the exception of threonine all the amino-acids 
mentioned under (a) belong to the triose and pyruvic-acid 
group, while the amino-acids named under (6) are 
generated from intermediates of the Krebs cycle. In 
addition to this, the total amount of amino-acids formed 
from intermediates of the Krebs cycle is decreased after 
treatment with CCC, while the total amount of amino- 
acids of the pyruvic-acid and of the triose group shows 
almost no change in concentration. From this one can 
conclude that, besides its influence on the composition of 
protein, CCC also alters the quantitative conditions of 
amino-acid synthesis, that is, the formation of amino- 
acids from intermediates of the Krebs cycle 1s decreased. 
The results obtained do not show whether this is due to a 
lack of substrate or to the specific influence of CCC on the 
formation of those particular amino-acids. In addition 
to this general picture of CCC influence on the Krebs- 
cycle-dependent amino-acids, the formation of some of 
them seems to be governed also by CCC, that is, proline, 
OH-proline, arginine, methionine and lysine. All of them 
are so-called subsequent amino-acids, which indicates that 
the initial transamination may not itself be influenced by 
CCC. 

The increased concentration of amino-acids of the triose 
group and of the pyruvic acid group parallels the similar 
decreases of these amino-acids ın the soluble fraction. 
This may lead us to suppose that under the influence of 
CCC a special protein moiety rich in proline, methionine 
and lysine, and poor in OH-proline and in arginine, may 
be formed. 

The action of CCC on the concentration of proline and 
OH-proline may be of particular interest. As already 
mentioned, the plants treated with CCC show an increase 
in proline and a decrease in OH-proline. This reletion has 
already been reported by Emden?*. Steward et al.: found 
that in carrot and potato tissue cultures, which are induced 
by coconut-milk to grow by cell division, OH-proline was 
increased. They concluded that cell division goes with a 
special protein moiety which is rich in OH-proline. The 
addition of the antibiotic chloramphenicol, which inhibits 
the action of coconut-milk on cell division of carrot 
tissues, also upsets the action of coconut-milk on OH- 
proline concentration in the protein (unpublished data, 
These results support the conclusion of Steward et al 
the relation between cell division and OH-proline. 
this it seems possible that CCC decreases cell diyg 
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Thus the influence of CCC on the composition of the 
soluble N-fraction and the protein fraction of wheat 
seedlings can be summarized as follows: (a) while the 
total amount of protein N is not influenced by CCC 
treatment, the pool of soluble N is decreased; (b) the 
amino-acid composition of the protein fraction and the 
composition of the soluble N fraction is influenced to a 
certain extent by CCC; (c) due to CCC treatment, major 
changes occur in the concentration of the following 
amino-acids: proline, methionine, lysine, threonine, 
alanine, valine and leucine are increased, while arginine 
and OH-proline are decreased. 
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IATROGENIC URINARY AMINO-ACID DERIVED FROM PENICILLIN 


By, Pror THOMAS L. PERRY, GORDON H. DIXON 
and SHIRLEY HANSEN 


Departments of Pharmacology and Biochemistry, University of Britis Columbia, 
Vancouver 8, Canada 


HILE investigating an unusual disease involving 

disordered methionine metabolism which is to be 
reported elsewhere!, we encountered an unidentified 
amino-acid on paper chromatograms of urine. Urine 
from an infant who exhibited marked methioninaemia 
and methioninuria was subjected to two-dimensional paper 
chromatography, after preliminary treatment with hydro- 
gen peroxide. A strong ninhydrin-positive spot appeared 
on chromatograms; the Rr was, in two solvents, similar to, 
but not identical with, those of homocysteic acid and 
methionine sulphoxide. This spot was not present on 
chromatograms, and no other unidentified amino-acids 
were noted, when urine was chromatographed without 
prior treatment with hydrogen peroxide. 

DNP-hydrazones of the keto acids in the patient’s 
urine were prepared by reacting urme with 2,4-dimtro- 
phenylhydrazine’, and these were then hydrogenated in 
the desalting chamber of an electrolytic desalter? to 
produce the amino-acids corresponding to any keto acids 
present in the urine. Paper chromatography of this 
preparation after oxidation with hydrogen peroxide also 
demonstrated the presence of a large amount of the same 
unidentified ninhydrin-positive compound, but if prior 
oxidation with hydrogen peroxide was omitted, no un- 
identified amino-acids derived from keto acids were 
demonstrable on chromatograms. 

It appeared probable that the unidentified ninhydrin- 
positive compound was a sulphur-containing amino-acid 
formed by oxidation of a ninhydrin-negative precursor 
present in urine both in amino-acid and in keto acid form. 
It seemed possible that the ninhydrin-negative precursor 
might be derived from methionine. Table 1 shows the 
paper chromatographic characteristics of the unidentified 
ninhydrin-positive amino-acid, and of several oxidized 
sulphur-containing amino-acids. i 

The hydrogenated DNP-hydrazone preparation was 
then chromatographed on a ‘Technicon’ amino-acid 
analyser, using the technique prescribed for examination 
of physiological fluids‘. No unidentified amino-acids were 


Table 1. PAPER CHROMATOGRAPHIO CHARACTERISTICS OF UNKNOWN 
AMINO-ACID AND OF OXIDIZED SULPHUR AMINO-ACIDS 
Compound RpinPAA* RpinIFt 

Unknown amino-acid 0-42 0-24 
S-Methyleyateine pul phowde 0-50 0-17 
Methionine sulphoxide 9-40 9 33 
Methionine sulphone 0:52 0-86 
Taurine 0 66 O17 
atelo acid 0°32 0-11 
omocysteie acid 0°32 0-16 
Penicillamine sulphonic acid 0-42 0°24 


* PAA, Pyridine-acetone-ammoninm hydroxide~water (45 : 30: 5- 20). 
+ IF, Isopropanol—formic acid—water (75 : 12 6 * 12-5). 


observed on the chromatogram prior to oxidation with 
hydrogen peroxide. After the hydrogenated DNP- 
hydrazones had been sreated with hydrogen peroxide, 
however, chromatography on the amino-acid analyser 
revealed a strong ninnydrin-positive peak which was 
eluted from the ion-exchange column at the same effluent 
volume as cysteic acid end homocysteic acid. 
High-voltage paper el=ctrophoresis, both of the patient’s 
urine and of the hydregenated DNP-hydrazones of the 
urinary keto acids, shcwed, after preliminary hydrogen 
peroxide treatment, tre same unidentified amino-acid. 
When electrophoresis was carried out at pH 3-6 in pyrid- 
ine—acetic acid—water (1:10:89) at 60 V/em for 45-60 
mun in a vertical ‘Varso~-cooled chamber, the unidentified 
compound moved at tke same rate as homocysteic acid, 
and clearly resolved from cysteic acid, which moved l-2 cm 
farther than homocystsic acid in this system. When 
electrophoresis was perzormed at pH 1-9 in formic acid- 
acetic acid—watar (2-5 : 7-8 : 89:7) ina Shandon apparatus 
with a water-cooled place for 60 mm at 100 V/cm, cysteic 


- and homocysteic acids nigrated at the same rate, but the 


unidentified amino-aci€é moved more rapidly and was 
easily separated from them. 
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Fig. 1. Structural formulae o” benzylpenicillin and some of its degrada- 

ton products 


896 


Table 2. PAPER CHROMATOGRAPHIC CHARACTERISTICS OF PRNICILLAMINE 
SULPHONIC ACID AND OF ITS URINARY PREOURSORS 


Ninhydrin 
Compound RpinPAA* RpinIft reaction 

Unknown amino-acid 0-42 0-24 Positive 
Penicillamine sulphonic acid 0-42 0-24 Positive 
Homocysteie acid 0:32 0-16 Positive - 
Cysteic acid 0-32 li Positive 
Penicitlamine 0-81 073 Positive 
Penicillamine disulphide 0:36 0°24 Positive 
Benzylpenicillin 0-84 0-93 Negative 
Precursor 1 0 84 0 93 Negative 
Precursor 2 0°81 0°93 Negative 
Benzylpenieilloic acid. 0-49 0:93 Negative 
Precursor 3 0 50 0 92 Negative 


* PAA, Pyridine—acetone-ammonium hydroxide-water (45 : 80 : 5 : 20). 
t IF, isopropanol-formic acid—water (75 : 125. 12-5). 


The behaviour of the unidentified amino-acid on ion 
exchange chromatography and on electrophoresis sug- 
gested that it might be a sulphonic acid. Together with 
numerous other sulphur-containing amino-acids, authentic 
D-penicillamine (Fig. 1, V) was oxidized with hydrogen 
peroxide. The resulting compound, putative penicillamine 
sulphonic acid (Fig. 1, VII), showed behaviour identical 
with that of the unknown amino-acid from the patient’s 
urine when chromatographed on paper and when subjected 

.to electrophoresis in the two systems described here 
(Table 2). 

A review of the patient’s clinical record showed that 
he had been receiving treatment with penicillin at the 
time urine was collected for study of his metabolic disease. 
It was then found that when benzylpenicillin (penicillin 
G) (Big. 1, I) was treated with hydrogen peroxide in vitro, 
a compound with properties identical with the oxidation 
product of penicillamine was readily produced. 

A normal subject was given s single oral dose of 600 mg 
of the potassium salt of benzylpenicillin (1,000,000 units 
of penicillin G) and urine was collected for the next 8 h. 
Although no unusual ninhydrin-positive spots were found 
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Fig. 2. A diagram of a two-dimensional electrophoretogram of human urine after peni- 
culin G administration. A preparative electrophoretogram was made of the patient’s unne 
see text) and a 1-cm strip was removed and sprayed with 30 per cent hydrogen peroxide 
‘Superoxol’). The strip was allowed to dry at room temperature and then placed under 
high vacuum overnight to remove excess peroxide. The oxidized strip was then sewn at 
The portion of second sheet 
was removed with fine scissors and the sheet was wetted from 
both sides with buffer, pH 38-6. After the buffer fronts met in the centre of the sewn-on 
strip (second origin), electrophoresis was carried out at right angles to the — stap, for 
ydrin 
(0 2 per cent in ethanol) and it was observed that three sitong y ninhydrin-positive spots 
dimension identical with 
(HC;).. The precursors of these compounds must have run in the zones 
by the numerals 1, 2, 3, 4 in the first dimension. Comparison with a second strip 
of the onginal preparative electrophoretogram which was stained with ninhydrin before 
oxidation showed that zones 1, 2 and 3 were only weakly amhydra Dea aye. Gy, Ay 
ic acid, homocysteic acid an 
HO, and Ca show the 
positions of the same markers applied at the origin of the second dimension. It may be seen 
that there is a faint spot corresponding to cysteic acid appearmg trom zone 4; any cystine 
in the urine would travel In zone 4 (neutral amino-acids) and would be oxidized to cysteic 


Tight angles to the long axis of a second sheet of paper. 
beneath the sewn-on stri 


30 min at 60 V/cm, The electrophoretogram was then dried and stained 


and one weak spot ha with mobilities in the secon 
homoeysteic aci 
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HO, and C, represent the tions of glutamic acid, aspart 
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on routine two-dimensional amino-acid chromatography 
of the subject’s urine, penicillamine sulphonic acid was 
readily demonstrated when the urine was treated with 
hydrogen peroxide before chromatography, or when a 
small amount of hydrogen peroxide was placed on the 
origin of the paper chromatogram after application of an 
aliquot of urine. The oxidized sulphur amino-acid in this 
urme behaved in the same way on electrophoresis as 
penicillamine sulphonic acid. Moreover, it was observed 
that urine from the normal subject who had been given 
penicillm also contained penicillin derivatives with free 
keto groups which could be reacted with 2,4-dinitro- 
phenylhydrazine to yield DNP-hydrazones. The latter 
could be hydrogenated and then treated with hydrogen” 
peroxide to yield penicillamine sulphonie acid. 

The urine of the sick infant under study was subjected 
to two-dimensional electrophoresis on paper and was shown 
to contain at least three ninhydrin-negative precursors of 
penicillamine sulphonic acid. 2-0 ml. of urine was applied 
in Q-l-ml. aliquots as a strip across the width of an 
ll-in. sheet of Whatman 3HR paper, dried after each 
application: Electrophoresis was carried out at pH 3-6 
for 45 min at 60 V/cm and the sheet was dried. A guide 
strip was removed from one side, treated with hydrogen 
peroxide, dried under high vacuum and sewn on to a 
fresh paper, and again subjected to electrophoresis under 
the same conditions in a direction at right angles to the 
original path of migration. Amino-acids were then 
visualized with ninhydrin on the second electrophoreto- 
gram and compared with a guide strip of the original 
electrophoretogram. It was observed that penicillamine 
sulphonic acid arose fromthree and possibly four ninhydrin- 
negative precursors, each having a different electrophoretic 
mobility in the first electrophoretogram. This is illustrated 
in Fig. 2. The positions of these precursors on the re- 
mainder of the electrophoretogram were marked and the 
precursors were eluted by descending 
chromatography with water. 

Very little information is available con- 
cerning the metabolites of penicillin which 
are excreted in urine after the antibiotic 
has been administered to man. We have 
been unable to find any published report 
of artefacts encountered on amino-acid 
chromatograms as @ result of penicillin 
treatment. Early studies by Rowlands 
et al. using **8-labelled penicillin injected 
into cats showed that 40-60 per cent of the 
dose was excreted in the urine as biologic- 
ally active penicillin, and the remainder 
appeared as unidentified breakdown pro- 
ducts. English et al. have demonstrated 
more recently that 6-aminopenicillanic 
acid (Fig. 1, IV) can be found in the urine 
of a number of mammals, including man, 
after administration of penicillins by the 
©) oral or intravenous route. Levine’ has 
é shown that benzylpenicillin is spontane- 

$ ously degraded in vitro in aqueous solution. 
at pH 7-5 to benzylpenicillenic acid (Fig. 1, 
TI) and to benzylpenicilloic acid (Fig. 1, 
III). He found that the latter compound 
reacted with cystine in aqueous solution at 
pH 7-5 to yield penicillamine and penicil- 
lamine-cysteine mixed disulphide*. It 
seems reasonable to presume that these 
derivatives of penicillin might be formed 
in the body and excreted in the urine. 

In the present investigation, we pre- 
pared p-benzylpenicilloic acid by the 
alkaline hydrolysis of benzylpenicillin® 
and found that, like penicillin, 1t was readily 
converted to penicillamine sulphonic acid 
by oxidation with hydrogen peroxide. 
Three ninhydrin-negative precursors of 
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“penicillamine sulphonic acid present in the urine of 

our patient were separated by electrophoresis, and 
after elution from the electrophoretogram as described 
here, were chromatographed on paper in two different 
solvent systems. The chromatograms were then exposed 
to hydrogen peroxide vapour, oxidizing the precursors to 
penicillamine sulphonic acid so that their location on the 
chromatograms could be detected with ninhydrin. Since 
hydrogen peroxide interferes with the ninhydrin reaction, 
it was necessary to remove any excess by heating in an 
oven at 100° C for 30 min, or by prolonged ventilation. 
The Rr of these precursors is shown in Table 2. On the 
-basis of their chromatographic mobility, one of the 
precursors appeared to be benzylpenicillin, and a second 
appeared to be benzylpenicilloic acid. The precursors 
were not completely stable and spontaneously gave rise 
to a ninhydrin-positive compound which co-chromato- 
graphed with penicillamine—disulphide (Fig. 1, VI). 

We report these findings so that other investigators 
may not be led astray on encountering an unusual urinary 
amino-acid present on chromatograms only after oxidation 
with hydrogen peroxide. Our experience emphasizes 
again the importance of careful control of dietary precur- 


sors and of drugs in any search for urinary biochemical 
abnormalities related to metabolic disorders. The use 
of penicillin as an ant-biotic should probably be avoided, 
where possible, not on=y when urine is to be studied for its 
amino-acid content, bat also when trace metal excretion 
in urme is to be meesured. Since D-penicillamine is a 
potent chelating agemt for a number of divalent metal 
ions, administration Df penicillin to a patient might 
reasonably be expected to result in increased excretion of 
some metals which would be bound to penicillamine 
produced in the body rom the parent antibiotic. 
This work was supported by grants from the Medical 
Research Council of Canada. 
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DEPENDENCE OF POLYRIBOSOME STRUCTURE IN RETICULOCYTES ON 


IRON ; 


IMPLICATION ON THE TAPE THEORY OF 


HAEMOGLOBIN SYNTHESIS 
By Dr. MARCO RABINOVITZ and Da. HERBERT S. WAXMAN 


National Cancer Institute, National Institutes of Health, Bethesda. Maryland 


HE considerable interest which has developed in 

polyribosomes and their role in protein synthesis by 
a variety of biological systems has resulted in the publica- 
tion in Nature of many communications concerning these 
aggregates. A number of mechanistic models of protein 
synthesis have been formulated to explain the mode of 
action of polyribosomes; and these involve, in one form or 
another, the migration of monomeric ribosomes along a 
messenger ribonucleic acid tape as the polypeptide chain 
is initiated and lengthened'~*. The work recorded here 
is concerned with factors in vitro which influence poly- 
ribosome stability and haemoglobin synthesis in the intact 
reticulocyte; and the compatibility of the findings with 
such a ‘tape’ mechanism for polypeptide assembly is 
considered. 

Reticulocyte production was stimulated in rabbits 
by daily subcutaneous injection of 2-5 per cent neutralized 
phenylhydrazine hydrochloride for five days. Blood was 
withdrawn by heart puncture on the eighth day, the cells 
were centrifuged free of plasma and washed twice with 
low magnesium saline as described by Warner, Knopf 
and Rich‘, 

All incubations were performed at 37°, with air as the 
gas phase, and in the low-magnesium saline containing 
tris(hydroxymethyljaminomethane hydrochloride buffer 
(tris), 5 x 10-3 M, pH 7-6 at 23°. The density of cells in 
the incubation medium, 1 packed cell volume per 7 
volumes medium, and the concentration of glucose, 
l mg/ml., were those recommended by Borsook et al.5, as 
were the concentrations of ferrous ammonium sulphate 
(iron), transferrin and limiting amino-acids. when these 
components were included. Leucine was omitted from 
the amino-acid mixture since it was afterwards added in 
radioactive form. The total volume of cells and medium 
was 2 ml. 

Cells were pre-incubated for 1 h in the main compart- 
ment of a Warburg flask containing 2,2’-bipyridine or 
iron-transferrin, with or without the amino-acid mixture, 


as indicated in the incividual experiments. 1 umole of 
L-leucine (2:35 x 105 c.p.m.) was then added from the 
side-arm and the incubation continued for 10 min. Meta- 
bolism was terminatec by addition of cold saline and 
shaking the flask in ice Under the various conditions of 
incubation, the incorpcration rate of labelled leucine into 
the soluble protein was constant, and served as an estimate 
of the rate of synthess of complete protein molecules. 
For determination of the distribution of incorporative 
activity among the volyribosomal components, 0-01 
umole L-leucine-U-“C (1-5 x 10° ¢.p.m.) was added after 
pre-incubation for 1 h and the reaction was terminated 
after 2 min as already descembed. 

The cells were isolated by centrifugation at 4°. The 
lysis and all subsequens steps for separation of polyribo- 
somes were performed as described by Warner,’ Knopf 
and Rich‘. Sucrose (5) per cent w/w) had been treated 
with bentonite? prior tc dilution for preparation of 15~30 
per cent gradients. The centrifugation’ was carried out 
for 25 h at 4°. After centrifugation, each tube was 
placed in the Union Carbide gradient analyser, a cannula, 
was lowered to the bottem, and the contents were pumped 
through a 0-2-cm cell atiached to a Beckman DB spectro- 
photometer measuring absorbence at 260 mu. The soluble 
protein, which did not enter the gradient, was diluted 
with saline, centrifugec at 100,000g (max.) for 1-5 h to 
remove any particulate matter, precipitated with trichloro- 
acetic acid, then washec, plated and counted as previously 
described’. When incorporation into protein of the poly- 
ribosomes was estimatel, forty fractions were collected, 
carrier serum albumin added‘, and the protein precipitated 
in 5 per cent trichloroacetic acid, extracted at 90° for 10 
min, and plated on ‘“Milipore’ filters of 0-45 pore size. 
Radioactivity was determined in a gas-flow counter with 
‘Micromil’ window. 

When «- and §-chains of haemoglobin were to be isolated, 
incubations were performed with four-fold volumes of all 
components. The solutle protein was isolated following 
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the lysis procedure indicated here and centrifugation at 
100,000g (max.) for 15h. The separation of the «- and 
@-chains was carried out by a modification’ of the method 
of Dintzis®. 

The rabbit transferrin was obtained from Pentex Sales 
Co. The radioactive amino-acids were obtained from the 
New England Nuclear Corporation. 

During an investigation of the factors affecting stability 
of polyribosomes in reticulocytes, it was observed that the 
monomeric (78S) ribosome content increased by 67 per 
cent after incubation of the cells for 1 h in buffered saline; 
this increase was accompanied by a corresponding de- 
crease in the polyribosome fraction. Cells incubated in 
media fortified with iron, transferrin, an amino-acid 
mixture, on glucose showed no decrease in their poly- 
ribosome content. Segregation of the fortification 
ingredients demonstrated that cells incubated with tron 
and transferrin had a high polyribosome content while 
those treated with the amino-acid mixture in the absence 
of iron did not. The dispensability of the amino-acid 
mixture for polyribosome integrity is in agreement with 
results reported by Burka and Marks’. The polyribosome 
content of cells after incubations in buffered saline or with 
amino-acid mixture and glucose could not be controlled 
from one cell preparation to another. In an attempt to 
limit the iron available for haemoglobin synthesis, the 
ferrous ion chelating agent, 2,2’-bipyridine, was used. 

Disaggregation of polyribosomes in the presence of 
2,2’-bipyridine. Incubation of reticulocytes with low 
concentrations of 2,2’-bipyridine resulted in both a 
marked diminution of the polyribosome fraction and a 
corresponding increase in the monomeric ribosomes 
(Figs. 1 and 2). Pulse labelling of the cells in which a 
major fraction of the polyribosomes were disaggregated 
indicated that the amino-acid incorporative activity was 
associated with the remainder of the polyribosomes 
(Figs. 1B, 20). The principal incorporation still resided 
in the pentamer class of polyribosomes, suggesting, 
with the application of the tape theory, that bipyridine 
did not bring about a general deficiency of monomer 
attachment. The absence of an increase in specific 
radioactivity of the polyribosomes after disaggregation 
indicated that there was no preferential stabilization of a 
particularly active class of polyribosomes. 

The presence of the amino-acid mixture had little or 
no effect on the polyribosome profile when the incubation 
medium contained iron-transferrin (Figs. 1A, 2A, 2B) or 
when it contained bipyridine at a concentration of 1 x 
10-4 M (Fig. 1B). However, when bipyridine was present 
at a concentration of 5 x 10- M, presence of the amino- 
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Fig. 1. Sucrose gradients of the ribosome-polyribosome component from 
reticulocytes A, Absorbency profile at 260 my, from cells incubated with 
iron-transferrin with or without fhe amino-acid mixture. Incorporation 
profile, from cells incubated with fron-transferrm and the amino-acid 
mixture; B, absorbency profile at 260 my, from cells incubated with 
2,2’-bipyridine, 1x 10-* M, with or without the amino-acid mixture. 
Incorporation profile, from cells incubated with 2,2’-bipyridine, 1 x 107 M, 
with the amino-acid mixture 
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from reticulocytes. Cells were incubated as follows: A, with iron-trans- 

ferrin and the amino-acid mixture; B, with 1ron-transferrm, without the 

amino-acid mixture; C, with 2,2’-bipymdine, 5 x 10-4 M, and the ammo- 

acid mixture; D, with 22 -bipyridine 5x10 M, without the amino-acid 
muxture 


acid mixture resulted in a decrease in the polyribosome 
content (Figs. 2C, 2D). These results indicate that at 
threshold levels of 2,2’-bipyridine, the amino-acid mixture 
aids in removal of iron through the synthesis of haemo- 
globin. The role of 2,2’-bipyridine in making intracellular 
iron unavailable is supported by the observation that 
another ferrous chelating agent, o-phenanthroline, was 
equally effective in disaggregating polyribosomes at a 
concentration of 1 x 10-* M, while their non-chelating 
isomers, 4,4’-bipyridine and m-phenanthroline respec- 
tively, were completely ineffective at 5 times this con- 
centration#®, Addition of iron-transferrin to cells which 
were pre-incubated with 2,2’-bipyridine and amino-acids 
brought about variable regeneration of the polyribosome 
profilet’. 

Inhibition of haemoglobin synthesis by 2,2’-bipyridine. 
The disaggregation of polyribosomes was accompanied 
by a decrease in protein synthesis when incubations were 
carried out in the presence of the amino-acid mixture 
(Table 1}. In the absence of the ammo-acid mixture, 
incorporation of leucine into soluble protein of cells was 


Table 1. INCORPORATION OF LEUCINE INTO SOLUBLE PROTEIN OF RETIOU- 
TOOYTES WITH INTAOT AND DISAGGREGATED POLYRIBOSOMES 


Contents of incubation medium 


Tron plus fron Buipyridine 
transferrin plus plus 
plus amino- trans- amino- Bipyridine 
ands ferrin acids 
a 1 
ucine incorporation 57 1:0 1:8 0:97 
Absorbency profile (260 my) Fig. lA Fig.14 Fig.1B Fig. 18 
Polyribosome content (%4) 3 85 30 34 
Exp. 2 
Leucine incorporation 57 O84 32 10 
Absorbency profile (260 mz) Fig. 24 Fig. 2B Fig.20 Fig. 2D 
Polyribosome content (%) 81 84 49 60 


The concentration of 2,2’-bipyridine in experiments 1 and 2 was 1x107 M 
and 5x10 M respectively. Incorporation is expressed as zmoles leucine 
incorporated per mg protein x 10' during the 10-min incubation pernod with 
labelled amimo-acid. Polyribosome content is presented as percentage of 
—— in the total population of monomeric ribosomes and poly- 
ribosomes. 
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Fig, 3. Chromatograph elution profile at 280 my of the a- and 8-chains 
: of rabbit globin 


unrelated to the pattern of the polyribosome profile. 
Leucine incorporation into soluble protein of cells with 
low polyribosome levels but incubated with amino-acid 
mixture was 2—4 times that of cells with a high polyribo- 
some content but incubated without amino-acids. 

Nature of proteins synthesized in cells with disaggregated 
polyribosomes. Although the principal protein synthe- 
sized by reticulocytes is haemoglobin, newly synthesized 
protein is readily separated from the principal haemoglobin 
component by chromatography’. The «- and 6-chains 
of nascent haemoglobin, however, chromatograph with 
those of the major component’. The elution profile of the 
a- and B-chains prepared, from the soluble fraction of cells 
which had been incubated with bipyridine is shown in 
Fig. 3; the incorporation of leucine into pooled fractions 
of the rising, peak, and falling portions of the a- and 
8-chain profiles is given in Table 2. These results suggest 
that, in cells with a major fraction of the polyribosomes 
disaggregated, complete «- and B-chains are still synthe- 
sized, together with a trace of another protein of higher 
specific activity which is eluted at the leading edges of the 
œ- and 6-chains. It is not clear, however, whether the 
complete haemoglobin molecule is assembled under such 
conditions of iron deprivation. 


Table 2. EFFECT OF 2,2’-BIPYRIDINE ON INCORPORATION OF LEUCINE 
INTO FRACTIONS OF THE a- AND P ADIE OF GLOBIN AS ILLUSTRATED IN 
IG. 


Incorporation 
Pre-incubation with 


Bipyridine, Bipyridine, 
Fractions 6x10¢° M 1x10* M 
with amino-acids without amino-acids 

a-Chain 21-22 3°78 0-77 
a-Chain 23-24 8:23 0°50 
a-Chain 25-28 3°05 0°47 
a-$-Chain ‘trough’ 29-84 4°15 : 0-69 
-Cham 35-36 3°66 0°73 
8-Chain 37-89 8°34 0-64 
-Chain 40-42 3°25 0:83 
8-Chain 43-46 8-48 063 
8-Chain 47-52 8°20 0°62 
Total soluble protein prior to 

chromatography 3°20 0:57 


Incorporation is expressed as moles leucine incorporated per mg protein 
x 104 during the 10-min incubation with labelled amino-acid. No radio- 
activity was detected in protein isolated from tubes 17-20 together with 
carrier globin. 


Interpretation of results in relation to the ‘tape’ theory of 
protein synthesis. Some of the results presented here are 
compatible with the ‘tape’ theory of protein synthesis. 
Thus the large decrease in rate of haemoglobin synthesis 
associated with the absence of the amino-acid mixture in 
cells having a high polyribosome content (that is, incubated 
with iron-transferrin) can be ascribed, respectively, to a 
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synchronized decreassd rate of attachment, transit and 
release of the monomeric ribosomes along the messenger 
ribonucleic acid tape. 

Less apparent is ar explanation for the equal rates of 
protein synthesis in eells incubated without the amino- 
acid, mixture but in the presence of iron-transferrin or 
bipyridine. The cells. incubated with the iron-transferrin 
had 2°5 (Table 1, Exp. 1) and 1-4 (Table 1, Exp. 2) times 
as great a proportion Df polyribosomes as the correspond- 
ing cells incubated w-th bipyridine. The results can be 
made compatible with the tape theory, however, by postu- 
lating a more rapid rate of transit and release of ribosomes 
from the tape in polyribosomes of cells incubated with 
bipyridine, so that lit-le accumulation of attached mono- 
mers occurs. Such an explanation has been offered by 
Williamson and, Schweet* to account for the high rate of 
protein synthesis in raticulocytes in which the polyribo- 
somes had become disaggregated following incubation of 
the cells with puromyzin and subsequent removal of the 
inhibitor by washing. As is apparent from Table 1, such 
an explanation leads to the anomalous conclusion that 
bipyridine (which innibits protein synthesis in cells 
fortified with amino-acids) increases the rate of transit 
and release of ribosomes and thus lessens the time of 
synthesis of a haemoglobin molecule in cells incubated 
without the amino-add mixture. In addition, it has 
been observed that within certain limits, the higher the 
concentration of bipyradine in the absence of amino-acids, 
the larger was the decrease in polyribosome content 
without a decrease ir protein synthesis (Table 1, last 
column). This would imply that the higher concentration 
of bipyridine was associated with a higher transit rate of 
monomeric ribosomes. 

Still further difficulties arise when an attempt at 
explanation is made, within the framework of the tape 
hypothesis, of the effect of the amino-acid mixture on 
transit rates of the ribosomes. The results in Table 1, 
Exp. 1, indicate that calls incubated in media containing 
iron-transferrin with amino-acids synthesized, haemoglobin 
at a 5:7-fold greater rate than did cells incubated with 
iron-transferrin alone. Since the polyribosome profiles 
are identical in both instances, a 5:-7-fold increase in 
attachment, transit race and release in the presence of 
amino-acids must be assumed. In a similar vein, when 
bipyridine was present. the amino-acid mixture brought 
about less than a two-fold increase in transit rate and 
release. 

From the foregoing considerations it must be assumed 
that both bipyridine and the amino-acid mixture increase 
the transit rate (and reBase) and that a higher concentra- 
tion of bipyridine is associated with a higher transit rate 
but also with a reduction of the additive effect of the 
amino-acid mixture on this transit rate. To allow for a 
tape mechanism, a number of factors must be postulated 
which influence two variables independently: (1) transit 
rate of ribosomes along the tape (that is, time for syn- 
thesis of a single peptide chain) ; and (2) rate of attachment 
and release of ribosomes (that is, number of peptide 
chains made per unit time). 

Borsook et al.5 have stressed, that although added iron 
may be essential for optimum synthesis of haemoglobin 
it does not stimulate synthesis in the absence of certain 
essential amino-acids. The results reported here are an 
extension of this observetion: in the absence of the amino- 
acid, mixture, cells incubated with either iron-transferrin 
or low concentrations of bipyridine incorporated leucine 
to the same extent. Ir the former case, the associated 
increased amount of polyribosomes could not support 
protein synthesis above-a basal rate determined by the 
availability of endogerous amino-acids. When poly- 
ribosome disaggregation occurred in the presence of 
bipyridine, the remainirg polyribosomes were capable of 
supporting the basal rete. If the amino-acid mixturo 
was added, the rates af protein synthesis increased to 
levels proportional to tne polyribosome content of tho 
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cell (Table 1). “In this state of active protein synthesis 
the results are consistent with limitation of protein 
synthetic rates by polyribosome content. 

Control of haemoglobin synthesis by iron. The close 
co-ordination of haem and globin synthesis in the intact 
rabbit reticulocyte was described by Kruh and Borsook!. 
As a consequence of this regulation, the rate of protein 
synthesis under otherwise optimal conditions is decreased 
in the absence of haem precursors, such as iron, thus 
preventing the accumulation of free globin. ‘These results 
are consistent with a mechanism of coimeidence feed- 
back control of globin production exercised by regulation 
of the level of protein synthetic centres, the polyribo- 
somes. The biochemical mechanism of this control is 
not known. It may be stressed, however, that such a 
mechanism does not appear to be compatible with the 
present tape theory, whereby synthesis of the protein 
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moiety of a conjugated protein such as haemoglobin is 
considered as an event independent of the insertion of 
haem and the completion of the protein molecule. 

We thank Dr. E. L. Kuff for his advice and assistance. 
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DNA REPLICATION AND GENETIC EXPRESSION IN FEMALE MICE 
WITH MORPHOLOGICALLY DISTINGUISHABLE X 
CHROMOSOMES 


By Dr H. J. EVANS, Dr. C. E. FORD, F.R.S., Da, MARY F. LYON and Mrs. J. GRAY 


Medical Research Council Radtobiological Research Unit, Harwell, Didcot, Berks. 


NTEREST in the cytology, physiology and genetic 
activity of mammalian sex chromosomes has been 
stimulated in recent years following: (1) the demonstra- 
tion of ‘Barr bodies’ in many cell nuclei of various female 
tissues in a wide range of mammals including man; (2) 
the development of techniques enabling good quality 
chromosome preparations to be obtained; (3) the finding 
that the pair of X chromosomes in the female of many 
mammalian species behave differentially with regard to 
DNA replication; (4) the hypothesis advanced by Lyon 
that one of the two X chromosomes in cells of female 
mammals is genetically inactive for most of the life of 
the individual. 

Moore and Barr! suggested that the sex chromatin 
body might represent the fused heterochromatic regions 
of the two X chromosomes of the female. Ohno et al.?, 
however, showed that a single chromosome stained 
differentially in late prophase and early metaphase in 
diploid cells of regenerating liver in female rats. They 
interpreted this chromosome (which was absent in males) 
as an A chromosome and went on to suggest that such 
a single heteropycnotic X chromosome formed the Barr 
body. This possibility was supported by the subsequent 
observation of a similar heteropycnotic chromosome in 
the mouse’ and man’. 

Independent evidence of the physiological differentia- 
tion of the two X chromosomes was provided by the 
finding that in cultured cells established from normal 
female Chinese hamsters the two X chromosomes had 
different patterns of DNA replication, the bulk of the 
DNA in one of the X chromosomes undergoing replication 
late in the synthesis phase’. 

Lyon! considered these results in relation to certain 
hitherto unexplained genetic observations in the mouse 
and formulated a general hypothesis founded on the 
primary supposition that the X chromosome assumed to 
form the Barr body was genetically inactive, as fore- 
shadowed by Stewart’. This hypothesis incorporated the 
further postulates that the inactivation occurs early in 
embryonic development, that it affects either of the two 
X chromosomes at random in different cells, and that once 
it has occurred in any cell it becomes a fixed property of 
the chromosome concerned in each derivative somatic cell 
lne. These postulates immediately accounted for the 


variegation seen in female mice heterozygous for X-linked 
genes affecting the coat and for the variegated position 
effect found by Russell and Bangham! and by Cattanach? 
in females heterozygous for certain X-autosome trans- 
locations. Lyon? later suggested that X-inactivation 
might occur generally m mammals. 

Jt is a reasonable extension of the hypothesis to suppose 
that the appearance of the Barr body, differential pro- 
phase staining, late DNA. synthesis and genetic inactivity 
are related properties of the same X chromosome. Critical 
pieces of evidence concerning the relationships of these 
phenomena have indeed accumulated in a range of species. 
Single late-labelling chromosomes were found in cultured 
cells from females of several mammalian types, including 
mani, cow", horse, donkey, mule", goat and pig#4. The 
X chromosome of the cow is easily distinguished and was 
clearly shown to be the late-labelling chromosome. The 
two X’s of the female mule, derived from the horse and 
donkey parents, respectively, are distinguishable, and 
Mukherjee and Sinha** showed that either of the two 
could be late-labelling in different cells. This was in line 
with Lyon’s idea that either of the two X’s could be 
genetically inactive. In man, on the other hand, there 
was conflicting evidence. Contrary to expectation, in 
cultures from subjects with an abnormal X-chromosome 
the abnormal X was always the late-labelling one}. 
Clearly it ıs important to examine the behaviour of 
morphologically changed X-chromosomes in other species, 
particularly the mouse, since this is the species for which 
the inactive-X hypothesis was originally proposed. 

The normal X chromosome of the mouse (X*") is one 
of the longest members of the complement but is not 
morphologically distinguishable. However, it has been 
found that females heterozygous for Cattanach’s® trans- 
location have an insertion of an autosomal segment into 
an X, making this (X‘) chromosome recognizably the 
longest chromosome in the cell!*, The inserted autosomal 
segment carries the wild-type alleles of the coat colour 
genes c and p. Females heterozygous for the translocation 
and bearing recessive alleles of these two genes on the 
corresponding autosomal segment have a variegated 
phenotype. According to Lyon’s hypothesis, it follows 
that in some regions Xt must have been inactivated, and 
m other regions, X”. Such mice are therefore particularly 







ble animals in which to investigate: (1) whether 


0, whether this chromosome is an X; (3) if so, whether 
the late-labelling of the two X’s is random. We have now 
completed an experiment to test these points. Since 
| tritiated thymidine was injected into the living animal, 
©. opportunity was also provided to determine whether late- 
=o labelling occurs in vivo as well as in cultured cells. 
In a preliminary experiment, four fourteen-weeks-old 
CBA X*/X*® female mice (weight about 25 g) were in- 
jected intravenously with 0-4 ml. of tritiated thymidine 
(40 ue jml., spec. act. 30 ¢./mM) in saline and killed 1, 2, 4 
and 6 h afterwards. 1-5 h before killing, the animals also 
received an intraperitoneal injection of 0-25 ml. of a 
10-7 M aqueous solution of Coleemid (CIBA). They were 
dissected quickly and cell suspensions of femoral bone 
marrow, spleen and thymus were prepared in hypotonic 
_ {Ll per cent) sodium citrate solution. The cells were fixed 
oo in 1:3 acetic alcohol 15-30 min after the animals were 
= killed. Air-dried preparations were made on coverslips, 
stained in acetic orcein, transferred to water and filmed 
with Kodak AR 10 stripping film. The autoradiographs 
_ were exposed for 21 days and then made into permanent 
© preparations, i 
One hundred metaphase cells from each of the tissues 
at each fixation time were scored for the presence or 
absence of silver grains overlying the nuclei. The pro- 
portions of metaphase cells which were labelled in these 
tissues are given in Fig. 1. The results show that there 
are temporal differences in the labelling index patterns of 
the mitotic cells in the spleen, bone marrow and thymus. 
Although these timing differences could be due to a 
differential availability of tritiated thymidine to the 
tassues, differences in the rate of progression of cells from 
the DNA synthesis (S) phase into mitosis seem a more 
likely explanation. Despite the variation observed, it is 
evident that a considerable proportion of the labelled 
metaphase cells from animals killed 2~4 h after tritiated 
_ thymidine injection would have been in the late S phase 
in each of the three tissues at the time of injection. 
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Fig. 1. Proportions of metaphase cells lbelled (100 cells per point) in 
spleen, bone marrow and thymus tissues from female mice (age 15 weeks) 
given. 16 we. of tritiated thymidine (intravenously) and killed at up to 
8 h after injection. x, Spleen; @, bong marrow; O, thymus 
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Examination of labelled metapha 
dalled 2-4 h after injection of tritiated 
reveal a chromosome which was con 
differentially in the same senso as the * 
een in the peripheral blood leucocytes of other mammals. 

© difficulty of interpretation was increased by the dis- 
eovery that the proximal regions of most, if not all, of the 





re is a late-labelling chromosome in the mouse; (2) if 



















chromosomes were late-labelling. Even in cells that m 
have been exposed to tritiated thymidine at the end 
the S phase it was common to find that most of th 
chromosomes showed some degree of proximal labelling 
Since neither X chroraosome of these animals could be 
distinguished morpholygically, the most which can be 
said is that in some lightly labelled cells one chromosome 
was relatively more heavily labelled than any of the 
others, that this chroraosome was invariably one of the 
longest members of the complement and that it could 
therefore have been am X chromosome. — 

On the basis of the results from the preliminary experi 
ment, two female Xt/ X= mice (age 6 weeks, weight ~ 20 g 
were injected intrapertoneally with 20 uc. of tritiated 
thymidine as before, aad killed 3-5 and 5 h later. Cyto 
logical and autoradiographic treatments were as alread 
described here, excep: that the autoradiographs were : 
exposed for eight weeks in order to obtain a relatively 
high grain count in cells that were in late S at the time. 
of tritiated thymidine sreatment. 

Slides made from bone marrow, spleen and thymus 

tissues from the animal killed at 3-5 h were systematically = 
scanned by three different observers who, scoring only : 
clear, well-spread metaphases, recorded the presence and 
absence of label and the presence of a ‘hot’ chromosome. 
In cells with a ‘hot’ chramosome the length of the chromo- 
some in relation to the other members of the complement 
was noted and the distribution and. number of silver 
grains overlying this caromosome relative to the rest of 
the chromosome complement were recorded. 

Altogether, 2,189 metaphase cells were scored. In the 

thymus, 320 of the 335 cells (95 per cent) examined were 
labelled and a ‘hot’ chromosome was identified in 11 
(3-4 per cent) of them. ‘The majority of thymic cells were 
very heavily labelled amd were therefore interpreted to be 
in mid-S at the time of treatment with tritiated thymidine. 
The high labelling index in the thymus of this animal 
may be partly related te its age, since it was much younger 
than those used in the preliminary experiment. A high 
labelling index was alen found in the bone marrow and 
spleen: 1,682 of the 1,854 (91 per cent) metaphases scored 
were labelled and 181 (9-8 per cent) contained a single 
‘hot’ chromosome. 





Table 1. FREQUENCIES OF LABELLED MRTAPHASE CELLS AND OF CELLS 
CONTAINING A “HoT CHROMOSOME IN THREE Trssves OF AN XAYA” Mose, 
KILLED 3-5 H AFTER INJECTION OF TRITIATED THYMIDINE 


No. of cells with a ‘hot’ chromosome(s) 
ł Cella in which 







Total Labelled 
ils 


Tissue cells cel X! X*"%?) another Xt could not be 
(X"?) distinguished - 
Bone marrow 1,361 1,229 59 80 5 12 
Spleen 493 453 26 24 — te 
Thymus 335 B20: 7 4 — — 


The pooled scores from the three observers (Table 1) 
show that in approximately one-half (92 out of 180) of- 
the cells having a single ‘hot’ chromosome—and in which 
the Xt chromosome «ould be clearly identified—this 
chromosome was the longest member of the complement | 
and was thus the Xt chsomosome (Fig. 2). In the remain- 
ing cells the thot’ chromosome was always one of the long 
chromosomes and was presumably the X» chromosome 
(Fig. 3). In a few celle the Xt chromosome could not be 
clearly distinguished so that the identity of the ‘hot’ 
chromosome could not be resolved. The label in about 
20 per cent of the ‘hot Xt chromosomes was confined to 
the proximal two-thirds of the chromosome (Fig. 2): the 
rest of the ‘hot’ X' shromosomes were more or less 
uniformly labelled along their whole length or were un- 
labelled at both distel and proximal ends. Similar 
patterns were evident in the ‘hot’ presumptive X* 
chromosome. 

Two other observers scored a single slide of bone 
marrow or of spleen fixed 3-5 h after injection of tritiated 
thymidine and obtainec similar results to those described 
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Fig. 2, 


Fig. 3. Metaphase cells showing a ‘hot’ Y" (?) chromosome, 


Metaphase cell showing a ‘hot’ XY! chromosome which is unlabelled at the distal ends. 


the X' chromosome (arrow) being virtually unlabelled. 


(Bone marrow from animal killed at 3-5 h, x 1,750) 


(Bone marrow from 


animal killed at 3:5 h. x 1,750) 


Fig. 4. 
chromosome. 


Fig. 5. 


previously. One observer found 7 cells with a ‘hot’ Xt 
chromosome, 4 with a ‘hot’ X" (?) chromosome and 1 
with both chromosomes ‘hot’ in a bone marrow prepara- 
tion. The other found that in 134 labelled cells from 
spleen there were 5 cells with a ‘hot’ Xt chromosome, ¢ 
with a ‘hot’ X” (7) and one with both these chromo- 
somes ‘hot’. 

The preparations from the animal killed 5 h after 
injection of tritiated thymidine were not subjected to 
such detailed analysis since less than 1 per cent of the 
cells showed a ‘hot’ chromosome. However, it was noted 
that in a few cells (1-2 per cent) which were heavily 
labelled (and therefore probably in the early-S phase at 
the time of treatment with tritiated thymidine), one 
chromosome was unlabelled and that this was either the 
longest member of the complement (Xt), or another fairly 


Heavily labelled metaphase cell in which the Xt chromosome is lightly labelled, the silver grains being confined to the distal regions of the 
(Spleen from animal killed at 3-5 h, 


x 1,750) 


Heavily labelled metaphase eell in which the X’ chromosome is unlabelled. (Bone marrow from animal killed at 5h, x 1,750) 


long chromosome (presumably X*) (Fig. 5). In other 
heavily labelled cells observed at 5 h the X (or the 
presumptive X”) chromosome was seen to contain less 
label than any other chromosome in the complement and 
this label was confined to the distal region of the long 
arm (Fig. 4). 

These results enable us to give a positive answer to 
each of the questions raised: a late-labelling chromosome 
can be demonstrated in the female mouse; it is an X 
chromosome and it is sometimes one X, sometimes the 
other. These features can all be identified in cells of bone 
marrow, spleen and thymus exposed to tritiated thymidine 
in vive. Evidence from one species, therefore, now links 
together three of the differential properties exhibited 
(under different conditions) by one of the two X chromo- 
somes in female mammals, namely, genetic inactivity, late 
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replication of DNA and heteropyenosis at mitotic pro- 
phase. The present results do not provide any evidence 
- that the late-labelled X is, in fact, inactive; this point 
still requires demonstration. Ohno and Cattanach', how- 
ever, did examine the association of heteropycnosis and 
genetic inactivity. They examined mitotic cells in albino 
and wild-type coloured patches in the skin of variegated 
AtX* females and claimed that in the albino patches the 
long Xt chromosome was heteropycnotic at prophase, 
whereas in the wild-type patches the X* chromosome was 
heteropycnotic. 

Our observations suggest that DNA replication in the 
late-labellinng chromosome starts at the distal end of the 
long arm and is for a time confined to a terminal region, 
representing perhaps a third of the chromosome. This 
terminal region seemingly completes its replication some 
time before late S while label is still being incorporated 
at a high rate into the proximal two-thirds of the chromo- 
some. The same sequence is observed in both the Xt and 
the X” chromosome. This suggests that the inserted 
autosomal segment conforms with the general pattern of 
labeling of the chromosome into which it has been trans- 
posed and fits well with the genetic evidence that the 
inserted segment can be inactivated. Cattanach, how- 
ever, found a ‘spreading effect’ in mice in which the gene 
at the p-locus of the insertion was active when that at 
the c-locus was not, suggesting that the insertion was 
incompletely inactivated. Thus, if late-labelling regions 
are always inactive one might expect a small non-late- 
labellmg region somewhere in the middle of the Xt 
chromosome. Such a region was not found, but the 
resolution of the autoradiographic technique may have 
been insufficient to detect it. 

The late-replicating X chromosome in the mouse is not 
as distinctively ‘hot’ as the comparable chromosome seen 
in peripheral blood leucocytes of man and other mammals. 
This could be due to a relatively high ‘background’ 
resulting from the late-labelling proximal regions of the 
autosomes, or to a relatively slower rate of replication in 
the late-labelling X chromosome. The possibility that 
the difference is related to our use of normal somatie 
cells rather than cultured cells cannot be excluded. 

As already stated, about half the cells in which a ‘hot’ 
chromosome was identified have a ‘hot’ Xt chromosome 
and about half a ‘hot’ presumptive X*. In addition, 
seven cells were recorded in which both the Xt and the 
_ presumptive X» chromosomes were ‘hot’, and we are 

‘unable to exclude a possible fourth class, that in which 


~~ neither X chromosome is ‘hot’. This raises the possibility 


that in occasional cells both X chromosomes may be 
inactivated, or neither, however unlikely the former may 
seem to be a priori. We may note that there is no sup- 
porting genetic evidence for inactivation of both X 
chromosomes in a normal diploid cell, although an 
experimental test has been possible in the mouse", 

It seems generally agreed that there is no clearly 
demarcated Barr body in interphase nuclei of the female 
mouse (see review by Mittwoch’). The large number of 
chromecentres in the interphase nucleus of the mouse 
suggest that such a body, if present, might be obscured 
or unrecognizable. We feel that there are no grounds for 
relating its apparent absence to the relatively weak auto- 
radiograph given by the ‘hot’ X chromosome. 

We have noted that an X chromosome, whether identi- 
fied pesitively or by inference, is the only member of the 
complement that is completely unlabelled early in the S 
phase. This fact implies a complementary relationship 
with the ‘hot? chromosome and suggests that the whole 
of this chromosome may be late-labelling. However, there 
is a well-marked differential pattern of labelling within 
this chromosome, a feature that is common to the ‘hot’ 
chromosome in other mammals. If genetically inert 
` chromosome regions are always late-labelling®, the whole 
` of a differentially labelling ‘hot’ X chromosome may not 
>be genetically inert. The pattern of labelling we have 
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observed would therefore imply that if there are any 
regions of the ‘hot’ X chromosome of the mouse that are 
genetically active, then most are probably located at the — 
distal end of the long arm. 

So far as we are aware, there is no recorded exception 
to the rule that the ‘hot’ X chromosome in cultures from 
human females heterozygous for a structurally altered X 
chromosome is always the abnormal one!®. This rule is 
not followed by the female mouse heterozygous for the 
structurally abnormal Xt chromosome of the Cattanach 
translocation. We hawe shown that this abnormally long 
chromosome is ‘hot’ in only about half the cells that 
contain a distinctively. labelled chromosome, as expected 
on the postulate of random inactivation. Randomness of 
inactivation of normal and structurally altered X chromo- 
somes is also implied by the occurrence of coat colour 
variegation in females heterozygous for certain other 
X-autosome translocations’?, On the other hand, female 
mice heterozygous for Searle’s X-autosome translocation 
(1'16H) with a genotype that should be capable of revealing 
variegation, nevertheless have a self-coloured phenotype. 
This implies non-randem inactivation as in the structural 
anomalies of the human X chromosome. However, con- 
trary to the finding iw man, it is the normal X of T16H 
females which is alwars inactive??. These confusing and 
apparently contradictory results may owe their explana- 
tion to the variety of structural changes involved. The 
abnormal human X caromosomes are either observably 
deficient, or presumptive isochromosomes of the long arm 
(implying simultaneous duplication and deficiency). The 
abnormal X chromosomes of the mouse include an auto- 
somal insertion and æ reciprocal translocation together 
with other translocations the precise type of which is not 
yet defined. Taking all the results together, we may 
conclude that the postulated random indctivation of X 
chromosomes is a normal process in the female mouse 
and perhaps also in the human female, but that it may 
be disturbed in diffesent ways by different types of 
structural modificatior of the X. The analysis of the 
behaviour of further examples of structurally changed X 
chromosomes may provide a deeper insight into the 
cellular processes concerned. 

We thank Dr. E. P. Evans and Mr. T. R. L. Bigger for 
assistance and for their part in analysing some of the 
cells, and Mrs. Jean Kent, Miss Jean West, Mrs. J aqueline 
German and Mr. G. Breckon for their assistance in 
making the preparations. 
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EFFECTS OF ANTI-LOBSTER NERVE ANTIBODY ON MEMBRANE POTENTIALS 
OF THE GIANT AXON OF Palinurus vulgaris 


By LJ. MIHAILOVIĆ, B. D. JANKOVIC, B. BELESLIN, D. MILOSEVIC and D. ČUPIĆ 


Institute of Pathological Physiology, Faculty of Medicine, and Microbiological Institute, Faculty of Pharmacy, 
University of Belgrade, Yugoslavia 


EMONSTRATION by previous experiments that the 
D electrical activity of some brain structures might be 
profoundly affected by intraventricular? or intracerebral? 
injection of the corresponding antibody implied the 
dependence of cerebral electrogenesis on some macro- 
molecules contained in the membranes and axoplasm of 
the nerve colls. On the basis of electroencephalographic 
as well as certain biochemical findings*, the idea has been 
put forward that some specific substances of high mole- 
cular weight possibly exist in different parts of the central 
nervous system. Although experimentation on the brain 
proved advantageous for examining the differential 


reactivity of various cerebral structures to the action of 


a given anti-brain region antibody, the enormous com- 
plexity of its morphological, biochemical and functional 
organization greatly hampers the investigation of funda- 
mental mechanisms underlying the immunologically 
induced changes in cerebral electrogenesis. In order to 
approach these mechanisms in a more direct manner, 
and in a simpler biological system, a series of experiments 
has been undertaken to investigate electrical phenomena 


in the single nerve fibre exposed to prolonged action of 


the corresponding antibody. 

The ventral nerve cords of 43 Adriatic lobsters (Palinurus 
vulgaris) were used for preparing the antigen. After the 
carapace was removed and the cephalothoracic cavity 
emptied of viscera and muscles, the cord was exposed 
and carefully freed from the adherent connective tissue 
as described by Tobias and Bryant‘. The nerve tissue 
thus obtained was immediately homogenized in cold 
artificial sea-water. Two volumes of homogenate were 
then mixed with one volume of complete Freund adjuvant 
and one volume of light mineral oil, Bayol F, to obtain 
a stable emulsion. Chinchilla rabbits were injected in 
toe-pads of all four legs (0-8 ml. of emulsion per rabbit). 
Details of immunization procedure and separation of 
gamma globulin from normal and immune rabbit sera 
were essentially the same as previously described*®, except 
that the globulin fraction was dialysed against the arti- 
ficial sea-water, pH 7-6. Antibody activity of rabbit 
gamma globulin was tested by diffusion in gel and com- 
plement fixation reaction in which tissue extract in 
artificial sea-water and lipid obtained by petroloum—ether 
extraction, respectively, were used as antigens. Thus 
tested, normal rabbit gamma globulin obtained from the 
sera before immunization did not exhibit any serological 
activity. Immune rabbit gamma globulin of a 1/1,024 
titre in complement fixation reaction was used through- 
out. All experiments were done on giant axons (80—-100u 
in diameter and about 3 em long) contained in cireum- 
oesophageal connectives of the lobster ventral cord’. On 
exposure the connectives were tied off, carefully cleaned 
from the tenuously joined connective tissue, removed, 
and mounted in a lucite chamber by means of stainless- 
steel clips. The nerve sheath was then cautiously cut 
under a dissecting microscope and axons were exposed by 
slitting the sheath longitudinally with iridectomy scissors 
and gently pulling it away; 3—4 giant axons on the dorsal 
surface were thus made clearly visible (as seemingly 
empty and transparent tubes) and readily accessible for 
impalement. The standard microelectrode procedure was 
followed. Microelectrodes were drawn using an electrode 
puller and filled by 3 M KCl by means of the vacuum 


filling technique, giving the range of electrode resistance 
of 10-15 megohms. External stimuli, delivered by a Grass 
generator, model ‘4S’, through an isolation transformer, 
were applied between the stimulating electrode and an 
indifferent one immersed in the bath. Signals were fed 
into & negative capacity amplifier (Bioelectric Instrument 
Co.) and a two-beam, ‘Type 531’ Tektronix oscillograph. 
Stimuli were delivered at the rate of 30 c/s on each hour. 

The procedure for a given experiment was as follows. 
The artificial sea-water was replaced by the test solution 
(specified here) and within a few minutes a giant axon 
was impaled. Recordings were made at intervals of 1 h 
until complete block of conduction occurred (Fig. 1). 
Whereon, in order to check for electrode drift, the micro- 
electrode was withdrawn and the shift in the base-line 
noted. On resetting the zero and re-inserting the micro- 
electrode a few millimetres away, the recorded potential 
was taken as the resting potential during the final stages 
of the experiment. As explained later, an adjacent axon 
was now impaled to check the resting and action potentials 
of an additional axon of the same nerve. The test solutions 
consisted of normal and immune rabbit gamma globulin, 
respectively (14 mg of total protein), dissolved in 2 ml. 
of artificial sea-water. To each solution 0-1 ml. of a fresh 





Fig. 1 













- guinea-pig serum was added as a source of complement. 

.. The external temperature was maintained at 18°-20° C. 
To balance the evaporation, 1 ml. of distilled water was 
added to the bath on each second hour of the experiment. 
-= Results of the experiments could be summarized as 
follows: in general, although not always, surprisingly 
prolonged experiments were found to be possible, pro- 
vided that axons were properly manipulated and that 
other experimental conditions were optimal. However, 
while membrane potentials of axons immersed in the 
normal gamma globulin solution, like those dipped in the 
artificial sea-water only, could hold for more than 10 h 
(Fig. 18), the action potentials of axons immersed in the 
immune gamma globulin solution could not, so far, be 
recorded for more than 6h, with most of them displaying 
block of conduction within 3 h of the microelectrode 
insertion. Fig. 1 shows a series of oscillograms taken 
at various stages of the experiment. The particular series 
are used because the axons exhibited practically all the 
changes seen. Occasionally an initial increase in the 
resting potential was noticed regardless of whether the 
axon was in artificial sea-water or in normal or immune 
gamma globulin solutions. When axons immersed in 
normal gamma globulin blocked they usually did so 
completely and suddenly. In no instance, however, did 
this occur within 6 h of impalement. In some experiments 
which lasted longer a slight decrease of resting potential, 
amounting to 6-8 mV, preceded the disappearance of the 
actior. potential. On the other hand, in axons exposed 
to the action of the antibody, the process of blocking, 
once it. started, was apparently slower, and progressive 
changes in the resting potential and the spike amplitude 
and shape could easily be followed. As illustrated in 
Fig. 1A, blocking of the action potential was always 
preceded by an important decrease of the resting potential 
amounting by the end of the experiment to 15-25 or 
even 30 mV. 

Characteristic changes in the action potential could 
also be observed. Following an initial increase in the 
amplitude associated in few instances with short-lasting 
repetitive firing, the action potential became gradually 
smaller, broader and sometimes notched until it finally 
disappeared. Subsequent insertion of the microelectrode 
into a new, adjacent axon usually revealed a somewhat 
lower vesting potential, but the action potential, although 
small (there was no overshoot) and deteriorated, could 
still bs recorded for one or even two additional hours 
before it became completely blocked. It is our impression 
that in contradistinction to control experiments, the pro- 
gressive decrease of the resting potential and the deteriora- 
tion of the action potential were the most remarkable and 
consistent observations. The number of penetrations 
seamed to have some effect, too. In axons re-impaled 
severa. times, the previously described sequence of 
changes took place within much shorter periods of time— 
usually less than an hour. In experiments with axons 



















URYEE!-* demonstrated that the meiotic lampbrush 

chromosomes. from oocytes of certain amphibians 
can be isolated from the rest of the cellular components 
in a condition resembling their living appearance. Using 
this system, het-* compared the effects of X-radiation on 
“chromosomes and other nuclear organelles in intact 
oocytes, in isolated nuclei, and in a completely isolated 














solution, multiple and prolonged impalements were not 
found to cause such an important damage to the axon 
Since changes in membrane potentials might be associat 
with a significant leak. of potassium ions, a simple expe 
ment was carried out ‘to check this assumption. A bunch 
of lobster nerves, deskeathed in exactly the same manner | 
as was done for electrophysiological purposes, was im- 
mersed in tubes with « given volume of artificia: sea-water | 


of the solutions. l ae 

Although many move experiments along this obviously — 
promising line of inwestigation have yet to be made, 
results reported in the present article warrant a few — 
brief comments. In keeping with the generally accepted 
hypothesis that the resting potential reflects the potas- = _ 
sium permeability of the resting membrane, results pre- =< 
sented seem to indicate that the prolonged exposure of. 
the cell to the action of the corresponding antibody © _ 
might, among other things, give rise to the deterioration 
of the potassium permselective property of the membrane. 

It has been demonstrated that seven antigenic com- 
ponents could be resoived in the axoplasm of the giant 
axon of Dosidicus gigas’. In view of more recent findings 
that the perfusion of the axon with the anti-axoplasm 
antibody was found tə be associated with alterations of 
electrical activity quits similar to those described in the 
present work®, it is nos unlikely that much more striking 
changes after multiple impalements, as observed in our | 
experiments, might kave been due to the facilitated. 
penetration, through the injured membrane, of some 
anti-axonal components contained in our immune gamma 
globulin, indicating the dependence of the E.m.¥. of the 
membrane on some imra-axonal macromolecules, too. 

This work has been supported in part by a grant from 
the Yugoslav Foundazion for Seientific Research, con- 
tracts 490/1 and 202/1. We thank Prof. Alexander Mauro, 
of the Rockefeller Institute, for his help and advice, and 
Dr. Tomo Gamulin, cf the Biological Institute of the 
Yugoslav Academy of Sciences in Dubrovnik, for kindly 
supplying the lobsters: 
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IN SITU AND IN VITRO BREAKAGE OF LAMPBRUSH CHROMOSOMES BY 
3 X-RADIATION 


By Dr. O. L. MILLER, jun, ROMANCE F. CARRIER and Dr. R. C. von BORSTEL 
Biology Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee 


state. He concluded from the resistance of the isolated - 
nucleus and its parts wo radiation that nuclear damage, — 
including chromosome breakage, is mediated by substances 
diffusing from cytoplasm to nucleus. 

Many investigators have irradiated the nucleus and the >; 
cytoplasm in living cells by the use of microbeam equip- =x 
ment®. The conclusion has always been that most radia- 
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tion lesions occur in the nucleus. In particular, what is 
relevant here is that chromosome breakage was not 
caused by irradiation of the cytoplasm. Thus, the dis- 
cordant results from these in vivo and the én vitro investiga- 
tions of Duryee have remained an unexplained paradox. 
We have attempted to resolve this paradox by re- 
investigating the breakage effects of X-radiation on the 
lampbrush chromosomes of oocytes of the same salamander 
species used by Duryee. 

In general, the methods and equipment described by 
Gall? and by Callan and Lloyd™ have been used in this 
work. Medium-sized oocytes were obtained from Triturus 
viridescens, the common spotted newt, and Triturus pyr- 
rhogaster, a Japanese salamander. With few exceptions, 
similar-sized oocytes were selected for each experiment. 

Three kinds of preparations were irradiated: excised, 
intact oocytes; isolated and washed nuclei; and isolated 
chromosome sets. In the last case some preparations were 
X-irradiated immediately after isolation when the 
chromosomes were still surrounded by nucleoplasm, while 
others were treated after the nucleoplasm had dispersed 
or while it was dispersing. Phase-contrast observations of 
isolated nuclei and isolated chromosome preparations 
were made immediately following irradiation, while assays 
of chromosome damage in whole oocytes were completed 
within 1 h following treatment. 

All preparations were irradiated in 0-05 M potassium 
dihydrogen phosphate adjusted to pH 7 with sodium 
hydroxide, with the exception of a few isolated chromo- 
some sets irradiated after nucleoplasm dispersal in potas- 
sium chloride solutions. All material was irradiated in 
well slides with plastic cover-slips between the material 
and X-radiation source. A General Electric ‘Maxitron 
250° unit was used to administer the X-radiation. The 
machine was operated at 250 kVp., 30 m.amp, with a 
tungsten target, 0-1 mm of aluminium inherent and 
3 mm added filtration (half-value layer, 0-40 mm of cop- 
per). Exposure rates between 2,000 and 5,000 r./min 
were used. 1-2 mm of polyethylene was placed over 
each sample to obtain electron equilibrium. 

In order to compare the initial effects of X-radiation on 
the chromosomes and the action of certain enzymes, 
chromosome preparations also were observed after isola- 
tion in the following solutions: ribonuclease (Armour, 
erystallized), 0-1 mg/ml. in 0-1 M potassium chloride; 
trypsin (Worthington, 2X), 0-1 mg/ml. in 0-1 M potassium 
chloride; pepsin (Worthington, 2X), 0-1 mg/ml. in 0-01 N 
hydrochloric acid; and deoxyribonuclease (Worthington, 
2X), 0-01 mg/ml. in 0-1 M potassium chloride with 
0-003 M magnesium sulphate. 

Methods of determining chromosome breakage frequencies. 
Lampbrush chromosomes are long meiotic bivalents held 
together by one to several chiasmata'?, The main axis of 
each homologue contains two chromatids and consists of 
a series of closely spaced chromomeres connected by a 
thin fibre. The chromatids in the main axis separate in the 
chromomere regions and project from the axis as pairs of 
lateral loops. Preliminary observations indicated that 
loops (one chromatid) and main axes (two chromatids) are 
broken by X-radiation. However, the lateral loops are 
relatively fragile and often broken in routine manual 
isolations. Consequently, main-axis breakage was chosen 
as the more reliable means of quantitating X-ray breakage 
of the chromosomes. The criterion of breakage that we 
used was production of chromosomal fragments after 
X-irradiation. Examples of broken chromosomes and 
chromosome fragments are shown in Fig. 1. Over the 
dose-range used, it could be seen that most of these frag- 
ments resulted from single breaks in main chromosome 
axes between the chromosome ends and the first chiasmata, 
rather than from double breaks of main axes between 
chiasmata. The following isolation procedure was 
developed to cireumvent possible manual breakage of the 
main axes. We used jewellers’ forceps to isolate individual 
nuclei from oocytes into phosphate buffer. In this medium, 
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Fig. 1. A diplotene lampbrush chromosome bivalent following X-irradia- 

tion and pepsin treatment. Two chromosome fragments were produced 

by breaks distal to the chiasmata (arrows). The pairs of broken ends 
are designated by a and b 


the nucleoplasm remains for some time in a relatively 
stiff, gel-like condition. The nucleus was pipetted into a 
well slide containing a solution of pepsin at pH 2. At this 
acidity, the nuclear envelope dissolves and the nucleo- 
plasm disperses, allowing chromosome sets in control 
preparations to spread unbroken. The pepsin causes a 
general contraction of loops and the main axes and an 
increase in contrast of the chromosomes, which aid in 
visual observation and analyses of X-irradiated prepara- 
tions. 

Isolation of chromosomes in pepsin after X-irradiation 
of the oocytes did not affect the yield of chromosome 
fragments. This is shown in Table 1, where chromosome 
sets isolated in pepsin are compared with those isolated 
extremely carefully into saline. We therefore used the 
pepsin procedure on irradiated, isolated nuclei and on 
isolated chromosome sets following irradiation, as well as 
on the irradiated whole oocytes. The number of visible 
breaks before and after pepsin treatment were compared 
routinely in the isolated chromosome preparations. 


Table 1. COMPARISON OF CHROMOSOME BREAKAGE IN PREPARATIONS 
ISOLATED BY PEPSIN TREATMENT (pH 2) AND THOSE MANUALLY ISOLATED 
IN SALINE (pH 7) FOLLOWING 10 KR. TO. WHOLE OOCYTES FROM T, pyrrhogaster 


Total No, 

Type No. main-axis Range Average No. 
isolation oocytes fragments per oocyte fragments 
Pepsin 22 77 0-14 3°50 

e 30 99 0-13 3-33 


Dose-action data for pepsin isolations following X- 
irradiation are presented in Table 2. It can be seen that 
similar frequencies of chromosome fragments were induced 
whether the chromosomes were irradiated when within 
intact oocytes, within intact isolated nuclei, or when free 
in the isolating medium. The dose-action data are graphi- 
cally shown in Fig. 2. The slopes of the three curves are 
approximately equal, indicating there is no fundamental 
difference in the targets. 


















“Lat le 2. AVERAGE NUMBER OF MAIN-AXIS CHROMOSOME FRAGMENTS PER 
‘OOCYTE FOUND FOLLOWING X-IRRADIATION OF LAMPBRUSH CHROMOSOMES 
in vitro AND in situ 





— Exposure Whole Isolated Isolated 
| Species (kr.) oocytes nuclei chromosomes 
T, purrhogaster * 5 1-10 (48) + 

10 3°24 (75) 3°63 (32) 
15 5-21 (42) 
, 20 7-44 (18) 
T, viridescens t 
Animal 1 5 0-63 (19) 
10 1:30 (20) 
15 2°40 (20) 
Animal 2 5 0-50 (10) 
19 0-80 (20) 
15 1:56 (20) 
2). 215 (20) 
Animal 3 EB cve 082 (11) 0-67 (3) 
Animal 4 30-680 1G) 5°10 (10) 
Animal 5 45 . B50 (12) 2-67 (12 


* Combined data on ooeytes excised from 10 animals. 
í f The number of preparations Involved in eaeh point is indicated in paren- 
108E, ad, a a 
$t Each experiment limited to oocytes obtained from a single animal, 


For a given dose, the frequency of main-axis fragments 
was higher in T. pyrrhogaster (chromosome number = 12) 
than in T. viridescens (chromosome number = 11). The 
difference in frequency is too large to be explained by the 
presence of four more chromosome ends for potential 
one-break fragments in T. pyrrhogaster. A part of the 
variation undoubtedly is explained by the fact that, on the 
average, chiasmata in T. viridescens oceur closer to the 
chromosome ends than in T. pyrrhogaster. The primary 
difference, however, can be attributed to a much highor 
frequency of homologous telomere associations in the 
T. viridescens individuals from the populations we used 
than in the T. pyrrhogaster individuals. Such associations 
are similar to chiasmata in limiting terminal deletions. 
The last factor was quite variable from animal to animal 
in T. viridescens; consequently, when we used this species, 
control and experimental oocytes for any one experiment 
were obtained from a single individual. 

For T. pyrrhogaster, least squares analysis gives the 
quadratic expression F = 0-245D (+0044) + 0-0067D? 
(+ 0-0029), where F is the number of fragments per oocyte 
and D is the dose measured in units of 10% r. The standard 
error of the estimate for the expression is 2-00. These 
results indicate that an appreciable proportion of the 
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Fig. 2, Relation between the frequencies of lampbrush chromosome 

fragments and XM-radiation exposure (kr.). T. pyrrhogaster: @, whole 

oocytes; ©, isolated nuclei. T. viridescens: A, whole oocytes (animal 1); 
A, Whole oocytes (animal 2) 
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fragments were induced by one event in the main axis of 
the chromosome, that is, an isochromatid break. This is 
of special interest siace electron microscope observations 
show that the two chromatids of each homologue ‘are 
intimately associated in the interchromomeric regions,- 
running together as a single fibre 50-100 A wide (Miller, . 
unpublished results). | 

When isolated caromosome preparations were X- 
irradiated immediately after isolation and before nucleo- 
plasm dispersal, the number of visible main-axis breaks 
was equivalent to the number in whole oocyte prepara- 
tions, whether pepsir. solution was added or not. When 
the nucleoplasm was allowed to disperse more and more 
before irradiation, the number of visible breaks prior to 
pepsin treatment decreased in both loops and main axes | 
until, with quite extensive dispersal of nucleoplasm, few — 
breaks could be demonstrated, even with exposures as 
high as 50 kr. Subsequent treatment with pepsin, how- 
ever, revealed that breaks in the loops and main axes- 
had occurred but apparently were kept from falling apart - 


by connexions formed by denaturation of chromosomal 


proteins during nucleaplasm dispersal. R 

The action of the four enzymes which we compared -> 
with X-radiation effects has been described previously 
for the lampbrush chromosome system! “4; we have 
confirmed these resu.ts. While treatment of isolated 
lampbrush chromosomes with proteases and ribonuclease 
results in various morohologically visible effects, chromo- 
some breakage does net occur. On the other hand, treat- 
ment with deoxyriboruclease immediately after isolation 
results in breakage; no other effect is observed with brief 
treatment. 

Interpretation of esperimental results. Over a wide 
dose range, chromosome breakage induced by X-radiation 
is not dependent on the presence of any cytoplasmic 
component. In addition, nucleoplasm appears to play 
little, if any, part in this process, since breakage can readily 
be revealed by proteases treatment when isolated chromo- 
somes are irradiated efter considerable dispersal of the 
nucleoplasm. We conelude that the reason that Duryee 
did not find breaks m the isolated chromosomes was 
because the chromosomal proteins had become denatured 
by his isolation procedure and the denatured proteins 
acted as a splint to keep the breaks from being observed. 
We demonstrated the same effect for both X-radiation and 
deoxyribonuclease. Nevertheless, in both cases, a sub- 
sequent treatment by protease showed that breaks had 
occurred in the chromosome. 

Our results demonstrate that the immediate breakage 
Gf not all breakage) of chromosomes by X-radiation is 
caused by a direct acticn of the radiation rather than via 
an indirect X-radiatioa effect mediated through other 
cellular structures. The X-radiation has an effect on the 
chromosomes which is morphologically identical to that 


of deoxyribonuclease. The simplest explanation is that 


X-radiation breaks chramosomes by breaking DNA. 

The dose-action curves obtained for breaks induced in 
lampbrush chromosomes are similar in shape to the dose- 
action curves generally obtained for chromosome aberra- 
tions. This suggests that the kinetics of chromosome 
aberration production reflect breakage events and not 
some phenomenon assocted with reunion of broken ends. 

Analysis of the results indicates that both one-hit and 
two-hit fragmentation cecurs im the main axes of lamp- 
brush chromosomes. The one-hit breakage could occur 
in only one way—by isochromatid breakage between a 
chiasma and a chromosome end. The two-hit breakage 
could arise in two ways: (1) by two isochromatid breaks 
between two chiasmate; (2) by two adjacent single 
chromatid breaks in sister chromatids between a chiasma 
and the chromosome enc. Since cytological observations 
indicate that, over the doses used, most of the fragments 
result from breaks extermal to chiasmata, it appears that 
the two-event breaks ara mainly of the adjacent, sister- 
chromatid type. 
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HISTOCHEMISTRY AND ELECTRON MICROSCOPY OF ACUTE LIVER 
LESIONS INDUCED BY AFLATOXIN Bı IN DUCKLINGS 


By Dr. J. J. THERON, N. LIEBENBERG and H. J. B. JOUBERT 


National Nutrition Research Institute, Council for Scientific and Industrial Research, Pretoria 


T has been well established that the aflatoxins, a group 
of toxic metabolites produced by certain strains of 

Aspergillus flavus Link, cause a variety of liver lesions, 
ranging from necrosis of liver cells and proliferation of 
bile ducts to malignant hepatomas, in certain animal 
species'. In short-term experiments, Newberne et al.* 
have shown that liver cell necrosis with focal haemorrhages 
develops in ducklings fed either mouldy cereals or crystal- 
line aflatoxin B,. We have investigated the pathogenesis 
of this lesion with histochemical and electron micro- 
seopical techniques. 

The experimental animals were day-old ducklings 
(average weight 50 g). Crystalline aflatoxin B, dissolved 
in wheat-germ oil was administered by stomach tube in 
doses of 100 ug per duckling. Control animals received 
equal amounts of wheat-germ oil. All the animals were 
fed chicken mash and water ad libitum, throughout the 
experimental period. One experimental animal and one 
control were killed by decapitation at intervals of 1, 2, 
4, 8, 16 and 24 h after administration of the toxin. Liver 
tissue was divided into four parts. Unfixed cryostat 
sections from one block were stained for succinic dehydro- 
genase (SDH)*. A second block of liver tissue was fixed 
in cold formal-calcium of Baker‘ and frozen sections were 
incubated in the appropriate substrates for the demon- 
stration of the following enzymes: alkaline phosphatase 
(alk. P)’, acid phosphatase (acid P)’, adenosine triphos- 
phatase (ATPase), inosine diphosphatase (IDP) and 
thiamine pyrophosphatase (TPP). For electron micro- 
scopy a third cube of liver tissue was immersed in cold 
(0—4° C) phosphate-buffered 1 per cent osmium tetroxide® 
and embedded in “Epon 812’ (ref. 9). Thin sections were 
examined in a Philips ÆM-200 eleetron microscope. The 
final portion of liver was processed in a routine manner for 
paraffin sections and stained with haematoxylin and eosin. 

In experimental animals killed 1 h after administration 
of aflatoxin B,, there was a decrease in the intensity of 
the staining reaction of the sinusoidal enzyme, alk. P, in 
the periportal areas of the liver lobule (Fig. 1A). Fig. 1B 
is a section from a control animal. In electron micro- 
graphs of the livers of the experimental animals taken at 
this stage of the experiment, red blood cells in the liver 
sinusoids were seen forming pseudopodia-like projections 
(Fig. 2p) and penetrating into the space of Dissé to lie in 
close contact with the sinusoidal surface membranes of the 
liver cells (Fig. 2, arrows). The Kupffer cells (Fig. 2k) 
showed areas of focal cytoplasmic degradation (Fig. 2d). 
It is important to note that the ultrastructure of the 
cytoplasmic organelles of the parenchymal liver cells was 
not significantly altered at this time-interval. 

Four hours after administration of aflatoxin B, red 
blood cells were seen within the cytoplasm of the liver 
cells (Fig. 3A). Mitochondria which were in close contact 
with the red blood cells were extremely swollen and 
frequently showed dissolution of the external limiting 


membranes (Fig. 3A, m). However, mitochondria which 
were present within the cytoplasm of the same liver cell 
but at some distance from the penetrating red blood cell 
(Fig. 34, m,), or mitochondria in adjacent liver cells 
(Fig. 3A, m,), showed no significant morphological changes. 
The cisternae of the endoplasmic reticulum in contact 
with the red blood cell appeared dilated and filled with 
a finely granular material (Fig. 34, arrows), while other 





Fig. 1, A, Decreased alkaline phosphatase activity in periportal area 1 h 
after aflatoxin B, administration (x 200); B, alkaline phosphatase 
activity in liver cells of control animal ( x 200) 





Fig. 2. 


1 h after aflatoxin B, administration. 
pseudopodia-like projections (p). 


Red blood cella form 
Note close contact (arrows) between 
red blood cells and sinusoidal membranes of liver cells. Kupffer cell (4) 
shows area of focal Se (dj. L, Lymphocyte (x 
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experiment (8-24 h) and was always more 
pronounced in endoplasmic reticulum pro- 
files in the immediate vicinity of extravasated 
red bloed cells. 

In the final stages of the experiment (16 
and 24 h) large numbers of red blood cells 
were found within and between liver cells 
which showed further progression of the 
degenerative changes in the mitochondria 
and endoplasmic reticulum (Fig. 3C). In 
addition, at these intervals, margination of 
the nuelear chromatin (Fig. 3C, arrows) 
and inereased fatty vacuolization of the 
cytoplasm were encountered. Throughout 
the experimental period the liver cells of 
control animals showed no obvious ultra- 
structural changes (Fig. 3D). 

The less of alk. P activity in the sinusoidal 
membranes of the liver cells of experimental 
animals has already been emphasized. From 
the eignth to the twenty-fourth hour of 
the experimental period the other enzymes 
(SDH, acid P, ATPase, IDP and TPP), for 
which staining reactions were performed, 
all showed progressive decrease or complete 
loss of activity in all the experimental 
animals In comparison with a control 
animal (Fig. 4B) almost complete absence 
of ATPase activity is illustrated in Fig. 44 
in an experimental animal killed 24 h after 
aflatoxin administration. It is well known 
that in nost animal species all the enzymes 
listed are present within or closely associ- 
ated with membranous structures of the 


Fig. 3. A, Part of a red blood cell (r) is seen within the cytoplasm of a liver cell, 4 h after 
aflatoxin administration. An adjacent mitochondrion (m) is swollen and shows dissolution 
of the external membranes. Note normal] mitochondria in the same cell (me) and in adjacent 
cell (m,). Single arrows point to dilated cisternae of the endoplasmic reticulum. Cisternae 
of endoplasmic reticulum in adjacent cell (double arrow) have normal appearance (x c. 
10,000). B, Experimental animal, 8 h after aflatoxin administration. A single membrane 
(arrow) of an endoplasmic reticulum cisterna shows complete loss of ribosomal granules, 
while opposite membrane of the same cisterna has apparently normal numbers of ribo- 
somes, r, Red blood cell; n, nucleus of liver cell with a dense marginal clump of chromatin 
(c); ne, nuclear —— nı, nucleus of red blood cell (x e. 140,000). O, Liver cells of ex- 
rimental animal 24 h after aflatoxin administration. Several red blood cells are present 
n the cytoplasm of liver cells which show swollen mitochondria (m) and dilated cisternae 
of the endoplasmic reticulum (double arrow). Note marked fatty vacuolization (f) of the 
liver cells and margination of nuclear chromatin (arrows) (x e. 2.886). D, Normal liver 
cells of a control animal killed 24 h after receiving wheat-germ oil per os. (x c. 3,930) 


modified closely remted substance) 


liver ceil, for example, alk. P mainly in 
sinusoidal membranes!*, ATPase in bile 
canalicular membranes?®, IDP and TPP 
mainly n Golgi vesicles’. 

In the present investigation the morpho- 
logical ehanges in the liver cell organelles 
were always more severe in the immediate 
vicinity of extravasated red blood cells, 
especially during the earlier stages of the 
experiment. This suggests that the toxic 
principle (aflatoxin B, or possibly a 
was transported 





Fig. 4. A, Loss of adenosine triphosphatase np tap in liver cells 24 h 


after aflatoxin administration. Slight activity is still present within the 
portal tracts (x 200); B, adenosine triphosphatase activity in liver cells 
of control animal (x 200) 


endoplasmic reticulum membranes in the same cell or in 
adjacent cells (Fig. 3A, double arrow) showed the long 
slender profiles encountered in control animals. 

In Fig. 3B a cisterna of the endoplasmic reticulum can 
be seen with one of its membranes (Fig. 3B, arrow) in 
intimate contact with a red blood cell (Fig. 3B,r). This 
membrane showed complete loss of its ribosomal granules, 
while the opposite membrane of the same cisterna retained 
its full complement of ribosomes. This detachment of 
ribosomes from the endoplasmic reticulum membranes 
was frequently encountered in the later stages of the 


by the red blood q@lls and that at least one of its 
cytotoxic effects was due to a direct action on the liver 
cell membrane and tae membranes of the various intra- 
cytoplasmic structures. Structural aberrations in these 
membranes were reflected in functional changes in some 
of their enzyme actiwities. A similar direct action on 
cytoplasmic and other membranes has been suggested to 
explain some of ths manifestations caused by other 
hepatotoxins, for example, carbon tetrachloride™. 

We thank Dr. P. R. Enslin, of the National Chemi- 
cal Research Laboretory, for the crystalline aflatoxin 
B,. 
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PERMEABILITY OF PREMATURE EGGS FROM Drosophila COLLECTED 
WITH THE ‘OVITRON’ 


By Dr. SEI-BYUNG YOON and Pror. ALLEN S. FOX 


Department of Genetics, University of Wisconsin, Madison 


GGS which are laid spentaneously by females of 
„d Drosophila melanogaster, or which have been collected 
oc by previously described methods, are mostly impermeable 
~--even to small molecules'-*. This article describes the 
permeability of ovariolar eggs, and the development of a 
device called the ‘ovitron’ which permits the collection of 
large numbers of such eggs through the induction of 
_ premature discharge by females. Eggs collected with the 
_ ovitron have the additional feature of being highly uniform 
in developmental stage. 
The device is made entirely of plastice material and 
consists of three parts: a discharge panel, a two-funnelled 
collection chamber, with an egg trap for each funnel 
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a) TOP VIEW 








(Fig. 1). In use, approximately 2,000-3,000 flies are 
floated on the surface of a modified Ringer solution 
(0-15 M sodium chloride, 0-004 M potassium chloride, 
0-002 M calcium chloride) in the apparatus. With proper 
preliminary preparations, females in the ovitron float on 
the surface of the liquid with their gonapophyses sub- 
merged and discharge eggs at a rate of 2--3/h/fly. The 
eggs are collected m the egg trap and are dechorionated 
by pouring a pre-cooled solution of 2-6 per cent sodium 
hypochlorite in 47-5 per cent ethanol through the trap for 
6 sec. Eggs can be collected from the same females at 
precisely timed intervals for total periods as long as 
12-20 h. Further details concerning the construction of 
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Fig. L Dimensions of the ovitron. 
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a, Collestion chamber; b, discharge panel; ¢, egg trap 
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the ovitron and its use can be obtained from us. When 
small-scale collection is desired, a simple polyethylene 
funnel fitted with a discharge panel is appropriate. 

Rapid egg-laying by females in the ovitron is a con- 
sequence of the stimulus resulting from gonapophysis 
submersion. Observation of individual flies shows that a 
female floating on the surface of Ringer solution without 
submersion of the tip of the abdomen will lay only one 
(if any) egg during a 24-h period. This is the mature 
egg which was stored in the genital chamber at the time 
the female was placed on the liquid surface, and it resem- 
bles those which are laid spontaneously under normal 
conditions. Since these eggs have been stored for variable 
periods of time, the embryos which they contain are in 
widely diverse developmental stages. By way of contrast, 
during the first hour of gonapophysis submersion a female 
discharges the mature egg, if any, which is stored in the 
genital chamber. Thereafter, the eggs which are dis- 
charged are recognizably ovariolar in origin. They are 
transparent and of higher density than mature eggs. 
Most of them are oocytes of King’s? stage 14, some are 
in stage 13 and a very few are in stage 12. 

These ‘premature’ eggs pass rapidly from the ovarioles 
to the exterior, but are fertilized en route. If they are 
handled carefully and are not dechorionated, they exhibit 
about 90 per cent hatchability, and 70 per cent proceed 
to adulthood. If they are dechorionated as already described 
here, hatchability is decreased to about 50-60 per cent, 
and 30-40 per cent reach adulthood. In terms of their 
stage of embryonic development, the premature eggs 
collected in the ovitron during a l-h interval range from 
that immediately preceding pronuclear fusion to that 
immediately preceding blasteme formation. They provide, 
therefore, a highly uniform population, and even greater 
uniformity may be achieved by shortening the collection 
period, 

The rate of development of premature eggs is some- 
what delayed: hatching of larvae occurs in 30 h at 25° C. 
Flies developing from such eggs are, however, normal in 
sex ratio, fertility and fecundity. Phenotypic abnormal- 
ities occur with a frequency no higher than normal. 

The proportion of premature eggs discharged in the 
ovitron increases with the age of the females, reaching a 
maximum at eight days (87-3 per cent premature among 
eggs collected over a 24-h period). This indicates that 
older females exhibit a lesser tendency to retain eggs in 
the genital chamber. Females which are eight days old 
discharge an average of 2-34 eggs per hour in the ovitron, 
although this may vary from stock to stock and with 
changes in technique. All these are premature after the 
first hour. 

In preliminary experiments it was observed that living 
eggs dissected directly from the ovariole are quickly 
stained by solutions of methylene blue or neutral red, the 
stain penetrating into the interior. Confirming previous 
reports!*, eggs dissected from the genital chamber or 
laid normally by females are mostly impermeable even 
after dechorionation. Premature eggs collected in the 
ovitron possess a thin chorion which reduces their perme- 
ability. When this is removed with sodium hypochlorite, 
as previously described, permeability is restored. Eggs 
collected by other methods are fully mature and are 
largely impermeable even after dechorionation (Table 1). 

When dechorionated premature eggs from the ovitron 
are immersed in solutions of trypsin or chymotrypsin, 
clearing of the peripheral cytoplasm is observed, especially 
at the anterior end (Fig. 2). About 40 per cent of the 
eggs exhibit such clearing when incubated with the 
enzymes for 3 h at 25° C (Table 2). The cytoplasmic 
changes observed in these circumstances presumably 
result from proteolysis and are evidence for the penetra- 
tion of enzyme into the eggs. 

Drosophila DNA labelled with phosphorus-32 was pre- 
pared by the methods of Mead’! from wild-type flies grown 
on medium containing phosphorus-32 as orthophosphate. 
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Table 1 PEROENTsGE OF EGGS PERMEABLE TO NEUTRAL RED 
Treatment and collection method 
Hourly Und -chorionated 
fraction dildreth Dechorionated 
Ulricht® and Brunt? Ovitron Ulricht*® Ovitron 
1 2-0 2-2 33 — 25-0 
2 0 1-0 3-8 — 32-6 
3 0 0 6-8 — 67-5 
4 0 0 5-0 105 86-1 
5 0 0 3-9 — 857 
6 0 0 4-2 — 80-0 
7 0 0 4-5 6-0 74-4 


Eggs were collected from Oregon R females at hourly intervals by means of 
each of the listed collection methods. Dechorionation was ormed by 
immersion in a solution œ 2-6 per cent sodium hypochlorite in 47-5 per cent 
ethanol for 6 sec, followec by a rinse with modified Ringer solution. Perme- 
rey d was tested by immersion in 1/2,000 M neutral red in modified Ringer 
for 3 hat 25°C. Undech»rionated eggs, and dechorionated eggs collected y 
—* Ulricht method, are «nly lightly stained compared with dechorionate 
ovitron eggs. 


Table 2. PERMEABILITY 3P DECHORIONATED PREMATURE EGGS TO CHYMO- 


TRYPSIN 
Total Mo. of Cytoplasmic 
Treatment eggs oberved clearing No change Degeneration 
Control 62 0 60 2 
Chymotrypsin 46 19 24 3 


Eggs were collected from inseminated Oregon R females during their 
fourth hour in a small-æale ovitron. Dechorionation was performed as 
described in the text. €hymotrypsin (3 times crystallized, Worthington 
Biochemical Corp.) was Gssolved 1 mg/ml. in 0005 M phosphate, pH 7-4. 
Eggs were immersed for 3 9 at 25° C. 


Eggs were collected in the ovitron for a 4-h period, 
dechorionated, and divided into batches of 150-270 in 
number. Each batch was immersed in 5 ml. of a solution 
containing 0-7 mg cf **P-DNA (spec. act., 11 x 10* ¢.p.m./ 
mg at 5 per cent counting efficiency) in 0-16 M sodium 
chloride, and incubated at 25° C for 16 h. As controls, 
similar batches of ezgs were incubated in 0-16 M sodium 
chloride. At the end of the incubation period each batch 
of eggs was washec with five 10-ml. portions of Ringer 
solution, fixed in formalin—alcohol—acetic acid, dehydrated, 
infiltrated with peraffin, embedded, sectioned at Tu, 
mounted on gelatinized slides, dried in formalin vapour, 
deparaffinized in xylol, and coated with Kodak NTB 
Type 2 emulsion. Autoradiographs were developed after 
3 weeks exposure. 

Fig. 3 illustrates -he difference between unlabelled con- 
trol eggs and a lIebelled, *“P-DNA treated egg. The 
sagittal section of the latter exhibits numerous grains 
within the vitelline membrane, somewhat fewer immedi- 
ately outside the membrane, and fewer still as the 
distance from the membrane increases. There is no doubt 
that phosphorus-3= derived from labelled DNA has 
penetrated into the gg. In two separate experiments the 
minimal frequency of such unequivocably labelled eggs 
was 2:5 and 0-6 per cent, respectively (Table 3). Similar 
results were obtained with **P-DNA from Escherichia coli 
and from Proteus velgaris. 





Fig. 2. Photograph of Iechorionated whole egg, treated with trypsin 

(Worthington Biochemical Corp., twice crystallized) 1 mg/ml. in 0-15 M 

sodium chloride buffered with 0:005 M phosphate, pH 7-4, for 3 h at 25° 0. 

Fertilization cone marks anterior end, Note clearing of cytoplasm 
especially at anterior, (= 250) 


912 





Fig. 3. Labelling of eggs from —2— melanogaster by *P. DNXA. 
autoradiogram of 7. scotlons of control eggs (x ce. 167); right, 
autoradiogram of 7-u section of —— egg (x c. 167) 


In later experiments the method of treatment of eggs 
with **P-DNA was changed. Eggs ware collected in the 
ovitron for a 3-h period, dechorionated, washed thoroughly 
with modified Ringer's solution, rinsed for 1 see with 95 per 
cent ethanol, washed again with modified Ringer’s solu- 
tion, and drained. They were then transferred into a dialy- 
sis bag containing 0-2 mg **P-DNA from Æ. coli (spec. act., 
13 x 10° ¢.p.m./mg) in a total volume of 5 ml. of modified 
Ringer’s solution. The bag was placed in 2,000 ml. of 
modified Ringer’s solution and dialysis was carried out for 
20 h at 23° C with constant stirring. At the end of this 
time the eggs were removed and were washed and sub- 
jected to histological and autoradiographic preparation as 
described previously. The intent of this procedure was 
to reduce the possibility of degradation of the DNA and 
to remove by dialysis any degradation products that 
might be formed during treatment. Approximately 15 per 
cent of the radioactivity originally in the dialysis bag was 
found in the dialysate at the end of the treatment period. 


Table 3. FREQUENCY oF LABELLED EGGS DETECTED BY AUTORADIOGRAPHY 
FOLLOWING TREATMENT WITH “P-DNA from Drosophila melanogaster 


No. ofe No. of eggs o 

Experiment — labelled labelled 
1 1,484 9 0-6 
2 952 24 25 
Total 2,436 33 1-3 


Table 4. FREQUENOY OF LABELLED EGGS DETECTED BY AUTORAD ‘ 
ITEC IOGRAPHY 
FOLLOWING DIALYSING TREATMENT WITH “P-DNA FROM Escherichia coli 


No. of eggs No. of eggs % 

Experiment treater labelled labelled 
l eee 28 13:7 

2 2 36 g e 
3 222 13 at 
Total 686 7 11-2 


Table 4 gives the minimum frequency of unequivocally 
labelled eggs observed in such experiments. This frequency 
(11:2 per cent) was much higher than that achioved in 
previous experiments, but only in proportion to the 
higher total radioactivity to which the eggs were exposed. 

Autoradiograms of heavily labelled eggs obtained in 
these latter experiments disclose a heavy deposition of 
grains inside the vitellino membrane, especially at the 
anterior end, and grains arranged in radiating fibres on 
the outside (Figs. 4a and b). Such fibrous arrangement of 
grains was not observed in autoradiograms of 3P-DNA 
which was simply smeared on slides, dried in formalin 
vapour, and coated with photographic emulsion; it is 
presumably attributable to the precipitation of fibrous 
*P-DNA during fixation. It may be significant that the 
material immediately outside the vitelline membrane was 
not removed by the extensive washing of the eggs prior 
to fixation. Closer examination of the vitelline membrane 
of more lightly labelled eggs reveals similar fibrous 
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arrangement of grains, with some fibres apparently 
traversing the membrane itself (Fig. 4c). 

In an egg where development had been arrested prior 
to the initiation of cleavage, the fertilization nuclous was 
surrounded by similar fibres and numerous grains were 
found within the nuclear membrane (Fig. 4d). Some 
sections from eggs in which embryos had reached the 
midgut stage at the time of fixation were stained by the 
Feulgen method and then subjected to autoradiography. 
Many of the Feulgen-positive nuclei were found labelled 
with phosphorus-32 (Fig. 5). 

These results demonstrate that radioactivity derived 
from **P-DNA enters the premature eggs collected in the 
ovitron, is found in the cytoplasm, and is incorporated 
into nuclei. The details of the method of treatment of 
the eggs and of the autoradiographic results render it 
possible that some of the phosphorus-32 enters the eggs 
in relatively large pieces of DNA, and that it is still part 
of DNA in the labelled nuclei. 

This work was supported by grants from the National 
Institutes of Health, U.S. Public Health Service (@M-— 
11777), and from the Wisconsin Alumni Research Founda- 





Fig. 4. Labelling of eggs by dialysing treatment with “P-DNA from 
Escherichia coli. a, Autoradiogram of sagittal 7-« section of anterior 
end of treated egg; vitelline membrane marked by dark line, especially 
at bottom (x c. 190); b, autoradiogram of transverse 7-4 section of 
treated egg; vitelline membrane marked by dark line (x e. 240); 
c, autoradiogram of 7-uy section of treated egg showing details of labelling 
at vitelline membrane; interior of egg at right side ( xe. 630); d, auto- 
radiogram of T- section of anterior end of treated egg showing labelling 
of fertilization nucleus (x e. 630) 





Feulgen-stained section (7 u) from midgut-stage embryo treated 


Fig. 5. 

with "=P-DNA from Z. colt and autoradiographed,. Left, photographed 

at level of tissue; note group of Feulgen tive nuclei at centre 

(x c. 500); right, autoradiogram photographed at level of emulsion; 
note grains over central group of nuclei (x e. 500) 
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tion. =P-DNAllwas kindly provided by Dr. C. G. Mead, of 
the Oak Ridge National Laboratory. The first ovitron was 
constructed by Mr. Walter Pankonin, of the University of 
Wisconsin Hospital machine shop, and an improved model 
is obtainable from Mr. Otto Hiller, P.O. Box 1294, 
Madison 1, Wisconsin. 


! Rabinowitz, M., J. Morph., 69, 1 (1941). 
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FUNCTIONAL INDEPENDENCE OF THE TWO MAJOR COMPONENTS OF 
THE ROD ELECTRORETINOGRAM 


By Dr. RICHARD A. CONE* 
Department of Biophysics, University of Chicago 
AND 
Dr. THOMAS G. EBREY 
Department of Physics, University of Chicago 


HE electroretinogram (ERG) can be separated into 

three distinct components, which Granit has labelled 
PI, PII and PIII (ref. 1). The PI component is often 
absent, so the ERG is frequently simply the sum of the 
two opposed components PII and PIII. The PIL com- 
ponent is corneal positive and is primarily responsible 
for the b-wave of the ERG. The PIII component is 
corneal negative and is primarily responsible for the 
a-wave (Fig. 1). Many experiments have supported this 
analysis by Granit and have led to considerably greater 
knowledge of the characteristics and origins of each 
component?, In particular, we now know that PII 
must be generated by cells in the inner nuclear (bipolar 
cell) layer of the retina?~*; and, in the mammalian eye, 
Brown and Watanabe*’? have recently identified PIII 
as a receptor potential. This increased knowledge of 
the origins of these two components clearly suggests 
that we re-examine an important question first raised by 
Granit, namely, does PIII generate PII ? (ref. 8). 

Apparently this question has not yet been seriously 
pursued, partly because these two components of the 
ERG often appear to be so loosely coupled that such a 
direct relationship seems improbable. Furthermore, as 
Granit has suggested!, PIII is probably chiefly related 
to inhibitory processes, while PIL is apparently more 
closely related to excitatory processes (see also refs. 9 
and 10). But in any event, since Brown and Watanabe 
have identified PIII as a receptor potential, and since 
PIT is generated in the layer of cells directly stimulated 
by the receptors, PIT might well be at least functionally 
dependent on PILI. In this communication, therefore, 
we have tried to bring together evidence which clarifies 
the functional relationship between these two ERG 
components. 

Our approach has been to look for evidence which shows 
that PII does not depend on PIII. We chose this approach 
because in the absence of a detailed knowledge of the 
mechanisms involved, no amount of positive correlation 
can prove a functional dependence between these two 
components. We therefore hope to demonstrate with 
the evidence discussed below that at least under certain 
conditions PII is functionally independent of PII. 
Consequently, under these conditions PIXI cannot 
generate PII. The presence of such a functional inde- 
pendence necessarily implies that under the conditions 
studied, some receptor signals that stimulate activity in 
the inner nuclear layer must bypass the process which 
produces PIII. The significance of this implication is 
discussed briefly at the end of the paper. 


* Present address: The Biological Laboratories, Harvard University, 
Cambridge, Massachusetts 02138, 


The results reported here have been obtained from the 
rod-dominated eyes!+-“ of the albino rat because the 
functional independerce of PIL and PIII appears to be 
most clearly exhibiced in the rod-dominated ERG, 
Furthermore, PI is rarely observed in the albino rat. 
Most of the experimental methods have already been 
reported®+5, Pentoktarbital (50 mg/kg) was used to 
anaesthetize the rats (Sprague-Dawley) except in a few 
control experiments -n which urethane was used. The 
entire retina was uniformly illuminated by placing a 
section of a ping-pong ball over the eye and illuminating 
it with a broad beam cf light". Stimulus energies are given 
in terms of the numt=r of photons per flash absorbed by 
the average rod (abbreviated photons/rod), or in the case 
of extended stimuli, >y the number of photons absorbed 
per second by each rod (abbreviated photons/rod sec). 
In the experiments in which the retinal circulation was 
clamped, forceps were inserted behind the eye and placed 
round the optic nerve. On closing the forceps, PII 
rapidly and entirely disappeared, isolating PIII. In 
this condition, PIII is apparently sustained by the re- 
maining choroidal circulation. If the forceps were opened 
within a few minute, PII would recover almost com- 
pletely. Thus this technique for reversibly removing 
PII appears to produce results similar to those obtained 
by Brown and Watenabe, who clamped the retinal cir- 
culation by pressing against the optic disk with a metal 
rod inserted into the 3ye’. 

To show that unler certain conditions PIT cannot 
depend functionally on PHI, we have selected three 
cases in which PII responds to a change‘in the stimulus 
but PIII does not. In such cases, the PIT responses 
cannot in any way cepend on changes in PITT because 
PII does not change. The first case is shown in Fig. 1. 
In the upper osculose@pe trace (A) a bright light (3 x 104 
photons/rod sec) wae presented to the dark-adapted eye 
for 1 sec. When the ight was turned off, the steady-state 
or DC part of PII rapidly decayed, but PIII returned 
very slowly to the base-line. After clamping the retinal 
circulation to isolate PIII, the same light was again 
presented (B). Here it can be seen that PIII not only 
returns slowly to ths base-line, but also does not even 
inflect when the light stops. Therefore, in this case, PII 
clearly responds to tne termination of the stimulus, but 
PIII does not. 

It is possible that the delay before PITT begins to decay 
might be due to the anoxic condition of the retina when 
the circulation is clamped. Therefore it 1s important for 
this argument to fird supporting evidence using other 
methods for isolating PIIT, or even better, to find such 
evidence using the ncrmal ERG. Unfortunately, because 
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PII opposes PIII, it is rarely possible to obtain unam- 
biguous results with the normal ERG. But there is one 
case in which the results are fairly clear. When strong 
background light is presented to the otherwise normal 
eye of the rat, the ERG consists solely of a small b-wave. 
No a-wave is evident even with extremely bright stimulus 
flashes. ‘Therefore, in the normal light-adapted eye of the 
rat it appears that PII can respond to flashes, but PIIT 
cannot. 

It is possible, however, that hght-adaptation simply 
reduces the size of PIII until it is completely masked by 
PI. To rule out this possibility, it is again useful to 
isolate PIII by selectively removing PII. Danis!*-17 has 
investigated this point with an elegant technique in which 
he introduces potassium chloride into the external carotid 
artery of the rat. The resulting increase in the concentra- 
tion of potassium ions in the retina completely and 
reversibly eliminates PIT, without otherwise disturbing 
the eye or causing anoxia. After introducing the potas- 
sium chloride, Danis never observed a PIII type response 
in the light-adapted eye. We have obtained similar results 
after isolating PIIL by clamping the retinal circulation. 
As soon as the background light is raised above about 
3 x 103 photons/rod sec, PIII no longer responds even 
to extremely bright stimulus flashes (up to 3 x 108 
photons/rod). On the other hand, PIT always responds 
strongly to such flashes regardless of the level of the 
background light (which could be raised to about 10° 
photons/rod sec in our apparatus). 


—— TE 


Fig. 1. ERG of the dark-adapted rat before (A) and after (8) clamping 

the retinal circulation. Stimulus duration: 1 sec. Voltage calbration: 

02 mV. White hight. Amplifier band-width: 0 04-250 c/s. Effective 

stimulus energy’ 3 x 10‘ photons/rod sec. This corresponds to about 500 
trolands for the dilated eye of the rat 


The third, and perhaps the most striking case in which 
PII responds to a stimulus, but PUT does not, was first 
reported by Creed and Granit in 1933 (ref. 18). They 
found that PIII cannot follow bright flickering lights when 
it is isolated by deep ether anaesthesia, even when the 
flicker rate is slow enough to elicit large b-waves in the 
normal ERG. Unfortunately, their result might possibly 
be explained by the action of the anaesthetic’. However, 
Danis’? found that PIII does not follow bright flickering 
lights when it is isolated by his more selective method of 
increasing the potassium ion concentration in the retina. 
Furthermore, we have also found this to be the case when 
PIH is isolated by clamping the retinal circulation. 

In Fig. 2, the traces following the letter A show the 
normal ERG of the dark-adapted rat when @ series of 
bright flashes (800 photons/rod) was first presented and 
also about 1 min later when equilibrium was reached. 
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Fig. 2. ERG of the rat for repetitive stimulation before (A) and after 


(B, C) clamping the retinal circulation. Stimulus duration’ 20 msec. 

Repetition rate. 3/sec. Voltage calibration: 0-1 mV. Effective flash 

energy’ 4 and B, 800 photons/rod, C, 8 photons/rod. ‘The traces on the 
right were obtained after reaching equilibrium 


it should be noted that an a-wave appeared only after 
the first flash, indicating that in the normal ERG, PIII 
responds only to the first fash. The traces following the 
letter B show the response of PIII after clamping the 
retinal circulation. The first flash produced a large 
response, but from then on, PIII appeared to ‘saturate’ 
and did not follow individual flashes, even after several 
minutes. This is a clear case, then, in which PII responds 
to every flash, but PHI does not. (There are other char- 
acteristics of the PIII response to flickering light which 
contrast sharply with those of PIT. For example, when 
the flash energy is reduced there is a shorter delay before 
PIII begins to recover after each flash. Consequently, 
below a certain flash energy the amplitude of PIII begins 
to increase (trace C, Fig. 2). But under the same condi- 
tions, the total amplitude of PII decreases.) 

In summary, regardless of the method used to isolate 
PIII, in each of the foregoing cases PIII fails to respond 
to stimuli which produce definite responses in PII. 
Therefore, under these conditions, the PII responses 
cannot in any way be generated by changes in PITI. 
This functional independence necessarily implies that at 
least one type of neural signal initiated in the outer 
segments of the rods must be able to bypass the process 
which produces PIII. Therefore, some as yet unidentified 
receptor signal must pass from the rods to those cells in 
the inner nuclear layer which generate PII. If, as in 
most other neural synapses, this signal is transmitted 
chemically, then the present results indicate that the 
release of the transmitted substance cannot be controlled 
by PITI under the conditions studied. 

One further, and somewhat surprising, implication 
follows from the functional independence of PIT and 
PII now that PII] has been identified as a receptor 
potential. For if PII is a receptor potential, and if 
it responds reasonably normally when isolated, then 
at least two separate signals must be produced by 
each receptor. There must be one signal to control the 
production of PIII, and another signal to stimulate the 
production of PIT in the inner nuclear layer. That is, 
the pre-synaptic membrane of each receptor must convey 
at least two separate signals (one excitatory, one inhibit- 
ory ?). Alternatively, the two signals might be produced 
by two different classes of receptors, each class producing 
only one type of signal. But both classes would have to be 
rods, because in the rat ıt is quite unlikely that cones 
contribute significantly to the PII responses discussed 
heret, 

In conclusion, the functional independence of PII 
and PIII in the three cases studied strongly implies that 
PIII cannot generate PIL. This result further implies 
that visual excitation must be divided into two separate 
signals at è very early stage, possibly before leaving each 
receptor. 
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NUCLEATION OF FREEZING BY CAVITY COLLAPSE AND ITS 
RELATION TO CAVITATION DAMAGE 


By ROBERT HICKLING 


Mechanical Development Department, Research Laboratories, General Motors Corporation, 
Warren, Michigan 


Riess nucleation of freezing by cavitation was discussed 
recently by Chalmers?. Two mechanisms were pro- 
posed: (a) that evaporation during the growth of a 
cavitation bubble causes a decrease in temperature which 
18 sufficient to nucleate freezing; (b) that the very high 
pressures generated by the collapse of a cavitation bubble 
merease the equilibrium temperature of freezing with the 
same resultant effect. The first explanation appears to 
be unacceptable on theoretical grounds since the total 
cooling that is possible is limited by the increasing vapour 
pressure within the bubble!. The second was also con- 
sidered to be unsatisfactory! because it did not appear to 
be compatible with experiment. The purpose of this article 
is to reconsider this second theory. Recent calculations 
by Hickling and Plesset? have provided some new in- 
formation on the nature of cavity collapse which allows 
the theory to be presented in a more explicit form. It is 
demonstrated, for the collapse of a cavity on water, that 
ice particles of an appropriate size for nucleation can be 
ereated under high pressure, even though the duration of 
such a pressure is very short. It is also shown that the 
heat of compression of the water and of the gas inside 
the cavity will not seriously interfere with the creation of 
these particles. Water is unusual because its freezing- 
point is depressed with pressure up to about 2,000 atm., 
after which it increases. Other liquids have freezing-points 
which increase continuously with pressure, and in these 
cases the formation of nucleating particles during cavity 
collapse can occur more straightforwardly. A few liquid 
metals such as gallium and germanium have the same 
property as water with respect to the depression of the 
freezing-point with pressure, but these apparently cannot 
be nucleated by cavitation’. An explanation for this is 
discussed. 

The possible formation of solid phase during cavity 
collapse can be used to explain another observed effect of 
cavitation, namely, the reduction in cavitation damage at 
low temperatures. This effect is illustrated in Fig. 1, 
which shows experimental results obtained by Devine and 
Plesset*’. The loss of weight due to cavitation from a 
variety of metal specimens in water is seen to have a 
peak between 40° and 50° C, and to drop off at the upper 
and lower ends of the scale. At the upper temperatures, 
it is generally agreed that increased vapour pressure 
inside the cavitation bubbles reduces the force of the 
collapse. At the lower temperatures the cause of the 
decrease in damage is not so apparent. It is proposed 
that the formation of ice particles under high pressure 
causes local changes in density which result in a reduction 
in pressure. ‘This in turn would reduce the intensity of 
the damaging pressure waves that emanate from the 
cavitation bubble after the collapse has occurred. 


In order to investigate the conditions under which ice 
particles can be formed, results of the previously men- 
tioned calculations by Hickling and Plesset® are used. 
These calculations have determined pressure distributions 
in the water near the wall of a cavitation bubble during 
the period of maximum compression. Fig. 2 shows the 
kind of results that were obtained for a spherical bubble 
collapsing under am ambient pressure of 1 atm. The 
bubble is assumed to contain a small amount of adiabatic 
gas, and the water is assumed to satisfy a Tait com- 
pressibility equatior of the form: 

p+ Bae (1) 
where p and p are she pressure and density, and B is a 
constant equal to 3,000 atm. Fig. 2a shows the final 
stages of the collapse with the pressure rising to a peak 
of about 10° atm. Fig. 2b shows how an outgoing pressure 
wave forms after tte minimum radius has been reached. 
This type of outgoing wave is considered to be a major 
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cause of cavitation damage’. The time-scale shown 
beside each pressure distribution 1s related to the total 
collapse time + of the bubble by means of the formula 
(£ ~ +) 104/7. The zero value on this scale corresponds to 
the bubble wall reaching the minimum radius. The total 
collapse time + can be determined from Rayleigh’s® well- 
known relation: 


+ = 0-91 Ry (p/p)t (2) 


where p and p are the ambient pressure and density m 
the liquid and R, is the radius of the bubble just prior to 
collapse. Typical values of 2, for cavitation bubbles in 
water range from about 10-4 em to 10-3 em. For R, = 
10- cm and an ambient pressure of about 1 atm., 7 has 
a value of 10-° sec, while for the same conditions, Fig. 2 
shows that the bubble reaches a minimum radius of about 
6 cm x 10 em. These values are considered to be 
typical and will be used as such in the present discussion. 

At @ point roughly 10— cm from the bubble wall it 
can be shown from Fig. 2 that over a period at 10-° sec 
the liquid is subjected to an average pressure of about 
4 x 10‘ atm., with a maximum pressure of about 10° atm. 
The thermal diffusion length in water corresponding to 
this time is about 10-* cm, so that the compression should 
occur almost adiabatically. The dotted lines in Fig. 3 
show how the temperature of water rises with adiabatic 
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compression from initial states at 1 atm. and 0° C, and 
1 atm. and 50° C. The lines are superimposed on a plot 
of the equilibrium ice—water line. The adiabat starting 
from 0° C has been extrapolated into the ice region, 
indicating a possible sub-cooling of about 10° degrees at 
4 x 104atm. On the basis of this estimate, it is proposed: 
(a) that the sub-cooling may easily reach the critical level 
for the homogeneous nucleation of freezing; (6) that, 
once it is initiated, the growth of ice particles is very 
rapid. These suggestions can be supported by making 
use of results obtained at atmospheric pressure®?, For 
example, the critical level of sub-cooling in water has 
been given! as 0-14 T'g, where Tg is the equilibrium tem- 
perature of freezing. At 4 x 101 atm. Tg is approx- 
imately 500° K, so that the critical level of sub-cooling 
would be about 70°, in comparison to the estimated sub- 
cooling due to adiabatic compression of 10? deg. When 
the sub-cooling reaches the critical level, the nucleation 
rate becomes very rapid, and freezing commences at a large 
number of locations. The observed free rate of growth of 
ice has been given’ by the formula: 


v = 0:028 (AT)? cm/sec 


where AT is the sub-cooling in deg. C. It is not known 
how well this formula applies to a large sub-cooling at 
high pressure, but the amount it predicts for AT = 103, 
namely 10° cm/sec, is considered to be reasonable. It 
appears entirely possible then that a large number of ice 
particles of the order of 10-* cm in size can grow in the 
time of 10-° sec. It is proposed that these particles are 
responsible for the nucleation of freezing by cavitation. 

Before the subject of nucleation can be pursued further 
it must first be established that heating from the com- 
pressed gas inside the bubble does not significantly. raise 
the temperature of the region of hquid, near the bubble 
wall where the ice particles are assumed to form. Cal- 
culations by Hickling® have shown that the gas inside a 
collapsing cavitation bubble can experience a considerable 
rise in temperature even though it is strongly affected by 
heat conduction into the surrounding liquid. This is 
particularly true if the entrained gas is monatomic or 
diatomic. These high temperatures manifest themselves 
in the form of a very faint luminescence that has been 
observed from cavitation bubbles (better known as sono- 
luminescence). It seerns hkely that temperatures of the 
order of 104 deg. K can occur within the bubble’, and 
this estimate is supported by the spectra of sonolumin- 
escence which resemble that of a black body at this level 
of temperature®+°, The water m the vicinity of a cavita- 
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tion bubble may therefore be momentarily exposed to an 
intense source of heat, and it has to be determined if this 
source is in existence long enough to cause a significant 
rise in temperature through radiation and conduction. 
Convective effects are neglected because the discussion 18 
concerned with a region that is considered to move with 
the liquid near the bubble wall. It can be shown®, for a 
bubble of initial radius R, = 10 cm, that high tem- 
peratures can occur within the bubble during a period of 
about 10-7 sec. In order to estimate the effect of radiant 
heating it is simplest to assume that the gas radiates like 
a black body at 104 deg. K from a spherical source of 
radius 5 x 10~ em (corresponding to an average radius 
of the bubble during the period of high temperature). If 
it is assumed that all the energy emitted by this source 
during a time of 10-7 sec is absorbed by a thin shell of 
water lying between the source and an outer radius of 
6 x 10-* em, 1t can be shown that the average tem- 
perature of the water is raised by only a few degrees. 
The actual effect of radiant heating at a point 10-4 cm 
from the bubble wall should therefore be negligible. In 
a similar way, use of the same parameters and the formula, 
of ref. 11 shows that the increase in temperature due to 
conduction during a time of 10-7 sec is also negligible at 
a point 10-4 cm from the bubble. It can be concluded 
that heat from the compressed gas does not seriously 
interfere with the formation of the ice particles. 

The behaviour of a cavitation bubble after the initial 
collapse and rebound is not known in detail. However, 
if the water is originally in a supercooled state, it seems 
reasonably certain that the ice particles that have been 
created can return to an environment of water at its 
original temperature without serious exposure to super- 
heating. Thereafter, freezing is assumed to occur with these 
particles acting as nuclei. The crystalline structure of the 
particles would be expected to be somewhat different from 
ordinary ice. It is suggested that they are capable of 
acting as effective nuclei either by means of a preliminary 
solid-phase transformation or through heterogeneous 
nucleation. It can be shown!* that the size of the par- 
ticles is appropriate for nucleation in water at one or two 
degrees of sub-cooling. 

Water, bismuth, germanium, silicon and gallium have 
melting-points which decrease with pressure, but water is 
apparently unique in this group in its ability to be 
nucleated by cavitation’. Fig. 4 shows the equilibrium 
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liquid-solid line for bismuth. It can be seen that the 
point at which it begins to turn upwards occurs at a much 
higher pressure than ir the case of water. This feature 
is also true for the other substances listed. It seems likely 
then that adiabats orignating from liquid states at atmo- 
spheric pressure and small temperatures of sub-cooling 
may not enter appreciably into the high-pressure solid 
phase region. In this case nucleation by cavitation could 
not occur. Even if the pressure-temperature lines of the 
compressed liquid are not true adiabats, the pressures 
generated by the cavitetion may not be sufficient to cause 
freezing. 

Since ice at high prsssures is more dense than water, 
the process of freezing rasults in a net reduction of pressure. 
As was suggested earlier, this effect may be responsible 
for the reduction in cav-tation damage at low temperatures 
shown ın Fig. 1. The reduction in pressure will depend on 
the relative amount o ice formed and on the difference 
in specific volume between the water and ice. For the 
previously estimated sub-cooling of 10? deg., it seems 
likely that fairly densa local concentrations of ice could 
occur, while the difference in specific volume could be 
fairly large. Water at3 x 10+ atm., for example, experi- 
ences a reduction in specific volume of about 0-08 in 
changing to ice under equilibrium conditions. If about 
half the water in a particular region were to change to 
ice in this way, a local reduction in pressure of about 
about 5-10 thousand stm. would result. It is difficult to 
estimate the complete effect of such a change on the 
formation of the outgoing pressure wave, but it would 
probably alter the structure of the wave as well as reduce 
its intensity. It seercs reasonable to suppose then that 
such a process can account for the reduction in cavitation 
damage observed at low liquid temperatures. From Fig. 3 
it is seen that the adiakat beginning at 50° C does not enter 
appreciably into the ive region, indicating that the high- 
pressure freezing process would probably not be significant 
for cavitation in water at this temperature. Cavitation 
damage should therefore increase as the water tem- 
perature is increased irom 0° to 50° C. This is in accord 
with the increase in cavitation damage shown in Fig. 1. 
Reduction in cavitation damage at low temperature has 
also been observed in other liquids*4, and is due presum- 
ably to the same kina of mechanism. 

As a final comment, it can be pointed out that cavita- 
tion damage in water has been found to be more severe 
than cavitation damage in other ordinary liquidst®. The 
present theory suggests that this may be due to the fact 
that during cavity collapse in water, freezing is initiated 
only under high compression, whereas in other liquids it 
can start at an earlier stage because these other liquids 
have no initial decresse ın the freezing-point with pres- 
sure. It would appear then that a smaller amount of solid 
phase is formed durirg the collapse process in water and 
hence there is an inzreased ability to cause cavitation 
damage. 
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CONVERSION FROM SPECTRAL TO TEMPORAL PATTERN 
By Cr. ORLO E. MYERS 


University of Californta, San Diego 


HE fraction of electromagnetic energy incident at 

the cornea, which may be retained within a retinal 
cone outer segment (COS), and so available to a photo- 
pigment, has been shown to exhibit a peak in the visible 
spectrum, when reasonable values for significant parameters 
are selected}. Colour photographs through animal and 
human retinal preparations by Enoch? offer convincing 
evidence in support of this view, according to which the 
COS in situ is quite analogous to a tuned dielectric rod 
antenna and bolometer. Barer has suggested that there 
is a filter mechanism for spectral discrimination in the 
retina, with a continuous gradation in colour-trapping 
ability”. Sheppard has treated sensitivity and adaptation 
phenomena on the basis of a Gaussian distribution of COS 
diameters as end-fire antennas‘. Toraldo di Francia’ 
has compared the Stiles—Crawford affect® with the polar 
radiation pattern of an end-fire dielectric antenna and 
considers that the cone ellipsoid is, in part, an impedance- 
matching device. Jean and O’Brien? and Enoch and 
Fry®® have prepared model ellipsoids scaled to the 
microwave region and studied their radiation patterns. 
O’Brien!® has applied the eikonal™ in an optical interpre- 
tation of the impedance-matching property. This subject 
is discussed in the excellent review by Enoch#, 

Thus it seems likely that tuned antennae play a signifi- 
cant part in the visual process. The tuning is broad-banded 
—Q of the order of two or three—but nevertheless there 
is here a mechanism for discrimination of wave-length 
on the basis of an evident? multiplicity of effective COS 
diameters. It is therefore not mandatory to invoke a 
multiplicity of photo-pigments in order to account for 
colour vision’, Furthermore, the assumption of more than 
one photo-pigment leads to a serious difficulty in any 
theory of colour vision, if the above evidence be accepted, 
for we must then postulate ad hoc some means for strong 
correlation of type of pigment molecule with appropriate 
effective COS diameter. A specific red- or green-sensitive 
pigment contained in a small-diameter COS would be an 
inefficient arrangement, with sensitivity reduced, spectral 
sensitivity to the primary hue broadened, and peak 
absorption shifted towards the violet. A blue-sensitive 
pigment situated in a large-diameter COS would amount 
to inefficient use of retinal area, at the expense of sensi- 
tivity and acuity. 

Either the retina is a remarkably inefficient organiza- 
tion, or it has been organized in some way to permit a 
strong correlation between the assumed pigments and 
appropriate containers. Following a concept of natural 
parsimony, we are led to consider the possibility that COS 
diameter distributions are responsible for colour vision. 

It is well known that the function of a retinal receptor 
is to stimulate repetitive nerve activity as a function of 
the intensity (or change of intensity) of incident light 
energy. In so far as nerve activity is all or nothing, there 


is precisely one mechanism for transmission of information. . 


concerning the pattern of light intensities on an array of 
cones and rods: the spatial pattern from the environment 
must be converted into a time-dependent pattern of nerve 
activity at the cortical termination of the optic, nerve if 
the pattern is to be perceived. This is true also of a spectral 
‘pattern’ (intensity as a function of wave-length) whether 
or not there is a one-to-one correspondence between cone- 
colour response and cortical mapping. The retinal receptor 
array is used concurrently for spatial and spectral-pattern 
perception, so that it is required that both patterns be 
transmitted over a single information channel and be 
contained. in the overall temporal pattern at the cortex’ "4, 
It is not unreasonable to suppose that the nature of the 


spectral portion of the message can be separated out— 
that the spectral portion constitutes a modulation of the 
distributed spatio-temporal pattern transform. This 
concept appears first to have been noted by Troland® and 
has been elaborated by Fry**, i 

If COS diameter differences be associated with colour 
vision, it follows that large diameters are associated with 
red and small diameters with violet. One might ask: 
Is there a correlation between COS diameter and a 
separable spectral-to-temporal pattern-conversion ? Two 
very interesting conjectures follow from this: 

(a) Perhaps the sizes of cones, neural cells, and axons m 
the optic nerve are correlated. (This might occur naturally 
as a result of localized variations in common nutrient 
supply at the time of differentiation of these cells in the 
embryonic optic vesicle!’), Velocity of nerve impulse pro- 
pagation is proportional to axon diameter’® so that 
spectral-to-temporal pattern-conversion would be accom- 
plished, partly in the optic nerve. ‘Red’ information would 
precede, and ‘violet’ information would follow, spatial 
pattern information at the cortex. The optic pathway is 
sufficiently long, and differences in its fibre diameters 
are sufficiently great, to allow differences in transit times 
of the order of milliseconds to occur!*. This effect would 
be augmented by the inverse relationship between neurone 
size and synaptic latency. 

Erlanger’ first suggested the importance in perception 
of axon diameter differences. Le Grand? and Granit?! 
have discussed this subject with regard to colour vision. 

(6) Spectral-to-temporal pattern-conversion could be 
accomplished in a single cone with suitably tapered outer 
segment if velocity of impulse transmission within the 
COS were sufficiently small. In Fig. 1, consider white- 
light incident from below on the truncated conical 
dielectric rod of base radius 7, just large enough to 
transmit red effectively via the dominant HE,, mode. 
So long as the angle p is greater than the critical angle for 
this particular mode of propagation, the behaviour of the 
light along the z-direction will be reasonably well described. 


Z 
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Fig. 1 
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by the solution for a cylinder of the radius at z, or rz. This 
is O’Brien’s eikonal approach”, equivalent to the WKB 
approximation™. The spectral composition of energy flux 
inside the dielectric rod will contain progressively less of 
the longer wave-lengths as rz diminishes along the light 
path. If we now incorporate into this tapered rod a 
uniformly and sparsely distributed absorber, the distance 
from the base to the plane of maximum probability of 
absorption will be shorter for the red than for the violet 
component. 

It is noteworthy here that a geometrically conical COS 
is not required. An ‘electrical taper’ would accomplish 
the same purpose, and could be brought about by a 
negative gradient of relative refractive index. 

Following the primary act of light absorption, the cone 
cell must somehow stimulate (or inhibit) the firing of a 
bipolar cell. It is generally implied that this takes place 
through the cell pedicle, and it 1s necessary for information 
concerning the absorption process to be transmitted vitread 
to the inner segment and thence to the cell pedicle. An 
inverse relationship would then exist between the most 
probable length of the information path and the wave- 
length of absorbed light. 

Because of the finite velocity of transmission of informa- 
tion, this amounts to a spectro-temporal transform. If 
the brain is to recognize the transform, and thereby to 
discriminate colours, it is necessary to have differences 
in transit times (from red to violet) of the order of milli- 
seconds over paths of only several u, or velocities no 
greater than several tenths of cm/sec. It has been further 
suggested”? that transmission might occur by stimulation 
of the ciliary structures which penetrate the interface 
between inner and outer segments of retinal receptors??:*4, 
and that velocities of the order of a few cm/sec or less 
are not unreasonably small. Alternatively, it has been 
suggested? that a recognizable spectro-temporal transform 
might result from electrotonus of the cone, which fires 
the synaptic bipolar cell. Electric field lines would be 
more diffuse over the longer path from soma to the region 
of absorption of shorter wave-lengths in the COS, and this 
might be expected to result in a differential latency of the 
order of milliseconds. 

Either conjecture leads to the conclusion that the 
distributed pulse-coded spatio-temporal transform is 
modulated by spectral information, with longer wave- 
length data arriving at the organization centres ahead of 
the shorter wave-length data. Neither idea oxcludes a 
multiplicity of photo-pigments, but both require statistic- 
ally efficient placement of such pigments. There is some 
physiological?! and psychological?” evidence that percep- 
tual latency is less for red than for blue light. 

If, as seems inescapable, spectral information is super- 
posed on spatial information in the overall temporal 
pattern of nerve activity on arrival at the occipital cortex, 
a time-reference is required. Otherwise the two patterns 
could not be separated unambiguously. It is suggested 
that such a reference may be derived from saccadic eye- 
movements, during the course of which vision is reduced 
by half an order of magnitude**. According to this notion 
a spatial pattern is perceived primarily through the agency 
of cones with maximum response near the peak of the 
photopic visibility function. Interfering information 
which arrives earlier or later is perceived as red or violet, 
respectively, with hue-difference proportional to time- 
difference. This process is repeated with each saccade or 
other interruption of vision. The time-reference is main- 
tained even for monochromatic illumination by means of 
rods. Because no mechanism is available to them for 
spectral-to-temporal transformation, except, as pointed 
out by Willmer**, for effects associated with differences in 
peak sensitivities of the scotopic and photopic mechanisms 
(his hypotheses are, in effect, implemented by a time-refer- 
ence). Because of this their contribution (at specified 
sensitivity) to the transformation will be independent of 
wave-length. 
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Some deductions which may be made from the concept 
of a time-reference may be indicated briefly: (a) Significant 
experiments with stabilized retinal images**-** constitute 
supporting evidence “or this view. Ability to perceive 
hues fades rapidly whan the time-reference is withdrawn. 
(6) Brief flashes of small subtense, presented foveally, are 
subject to consideraKle confusion in colour-naming (in 
addition to small-field tritanopia)®*,*4, Again, the time- 
reference is withdrawr. (c) Subjective colour phenomena, 
such as Benham’s top*, involve the introduction of 
auxiliary time-references, competitive with any physiologi- 
cal time-base. (d) A wide range of colour phenomena seem ` 
to be explicable on tke basis of a shift of the time base. 
To illustrate this, consider the effect of increased intensity 
of illumination appliec to ‘conjecture (b)’: for longer wave- 
lengths, the steady-state photo-pigment concentration of 
the cone will be lowered, and the plane of most probable 
absorption will shift distally. If the time-base provided 
by rod activity is nor changed there will be a perceived 
hue-shift towards the blue. At shorter wave-lengths the 
effect will be less pronounced in the cone, but rod 
sensitivity will be redaced and latency increased (because 
of higher sensitivity to c. 500 nm) and this will delay 
the reference and cause a red-shift instead. These are the 
gross features of the Sezold—Briicke phenomenon?**, 

It is noteworthy tiat the principal manifestations of 
colour-blindness acquire a simple and complementary 
explanation on either conjecture: loss of sensitivity to 
red would result if the distribution of COS effective 
diameters were shiftec to smaller dimensions, whereas the 
consequence of a shit to larger diameters (or relative 
refractive index) wouid be that the longer visible wave- 
lengths would be less readily discriminated. 

I am indebted to many colleagues for discussion and 
suggestions, particulerly to°R. Barer, G. Bishop, F. 
Crescitelli, S. Q. Duntsy, J. M. Enoch, and J. J. Sheppard, 
and the late G. L. Walls. 
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LETTERS TO THE EDITOR 


GEOPHYSICS 


Diurnal Variation of Total Electron Content 
of the lonosphere over Nairobi 


THE ionospheric research station at University College, 
Nairobi, was set up during 1963 in time to commence 
observations for the J.Q.8.Y. The station has geographic 
co-ordinates 36°82° E., 1:32° S. and is 10-5° S. of the 
magnetic dip equator with a dip of 26-9°. Faraday rota- 
tion measurements on the 40-, 41- and 20-Me/s transmis- 
sions from the satellite B.E.-B (5-66) were started on 
October 10, 1964. This communication presents prelimin- 
ary values for the diurnal variation of the total electron 
content J = JNdh for the months of October, November, 
December 1964, and January 1965, and compares these 
with median values of {( fo F2): obtained from routine verti- 
cal incidence soundings at the same station. Due to the 
rate of precession of the plane of the satellite orbit, the 
foregoing period of observations represents approximately 
one complete cycle of J with local time. 

Although it 1s intended to use more exact methods for 
future computations of the electron content, such as the 
‘close spaced frequency’ method!, there have been prob- 
lems in reducing records which have resulted in our 
adopting a simpler procedure for the present’. In particu- 
lar it is often difficult to identify the transverse point 
exactly on the Nairobi records although a region of 
quasi-transverse propagation is usually clearly defined. 
However, records which have a very slow fading rate, that 
is, of the order of one fade in 30 sec, such as occur in the 
early morning, may not show a clearly defined transverse 
region; in addition with such records, the phase difference 
between the planes of polarization of the 40- and 41-Me/s 
transmissions is not readily identifiable. 

At the time this work wes commenced the available 
computations of the quantity? M = B cos @sec y con- 
tained errors in the absolute values. In order to avoid a 
long delay in analysing the existing Faraday rotation 
data, @ provisional analysis which neglects horizontal 
gradients has been made. 

The expression for J is’: 


K 
Q=5 MI (1) 


in which Q is the rotation angle in radians, K has the value 
2-36 x 104 and f is the frequency in c/s (the other quanti- 
ties are in rationalized M.K.S. units). The equation may 
be differentiated with respect to time to obtain: 
dQ KT, daŭ og CLT 
di E a; + ¥ A 
Kf daň  „ dadà 
=F lI g tMg a (2) 
in which the latitude derivative dA/dé has the value 0-0563 
deg.sec"}, k 
The lines of constant M are approximately east-west 
at Nairobi and the quantity dM jd x is fairly constant near 
the transverse point, irrespective of quite large changes 
in the satellite longitude and of variations in satellite 
height and in Am. This has been checked against the 
more accurate computations of M now available and it is 
found that changes in the quantity dM/dà do not exceed 
20 per cent for variations of +100 km, +10° and +5° in 
satellite height, longitude and latitude respectively; 
these values represent the limits of the satellite co-ordin- 
ates for which measurements were made. In addition 


to this, the transverse point for Nairobi 1s always within 
a few degrees south of the station so that the second term 
in equation. (2) is unlikely to exceed 10 per cent of the mam 
term. It thus seems justified in a preliminary analysis 
to neglect the second term in equation (2) and to use a 
mean value ‘for dM/da (taken as 3 x 10*y/deg.). No 
evidence of strong horizontal gradients was apparent 
in the records and the recorded value of I was obtained 
from the time-interval between two complete fades 
centred on the position of closest approach, only the 
41-Mc/s record being used. This method is suitable for 
rapid analysis of large quantities of data and does not 
require an accurate knowledge of the absolute values of M. 

Fig. 1 shows a plot of the values of I obtained against 
local time for 124 satisfactorily recorded transits of 
B.E—B. during the given period. The continuous line 
represents mean values of each hourly period. North- 
going and south-going passes are distinguished on the 
plot, but all values have been included in the means. 
Hourly median values for fo#2 have also been calculated 
for the four months. Although an ionosonde has now 
been coupled to the Faraday rotation equipment, so that 
an ionogram. is obtained for each satellite pass, this facility 
was not available at the commencement of the satellite 
observations. Fig. 2 shows a comparison of the median 
values of peak electron density Nm (calculated as 1-24 
(foF2)?.10 metre-®; foF2 in Mc/s) with the mean hourly 


‘values of I and with the equivalent slab thickness d km 


(defined as I/Nm x 10); the values of foF2 for each 
hour represent the medians for the four-month. period. 

It is of interest that the maximum value of J occurs 
well after mid-day (about 16-00 h) and that the electron 
content rises throughout the afternoon. Although there 
is a general agreement in shape between the curves for 
I and for Nm, the maximum in the latter occurs rather 
earlier, at about 14:00 h. The critical frequency foF2 
increases sharply between 23-00 h and midnight, during 
which time there is a smaller increase in J. Both quanti- 
ties decrease rapidly between 23:00 and 01:00 h. The 
maximum range in I observed so far is about 20:1, 
while the mean diurnal range is 12:1. It should be noted 
that because of scatter in the values of J and of foF2, the 
large peak in the value of d at 04:00 h may not be signifi- 
cant. However, in a report from Huancayo, Peru’, 
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Fig.1. Diurnal variation of total electron content, I[(=/{Ndh) at Natrobi, 
Oct. 1964—Jan. 1965. Local civil tamet=246° E time. @, North-bound 
passes; +, south-bound passes 
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Fig.2. Diurnal variation of total electron content (J), maximum electron 
density (Nm) and equivalent slab thickness (d) of the ionosphere over 
Nairobi, for the period Oct. 1964 to Jan. 1965. I; ----, Nm; 
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which is located on the magnetic equator, a similar, though 
smaller, anomalous increase in equivalent slab thickness 
around layer sunrise is indicated and attributed to a 
departure from thermal equilibrium. In the same report, 
the mean diurnal range of total electron content is given 
as 10:1, and shows a rise starting at about 10-00 local time 
to a maximum at about 18-00. The valves of J obtained 
there are of the same order of magnitude as presented 
here. 

It is hoped shortly to publish more detailed results 
on total electron content at this station. This work was 
supported by the Rockefeller Foundation and by the 
loan of two receivers from the U.S. Air Force Cambridge 
Research Laboratories. 

A. N. HONTER 
A. R. WEBSTER 
R. F. KELLEHER 
P. E. MAII. 
University College Nairobi, 
(University of East Africa), 
Nairobi, Kenya. 
1 Blackhand, W. T., J. Geophys. Res., 65, 1987 (1960). 
* Garriott, O. K., J. Geophys. Res., 65, 1151 (1960). 
* Browne, I. C., et al., Proc, Phys. Soc., B, 69, 901 (1956). 
4Blumle, L, J., J. Geophys, Res., 67, 4601 (1962). 


Palaeomagnetic Measurements on some 
Karroo Dolerites from Rhodesia 


IN a previous investigation of the Pre-Cambrian 
dolerites of Eastern Rhodesia, McElhinny and Opdyke? 
established on the basis of palaeomagnetic measurements 
that two distinct periods of igneous activity were repre- 
sented. At one locality it appeared that the Mashonaland 
dolerites had intruded the Umkondo dolerites. On the 
basis of the evidence from this one site they suggested 
that the Umkondo dolerites were the older of the two sets 
of intrusions. 

The results of some other palaeomagnetic measurements 
being made in this Department, together with a number 
of discordant potassium~argon dates from specimens of 
the Umkondo dolerites, necessitated placing the evidence 
for the sequence of the two sets of intrusions on a firmer 
basis. In one part of the Middle Sabi Valley, Swift? 
reports that the main Umkondo dolerite sill has been 
intruded by a large dyke of much finer-grained dolerite, 
petrologically very similar to the main sill. The possibility 
existed that this represented a second instance where the 
Mashonaland dolerite had intruded the Umkondo dolerite. 
Further south in the Umkondo Copper Mine, we dis- 
covered from the management that three ages of dolerite 
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intrusion had been identified in the mine workings. A 
dolerite sill has intruded the Umkondo sediments and this 
sill is cut by a dyke. Both the sill and the dyke are then 
cut by a second dyke- This situation represented yet a 
further possibility of establishing beyond doubt the 
relationship between the Mashonaland and Umkondo 
dolerites. 

Three blocks, orienfsd with a compass, were collected 
from each of the two dykes and the sill underground in 
the Umkondo mine workings, teking care to keep away 
from the baked contacts. Four blocks, similarly oriented, 
were collected from a stream section in the fine-grained 
dyke reported by Swifs*. From each block two cylinders 
l in. in diameter and 1 in. long were drilled and the 
natural remanent magnetization was measured on the 
spinner magnetometer described by Gough®. At each site 
the natural remanent magnetization formed good groups. 
From three of the sites at least one core from each of the 
sites was demagnetized successively in alternating mag- 
netic fields of up to 6) muilliweber m-* peak value, using 
the apparatus described by McHilhinny‘. No significant 
change in the direction of magnetization was observed in 
any case. This indicates that the natural remanent mag- 
netization at these sites is stable and probably represents 
the thermoremanence acquired at the time of their in- 
trusion. The specimens from the last intruded dyke of the 
Umkondo mine were 30 weakly magnetized that it was 
not possible to conduct demagnetization experiments on 
them. The parameters of the natural remanent mag- 
netization at the four sites are given in Table I. 

The directions of megnetization of the four sites, which 
are very similar, correspond neither with that of the 
Mashonaland dolerite nor with that of the Umkondo 
dolerite. The investigation thus failed to establish the 
sequence of the intrusions of the Mashonaland and 
Umkondo dolerites. 

The directions observed correspond closely to those 
observed in the Karrco dolerites®.*. Since Karroo sedi- 
ments occur in the reg-on between the two areas sampled, 
it is reasonable to stppose that we, in fact, sampled 
Karroo dolerites, which are known to occur only 25 km 
further south. 

Graham and Hales® were the first to carry out palaeo- 
magnetic measuremenss on Karroo dolerites. Whereas 
their collection of suriace samples in South Africa show 
considerable scatter in direction, samples from four sites 
in underground exposures exhibited consistent directions 
of magnetization. There is some evidence for the stability 
of these samples from baked contact investigations even 
though no alternating field demagnetization tests were 
carried out. In addition, two of the sites exhibit normal 
polarity, while the otker two exhibit reversed polarity 
with almost 180° separating the two directions. This 
provides further evidence for their stability. In addition 
Nairn® has published results from a Karroo dolerite near 
Durban and from a limburgite plug in Rhodesia. In the 
former case, alternating field demagnetization was under- 
taken on the samples. 

Since the palaeomagnetic pole position recalculated by 
Cox and Doell’ from Graham and Hales’s four sites has 
a large angle of 95 par cent confidence (20°), it seems 
worth while collecting together the results at present 
available from ten sises, including the four presented 
here, to calculate a n=w pole for the Karroo dolerites. 
The parameters of the mean of the ten site pole positions 
are shown in Table 2 and it is thought that this now 
represents a better estimate of the palacomagnetic pole 
for the Karroo dolerites than was previously available. 


Table 1 
Site usta S. Long. B. D I k 
Middle Sabi Valley TD? 88’ 82°29’ 4 3193° -—59-3° 170 
Umkondo Mine, sill eD? 19’ 82°09 3 318:5°  —85-7° 18:4 
Umkondo Mine, Ist oe £0° 19’ 32°09 3 319°8° --58-6° 34:8 
Umkondo Mine, 2nddyke £0°19’ 82°09’ 8 81° -577° 7°80 
N, number of samples; p, declination; J, inclination; +, precision 


parameter 
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Table 2 
N R K Lat. S. Long. E. Ags 
10 451 16-4 854° 751° 123° 


N, number of sites, R, resultant of N unit vectors; K, precision of site 
poles, Áss seml-angle of ‘the cone of 95 per cent confidence. 


McDougall? has made potassrum—argon age determina- 
tions on a number of Karroo dolerites from. South Africa 
and finds that they have a spread of ages from 154 to 
190 million years. 

We thank the manager and staff of the Umkondo 
Mine for their help in collecting the samples from the 
mine. 

M. W. MOELHINNY 
D. L. JONES 


Department of Physics, 

University College of Rhodesia and Nyasaland, 
Salisbury. 

* MeEllunny, M, W., and Opdyke, N. D., J. Geophys. Res., 69, 2465 (1964) 
2 Swift, W. H., Southern Rhodesian Geol. Surv. Bull. No. 52, 17 (1962). 
? Gough, D. L, J. Geophys. Res., 69, 2455 (1964). 
t McEthinny, M. W., Geophys. J. (in the press). 
z Graham, K. W. T., and Hales, A L., PRI. Mag., Suppl., 6, 149 (1957) 
° Nairn, A. E. M., Overseas Geol. and Mineral Resources, 9, 302 (1984), 
7 Cox, A., and Doell, R. R., Bull. Geol. Soc. Amer., 71, 645 (1960). 
£ McDougall, T., J. Geophys. Res., 68, 1535 (1962). 


PHYSICS 


Low-energy Electron-electron Bremsstrahlung 


THs emission of radiation in the scattering of electrons 
by atoms, free electrons, or nuclei generally is considered 
to be well understood. In fact, extensive reviews of 
bremsstrahlung cross-sections are available for both the 
non-relativistic!? and relativistic domains’, Neverthe- 
less, there are some unresolved problems concerning the 
radiation emitted in electron-electron collisions—that is, 
collisions in which momentum is absorbed by a free 
eloctron or through the excitation or ejection of a bound 
electron. 

At relativistic energies the cross-sectaon for electron- 
electron bremsstrahlung is found to be comparable with 
that for electron~proton bremsstrahlung’ *, With decreas- 
ing energy in the non-relativistic domain, however, the 
cross-section 18 supposed to decrease rapidly relative to 
the electron—proton bremsstrahlung cross-section due to 
the zero dipole moment of the two-electron system. Thus 
radiative electron—electron collisions are usually ignored 
in determinations of such quantities as the opacity of a 
gas due to free—free transitions, the intensity of the X-ray 
continuum, or the emission of radiation from an ionized 
ges. In this communication, I shall point out some dis- 
crepancies in this low-energy domain. My interest stems 
not only from the possible relevance of electron—electron 
bremsstrahlung to these practical problems but also from 
its possible relevance to the radiative reaction problem. 
Effects due to atomic binding are not at issue, so that I 
consider the target electron to be free throughout this 
discussion. 

The conclusion that electron-electron bremsstrahlung 1s 
negligible in the low-energy limit stems primarily from the 
classical result for the energy radiated in the collision of 
two charged particles. For particles with charge e and 
masses m and M, this cross-section is given in the dipole 
approximation by®: 


do a — 


+ aro (2) >) jin =e? — 0:57] (1) 


For M -» oo this result differs little from the non-rela- 
tivistic limit of the Bethe—Heitler formula. For M = m 
this classical dipole contribution vanishes, so that the 
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cross-section for radiation is given approximately by the 
quadrupole contribution. Apart from a numerical factor, 
this 1s: 


eS x (4) 
do (cl, quadrupole) & — 3* 


o ~N? do 
Pe Oy” —— 


where a = e?/mv? and wo =: (e?/mas)'” are the charac- 
teristic length and frequency for a Coulomb collision’. We 
see that the ratio of this cross-section to the cross-section 
for dipole radiation in electron—proton scattering is of the 


ra(2)(G)eG) Gs) = @ 


Here «max is defined by the (quantum) condition hwmax & 
mou", 

The status of the quantum theory of non-relativistic 
bremsstrahlung is much less clear. Katzenstem® found that 
the low-frequency limit vanished in agreement with the 
classical theory. Redhead’, however, found a number of 
corrections to this calculation which, when taken into 


account, yielded: 
4mv* 
£2 (tog Se ~ -=) (4) 


Although this result is smaller than the electron—proton 
cross-section by a factor (v/c)*, it has the same frequency 
dependence and thus diverges in the low-frequency limit. 
This behaviour differs markedly from the classical results 
given in equations (1) and (2) where the bremsstrahlung 
cross-section for identical particles clearly vanishes in the 
low-frequency limit. 

This reaction has also been investigated by Fedyushin’ 
and Garibyan™ and discussed by Joseph and Rohrlich?. 
They find the same numerical coefficient and frequency 
dependence as Redhead but an extra factor of (c/v)?: 


(2) 





do (qu.) ~% = Tga 


2 dw — 17 
do (qu) œ | 5 on Ora e Qos Fe to ti) ©) 


Fedyushin’s derivation is semi-classical and entails an 
explicit evaluation of the quadrupole moment. Garibyan, 
on the other hand, obtained this result by a quantum 
theoretic calculation, the details of which apparently are 
not available!?. (The matrix elements for electron- 
electron bremsstrahlung have also been derived according 
to quantum. electrodynamics by Hodes? and Gluckstern*4, 
but these results have not been evaluated in the non- 
relativistic limit.) Due to the factor (c/v)*, the discrepancy 
between equation (5) and the classical cross-sections for 
electron—electron bremsstrahlung is even greater than that 
between equation (4) and the classical results. In fact, not 
only does this cross-section depend on frequency and 
electron energy exactly as does the non-relativistic cross- 
section for electron—proton bremsstrahlung but it has a 
slightly larger numerical coefficient as well. 

If we assume that this last result (equation (5)) is 
correct, it is clear that electron—electron bremsstrahlung is 
a more significant process than generally believed. In 
ionized hydrogen the opacity arising from free—tfree 
transitions will be almost doubled by the additional 
absorption by electron pairs. Production of continuous 
X-rays will be enhanced at non-relativistic as well as 
relativistic energies by the approximate factor (Z + 1)/Z. 
The emission of thermal bremsstrahlung from optically 
thin plasmas is similarly increased. 

There are, however, a number of reasons to believe that 
equation (5) is wrong despite its wide? acceptance. Chief 
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g these is the fact that the classical calculation should 
be correct in the low-frequency limit. Classical radiation 
heory has been applied quite successfully to synchrotron 


radiation!®.16 and gives semi-quantitative agreement with 


quantum formulae for ordinary bremsstrahlung*®*. The 
quantum caleulation runs into difficulties, not only due 
to the length and complexity of the problem®:+*, but also 
due to the breakdown of perturbation theory at low 
frequencies'?, Difficulties are especially likely to arise 
when a multipole expansion is made in addition to the 
perturbation expansion. This is evidenced also by the 
cross-sections given in the literature for electron—positron 
bremsstrahlung. The low-energy cross-section given by 
Joseph and Rohrlich* and Garibyan™ is smaller than the 
classical result by a factor of four while that given by 
Katzenstein® is larger than the classical result by a factor 
of four. It seems likely that the classical result? is most 
nearly correct. Additional quantum calculations clearly 
are required for both these processes. 

Measurements of the electron—electron bremsstrahlung 
cross-section, which by now should be within the state of 
the art, would be of particular importance due to these 
discrepancies. In addition, there is one aspect of this 
problem which, in my mind, heightens the need for these 
measurements. That is the fact that destructive inter- 
ference between coherent (‘recoilless’!*) and incoherent 
emission has, to my knowledge, never been observed. Yet 
in the classical theory of electron—electron bremsstrahlung 
it is just this interference that makes the cross-section go 
to zero for low frequencies. More explicitly, in the 
Poynting vector, the E; x H, and E, x H, terms, the 
asymptotic behaviour of which originates in the force of 
radiative reaction, are cancelled by the coherent E, x H, 
and Æ, x H; terms, which have nothing to do with the 
force of radiative reaction. In synchrotrons the lack of 
constructive: interference: between these terms has been 
attributed partly to quantum recoil’, It is interesting to 
speculate whether a similar recoil in the electron—electron 
bremsstrahlung problem would. result in a lack of destruc- 
tive interference between these terms even in the low- 
frequency limit, and thus a non-vanishing cross-section for 
dipole radiation. It should be noted that this question may 
be unrelated to the question of the origin of discrepancies 
in. the theoretical calculations. 

The research reported in this communication was spon- 
sored by the National Aeronautics and Space Administra- 
tion, Goddard Space Flight Center, under contract 
NAS5- 3649. 
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Scanning Electron Diffraction from Solids oF 


A DIRECT-RECORDING electron-diffraction system for. 
use in ‘reflexion’ wita bulk specimens has recently been 
completed in this laberatory. Electrons diffracted from a. 
solid surface are scanned magnetically across a defining — 
aperture, pass through an energy filter and are then — 
recorded. The system is similar to those developed 
earlier!~* for thin fikas in transmission. However, the 
scattering of electrons by solids im reflexion electron 
diffraction involves many more incoherent collisions than 
in the case of transmssion through films. The diffraction 
patterns are obscurec by numbers of loss electrons, all of 
which contribute to the blackening in the photographic 
plates of conventiona. clectron-diffraction cameras. These 
loss electrons are removed by the energy-filtering device 
in scanning electron-ciffraction systems. 
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Fig. 1. Electron diffraction intensity profiles from MgO powder 

Fig. 1 illustrates these facts and is a set of intensity 
profiles from MgO posrder on-a stainless. steel substrate 
using reflexion electren diffraction. The uppermost trace 
gives the total electror intensity as.a function of scattering 
angle, and the lowest trace, to the same, linear, intensity 
scale, gives the elastically scattered component. The 
intermediate traces shew electrons which have lost between 
0 and 300 eV and € and 100 eV energy respectively. 
Vm in Fig. 1 is the patential difference between the mesh 
of the electron filter and the cathode of the electron gun. 
Fig. 2 shows the elastic intensity profile of Fig. 1 elec- 
tronically magnified. ‘t is this profile only which contains | 
information about the crystal structure of the specimen. 
The signals are well above noise-level and the contrast is 
characteristic of a high-quality photographic blackening 
profile taken at a very much higher accelerating voltage 
than the 15 kV actualy used.. | 

Electrically scannec direct-recording instruments have 
the advantage’ that ~he scattered intensity distribution 
may be scanned in two dimensions, so that if adequate 
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Fig. 2. Elastic electron diffraction intensity profile from MgO 
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Fig. 3. Gallium arsenide single crystal, clastic profiles, 15 kV 


stability is available thres-dimsnsional displays from 
single-crystals may be obtained. Fig. 3 is such a pattern, 
giving the intensity profiles of the elastically scattered 
electrons from a bulk gallium-arsenide crystal. The 
erystal was oriented for the (600) reflexion and the 
intensity-gain used was sufficient to show details of weak 
reflexions. The pəak height of the (600) ray is off-scale in 
the figure and was eight times the height of the neighbour- 
ing (511). It is evident that the und between the 
peaks has been eliminated and that even the roots of the 
peaks are above noise-level. 
M. F. Tompserr 
C. W. B. GRIGSON 
Engineering Laboratory, 
University of Cambridge. 
! Grigson, C. W. B., Nature, 192, 647 (1961). 
* Grigson, C. W, B., J. Electronics and Control, 12, 209 (1962). 
Grigson, C. YB Denbigh, P. Jp ana Nixon, W. C., Philadelphia Conf. 
* Grigson, C. W. B., Dove, D. B., and Stilwell, G. R., Nature, 205, 1198 (1985). 


METALLURGY 


Surface Effect in Measurements of Grain 
Boundary Sliding 


Ar present, work is being carried out to determine the 
contribution of grain boundary sliding to the total strain 
during high-temperature deformation of polycrystalline 
aluminium. In part of this work, concerned with the 
effect of grain size, several anomalous results were ob- 
tained. These can be illustrated by measurements made 
on specimens which had initial uniform grain sizes of 
approximately 10, 6 and 3 grains/linear mm, and were 
strained rapidly (0-22 per cent/min) at 250° ©. Under 
these conditions it would be expected that the ratio 
(y) of the elongation due to grain boundary sliding 
(Egy) to the total strain (#:) would be very small’. 

The method used to evaluate y was that devised by 
Rachinger'. This involves an estimation of the average 
grain shape expressed as L/B where L is the average length 
and B the average width of the grains after deformation. 
L and B are determined by counting the number of grains 
intercepted by lines of known length, parallel to and at 
right angles to the stress direction, on a section of the 
strained specimen. The results (Table 1) indicate that 
whereas y has the expected low value for the two finer 
grain sizes, a high value is given for the large grain size. 


Table 1, COMPARISON OF METHODS FOR MEASURING y 
(y given with 95 per cent confidence limits) 
Approx. Total Hensler and Gifkins 
strain Rachinger method (ref. 1) method (ref. 2) 
size (per cent) L B y id 
(mm) (Eù (mm) (mm) (per cent) LIB (per cent) 
10 41°5 0-137 0-086 O7+14 1-680 —0:7+12 
6 30-4 0-213 0:132 5611 1-660 —20+10 
3 41-0 0-285 0-224 30:7 +12 1:661 17+12 
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It has recently been shown? that reliable values of 
L/B can be obtained directly from an average of the 
ratio of the maximum length to the maximum width of 
individual grains. Using this method, y is low for all the 
foregoing specimens (Table 1). 

The high y values recorded with the coarse grain 
material are a result of low L/B ratios as determined by 
the traverse method used. It is well known that the 
contribution of grain boundary sliding to the total creep 
elongation as measured on the specimen surface is lower 
than that obtained in the interior of the specimen!. 
However, since no sliding would be expected under the 
conditions employed, B was derived from the number of 
grains across @ specimen diameter. This appears to cause 
an error by including the surface grains the geometry of 
which after annealing may be different from those in the 
interior of the specimen’. This conclusion is supported 
by measurements made on polished sections of the coarse- 
grain specimens. These show that the average maximum 
width of the surface grains is 0-32 + 0-04 mm, whereas a 
value of 0-21 + 0-015 mm, corresponding to half the 
average maximum width of the interior grains, would be 
expected. The error introduced by including these surface 
grains is insignificant with a large number of grains across 
a diameter. However, with the coarse-grain material 
(~13 grains/diameter) underestimating by one grain is 
sufficient to cause the observed discrepancy. 


P. W. Davies 
R. N. STEVENS 
B. WILSHIRE 
Department of Metallurgy, 
University College, 
Swansea. 
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* Hensler, J, H., and Gifkins, R. C., J. Inst. Metals, 92, 340 (1963). 
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CRYSTALLOGRAPHY 


Potassium Molybdenum Oxide ‘Bronzes’ 


Wold, Kunnmann, Arnott and Ferretti! recently 
reported the first successful synthesis of molybdenum 
‘bronzes’. These inert, opaque and highly coloured 
phases are ternary non-stoichiometrie oxides containing 
fractional quantities of alkali metal atoms, and like other 
known members of this class of solid possess some of the 
electrical characteristics of metals. Two potassium 
bronzes, red Ky..,MoO, and blue K,.,,.MoO,;, were both 
prepared by the electrolysis of fused salt mixtures of 
K,MoO, and MoO, under slightly differing conditions, the 
first being a typical semi-conductor while the second 
behaved as a metal. 

The structures of these two phases, the crystallographic 
constants of which are given in Table 1, have now been 
determined and refined by three-dimensional Fourier and 
least-squares techniques by us. Both are layer structures 
containing sheets of irregular molybdenum-—oxygen octa- 
hedra. The sheets, differing for each of the two phases, 
can be described in terms of specific compact sub-units 
of octahedra illustrated in idealized form by Figs. la 
and b, which in the red bronze are formed by six octa- 
hedra sharing edges, while in the blue they are made up 
of ten. Units of the same kind then join up with octahedral 


Table 1, CRYSTALLOGRAPHIC DATA FOR MOLYBDENUM BRONZES 
Red Ky.s,.Mo0, Blue Ko.gsMo0, 
Symmetry: Monoclinic 
Space group: C2/m 
Unit cell 
dimensions a 14-278 18-249 Å 
b 7:723 7-500 4 
c -387 R55 
B 92° 34’ 117° 32” 
Dy: 4°36 4°27 gem 
Du: 4-32 4°26 g cm 
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corners in common giving the infinite sheets characteristic 
of each phase, which in both cases are then bonded 
together through potassium ions fractionally present at 
random in certain interlayer positions. 

The distances of closest approach between molybdenum 
atoms in the red bronze and in the blue are respectively 
3-16 and 3:18 + 0-01 A, and the nearest neighbours are 
evidently repelled by each other, and not attracted to 
within the short distances of the order of 2-5-2-7 A 
characteristic of metal-to-metal bond formation in oxides*. 
There seems little likelihood that conduction mechanisms 
in these phases can be satisfactorily explained in terms 
of the overlap between the 4d(t,,) wave functions of the 
adjacent metal atoms, and it remains to be seen whether 
interaction with the p orbitals of the bridging oxygen 
atoms can lead to the two different kinds of electrical 
behaviour. In either case electrical conduction will 
depend on crystallographic orientation. 





Fig. 1. 
bronze K,.3,Mo0, (+) drawn in idealized form. T 
joined up to identical units of each kind to form sheets characteristic of each phase 


We should point out, however, that the diffraction 
data for both phases were severely affected by extinction, 
and a high degree of crystallographic refinement is for the 
present impractical. In addition, it is most unlikely that 
each phase contains elements of just the one structure, 
as certain crystals examined by the reflecting microscope 
contained domains of the red and the blue bronzes 
co-existing as parallel intergrowths. This is not altogether 
surprising in view of the similarities of structure and the 
conditions of preparation. Some crystals also have 
golden-coloured domains, which may either be a third 
potassium bronze, or may correspond to abrupt changes 
in composition or in character of the other two. These 
features are also present in even the best specimens of 
the sodium tungsten bronzes, and these substances, 
although much more extensively studied, are by no means 
thoroughly understood, either in a crystallographic sense 
or as oxide phases with psoudo-metallic characteristics. 


J. GRAHAM 
C.S.I.R.O. Division of Applied Mineralogy, 
Perth, Western Australia. 
N. C. STEPHENSON 
Chemistry Department, 
University of New South Wales, 
Sydney. 
A. D. WADSLEY 
C.S.I.R.O. Division of Mineral Chemistry, 
Melbourne. 
A. WoLD 
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Rhode Island. 
) Wold, A., Kunnmann, W., Arnott, R. J., and Ferretti, A., Inorg. Chem., 3, 
545 (1964). 


? Schäfer, H., and Schnering, H. G., Angew. Chem., 76, 833 (1964). 
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Units of six octahedra in the red bronze Ky.g,MoO, (a) and of ten in the blue 
he arrows indicate the corners which are 
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CHEMISTRY 


Origin of Radio-resistance of Paired 
Substituted Bases: 9-Ethyl-guanine and 
l-Methyl-cytosine 


SoME years ago, Dechesne’ suggested that the greater 
the degree of delocalization of x-electrons, the greater the 
radio-resistance of solid phase compounds of aromatic 
type. This was verified by radiolytic yield measurements, 
using quadrupole spec=rescopy and electron spin resonance 
methods*. B. Pullman” developed similar views in the 
special field of biomobeules, with particular emphasis on. 
nucleic acid bases, bu’ using molecular resonance energy 
instead of diamagnetec anisotropy, as had been used, 
previously, to measure the delocalization effect. 

On account of the presence of paired complementary 
bases in DNA, it was clearly of interest to study the part 
played by hydrogen bond interactions in 
the determination of the radio-resistance of 
such complexes. With this in view, the 
electroa-spin resonance method was used 
for 9-ethyl-guanine and J-methyl-cytosine 
as well as for their three-hydrogen-bonded 
pairs‘, all these compounds being irradiated 
in vacwo (150-kV beryllium window X-ray 
tube without additional filtering), at room 
tempermiure. The spectrometer was & 
Variam type 4352-06 fitted with a dual 
sample cavity and modulated at 100 ke/s. 
The in‘ensities of the lines were determined 
by mechanical measurement (moment 
planimeter) of the first moment of their first 
derivacives, and the radiolytic yields, Gx, 
represent the number of free radicals 
inducel by 100 eV of absorbed energy. 

Electron spin resonance patterns of cyto- 
sine amd guanine are almost identical with 
their substituted homologues 1-methyl- 
cytosine and 9-ethyl-cuanine (Fig. 1). A slight discrepancy 
is, however, to be noted in the case of the guanines, as the 
spacing between the two faint lines found in the wings 
of the main 12 Oe simglet increases from 60 to 122 Oe. 

In the paired complex, as Fig. 2 shows, only one singlet 
of 11 Oe width is observed. This not only definitely differs 
from the 24 Oe singlet of cytosine, but cannot even strictly 
be identified with the signal arising from the guanine 
because of the lack of the satellite lines. 

It may therefore be presumed that on account of the 
hydrogen bond interaztions, the free radicals formed in the 
complex are a feature of the whole system rather than of 
any separated group. It seems worth while to emphasize 
the fact that, in contrast to the present case, the signal in 
DNA’s is either a superposition of those of guanine and 
cytosine’, or else thst of thymine, an alternative which 
seems to depend, as shown by recent results obtained in 
our laboratory*, on the size of the irradiated molecule. 

On the other hand, the unirradiated complex itself gives 
rise to a signal of a width of about 11 Oe, located at g = 
2-002, the intensity əf which, practically independent of 
temperature from 100° up to 300° K, seems to indicate 
that it originates from conductivity electrons. This would 
be in agreement with Pullman’s calculations, according 
to which the guanime-cytosine pair should be a better 
conductor than the sorresponding isolated bases’. 

As regards the radiolytic yield Gr which is found to be 
0-8 for 9-ethyl-guanne and 0-15 for 1-methyl-cytosine, 
this amounts to only 0-15 in the complex, instead of 0-57. 
This latter figure woeld indeed be deduced on making the 
reasonable assumptien that the excited states produced 
by radiation and leading to the build-up of free radicals 
must be distributed according to the electronic fraction 
of the constituent melecules. One would therefore expect 
this large discrepancy to be paralleled by an extra- 











"stabilization due to the y toce 
- Pullman® in fact show that the resonance energy of the 
pair involved amounts to 104 keal./mole, as compared 
<- with 98 kcal/mole obtained by addition of the values 
corresponding to the isolated compounds. It is, however, 
-to be noted that this 6 per cent effect might significantly 
be increased in taking into account supplementary 
=o hydrogen bond interactions between separated pairs 
which form the crystalline structure of the complexi. 
.. If so, there would then be closer agreement with the 
o vadio-resistance results quoted above. 

> Ås a matter of general interest, it may now be inferred 
that the substantial increase in radio-resistance on going 
from nucleotides (Gr = 3) to DNA’s (Gr = 05) must 
be due not only to a mass effect, as has been discussed 














7 Fig. 1, 
a, cytosine; 


jlectron-spin resonance spectra (first derivative) of X-irradiated : 
b, l-methyl-eytosine; c, guanine: d, 9-ethyl-guanine 



















Fig. 2. EHleetron-spin resonance spectrum (first derivative) of the 
X- irradiated crystalline complex of i-methyl-cytosine and 9-ethyl- 
guanine 


previously! but also to the hydrogen bond interactions 


governing the double-stranded structure. 


We thank Dr. E. J. O’Brien for samples of the erystal- 
line complex. 
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Vibrational Energy Transfer in Mixtures of 
Gases 


RECENTLY, Lambert ef al? have reported ultrasonic 
dispersion in mixtures of SF,+CHCIF, possessing near- 
resonant vibrational modes. The measurements show a 
single dispersion with the reciprocal relaxation time 
(1/t) varying non-linearly with the molar composition 
(approximately quadratic dependence of reciprocal re- 
laxation time on molar concentration). 
haviour is shown by the C. H. + C,H, system examined by 
Valley and Legvold?. Lambert et al. have interpreted 
their observations on the basis of a rapid process of vibra- 
tion to vibration energy transfer which is followed after- 
wards by a vibration to translational energy transfer 
process. 

We have examined the ultrasonic dispersion in mixtures 
of CO, +CH © extending over the entire composition 
range using an ultrasonic interferometer similar to that 
used by Hubbard et al.?. The mixtures show a single dis- 
persion zone with 1/t varying non-linearly with the molar 
composition (approximately quadratic dependence on 
molar concentration (Fig. 1), The figure also includes the 
vibrational energy-level diagram for the two gases. CO, 
and C,H,0 have near-resonant vibrational frequencies of 
667-3 and 704 em~ respectively. The static specific heats 


at 303°K for the two gases are 6-97 and 9-43 cal/mole 


respectively and the two gases have almost the same mole- — 
cular weight. Thus, in this system as well, the mechanism _ 
of energy transfer can be interpreted qualitatively in terms. . 
of the rapid near-resonant transfer of vibrational energy. 
between the 667-3 cm- mode of CO, and the 704 i emt — 





A similar be- 
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Fig. 1. Reciprocal relaxation times for COg+C,H,O mixtures 


mode of C,H,O followed by a vibration to translational 
energy transfer. 
An attempt is being made to offer a quantitative inter- 
pretation of the results on the lines of Lambert et al.'. 
T. SESHAGIRI Rao 
E. SRINTVASACHARI 
Department of Physics, 
Osmania University, 
Hyderabad, 7, India. 
* Lambert, J. D., Parks-Smith, D. G., and Stretton, J. L., Proc. Roy. Soc., 
A, 282, 380 (1964). 
? Valley, L. M., and Legvold, S., /. Chem, Phys., 36, 481 (1962). 
* Seshagiri Rao, T., and Hubbard, J. C., J. Acoust. Soc. Amer., 27, 321 (1955). 


Reaction of Amino-acid Esters with Sodium 
in Liquid Ammonia : Cleavage of the 
Proline Ring 


Tue reduction of esters by sodium in liquid ammonia 
solutions has been investigated in some detail by Kharasch 
et al.. From an analysis of the products obtained, it was 
concluded by these authors that aliphatic esters were 
converted to a mixture of the corresponding alcohol, 
amide and acid, in addition to varying amounts of un- 
identified substances. There have been very few investiga- 
tions of the reaction of amino-acid esters with sodium in 
liquid ammonia solutions. McChesney and Miller? 
treated glycine ethyl ester hydrochloride with sodium in 
liquid ammonia and obtained some of the glycine ester 
and an unidentified product. Benzyl esters of amino- 
acids and peptides are known? to be cleaved to form the 
corresponding amino-acid or peptide. With the avail- 
ability of the t-butyloxycarbonyl group for masking 
amino functions and the t-butyl group for protecting 
carboxyl groups and hydroxyl groups, it became impor- 
tant to know whether these groups were resistant to the 
reductive action of sodium in liquid ammonia. This 
treatment readily removes other protecting groups such 
as the p-toluene sulphonyl and the carbobenzoxy groups. 
Anderson and McGregor‘ found that the ft-butyloxy- 
carbonyl group is resistant to treatment with sodium in 
liquid ammonia. The effects of this reductive treatment 
on amino-acid and peptide ¢-butyl esters have been 
investigated. Results of the reaction of proline t-butyl 
ester with sodium in liquid ammonia are presented here. 

When proline t-butyl ester’ was dissolved in anhydrous 
liquid ammonia freshly distilled from sodium and treated 
with small pieces of freshly cut sodium, it was found that 
two equivalents of sodium per mole of the ester were 
required to attain a permanent blue colour. In all these 
experiments ammonia was allowed to evaporate through a 
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guard tube, without addition of proton sources such as 
ammonium acetate or acetic acid. The residue was dried 
in vacuo over phospnorus pentoxide and concentrated 
sulphuric acid and then dissolved in ice-cold 10 per cent 
acetic acid. Aliquots were then chromatographed on paper 
as well as on the columns of the automatic amino-acid 
analyser®. Paper chromatography of the products ob- 
tained from proline butyl ester in BPAW (n-butanol- 
pyridine—acetic acid—water, 30:20: 6:24 v/v) revealed 
that the ester had disappeared completely, and three 
spots which gave a pesitive reaction with both the ninhy- 
drin reagent (yellow eolour) and isatin (blue colour) were 
seen (Fig. 1). The zompound with the least mobility 
(Rp 0-25) could be identified as proline by comparison 
with an authentic sample and the product with the greatest 
mobility was found to have the same Rp value (0°53) as 
prolinol. The material with intermediate mobility 
(Rp 0-33) was found to be proline amide by inference (see 
following). Proline t-butyl ester dissolved in liquid 
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ammonia and processed in an identical manner but with- 
out the addition of sodium served as the control and was 
found to be unaffected by this material (Fig. 1). 
In order to examine the effect of the reductive treat- 
ment on peptide esters, acetyl proline t-butyl ester was 
_. prepared from proline t-butyl ester by reaction with acetic 
anhydride. Acetyl proline t-butyl ester (b.p. 110°/3 mm; 
anal. cale. for CH, NO, (213-3): C, 61-9; H, 8-98; N, 
6-57; found: C, 61-6; H, 8-83; N, 6-74) was dissolved in 
anhydrous liquid ammonia and treated with sodium. 
Again, two equivalents of sodium were required to produce 
a stable blue colour. (The point at which a stable blue 
colour appears is sharply defined and serves as a good end- 
_ point.) Paper chromatography of the product in BPAW 
revealed the presence of two compounds with Rp values 
Of 0-88 and 0-97, when developed by the chlorine method’. 
. Acetyl proline t-butyl ester gives nc reaction with this 
< reagent since there is no hydrogen attached to the nitro- 
gen. The positive reaction with the chlorine reagent 
suggested that the proline ring may have been cleaved. 
_ When an aliquot of the product was hydrolysed with 
acid and chromatographed on paper in BPAW, a strong 
. spot which gave a purple colour (characteristic of com- 
<i pounds containing a primary amino-group) was seen in 
-addition to some proline. This confirmed the suspicion 
that the proline ring had been cleaved. By comparison 
: = with authentic samples the new ninhydrin positive product 
<o was identified as 3-amino-valerie acid. The possibility 
that the product could be norvaline (the proline ring may 
be cleaved on either side of the amino-group) was ruled 
out by chromatographic examination of the product on 
the automatic amino-acid analyser. Whereas norvaline 
emerges from the medium column of the analyser* close 
to the position of valine under the normal conditions 
of elution, 3-amino-valerie acid could be eluted only from 
the short column used for the separation of the basic 
amino-acids, Furthermore, acetyl $-amino-valeric acid 
was prepared by acetylation of $-amino-valeric acid (m.p. 
537-547; anal. cale, for C,H, NO, (159-2): C, 52-8; H, 8-23; 
<N, 8-80; found: C, 528; H, 8-12; N, 8-86) and found to 
possess the same mobility in BPAW as the compound with 
the lower mobility (Rr 0-88) in three different solvents. 
The product with the higher mobility (Kp 0-97) was found to 
correspond to the t-butyl ester of acetyl §-amino-valeric 
= acid. The solution containing the mixture of products was 
extracted with ether. Paper chromatography of the 
-ether extract revealed only the presence of the fast-moving 
-. component. When an aliquot of the ether extract was 
treated with trifluoroacetic acid at room temperature 
for 1 h, this component disappeared and the compound 
“having the same mobility as acetyl 3-amino-valeric acid 
appeared. 
It was found that proline, 3-amino-valeric acid, arn- 
+: monia and prolinol could be conveniently separated on the 
=> short column of the amino-acid analyser* and that they 
- emerged in the order stated. Quantitative analysis of an 
-acid hydrolysate of the produets formed by the reaction 
of acetyl proline t-butyl ester with sodium in liquid 
= ammonia revealed the presence of 60-80 per cent of 
= §-amino-valeric acid, 5-20 per cent of prolinol and 5-10 
> per cent of proline (all based on acetyl proline t-butyl 
ester). 

Analysis of the products of the reaction of proline 
i-butyl ester with sodium in liquid ammonia, before and 
after acid hydrolysis, showed that 30-40 per cent proline, 
20-30 per cent prolinol and 10-20 per cent proline amide 
were formed. The increase in the amount of proline after 

.. acid hydrolysis was found to be identical to the increase 
=- in the amount of ammonia. After acid hydrolysis the 
_ middle spot (Rp 0-33) in Fig. 1D disappeared and only 
-. proline and prolinol could be seen. Hence, it was inferred 
that the middle spot was due to proline amide. The 
variation in the amounts of proline, prclinol and 8-amino- 
© valerie acid from experiment to experiment may be attri- 
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buted to the fact that although precautions were taken to 
exclude moisture, the reactions were not performed in a 
closed system. Traces of moisture may have been intro- 
duced during the addition of sodium. The presence of a 
proton donor would favour the formation of the alcohol 
from the ester. 

In all these experiments, no 8-amino-valeric acid or 
derivatives could be detected either on paper or on the 
amino-acid analyser, when proline #-butyl ester was 
reduced with sodium in liquid ammonia (Fig. 1). The 
cleavage of the proline ring occurred only when the amino 
group of proline was acetylated. 

Treatment of acetyl proline methyl ester with sodium in 
liquid ammonia also resulted in the cleavage of the ring as 
indicated by the presence of three components in paper 
chromatography (BPAW) which gave a positive reaction 
with the chlorine reagent. Acid hydrolysis of the products 
revealed the presence of 3-amino-valeric acid in addition 
to proline and prolinol. 

This cleavage of the proline ring occurs easily in larger 
peptides also. The partially protected pentapeptide 
derivative N*-t-butyloxycarbonyl-lysyl-N*-t-butyloxyear- 
bonyl-lysyl-N@-tosyl-arginyl-N6-tosyl-arginyl- proline t- 
butyl ester* was treated with sodium in liquid ammonia 
until a permanent blue colour appeared. The product 
was desalted on ‘Sephadex G-25° and the amino-acid 
composition of an acid hydrolysate was determined in 
the automatic amino-acid analyser. The ratio of lysine : 
arginine : §-amino-valeric acid was found to be 2-01: 
2-11: 1-00. Thus, the cleavage of the proline ring appears 
to be facilitated by the presence of an electron-withdraw- 
ing group on the imino nitrogen. Further work is in 
progress to determine the factors affecting the cleavage 
reaction as well as the reactions of other amino-acid esters 
with sodium in liquid ammonia. 

I thank Prof. ©. H. Li for his advice. I also thank 
Mr. David Chung for helpful discussions. This work was 
supported in part by U.S. Public Health Service research 
grant GM-02907, from the Division of General Medicine, 
National Institutes of General Medical Sciences. 
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BIOCHEMISTRY 


Effect of Chick Interferon on the Ribo- 
nuclease Content of Chick Embryo 
Fibroblasts 


Tayitor' has shown that the antiviral action of chick 
interferon depends on continued synthesis of RNA in 
the host cell. Preliminary results indicated that con- 
tinued synthesis of protein was also essential, and the 
suggestion was made that a newly formed interferon- 
induced protein could be the real antiviral agent. It was 
further argued that this new protein could perhaps be 
ribonuclease. 


Sonnabend’s? findings, that the RNA content of inter- 


feron-treated uninfected chick cells was lower than that 
of untreated cells, could be interpreted as supporting such 
a theory. The work of Friedman and Sonnabend? con- 
firmed that continued protein synthesis was indeed 





No 4987 May 29, 1965 


Table 1 


NATURE 929 


EFFECT OF INTERFERON ON RIBONUCLEASE PRODUCTION OF CHIOK EMBRYO FIBROBLASTS 
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Group 
‘Tissue RNase 
Interferon culture | added with Tisue culture fluid Total 
— fluid interferon 
None 100 100 

None 613448 08-4441 91:0 + 4°2 

126 units per 104 435 102-7 x 2°7 
c ml culture 87:3932 -RNase added — RNase added 

fuid J011 +36 99727 

125 units per 940+17 91°6+34 
ml culture 801+8°6 — RNase added —RNase added 

fluid 9083+17 882*34 






necessary for interferon action. In our work, changes in 
the amount of RNA-degrading enzyme in interferon- 
treated cells, infected with Semliki forest virus or un- 
infected, were investigated. 

Chick ‘fibroblasts were obtained by treating ten-day-old 
embryos with trypsin. The fibroblasts were grown in 
flat 4-02. bottles, each being seeded with 6:0 x 10° cells 
in 10 ml. Earle’s balanced salt solution, containing 0:25 per 
cent lactalbumin hydrolysate and 5 per cent calf serum. 
Four groups of duplicate cultures were initiated: (a) con- 
trol cells; (6) cells infected with Semliki forest virus, 
(c) cells treated with chick interferon; (d) cells treated 
with chick interferon and infected with Semliki forest 
virus. 

The interferon used had been partially purified and 
concentrated (Fantes ef al.4; pre-DEAE cellulose material); 
it contained 10,000 interferon units and 2 mg protein/ml. 
and it was diluted to a final concentration of 125 inter- 
feron units/ml. for the experiments. 

Cultures of groups (c) and (d) were set up containing 
interferon; cultures (b) and (d) were infected 24 h later 
with 1 ml. Semliki forest virus (10° ZOD,;,) without 
changing the culture fluids. Only group (b) cells showed 
viral damage; this was observed 72 h after initiating the 
cultures, that is, 48 h after infection. The ribonuclease 
content of the cells and the supernatant fluids was 
measured as follows. 

The tissue culture fluids were decanted, and any cells 
present were spun off at 1,000g for 5 min. The cells 
remaining in the bottle were removed by incubation 
with 5 ml. of 0-02 per cent sodium edetate solution. 
Trypsin could not be used, as it was found to decrease 
the total ribonuclease activity by about half. The cells 
were freed from edetate by spinning at 1,000g for 5 min, 
and the pellet, together with any cells recovered from the 
supernatant fluid, was resuspended in 3 ml. saline. The 
cells were ruptured by twice freezing and thawing. 

The ribonuclease content of the tissue culture fluids 
and the cells was determined by a method similar to that 

- of Anfinsen et al.. The fluid (1 ml. containing 0-1-1-0 pg 
gp RNase) was mixed with 1 ml. of 0-8 per cent yeast 
RNA in 0:2 M acetate buffer (pH 5:0). The solutions 
were incubated at 37° C for 25 min, and the reaction was 
stopped by the addition of 0-5 ml. of 0°75 per cent uranyl 
acetate in 25 per cent perchloric acid. After incubation 
for a few minutes, the precipitate was spun off, and 
0-1 mil. of the supernatant fluid was diluted to 3-1 ml. 
with distilled water. The optical density was read at 
260 my. Solutions of 0-8 per cent yeast RNA, to which 
the uranyl acetate reagent was added before saline or 
1 pg/ml. mbonuclease in saline, were used as controls. A 
range of standards containing 0-1-1-0 ug of crystalline 
ribonuclease (Armour Laboratories; 40 Kunitz units/mg)/ 
ml. were included for calibration with each set of estima- 
tions. All determinations were carried out in duplicate. 
The partly purified interferon itself was found to contain a 
little ribonuclease, equivalent to 0-065 ug per 4-oz. bottle 
culture. Allowance for this was made in the calculations. 













The ribonuclease cor.tents of the cells and tissue culture 
fluids of the four groups of cultures are shown in Table 1. 
The cells of the four groups contained 10-14 per cent of 
the total enzyme, tha remainder being in the tissue- 
culture fluids. The cells of group (b) showed a marked 
cytopathic effect 48 h. after infection, and this probably 
accounted for the low ribonuclease content of the cell 
fraction. The cells of group (d) were protected from the 
virus by interferon and showed no cytopathic changes. 

The results shown in Table 1 are averages from three 
experiments. Ribonuclease contents are expressed as 
percentages of those “ound in the controls (group (a)). 
There was no detectable increase in the ribonuclease 
contents of the cells ar tissue culture fluids of the inter- 
feron-treated groups (c or d); the standard deviation was 
always below 10 per cant. 

These results sugges: that ribonuclease plays no part in 
the mechanism by wh:ch interferon protects cells against 
viral attack. Such en interpretation may well be an 
over-simplification, sirce small changes in the level of a 
highly specific ribonuc. ease would escape detection by the 
relatively crude methcds used in our tests. 

It was nevertheless thought worth while to find out 
whether an externally added ribonuclease would depress 
viral multiplication. Im experiments in which a plaque 
assay was used, ribonaclease did somewhat decrease the 
number of Semliki fcrest virus plaques in chick fibro- 
blast monolayers. Average results from a number of such 
experiments are shown in Table 2 
Table 2. EFFEOT OF BON na ON THE NUMBER OF SEMLIKI FOREST 


IRUS PLAQUES 
Ribonuclease Reduction of plaques 
pgiml (per cent) 
40 85 
8 18 
16 16 
0°82 11 
0 064 8 


In other experiments in which chick fibroblasts in tubes 
were infected with Semliki forest virus and cellular 
damage was ascertainad microscopically (CPE method), 
added ribonuclease up to a concentration of 8 ug/ml. had 
no protective effect; higher levels were cytotoxic. 

If interferon action. were exerted through an enzyme 
such as pancreatic ribonuclease, levels much higher than 
those found in our experiments would have to be induced 
by interferon. On the other hand, our results do not 
exclude the possibilit that interferon induces in virus- 
infected cells the formation of highly specific enzymes 


capable of degrading viral RNA or DNA. 
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Renal Efficiency and Information Theory 


Tae low thermodynamic efficiency of the kidney is & 
long-standing paradox ın renal physiology. The con- 
ventional calculations equating renal output with osmotic 
work arrive at a power output of about 0-5 calories per 
min for man'-°. A comparison of this value with the 
renal power input (about 100 calories per min) gives an 
efficiency of less than 1 per cent, an extravagance out of 
proportion to the efficiency of other organs and out of 
keeping with the general economy of the body. Homer 
Smith has stated that a solution to this paradox must 
come from some approach other than thermodynamics‘. 

The strict thermodynamic definition of efficiency as a 
comparison of energy input with osmotic work output 
views only the excretory function of the kidney and does 
not take into account its function as a regulator of the 
composition of the extracellular fluid. To use Wiener’s 
analogy: an electronic valve wastes nearly all the energy 
1t consumes, and yet it may be highly effective as a control 
or information handling device. Similarly, the evaluation 
of the officiency of an organ which functions as a control 
device cannot be based strictly on input and output of 
energy®. In such a case officiency of operation is more 
readily defined by information theory, a method of systems 
analysis which has been applicable to several fundamental 
biological phenomena®’. In the following discussion the 
efficiency of the kidney, not as a chemical machine but as a 
control device, will be appraised in the light of nformation 
theory. 

From the point of view of control, it is not osmotic 
work but the precise selection of solutes for tubular 
reabsorption which is the costly function of the kidney. 
In order to discrrminate between various ions and mole- 
cules in the glomerular filtrate, the kidney must be 
supplied with information, and the expense of obtaining 
this information must be dealt with m any estimation of 
renal efficiency. 

This situation in the kidney is closely analogous to the 
problem of Maxwell’s demon, who measured the velocities 
of gas molecules in a system and separated the fast from 
the slow, thereby ‘creating’ free energy within the system. 
This remained a paradox only in so far as classical thermo- 
dynamics failed to recognize that in the process of observ- 
ing the molecules the demon must suffer an increase in 
entropy so that he cannot function for long in a closed 
system. The demon has been thoroughly exorcized by 
Wiener®, Brillouin® and, much earlier, by Szilard’, by 
considering that the demon must observe the molecules he 
sorts. The minimum energy required for obtaining 
information about the nature of the molecules, for ‘seeing’ 
the molecules, can be shown io be equal to the gain in free 
energy effected by the selectivity of the demon. 

The concept of the costliness of observation has been. 
generalized by Brillouin, who has shown that the obtaining 
of information by any sort of observation or measurement 
results in a net increase in the entropy of the laboratory 
in which the observation is made*. Thus maintenance of a 
steady state in such a laboratory would require coupling 
to an outside source of free energy. In this sense the 
process of selective reabsorption by the kidney requires 
that the tubule, scanning the glomerular filtrate, recognizes 
certam kinds of solute particles. These observations, no 
matter how they may be carried out, require a certain 
minimum power input which can be estimated. A 
comparison of this minimum requirement with the actual 
power consumption of the kidney may give a more realistic 
appraisal of renal ‘efficiency’ than will a comparison of 
power input and power output, which simply states the 
efficiency of the kidney as an osmotic pump. 

To discriminate between various ions and molecules in 
the glomerular filtrate the kidney must receive some sort 
of information or signal from certain of these. Brillouin 
allows the demon to ‘see’ the molecules by equipping him 
with a flashlight emitting photons of higher energy than 
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that of the black body radiation in the system. It 18 
easier in the kidney to visualize a discrimination signal as a 
brief interaction such as a van der Waals attraction or a 
hydrogen. bond between molecules rather than as a photon 
of radiation, but regardless of the mechanism involved 
the fact remains that recognition 18 a process requiring 
energy. In order to estimate the minimum energy 
expenditure for information gathering ın a given period of 
time, two thmgs must be known: (1) the number of 
specific ions or molecules to be identified in that period of 
time; (2) the minimum energy cost of each identification. 

(1) ltis generally accepted that only a few of the many 
substances reabsorbed by the tubule need be selectively 
handled. In the gradients created by this handling the 
rest of the reabsorption taking place may be explained as 
passive movement. The nature of these substances 1s 
irrelevant to the general principle mvolved here, but 
assuming that sodium ıs the major concern of the kidney, 
the renal tubules selectively re-absorb about 18 mmole/min 
or about 10?" ions per min. 

(2) The minimum energy cost of recognizing a single 
ion is set by the fact that a signal must be generated 
which is appreciably above background noise. The 
reliability of the selection process will be determined by 
this signal-to-noise ratio. According to Brillouin, a 
signal of strength greater than four times that of the 
thermal background gives a chance of less than 2 per cent 
for errors due to thermal perturbations. This is a reason- 
able level of reliability for a homoeostatic mechanism. 
At body temperature the mean thermal background noise 
is kT = 0-027 eV, requiring an interrogation signal of at 
least 0-1 eV. The minimum cost of recognizing each of 
107? ions/min is 1071 eV or 40 calories/min. 

The energy consumption of the renal tissue of man 
based on the oxygen consumption of dog kidney according 
to Van Slyke eż al. io is about 100 calories/min. Using this 
value for power input, a minimum calculated power 
requirement of 40 calories/min gives an ‘efficiency’ of at 
least 40 per cent. If the rehability of tubular selectivity 
is such that a greater signal-to-noise ratio is required, then 
the kidney is even more ‘efficient’. In these terms the 
kidney serves more efficiently as a control device than the 
heart serves as a mechanical pump. 

What is the fate of these 40 calories/min, and why do they 
escape the notice of thermodynamic analysis? Selective 
absorption of sodium ions is equivalent to a momentary 
separation of ions into two classes, sodium and non- 
sodium. If the two classes were to remain separate, 
one would be aware of a net decrease in entropy resulting 
from the information supplied to the kidney. However, 
as reabsorption continues sodium and non-sodium ions 
are, except for the small fraction excreted, re-mixed 
and returned to the extracellular fluid as fast as they are 
sorted, so that no net change in entropy occurs. Thus the 
continuous observation of the glomerular filtrate, essential 
to the regulation of the composition of the extracellular 
fluid, requires a constant flow of energy to generate inform- 
ation, which is momentarily converted to negative | 
entropy only to be erased by the entropy of mixing and ': 
degraded to heat without ever appearing as a directly 
measurable increase in free energy. 

The term, signal-to-noise ratio, has exactly the same 
meaning in this discussion as in information theory: ıt 
compares the strength of a meaningful perturbation with 
the mean strength of the meaningless or random perturba- 
tions ın a system. If one thinks ın terms of weak mter- 
molecular forces, the signal-to-noise ratio compares a 
meaningful but transient van der Waals bond with mean- 
ingless thermal collisions. In this context the ratio has an 
additional physical significance which gives some insight 
into mechanisms: 1t specifies the duration of the meaning- 
ful interaction, the period of time during which the passing 
ion or molecule can be interrogated by a site on an 
epithelial cell membrane, for example. The mean duration 
of a bond, as given by Polanyi and Wigner", 1s ¢ = 
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lfveZik?, where H/kT' is a signal-to-noise ratio and v 
is the vibrational frequency of the bond, about 1018 efs 
For a signal-to-noise ratio of four, this brief interaction 
would last only 10-1! sec, the time required for a sodium 
ion to diffuse only a few angstroms in the absence of an 
electrochemical gradient. 
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Dephosphorylation of Polynucleotides and 
some of their Components by Ultra-violet 
Irradiation 


RECENTLY, the dephosphorylation of sugar phosphates 
of carbohydrate metabolism by ultra-violet light has been 
reported by us’, The work recorded here deals with the 
phosphatatie activity of ultra-violet radiation on poly- 
nucleic acids and ribonucleotides. 

The aqueous solutions of ribonucleic acid and deoxy- 
nucleic acid (50 ml. of 10-3? molar (molecular weights of 
the substances are calculated from the phosphorus content 
of the compounds); pH = 4-5; temp.= 20°C) were 
irradiated for 1 h; 75y split inorganic phosphate was 
found in both cases. It seems that the polynucleotides 
are, first of all, depolymerized to mononucleotides which 
subsequently undergo hydrolysis*. A similar phenomenon 
is also observed in the radiation of bacteria’. This explains 
the slow dephosphorylation of these substrates as com- 
pared to mononucleotides (Fig. 1). 
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Fig. 1. Comparison of the dephosphorylation of ribonucleotides with 


ultra-violet radiation at pH = 35; temperature = 20°. Uridine 

°’,3’-phosphate (I); cytidine 2’,3’-phosphate (II); guanosine 2’,3’- 

hosphate (IIT); adenosine 8 ae RS (IV); adenosine 6’-phos- 
Pp 
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It is evident that the pyrimidine nucleotides (uridine 
2’,3’- and cytidine 2’,.’-phosphates) are hydrolysed more 
rapidly than purine nucleotides (guanosine 2’,3’- and 
adenosine 2’,3’-phosphates). It is well known that 
pyrimidine and purins ring systems absorb ultra-violet 
light; however, the ormer is more sensitive to it. 
Further, the destruction of pyrimidine nucleotides is also 
noted ın the irradiated bacterial cells. 

The difference in degree of hydrolysis between 2’,3’- 
uridylic acid and 2’,3-cytidylic acid as well as between 
2’,3’-guanylic acid and_2’,3’-adenylic acid can be explained 
on the assumption that the phosphate group forms a 
hydrogen bond with tae —NH, group at CO, in 2’,3’-ester 
of cytidylic and aderylic acids, which may ultimately 
result ın slow dephospnorylation of these substrates with 
ultra-violet light. 

We adopted the methods for the estimation of inorganic 
phosphate and other experimental details as described 
earler®; 50 ml. 10- molar aqueous solution of the sub- 
strate was irradiated each time. Initial hydrolysis of the 
esters was subtracted trom the final readings. 
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Relationship of Dietary Intake of Sulphur 
Amino-acids to Urinary Excretion of 
Inorganic Sulphate in Man 


As early as 1905, Wendt! pointed out the importance 
of determining urinary sulphur in studies of protein 
metabolism. The studies of Cathcart and Green?, Wilson®-§ 
and Basu et al.* have demonstrated that most of the sulphur 
excreted as urinary sulphate in man results from the oxida- 
tion of the sulphur am‘no-acids absorbed in the intestine 
and those from tissue Ereakdown. It would be expected, 
therefore, that urinary sulphate would reflect, under 
certain. conditions, the amount of dietary sulphur amino- 
acids being absorbed, =hus their ‘biological availability’ 
from various foods. The present experiments were 
undertaken to investigaze the relation between the sulphur 
amino-acids in the dint and the excretion of urinary 
inorganic sulphate in man. 

A total of eight diets were tested. Their composition 
and nutritive values are-shown in Table 1. With each diet, 
the protein foods were divided into three equal parts and 
consumed in three meals. Subjects were allowed extra 
calories in the form of soft drinks and protein-free foods, 
but the need for additional calories was rarely felt. All 
the test diets providec. an adequate supply of energy, 
vitamins and minerals. Protein was varied in type and 
quantity to provide a range of daily intake of 0-8-4:0 g 
methionine plus cystine. 

The nitrogen content of the diets was determined using 
a macro-Kjeldahl methed?. Methionine and cystine were 
assayed, microbiologicaly according to the method of 
Steele et al.8. Urine specimens, collected under toluene, 
were analysed for inorganic sulphate by the benzidine 
method‘, for nitrogen using a macro-Kjeldahl technique’ 
and, for creatinine follo~ving the Jaffe procedure". 
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Tabie 1. COMPOSITION AND NUTRITIVE VALUE OF TEST DIETS * 
Diets 
Daily intake 1 2 3 4 5 6 7 8 
Ingredients (in grams) 
Bread 160 3 225 300 150 
Rice, uncooked 100 200 150 
ed beans and pork 600 1,000 750 

Peanut butter 150 
Teg 180 360 270 150 

lk, whole 800 
Sausages, cooked 109 
Butter 100 160 100 100 100 60 
Strawberry jam 150 50 
Carrots 100 100 100 100 150 
Apple ` 500 500 p 
Banana 200 200 200 200 
Sugar 275 100 225 200 150 175 # 260 

Nutrients 

Energy, calories 2,770 2,770 2,800 2,830 2,940 3,080 3,180 2,990 
Protein (N x 6-25), g 44 80 40 71 57 46 61 27 
Methionine + cystine, 


g 20 40 08 25 27 09 238 27 
+ A daily vitamin-mineral supplement was included with each diet. 


Table 2. EFFECT oF AGE OF — ON EXCRETION OF SULPHATE IN THE 
RINE 


Excretion in the urine * 


g ——— ereatinine/ 
Age group Sulphate (g) Creatinine (g) 16 g nitrogen 

Bread and egg 

a Adults ~ 0-454 1-562 0-689 

2 Adults 0:812 1:482 0 688 

5 Adolescents 0 490 1-244 0 692 
Rice and beans k 

3 Adults 0-142 1:558 0 262 

4 Adults 0 291 1613T 0-254} 

6 Adolescents 0-131 0-913 0-261 


* Unless otherwise noted, values are averages for 3 subjects, representing 
excretion on second and third days of feeding. 
ii Values represent average of two subjects. 
Values for excretion on second day only. 


In the first experiment, three healthy male adults, age 


21-33 years and weighing 62-78 kg, received each of- 


diets 1 to 4 for a four-day period, with three days readjust- 
ment between tests, except for diet 4 which was tested 
for only two days because of its excessive bulk. Urine 
was collected separately for the period 8 a.m. to 12 noon 
and for the remainder of a 24-h period. Statistical analysis 
of the data revealed poor correlation between the 8 a.m. 
to 12 noon specimens and the 24-h samples in the sulphate- 
levels (r=0°76) or the sulphate to ‘creatinine ratios 
(r=0-70). Day-to-day variations in urinary sulphate 
excretion were not significant. In later experiments, the 
test diets were given for three days and the 24-h collections 
of the second and third days were analysed and results 
averaged. 

In the second experiment, three healthy 14-year-old 
boys, weighing 65-59 kg, received diets 5 and 6 which 
provided the same sources of protein as diets 1 to 4 in 
the first experiment. The data, shown in Table 2, indicate 
significant differences in the absolute amounts of sulphate 
and creatinine excreted by adults as compared with 
adolescents. However, the excretion of sulphate per g 
creatinine per 16 g nitrogen fed was similar for both age 
groups and seemed to reflect the quality of dietary 
protein. 

Two more diets, 7 and 8, were tested with the same 
adolescent subjects and the data for the eight test diets 
(adults and adolescents) were used to illustrate the close 


correlation (r= 0-98) between dietary intake of methionine ' 


plus cystine and the urinary excretion of sulphate, as 
shown in Fig. 1. This relationship suggested a basis for 
the prediction of the dietary intake of methionine plus 
cystine from data on the urinary sulphate-level, or vice 
versa, providing that the utilization of sulphur amino-acids 
is not impaired. 

The calculation of chemical scores, using egg protein 
as the reference!”, revealed that diets 3, 4, 6 and 8 were 
limiting in methionine plus cystine, whereas the others 
were limiting in lysine, but with scores only slightly lower 
than for the sulphur amino-acids. The chemical score 
values, which reflect the nutritional quality of protein 
in the diets, were closely correlated (r= 0-93) with the 
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levels of urinary sulphate expressed per g creatinine per 16 
g nitrogen fed. This observation provides further support 
for data obtained by other workers who found that 
the urinary sulphate to nitrogen ratio reflected the quality 
of the dietary protein in three test diets’. 

Another experiment was designed to study the extent 
of utilization of a free methionine supplement. The three 
adolescent subjects mentioned above received diet 7 alone 
or supplemented with 75, 150, or 300 mg of L-methionine 
daily. The supplement was divided into three equal 
portions, each consumed at meal-time. The urinary 
sulphate excretion responded to methionine supplements 
as small as 75 mg/day or about 0-12 g methionine/16 g 
nitrogen in the diet (Fig. 2). However, the extent of 
urinary sulphate excretion was considerably higher than 
that predicted from the regression line of Fig. 1. This is 
clearly indicated by the differences in the slope values of 
the two regression equations. This discrepancy may be 
explained on the basis that diet 7 was limiting in lysine; 
thus the methionine supplement provided this amino-acid 
in an amount beyond the pattern used for tissue synthesis. 
The excess methionine might then be catabolized and the 
sulphur excreted as sulphate in the urine. This suggests 
that only with diets limiting in methionine plus cystine 
would the level of urinary sulphate reflect the intake of 
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sulphur amino-acids. Further studies are needed to 
establish the response of urinary sulphate excretion to the 
—— availability’ of sulphur amino-acids in various 
oods 
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Metabolism of 66-Hydroxy-3,5-cycloandrostan- 
I7-one by Rabbit Liver in vitro 


66-Hydroxy-3,5-cycloandrostan-17-one is related to the 
naturally occurring steroid dehydroepiandrosterone in 
that it can be readily converted to dehydroepiandrosterone 
under acidic conditions and can be produced by hydro- 
lysis of solutions of dehydroepiandrosterone sulphate at 
elevated temperatures at neutral pH}. In addition it has 
been suggested that the 3,5-cyclosteroids have an ‘anti- 
fatigue’ effect?. For these reasons ıt seemed of interest to 
examine the metabohsm of this steroid. 

Incubations were performed with rabbit liver homo- 
genate; a 50 per cent homogenate was prepared in 0:2 M 
nicotinamide in 0-25 M sucrose. Hach incubation flask 
contained 12 ml. homogenate and 3 ml. each of 0-04 M 
potassium. dihydrogen phosphate, pH 7-4 ; 0-01 M potas- 
sium. citrate, pH 7-4; 0-005 M manganese sulphate and 
water. The cyclosteroid (25 mg) was added to the mixture 
in 0:5 ml. propylene glycol and incubated at 37° for 1 
or 2h, After incubation acetone was added to precipitate 
the proteins and the protein precipitate washed twice 
with hot acetone. The combined aqueous acetone extracts 
were evaporated to a small volume, diluted with water 
and extracted with benzene. The benzene extract was 
washed twice with 0-1 N sodium hydroxide, twice with 
water, dried with anhydrous sodium sulphate and evapor- 
ated to dryness. The extract was chromatographed on 
alumina? and eluted first with 0-3 per cent ethanol in 
benzene to give a less polar fraction and then with 10 
per cent ethanol in benzene to give a more polar fraction. 
The less polar fraction was chromatographed on paper ; 
the major Zimmermann, reacting spot was less polar (Rr 
value 0-72) than 66-hydroxy-3,5-cycloandrostan-17-one 
(Rp value 0:55). The positive Zimmermann reaction 
suggested the presence of a 17-oxo group ; the compound 
obtained by elution from paper gave a negative Petten- 
kofer reaction showing that it did not contain either a 
A5-38-hydroxy group or the 68-hydroxy-3,5-cyclo group 
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which 1s isomerized to the A®.38-hydroxy grouping under 
the acidic conditions of the reaction. Reaction with 
acetic anhydride and pyridine did not produce a change 
in the Rr value of the c»mpound showing the absence of an 
acetylatable hydroxyl group. It seemed likely, therefore 
that the metabolite was 3,5-cycloandrostane-6,17-dione. 
Authentic 3,5-cycloanirost =e-6,17-dione was prepared 
by chromic acid oxication from the 68-hydroxy com- 
pound’ and the synthstic compound was similar to the 
metabolite in the foregoimg respects. Reduction of the 
metabolite with sodium borohydride in methanol gave 
a product with the same chromatographic properties as 
the compound obtained by reduction of 68-hydroxy-3,5- 
cycloandrostan-17-one or of the synthetic dione. In 
addition, the sulphuric acid spectra of the isolated steroid. 
and synthetic 3,5-cycloandrostane-6,17-dione were identi- 
cal (Amaz 255, 300 ma, minor peak at 405 my; Amn, 
280 mz). There was nc doubt, therefore, that the isolated 
metabolite was 3,5-cycloandrostane-6,17-dione. 

Yields of the 3,&cycloandrostane-6,17-dione were 
maximal at incubation. times of 1 or 2 h, compared with 
15 or 30 min. Paper chromatography of the more polar 
fraction in the solvent system hght petroleum, benzene, 
methanol, water (5:5:4: 1, by vol.) consistently showed 
the presence of three Zimmermann reacting spots with 
Ep values of 0:06, 0-17 and 0-26. These latter spots were 
also obtained by meukation of 3,5-cycloandrostane-6,17- 
dione with liver homogenate, but no 68$-hydroxy-3,5- 
eycloandrostan-17-one was produced under these condi- 
tions. Whereas oxidation of 6-hydroxylated oestrogens 
to 6-oxo ones has been reported, the oxidation of a neutral 
steroid 6-hydroxyl group has not been described prev- 
ously although 6-oxo>rogesterone was produced by 
perfusion of cow placerta with progesterone®. 

D. W. DAVIDSON 
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Medical Research Council Clinical Endocrinology 
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University ct Edinburgh. 
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Simple Determinat.on of Heart-specific Lactic 
Dehydrogenase Isoenzyme in Serum 


THE denaturation of proteins by urea 1s a well-known 
phenomenon, the mechgnism of which has been investi- 
gated by Lauffer’. 

Enzymes, like other protein entities, are subject to the 
denaturating activity of urea, which can be measured by 
the loss of enzyme acuvity. It was first shown by 
Plummer et al.? that 2 M urea in a pyruvate/phosphate 
buffer/substrate system completely inhibited the lactic 
dehydrogenase (LDH) ectivity of human liver extract, 
and it also completely inhibited the LDH activity of 
crystalline preparations cf rabbit skeletal muscle, whereas 
that of human heart ani crystalline beef heart prepara- 
tions was inhibited only to the extent of about 20 per cent. 
Brody*, studying the eff=ct of various enzyme inhibitors 
on organ specific isoenzymes of LDH, found in an electro- 
phoretic experiment thai urea specifically inhibited the 
LDE. isoenzymes, which were travelling with those frac- 
tions slower than albumin. The specific inhibitory 
property of urea has been used here to develop a simple 
spectrophotometric method for the determination of 
heart-specific LDH isoerzyme levels in human sera for 
clinical application. 
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The buffer solution used was KH,PO, and K,HPO,, 
0:05 M, pH 7-5. The substrate was 3-1 x 10-4 M sodium 
pyruvate, made up in the buffer and referred to as ‘buffer/ 
substrate’. The co-enzyme was 8 x 10 M NADH-H?, 
made up in 1 per cent sodium bicarbonate and the inhibitor 
was 2:60 M urea, made up in the above ‘buffer/substrate’. 
Unicam ‘SP600’ and ‘SP500’ and Hilger and Watts 
‘Spectrochem’ spectrophotometers at 366-my. wave-length 
in & l-em lightpath rectangular cuvette were used. 

2°85 ml. “buffer/substrate’ and 0-05 ml. co-enzyme were 
mixed in the spectrophotometer cuvette, and the tempera- 
ture was brought up to 25° Cin a water-bath. The cuvette 
was then transferred into the spectrophotometer well and 
0-1 ml. serum was added. It was mixed well and the 
absorbancy of the spectrophotometer was adjusted to 
read 0-500 using the slit control. 

The change in absorbancy was read after exactly 2 min. 
This will be referred to as AAs min,, and AA/t (min) x 
9,110 = I.U.B. units of LDH/ml. of serum. 

It should be noted that, in case the enzymatic activity 
of any serum produces an absorbancy change greater than 
0-1/min, the measurement should be repeated, using 
0-02 ml. of serum and adjusting the total volume of 
‘buffer/substrate’ accordingly. In this case the factor for 
calculation will be 45,500. On the other hand, if the 
change corresponding to the enzyme activity of total 
LDH in the serum is below 0-020/min it is better to repeat 
the determination using 0-20 ml. of serum and adjusting 
the ‘buffer/substrate’ volume accordingly as well as the 
final result. 

If it is necessary to know the concentration of LDH 
other than heart-specific isoenzyme in serum, the 
determination is repeated, using the same method, 
without urea inhibitor. Thus: 


LDH: = LDH; + LDH; 


where LDH; is the total LDH, LDH is the heart-specific 
fraction and LDH; is the residual LDH activity. 

The specificity of this method, applied to five different 
tissue extracts, can be seen from Table 1. It is clear that 
2°6 M urea inhibits the LDH. contained in heart extract 
by approximately 40 per cent. This result ties up well 
with the isoenzyme sub-unit composition of LDH as 
postulated by Appella and Markert*. 


Table 1 
r Percentage of total 
Tissue extract LDE activity inhibited 
by 2°60 M urea 
Heart muscle 40 
Skeletal muscle 98 
Liver 99 
Erythrocyte 99 


All extracts were made by water and sand treatment of tissue samples in 
a mortar. The activity measured is related to the total protein content of 
the organ extract to enable a true comparison of different samples. 


Table 2. ISOENZYME SUB-UNTT COMPOSITION OF THE FIVE LDH ISOENZYMES 
AS SEPARATED BY ELECTROPHORESIS FROM HEART MUSCLE EXTRACT BY 
APPRLLA AND MARKERT 


‘Sub-unit composition’ Percentage of 
LDE (Appella and Markert) total activity” 
Album. + LDH, BBBB 60 
LDH, BBBA 30 
3 BBAA 5 
LDH, BAAA 3 
AAAA 2 


Gamma — LDH, 
giob. 


Accordingly (see Table 2), 60 per cent of the total LDH 
activity can be found on starch-gel electrophoresis of 
heart musele extract in the albumin position. A further 
30 per cent of total activity is to be found in the «a, 
globulin position. The remaining 10 per cent of total 
activity is divided among the rest of the globulins. It is 
thought that this 10 per cent must be due to contaminating 
activity of blood during the preparation of organ extracts, 
and that it is really only the two isoenzyme sub-unit 
compositions of BBBA and BBBB which can be called 
true heart-specific isoenzymes. 


NATURE 


May 29, 1965 VOL. 206 


Kaplan’ has recently pointed out that the majority of 
LDH isoenzymes in the heart muscle cell, making up 60 
per cent of the total, which he named LDH-H, is the type 
which has a preferential activity on lactate, converting 1b 
into pyruvate while producing NADH-H+ from NAD; 
furthermore, that this LDH-H isoenzyme is strongly 
inhibited by even & small increase of pyruvate concentra- 
tion in the reaction mixture or in the cell. Therefore, it is 
reasonable to assume that it is favoured by conditions of 
normal cell oxygenation, when all pyruvate arising as 2 
net result of the Embden-Meyerhof anaerobic pathway 
activities is being constantly removed into the aerobic 
mitochondrial Krebs cycle for the production of high- 
energy intermediates. 

The other type of LDH. isoenzyme, which was found by 
Kaplan® in very high concentration in skeletal muscle 
extracts, favoured the anaerobic type of glycolysis as the 
energy-producing mechanism. However, the same ıso- 
enzyme, and indeed the same sub-unit composition, was 
also found to be present in the heart muscle cells to some 
30 per cent of the total LDH activity. This LDH iso- 
enzyme, which Kaplan named LDH—M, has a significant 
preference for converting pyruvate into lactate and 
producing NAD from NADH~H*, which NAD in fact is 
being used by the enzyme glyceraldehyde-P-DH (1.2.1.9) 
further up in the Embden-—Meyerhof glycolytic pathway for 
the conversion of glyceraldehyde-3P into 1,3P glycerate. 

It is therefore clear that the activity found using the 
above urea/buffer/substrate system in heart muscle 
extracts, which is 60 per cent of the total LDH activity, of 
the same extract, can be attributed to Kaplan’s LDH-H, 
which is Appella and Markert’s BBBB sub-unit composi- 
tion fraction. On the other hand, the 30 per cent activity 
of total LDH, which is inhibited together with the remain- 
ing ‘contaminating’ 10 per cent of total LDH activity, is 
due to the LDH-M or BBBA sub-unit composition frac- 
tion, having a different role within the heart muscle cell, 
and not being affected during an episode of lack of O, 
in the same tissue, as the direct result of a myocardial 
infarction. 

Control tests, when heart tissue extracts were added to 
human serum, resulted in a good recovery of this added 
heart-specific isoenzyme of LDH. This can be seen from 
Table 3. 


Table 3 
Amounts of heart extract Calculated activity Measured activity 
added to 3n, serum IUB units/ml ) (IUB mortal ) 
0 60 100 102 
1:00 140 144 


Heart extracts containing 300 LDAA IUB units/ml. Human serum 
containing 40 LDH} IUB units/ml. 


The foregoing method has the obvious advantage over 
other existing methods that it is simple, rapid and does not 
require elaborate technique or equipment. At the same 
time it enables the determination of the true LDH» using 
a direct method. 

Attempts are now being made to evaluate the clinical 
importance of this method on a larger scale using normal 
healthy human. material. This is necessary, since it was 
seen from the preliminary trials that levels of LDHa, 
hitherto accepted as normal, are not applicable as judged 
by this new method. The final results of these trials will 
be published elsewhere. 

This work was partly aided by a ©. F. Boehringer- 
Mannheim medical research grant. 
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cal Structure and — Activity of 
Synthetic and Natural Cardiolipin 

GaRDIoIPIN was first isolated by Pangborn! from 
-ox-heart and this compound proved to be the essential 
‘lipid of the antigen in the serodiagnosis of syphilis. Based 


y On hydrolysis investigations, Macfarlane et al.?3 and 


Faure and Morelec-Coulon*® arrived at the conclusion 
that cardiolipin has a diphosphatidyl glycerol (I) struc- 
ture. Recently, LeCocq and Ballou! confirmed this view, 
but Rose? favoured a structure isomeric to that originally 
proposed by Pangborn*. Conclusive evidence about the 
structure of cardiolipin has now been obtained by means 
of chemical synthesis. 

We have succeeded in the preparation of diphosphatidy] 
glycerol (I) by a condensation reaction between silver 
y-stearoyl-6-oleoyl-L-«-glycerobenzyl phosphate and a,y- 
di-iodo glycero-8-t.butylether followed by removal of the 
protecting benzyl and £. butylether functions’. Compari- 
son of ox-heart cardiolipin with the synthesized com- 
pound revealed no differences in chromatographical 
= behaviour, infra-red absorption, melting point and optical 

rotation (natural cardiolipin [«]5 + 55°; synthesized 
diphosphatidyl glycerol [a]; + 58°, both in chloroform 
ce (ref. 10)). Mild alkaline hydrolysis of the natural cardio- 
lipin and the synthetic material yielded water-soluble 


_ phosphate esters indistinguishable by paper electro- 


phoresis and chromatography. Final proof for the identity 
of natural cardiolipin and synthetic diphosphatidyl 
glycerol was obtained by enzymatic hydrolysis with the 
phospholipases A {EC 3.1.1.4) and C (EC 3.1.4.3). Short- 
time incubation of both phospholipids with Crotalus 
adamanteus venom (in the presence of stearylphosphory! 
choline which reduces the negative charge of the lipid 
micelles) resulted in the formation of two lyso-derivatives 
lacking one and two §-fatty acids respectively. After 
prolonged incubation both phospholipids were quantita- 
tively converted into one slow-moving lysophospholipid 
containing half the amount of fatty acids originally 
present?®. 

In accordance with the findings of Ottolenghi! the 
action of phospholipase C appeared to be catalysed by 
zinc ions. A short incubation of both substrates with the 
enzyme of Bacillus cereus yielded a 1,2-diglyceride and a 
phospholipid which was found to be chromatographically 
identical with chemically synthesized phosphatidyl gly- 
cerophosphate”. Prolonged action of this enzyme con- 
verted both the synthetic and isolated cardiolipin com- 
< pletely into 1,3-diphosphoglycerol (not contaminated 
= with the 1,2-isomer) and 1,2-diglyceride. These findings 
co unequivocally demonstrate that cardiolipin from ox-heart 

is identical to 1,3-diphosphatidyl glycerol. A great 
number of synthetic acidic phosphatides have been investi- 
gated as possible substitutes for cardiolipin in the sero- 
diagnostic tests for syphilis? 4; none of these synthetic 
samples revealed an activity which equalled that of ox- 
heart cardiolipin. The serological activity of our synthetic 


a product was compared with that of ox-heart cardiolipin 


5 by Dr. J. H. de Bruijn of the National Institute of Public 
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Fig. 1. Structural formula of diphosphatidyl glycerol (cardiolipin). 


tows (1) and (2) indicate the sites of attack of phospholipase A and 
phospholipase C respectively 
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Health (Utrecht). As present more than one hundred ; 
sera have been investigated. In the Kolmer coraplement 


fixation test the reacti ity of the synthesized dippospha- 


tidyl glycerol appeared, to be indistinguishable from those — 
of ox- heart car Mobi In the VDRL slide test the syn- 


reals without altering the specificity of the reaction. ‘Tt 
should be noted that o»-heart cardiolipin consists of about 
80 per cent of linoleie acid in contrast to our synthetic 
product, which contains equimolar amounts of stearic 
and oleic acid. The sesults obtained in the serological 
assays indicate that —— of unsaturation of the fatty 
acids apparently is met of primary importance for the 
activity of cardiolipin: i in this reaction. With regard to 
the relation between. structure and activity of acidic 
phospholipids in the srological assays for diagnosis of 
syphilis, it will be of mterest to evaluate the significance 
of the zeta-potential e” the micelles of the lipid antigen. 
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‘Isoallergens’ from Rye Grass Pollen 


SEVERAL methods for the purification of allergens from 
pollens and from other vegetable and animal sources have 
been reported! but racently, by utilizing highly selective 
chromatographic procedures, it has been possible to 
obtain allergens of much higher purity than hitherto 
deseribed!* 1, At least two groups of allergens have been 
found in rye pollen, a major group, active in the majority 
of sensitive patients, end a minor group, active in only 
a small proportion. i+ seems likely that such groups also 
exist in other grass anc. ragweed pollens causing hay-fever. 

The method of isoleting rye pollen allergens, described 
in detail elsewhere, was briefly as follows. Ether- 
defatted rye grass prilen was extracted with 0-001 M 
NH,HCO, at pH 8 and the clarified extract was dialysed 
against the same solvent. The allergenic non-dialysable 
material was then concentrated by freeze-drying (yield: 
6 g/100 g defatted pe This process has repeatedly 
been shown to yield: virtually all the allergenic sub- 
stances!)3.1%.12, assayed by quantitative skin testing on 
allergic volunteers. Allergenic components were then 
isolated by fractionation of dialysed extracts successively 
on columns of DE*E-cellulose and ‘Sephadex G75’. 
Homogeneity of the © “actions was assessed by starch- gel 
electrophoresis (Fig. |i, ultracentrifugation, behaviour on 
‘Sephadex G75’, N-tarminal amino-acid analysis and 
immuno-diffusion against rabbit anti-rye pollen sera. 
Their skin activity, relative to whole-pollen extract, was 
shown to increase at each stage of purification of the major 
allergenic fractions. 

Two allergens, « and 6, were each homogeneous accord- 
ing to the foregoing 2riteria and by gel-diffusion assay 
appeared to be immumologically identical (Fig. 2 and ref. 
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10). In many physical and chemical properties (including 
molecular weight, amino-acid analysis, carbohydrate 
compositions and peptide fingerprints) they were almost 
identical’®:'*, but the -allergen migrated more rapidly 
than the « in starch-gel electrophoresis at pH 8-5 (Fig. 1 
and ref. 10). Certain cruder fractions, for example, 
I (ref. 14), contained, in addition to « and 8, small quantities 
of two closely related, antigenically identical components, 
possessing mobilities in gel electrophoresis which were 
less than and greater than both x and 8, respectively 
(Fig. 1). The foregoing allergenic fractions and the 
purified allergens (« and $8) were highly skin-active in 
all 16 rye-sensitive individuals so far tested: their specific 
activities, S, relative to the whole non-dialysed extract, 
were experimentally indistinguishable (average S = 130 
by graphical methods?%.19), Fractions « and B and the 
related components have been termed major allergens. 





10 


Old designation 
New designation 





Orkin 


F [ 


Fig. 1. Starch-gel electrophoretic patterns in borate buffer"at pH 85 
for a dialysed whole-rye pollen extract, IV, and the "major ‘allergenic 
fraction I. [Protein-staining by amido-black 108 
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(a) (b) 


Fig. 2. Immunodiffusion patterns. a, For purified rye pollen allergens 

against rabbit antiserum 5. Fraction a7 was heated for 10 min at 100° C 

in physiological saline at pH 7-3; 6, for tests of possible inhibition of 

precipitin line formation between the major rye allergen, a(I-B), and 

rabbit antiserum, S. 10£, 5E, etc., refer to the number of equivalents of 
y (II-B) mixed with the antiserum prior to diffusion 


Their molecular weight was shown by physical methods 
to be 32,000-34,000 in fair accord with that (31,500) 
suggested from amino-acid analytical results. The very 
close similarities in the physical properties, amino-acid 
analyses and tryptic and chymotryptie fingerprints of 
x and È have led to the suggestion that « and 8 may differ 
solely in their amide content”, 

Two further allergenic fractions, v and 8, of molecular 
weight about 10,000 were skin-active in a small proportion 
of rye-sensitive individuals (with S = 600) and are con- 
sidered to be members of a minor group. Fractions y and 3 
possessed the same rate of migration on ‘Sephadex G75’; 
neither could be shown to elicit the formation of the 
precipitating antibody in the rabbit, but they were dis- 
tinguishable by their different rates of migration in starch- 
gel electrophoresis at pH 8-5 (Fig. 1). 

According to gel-immunodiffusion analysis, fraction y 
failed to inhibit precipitin line formation between « and 
rabbit anti-rye serum, when up to 20 molar equivalents 
were mixed with the serum prior to diffusion (Fig. 2). 
This result established the non-identity of antigenic 
determinants for the major and minor fractions. An 
indication of the non-identity of allergenie determinants 
was suggested by the fact that the minor group of allergens 
is active only in a small proportion of the individuals who 
are sensitive to the major group. This was further sub- 
stantiated when it was shown that a large excess of 
fraction y, mixed with allergen 8, failed to inhibit skin 
reactions in those individuals sensitive only to the major 
allergens. 

A series of experiments was performed in an attempt to 
locate the origin of the biological activity of the allergen 
molecules. Total tryptic, chymotryptic and peptic 
digests of « all failed to inhibit the formation of a pre- 
cipitin line between « (or 8) and rabbit antisera: these 
digests were also completely non-allergenic. A glycopeptide 
fragment, isolated after extensive enzymatic digestion of « 
(ref. 10), behaved in the same manner. However, certain 
partial peptic and chymotryptic digests did inhibit pre- 
cipitation though possibly due to unaltered allergens. 
These results, together with others utilizing chemically 
modified allergens (to be published), indicate that the 
tertiary structure of certain parts of the major allergens 
is probably essential for full antigenic and allergenic 
activity. 

Preliminary results using timothy grass pollen revealed 
that a prominent allergenic fraction possessed similar 
electrophoretic and chromatographic properties to the 
major rye allergens. Malley et al. also observed allergenic 
activity in a fraction of molecular weight 9,000—-10,000 
(ef. rye allergens y and ô). However, a more striking 
comparison may be made between the rye allergens and 
those of ragweed pollen isolated by King and Norman". 
Allergenic activity occurred in two different types of 
fraction as in the eases of rye and timothy pollen. A major 
group of four allergens, with molecular weights of about 
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38,000 and equal activity in all ragweed-sensitive indi- 
viduals, gave a 4-band starch-gel electrophoretic pattern 
very similar to that of rye'®. An allergenic fraction of 
lower molecular weight (~ 10,000), which was not fully 
characterized but which demonstrated skin-activity only 
in certain ragweed-sensitive individuals, also occurred. 
However, the ragweed allergens possessed quite different 
susceptibility to enzymatic hydrolysis; and with certain 
other differences in physical properties, 1t is clear that the 
ragweed and rye allergen molecules differ significantly. 
The common feature seems to be the pattern in which 
allergenic activity is distributed among various materials 
extracted from the pollens. mce, m each case, groups 
rather than single allergens occur, it seems appropriate 
to refer to the members of a group as ‘isoallergens’ by 
analogy with ‘isoenzymes’, and convement to introduce a 
nomenclature whereby corresponding isoallergenic groups, 
as well as individual membors for different pollens, could 
be compared. Thus the major and minor groups could be 
termed I and II respectively, and individual allergens 
designated alphabetically according to apparent mobility 
in starch-gel electrophoresis at alkaline pH (cf. King 
et al.4). Hence rye allergens comprising bands 3, 4(«), 
5(8) and 6 on starch-gel (Fig. 1) are termed I-A, B, ČC 
and D, and King’s ragweed allergens IV-A, B, C, D 
become I-A, B,C, D. Rye allergens y and ò now become 
H-B and I-A, respectively. 

Stanworth!® has recently suggested that the carbo- 
hydrate moieties of allergenic substances are probably 
important for allergenic activity. Substantial evidence 
against such a hypothesis being applicable to pollen aller- 
gens has now accumulated. Augustin!’ found that several 
carbohydrases did not affect the allergenic activities of 
timothy and cocksfoot pollen extracts. Furthermore, it 
has been strongly indicated that neither alder nor ragweed 
pollen allergens contain carbohydrate?+1. The failure of a 
glycopeptide fragment from allergen « to inhibit the anti- 
gen-antibody reaction between «œ and rabbit anti-rye 
pollen serum adds weight to the view that a carbohydrate 
moiety is not important allergenically. On the other 
hand, some alteration and inactivation of this fragment 
during hydrolysis cannot yet be ruled out. 

We thank Dr. F. H. Milner of Bencard Allergy Unit for 
supplies of defatted pollen, Drs. A. Cronin and R. R. A. 
Coombs for help with the skin testing and in preparation 
of rabbit antisera, and Drs. F. Sanger and L. F. Smith 
for laboratory facilities and advice on chemical problems. 
One of us (D. G. M.) was supported financially by a 
grant from the Department of Scientific and Industrial 
Research. 
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Isolation and Partial Characterization of a 
Pink Pigment from Normal Human Plasma 


Durme our work on the very soluble constituents of 
normal human plasma a pink pigment was discovered. 

Normal human plasma was fractionated according to 
Cohn method 6 (ref. 1). From the supernatant solution of 
fraction V obtained by this technique, fraction VI? was 
rendered insoluble at gH 5-8 and —5° by addition of 
1 M ZnAc, to give a final concentration of 0:06 M. The 
resulting precipitate was dissolved with pre-cooled 
neutralized ethylenediamine tetraacetate and dialysed 
against cold distilled water. A preliminary separation of 
the components of fraction VI was achieved by chromato- 
graphy on a DEAE-cellulose column at pH 5. The major 
part of the proteins inccuding albumin, «,-acid glycopro- 
tein? and the 3S «,-glyzoproteins? was retained, whereas 
the effluent contained the relatively basic compounds 
including certain basic peptides? and the y-globulins of 
low molecular weight’. The effluent was applied after- 
wards to a CM-cellulose column at pH 6. A pink zone was 
noted near the upper end of the column. Fractional 
elution utilizing an ionic strength gradient led to the 
release first of the 3S y,- and afterwards of low-molecular- 
weight y,-globulins. Thereafter the pink zone was 
displaced at an ionic strength of 0-6. The solutions 
obtained were separate-y dialysed and lyophilized. 

The resulting pink preparation of which the weight 
was approximately 0-2 mg/l. of pooled outdated normal 
human plasma appeared heterogeneous on paper electro- 
phoretic analysis at pH 8-6 (Fig. 1). The unstained 
electropherograms showed a pink band which had moved 
toward the cathode. After staining with amido black, 
four zones were notec with electrophoretic mobilities 
corresponding to the «.-, B,- and y,.-globulins and to the 
basic compound B, (ref 4), respectively, the latter form- 
ing the major band. The pink pigment having the 
highest cathodic electcophoretic mobility was clearly 
separated from the basic compound but did not stain with 
amido black. The absozption spectrum of this chromogen 
(Fig. 2) revealed a major maximum at 407 my and two 
minor maxima at 516 and 540 my. As expected, the pink 
compound does not exhibit vitamin B,, activity, as 
vitamin B,, is known tc undergo changes very rapidly on 
exposure to light’. Further investigations pertaining 





a By 3 Ba C 
Paper electrophoret® analysis at pH 8 6 of the human plasma 
ink chromogen (C) The position of the compo- 
th anado black 10B, ag-, pı- and y,-globulins and 
the basic compound Ra. are indicated by dotted areas 


Fig. 1. 
fraction containing a 
nents demonstrable 


15 


Optical density 
> 


> 
D 


500 
my 


Spectrum of the p.rtially purified pink chromogen of normal 
human plasma 


300 430 800 700 


Fig. 2. 


& 


938 


to the possible biological activity of this chromogen the 
content of which was estimated to be less than that of 
vitamin B,, of blood*~® are in progress. 

We thank Prof. Pl. A. Plattner, Hoffmann-LaRoche 
and Co., for testing this fraction for vitamin B,, activity 
and the Massachusetts Department of Health for providing 
the starting material. This work was supported by a 
U.S. Public Health Service Research Grant (G@M-10374) 
from the National Institute of General Medical Sciences. 
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Thin-layer Chromatography of Sugar 
Phosphates from Muscle 


SEPARATION of sugar phosphates occurring in plant 
material was achieved by Bandurski and Axelrod? using 
paper chromatography, while Bove? and Randerath®-4 
separated a mixture of known nucleotides by thin-layer 
chromatography. Since the usual methods for separating 
and identifying the sugar phosphates in muscle are long 
and tedious, separation and identification by thin-layer 
chromatography were investigated. 

Standard solutions of sugar phosphates were made up 
to contain 80 per cent ethyl alcohol after freeing them 
from their metallic salts by shaking with “Dowex 50’, 
filtering and adjusting to pH 7:0 with NH,OH. The 
standards were stable for at least a week at 4° ©. Extrac- 
tion with ethanol was found to be more satisfactory than 
with water, since in the latter case removal of the water- 
soluble proteins posed special problems. Extraction of 
the sugar phosphates from 5 g of muscle tissue was accom- 
plished by homogenization with 50 ml. of ice-cold ethyl 
alcohol in a Warimg blender for 1 min followed by centri- 
fugation at 0° C for 15 mim. The supernatant containing 
the sugar phosphates was stored at — 15° C untal chromato- 
graphed. 

A number of absorbents were tried and DEAE cellulose 
was found to be the most satisfactory. 15 g of DEAE 
cellulose were shaken with 100 ml. water for 45 sec before 
spreading. After drying in air overnight, the plates were 
tailored to a semicircular fan shape, which allowed for 
radial development’. A mixture of known standards 
and the extract from muscle were both applied in 1:5-cm 
bands at the base of the fan. The most satisfactory solvent 
system was found to be isopropyl alcohol, formic acid and 
water in the ratio of 30:20:10. The minimum applica- 
tion required for detection was 0:2 mg sugar phosphate 
per 1:5 em band.. Approximately 1:5 h was required to 
develop each-plate. The nucleotides were visualized 
under ultra-violet light before spraying. The phosphates 
were detected using the spray reagent of Hanes and 
Isherwood’. After drying for 1 min at 85° C, the plates 
were developed under ultra-violet light for 5-10 min. 
It was often considered necessary to re-spray after develop- 
ing. A grey-blue line of ortho-phosphate just below the 
solvent front indicated a slight hydrolysis of the standards. 

Adenosine triphosphate, fructose diphosphate, adenosine 
diphosphate, glucose-6-phosphate, glucose-1-phosphate 
and adenosine monophosphate could be separated by this 
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STANDARDS —— | ~--—- MUSCLE EXTRACT 


ORTHO-PHOSPHATE 


ADENOSINE 
MONOPHOSPHATE 


GLUCOSE-6-PHOSPHATE 


ADENOSINE DIPHOSPHATE 
ADENOSINE TRIPHOSPHATE 


Fig. 1. Thin-layer chromatogram showing separation of sugar phos- 
phates in pork muscle 
procedure. Ruibose-5-phosphate migrated to the same 


position as adenosine monophosphate and they could not 
be distmguished if both were present, while glycer- 
aldehyde-3-phosphate occupied the same position as 
ortho-phosphate. Fig. 1 shows the separation achieved 
for the sugar phosphates in pork muscle taken 0-5 h after 
slaughter and compared with known standards. Other 
chromatographs of muscle tissue have shown simular 
separations and indicate that thin-layer chromatography 
can be utilized to separate the sugar phosphates m 
muscle. 
This investigation was supported in part by U.S. 
Public Health Service research grant HF 00212—04 from 
the Division of Environmental Engineering and Food 
Protection. 
ANNE SANDERSON 
©. E. BODWELL 
A. M. PEARSON 
Department of Food Science, 
Michigan State University, 
East Lansing, Michigan. 
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Hypertension resulting from Renal Arterial 
Injection of Microspheres 


It has been known for some time that alteration of 
renal function may lead to hypertension. If both kidneys 
are removed, renoprival hypertension ensues’. If one 
renal artery is partially constricted and the opposite 
kidney removed, blood pressure will increase to hyper- 
tensive levels’, although renal function is sufficient to 
maintain essentially normal fluid and electrolyte balance. 
The latter method is in widespread use as the means of 
producing hypertension. This communication deals with 
another method by which hypertension of renal origin 
may be produced, that is, renal arterial injection of 
microspheres. 

It was previously demonstrated that injection of plastie 
microspheres into one renal artery altered renal function 
in such a way that the injected kidney elaborates a urine 
which is similar to that of a pyelonephritic kidney*. The 
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results of those experiments indicated that injection of 
microspheres seemed to block the flow of blood completely 
to some nephrons, while allowing unaltered perfusion to 
others. It thus became of interest to determine if such a 
procedure would result in alteration in blood pressure 
similar to that obtained on partially clamping a renal 
artery. 

Mongrel dogs were anaesthetized with sodium pento- 
barbital and a polyvinyl catheter was placed ın one 
carotid artery. The catheter was filled with saline, closed 
with a metal plug and brought out through a small 
puncture wound at the top of the neck. The animal was 
then trained to stand quietly in a shng while the carotid 
catheter was connected to a mercury manometer for 
measurement of the mean blood pressure. Control 
measurements were made once a day until the mean 
blood pressure stabilized at some value. The dog was 
anaesthetized again and one renal artery exposed surgi- 
cally. Approximately 30 mg of microspheres (30-170p. in 
diameter, 5,500 spheres/mg) were injected into the renal 
artery as previously described’. The wound was closed, 
and blood pressure followed daily for about a week. The 
procedure was repeated on the other side in two dogs and 
two weeks later one kidney was removed. In three dogs 
one kidney was removed prior to injection of microspheres 
in the remaining kidney. Mean blood pressure was 
measured periodically in all dogs. 

Four of the five dogs showed a large increase (30-50 mm 
mercury) in mean blood pressure following the injection 
of microspheres. One dog exhibited only a small increase 
(20 mm mercury) in mean blood pressure followmg 
injection. The pressure rose to a maximum within 1-3 
days and then declined to normal. A few days later a 
slow secondary rise in blood pressure began in three of 
the dogs. No such secondary rise occurred in two of the 
animals. Fig. 1 shows the results obtained with one dog. 
Hach injection of microspheres caused a transient increase 
in mean blood pressure. After the removal of one kidney, 
pressure increased slowly to a maximum and was main- 
tained at about 155 mm mercury. In the two other dogs 
which showed the secondary rise, mean blood pressure 
rose and stabilized at 135 mm mercury in one dog and 
145 mm mercury in the other. All dogs appeared to be 
in excellent health. In one dog in which sodium and 
potassium concentrations of plasma were measured, no 
changes were evident. 

These experiments demonstrate that sustained hyper- 
tension of renal origin may be imposed on an animal by 
multiple small renal arterial emboli. This method has the 
advantage in that it is a relatively simple procedure and. 
that the surgery requires little handling of the kidney. 
In addition, it holds promise of being able to produce a 
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Fig. 1. Changes in mean blood pressure resulting from renal arterial 
injection of microspheres 
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graded severity of hypectension by altering the number 
of microspheres injected This latter aspect is now under 
investigation. 

This work was supported by U.S. National Science 
Foundation grant GB-1471 and in part by U.S. Public 
Health Research Career Award Programme HE-K 3-6375 
from the U.S. National Heart Institute. 
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Ovarian Response of Mice to Low Doses of 
Hormones with Fcllicle-stimulating Activity 


AN examination of the response of mice to low doses of 
pregnant mare’s serum (PMS) led to the surprising result 
that, when the dose was reduced below a certain level, the 
number of eggs ovulated increased. 

The primary object of the work was to find the dose of 
PMS required to induce she ovulation of a number of eggs 
approximately equal to shat shed at natural oestrus (the 
natural number). The experiments were carmed out on a 
random-bred strain of mice (Q strain). Ovulation was 
induced by injecting DMS (‘Gestyl’; Organon Ltd.) 
followed by chorionic gonadotrophin (CGT) (‘Pregnyl’; 
Organon Ltd.) 43 h later, as described by Fowler and 
Edwardsi, the eggs being counted 21-24 h after the 
second injection. Between 10 and 15 mice were used to 
test each dose. 

It was realized that the response might be affected by 
three factors: (1) the dose of PMS; (2) the dose of CGT; 
(3) the physiological stete of the mouse at the time of 
treatment. Of these, (1° ıs the variable to be examined. 
Factor (2) has been shawn by Fowler and Edwards? to 
be relatively unimportant. They found that a dose of 
2 LU. was adequate in treatments designed to induce the 
ovulation of more than the natural number of eggs. Tas 
was confirmed in Q-strain mice, and a dose of 2 L.u. was 
consequently chosen. To reduce vanation due to factor 
(3), all females were 7-9 veeks old, virgins, and in dioestrus 
at the time of the first trjection. 

Preliminary studies suggested that the natural number 
of eggs was shed in response to approximately 4 r.u. of 
PMS. The interesting pcint, however, was that low doses 
appeared to induce the ovulation of fewer eggs than would 
be shed naturally. Burdack et al.* found that luteinizing 
hormone (LH) alone, ix doses between 1 and 100 10., 
induced the ovulation oi a ‘natural complement of eggs’. 
It appeared therefore that the ovarian response to low 
doses of PMS might be less than the response to CGT 
alone, without any PMS In order to test this possibility 
further, the response to doses between 0 (that 1s, water 
alone) and 6 r.o. PMS was examined. The results, which 
are shown by solid circbs in Fig. 1 a, support the sup- 
position that low doses produce less response than very 
low, or high doses; that is, there appears to be a dip in the 
early part of the dose-response curve. A similar dip in the 
dose-response curve was also seen in a small experiment, ın 
which, a different preparstion of PMS (‘“Equinex’; Avyerst, 
Ltd.) was used, as shown by open circles in Fig. 1 a. 

At this stage it was taought that the presence of LH 
activity in the PMS could be a complicating factor, and so 
the experiment was repeated with a preparation (NJH-— 
EF SH-S2) of purified folicle stimulating hormone (FSH). 
A preliminary trial resulted in a decline from 14-7 to 8-7 
eggs when the dose was increased from 0 to 0:15 mg, as 
shown in Fig. 1 b (open zircles); and similar results were 
obtained in a second exp2riment covering a wider range of 
doses, as shown by the sclid circles in Fig. 1 b. The results 
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Fig. 1. Ovarian responses to different doses of hormones with FSH 
activity. Each point is the mean of between 10 and 15 mice, and the 
vertical lines extend to + one standard error. a: PMS; solid ctroles, 
‘Organon’; open circles, ‘Equinex’. — b: purified FSH—NIH~PSH-S2 
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show that the dip m the dose-response curve is a real 
phenomenon, the explanation of which could have 
interesting consequences. 

These results may be interpreted as being evidence of 
an interaction between the exogenous hormone adminis- 
tered by the injection, and the endogenous follicle stimulat- 
ing system. The possibility of such an interaction is 
supported by the work of Szontégh and Uhalric*, which 
indicates the presence of a direct negative feed-back 
system controlling the secretion of pituitary gonado- 
trophins in the rat; furthermore, their work suggests 
that the pituitary is the most likely site for this interaction. 
However, the characteristic of a negative feed-back system 
is that it maintains the activity of the system at a constant 
level, and should not allow the reduction in the level of 
activity demonstrated in these experiments. The reason 
for this apparent anomaly becomes clear when we examine 
the way in which the system maintains the equilibrium. 
The basic requirement is that the level of end-product is 
inversely correlated with the rate of its formation; in this 
case the circulating FSH must suppress the rate of its 
release from the pituitary, that is, the hormone must 
have two activities, pituitary suppression and follicle 
stimulation. Now, if we assume that the biochemical bases 
of these two requirements are to some extent different, 
and that the exogenous hormone is relatively more active 
in suppressing the pituitary than stimulating the ovary, 
then the reduction in the resultant level of follicle- 
stimulating activity is bound to follow when the dose is 
within a certain range. In view of the difference between 
the two activities, and the fact that FSH is not a simple 
molecule, the independence of the two activities seems a 
reasonable supposition. Also, when one takes into account 
the fact that the exogenous hormone is not mouse FSH, 
and that it is administered noan-physiologically, the 
assumption of its differential potency becomes even, more 
readily acceptable. 
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If we now interpret the observed dose-response curves in 
the light of this hypothesis, we can see that each is the sum 
of two underlying curves, which represent the endogenous 
and exogenous contributions to the circulating level of 
follicle-stimulating activity. As the dose increases, the 
initial decline in ovarian response is the result of the rate 
of increase in pituitary suppression being greater than the 
rate of increase in the level of follicie-stimulatang activity 
of the exogenous hormone. However, as the suppression 
reaches its maximum, the situation becomes reversed, 
and the number of eggs shed increases in response to 
increasing doses of exogenous hormone. 

The evidence presented leads to the conclusion that the 
injection of low doses of hormones with FSH activity can 
reduce the level of activity of the endogenous follicle- 
stimulating system, and that this property is not specific 
to a single preparation. 

I thank Dr. D. S. Falconer for his advice; the Agri- 
cultural Research Council for a postgraduate student- 
ship; and the U.S. National Institutes of Health for the 
supply of NIH-FSH-S2. 


R. B. LAND 


Institute of Animal Genetics, 
West Mains Road, 
Edinburgh, 9. 
1 Fowler, Ruth E., and Edwards, R. G , J. Endocrin., 15, 374 (1957). 


? Fowler, Ruth E., and Edwards, R. G., Genet. Res. Camb., 1, 393 (1960). 


> BY ae i Watson, H., Ciampa, V., and Ciampa, T., Endocrinology, 
4 Szontagh, F. E., and Uhalnic, S., J. Bndocrin., 29, 203 (1964). 


Estimation of Body-weight, Carcass Weight 
and Carcass Composition of Live Lambs 
with a Radio Frequency Bridge 


THE use of a capacitance meter to measure the amount’, 
wet and dry matter content? and water content? of 
pasture herbage has been described previously. As 
similar data are of interest in farm animals‘, an apparatus 
was designed by two of us (D.S.M.P. and G. de la M. N.) 
to measure the capacitance and resistance of live lambs. 
The instrument essentially consists of two parallel plates 
of aluminium foil 3 ft. square backing on bakelite sheets 
12 in. apart. Capacitance and resistance measurements 
were taken on a Wayne Kerr radio frequency bridge 
B601 at a frequency of 5 Mc/s. The plate nearer the 
operator was earthed and he had to keep a constant 
position while readings were being taken on lambs. A 
background reading was taken before and after each lamb 
recording and the mean of the two background readings 
was subtracted from the measurement for each lamb to 
give those reported here. Duplicate runs were made on 
each series of lambs and the mean of the two observations 
has been. used in all calculations. 

In a preliminary run with 18 woolly cross-bred lambs 
ranging in body-weight from 44 to 72 1b., highly significant 
correlations of 0-81 and 0-59 were found between live 
weight and capacitance (uuF) and resistance (ohms) 
respectively. The correlation between duplicate capaci- 
tance measurements was 0-82 and between duplicate 
resistance readings was 0°83. 

As we believed that large amounts of fleece might 
interfere with the readings, an experiment was planned 
using two groups of 10 Southdown x Romney ewe 
lambs, one group of which had been shorn three months 
previously ; the other group had eight months wool 
growth. The 20 lambs were randomly weighed and 
measured in the capacitance meter on one day and were 
slaughtered the next morning. The mean body-weights, 
hot dressed carcass (skinned, eviscerated, headless with 
metacarpals and metatarsals removed) weights and hot 


carcass composition in terms of water and ether-extract ~ 


content as determined by methods previously described® 
are presented in Table 1. 


I 
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The relationships between the electronic measurements 
and live and carcass weight are given in Table 2, the latter 
weight indicating the most important part of the animal 
body from a commercial point of view. In most cases the 
correlations observed on the shorn animals were better 
than the corresponding correlations on the unshorn 
animals. The correlation between capacitance and carcass 
weight was significantly larger for the shorn than for the 
unshorn lambs. As had been observed on the previous 18 
lambs, capacitance was more closely related to live weight 
than was resistance and capacitance was more closely 
related to carcass weight. However, when combined 
with live weight, resistance was about as effective in 
reducing the residual standard deviation (R.S.D.) as was 
capacitance. These combinations were more closely 
related to carcass weight than was live weight alone 
(resulting in a significant reduction of the &.S.D.), a result 
that is required, before further research on this subject is 
warranted as live weight is a simple and inexpensive 
measurement to record. The combination of the three 
variables for predicting carcass weight did not further 
increase the accuracy over that achieved by the com- 
bination of two. 

Because the electronic measurements appeared to be 
more closely related to the carcass weight of the shorn 
lambs, we considered that this was more likely to be the 
case for the carcass components as well. Relationships 
between various measurements and the ether-extract 
and water content of the carcasses from the shorn lambs 
are therefore presented in Table 3. This table shows that 
the standard measurements of body weight and carcass 
weight gave useful information about the composition 
of the lambs, but it should be remembered that the lambs 
must be slaughtered to obtain carcass weight whereas all 
other measurements could be taken while the animals 
were still alive. When combined with live weight, the 
resistance measurement significantly reduced the R.S.D. 
for ether-extract prediction as compared with body- 
weight alone. The electronic measurements had little 
effect in reducing the residual standard deviation for the 
water content of the carcasses. 


Table 1. WEIGHT AND COMPOSITION OF TWO GROUPS OF TEN LAMES 
Shorn Unshorn 
Component Symbol Mean S.D. Mean S$ 
Live weight (lb.) L 57°6 7-9 562 75 
Hot carcass weight (Ib.) COW 28-2 4-8 274 4? 
Capacitance (uuF) C 34-0 T4 33 9 6-5 
tance (ohms) RÈ 101-2 360 1054 30-4 
Carcass ether-extract db.) E 8-4 23 — =-= 
Carcass water (Ib.) WwW 14-9 20 — — 


Table 2. RELATIONSHIPS BETWEEN LIVE WEIGHT, HOT Carcass WEIGHT, 
CAPACITANCE AND RESISTANCE 
(Correlation coefficients and residual standard deviations, R.S_D., from 
regression presented) 


Shorn Jambs Unshorn lamb 
Predicted* Predictand* Correlationt R.S.D. Correlation 2&.S.D. 
c R 0-816 4 52 6-990 008 
L C 0-895 3-77 0-8302 4-74 
L R 0 576 6°88 0-767 5-10 
Cw L 0 960 1°41 0-965 1-30 
CW C 0-956 1°49 0-677 3°63 
Cw R 0-713 8-55 0-888 3-83 
CW LC 0 984 0-95 0-978 1:08 
Cw L,R 0'980 1:07 0:979 1-07 
Cw O. R 0 963 1:48 0-729 3 63 
CW L,C, R 0 985 1-01 0-979 1°12 


* Symbols used in Table 1. 
— d.f. (1 predictand) r = 0632 for P = 005, r = 0785 for 


Table 3. ESTIMATION OF ETHER-EXYRACT AND WATER CONTENT OF THE 
CARCASSES OF TEN SHORN LAMBS FROM THEIR LIVE WEIGHT, CAROASS 
WEIGHT, QGAPACITANOE AND RESISTANCE 


Ether-extract Wate 
Predictand Correlation. FSD. Correlation R.S.D. 
L 0-896 1-08 0-940 072 
CW 0-949 0°77 0-956 6 62 
CG 0:905 1-04 0:907 0 88 
R 0-795 1-48 0 570 1:73 
L,C 0 926 0:99 0-952 0-69 
L,R 0 959 O74 0'941 0-78 
C, R 0910 1-08 0 953 068 
cw, Oo 0 949 0'82 0 956 0 66 
CW, R 0 964 0:69 0 969 055 
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Although the results appear promising, it must be noted 
that they were observed in retrospect and the many 
factors which may infuence the relationships from a 
predictive point of view have not yet been investigated. 
For example, different prediction equations were needed 
for the shorn and the unshorn lambs and different readings 
were noted when a group >f lambs were repeatedly measured 
in the meter at weekly ictervals. The differences were un- 
likely to represent only differences in composition and fill. 
The position of the lamb in the apparatus was found to 
influence the readings obtained, and urine on the floor of 
the meter had a marked effect on the observed resistance. 
An improved capacitacce meter is being designed for 
testing during the comirg season and a description of the 
apparatus and more cetailed results will be reported 
elsewhere. 

We thank the Rualkura farm staff, Mr. K. E. Jury 
and Miss J. E. Webster for statistical assistance, Mr. 
F. S. Pickering and Miss L. M. Towers, who carried 
out the chemical analyses, and Miss M. E. Mitchell, who 
assisted with the recording and measuring. 
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Effect of Androgenic Steroids on the 
Formation of Skeletal Matrix in Rats with 
Fra-tured Bone 


Ir is generally recogrized that certain anabolic steroids 
exert a positive influence on callus formation, particularly 
in the case of delayed union of fractured bones, by the 
stimulation of mesenchymal growth, increase of new bone 
formation and calcification of callus!:*. By our investiga- 
tions on the influence of various injurious agents on 
mineral metabolism in she bones of white rats, the exist- 
ence of a generalized skeletal reaction has been shown 
also in the case of a facture®. In one series of experi- 
ments the influence of anabolic androgenic steroids on 
callus formation and or this generalized reaction has been 
investigated. i 

In two groups of white male Wistar rats, weighing about 
120 g, a closed mid-shaft tibial fracture on the right hind 
leg was caused manually. No additional treatment was 
performed in rats of tke first group, while in the second 
group six subcutaneous injections of 17a-19 nortesto- 
steronephenylpropionate (‘Superanabolon’, SPOFA) during 
the first two weeks after the fracture were administered 
to the total amount >f 500y of the active substance. 
The period of observation lasted 39 days. At intervals of 
4, 9, 16, 23, 30 and 39 days after fracture, 5 experimental 
animals from each greup and 5 healthy controls were 
separated and each animal received a dose of 100 pe. 
Na,“*SO,, dissolved in 1 ml. of saline (pH modified to 
about 7:0). The injection was given intraperitoneally 
and the rats were then killed by an overdose of ether 
exactly 48 h after this injection. Uptake of *S in both 
tibial bones. and one scapula, was traced in the way 
reported previously®-°. 

There was a charactaristic increase in the 48-h uptake 
of 35S in the fractured tibial bone during the first three 
weeks, indicating the period of increased callus formation 
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in the fractured site and followed by a decreased *S 
uptake, when compared with healthy control animals 
(Fig. 1). The differences between fractured and healthy 
bones were statistically highly significant on days 9 and 
16 (P < 0-001) and on day 30 (P < 0-05). The curve of 
358-uptake in the unfractured contralateral tibia follows a 
similar course, but with less obvious changes, when com- 
pared with the curve for fractured bones. The uptake in 
the shoulder-blades was lessened in the first three weeks. 
Thus, a generalized metabolic reaction could be seen also 
in the bones remote from the fracture site. 
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Fig. 1. Uptake of **S in the fractured right tibial bones (D), in the 
oP osite left tibia (I), in hae shoulder-blades ( @) and in healthy control 


al bones {(— — . Ordinate: parts per thousand of *°S/S retained 
in the whole bone. Abscissa: days 
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Fig. 2. Uptake of **S in experimental animals after administration of 


5600y of 17a-19 nortestosteronephenylpropionate. Symbols as in Fig. 1 


In the: androgen-treated rats (Fig. 2) there was the 
same radiosulphur uptake in the first two weeks in the 
fractured bones, but in addition to this, increased uptake 
lasted until the end of the experimental period. There 
were no significant differences in the curves of uptake into 
the non-fractured contralateral tibial bone and into 
the shoulder-blade, when compared with healthy controls. 

The increased uptake of 5S in the fractured bones 
(Fig. 2) is a proof of the positive anabolic influence of 
androgenic steroids- on the formation of the organic 
phase of bone callus in the fractured bone, which is a condi- 
tion leading to increased healing and increased tensile 
strength of the fractured bone*®. Simultaneously, there 
is a further favourable influence of these steroids on the 
course of the generalized metabolic skeletal reaction, 
which has been nearly suppressed during the course of 
the experimental period. Thus androgenic anabolic 
steroids are shown to be able to restore the disturbed 
metabolic condition of the skeleton of injured rats, in 
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addition to their local formative influence on the callus, 
described in the literature? *. 
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Effect of Pretreatment of Rats with 
Mannoheptulose on the Glucose Tolerance 


ADMINISTRATION of mannoheptulose to fasted rats 
causes hyperglycaemia]. This ıs due to a decreased supply 
of insulin as well as an increase in gluconeogenesis’. The 
insulin lack persists as long as mannoheptulose remains 
in the body. Thus the transient diabetes of the intact rat 
can. be greatly prolonged by nephrectomy to prevent excre- 
tion of mannoheptulose’. 

In order to gain insight into the physiological state of 
the pancreas during the hyperglycaemia, 6 fasted adult 
male rats were given a glucose tolerance test 5 h after the 
subcutaneous administration of 400 mg of mannoheptu- 
lose. By 5 h after the mannoheptulose injection, blood 
glucose values have returned to the fasting value and only 
traces of mannoheptulose can be detected in the blood. 


. They were given a subcutaneous injection of 350 mg of 


glucose, and blood samples were drawn 0:5, 1, 2 and 3h 
later. The rats were re-fed to their original weight of 200 g, 
fasted a second time and the glucose tolerance measured 
without pretreatment of mannoheptulose. The resultant 
glucose tolerance curves are presented in Fig. 1. 

The mannoheptulose-pretreated, rat is hyper-responsive 
to glucose, that is, the glucose is removed from the blood 
at an unusually rapid rate. In the light of the known 
blockage of insulin secretion in the presence of manno- 
heptulose, we suggest that the over-responsiveness of the 
rat to glucose after mannoheptulose represents release 
of an excessive amount of insulin. According to this view, 
the pool of insulin which is sensitive to release by glucose 
is enlarged during the hyperglycaemia which follows 
mannoheptulose. Tolbutamide can induce secretion of 
insulin in the presence of mannoheptulose‘.. This indicates 
that the pancreas is not totally unresponsive to external 
stimuli in the presence of mannoheptulose, but only to 
that stimulus normally provided by glucose. It appears 
that the process which mannoheptulose inhibits is con- 
cerned with release of insulin, but not its accumulation 
in the pancreas. When the pancreas is again stimulated 
by glucose, this time in the form of a glucose tolerance 
test, this ‘labile’ pool of pancreatic insulin is quickly 
discharged, leading to the very rapid removal of glucose 
from the blood. 


Blood glucose concentration above 
fasting value («mole/ml.) 





Time after injection (h) 
Fig. 1. O, Glucose tolerance; e, giucose tolerance after mannohep- 
ose 
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In conclusion, the blockage of insulin secretion from 
the pancreas, which has recently been demonstrated in 
vitro®, also occurs in vivo. The block appears to be direc- 
ted specifically to the glucose-sensitive receptor, the 
stimulation of which results in insulin secretion into the 
blood. 

We thank Prof. M. C. Shelesnyak for his advice. This 
work was supported in part by U.S. Publie Health 
Service research grant AM 05701-02 MET from the 
National Institute of Arthritis and Metabolic Diseases, 
Bethesda, Maryland. 
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Resorption of Metallic Mercury by the 
Conjunctiva 


THE aim of this work has been to determine (a) whether 
metallic mercury, locally applhed to the conjunctival 
sac, can be resorbed there in such a degree that 1ts presence 
can be detected in urne, and (b) the nature of the local 
reaction of the epithelial cover to a direct contact with 
metallic mercury. 

Experiments were carried out on 12 rabbits. Metallic 
mercury was applied into the conjunctival sac of one eye, 
the second eye being the control. Mercury ın various 
amounts (1:0 g, 1-5 g, 2-0 g or 2-5 g) was apphed for 
various periods (30 min, 24 h or 48 h) once or several 
times. To avoid resorption of mercury by the respiratory 
tract a small mask was placed over the oral cavity. The 
eye was bandaged after the application of mercury or, 
if the mercury was to remain for 24 h or 48 h, the eyelids 
were sutured (tarsorraphy). 

Urine was tested for mercury 5 days before the initia- 
tion of the experiments, and during and up to the 16th 
day after the last appheation of mercury. 

All the experimental animals excreted mercury in the 
urine, although there was no correlation whatever between 
the amount of mercury applied and the amount excreted 
in the urine. The amount excreted varied very widely, 
from 20y to 600y at atime. The total amount of mercury 
excreted ranged from 40y to 870y for a single animal. 
Sunilarly, the rate of excretion of mercury showed no 
regular relation with time of administration. Not more 
than 9 per cent (r?zy) of the variation in the amount of 
mercury eliminated in the urine is accounted for by the 
variation in the resorption index. 

During local reaction of the conjunctiva after application 
of metallic mercury mto the conjunctival sac, there were 
no clinical symptoms of irritation in the conjunctiva, but 
in conjunctival smears a cytological reaction in the form 
of an increased number of lymphocytes and lymphocyte- 
lıke cells, macrophages and an increased amount of altered 
mucus were observed. It has been possible to demonstrate 
histochemically (by a modified Feigl’s' method) the 
presence of mercury in exfoliated epithelia of the conjunc- 
tiva, in migrating macrophages, and in conjunctival 
mucus. 

B. KULCZYCKA 
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Small Bowel Tonometry : Assessment of 
Small Gut Mucosal! Oxygen Tension in Dog 
and Man 


Various methods hava been used to assess tissue oxygen 
tension!-* and recently the gall bladder and urmary 
bladder have been used as hollow viscus tonometers’. 
We have applied this principle in an attempt to measure 
the oxygen tension of the small gut mucosa of dog and 
man. Six dogs were anaesthetized with ‘Nembutal’, 
intubated and arterial CO, maintained between 35 and 
45 mm mercury by using & respirator; arterial pO, was kept 
between 95 and 110 mm mercury by enriching the inspired 
air with oxygen. Loops of jejunum (23 em) and ileum 
(29 cm) were prepared so that thear contents could be 
sampled through an indwelling polyvinyl tube after they 
had been returned to the abdomen and the abdomen had 
been closed’. The temperature of the animals was mam- 
tained between 37° and 39-5° C. Nitrogen was bubbled 
through isotonic sodium chloride at 37° C; after deoxygena- 
tion was complete 40 ml. were instilled into each small 
bowel loop. Samples were removed at various times for 
the estimation of pO, and pCO, with a Severinghaus 
electrode assembly* and pH with an Astrup micro-elec- 
trode. 

The oxygen tension in the luminal saline rapidly in- 
creased and reached a plateau (Fig. 1) so that 3- and 5-min 
samples were identical. The estimated mucosal pO, in 
6 dogs ranged between 30 and 45 mm mercury. The 
results from the ileal Icops were similar. One normal 
volunteer was also intubated and a segment of jejunal 
blocked off with two balloons’. Deoxygenated saline 
introduced into this segment reached a stable oxygen 
tension within 5 min, giving a ‘mucosal’ pO, of 45 mm 
mercury. The presence of oxygen in the lumina! saline 
was thought not to be an artefact of the sampling tech- 
mque. In two dogs a pO, of less than 5 mm mercury was 
observed in the contents within 5 min of clamping the 
thoracic gorte. Similarly, when the arterial pO, was 
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Fig. 1. Luminal gas tension after injection of deoxygenated saline mto 
jejunum of a dog. PaO,=110 mm*mercury, PaCO,=35 5 mmmercury 
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Table 1, EFFECT OF ARTERIAL pO, ON ‘Mucosa’ pO, OF JEJUNUM 
Arterial pO, Luminal 20,* 
(mm Hg) (mm Hg) 

Dog ił 2 3 4 5 6 
95-110 32 45 30 30 30, 36 
70 — — — 25 2 36 
50 — — — 5 15 — 


* Mean of three readings. * 


reduced by reducing the concentration of oxygen of the 
inspired air in 3 dogs, the luminal pO, fell (Table 1). 

It was expected that if the luminal pCO, represented 
mucosal pCO, it would reach equilibrium more rapidly 
than oxygen, but in fact the reverse was the case, and 
arterial pCO, levels were only reached after 30 min; this 
rate of equilibration was similar in the jejunum and 
ileum (Fig. 2). The reason for this is obscure. It may be 
due to the fact that carbon dioxide is far more soluble 
than oxygen in saline and so would require more to pro- 
duce a given tension. On the other hand, the small gut 
mucosal cell may be less permeable to carbon dioxide 
than most body membranes as has recently been shown 
for the blood brain barriers. If this were so, the luminal 
pCO, may reflect the chemical interaction of H+ + HCO,- 
rather than indicate mucosal pCO,. The small bowel 1s 
known to secrete these ions—the jejunum more H+ and 
less HCO,- than the ileum?*®. It is of some interest that 
our results have in fact shown a similar rise-in luminal 
pCO, in ileum and jejunum despite a difference in luminal 
pH (Fig. 2). 
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Fig. 2. Luminal gas tensions and pH after injection of deoxygenated 

saline Into jeyunum and ileum of a dog. a0, = 95 mm mercury; 

PaCO, = 41:5 mm mercury. A, Luminal pOs, A, luminal p00, 
@, luminal pH 


The use of small bowel tonometry is a rapid method of 
assessing mucosal oxygen tension; equilibrium is reached 
much more quickly than with the gall bladder and urmary 
bladder*—~-presumably due to the greater surface area in 
contact with a relatively small volume of fluid. This 
method lends itself to the examination of the relevance 
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of mucosal tissue oxygen tension to small bowel 
function. 

This work was supported in part by U.S. Public Health 
Service grant HE 06851-03. 
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Use of Miniature Transistor Oscillators in 
Dental Research 


CONSIDERABLE attention has been given recently to 
the use of miniature transistor oscillators in the oral 
environment. Tooth contacts during mastication have 
been investigated by these means, thereby dispensing with 
the use of trailing wires and their associated difficulties. 

A new approach to the problem is now being undertaken 
using tunnel diodes in stabilized free-running oscillators 
which are frequency modulated. Problems of frequency 
stability in the mouth have proved difficult, but stabilities 
of the order of 1 ke/s/°C have been achieved at an operating 
frequency of 4-5 Mc/s. The circuit is shown in Fig. I. 
It has been demonstrated that there is a minimum 
inductance value of 1-94 below which oscillation ceases. 

Considerable swamping capacitance across the diode is 
essential to overcome junction change of capacitance with 
change of temperature. The swamping capacitor requires 
a positive temperature characteristic. Bias for the diode 
is derived from a voltage divider. The values of these 
resistors are dependent on several factors: (a) the sum of 
the d.c. resistance of the coi and the bias resistors must 
be less than the negative resistance of the tunnel diode; 
(b) as well as the d.c. requirements it is necessary that the 
total a.c. resistance be negative, hence the biasing resistors 
have to form a voltage divider. If a series resistor is 
used to bias the tunnel diode at 120 mV/0-5 m.amp, 
the value of the resistor will be 27 kQ, which exceeds the 
negative resistance of the tunnel diode. High values of 
bias resistors are used to reduce the current drain from the 
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battery. However, this automatically reduces the power 
output of the oscillator and thus an optimum value of the 
bias resistors must be chosen in order to obtain the 
maximum power output as well as the most economical 
use of the battery. 

This work is supported by the National Health and 
Medical Research Council of Australia. 
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School of Dental Science, 
University of Melbourne, 
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PATHOLOGY 


Effect of Internal Emitters on Liver Tumours 
induced by Dimethylaminoazobenzene 


Tumours may be induced in rodents by radiation or 
by chemical treatment. Few examinations have sought 
to investigate possible interrelationships between radia- 
tion and chemical carcinogenesis. In the few investigations 
reported, external radiations have been used. Shubik et 
al.4 found that croton oil induced tumours in mouse skin 
that had been irradiated with °T], although neither 
treatment alone resulted in tumour formation. Methyl- 
cholanthrene and §-irradiation were reported as approx- 
imately additive in their carcinogenic action on mouse 
skin’. Shay et al.* reported that X-irradiation promoted the 
effectiveness of methylcholanthrene as a mammary car- 
cinogen. In contrast, Yokoi‘ found X- and B-irradiation 
caused degeneration of benzpyrene-induced tumours in 
mice. 

The present investigation sought to determine the effect 
in rats of internally deposited radionuclides on the 
induction of hver tumours by dimethylaminoazobenzene 
(DMAB). Internal emitters were used to provide radiation 
over @ longer period of time. Conditions were imposed 
that would favour a low incidence of tumours due to 
DMAB, so that any enhancing effect of the radioisotope 
could be noted. 

Female rats of the Charles River CD strain weighing 
175-250 g were injected intravenously with a B-emutter, 
14Ce—l44Pr (2 or 20 uc./rat), or an «-emitter, **%Pu (2 uc./ 
rat). The 44Ce—144Pr was administered in HCl at pH 4-0 
and the ?238Pu in HNO, at pH 1:5. The rats were fed a 
diet high in riboflavin and protein (Dietrich and Gambrill, 
Inc., Frederick, Md.) to which 0-06 per cent DMAB was 
added. Control groups received either no isotope or no 
DMAB. The experimental groupings and numbers of 
rats per group are shown in Table 1. 


Table 1. EFFECT oF “4CE-“PR AND SPU ON INDUCTION OF HEPATIO 
TUMOUR BY DMAB 
BC. No. ‘Tumour 
Radio- No. rats incidence 
Group Treatment activity rats with (per 
per rat tumours cent) 
A None 0 16 0 0 
B DMAB 0 31 12 39 
C MGa —1UPr 20 26 0 0 
D DMAB + “Ce Pr 20 15 1 7 
E HOe — NPr 2, 26 © 0 
F DMAB +?#4Ce — Pr 2 24 7 80 
G 239 Pu 2 19 G 0 
H DALAB +°Pu 2 18 4 292 


Laparotomies were performed on randomly selected 
animals in each group at various intervals to evaluate the 
course of tumour development. After 44 weeks on the 
DMAB diet, all remaining animals were killed and tissues 
were sampled for histopathological examination. Livers 
from animals that had received radionuclide were analysed 
radiochemically. 
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The incidence of liver tumours is shown in Table 1. 
All tumour-bearing rats are included whether the animal 
survived the entire experimental period or not. Non- 
survivors without tumours are not included. Anunals 
that received only DMAB had a low tumour incidence 
(39 per cent) compared w-th the 80-100 per cent incidence 
found by other investigators®:*. The choice of female rats 
and a diet high in riboflarin (6 mg/kg) and protein (24 per 
cent) favoured lower tumour production. The effect of 
radioisotope treatment vas to decrease, rather than to 
increase, tumour incidense. This decreased incidence is 
especially apparent in the group that received the higher 
dose (20 pe.) of 44Ce-44Pr in addition to DMAB (Group D). 

Histopathological changes found in the livers of rats fed 
DMAB were those of degeneration, hyperplasia, and neo- 
plasia involving the parsnchyma, bile ducts, and sup- 
porting connective tissue, either singly or in combination. 
Cystically dilated spaces lined by low columnar to 
squamous epithelium were present in many of the liver 
sections examined. Focal-fatty changes, cholangiofibrosis, 
hypertrophy, hyperplasia. pigments in the Kupffer cells, 
and eosinophilic conglomarates in the parenchymal cells 
were observed. Tumours varied as to their cells of origin 
and classification and wil be described in a subsequent 
paper. Animals that received only the radionuclides 
showed none of the foregoing pathological changes. 


Table 2, INFLUENCE OF DMAB @N LIVER RETENTION OF ***Or-™*PR AND 
B6Py BY FEMALE RATS AT 44 WEEKS 


He. Percentage of 
Radioastivity DMAB 


Radionuclide dose retained 
injected per rat in liver 
Hi Gett Pp s _ O-14 
M4 (et Pp “a + 1-18 
NiOe— Pr PA) — 0°16 
—— Pr 2a + 124 
238Pu 3 — 0°78 
238 Pu = + 1-20 


Radiometric analysis of livers from those animals that 
had received radionuclide showed that DMAB-fed rats 
retained more radioactivicy in the liver than did those 
that received the control diet (Table 2). This was true 
for both dose-levels of **Ce—44Pr and for Pu. An 
impaired bilary secretion of the radioisotope may be 
responsible, since cystic dilatations of bile ducts, as well 
as hypertrophy, hyperplasia and fibroplasia, were often 
present. Such a mechanism may explain the increased 
accumulation of copper in the liver of DMAB-fed rats’. 
A more complete investigation of the effect of DMAB on 
metal retention in the liver has been undertaken. 

The radiation dose to she liver ın these experiments 
cannot be determined acccrately, for lack of detailed data 
on the retention and distzibution of the radionuclide in 
the liver. From the data obtained we estimate an average 
dose to the liver of 30 rads/day during the first 30 days 
for the animals in Groups C and D. Thereafter, the dose 
rate decreased to between 5 and 10 rads/day. The 
cumulative dose to the livar was probably less than 3,000 
rads over the 44-week experimental period. The radiation 
dose in Groups E-H was about 10 per cent of that for 
Groups C and D. 

The data for this experiment provide no explanation 
for the effects of radionuclide deposition m decreasing 
liver tumour incidence in DMAB-fed rats. We postulate, 
however, that cells in the early stages of carcinogenic 
development are susceptikle to small quantities of radia- 
tion and are destroyed kefore extensive multiplication 
can occur. 

The data reported affirm. our belief that more informa- 
tion is needed regarding radiation and chemical carcinogen 
interrelationships. Such investigations may be valuable 
in determining the mechanism of action of each. 

We thank Dr. R. C. Thompson for advice, and Mr. 
W. B. Aitken for assistance. This investigation was sup- 
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Oncogenic Activity of Mill Hill (Harris) 
Strain of Rous Sarcoma Virus for 
Hamsters 


Ir has been known for some time that Rous! sarcoma 
virus (RSV) is not species specific?*. The demonstration 
that some strains of RSV are capable of inducing neo- 
plastic lesions in rodents®? showed that the virus is not 
class specific. 

The RSV originally used by Svet-Moldavsky* and Zilber? 
came to be known as Carr-Zilber strain. This agent in- 
duced cystic-haemorrhagic disease“? and sarcomas®™1° 
in albino rats inoculated durmg the embryonic or neo- 
natal period and a disease characterized by development 
of benign multiple fibrous nodules by subcutaneous 
inoculation into new-born rabbits!®. Whole-cell suspen- 
sions of tumours originally induced by the Carr-Zilber 
virus in chicken proved capable of inducing subcutaneous 
tumours when inoculated ın rhesus monkeys?!. 

The Praha strain of RSV successfully used}? in inducing 
subcutaneous tumours in rodents 1s thought to be identical 
to the Carr-Zilber strain}. 

The Schmidt-Ruppin™ stram of RSV injected intra- 
rmuscularly in mice and rats induced tumours which can 
be carried in series through these animals by whole cell 
transplantation. This strain induced sarcomas when 
injected subcutaneously in new-born hamsters', sarcomas 
in adult guinea-pigs”, and in new-born rabbits it produced 
fibrosarcoma-like tumours which spontaneously regressed 
after a few wee 

Using free-cell preparations of RSV, Schmidt-Ruppin 
strain, of known titre, it has been possible to determine 
the oncogenic dose of this agent for new-born hamster 
brain?®, Bryan’s strain of RSV has recently been found 
oncogenic for hamsters®®. 

The oncogenic activity for hamsters of the last two 
strains of RSV is determined by the inoculum dose : 
approximately 10° plaque-forming units of RSV Bryan’s 
strain as compared to 104 plaque-forming units of 
Schmidt-Ruppin’s strain are needed to induce brain 
tumours?*?°, The requirement for high dose of Bryan’s 
RSV is related to its incapability of replicating in hamsters, 
so that the full oncogenic dose has to be inoculated to 
elicit a neoplastic response**. 

Obviously this is not the only reason, because the 
Schmidt-Ruppin RSV, which also does not replicate in 
hamsters, is oncogenic at lower inoculum dose as compared 
to Bryan’s RSV. In order to explain this phenomenon 
the hypothesis was then considered?’ of the existence of at 
least two mutants in any RSV preparations : a hetero- 
genic mutant oncogenic only for birds (of various species), 
and a xenogenic mutant oncogenic for birds and mammals 
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(that this mutant is active not only m mammals is proved 
by the successful induction of tumours by grafting 
mammalan tumours induced by this virus back to birds). 

The xenogenic mutant is present at lower titre varying 
in the different strains of RSV as compared to the hetero- 
genic mutant, so that high concentration of RSV is needed 


to bring the xenogenic mutant at its critical level for ` 


oncogenesis in mammals. 

If this were so any strains of RSV, at high suitable 
doses, should be oncogenic for mammals. To test this 
hypothesis the Mill Hill (Harris) strain?! of RSV was 
chosen. This stram, in spite of repeated attempts, has 
never been shown to be oncogenic in mammals??-*4, 

The work recorded here was undertaken to determine 
the effects of intracerebral inoculation of cell-free high 
doses of this virus into new-born hamsters. 

The Mill Hill (Harris) strain was prepared by the tech- 
nique of differential centrifugation”! from wing web’s 
sarcomas induced in 2—3-week-old white leghorn chickens. 
The virus was suspended in 0-5-ml. aliquots in sealed 
ampoules, kept at —70°. For inoculation purposes it was 
concentrated and resuspended in phosphate buffer saline 
pH 7-2 as previously described!®. The preparations were 
titrated in chorioallantoic membrane of embryonated 
hen’s eggs. The titres of the inocula are expressed in 
plaque-forming units and are shown in Table 1. 


Table 1. NEW-BORN HAMSTERS INOCULATED INTRACEREBRALLY WITH 
0-02 ml. Rous SARCOMA VIRUS MILL Hint (HARRIS) STRAIN FROM CHICKEN 
WING WEB’S SARCOMAS 


No. hamsters Apponanos 
with Incidence of 


Inoculum titre neurological — gliomas 
Exp. No. P.F.U. on 02 ml. symptoms/No symptoms, 
weaned days {No.} €%) 
hamsters (average) 
1 12 26/40 36 26 65 
2 4'8 15/19 31 16 79 
— PBS 0/11 veo 0 — 
— NCBt 0/14 + 0 — 


* Plaque-forming units in hen’s chorioallantoic membrane. 
t Phosphate buffer saline pH 7'2, used as diluent. 
t Normal chicken brain extract ın phosphate-buffered saline. 


New-born Syrian hamsters (Cricetus auratus) were 
obtained from the Animal Production Unit of the U.S. 
National Institutes of Health, and imoculated when less 
than 24 h old with 0-02 mi. of viral suspension into the 
midportion of the right cerebral hemisphere. 

The results are shown in Table 1. The neurological 
symptoms consisted of somnolence and sluggishness 
followed in a few days by lateral posture of the head and 
paralysis first of the posterior limbs, then generalized 
paralysis ensuing in death. 

At autopsy, the brain tissue appeared softer and more 
friable than normal. Hydrocephalus was often present, 
and haemorrhagic areas were occasionally noted. Micro- 
scopically the brain showed the presence of tumours 
located within the cerebral hemispheres (Fig. 14, C) 
with only rare involvement of the meninges. As in the 
brain tumours induced in hamsters by Schmidt-Ruppin 
or Bryan’s strain of RSV two types of cells were found: 
(1) Large round elements with basophilie cytoplasm 
(Fig. 18); (2) bundled fusiform cells interlacing with 
dehcate fibrillar strands (Fig. 1D). 

The histopathological diagnosis is glioblastoma. 

Control animals inoculated with the suspending medium 
(PBS), without virus or with extracts of normal chicken 
brain, failed to show evidence of intracranial tumours or 
noteworthy pathological changes after 3 months of 
observation. 

The four strains of RSV have all been shown to be, 
under proper conditions, oncogenic for mammals. 

The Bryan’s high titre RSV: was found to be defective 
fo. chicken cells and required a helper virus to complete 
the maturation cycle in this host?’?. The antigenic determ- 
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inants are then the ones of the helper virus, and it may 

be postulated that the helper virus is specifying the host 

susceptibility. If this were so, one could conceive that a 

different kind of helper virus growing in mammals may 

— needed for the oncogenic activity of RSV in these 
osts. 

This seems unlikely for the hamster, in view of the 
evidence that oncogenesis in these animals is achieved 
with defective or not defective strains of RSV. In fact: 
(1) the Schmidt-Ruppin strain is the most effective in 
this respect, and it is not defective**; (2) the Bryan's 
strain, which was shown to be defective in chicken, 
behaves in hamsters like the Schmidt-Ruppin or the 
Mill Hill strains®*; (3) if a virus indigenous to the hamster 
were required for specifying the oncogenicity of RSV 
in these hosts, the RSV should then go to maturation and 
be recovered from the induced tumours. This is not the 
case, since the agent has never been recovered, in a large 
series of attempts, from the hamster’s tumours**, or seen 
by electron microscopy”. 








Brains of hamsters inoculated at birth with Mill Hill (Harris) 
(A), Tumour place one hemisphere; gapuna acid 
lin . 12-5); (B), area of round cells; haematoxylin and 
eosin (x e. 1 (C), multiple tumours (x o. 12°5); (D), area of 
fusiform bundled cells (x e. 190) 


One can then conceive that a helper virus indigenous 
to the hamster may be responsible (as in the chicken) 
not for the oncogenesis but for the maturation of RSV 
in these animals. Here again the failure of the Bryan's 
RSV to go to maturation in the hamster’s tumour cannot 
be referred to its state of defectiveness since Schmidt- 
Ruppin or Mill Hill (Harris) strains which are not defective 
also do not go to maturation in this host. These results 
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suggest that the state cf defectiveness of high titre RSV 
may be restricted to the chicken system (or birds). 
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Influence of Aminonucleoside on the Pyridine 
Nucleotide Concentration of the Rat Kidney 


AMINONUCLEOSIDE (åMN) has proved to be an effective 
and reliable tool in producing a nephrotic syndrome 
in the rat. Investigasions of the pathogenesis of this 
syndrome have achieved special importance since it has 
been shown recently that a reversible nephrotic syndrome 
also can be produced im man with AMN}. 

Several groups of research workers believe that the 
structural similarity of AMN and adenosine is indicative 
of a possible antagonistic action of AMN on adenosine- 
containing compounds which are essential for metabolism, 
such as ATP and pyridmenucleotides. Previous investiga- 
tions have shown that ATP, ADP and AMP are found in 
reduced amounts in kicneys of nephrotic rats’. 

We have measured tre concentration of NAD, NADH,, 
NADP and NADP H, in kidneys of nephrotic rats and 
compared them with control animals. 100-g Sprague- 
Dawley rats were injected with 1-5 mg AMN in Ringer- 
phosphate buffer pH 7-4 for 7 days. Control animals 
received only buffer. The rats were killed by decapitation, 
the kidneys were removed immediately and one part was 
placed in hot sodium bydroxide for determination of the 
reduced pyridine nucleetides, while the remainder was put 
in perchloric acid (6 pe” cent) for the determination of the 
oxidized nucleotides. The transfer time of the organs 
from the rat to the homogenizer was kept at 20 sec in all 
experiments. The nucleotides were measured by an 
enzymatic method deseribed by Holzer et al.*. The values 
found are listed in Tatle 1. 

The data are in agreement with those of Dubach’, 
who found a statisticaly significant decrease of the total 
pyridine nucleotide centents in the nephrotic kidney. 



















Nephrotic Control 


NAD 224 + 23 267481 P<0-001 
NADP, 62416 108+ 12 P<0-001 
NADP | 8+ 2 134 3 P < 0-001 
NADPE, 35F 8 BIF 8 P<0001 


Concentration of nucleotides expressed as yig wet weight of kidney 


He also observed, after injection of nicotinamide, a two- 
to three-fold increase of pyridine nucleotide concentration 
in liver and kidneys of normal animals while an insignifi- 
cant increase occurred in these organs of nephrotic rats. 

Alexander‘ recently reported a decreased incorporation 
of glycine into RNA of liver and kidney of AMN-treated 
rats. His interpretation was that AMN acts as a pseudo- 
feedback inhibitor of de novo purine biosynthesis. This 
could explain the decrease in adenine-containing com- 
_ pounds. We recently observed an increased incorporation 
_ of adenine into liver and kidney RNA of AMN-treated 
rats. This might contribute to the observed beneficial 
effect on the clinical manifestations of the nephrotic 
syndrome when adenine was given simultaneously with 
AMN. (Our work on this aspect has as yet to be pub- 
lished.) This work was supported in part by U.S. 
Public Health Service grant AM 07034-02 to Dr. Jack 
Metcoff. 
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Aortic Atherosclerosis in Free-ranging 
Howler Monkeys (Alouatta caraya) 


NaTURALLY occurring atherosclerosis in non-human 
primates has been described in isolated instances}, but few 
observations of this disease in free-ranging monkeys have 
been reported®?. A recent field trip to South America 
afforded the opportunity to examine 314 howler monkeys 
(Alouatta caraya) at Bella Vista, Corrientes, Argentina. 
A complete post-mortem examination was performed on 
practically all animals. The heart, great arteries, and other 
representative tissue samples from each animal were fixed 
in 4 per cent formaldehyde for further investigations to 
be undertaken here. 

292 rhonkeys were found suitable for the investigation 
reported here. The animals were divided into four groups 
based on weight. Size alone cannot be considered an 
indication of age ; however, growth is roughly correlated 
with increasing body weight in most species, including 
primates*. Other criteria were also used in making the 
> groupings. The testicular/body weight ratio was twice 
as large in males of more than 4-0 kg as compared with 
those less than this weight. Pregnancy was not observed 
in females below this weight; therefore, it seems likely 
that howler monkeys attain sexual maturity at approxi- 
mately this dimension. Weight of females did not 
exceed 6-5 kg, while some males weighed nearly 10-0 kg. 
Nevertheless, tooth eruption and attrition of permanent 
dentition suggested that females, with a body mass 
between 4-0 and 6-5 kg, were comparable to males weighing 
between 4:0 and 10-0 kg and that these weight differences 
were probably due to sexual dimorphism as observed in 
other primates** and not to a bias in the sampling pro- 
cedures (since dental studies have not yet been completed, 
these conclusions should be regarded as provisional). 

The following arterial segments were examined : arch 
branches, thoracic and abdominal aorta, and common iliac 


arteries 










ries, Tissues were examined when fresh and after 
sudan IV staining. Although several types of lesions were — z 
observed, only those generally classified as atherosclerotie 
will be discussed here. Intimal sudanophilia ranged from 
0 to 10 per cent of the vessels examined and merged 
gradually into the normal intima. These lesions corres- 
ponded microscopically to regions with fat-loaded 
cells beneath the endothelium without fibrosis or elastic 
changes. Circumscribed raised plaques, occasionally 
visible to the naked eye, ranged from 0:5 to 5 per cent of 
the observed arterial surface and were generally located 
at the ostia of the arch branches. Macroscopic sudano- 
philia varied from none to deep red. Microscopically, 
changes of different severity were observed in these lesions. 
In the early types, a small sub-intimal deposit of lipids 
with slight fibrosis was present and no modification in the | 
elastic lamellae or in the media was found. In the more 
advanced plaques large deposits of lipids were covered , 
by a highly fibrotic sub-intimal cap; the lipids extended 
also into the media, and the internal elastic lamellae were 
disrupted or disappeared in spots. Although no calcifica- 
tion, haemorrhages, or ulceration were observed, the 
fibro-lipid lesions greatly resembled those found in man. 

The intimal changes were tabulated and expressed as 
a percentage of artery involved when compared against 
graphs with a previously measured known surface. Each 
lesion was graded from + to + + +-+ according to colour 
(sudanophilic) or to its height (fibrotic). A score was then 
obtained by multiplying the surface involved by the 
grade of sudanophilic or fibrotic lesions and by adding 
both in all arterial segments. 











Table 1. AVERAGE ATHEROSCLEROTIC SCORE IN HOWLER MONKEYS (Alouatta 


caraya) 
(Mean + S.E.M.) 
Males 
Class Weight Males Females versus 
(kg) emales 
ad 0-19 0254019 (10) 0 (7) N.S 
B 20-39 O77+036 (33) 1:424+072 (3) N.S. 
C 40-05 4214066 (53) 8326+048 (98) N.S. 
DB 6:6-97 7494+089 (78) — 
E adult (C and D} 6162061 (131) 3284048 (98) P<000 
F all (A-D) 480+ 0°50 (174) 2-864+042 (118) P<0-001 
A versus B N.S. N.S. 
B versus C P< 000 P< 005 
C versus D P00 


N.S., not significant; number of animals in parentheses. 


Table 1 gives results of the average atherosclerotic —_ 
involvement for the various groups of howler monkeys. 
examined. It will be noted that arterial lesions increased | 
with body size in both male and female animals. Even if 
no differences were observed when monkeys of a similar” 
weight were compared, males had a higher score than 
females ; this was especially noticeable when only adult 
animals were considered. The surface involved in these 
animals was small when compared with man, and the- 
changes observed would correspond to the atherosclerotic | 
lesions present in young individuals. P 

Howler monkeys are considered to be vegetarians ; 
no evidence of animal remains in the stomach contents has _ 
been found’. It seems possible that the occasional birds’ | 
eggs that they could conceivably eat can be disregarded as a 
food staple. It is evident then that early arterial pathology, 
including fibrous plaques, can be observed in sub-human 
primates ingesting virtually no exogenous dietary choles- 
terol, the same as has been seen in other species’. These 
results are similar to those reported for the Kenya baboon, 
also mainly a vegetarian animal’. 

Howler monkeys show a clear progression of vascular 
lesions in relation to body growth, as well as a higher 
involvement in adult males. Both of these findings 
coincide with some, but not all, observations made in 
man®1, The howler monkey might be useful as an experi- 
mental animal in which to examine the progression of the 
spontaneous disease with increasing age as well as th 
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possible relationships of gonadal hormones and athero- 
sclerosis 
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RADIOBIOLOGY 


Biological Stability of 5-lodo-2'-deoxyuridine 

labelled with lodine-125 after its Incorpora- 

tion into the Deoxyribonucleic Acid of the 
ouse 


Hucues et al.’ have shown that the thymidine analogue 
5-iodo-2’-deoxyuridine (IDU) given to Swiss mice 5-10 
weeks old is incorporated primarily into the DNA of 
rapidly proliferating tissues such as intestinal epithelium 
and bone marrow ; the amount of label retained by the 
mouse as a whole decreases rapidly with time. This is as 


expected, since as mice mature the cell populations of 


their tissues approach steady-state conditions and, 
therefore, only those cells with a short life-span are pro- 


_iliferating rapidly enough to incorporate significant 


amounts of IDU. However, if IDU is given to infant or 


_ embryonic mice, where the cell populations of most tissues 


expressed as the percentage of the activity 


_ IDU incorporation into DNA is blocked by 


_ able to incorporate IDU into their DNA. 


are rapidly increasing, a different labelli 
pattern is seen. This is illustrated in Fig. 1, 
where the retention of iodine-125 activity 
by the mouse as a whole is plotted against 
the time elapsed since administration (intra- 
peritoneal) of IDU to: (a) a litter of eight 
mice five days old; (b) a litter of five mice 
fifty-five days old; (c) a litter of seven mice 
five-days old which had received 25 pmole 
of thymidine simultaneously with the IDU. 
The ordinate represents the average reten- 
tion of iodine-125 by each individual mouse 


originally administered. The experimental 
procedures used to obtain these results have 
been described elsewhere", 

The results in Fig. 1 show that significant 
amounts of activity are retained by mice 
when **IDU is given under conditions which 
permit its incorporation into large numbers of 
cells with a long life-span, and that, by com- 
parison, negligible activity is retained when 


thymidine competition or when IDU is given 
to adult mice, where relatively few cells with 


a long life-span are proliferating and thus Fig. 2 
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Fig. 1. Retention of iodine-12& activity by mice after the administration 
The lower 


of SIDU. curve is drawn to fit the data ts for the 
55-day-old mice. The upper curve is not drawn to fit data points 
for the 5-day-old mice; i nts the 


plo 
% retention = #0 et + 4-2 g*r., 
where ¢ is day after administration of **’1DU 


Such behaviour suggests that all the iodine-125 activity 
retained after administmation of IDU to infant mice 
represents IDU which has been incorporated into 
DNA; it would be difficult to interpret the data in Fig. 1 
in any other way. Twe additional experiments support 
this conclusion. First, a nine-month-old mouse which had 
been labelled as an infant with *TDU was frozen, pul- 
verized and shaken ovemight with equal parts of 88 per 
cent phenol and a solution of 6 per cent sodium chloride 
and 2 per cent potassium acetate. No activity appeared 
in the phenol phase or ir the interphase precipitate which 
consists of denatured protein. About half the activity 
was in the aqueous phase; all this activity was precipitated, 
along with DNA, by addition of 2 vol. of 95 per cent 
ethanol. The remaining activity was found in the solid 
residue, and about 3/4 of this was extracted by heating 
in 10 per cent trichloroacetic acid for 30 min at 90° C. 
Since DNA is difficult to extract quantitatively* this be- 
haviour is compatible with the hypothesis that all the 
activity was incorporated into DNA. Secondly, autoradio- 
graphs of tissue sections taken from a mouse which had 
been given 7 ue. 1IDU 54 days previously (Fig. 2) show 
not only that the label ss present in cells with a long life- 
span, for example, liver and kidney parenchyma, but also 
that the label is distributed very unevenly, that is, a few 
cells are heavily labelled and the rest have no label, as 
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Autoradiographs of (a) liver and (be. kidney sections taken from a 59-day-old 


mouse which had been given 7 ac. of ** LDU when 5 days old 
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would be expected if the IDU administered were incor- 


porated only into the relatively few cells which were in 
DNA synthesis during the brief period that IDU was 
available. 

Several lines of evidence suggest that the DNA labelled 
with iodine-125 released from a cell is degraded and ex- 
creted rather than being re-utilized by other cells. For 
example, if mouse DNA labelled with !“IDU is adminis- 
tered to a mouse, less than 2 per cent remains in the 
mouse 24 h later. Also, if female mice are given }%°1DU 
when five days old and bred six weeks later, their entire 
litters contain less than 0-04 per cent of the label than 
they de. Finally, exposure of mice (labelled as infants) 
to 475 rads cobalt-60 y-radiation when they are four 
months old has no detectable effect on the rate of loss of 
label in the first two weeks after radiation ; a loss of 
l per cent would have been detectable. 

Since re-utilization of label is not an important factor, 
the rate of loss of label from a mouse is a direct measure 
of the rate of release of label from all the cells of that 
mouse. When the data in Fig. | are viewed in these terms, 
several interesting facts emerge. First, IDU is a good 
label for DNA. The removal of label from intact DNA 
either by de-iodination or by exchange of IDU with 
thymidine, which may occur in bacteria*®, does not appear 
to occur in mice in any significant amount. Secondly, the 
very slow rate of loss of label by mice 3 months after the 
administration of IDU reinforces the concept that 
DNA is metabolically stable. Not only do the results in 
Fig. 1 demonstrate that some DNA is quite stable, but 
they also indicate that there is very little labelled DNA in 
these mice which has a turnover time between 30 and 
600 days. This conclusion is derived from the shape of the 
upper curve in Fig. 1. This curve was found by a ‘7094’ 
computer following the Berman-Weiss programme to be 
the best exponential fit of the experimental data. Only 
two exponential terms were found necessary to fit the 
data ; the values of these exponents suggest that the label 
is Incorporated into DNA having a turnover time of either 
16 days or 1,000 days. A good fit of the experimental 
results cannot be obtained if significant components hav- 
ing intermediate turnover times are postulated. This is 
true not only of the litter shown in Fig. 1 but also of 5 other 
litters to which label was administered before birth or up 
to 10 days after birth. 

The distribution of iodine-125 activity among the organs 
of a litter of 8 mice whose mother had been given !3IDU 
three days before giving birth is shown in Table 1 at three 
different times after injection. Although there are not 
enough results in Table 1 to determine precise figures for 
the turnover time of DNA in these organs, they are in 
agreement with the conclusion drawn from the data in 
Fig. 1, namely that there is no appreciable DNA compon- 
ent with a turnover time between 16 and 1,000 days. In 
this connexion, the data for kidney and liver are especially 
interesting since Pelc* has suggested that the biological 
half-life of liver and kidney DNA may be less than one 
month. The results in Table 1 indicate that at least some 
of the DNA of these organs is much more stable than this. 

In summary, when IDU is given to mice less than one 
week old, an appreciable amount of label is retained for 
over a year. All this label represents SIDU which has been 


Table 1. RETENTION OF IODINE-125 ACTIVITY IN ORGANS OF MICE VERSUS 
TIME AFTER ADMINISTRATION OF IDU 


Days post- Small Whole 
injection Skin intestine Stemach Liver Kidneys Lungs mouse 
Bi 10-4 bl OB: 16 12 31 37 
83 9:7 1-0 0-32 1-4 11 2. 35 
83 10-6 14 m L$ 144 3-4 42 
83 90 11 Oa 11 Pg 31 38 
161 Og Oe LS 1-2 2.7 4] 
161 1°3 035 1-8 14 35 44 
233 10-6 Od 4 1°§ 1-4 3-0 50 
283 9-6 10 0-56 11 1-3 2-5 4i 


These values are expressed as a percentage of the activity originally admin- 
istered times 10°, The mice were taken from a litter of eight whose mother 
had received an intravenous injection of 40 ne. IDU three days before 
giving birth. 






incorporated into DNA. 
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Since both re-utilization of label 
and removal of label from intact DNA appear to be 
negligible, the disappearance of label from the mouse or 
from an organ of the mouse is a reliable measure of the 
rate of DNA turnover in the mouse or organ. The rate of 
turnover measured is very small and can be accounted 
for by cell death, supporting the concept that DNA is 
metabolically inert and is lost only when the cell con- 
taining it dies. 
This work was supported by the U.S. Atomic Energy 
Commission. 
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Radiation Effect on Incorporation of 
Tritiated Valine in Chromosomes of Vicia faba 


Recent work on radiation-induced structural changes 
in chromosomes has suggested that protein synthesis is a 
major process involved in the restitution of chromosomal 
fragments!?. The work recorded here was undertaken to 
investigate by means of autoradiography the incorpora- 
tion of tritiated valine into the structural chromosomal 
protein of Vicia faba during the post-irradiation period 
in which chromosomal restitution occurs. 

Seeds of Vicia faba (Sutton’s ‘Prolific Longpod’) were 
soaked in running tap water at 20° C for 48 h. Germinating 
seeds were sealed in two glass containers with the exposed 
embryo immersed in an unbuffered aqueous solution of 
tritiated valine (spec. act. about 40 mc./mmole) for 2 h. 
In experiments 1 and 2 the seeds in one container were 
exposed to 1,000 r. of X-rays at a rate of 100 r./min 
(250 kVp. at 30 m.amp with 0-5 mm copper plus 1-0 mm 
aluminium filtration) during the first 10 min of the 


labelling period. After the labelling period the seeds were ` ss 


washed in distilled water and planted in moist vermicu- 
lite. Cytological examination showed that the cells of 
the primary root were in interphase during treatment. 
Approximately 3 days after planting, the first mitotic 
divisions occurred in the root tips. At this time, terminal 
5-mm segments of the primary roots were collected and 
placed in 0-04 per cent colchicine for 75 min to accumulate 
metaphases, after which they were hydrolysed in 1 N 
hydrochloric acid at 60° C and Feulgen stained. A squash 
preparation of each root tip was made on a separate slide. 
Autoradiographs of each slide were prepared using Kodak 
NTB liquid emulsion. Exposure times and isotope con- 
centrations are given for each experiment in Tables 1 
and 2. 

Since tritiated valine is incorporated into cytoplasmic 
as well as nuclear protein, it is difficult to distinguish by 
means of autoradiography between disintegrations occur- 
ring in the nucleus and those occurring in the cytoplasm. — 
This difficulty was partially overcome by counting exposed | 
grains appearing over metaphase division figures which - 


Table 1. COMPARISION OF THE INCORPORATION OF TRITIATED VALINE IN | 
METAPHASE CHROMOSOMES OF IRRADIATED AND CONTROL CELLS OF Vicia faba 


_ Irradiated Control 
Mean No. grains over Mean No. grains over 


Root first division meta- Root firat division meta- 
No, phase chromosomes No. phase chromosomes 
Exp. 1 
~ Cone. 20 ueil. Il 75*14 Cl TELOR 
exposed Z0 days I2 109+ l4 C2 3-505 
I3 7 +10 C3 4340-5 
14 S4+0-7 
Exp. 2 | 
Cone. 40 uc., 71 23-54+2-7 ey 1441-2 
exposed 20 days 12 227 +21 C2 11-54 0-9 
I3 24°94 1-0 C3 RTLZ 
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— Table 2. COMPARISON OF CHROMOSOMAL LABELLING WHEN LABEL IS GIVEN DURING IRRADIATION AND 4 H AFTER TRRADIATION 
cen ecg lp giugno nnn Sine inane ionic iene hi OE tN nS gE ————— 
a : í | 
E Labelled during irradiation ; Labelled 4 h after irradiation | Control 
oO Mean No. grains over | | Mean No. grains over | Mean No. grains over 
>: Root | first division metaphase § Root | first division metaphase | Root l frst division metaphase 
| No | chromosomes | No | chromosomes ( No | chromosomes 
öůôôäůůô — ——— — —— — — — — —— — — E — 
Experiment 3 ! | | — | : , i 
Conc. 40 xe. jml. 11 70407 | Ia 26403 , Ch 33 + O04 
i exposed 10 days i 12 0-4+0°6 | Ta | 54403 i C2 : 3408 i 
| o B 79409 | | daB | 2503 | 0 | 3907 | 
14 5. 74x &6 | dat | 3-9 + 0-3 = 04 | 2-9+0-4 
| O B 9-9 +06 | Ta | 30402 98 pa 
| © B8 10-7411 | Fab | 48+ 0-4 CO | 2140-4 | 
| 17 112409 | dat 3-0+ 0-6 | OT of 2-0 + 0-5 
| : | | Ilas | 4-7 £07 , C8 | 43403 | 
! ; ! — i i i 


_ had been separated from the cytoplasm by applying 
~ localized pressure to the coverslip’. 

In experiment 3, a third group of seeds was irradiated 
0 while in distilled water and exposed to tritiated valine 
4h after irradiation. The duration of the labelling period 
was 2 h as in experiments | and 2. 

A comparison of the mean number of grains appearing 
directly over or within two grain diameters of the first 
division metaphase chromosomes in irradiated and contro! 
cells is given in Tables | and 2, Each mean is derived from 
<= counts over 10 cells on each slide. The values obtained for 
each root tip within a treatment were not statistically 
-significantly different from each other. 

An analysis of variance shows that the approximately 
2-5 times more labelling observed in the irradiated chromo- 
somes is significant at the 5 per cent level. 

Three hypotheses may be advanced to explain the 
higher labelling observed in the irradiated chromosomes. 
It has been shown that in root tip cells of Vicia faba 
irradiated during interphase in air, restitution of chromo- 
somal breaks occurs within a 2-h period’. It has further 
been demonstrated that inhibition of the oxidative 
metabolism or protein synthesis of the cells results in less 
restitution’. Thus the increased labelling in irradiated 
chromosomes observed in our experiments might be 
explained by an accelerated synthesis of chromosomal 
protein as a part of the rejoining process, since increased 
labelling over controls was observed only if the tritiated 
valine was exogenously supplied within a 2-h period 
- following irradiation (Table 2). A somewhat higher 
labelling of cytoplasmic protein in irradiated cells, how- 
ever, was also observed in these experiments. This 
< observation raises the possibility that the increased 
chromosomal labelling might be due to a radiation- 
‘induced change in the permeability of the cell (cf. ref. 6). 
CA third possible interpretation of these results is that 
radiation reduced the turnover rate of the chromosomal 
_ protein, resulting in a greater amount of radioactive valine 

“present in the chromosome at the time of scoring. This 
“possibility seems unlikely, since other reports indicate that 
chromosomal protein turnover requires several cell 
divisions? ®, : — 

Nxpériments designed to determine which of the fore- 

going hypotheses best explains the results are now being 

-carried out. ‘ | 
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Character of Primary and Secondary Colonies 
of Haematopoiesis in the Spleen of Irradiated 
‘Mice 
WHEN a suspension of bone marrow cells from non- 
irradiated mice is injected intravenously into mice 
treated with a sufficient dose of y- or X-rays, some of 
the administered cells are retained in tho spleens of the 
hosts and form, by the teath day, macroscopically visible 
colonies, the number of which depends on the number of 
injected cells'. In similar experiments an injection of a 
suspension of cells from foetal liver brought about the 
formation of colonies? Duplan? also carried out experi- 
ments with the re-trangsplantation of cells: when he 
injected cells from primary colonies (formed after ad- 
ministration of è suspension of foetal liver cells), the 
secondary colonies were smaller and contained fewer cells 
of the proerythroblast type. A further passage of the cells 
was not possible. In further experiments it was found® 
that the haematepoietic sells in the colonies were most 

probably clones. 

We examined in detai. the structure of the colonies 
that arose in the spleens of irradiated mice following the 
injection of bone marrow cells‘. From the analysis of 
smears from the colonies; stained according: to Giemsa, 
and from the histological sections of spleens with colonies, 
we drew the conclusion «hat the injected bone marrow 
cells, when retained in the spleen of the irradiated host, 
usually differentiate in the given colony only in cells of 
one type of haematopoiesis, that is, as proerythroblasts, 
myeloblasts or megacaryecytoblasts. 

To investigate the character of the cell composition of 
secondary colonies (colonies II), growing in the spleens 
of irradiated mice after the injection of a suspension of 
cells from colony I (arising after the injection of bone 
marrow cells), we used the same material as in the pre- 
ceding experiments*. C5731 mice as hosts were irradiated 
with 650 r., 200 kV, 20 m.amp, filtration 0-5 mm Cu+ 
05 mm Al. In order tc obtain cells from one colony 
only, we excised macrossopically discrete colonies and, 
on careful crushing, suspended them in a drop of iso- 
geneous serum. From pert of this material we made a 
smear for Giemsa staining. The remaining cells were sus- 
pended in 0-5 ml. Hanks’s solution and injected intra- 
venously into the irradiated mice. After eight days we 
killed the mice and made serial sections of the spleens 
at 0-2 mm intervals, stamed with haematoxylin-azure- 
eosin. 

In the interpretation cf the histological sections we 
examined all the colonies: that were more than 0-2 mm 
after fixation. We shall a:so present the results which we 
obtained after the injection of cells from colonies I which 
were virtually exclusively of red or white type cells (the 
admixture of second type cells did not exceed 10 per 
cent). After injections of cells from 50 colonies, mostly 
red-type, we counted in the recipients’ spleens 301 
secondary red-type and 182 white-type colonies. After 
injections of 10 mestly white-type colonies I, we found 120 
red-type and 41 white-type colonies. 

It has been shown’ that only very young cells can 
implant, divide and differentiate. It is beyond dispute 























that in the colonies of mostly one type mainly those cells 
from the precursors are present which differentiate only 
in the given type of cells (for example, in a white-type 
colony there are myeloblasts or stem cells displaying a 
tendency to differentiate only in myeloblasts). In our 
experiments, 1-65 times more colonies of red than of 
white type developed from the red-type cell suspension 
and 2-93 times more red-type than white-type colonies 
arose from the white-type cell suspension. The character 
of the secondary colonies was thus not simply dependent 
on the character of the cells from the primary colony. 
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BIOLOGY 


The Peculiarity Index, a New Function for 
Use in Numerical Taxonomy 


In a study of the South African species of the genus 
Eulophia R.Br. ex Lindl. (Orchidaceae) a dendrogram was 
prepared to show the phenetic similarities among the 
taxa’, The numerical methods developed by Sokal, 
Sneath, Michener and others? were used to form the 
dendrogram. The data were coded in two-state form and 
it was found that for some characters one state was much 
rarer than the other. The frequency of these rarer char- 
acter states varied among the taxa. To show the relative 
proportions of unusual features in taxa, a function was 
derived which may be referred to as a ‘Peculiarity Index’. 

The first step in computing this index is to find the 
most common state for each character. Digits represent- 
ing this state in the data matrix are then set to zero. 
Those representing the rarer state are replaced by the 
difference between the number of cases of rare states and 
half the total number of rare plus common eases. In this 
way a state present in only three of forty taxa would be 
given as 40/2 — 3 = 17, a high weighting. A less rare 
state found in nineteen of forty taxa would be given as 
40/2 — 19 = 1. It appeared superfluous to give negative 
weighting to common states. A final step is to sum the 
new values for each taxon, to give its peculiarity index. 
With 93 characters for the forty taxa of Eulophia studied, 
values for the index ranged from 86 to 261. 

The peculiarity index can be used to show which taxa 
. might be better classified in a different group from that 
under study. Such taxa have rather higher values than 
any other member of the group. Relatively small sets of 
extra-group taxa are more likely to be detected in this 
way than larger groups where the index may become 
proportionately lower. Taxa with the lowest values for 
the peculiarity index have the greatest: number of features 
in common with other members of the group under study. 
They may, therefore, be more likely to resemble ancestral 
forms than other taxa. 

This information cannot be obtained by study of the 
structure of a similarity dendrogram alone. The similarity 
dendrogram gives emphasis to the totality of differences 
between taxa but not their nature. Smirnov? recognized 
this and derived a similarity coefficient which took account 
of character rarity. However, as Sokal and Sneath? 
point out, Smirnov’s coefficient had the effect of giving 
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Fig. 1. The application of peculiarity indices te the arrangement of eo 
taxa and clusters in a similarity dendrogram. Taxon F might qualify — 
best for removal to another group: ft has both a high proportion of 
unusual characters and many differences from its nearest allies. The 
diagram ia based on results obtained in a study of 93 characters in 40 taxa 

of Eulopkia 


more importance to similarity in rare structures than in 
common features, which cannot be justified. A simpler’ 
compromise is to incorporate peculiarity index data on an” 
axis transverse to that showing the clustering levels. 
Average peculiarity indices are found for each group or 
taxon branching off a given stem. The groups or taxa 
with higher values are all set to a particular side of those 
with lower numbers. This way of applying the peculiarity 
index is illustrated in Fig. 1. 

This method fixes the sequence of taxa in an objective 
way. It permits rapid recognition of unusual taxa in a 
group as well as showing their phenetic similarity to other 
members. Peeuliarity indices for this work were com- 
puted from two-state data. It should be possible to derive 
a similar function for multi-state data after standardiza- 
tion. 

I thank Mr. G. B. Brundrit of the Department of => 
Applied Mathematics, University of Cape Town, for _ 
encouragement and advice in this work. ie 
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Induction of Fruit Set in Vitis vinifera L. 
by a Kinin 
THe work of Gustafson! in 1936 and subsequer 
experiments by others led to the general conclusion tha: 
auxin is the controlling factor in fruit set. Result: 
collected over the past 6 or 7 years show that gibberellins. 
are also concerned with fruit set and development? Jt 
is now accepted that a third major group of plant hor 
mones, the kinins, occur in many fruits'-*. In 1962 w 
were the first to demonstrate that an applied kinin caused 
a large increase in size of fruit. Treated berries of “Blac! 
Corinth’ grapes became three times as large as the un 
treated’. This communication describes experiment: 
performed in 1963 and 1964 to determine the effect. o: 
kinin on fruit set. 
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The kinin used was 6-(benzylamino)-9-(2-tetrahydro- 
pyranyl)-9H-purine, a benzyladenine in which the 
hydrogen on carbon 9 is replaced by the non-polar ring 
structure of tetrahydropyran. 


“tO 
ti 


‘'Tween-20° at 0-1 per cent was included as a wetting 
agent in all solutions of kinin. Three experimental 
techniques were used, and a typical experiment of each 
type is reported. The experiments were performed in the 
University of California vineyard at Davis. 

In the first type of experiment clusters of poorly setting 
varieties were dipped into solutions of the compound. 
On June 14, 1963, about 3 days after full bloom, clusters 
of ‘Muscat of Alexandria’, a poorly setting seeded variety, 
were dipped in kinin at 0, 62, 125, 250, 500 or 1,000 p.p.m. 
There were ten clusters per treatment. At harvest on 
October 22, the average number of berries per treated 
cluster was 66, 63, 179, 137, 135 and 165, respectively. 
Since the difference required for significance among 
treatments at the 5 per cent level was 47, set was increased 
significantly by concentrations of 125-1,000 p.p.m. On 
treated clusters there was a greater number of smaller 
seedless berries than on the untreated. 

In the second type of experiment shoots were ringed at 
the base and all foliage removed except a 1-sq. in. stub 
on the leaf above the cluster. ‘Muscat of Alexandria’ 
shoots were ringed and partially defoliated, as described, 
on June 14, 1963, about 4 days past bloom. Ten clusters 
were dipped in kinin at 500 p.p.m., and ten were the un- 
treated controls. One week later, when set was complete, 
there was an average of 809 berries per treated cluster, 
and only 27 on untreated controls (Fig. 1). The difference 
required for significance at the 5 per cent level was 341. 

In the third type of experiment flowers were emasculated 
at bloom to remove all pollen and afterwards dipped into 
the kinin solution. Six clusters of ‘Black Corinth’, a 





Clusters of ‘Muscat of Alexandria’ on defoliated shoots seven 
treatment ft, control; right, treated with kini 


Fig. 1. 
> n at 
Note set is greatly increased on the treated cluster (right) 


500 p.p.m. 
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seedless variety, were emasculated. The clusters were 
dipped in kinin at 500 p p.m. on May 20, 1964, and then 
immediately enclosed ir paper bags to prevent cross- 
pollination. When the bags were removed on June |, 
an average of 176 ovaries had fallen from each untreated 
control cluster but only 15 from each treated cluster, 
a difference statistically significant. At harvest on 
August 11, the rachis end branches of control clusters 
were dead and dry and no berries had set. Treated 
clusters had an average ef 245 berries per cluster, with an 
average berry weight of 0-30 g. 

It is apparent that the role of kinins, in addition to 
those of the auxins and gibberellins, must be assessed in 
any examination of fruit set and development. Such 
investigations may lead to an explanation of the factors 
involved. 

This work was supported financially by the Shell 
Development Co., which also supplied the kinin. 
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Effect of Anaesthetics on Mature Infections 
of Schistosoma maasoni in the White Mouse 


DURING experiments in which white mice infected for 
8 weeks with Schistosoma mansoni were receiving anti- 
monials intra-rectally and concurrent anaesthesia with 
‘Nembutal’ (sodium pentobarbitone), it was noted that 
flukes removed from their normal sites in the mesenteric 
vessels to the intra-hepatic vessels. A hepatic shift 
also occurred in the anaesthetized control mice. 

A number of anaesthetics which are frequently used in 
laboratory animals wese tested at doses of 100 mg/kg 
administered intraperiteneally to white mice of Clarke's 
strain ‘O.S.I? with an 8-week infection of an Egyptian 
strain of S. mansoni. These included sodium pento- 
barbitone, sodium hexcharbitone, sodium secobarbitone, 
sodium amylobarbitone, sodium eyclobarbitone, sodium 
phenobarbitone and sodium barbitone. Chloroform, ether 
and fluothane, adminstered as controlled vapour/air 
mixture, were also tested. 

The normal distribut-on of schistosomes at 8 weeks in 
the laboratory white meuse is from 60 to 100 per cent in 
the mesenteric vessels, up to 15 per cent in the intra- 
hepatic vessels and the remainder in the portal veint. 

The degree of hepatic shift appeared to be directly 
related to the depth cf anaesthesia achieved. As an- 
aesthesia deepened, flakes began to move from the 
mesenteric veins to tae intra-hepatic vessels.” A 100 
per cent shift of flukes occurred only in animals which 
were deeply anaesthetized, showing no reflex response on 
stimulation of the eyes limbs or tail. By the time the 
mouse had recovered arom anaesthesia the distribution 
pattern of schistosomes had returned to normal. 

In most antischistoscmal test systems, abnormal'ty in 
distribution of schistosomes within the hepatic portal 
system showing markec shift to the intra-hepatic vessels, 
is taken as a primary indication of drug activity*-*, 
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Obviously, hepatic shift caused by an anaesthetic used to 
restrain or kill an animal before autopsy would lead to 
confusion in interpretation of drug effect. 

The results of recent experiments suggest that hepatic 
shift is caused by a direct effect of the anaesthetic on the 
schistosomes and not by an indirect effect of changes in 
the physiological condition of the host. 


GORDON DICKERSON 
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Activity of Phenobarbitone in controlling 
Marrow Powdery Mildew 


Ix molecular structure, phenobarbitone resembles 
6-azauracil which was shown by Dekker! to exhibit 
systemic activity against powdery mildew of cucumbers. 
In the experiments described here, tests of phenobarbi- 
tone and related compounds were made on young potted 
marrow seedlings which had been dusted with conidia by 
shaking over them leaves heavily infected with powdery 
mildew, caused by Sphaerotheca fuliginea (Schlecht. ex 
Fr.) Poll. To assess systemic fungicidal performance, the 
seedlings, which had previously been left unwatered for 
48 h, were watered with the test chemicals immediately 
after inoculation, at the rate of 150 ml. per pot. Foliage 
applications were also assessed, the plants being dipped 
in aqueous solutions containing the test chemical together 
with the non-ionic wetting agent, “Ethylan CP’ (0:0025 
per cent v/v), at a temperature of 30° C. 

The results were recorded as percentage surface 
mildewed on a disk 1 in. diameter cut from the distal end 
of the oldest leaf, 10-14 days after inoculation and treat- 
ment. Comparisons were made with control inoculated 
plants Watered only with demineralized water and with 
plants treated with compounds of known activity, such 
as procaine hydrochloride? or 6-azauracil'. Adequate 
replication was maintained in all tests. 

Watering marrow plants with solutions of 5, 15 and 
25 p.p.m. of phenobarbitone gave 6, 18 and 64 per cent 
reduction of infection respectively. In the same test a 
60 per cent reduction was obtained by a solution of 2,500 
p.p.m. of procaine hydrochloride. In subsequent tests 
watering plants with solutions of 30-40 p.p.m. of pheno- 
barbitone or its sodium salt gave complete control of the 
disease without apparent signs of phytoxicity (Fig. 1). 
Higher concentrations of phenobarbitone (more than 100 
p.p.m.) induced severe phytotoxie effects. Slighter 
phytotoxicity was caused by concentrations of 50-100 
p.p.m. The plants were slightly dwarfed, with a character- 
istic down-curling of the leaf edges. All plants treated 
with non-phytotoxic concentrations of phenobarbitone 
were of a darker green colour than the controls or those 
treated with the procaine hydrochloride. 





1 2 3 4 5 6 


Fig. 1. Systemic activity of phenobarbitone on marrow powdery mildew compared with 
henobarbitone; 2, barbitone; 3, barbituric acid (all three as 
aqueous solutions of 40 p.p.m.); 4, 6-azauracil (20 p.p.m.); 5, procaine hydrochloride (4,000 
p.p.m ); 6, phenobarbitone (40 pon aqueous solution applied by spraying); 7, untreated 
egree of mildew infection on leaves nearest the camera 


that of other compounds. 1, 


control plant, Compare 
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Solutions of 40 p.p.m. of barbitone, hexobarbitone 
sodium or barbituric acid applied to the roots were inactive 
and not phytotoxic (Fig. 1). Complete control of the 
disease was obtained with 6-azauracil applied as a 20 
p.p.m. solution but the plants were slightly damaged. A 
solution of 4,000 p.p.m. procaine hydrochloride in the 
same test gave 95 per cent reduction of infection. Spray- 
ing the leaves with a solution of 40 p.p.m. of pheno- 
barbitone (without wetting agent) did not affect mildew 
development significantly. 

Dipping marrow seedlings in solutions of 1,000 p.p.m. of 
phenobarbitone (plus wetting agent) immediately after 
inoculation or 24 h later gave complete control of mildew 
without any phytotoxie effects. In the same test a solu- 
tion of 1,000 p.p.m. procaine hydrochloride applied 
immediately after inoculation provided good but signifi- 
cantly (P = 0-001) lower control of the disease (84 per 
cent reduction of infection). Dipping oat seedlings in 
solutions of phenobarbitone of the same concentration, 
before or after inoculation, had no effect on the powdery 
mildew caused by Erysiphe graminis DC. ex Mérat. 
Circulation of the chemical responsible for activity inside 
the plant appears necessary. 

Phenobarbitone was much more effective, in systemic 
evaluation, than procaine hydrochloride (by a factor of 
the order of 100) and slightly less effective than 6-azauracil 
in controlling marrow mildew. Similarities in the mole- 
cular structure of phenobarbitone and 6-azauracil suggest 
that they might have a similar mode of action. More 
work is, therefore, needed to determine the mode of action 
of these and other compounds!* of similar composition 
and the relation of molecular structure to activity. 

I thank Mr. Darling, of Bristol Royal Infirmary, for 
suggesting the use of phenobarbitone, and May and Baker, 
Ltd., for providing a sample of hexobarbitone sodium. 
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Epidermal Acid-secretion in some Marine 
Polyclad Turbellaria 


INSTANCES of the secretion of strong acids from epider- 
mal or sub-epidermal glands in marine invertebrates are 
now well known. In nemerteans', in opisthobranch*:* and 
prosobranch* gastropods, and in the ophiuroid Ophioco- 
mina’, reports have been published of the production 
through the skin of acidic fluids sometimes of pH 1 or 
2. Where the chemistry of the secrotions has been investi- 
gated, they have been found to contain predominantly 
sulphate anions. 

This communication reports the discovery 
of this phenomenon in two British poly- 
elads, Cycloporus papillosus Lang var. 
laevigatus, and Stylostomum ellipse (Dalyell) ; 
the specimens were collected on rocks near 
LWST at Cullercoats, Northumberland. In 
both cases tests with B. D. Æ papers showed 
the acidity of the skin secretion on abrupt 
disturbance to fall to pH 1. It is believed 
that this is a defensive reaction, by analogy 
with tests using fish in experiments with 
acid-secreting gastropods*:*; as long ago as 
1890 Bateson® proved that even weak 
acids are distasteful to a variety of marine 
fishes. 
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Rhabdites 


Cilia 


0-02 mm 


0-04 mm 


0-04 mm 


0-02 mm 





Fig. 1. The dorsal epidermis of four species of British polyclads; com- 
posite drawings based on sections stained in Heid n’s iron haema- 
toxylin, Heidenhain’s azan, and Mayer's haemalum with eosin and alcian 


blue 8GS. A, na tremellaris, fixed Bouin, sectioned at 8u (Menai 
Strait, phat 1961); B, Prostheceraeus vittatus, fixed Zenker-without- 
acetic, sectioned at Bu (Musselwick, Pembs., tember 1962); C. 


Se 
Stylostomum ellipse, fixed f ementa Brio sectioned at F —— 
coats, August 1962); D, —— papillosus , fix nker- 
without-acetic, sectioned at 10u (Cullercoats, August 1962) 


A histological investigation of the skin of Cycloporus 
and Stylostomum has shown that the epidermal cells are 
strikingly like those of the acid-secreting epithelia of such 
gastropods as Pleurobranchus* and Berthella*. Each cell 
of both the pedal and the dorsal epithelia in these flat- 
worms possesses a single large vacuole which appears 
characteristically empty in fixed preparations (Fig. 1C 
and D). Acid glands in gastropods present a very similar 
appearance. The skin of more orthodox polyclads such 
as Prostheceraeus vittatus (Montagu) and Leptoplana 
tremellaris (Miiller), the skin secretions of which are neutral 
or slightly alkaline, has a very different appearance 
(Fig. 1A and B): the ‘empty’ vacuoles are lacking and 
nearly all the epidermal cells are packed with rhabdites. 
Rhabdites are, on the other hand, relatively uncommon in 
Stylostomum and Cycloporus. In all polyclads, as is well 
known, rhabdites are smaller and less common on the 
pedal than the dorsal surface ; their function is a matter 
for dispute in the Turbellaria’-*. Some support for the 
theory that flatworm rhabdites are defensive is provided 
by the present work, where it is shown that they are 
sparse in Stylostomum and Cycloporus in which defensive 
acid-secretion has apparently led to a great reduction 
in their prevalence in the skin. 
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I thank Dr. H. O. Ball for laboratory facilities at the 
Dove Marine Laboratory, Cullercoats. 
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A Suggested Hereditary Mechanism for Visual 
Pigments of Chars (Salvelinus spp.) 


A RECENT investigation (Munz, F. W., unpublished 
results) has shown thas salmonid fishes of the genus 
Salvelinus have several different visual pigments. The 
methods used have been fully described elsewhere’. 
Retinae of dark-adapted animals were extracted with 
aqueous digitonin solutson and then tested for homo- 
geneity of the photosensitive pigment by the method of 
partial bleaching with coloured light*. Brook char, 
Salvelinus fontinalis (Mitchill), and Dolly Varden, S. maima 
(Walbaum), have the same visual pigments as are 
characteristic of Pacific salmon and of trout’. These are a 
retinene, pigment with Amax 503 + 1 my and the cor- 
responding retinene, pigment (Amax 527 + 1 my). The 
arctic char, S. alpinus (L.), has a retinene, pigment with 
Amax 509 + 2 mu; the simgle extract which was examined 
contained no retinene, pigment. The lake char, S. 
namaycush (Walbaum), has a retinene, pigment with 
Amax 512 + 1 mu. Some individuals of this species also 
possess the corresponding retinene, pigment (Amax about 
545 mu). Thus, in speciesof this genus, retinene, pigments 
having three distinct msxima have been characterized. 
These maxima represent specific differences in the nature 
of the ‘opsin’, as the protein moiety of a visual pigment is 
usually called*. 

An opportunity to examine the hereditary patterns of 
these opsins was afforded by the ‘splake’, the artificially 
fertilized hybrid between male brook char and female lake 
char. Retinal extracts were prepared from young splake 
and examined by the me+hod of partial bleaching. Both 
retinene, and retinene, visual pigments were present, as 
indicated by the characteristic spectral positions of their 
products of bleaching’. Controlled exposures to deep red 
light (A685 and 661 my) beached all the retinene, pigment 
(and some of the less rec-sensitive retinene, pigment as 
well). The retinene, pigment which remained was then 
subjected to partial bleaching, in a test of its homogeneity. 
Three separate experimerts gave substantially the same 
results, both in the presence and in the absence of 
hydroxylamine*: the retmene, pigment consists of two 
distinct photosensitive components. One has its Amsx at 
503 + 2 mu and the other at a longer wave-length, 
between 507 and 515 mg. Therefore, splake probably 
possess both parental visual pigments based on retinene, 
(Amax 503 and 512 mu). This interpretation rests on the 
degree of assurance that ell of the retinene, pigment was 
bleached prior to the demonstration of a lack of homo- 
geneity in the retinene, pigment. The preliminary 
exposures to deep red light were performed under condi- 
tions (lamp voltage, wave-length, monochromator slit 
widths, and time) that bleach more than 99 per cent of 
either parental retinene, digment. Thus, there is little 
doubt that two retinene, pigments were present. In a 
similar manner, both parental retinene, pigments should 
have been present in the extracts. It is difficult to charac- 
terize the more red-sensitive components in a mixture of 
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visual pigments*, but the results are consistent with this 
expectation, 

In summary, it appears that the opsins of each parental 
species are both present in the hybrid splake. In combina- 
tion with retinene,, these opsins produce two rhodopsins 
(Amax 503 and 512 my) and, with retinene,, two por- 
phyropsins (max 527 and about 545 mu). A reasonable 
hypothesis is that these specific differences in the opsin 
molecule are inherited with co-dominance, both bein 
expressed in the heterozygotic hybrids. The occurrence of 
a third distinct opsin in the closely related arctic char 
suggests that a series of multiple alleles may determine the 
constitution of opsin. This type of inheritance is familiar in 
certain human blood group antigens (for example, the AB 
and MN groups)', haemoglobins (A, C and 8) and recently 
described in acid phosphatases*-?. A similar mechanism 
has been proposed for bovine §-lactoglobulins*. The 
present instance would appear to extend this type of 
inheritance to a new class of proteins, at the level of inter- 
specific hybrids. Fortunately, the hybrids are fertile and 
it is possible to get F, as well as back-cross progeny. 
Further work on these hybrids is contemplated, and it is 
anticipated that these investigations will resolve the 
genetic questions raised here. 

We thank Dr. D. A. Webster for suggesting that the 
visual pigments of splake might be of interest and for 
providing the animals which we used, and Drs. E. 
Novitski and C. W. Clancy for their advice. This work was 
supported by grant NB-02588 from the National Institute 
of Neurological Diseases and Blindness, U.S. Public Health 
Service. 
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Morphometry of ‘Doggy’ Wool 


ALTHOUGH ‘doggy’ wool constitutes only 0-8 per cent 
of the Australian wool clip, its incidence has increased 
by 50 per cent in some fine-wool growing areas over the 
past three years’. ‘Doggy’ wool can be spun and woven 
into cloth on conventional machines to give a textile 
which is marginally inferior to normal; on the latest 
machines ‘doggy’ wool can be spun finer than normalt. 
The fabric is slightly stronger and has a slightly harder 
‘handle’ or feel than that from normal wool. A possible 
indicator of incipient ‘dogginess’ in fleece wool is reported 
below. 

In a fleece, ‘doggy’ wool is recognized by eye as straighter 
and more lustrous than normal wool from sheep in the 
same flock. The main difference is a reduced amplitude 
and frequency of the crimp wave of a ‘doggy’ fibre which 
can be so straight that the fleece looks like the coat of a 
long-haired dog*. It has been suggested that the charac- 
teristic reduced and irregular staple crimp is caused by a 
minority of short thick ‘doggy’ fibres‘. This is supported 
by the finding of only 8 per cent crimpless fibres in 
‘slightly doggy’ wool; 30 per cent makes the wool staple 
‘extremely doggy”. 

We have found a striking morphological abnormality 
in ‘doggy’ wool fibres. The effect is shown in Fig. 1, which 
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Fig. 1. 

fleece. 

its axis, when the apparent — 9 top view are seen as ‘notches’ 
x ¢C. 


‘Two views of a ‘nab’ on a SONT wool fibre from a 64's Merino 
Thei ower picture shows the fibre after one-quarter turn around 


represents two orthogonal views of the same fibre at low 
magnification. Rotation of the fibre one-quarter turn 
about its axis from the first position (top) causes the 
bulges to appear as notches (bottom); the abnormality 
will be referred to as a ‘nab’ hereafter. The periodic dis- 
position of these nabs at intervals of about 300 microns 
along the fibre is obvious in most ‘doggy’ fibres, although 
it is often n to rotate the fibre to follow the 
twisting of the plane of the bulges along the fibre. 

A typical nab is shown at high power (xc. 190), in 
plan and elevation in Fig. 2. Focusing down on the wool 
fibre shown in plan at the top in Fig. 2, one sees a spoon- 
shaped crater, which appears to be a spatulate bulge 
when looked at from the opposite side. In the elevation 
below (fibre rotated one-quarter of a turn) the views from 
either side are similar; there is an asymmetrical notch 
with the steeper slope always at the root end of the fibre. 
We have seen no scale damage in any nabs on ‘doggy’ 
fibres, nor have we been able to produce similar effects 
in wool fibres either by pinching with forceps or by 
compressing a web of fibres at the highest pressure 
available (9 tons per sq. in.). 

A detailed microscopic examination of a few ‘doggy’ 
fibres was made using the method previously reported®. 
The results for a typical nab on a ‘doggy’ fibre are given in 
Fig. 2. Percentage variations of cross-sectional area and 
ellipticity are plotted against position along the fibre 
axis. ‘The photomicrographs and graphs are scaled and 
aligned to give exact vertical correspondence of position 
along the fibre. 

Generally there is some change (about +10 per cent) 
in cross-sectional area across the nab, but this is usually 
less than the variation in area on the rest of the fibre, 
which is greater and more rapid than in normal wool’. 
Variability of ellipticity for the whole fibre is also greater 
than for normal wool and rises to a peak of 1-8-2-0 at 
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Fig, 2. Variation of shape, cross-sectional area and ellipticity over a 
typical ‘nab’ on a Merino wool fibre. Photomi phs are to same 
scale as graphs and aligned so that positions along the fibre correspond 
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‘Preliminary work shows that: (a) Each of the 
ples of different wools which were visually appraised 
egy contained many fibres with nabs on them. 
ach of the 120 single fibres selected visually as 
loggy` had nabs on it. (c) Nabs were found on a few 
bres from normal wool staples, but every such fibre was 
“judged visually as ‘doggy’. (d) No nabs were found on 
100 steely (copper deficient) wool fibres; these fibres are 
straight and are sometimes confused with ‘doggy’ fibres. 
(e) There were about 50 nabs in 6-5 em of typical ‘doggy’ 
wool; the range was from 10 to 140 nabs for the 100 
fibres examined. (f) The ‘doggier’ the fibre the more nabs 
on it. (g) ‘Doggy’ fibres are not entirely straight; there 
are occasional curved portions in the unconstrained 
fibre. Three-quarters of the nabs were on the straight 
= parts of the 50 fibres examined for this effect. (A) The 
modal periodicity of nabs was between 250 and 300 
< microns, which corresponds roughly to one day’s growth 
-of wool fibre. 

It has been shown®®ë that on follicles growing ‘doggy’ 
= wool fibres there are cysts close to the outer root sheath 
at or below the zone of keratinization.. If the follicles 
oscillate under the action of arrector pili muscles the bulb 
-of a follicle may be pressed against a cyst. The pressure 
Of a cyst on the soft fibre before keratinization would 
Account for the shape of the nabs. Continued oscillation 
would separate cyst and follicle, thus giving an interval of 
normal wool growth. The periodicity of nabs along ‘doggy’ 
-> wool fibres fits in roughly with the growth rate needed for 

this eyele of events. 
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Two Polyzoans new to the British Fauna 


TRAWLERMEN fishing off St. Kilda during the surnmer 
of 1964 reported the presence of large quantities of ‘weed’. 
A sample obtained in June was examined and found to 
consist mainly of hydroids and erect branching polyzoans 
bound up among shell detritus and argillaceous matter. 
_ The Polyzoa present were identified, and among them were 
“two species not previously recorded from British waters: 
‘Bierisia abyssicola Kluge and Sertella septentrionalis 
‘Harmer. 

-= Bierisia abyssieola has previously been found only off 
-the coast of Norway’. Being the only European species 
‘of Bierisia,: identification. presents no problem. It has 
-been briefly described by Ryland’ and is figured by 
< Kluge”. 

Sertellu septentrionalis has a mainly Arctic-Boreal 
distribution, though what is apparently the same species 
has been reported from the Azores and is not uncommon in 
the Mediterranean*®. A description is given by Gautier? 
and a figure, under the name Retepora cellulosa, by 
Kluge’. 

Two other species of Sertella were found in the sample: 
S. beaniana (King) is a common northern form; but S. 
_couchit (Hincks) has a Mediter: anean-Lusitanean distri- 
bution, and the present record constitutes the most 
northerly known. The occurrence of both southern and 
boreal species is a characteristic feature of the polyzoan 
auna of the Hebrides!*. The remaining species recorded 


























were all characteristic o” Atlantic habitats in north-west 
Europe, the celleporan Harmerelia dichotoma (Hincks) 
being particularly common. 


J, S. RYLAND 
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ENTOMOLOGY 


Protective Display and Underwing Cryptic 
Markings in an East African Saturnioid 
Tas normal daylight position of rest in many species of 
saturnioid is with the wings outstretched and the fore- 
wings folded back so as f cover the vivid hind-wing eye 


spots and their surrouncing field of colour, leaving the — : 


remaining part of the hine-wings exposed to view. Cryptic 
coloration of the fore-wings and the exposed parts of the 
hind-wings is usually sufficiently well developed to ensure 
a measure of protection from predators. when the insect 
is at rest either on bark or among dead leaves and woodland 
debris. The exposed forewing fenestrae with their yellow 
or brown edges simulate »qually well algae and lichen on 
bark, or mould marks on «lead leaves. 

That some moths do exercise a certain degree of selec- 
tivity in choosing the baexground on which to rest during 
the day has been shown by the experiments of Kettle- 
welll, Similarly, Seitz? noted that the saturnioid Nudaure- 
lia wahlbergi Boisd. shows a marked preference for the 
bases of tree trunks and cead leaf litter for its day resting- 
place, in both of which its yellow-brown cryptic upperwing 
markings would be of acvantage in concealment. The 
present observations also indicate that many saturnioids 
are to be found in these sizes. This may be a measure of 
the ease of accessibility tə the observer rather than to a 
preference of the moths for such sites. A record, however, 
of the resting positions of newly reared Nudaurelia gueinzii 
Karsch in flight cages suggests (Table 1) that flat surfaces 
are favoured over twigs arzi leafy branches, with a definite 
preference for the leaf-litter-strewn cage floor. 


Table 1. Day RESTING Sires or N. gueinzii, NUMBERS REPRESENT 
INDIVIDUALS SCORED ONCE CN SECOND DAY AFTER EMERGENCE 


Littered cage Twigs and Cage 
floor 


“Gauze cage 
branches roof 


sides 


No. moths 4i 30 16 5 


A feature of many satarnioids, however, is the high 
degree of development of aryptic coloration on the under- 
side of the wings. Light aad dark shading and coincident 
wing markings are often mach more developed than on the 
upper side. Several specs show, when the wings are 
at rest, a striking similarity on the underside to a dead 
leaf with constructive shading of coincident wing 
markings’ giving an impression of false relief to the flat 
wing surfaces. The body s usually plainly coloured and 
may be countershaded. Leaf mid-rib patterns may be 
indicated while the fore-wing and hind-wing fenestrae 
simulate mould marks. There is no trace of any eye spots 
which may be present on the upper side of the hind-wings, 
that is, the whole of the underside wing pattern is one of 
concealment only. This weuld suggest that at some time 
in the lives of moths so marked, but with a seeming 
preference for resting on flat surfaces, there may be 
oceasion to rest with the ventral side predominantly 
exposed to view and that in. this position the degree of leaf 
resemblance is of selective value for survival. 

A possible partial explasation of this development is 
seen in the protective and alarm display of N. gueinzii, 














which is common in many parts of East Africa, and has 
particularly well-developed cryptic markings on the 
underside. The forms of protective display in the saturn- 
ioids have already been described by Blest*, who was able 
to distinguish five types of display related to the type of 
coloration of the moth rather than to taxonomic divisions. 
The daylight protective display pattern of N. gueinzii, 
however, can be divided into three distinct stages the last 
of which is important from the point of view of under- 
wing eryptic markings: 

Stage 1, at the first tactile hint of disturbance the fore- 
wings are protracted and slightly elevated to expose 
the yellow and black hind-wing eye spots on their pink or 
red background. Should the disturbance pass, the fore- 
wings are retracted and the moth resumes its normal 
cryptic at-rest posture. Stage 2, should the disturbance 
persist or the initial stimulus have been a strong one, the 
wings, while in the Stage 1 position, are rapidly vibrated. 
This is often sufficient to alarm many approaching animals 
and both mantids and chameleons have been seen to with- 
draw after such a display. Stage 3, should the eye spot 
display of Stage 2 fail and the disturbance continue, or 
the initial stimulus have been particularly strong, the 
moth suddenly retracts its legs, releases its hold on the 
substrate and falls to the ground. If the vertical distance 
it falls is less than about a metre, the Stage-2 display is 
continued with the fore-wings held forward and both pairs 
flapped slowly up and down against the ground so that the 
moth rhythmically rises and falls thus perhaps heightening 
the eye spot effect. These flappings often cause the 
moth to overturn after which it usually retracts its wings 
and remains still. l 

The effect of the sudden concealment of the bright eye 
spots is heightened by the constructive and coincident 
underwing| shading which immediately alters the apparent 
shape of the moth, converting it into a slightly bent dead 
leaf. By this action the axis of visual bilateral symmetry 
is changed from along the longitudinal line of the body to 
a line at right angles to that axis and running between the 
fore-wing |tips, so further confusing the visual senses of the 
predator. 

If the distance to the ground, however, is more than a 
metre, the moth falls to the ground but in transit 
frequently retracts the fore-wings to cover the eye spots. 
It may then spiral down in the normal dorsal side upper- 
most flight attitude, or it may assume a negative wing 
dihedral, become inverted and again spiral to the ground 
in the manner of a falling dead leaf. There is little or 
no wing flapping on the way down. Should it be inverted 
on landing it will maintain that position and is then very 
difficult to discern among the fallen leaves. When 
inverted the moth is strikingly inert even when strongly 
stimulated. Its behaviour in this position corresponds 
closely to that noted by Blest‘ and associated with highly 
developed mimetic proeryptie coloration of the upper wing 
surfaces such as that found in non-eye spot-carrying 
saturnioids like Cricula andrei Jord and Hacles imperialis 
Drury. The inert position is seldom maintained for less 
than half an hour and is usually held for several hours. 
Righting is by the normal saturnioid righting wing action* 
which is followed, after a brief interval of walking 
— flapping, by a short flight to a new position of 
rest. 

Thus N. gueinzii is an interesting example of a moth 
with two distinct behaviour reactions dependent on the 
degree of initial stimulation and on whether the dorsal or 
ventral wing markings are exposed to likely predator 
vision; an active warning display and/or passive protective 
concealment. This behaviour pattern has been consist- 
ently observed in N. gueinzii seen in the field and in two 
laboratory breeding populations obtained initially from 
widely separated geographical locations and each main- 
tained for five generations. Similar behaviour patterns, 
with slight variations, have been observed in similarly 
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marked species which have not yet, however, been bred 
in the laboratory. 
M. D. GWYNNE 
East African Agricultural and 
Forestry Research Organization, 
Kikuyu, 
Kenya. 
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and Sphinges (Kernen, Stuttgart, 1930). 
* Cott, H. B., Adaptive Coloration in Animals (Methuen, London, 1940). 
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Premature Breakdown of the Prothoracic 
Glands in Parasitized Aphids 


WHEN larvae of Aphis craccivora Koch become para- 
sitized by the hymenopterous parasite Aphidius platensis 
Brèthes, they show a retention of juvenile characters 
(metathetely) in their subsequent instars'. If the para- 
site’s eggs are deposited in Ist instar larvae, in addition 
to developing metathetely, the larvae show some prothe- 
tely—premature development of adult characters—when 
they moult into the 4th instar, and they never become 


adults, although they are not finally killed by the parasite 


until one or two days after they would normally have 
moulted into the adult stage}. 

The process of moulting in insects is known to be under 
the control of a hormone produced by the prothoracic 
glands, the activity of which is controlled by the brain. 
If an insect fails to moult, this could be due to failure of 
the brain to produce the appropriate stimulus to activate 
the prothoracic glands, as apparently happens in some 
insects which undergo diapause’®, or it could be due to 
failure of the prothoracic glands to produce the moulting 
hormone, or to a failure of the epidermal cells to respond 
to the hormone. 

The prothoracic glands of aphids have recently been 
described*. They consist of groups of cells clustered around 
the tracheal trunks near the prothoracic spiracles. These 
cells normally show cycles of activity which coincide with 
the moulting cycle, and like the prothoracic glands in other 
inseets they break down after the aphids have undergone ~ 
the final moult into the adult stage. 

I have now found that the prothoracie glands of aphids 
which have become parasitized in the Ist instar break- 
down. soon after these aphids have moulted into the 4th 
instar. The failure of the aphids to undergo a further 
moult to become adults therefore appears to be due to a 
failure in production of the moulting hormone. 

Why these cells should break down is not at present 
known. The parasite at this stage of development is 
confined to the abdomen of the aphid and appears to feed 
only on haemolymph. In serial sections examined under 
the light microscope the process of breakdown of the 
prothoracic glands in parasitized 4th instar larvae appears 
to be identical to that observed in unparasitized aphids 
which have moulted into adults. The fact that aphids 
which have become parasitized in the Ist instar pre- 
maturely develop some adult characters in the 4th instar 


would suggest that the hormone balance at this penulti- 


mate moult is influenced by the parasite in such a way | 
that it resembles the normal situation when the aphid | 
moults into the adult stage. Breakdown of the prothoracic 
glands of insects is known to be under endocrine control 
and it would seem that in parasitized aphids the pro- 
thoracic glands are induced to break down prematurely 
by prematurely experiencing a hormone situation suffier- 
ently simular to that which is normally experienced only 
at the final moult. 

After breakdown of the prothoracic glands the endo- 
cuticle of the parasitized aphids becomes very much thicker 
than in normal aphids. 
over 2—3 days and involves synthesis and deposition of 











The thickening process extends ~ 
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he constituents of the cuticle by the epidermal cells, 
-which remain large and active. These cells are un- 





` doubtedly stimulated either directly or indirectly by 
- secretions from the parasite and this abnormal activity 
takes place well after the aphid’s own prothoracic glands 
have disappeared. The thickened cuticle of the parasitized 
aphid later becomes the characteristic ‘mummy’ in which 
the parasite subsequently pupates after devouring the 
remaining body contents of its host. 
Bruce JOHNSON 
Waite Agricultural Research Institute, 
Jniversity of Adelaide, 
South Australia. 
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An Improved Histological Technique for 
Refractory Insect Brood Material in Research 
on Doryline Ant Behaviour 

ü For examination of the biological basis of cyclic 
- behaviour in doryline ants, the need to have extremely 
thin sections of brood material in complete series covering 
highly limited areas of tissues, from early developmental 
stages to adult, has led to the improved techniques 
reported here. The methods of fixing, sectioning and 
staining have made possible the fast routine processing of 
otherwise difficult, refractory materials through specimens 
representing a wide range of body-lengths. The linear 
dimensions of individuals comprising the polymorphic 
brood in the tropical American army ant, Eciton burchelli, 
for example, range from that of 0-5 mm in the microlarvae 
to 15 mm in the semi-pupae and callows of worker majors. 
Throughout such a range of material we are able to obtain 
a complete series of uniformly thin sections for each speci- 
ment, cut at thicknesses between 4 and 7y at any desired 
angle. These thin sections, moreover, are easily mounted 
in series for rapid examination because these techniques 
furnish ribbons of tissue without the loss of sections 
through knife-shattering or unevenness of material usual 
with other techniques we have tried (for example, refs. 1 
and 2). Despite the thinness of the sections, it 1s a rare 
experience to lose even one of a series through its bemg 
shattered during sectioning or in handling. 

Most of our previous work has been carried out with 
specimens from the broods of colonies examined in the 
field, fixed at the time of capture in Bouin’s or formalin, 
less frequently in another medium as may be appropriate. 
The specimens, taken from storage in 70 per cent alcohol, 
are first dehydrated, and then set in a combination of 
methyl-salicylate (a softening and clearing agent) and 
‘Paraloiden’ (an agent which both prevents brittleness 
and shrinkage and facilitates sectioning of heterogeneous 
tissues). 

Following this operation, the material is infiltrated with 
‘Paraplast’?, which has proved to be the most effective of 
several embedding agents we have tried. ‘Paraplast’ is a 
compound of purified paraffin and plastic polymers of 
_ regular molecular weights, which facilitates sectioning. 

The methods recorded here constitute not only the best 
means in our experience for rendering excellent sections 
of difficult insect specimens with the advantages first 
described; they also afford the most rapid means of 
preparing these specimens. The scheduling of the sequences 
and durations of operations involving immersion in fluids 
and the order of embedding naturally varies according to 
the developmental stage of the specimen under treatment. 
In no case, however, does the entire set of operations 
_ (that is, from storage in alcohol to ‘Paraplast’ block ready 
for sectioning) take more than two days for brood speci- 
mens or more than five days for imagos or callows. (The 
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increment of three deys for the latter is needed for 
additional infiltration cf such material.) 

For staining these very thin sections we use our 
modification of the Gomori’ aldehyde-fuchsin preparation, 
in which are incorporated the modifications of Gabe* and 
Halmi’ beyond those introduced by Gillner and Olsson’?:*. 
The result is a very effective stain for the thin sections 
described, and one which takes no more than 3 h to carry 
through. The operation may be described briefly as one 
which begins with a 15-sec staining with aldehyde—fuchsin, 
followed by a l-h (relatively brief) staining with Heiden- 
hain iron alum haemasoxylin, and finally by a 10-sec 
plasma stain made of fast green, orange H, phospho- 
tungstic acid and acetic acid. 

One further aspect of the method may be mentioned. 
Although an aldehyde-fuchsin stain is not the most 
desirable as a histochemical stain? because the chemistry 
of its tissue reaetions is not well understood, its use in 4@ 
standardized way seeme amply justified by the clear-cut 
results we have obtained through its combination with a 
haematoxylin modification. The colour differentiation of 
tissues, organs and systems rendered in our material by 
this stain can be described as strikingly superior to that 
given by standard haematoxylin-eosin stains as well as 
other aldehyde-fuchsin stains. Although the adoption of 
this combination is strongly recommended by our empirical 
results, it would be helpful to examine the chemical basis 
of its effectiveness. 

Our task is the investigation of cyclic behaviour in three 
genera of doryline ants in relation to its biological basis. 
Because stimulative and trophie effects from the brood 
on the adult population have been found critical for the 
appearance of phasic changes in the colony cycle of these 
ants®!°, we are interested in examining larval character- 
istics at all stages of development in the finest detail 
possible. For example, with this improved method, the 
histology of salivary-spim gland metamorphosis reported 
by Lappano! for Eciton burchelli is now being examined 
in finer detail in comperison with species representing 
other doryline genera. 

The method described here seems to answer this need 
so far as is possible at tne present time for light-micro- 
scopic investigations. Fig. 1 presents for comparison two 
sections of larval cuticle from equivalent areas in different 
specimens: section A prepared by our improved method 
(with the aldehyde—fuchsm stain as described) and section 
B prepared in the same way but stained with haematoxy- 
lin-eosin. The contrast: in detail revealed favours A 
greatly and is even more improved in colour reproductions 
which emphasize the delicacy of differential staining that is 
attained. Parallel preparations on widely different tissues 
have been made by various methods, the examination of 
which has emphasized the extent to which fine details lost 
through conventional teckniques are identifiable on slides 
prepared by our improvec. method. 

The tissues we have examined to advantage with this 
method include salivary, aeurosecretory and hypodermal, 
as well as other tissues known or suspected to have 
afferent functions. Three examples may be quoted. 

Examination of larval broods of the army ants Hezton 
burchelli of tropical America and Neivamyrmex nigrescens of 
the southern United States indicates that an enlargement 


chemical preparations. 

There is a marked difference in the larval cuticle of the 
two species mentioned, that of E. burchelli being much 
thicker than that of N. nisrescens and presenting in equi- 


valent polymorphic types et comparable stages of develop- 


ment a ratio of the thickness of the epidermis to the 
chitinous cuticle of approximately 1: 2-5 in comparison 











A 1 3 


Fig. 1. Cross-sections of larvae of intermediate size at tenth nomadic 
day, prepared by our methyl-salicylate ‘Paraplast’ method for com- 
parisons of chitinous cuticle in two line species. Arrows indicate 
cuticular areas represented in ratios. , Neivam nigrescens, cut 
at approximately 44 and s with our modification of aldeh de- 
fuchsin ( x ¢. 390). Ratio of cuticle to epidermis, 1 : 1; B, Eciton burchelli, 
cut at approximately 7#, and stained with haematoxylin-cosin 
(xe. 390). Ratio of cuticle to epidermis, 2-5: 1 


with a ratio of about 1:1 for larvae of N. nigrescens 
(Fig. 1). This problem is being explored in these species 
in the detail allowed by our method of preparation and 
will be compared in representatives of other doryline 
genera in its possible relevance to known functional 
properties of the species. One functional difference of 
interest is the fact that Æ. burchelli, a larger species, is 
considerably more surface-adapted in its nesting in both 
phases of the functional cycle than is N. nigrescens. 
Another is that the former species in the nomadic phase 
initiates its raids at dawn and develops them through the 
daytime hours, whereas eolonies of N. nigrescens initiate 
their nomadic raids at dusk and develop them to the 
stage of emigration during the night. 

As a third example, we have found in worker larvae of 
N. nigrescens a pair of goblet-shaped epidermal thicken- 
ings, each member of which is located dorsolaterally on 
one side of the head from which it has fibrous connexions 
with the dorsal ganglion of its side. These structures are 
only a few sections in thickness (that is, 20-30) and had 
been missed in the examination of thicker sections of 
corresponding material prepared by methods used in 
earlier stages of this programme. Once such structures 
have been definitely located and studied histologically in 
terms of their characteristics in the polymorphic series at 
different growth stages, appropriate tests can be devised 
for working out in the field laboratory their possible roles 
in larval development and behaviour in relation to colony 
function. 

This work was supported by grants from the U.S. 
National Science Foundation to one of us (T. C. S.) for 
investigations on the behaviour and biology of doryline 
ants. 
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Isolation of Lactobacillus acidophilus from 
Faecal Material 


THe isolation of Lactobacillus acidophilus from fresh 
faeces is a comparatively simple procedure using the 
method of Ellis and Sarles? and the selective medium 
recommended by Rogosa et al.* (supplied by Baltimore 
Biological Laboratories, Baltimore, Maryland, under the 
name “LBS Medium’). We have, however, found that 
substituting tomato juice for 20 per cent of the water 
added to the prepared medium gives approximately 
twice the number of colonies for a given sample of faeces. 
The tomato juice used is the filtrate obtained from 
canned tomatoes minced in a Waring blender. Two such 
experiments are shown in Table 1. 


Table 1 
Isolation “LBS “LBS Medium’ 
No. Medium’ and tomato juice 
1500-15 60 colonies 100 colonies 
1509-17 52 colonies 120 colonies 


We would like to emphasize that ‘LBS’ is a selective 
medium and not suited for maintenance of cultures 
subsequent to isolation. The following modification of 
Briggs medium*, which we call ‘SMDT Medium’, has 
proved an excellent nutritive broth: 


Peptonized milk nutrient (Sheffield) 50 g 
Bacto peptone 10 g 
Dextrose 5g 
Polyoxyethylene sorbitan mono-oleate lg 
Tomato juice 20 mi. 
Distilled water q.s. 1,000 ml. 


pH adjusted to 6-5-6-8 with sodium hydroxide 
For solid media 1-5 per cent agar is added. 


One important fact which may be overlooked is that 
L. acidophilus forms two types of colony, namely, X and 
Y. They are sometimes referred to as R and S, but we 
prefer the terminology X and Y because of the pathogenic 
connotation of the terms R and S. There is no physio- 
logical difference between the two forms in L. acidophilus, 
and the property is not constant. Entire populations 





Fig. 1. 


L. acidophilus, Y-type colony (x 80) 
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Culture in London 
Study in Melbourne 


An efficient method of transporting living cells and 
other specimens has become one of the biologists 
most urgent needs. Now Union Carbide has developed 
a revolutionary new range of biological transporters 
embodying a unique principle of cryogenic storage 
which enables the temperature of the specimens to be 
kept below -130°C for up to five days: long enough 
for a train journey across Europe or a freight flight from 
London to Australia. The new transporters consist of an 
aluminium outer shell with a plastics lining containing 
a porous filler chilled to accommodate the specimen 


BIOLOGICAL TRANSPORTERS ANOTHER PRACTICAL PRODUCT OF BR 


ampoules. The filler is saturated with liquid nitrogen 
which gradually evaporates and is exhausted to atmos- 
phere through pressure relief vents. The porous filler 
eliminates the danger of spillage, and Super Insulation 
reduces the evaporation rate to 0.33 litres per day in 
the case of the BT-2 (which is designed for 2 x 50 ml. 
ampoules) and 0.36 litres per day in the case of the 
larger capacity BT-3 (which is designed for 1.2 ml. 
ampoules). Since the BT-2 holds 1.6 litres of nitrogen 
and the BT-3 2 litres, both transporters have a 
guaranteed static holding time of 5 days. 
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Fig, 2. 


L. acidophilus, X-type colony (x 80) 


may change their colonial forms abruptly when plated on 
different mediat-?. Figs. 1 and 2 illustrate the two types 
of colony. Both these colonies came from the same tube 
of culture. The Y-type colony in Fig. 1 was formed in 
the modified ‘LBS Medium’ and the X-type colony in 
Fig. 2 was formed in the modified ‘SMDT Medium’. 
When the colony in Fig. 1 was cultured in ‘SMDT’ broth 
and plated out in “‘“SMDT’ agar the X-type colony was 
formed. 

We have found that L. acidophilus isolated from faeces 
almost invariably formed the Y-type colony in the ‘LBS 
Medium’ (whether used as purchased or modified by the 
addition of tomato juice) regardless of the type formed in 
other media. If the X-type is the only type associated 
with L. acidophilus, and the Y-type found in ‘LBS’ agar 
disregarded, this may, in part, account for some reported 
failures to obtain implantation of L. acidophilus by the 
oral administration of viable cultures, capsules and other 
dosage forms. 

Davip B. SABINE 
JACQUELINE VASELEKOS 


Product Development Laboratories, 
U.S. Vitamin and Pharmaceutical Corporation, 
Yonkers, New York. 
' Ellis, R. H., and Sarles, W. B., J. Bact., 75, 272 (1958). 
* Rogosa, M., Mitchell, J. A., and Wiseman, R. F., J. Bact., 62, 132 (1951). 
* Briggs, M., J. Dairy Res., 20, 36 (1953). 
t Barber, F. W., and Frazier, W. C., J. Bact., 50, 637 (1945). 
* Rogosa, M., and Mitchell, J, A., J. Bact., 59, 303 (1950), 


* Green, G. E., Dodd, M. C., and Radike, A. W., Proc, Soc, Exp. Biol. Mèd., 
90. 517 (1955). 
7 de Klerk, H. C., and Coetzee, J. N., J. Gen. Microbiol.. 27, 155 (1962). 


Experimental Transmission of Toxoplasma 
gondii 


DEsPTTE the vast literature on the subject of Toxoplasma 
gondii, nothing is known of its natural method or methods 
of transmission apart from the fact that congenital 
transmission can occur in mammals. The possibility of 
faecal transmission has already been investigated to- 
gether with many other possible modes of infection. 
Jacobs et al. fed tissues infected with Toxoplasma to 
dogs. The faeces which were recovered at intervals 
afterwards were fed to mice but no infection resulted. 
The proliferative form of Toxoplasma, which sometimes 


NATURE 


961 


can be found in faeces* and the cystic form which could 
“conceivably be liberated in faeces”? both have insufficient 
tolerance to withstand the conditions prevailing in the 
external environment*. Consequently, little support 
can be given to the ides that these forms could survive 
long enough in faeces .o effect transfer to another host. 
However; the possibility that free Toxoplasma in the 
intestine, liberated eitaer from infected food or from 
intestinal lesions, might be capable of associating with 
intestinal nematodes and passing to the exterior within 
their ova seemed worthy of investigation. In order to 
test this hypothesis, the following preliminary experiment 
was carried out. 

Six mice were each given a subcutaneous injection of 
50 cysts of the Beverley strain of Toxoplasma. After three 
months, the mice were killed and, when the brains were 
examined, they were found to be infected with large 
numbers of toxoplasmie cysts. After examination, the 
brains, together with the carcasses of these six mice, were 
fed to a cat over a peried of three days. The cat, which 
was approximately six months old, had been infected with 
Toxocara cati two months previously. 

Two weeks after feediag the infected mice, the faeces of 
the cat were subjected te the Faust zine sulphate flotation 
technique’. The maternal which floated on top of the 
ZnSO, in the centrifuge tube was removed with a pipette 
and diluted with water. Ova and other heavy particles 
were allowed to settle. The diluted ZnSO, was poured 
off in the supernatant ard the sediment was re-suspended 
in tap water and left at room temperature. 

Three months later the sediment was removed and again 
re-suspended in a small amount of water. Six mice were 
each given one feed of (25 ml. of this suspension which 
was placed directly into -he stomach by means of a cathe- 
ter. Two of these expeximental mice died fourteen days 
later; the brains were pooled and ground up in 2 ml. 
saline. Six mice were each subcutaneously injected 
with 0-2 ml. of this material. An identical procedure was 
adopted with the liver and spleen of the dead mice. 
Those mice which had been injected with the suspensions 
of brain and liver were found to be positive for Toxoplasma 
at autopsy carried out 35 days later. No cysts were 
observed in the brain o7 mice injected with the spleen 
suspension. 

The brains of the foar surviving experimental mice 
were examined two months after the commencement of 
the experiment and all were found to be infected with 
Toxoplasma cysts. The degree of infection varied; the 
most heavily infected mouse was estimated to contain 
1,300 cysts in the brain, while the mouse with the lightest 
infection had only 300. 

Eight uninfected control mice were used. Two were 
placed in the same cage as the experimentally infected 
mice and six were kept in adjoining cages. None of the 
control mice was found to be infected. It should be 
added at this stage that no natural infection with Toxo- 
plasma has ever been observed in the hundreds of mice 
examined in the animal house of this university. Mice 
were also given suspensions of T. cati ova isolated from cats 
which had not been fed wath Toxoplasma-infected tissues. 
The absence of the protezoan from the brains of these 
mice indicated that the ~esults described here were not 
due to the stimulation of latent infections by the nema- 
todes. Larval forms of T. cati were found in the brains 
of some of the mice during the subsequent examination 
for Toxoplasma. Jacobs* has presented evidence that 
concomitant nematode infeetions can play a part in the 
outcome of canine toxoplasmosis. In order to determine 
the longevity of the inoculum, this experiment, involving 
the infection of a group of six mice with the inoculum 
prepared from cat faeces, was repeated eight times at 
intervals over twelve months. At the end of the twelve- 
month period, it was found that mice could still be in- 
fected. The total number of mice fed with the faeca! 
inoculum in this series was 48, of which 37 survived to be 
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autopsied at the end of the two-month experimental 


period. Two of the total examined were found to be 
negative, but the remaining 35 mice were found to have 
Toxoplasma cysts in the brain. The inoculum has been 
examined microscopically. The only living material 
observed, apart from, bacteria, were the oocysts of Isospora 
and the ova of T. cati. Nothing which could be related to 
Toxoplasma has, as yet, been observed. 

On the basis of the facts presented, it appears that 
some form of Toxoplasma is capable of passing into the 
external environment in the faeces of infected cats. Under 
favourable conditions, this form can remain viable for at 
least twelve months and cause infection on ingestion by 
mice, 

The results obtained are of a preliminary nature, but I 
feel that they are consistent enough to show that Toxo- 
plasma can. be isolated from faecal material by conven- 
tional techniques. At present it is impossible to say 
whether the infection induced by this material was 
transmitted in helminth ova or by some other means. 
Experiments now being conducted have been planned 
with the object of determining by which method the 
infection actually was transmitted. 

I thank Dr. J. K. A. Beverley and Prof. C. P. Beattie 
for their advice. 

W. M. Hurcuiso~x 

Department of Applied Microbiology and Biology, 

University of Strathclyde, 

Glasgow. 

* Jacobs, L., Melton, M. L., and Cook, M. K., J. Parasifot., 41, 353 (1955). 
* Jacobs, L., Amer. J. Trop. Med, Hyg., 2, 865 (1953). 
* Jacobs, L., Ann, Ree. Microbiol., 17, 429 (£968), 
* Jacobs, L., Remington, J.5., and Melton, M. L., J. Parasitol., 46, 11 (1960). 


t Levine, N. D., The Protozoan Parasites of Domestic Animals and of Man 
(Burgess Publ. Co., Minneapolis, Minm., 1961). 


Resistance to Norleucine and Control of 
Methionine Synthesis in Escherichia coli 


NORLEUCINE appears to inhibit bacterial growth due to 
incorporation into proteins in place of methionine, as the 
analogue inhibits methionine incorporation but does not 
significantly reduce its synthesis’. It has been demon- 
strated? that resistance to amino-acid analogues in 
Escherichia coli is achieved frequently by over-synthesis 
of the amino-acid itself, and this appears to be the case 
with norleucine-resistant strains as some excrete a sub- 
stance (presumably methionine) which stimulates the 
growth of sensitive strains in the presence of the analogue. 
Colonies of such resistant strains have haloes of growth 
around them when plated on sensitive strains in the 
presence of norleucine. A mutant (strain P-76-2) selected 
as @ norleucine-resistant strain by this method had 
increased amounts of homocysteine methylase (compared 
to the parent strain P-76) when grown in minimal medium 
and the formation of the enzyme was only slightly reduced 
by growth with methionine®*, It was proposed that 
strain P-76-2 failed to produce a repressor or formed a 
faulty one. The probable excretion of methionine and the 
high enzyme-level supported this idea. It was also possible 
that resistance to norleucine was due to decreased perme- 
ability to the analogue; failure of methionine to repress 
enzyme formation would then be due to a similar perme- 
ability restriction. The increased levels of homocysteine 
methylase on minimal medium are, however, not con- 
sistent with this view, and as methionine-requiring auxo- 
trophs, isolated from strain P-76-2, grow well with 
small amounts of methionine there seems to be no 
restriction on the entry of this amino-acid. The control 
of methionine synthesis in strain P-76-2 has been further 
investigated to ascertain whether all the enzymes of the 
methionine-synthesis pathway are de-repressed and also 
to determine whether methionine exerts a feedback 
inhibition effect on the activity of the first enzyme as it 
does in other strains‘. 
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Homocysteine methylase has been assayed in strain 


P-.76§-2 and in two other norleucine-resistant strains. In 
strain P-76-2 (Table 1) growth with 2-5 mM methionine 
repressed enzyme formation by only 10 per cent com- 
pared to 88 per cent repression in strain P-76 (norleucine- 
sensitive) while in the other two strains (the growth of 
which was slightly inhibited by norleucine) repression of 
enzyme formation was 40 per cent compared to 86 per 
cent in the parent strain. Methionine synthesis in E. coli 
involves the functioning of three enzymes other than 
homocysteine methylase®-?. Homoserine O-transsucciny1- 
ase catalyses the synthesis of O-sueccinylhomoserine from 
homoserine and succinyl coenzyme A, cystathionine syn- 
thetase forms cystathionine from O-succinylhomoserine 
plus cysteine, while cystathionase produces homocysteine 
from cystathionine. Cystathionase and cystathionine 
synthetase were assayed in extracts from strain P-76-2 
grown + methionine; methionine (2-5 mM) did not sig- 
nificantly repress the formation of these enzymes (‘Table 2) 
although in other strains the formation of these enzymes 
is repressed by 80-90 per cent at this concentration of 
methionine. For the assay of homoserine O#ranssucciny!l- 
ase cystathionie-requiring mutants of strain P-76-2 were 
isolated. Extracts of mutants lacking cystathionine syn- 
thetase incorporated isotope from succinate labelled with 
carbon-14 into a product which behaved like O-succinyl- 
homoserine on columns of ‘Dowex-l’ resin and on paper 
chromatograms. The formation of this homoserine 
O-transsuccinylase was not reduced by growth’ with 
methionine (2-5 mM), but methionine (5 mM) added to 
extracts prepared from organisms growth + methionine 
exerted a marked inhibitory effect on enzyme activity. 
The extent of inhibition (90 per cent) was similar to that 
observed with norleucine-sensitive strains’ (Table 3). 
Thus in strain P-76-2 resistance to norleucine is associ- 
ated with failure of methionine to repress any of the 
biosynthetic enzymes demonstrating that the mutation 
to resistance alters a single regulator site which in re- 
pressible strains controls the whole biosynthetic sequence 
presumably by the synthesis of a diffusible repressor. 
Although strain P-76-2 is non-repressible by methionine, 
the first enzyme of the biosynthetic pathway (homo- 
serine O-transsuccinylase) is still sensitive to feedback 
inhibition of its activity. As the synthesis of O-succinyl- 
homoserine by whole organisms is generally even more 
sensitive to feedback inhibition by methionine than syn- 
thesis by cell-free extracts*, feedback inhibition ought to 
limit methionine excretion by strain P-76-2. It appears 
to do so, as I have been able to demonstrate only slight 
methionine exeretion even after prolonged growth of 


Table 1. HOMOCYSTEINE METHYLASE ACTIVITY OF NORLEUCINE-RESISTANT 
AND NORLEUCINE-SENSITIVE STRAINS OF Escherichia coli 
Homocysteine methylase 
Growth inhibition by (em mole/mg dry wi jh} 
pL-norleucine (mM) Organisms grown Organisms grown plus 
Strain of without methionine methionine (2-5 mM) 
P-76 99 260 30 
P-76-2 16 570 530 
R 96 350 50 
Ri 49 500 305 
R2 38 610 396 


Strains Ri and R2 are norleucine-resistant strains isolated from strain R. 


Table 2, 
AND CYSTATHIONINE SYNTHETASE UN Escherichia coli STRAIN P-76-2 


pL-methionine Homocysteine Cystathionine 
added to the methylase Cystathionase synthetase 
growth medium (um molejmg dry (umole pyruvate} (amole/me 
imM) wtih) mg protein/h} proteinih} 
0 740 1-9 18 
25 690 2-0 2-1 


Table 3, 


Homoserine 0-transsuccinylase 
(counts/100 sec/mg protein/3 h} 
No methionine in Methionine (5 mM) 
incubation mixture added to incubation 


bL-methionine in 
growth medium (mM) 


mixture 
0 : 41,250 G40 
25 11,860 3,450 


EFFECT OF METHIONINE ON THE FORMATION OF CYSTATHIONASE > 


EFFECT OF METHIONINE ON THE FORMATION AND ACTIVITY OF a 
HOMOSERINE O-TRANSSUCCINYLASE E 
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strain P-76-2 ın liquid medium while on solid medium 
excretion of methionine (detected by using norleucine- 
sensitive strains and methionme-requiring strains) occurred. 
only after several days growth. Thus methionine over- 
synthesis appears to be limited by feedback inhibition in 
strain P-76-2 although the extra methionine formed due 
to the failure of enzyme repression is sufficient to over- 
come the inhibitory effect of norleucine. 
R. J. RowBury 
Department of Botany, 
University College, London. 
1 Munter, R., and Cohen, G. N , Biochim. Biophys. Acta, 31, 378 (1959). 


2 Aldeberg, E. A. J Bact. 76, 326 (1958). 


3 Cohen, G. N., and Jacob, F, C.R. Acad. Sct, Pars, 248, 3490 (1959) ; 
Cohen, G. N. (personal communication). 


t Rowbury, R. J., Biochem. J., 82, 24P (1962). 

8 Wijesundera, 5 , and Woods, D D., J. Gen. Microbiol., 9, 3 (1953). 

e Rowbury, R. J., J. Gen. Microbiol , 28, 5 (1962). 

1 Rowbury, R. J, and Woods, D. D., J. Gen. Microbiol. (in the press). 
8 Rowbury, R. J., Biochem. J., 93, 20P (1964). 


VIROLOGY 


Dynamics of Antibody Production and of 
the Plasmocytic Reaction on Immunization 
with the Vaccinia Virus 


Tue mechanism of prolonged production of vrus- 
neutralizing antibodies following single immunization 
with the vaccinia virus}? is still obscure. 

In order to follow the regularities of this process, non- 
inbred albino female rats weighing 150-200 g were used. 
The animals were immunized subcutaneously (the foot 
of the hind leg) with 9-2 x 10° pock-forming units (titra- 
tion on chick embryos‘). 

Decreasing quantities of the virus were found at the 
site of administration and in the popliteal (regional) 
lymphatic nodes durmg 96-120 h, and in the retroperi- 
toneal and groin nodes during 48 h. No virus was 
isolated from the blood or internal organs. 

Virus neutralizing antibodies (neutralization reaction 
on chick embryos‘) appeared in the serum and lymphatic 
nodes on the 5th-7th day after mmunization. Further 
experiments showed that the titres in the serum and 
homogenates of popliteal lymphatic nodes are kept at a 
constant level at least for 10 months (the observation 
term). In the retroperitoneal and groin nodes the anti- 
body-level gradually decreased to zero during 1:5-2:-0 
months. In the homogenates of the spleen and axillary 
(distal) lymphatic nodes the antibodies did not always 
occur (in lower titres) and only during the first weeks 
after immunization. The antibody production presumably 
occurs mostly at the expense of regional lymphatic nodes. 
The reaction of the cells of the plasmatic series was 
examined in the prints of various lymphatic nodes 
stained with azur-eosin. In each preparation the cells 
were computed in 30 fields of vision. In parallel experi- 
ments homogenates of the same nodes were used for 
titration of the virus-neutralizing antibodies. 

The results summarized in Table 1 illustrate the 7- 
month dynamics of antibody titres and the number of 
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immature and mature plasma cells. In all experiments 
the dynamics of the number of blast-cells was parallel to 
the plasmocytic reactior. 

It will appear from Table 1 that the intensity of the 
plasma cell reaction doss not equal the number of antı- 
bodies in the homogenates of the lymphatic nodes and 
in the serum. The greatest number of plasma cells was 
recorded, within the first 5-7 days following immunization 
when the titres of the amtibodies did not always reach the 
highest level. At later dates, particularly in regional 
lymphatic nodes, a very moderate plasma cell reaction 
occurred while the antibody concentration did not de- 
crease. 

In repeated experiments similar results were obtained. 

Thus, the prolonged and continuous process of antibody 
production caused by ths vaccinia virus is not accompanied 
by an intense plasma coll reaction. The question arises: 
does the small number of plasma cells available suffice 
for the prolonged antibody production or is this effected 
by other cells ? 


INESSA A. Svet.-MoLDAVSKAYA 


Research Institute of Viral Preparations, 

Laboratory of Smallpox Prophylaxis, 

Moscow, U.S.S.R. 
x — J. N., and Jaroslayskaya, N. W., Voprosi virusologiz, 1, 67 
1961). 

2 Downie, A. W., et cl., Bull, World Health Org., 25, 55 (1961). 
3 Westwood, I C. N., e al, J. Hyg., 55, 123 (1957). 
t Boulter, E. A., J. Hyg., 58, 502 (1957). 


PSYCHIATRY 


Failure to detect 3,4-Dimethoxyphenylethylamine 
and Bufotenine in the Urine from a Case of 
Pericdic Catatonia 


AMONG various biological active amines, bufotenine 
and 3,4-dimethoxypherylethylamine have recently been 
given special attention in the psychiatric field because of 
their structural similarisies to normal metabolites as well 
as their psychotomimeftic properties. The presence of a 
bufotenine-like compotnd in ‘schizophrenic’ urme was 
first reported by Fischar et al.4. Recently Perry et al.? 
identified bufotenine ir the normal urine from children 
with or without the administration of monoamine oxidase 
inhibitor, and Brune et al. reported that they had con- 
firmed the presence of kufotenine in ‘schizophrenic’ urine. 
Since Friedhoff eż al.4 reported the frequent occurrence of 
3,4-dimethoxyphenylethylamine in ‘schizophrenic’ urine 
samples, the existence, the non-existence and/or the 
significance of this compound has been discussed*~’ and 
is still open to discussion. 

In this sort of work, however, a strict dietacy control 
of the investigated subjects seems to be most essential. 
We have been investigeting the amine metabolites in the 
urine of periodic catatonia cases under a strict dietary 
control, and some remerkable changes of phenolic amine 
metabolism during the psychotic phaso have already 
been. reported by one cf us®®. Therefore ıt also seemed 




















Table 1 NUMBER OF PLASMA CELLS AND TITRES OF VIRUS-NHUTRALIZING ANTIBODIES IN VARIOUS CYMPHATIO NODES OF IMMUNIZED RATS 
Retroperitoneal i 
aika Popliteal lymphatic nodes lymphatic nodes Groin lympLatic nodes Axillary lymphatic nodes 
ntibody =| —— __..___—. — — a —— — — — — — — 
Observation titre in No of No. of ; _ No. of No. of 
term the serum plasma cells Antibody plasma cells Antibody piasma cells | Antibody plasma cells | Antibody 
titre 1 titre titre 1 titre 
mma- Imma- imma- 
| ture Mature ture | Mature Mature 
5 days | 1/40 235 18 1/40 1/40 68 16 0 
7 days 1/320 340 11 1/160 1/186 3 4 4 1/20 
1, 5 months 1/1,280 2 — 1/160 1/160 1 — 8 1/40 
7 months 1/320 2 — 1/160 1/20 3 2 5 9 











Note. (1) The high titre of antibodies ın the serum taken after 1 5 month was a general feature of the given group of rats and does not signify a drop 
of the titre toward 7 months when another group was taken for the experiments. : 
(D In the preparations from nonimmune rats the number of plasma cells did not surpass 25-30 per field cf vision. 
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to be important to confirm whether these two amines 
were detectable in the urine of the patients with periodic 
gatatonia under the same dietary control. 

A. typical periodic catatonia case was chosen for this 
investigation. The patient is a 52-year-old male and he 
has shown regular catatonic stupor and interval phases 
for more than ten years with a period of two months. 
Before and during this investigation, the diet was strictly 
controlled and it consisted of milk, cream, sugar, eggs, 
vitamins, mineral salts and water. 

For concentration of the urinary amines, the procedure 
of Kakimoto and Armstrong’? was partly modified. 
Freshly collected urine samples containing 500-1,000 mg 
creatinine were adjusted to pH 2-5 with concentrated 
hydrochloric acid and was allowed to pass through a 
‘Dowex 50 x 2’ (H form, 100-200 mesh) column (2:5 em x 
15 em). Then the column was washed successively with 
200 ml. water, 250 ml. 0-1 N sodium acetate and with 
200 ml. water. The amine fraction was eluted with 
250 ml, 2 N ammonium hydroxide in 50 per cent ethanol. 

The obtained amine fraction was evaporated to dryness 
under reduced pressure (40° C). The dried material was 
dissolved in 1-2 ml. of pyridine-acetic acid buffer 
(pH. 6:35). 

The prepared material was placed on an ‘Amberlite 
CG 50’ (H form, 200-400 mesh) column (1 cm x 35 em). 
The column. was buffered with pyridine—acetic acid buffer 
with pH 6°35 (150 ml. pyridine and 5-75 ml. acetic acid 
was dissolved ın distilled water to 1 1.). The fractionation 
of the amines was carried out with a gradient elution: 
pyridine—acetie acid buffer with pH 5-95 (225 ml. pyridine 
and 23 ml. acetic acid were dissolved in distilled water 
to 1 ].) was continuously dropped into the pH. 6:35 buffer 
with the same speed as that of the elution. In this 
fractionation, the peak of authentic 3,4-dimethoxy- 
phenylethylamine is found between the peak of nor- 
metanephrine and that of 3-methoxytyramine (elution 
volume is about 120 ml.), and the peak of authentic 
bufotenine is found between the peak of p-tyramine and 
that of serotonin (elution volume is about 180 ml.). 

For the detection of 3,4-dimethoxyphenylethylamine 
and bufotenine in the urine samples, the whole fractions 
between normetanephrine and 3-methoxytyramine, and 
between p-tyramine and serotonin were collected, 
respectively. The collected fractions were evaporated to 
dryness under reduced pressure, the residue was dis- 
solved in 50 ul. 96 per cent ethanol and spotted on 
Whatman No. 1 paper for paper chromatography. Two- 
dimensional descending paper chromatography was 
carried out. For the first run, n-butanol, acetic acid, 
water (120: 30: 50) was used and for the second isopro- 
panol, ammonia, water (8:1:1). The amines were 
located by ninhydrin and Ehrlich’s reagent. The 
recovery rates of 5 yg of authentic 3,4-dimethoxyphenyl- 
ethylamine and bufotenine through this procedure were 
75-80 per cont. 

With the aforementioned procedure the detection of 
3,4-dimethoxyphenylethylamine and bufotenine was 
unsuccessful in the urine from the previously mentioned 
periodic catatonia case, both during the psychotic and the 
interval phase, as well-as-during a load of a monoamine 
oxidase inhibitor (phenelzine sulphate, 45 mg a day for 
3 weeks, in the psychotic phase) and also in two non- 
psychotic urine samples under the same dietary control. 

When the urine samples were extracted simply with 
chloroform according to Friedhoff’s original procedure’, 
frequently a misleading ninhydrin positive spot was 
located very closely to the 3,4-dimethoxyphenylethyl- 
amine spot. As Perry et al. has already reported, this 
ninhydrin positive substance is clearly separated from 
3,4-dimethoxyphenylethylamine by the fractionation on 
the ‘Amberlite CG 50’ column. 

The possibilities of biological synthesis of bufotenine 
and 3,4-dimethoxyphenylethylamine in the animal or the 
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human tissues have been suggested by Axelrod et al.41-18 
and Friedhoff", respectively. From the similarities of the 
properties of these amines in their effects on the autonomic 
nervous system and the symptoms of periodic catatonia, 
it did not seem unreasonable that these special amines 
were detectable in the urine from patients with periodic 
catatonia. Even though these amines were not detectable 
by the investigation reported here, it still might be 
possible to detect them with more sensitive procedures. 
With the recovery rate and, the sensitivity of this proce- 
dure, however, it is assumed that, if these amines are 
present, their concentration would be lower than 2 ug/day. 
With regard to the level of 3,4-dimethoxyphenylethyl- 
amine, this value corresponds closely to the level assumed 
by Perry et al., who failed to detect this amine in 
schizophrenic urines. 

Axelrod et al.1? have demonstrated the distribution of 
the activity of the N-methylating enzyme which forms 
bufotenine from serotonine. They failed to detect the 
activity of this enzyme in the brain. Therefore, if bufo- 
tenine is formed endogenously, it should be transported 
into the central nervous system through the circulating 
system to exhibit the psychotomimetic effects. 

The 3,4-dimethoxyphenylethylamine is probably formed 
from the possible precursor, DOPA or dopamine, which 
is catalysed by catechol o-methyltransferase. As this 
enzyme is widely distributed in various tissues besides 
the braint, it is probable that the formation of this 
amine would occur in all these tissues. But it is also 
known that relatively large doses of bufotenine (more 
than 300 ug/kg body-wt.) or mescalin (more than several 
mg/kg body-wt.)/5 are required to give definite psychoto- 
mimetic symptoms when they are given intravenously, 
and that when one methoxy group of mescalin is removed 
to produce 3,4-dimethoxyphenylethylamine, the dose 
required, to disrupt learned behaviour in the rat is reduced 
by one half”. 

Taking these observations into consideration, it would 
be reasonable to assume that when some psythotomimetic 
effects are shown by these amines, the concentrations of 
the amines in the cerebral spinal fluid, the blood or in 
the urine should be relatively high. 

Consequently, the failure to detect 3,4-dimethoxy- 
phenylethylamine and bufotenine in the urine of a typical 
case of periodic catatonia, even when loaded with a 
monoamine oxidase inhibitor, although it was a single 
case, does not support the hypothesis that these amines 
are playing a significant role in producing the symptoms 
of periodic catatonia. 

This work was supported by grant M-5726 from the U.S. 
National Institute of Mental Health, Bethesda, Maryland, 
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FORTHCOMING EVENTS 


Monday, May 3! 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY (in the Main Lecture 
Theatre, Department of Electrical Engineering, Exhibition Road, London, 
S.W.7), at 5.30 p.m.—Dr. B. J. Nield: “Fatigue Problems in Railway 
Engineering”. 


PLASTICS INSTITUTE, LONDON SECTION REINFORCED PLASTICS SUB-GROUP 
at ae Eccleston Hotel, London, 8.W.1), at 7.80 p.m.—Annual General 
eoting. 


Wednesday, june 2 


BRITISH INSTITUTH OF RADIOLOGY (in the Barnes Hall, Royal Society of 
Medicine, 1 Wimpole Street, London, wD, at 2 p m.—Isotope Section 
Meeting on “Radio-isotopes in Clinical Investigation”, 


GEOLOGICAL Socrety oF LONDON (at Burlington House, Piccadilly, 
London, W.1), at 5 p m.—Dr. M. N. Hill and Mr F. J. Vine. “A Preliminary 
Magnetic Survey of the Western Approaches to the English Channel’; Dr. 
Janet V. Watson and Dr. P. A. Sabine: “Radiometric Age-Determination of 
British Rocks, 1955-64”. 


ROYAL SOCIRTY OF MEDICINE, HISTORY OF MEDICINE SECTION (at 1 Wim- 
pole Street, London, W.1), at 5.15 p.m.—Dr. W. S. C. Copeman: “The 
volution of Clinical Education in England” (Presidential Address). 


SOCIETY OF CHEMICAL INDUSTRY, PLASTIOS AND POLYMER GROUP (in the 
Film Theatre, Shell Mex House, Strand, London, W.C.2), at 6 pm.—38rd 
Annual General Meeting. 


Wednesday, June 2—Thursday, June 3 


BRITISH SMALL ANIMAL VETERINARY ASSOOIATION (at the Nuffield Insti- 
tute of Comparative Medicine, Zoological Society of London, ib eee Park, 
London, N.W.1), at 9.45 a.m. on Wednesday and 10 a.m. on Thursday— 
Symposium on “Aspects of Comparative Ophthalmology”. 


Thursday, June 3 


CHEMICAL SOOIETY (at Burlington House, Piccadilly, London, W.1), at 
6 p.m.~—Discussion Meeting on ‘Phosphorous Chemistry”. 


Thursday, June 3—Friday, June 4 


ROYAL Socrkry (at the Shell Centre Theatre, Downstream Building, 
London, § E 1), at 10.80 daily--Discussion Meeting on ‘“The Physics of the 
Moon and Its Environment’ organized by Sir Harrie Massey, F.R.S , and 
Prof. T. Gold, F.R.S. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned: ! 

ASSISTANT LECTURER IN PHILOSOPHY—The Registrar, Magee University 
College, Londonderry, Northern Ireland (June 5), 

ASSISTANT LECTURER IN THE DEPARTMENT OF PSYCHOLOGY—The Regis- 
trar, University of Strathclyde, George Street, Glasgow, © 1 (June 6). 
— — IN PsycHOoLOGY—The Registrar, The University, Keele, 

s (June 5), 

LECTURER or ASSISTANT LECTURER IN PsYCHOLOGY IN THE SCHOOL OF 
EDUOATION—The Registrar, The University, Leicester (June 5). 

LECTURER IN MECHANICAL ENGINEERING In the field of Mechanics of 
i Sora a Secretary, The Queen’s University, Belfast, Northern Ireland 

une 

ASSISTANT LECTURER IN PHARMACOLOGY—The Secretary, Chelsea College 
of Science and Technology, Manresa Road, London, S W.3 (June 8). 

ASSISTANT LECTURER (with a good honours degree in botany and preferably 
special interests ın, the experimental aspects of ecology) IN Borany—The 
—e— King’s College (University of London), Strand, London, W.C 2 

une 8). 

ASSISTANT LIBRARIAN (university graduate and chartered librarian)-— 
one ni eens Lanchester College of Technology, Priory Street, Coventry 

une 9). 

LECTURER IN SOOIAL ANTHROPOLOGY-——-The Secretary, The Queen's Univer- 
sity, Belfast, Northern Ireland (June 10) 

LEOTURER or ASSISTANT LECTURER (Probationary) (man or woman grad- 
uate) IN MATHEMATIOS—-The Secretary, Bedford College (University of 
London), Regent’s Park, London, N.W.1 (June 10). 

DOROTHY CLIVE RESEARCH FELLOW (graduate in botany, zoology, forestry, 
horticulture, etc.) to conduct research on hardy trees and shrubs, with pre- 
ferences for work on rhododendrons, azaleas and ericas—The Registrar, 
The University, Keele, Staffs (June 12). 

TUTORIAL FELLOW IN BIOCHEMISTRY -Ehe Senior Tutor, Lincoln College, 
Oxford (June 12 

UNIVERSITY LECTURER IN BIQOHEMISTRY—Professor Sir Hans Krebs, 
F.R.S., Department of Biochemistry, University of Oxford, South Parks 
Road, Oxford (June 12). 

TUTORIAL RESEARCH FELLOW or STUDENT IN GEOGRAPHY—The Secretary 
— nese (University of London), Regent’s Park, London, N.W,.] 

une 18). 

SENIOR LECTURER: a LECTURER ; and an ASSISTANT LECTURER IN THE 
DEPARTMENT OF SocioLoGgy—The Registrar, University of Strathclyde, 
George Street, Glasgow, C.I (June 14). 

FOUNDATION CHAIRS in the following fields :—-MATHEMATICS, PHYSIOS, 
CHEMISTRY and BIOLOGY at La Trobe University, Victoria, Australia- 
The Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mali, London, S W.1 (Australia, June 15). 

LECTURER IN GEOGRAPHY; and a SENIOR LECTURER IN ZOOLOGY at 
Fourah Bay College, The University College of Sierra Leone—The Secretary, 
Inter-University Council for Higher Education Overseas, 38 Bedford Place, 
London, W.C.1 (June 15). 

LECTURER or ASSISTANT LECTURER (Probationary) IN NUMERICAL 
ANALYSIS at the Institute of Computer Science, 44 Gordon Square, W.0.1-— 
The Secretary, Bedford College (University of London), Regent's Park, 
London, N.W.1 (June 15). 

LECTURER (with an honours degree in psychology and a postgraduate 
diploma in clinical psychology or adequate clinical experience) IN CLINICAL 
PsycHoOLoa@y—The Registrar, The University, Liverpool, quoting Ref. 
CV/76 (June 15). i j 
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CHAIR OF PHYSICAL ELECTRCNICS WITHIN THE SCHOOL OF ENGINEDRING 
SormmnoE—The Secretary and @egistrar, The University College of North 
Wales, Bangor, North Wales (Jane 16). 

LECTURER IN THE DEPARTTENT OF PatHoLoay—~The Secretary, The 
University, Edinburgh (June 17. 

CHAIR OF PHILOSOPHY——The Registrar, The University, Manchester 18, 
quoting Ref. 108/65 (June 18). 

PROFESSOR (with special qualfications in petroleum geology, paleontology, 
and/or historical geology) IN TEE DEPARTMENT OF GEOLOGY, University of 
Ibadan, Nigeria—The Secretary, Inter-University Council for Higher 
Education Overseas, 33 Bedford Place, London, W.C.1 (June 18). 

POST-DOCTORAL RESEARCH Frruow (organic chemist) IN ORGANIO 
CHEMISTRY, to participate in < study on the molecular structure and the 
biosynthesis of a novel antibfotic—-The Registrar, University College of 
Swansea, Singleton Park, Swansea (June 21). 

CHAIR oF CHEMICAL PATHOLOGY at Guy’s Hospital Medical School-—The 
Academic Registrar, University of London, Senate House, London, W C.1 
(June 24), 

Post-DOCTORAL RESEARCH ASSISTANTS (2) IN THE NUCLEAR PHYSICS 
GROUP OF THE PHYSIOS DEPATTMENT to be engaged with experiments on 
NIMROD, the 7 GeV proton synchroton at the Rutherford Laboratory, and 
applicants should be prepared to spend a considerable part of their time 
at that Laboratory—The Registrar, Queen Mary College (University of 
London), Mile End Road, London, H.1 (June 24). 

ASSISTANT KEEPER (with some training and an interest in general geology 
and mineralogy) IN GEOLOGY at the Manchester Museum—The Registrar, 
The University, Manchester 18, quoting Ref. 118/65 (June 25). 

CHAIR OF COMPUTER SOIENO= at Birkbeck College--The Academe Regis- 
trar, University of London, Serate House, London, W.C 1 (June 25). 

LECTURER/SENIOR LECTUREE (pure or applied mathematician) IN MATHE- 
MATICS at the University of Tssmania—The Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London, 8.W.1 
(Australia and London, June 3). 

SENIOR LECTURERS, LECTURIES or ASSISTANT LECTURERS IN BIOCHEMIS- 
TRY, AGRICULTURAL BOTANY, AGRIOULTURAL ZOOLOGY AND PHYSIOLOGY, 
BIOMETRIO8, VETERINARY SCIENCE, FIELD EXPERIMENTS AND RURAL 
SOCIOLOGY, AGRICUITURAL MACHINERY, HUMAN NUTRITION AND FARM 
MANAGEMENT, AGRONOMY OF TROPIOAL Crops, in the Faculty of Agriculture, 
University of Ife, Nigeria-—Ihe Secretary, Inter-University Council for 
Higher Education Overseas, 3€ Bedford Place, London, W.C.1 (June 28). 

SENIOR LECTURERS, LECTUZERS or ASSISTANT LECTURERS IN MATHE- 
MATIOS at the University of I-e, Nigeria—The Secretary, Inter-University 
—— for Higher Education Dverseas, 33 Bedford Place, London, W.C.1 
(June 28). A 

CHAIR OF MaTHEMaATIos at the University of Otago, Dunedin, New 
Zealand—The Association of Commonwealth Universities (Branch Office), 
— House, Pall Mall. London, 8.W.1 (New Zealand and Landon, 

une 80). 

CHAIR OF VETERINARY ANATCMY—The Secretary, University of Edinburgh, 
Old College, South Bridge, Edinburgh (June 30). 

LECTURER or ASSISTANT LECTURER IN ZOOLOGY at the University of the 
West Indies, Kingston, Jamaisa—The Secretary, Inter-University Council 
for Higher Education Overseas 33 Bedford Place, London, W.C 1 (June 30) 

Post-DOCTORATH FELLOW IN WOOL PROTEIN CHEMISTRY in the National 
Chemical Research Laboratorr, South African Council for Scientific and 
Industrial Research, to collabcrate with other members of the Laboratory 
in research on the physical and chemical aspects of the soluble proteins that 
can be extracted from wool---Af. J. A. King, South African Sclentific Liaison 
Officer, Chichester House, 278 High Holborn, London, W C.1 (June 30). 

NATURAL RUBBER PRODUTERS’ RESEARCH ASSOCIATION RESEARCH 
STUDENT (with a good honour: degree in physics, chemistry or engineering 
or expecting to obtain such sefore lst October, 1965) for work on the 
morphology and kinetics of crystallization in robber--The Registrar, Queen 
Mary College (University of Loadon), Mile End Road, London, E.1 (Jwy 1) 

PROFESSOR OF PHYSICAL CHmamsTRY—The Registrar, Ref. 73¥/E, Brad- 
ford Institute of Technology, Eradford 7 (July 5). 

PROFESSOR OF STRUCTURAL CHEMISTRY-~~The Registrar, Ref. 71Y/E, 
Bradford Institute of Technology, Bradford 7 (July 5). , 

ASSISTANT CONSERVATORS OF ForpsTs (under 45, national of the United 
Kingdom or the Republic of Ireland, with a degree in forestry) in Malawi, to 
carry out the general duties c£ an Assistant Conservator of Forests-—The 
Appointments Officer, Room 31, Ministry of Overseas Development, Eland 
House, Stag Place, London, S “V.1, quoting Ref. RC 324/134/01. 

BASIC GRADE PHYSICIST (pzeferably with previous hospital experience) 
to assist with the general work of the Physics Department—-The Group 
Secretary, General Hospital, Park Row, Nottingham 

C.E.G B. RESEARCH STUDENT IN HIGH TEMPERATURE ELEOTROCHEMISTRY 
eae Deputy Secretary, Univ=rsity of Southampton, Highfield, Southamp- 


n 

CHAIR oF PHARMACOLOGY-—. . J. Lussier, M D., Ph.D., Dean, Faculty of 
Medicine, University of Ottawa, Ottawa, Ontario, Canada. 

CHEMIST, BIOCHEMIST or BACTERIOLOGIST (preferably with experience in 
protein chemistry and/or familiarity with immunological techniques) to 
work on fundamental aspects of milk allergy—The Secretary, The United 
Liverpool Hospitals, 86 Rodney Street, Liverpool, 1. 

ECOLOGIST or STATISTICIAN — interested in the development of 
statistical techniques) for resesrch on plankton of the North Atlantic and 
North Sea--The Officer-in-Ciharge, Oceanographic Laboratory, Scottish 
Marine Biological Association, 78 Craighall Road, Edinburgh, 6. 

LECTURER (honours graduat= in psychology, preferably with some quali- 
floations or interest in soctolog7) IN PSYCHOLOGY IN THE GENERAL STUDIES 
—— Secretary, Sir John Cass College, Jewry Street, London, 

LECTURER IN THEORETIOAL * Puysics in St. Salvator’s College-—The 
— , University of St, Andrews, College Gate, St. Andrews, Fife, 

cotland. 

LECTURER (with a poog honours degree and preferably with a knowledge 
of mathematical statistics) 1x MATHEMATIOS for work in higher business 
courses—The Registrar, The College of Commerce, Unity Street, Bristol, 1. 

MASTER in sole charge of Bhlozgy-—-The Headmaster, Kingston Grammar 
School, Kingston upon Thames. 

MASTER to teach Mathematics in middle school and Vith form (candidates 
without teaching experience will be considered)—The High ter, The 
Manchester Grammar School, Manchester, 13. ; 

RESEARCH ASSISTANT to work in the field of reactions of coordinated 
ligands in conjunction with Dr P. J. Staples——-Dr. P. J. Staples, Department 
z — Technology, Bradford Institute of Technology, Bradford, 7, 

or B. 

RESEARCH STUDENT IN PAYSICAL CHEMISTRY for work which will involve 
the study of light emission fram gaseous reactions—The Deputy Secretary, 
The University of Southamptcn, Highfield, Southampton 
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RESEAROH STUDENTS-IN PHysics—-The Professor of Physics, University 
of Lancaster, St. Leonard’s House, St. Leonard's Gate, Lancaster. 

RESEARCH STUDENTS or FELLOWS (graduates in chemistry or final year 
students) IN CHEMISTRY, to collaborate on problems in orgamie chemistry 
with a view to obtaining a higher degree—The Secretary, Royal Free 
Hospital School of Medicine, 8 Hunter Street, London, W.C.1. 

SOIENTIFIO INFORMATION OFFICER (graduate in botany, agricultural botany, 
or microbiology with experience or interest in plant pathology and/or 
mycology, and a sound knowledge of one or more foreign languages), for 
duties which include abstracting from the world literature on plant pathology 
and aspects of mycology, and routine editorial work—The Director, Common- 
wealth Mycological Institute, Ferry Lane, Kew, Surrey. 

SILVICULTURIAT (national of the United Kingdom or the Republic of 
Ireland, with a degree in forestry, considerable research experience, and 
preferably a knowledge of solls and plant ecology) in Ghana, to initiate and 
carry out research programmes m forestry, and to train subordinate staff in 
forestry research—The Appointments Officer, Room 301, Ministry of Over- 
seas Development, Eland House, Staff Place, London, §.W.1, quoting 
Ref, RC 324/70/01, 


REPORTS and other PUBLICATIONS 
(not included an the monthly Books Supplement) 


Great Britain and Ireland 


The Institute of Personnel Management. Industrial Relations-—What is 
Wrong with the System? An Essay on its Theory and Future. By Allan 
— Pp. 63. (London: Institute of Personnel Management, 1908) 

+ * ne Gi 

Maxvwell’s International Subject Bibliographies. No. 13° Textile and 
Fibre Industries. Pp. 60. No. 16: Ohild Psychiatry and Psychology. 
Pp 36. No 20: Vacuum Sclence and Technology. Pp. 7. No. 37: 
Tropical Agriculture. Pp. 22. (Oxford: Robert Maxwell and Co., Ltd.; 
Long Island City, N.Y.: xwell Scientific International, Inc., 1964.) [98 

General Register Office. Census 1961 Bngland and Wales. Housing 
Tables, Part IIT: Local Housing Indices, Pp. xix+317. (London: H.M. 
Stationery Office, 1965.) 11s. net. [93 

Radiation Protection. Recommendations of the International Commission 
on Radiological Protection. ICRP Publication No. 5: Report of Committee V 
on the Handling and Disposal of Radioactive Materials in Hospitals and 
Medical Research Establishments (1964). Ppv+50. (London and New 
York: Pergamon, Press, 1965.) 208. net. 188 

City of Leicester Museums and Art Gallery. Report 58: Ist April 1968-31st 
March, 1964. Pp. 40. (Leicester: The Museums and Art Gallery, 1965.) [1838 

National Institute of Industrial Psychology. Annual Report and State- 
ment of Accounts for the year ended 80th September, 1964. Pp.13. (London: 
National Institute of Industrial Psychology, 1965.) {183 

Tin Research Institute. Publication No. 348: A Review of the Chemistry of 
Tin (IX) Compounds. By Dr. J. D. Donaldson. Pp. 36. (Greenford, Middx.: 
Tin Research Institute, 1964.) {183 

British Launderers’ Research Assocation. Annual Report for the year 
oe f088 40. (Hendon, London British Launderers’ earch Ane 
10N, f i 

The Fruit and Vegetable Canning and Quick Freezing Research Associs- 
tion. Technical Bulletin No. 9. The Dehydration of Frut and Vegetables— 
a Review of Methods. By L. P. Hall. Pp 35. (Chipping Campden: The 
— and Vegetable Canning and Quick Freezing Research —— 
The Gelatine and Glue Research Association. Sixteenth Annual Report 
for the year October 1963 to September 1964. Pp.16. (London: The Gelatine 
and Glue Research Association, 1965.) [183 

The Zoological Record, Vol. 100, Section 18, 1863: Aves. Compiled by 
Lt.-Col. W. P. C. Tenison, D.S.O. (Russian literature by Prof. A. I. Ivanov.) 
Pp. 78. (London: The Zoological Society of London, 1984.) 208.; ribs 

ollars, 

International Tim Research Council. Annual Report 1964. Pp. 44. 
(Greenford, Middx.: Tin Research Institute, 1965.) : {183 
The British Plastics Federation. Annual Report of the Chairman and 
Council, 1964. Pp. 38. (London: The British Plastics Federation, 1965.) [183 

The Year Book of the Royal Society of London, 1965. (No. 69.) Pp. 351. 
(London; The Royal Soclety, 1965.) 21s.; 3.15 dollars. : 183 

Agricultural Research Institute of Northern Ireland. Thirty-seventh 
Annual Report, 1963-1964. Pp. 62. borough, Co. Down: Agricultural 
Research Institute of Northern Ireland, 1965.) 188 

The United Steel Compantes, Ltd. Review of Progress 1964. (A report 
covering the period Ist October 1963 to 30th September 1964 for all em- 
Oe haere their families.) Pp. 52. (Sheffield: The United Steel Companii 


) f 
London School of Hygiene and Tropical Medicine (University of London), 
Incorporating the Ross Institute. Report on the work of the School for the 
year 1963-1964, Pp.127. (London: London School of Hygiene and Tropical 
Medicine, —— 183 
University of Oxford. Report of the Committee on the Structure of the 
First and Second Public Examinations. . 141. (Supplement No. 8 to the 
University Gazette, March 1985.) (Oxford: The University, 1965.) 10s. [188 


Other Countries 


Carnegie Institution of Washington. Annual Report of the Director of the 
Department of Terrestrial Magnetism, 1963-1964. . 293-402 +1 plate. 
(Reprinted from Carnegie Institution of Washington Year-Book 63 for the 
year July 1, 1963-June 30, 1964.) (Washington, D.C.. Carnegie Institution 
of Washington, 1964 }) 193 

Speciation in Wrens of the Genus Campylorhynchus. By Robert K. 
Selander. (University of Calforma Publications in Zoology, Vol. 74.) 
Pp. iv+259+22 plates. (Berkeley and Los Angeles: University of Cali- 
forma Press; London: Cambridge University Press, 1964.) 6 dollars. {193 

Universita di Genova—Istituto [Geofisico e Geodetico, con annessi 
Osservatori Geofisici di Genova. Relazione sull’attivita Svolta nel Triennio 
1982-1983-1984. Pp. 10. (Genova: Universita di Genova—lIstituto Geofisico 
e Geodetico, 1965.) , , [193 

Organization for Economic Co-operation and Development, roppan 
Nuclear Energy Agency. Fifth Annual Report of the O.E.C.D, Halden 
Reactor Project, 1963/64. Pp. v+189. (Paris: Organization for Economic 
Seg ation and Development, European Nuclear Energy Agency. 


i 193 
British Honduras. Annual Report of the Forest Department for the year 
1963. Pp. 27. (Belize: Forest Department, 1964.) [193 
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United States Department of Agriculture; Agricultural Research Service. 
Technical Bulletin No. 1318: A Revision of the Genus Cuerna (Homoptera, 
Cicadellidae.) By M. W. Nielson. Pp. 48. (Washington, D.C.- Govern- 
ment Printing Office, 1965. [193 

Indian Council of Agricultural Research. Proceedings of the Fourteenth 
Meeting of the Animal Husbandry Wing of the Board of Agriculture and 
Animal Husbandry in India, Bangalore, 10th to 13th July, 1961. (Convened 
by the Indian Council of Agricultural Research.) Pp. iii+450. (Delhi: 
Manager of Publications, 19639. Ba. 38.00; 888, 3d.; 13.68 dollars. [193 

Synthesis Microbiologica, Vol. 1, Nr. 1, 1964. (Microbiological Current. - 
Literature.) Rassegne Bibliografica Bimestrale. (Supplemento de l’Igzene ~ , 
Moderna.) Pp. 1-200. (Parma: Istituto di Microbiolotia, Ospedale 
Maggiore, 1964.) [193 

The Year Book of the International Council of Scientific Unions, 1965. 
ED. 138. (Rome: International Council of Scientific Unions, 1965.) 1.50 

ollars 


6 {193 
Norsk Polarinstitutt. Arbok 1963. Pp. 267. (Oslo: Norsk Polarinstitutt. 
—— from Universitetsforlaget, Postboks 307, Blindern, Oslo.) 


; 193 
Population Reference Bureau, Inc. Population Bulleten, Voi. 21, No. 1 
(February 1965): The Vatican and the Population Crisis. Pp. 1-16. (Wash- 
ington, D.O.: Population Reference Bureau, Ine., 1965.) 50 cents. [193 
mithsonian Institution. Report of the Secretary and Financial Report of 
the Executive Committee of the Board of Regents for the year ended June 80, 
1964. Pp. xili+293+14 plates. (Smithsonian Publication No. 4595 ) 
(Washington, D.C.: Government Printing Office, 1965.) [193 
Smithsonian Institution, United States National Museum. Bulletin 161: 
The Foraminifera of the Tropical Pacific Collections of the Albatross, 1899— 


~ 1900. Part 4: Rotaliform Families and Planktonic Families. By Ruth 


Todd.. Pp. v+139+28 plates. (Washington, D.O.: Government Printing 
Office, 1965 } Pe ac 

National Academy of Sciences—National Research Council. Subcommittee 
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HEN discussing in its widest aspects information in 
biology (Nature, 199, 1050; 1963), Dr. P. 8. Hen- 
shaw concluded with the comment that: ‘““Leadership and 
an earned position of international public trust will 
accrue to the people most successful in meeting the 
challenge of information per se’. In 1964, two million 
scientific and technical articles were being published 
annually throughout the world. The dissemination of and 
search for such literature have concomitantly become an 
expensive process, not only from the point of view of time 
but also of money. Information retrieval is essential to 
the very continuance of science, for dissemination and 
searching can, if effective, bring about experiments of 
even greater extent. The time-factor is vital in medicine, 
commerce and defence. 

The value of efficient information retrieval was early 
recognized in the United States and in the U.S.S.R., where 
several hundred million dollars and roubles are now being 
spent annually on it. 

From the 1958 International Conference on Scientific 
Information ın Washington 
it was obvious that Britain 
was lagging behind numerous 
countries in the field of dis- 
semination of scientific in- 
formation. She lacked any 
integrated nations] scientific 
information centre such as 
existed in France, Japan, 
Czechoslovakia, Poland, the 
U.S S.R, and the United 
States. This is not to say that 
organizations such as Aslib 
(the Association of Scientific 
Libraries and Information 
Bureaux), a Government- 
sponsored organization founded in 1924, have been 
ineffective. Aslib, for one, has acted as a very valuable 
authority on matters affecting the establishment and 
administration of special libraries and technical and 
other intelligence services in Britain. Moreover, during 
the past years Aslib, despite comparatively slender 
resources, has achieved a great deal. But much more is 
required, and fortunately an epoch of Government short- 
sightedness towards the dissemination of scientific 
information seems to be drawing to an end. It has been a 
valid criticism of the Robbins Report (1963) and the 
Trend Report (1963) that neither of the Committees 
responsible for drawing them up had examined, other than 
superficially, the effective means of communication in 
higher education generally. 

In the United States, early in 1958, the recommendations 
of the Killian Committee resulted in the setting up of an 
Office of Science Information Service within the National 
Science Foundation. Among its responsibilities was the 
provision, or arrangement for the provision, of indexing, 
abstracting, translating and other services leading to the 
more effective dissemination of scientific information. 
Following these recommendations, President Hisenhower 
asked the National Science Foundation, to take a lead in 
co-ordinating scientific information activities within the 
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Federal Government ot-the-Unitéd States. The informa- 
tion activities are nor carmed out under a number of 
programmes organized in two Sections : the Studies and 
Support Section; the Science Information Co-ordination 
Section. The principal interests of the latter Section. are 
the promotion of non-Federal science information activi- 
ties in the United States and the co-ordination of these 
with developments in other countries. Among the 
Federal information centres supported and administered 
is the Science Information Exchange, which acts as a 
clearing house for information on present-day research. 

In significant contrast to the omissions of the Trend 
and Robbins Committees, early in 1963, President Ken- 
nedy’s Science Advisory Committee issued & report, 
Science, Government, end Information, prepared by @ 
Panel on Science Information. This report discussed the 
responsibilities of the technical community and the 
Government in the transfer of information. Its findings 
were essentially that all concerned with research and 
development must accept responsibility for the transfer 
of information just as they 
accept responsibility for re- 
search and development. A 
significant feature of the re- 
port was the argument put 
forward for Government in- 
terest and support. More 
attention, however, was re- 
quired of the scientist ın 
writing and in handling in- 
formation. To improve the 
situation it was obviously 
necessary that traming in 
these aspects should be taken 
by all institutions of further 
learmng. The importance 
of mechanized informstion processing was emphasized, 
as it promised to ease tie information problem. 

In the field of mechanized information processing the 
National Science Foundation has sponsored some useful 
studies. The technica. problems relevant to this work 
have been, and still are. very diverse. Library design and 
operation have formed ample subjects for study by the 
methods of operationa. research and for mechanization 
by computers and by special-purpose equipment. Com- 
puters are being used extensively to obtain lists of citation 
to material which has been indexed and which is sought 
by specification of index terms. Education programmes 
are being developed tc train personnel in the new tech- 
niques of handling information. 

Such then is the present active scene in the Umted 
States so far as Federal support for the dissemination of 
information is concerned. An equally active scene is to be 
found in the U.S.S.R., as was obvious to a delegation of 
the Information Division of the Department of Scientific 
and Industrial Research and Aslib in 1963. The group 
was impressed by the sense of urgency and importance 
accorded in the U.S.8.F. to all aspects of the preparation, 
publication and dissemination of results of scientific ' 
research and development, and to the flow of technical 
information to imdustry. A State Committee for the 
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Co-ordination of Scientific Research has a headquarters 
of Information Department and is advised by a Special 
Scientific Council on Information Problems. Moreover, 
there is an all-union Institute for Scientific and Technical 
Information, the responsibilities of which include auto- 
matic and mechanical processing and retrieval of scientific 
information. 

Elsewhere efforts have been intensified to keep pace with 
the information explosion. In Poland, where there 1s an 
information service in applied science, only the central 
direction is concentrated in Warsaw, and a decentralized 
system, using eighty different regional institutions and 
a hundred or more industrial centres, provides an effective 
and organized person-to-person contact. In France the 
Centre National de la Recherche Scientifique has a 
Centre de Documentation in Paris, and this body provides 
not only library and translation services, but also photo- 
graphic and microfilming services. At the Institut Blaise 
Pascal a Section d’Automatique Documentaire has been 
established and a programme embarked on to deal with 
science information on a computer basis and document 
sorting by means of punched tapes. Similar work has 
also been undertaken by the Service de Documentation 
du Commissariat à Energie Atomique. Work under the 
Centre National de la Recherche Scientifique is also being 
carried out at Grenoble on mechanized documentation 
and translation. The Délégation Générale & la Recherche 
Scientifique has now taken on responsibilities for certain 
aspects of information services in science and technology. 
In India, following the recommendations of the 1963 
Conference of Information Scientists, a National Science 
Library has been set up at New Delhi to serve as a basis 
for documentation and as a location for a Union catalogue. 
This has now become the Indian National Scientific 
Documentation Centre. 

A. year ago, when Government responsibility for scienti- 
fic documentation was discussed in these pages, it was 
suggested that the Advisory Council for Scientific Policy 
would be the best body to take charge of any scientific 
and technological information service in Britain. Through 
that body, academic and industrial science and technology 
had been. harmoniously fused. Since then a new Govern- 
ment has taken office and brought about something of a 
divorce between these two fields of enterprise. While the 
situation whereby Britain has a Department of Education 
and Science and a Ministry of Technology has much to 
commend it, it is in the setting up of an integrated science 
information service that the greatest drawbacks are to be 
encountered. Inevitably both these bodies will require 
Offices of Information services: all indications point to 
the fact that there will be two such Offices. 

The first move by one of these bodies to set up an 
Office for Scientific and Technical Information was 
announced by the Secretary of State for Education and 
Science on April 27. In particular the new Office will 
“(a) stimulate research into scientific and technical 
information problems; (b) promote and develop new 
documentation systems and techniques; (c) foster the 
improvement and wider use of existing services and 
experiment with new ones; (d) promote the training of 
scientists for information work; (e) endeavour to ensure 
that British activities in this field are effectively co-ordin- 
ated and linked with those of other countries and inter- 
national organizations”. In exercising these functions, 
the Office has taken over all support for research and 
development in this field previously administered by the 
Department of Scientific and Industrial Research. It has 
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not, however, taken over the specialized information 
services of the Department, such as the technical liaison 
scheme for industry. The Office will be responsible for 
the National Lending Library for Science snd Technology 
and for a grant-aid to Ashb. The specialized information 
services of the Department of Scientific and Industrial 
Research will go to the Ministry of Technology, other 
departments, and the Research Councils, which will have 
responsibilities, as at present, for matters of scientific and 
technical information related particularly to their own 
special mnterest. In addition to setting up the new Office, 
the Secretary of State is appointing an Advisory Com- 
mittee, under the chairmanship of Sir James Cook, to advise 
him on scientific and technical information problems. 

In his inaugural address on October 8, 1964, as presi- 
dent of the Institution of Electrical Engineers, Mr. O. W. 
Humphreys referred to the ‘information explosion’ and 
the use of computers for analysing, storing, selecting 
and delivering information demanded by engineers and 
scientists. He believed that the preparation of literature 
surveys would soon no longer require the laborious and 
time-consuming searching of abstract journals followed 
by-reading of many papers—of which only a minority 
prove to be important. Instead the research worker 
would present a description of the information he required 
to a computer in language which it could accept, and 
would be presented with a list of the papers he should 
study. Ideally the computer would be maintained, and 
its store of information kept up to date, at an information 
centre connected by permanent data links to its more 
frequent users. Methods of mechanical retrieval of 
information. have, in fact, been under active investigation 
for some time at the National Physical Laboratory, 
Teddington. Moreover, similar work by the recently 
established National Electronics Research Council is now 
in the planning stage, and it is proposed to investigate 
what is called “Selective Dissemination of Information”’. 
This follows the recommendations of a working party, 
set up by the Council, to the Department of Scientific 
and Industrial Research, which suggested that an in- 
vestigation be undertaken on a computer-based system 
operated on a weekly basis supplying references of 
English-language periodical articles, reports and con- 
ference papers to a user group of 800 academic, industrial 
and Government research workers in electronics. The 
Thesaurus of the Engineers’ Joint Council (U.S.A.) is to 
be examined with the view of using it as the basis of the 
vocabulary of indexing terms for the project (see also 
P. 990 of this issue). 

In 1964, the U.S. National Library of Medicine launched 
an analysis and retrieval system for medical literature. 
Under this scheme basic information concerning medicine 
is recorded on magnetic tape in a form suitable for sorting 
on # computer. One of the first responsibilities of the 
U.K. Office for Scientific and Technical Information will 
be the administration of a comparable scheme in Britain. 
This is to be set up under contract at the Computing 
Laboratory of the University of Newcastle upon Tyne. 
The National Lending Library for Science and Technology 
will also play a part in this scheme. Through secondments, 
it will acquire and supply indexing skills and ensure the 
necessary supply of literature to back up the service. 
The U.S. National Library of Medicine is to make its 
tapes available to the scheme, which will run over an 
experimental period of three years. 

Without doubt, science information services are now on 
the threshold of their second epoch. While the first saw 
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the setting up and development of information services 
within the walls of academic, industrial and Governmental 
research stations, the second epoch is characterized by the 
establishment of national science information centros. 


Many of the ‘developed’ countries have entered this phase, _ 


and others are just about to do so. The third epoch, 
which has yet to come—but surely must if the develop- 
ment of science is evén to maintain its present rate of 
growth-——will see the setting-up of a superstructure en- 
croaching on all that has come before. This would be a 
World Information Centre with its headquarters in The 
Hague. Probably The Hague offers the greatest advant- 
ages, for the International Federation for Documentation 
is situated there. Already this body has consultative or 
liaison status with Unesco, the World Meteorological 
Organization, the International Telecommunications 
Union, the International Atomic Energy Authority, the 
International Council for Building Research, etc. 

Data would be collected and stored at the World 
Information Centre in tape form. Information would be 
received from, or disseminated to, the national centres in 
computerized form by means of telecommunication 
satellites. If one can judge by the success of Telstar, 
which it is claimed could transmit 870,000 pips per second, 
the efficiency of such a system would be well worth the 
investment. Already the meteorologists are making use 
of satellites, and heve set up s World Weather Centre in 
Washington, and a comparable one is being established 
in Moscow. (The system is scheduled to come into effect 
in 1966 when the Tiros operational satellite system is 
launched.) Certainly an International Information Year 
based on the principles of the successful International 
Geophysical Year would test the feasibility of any World 
Information Centre. 

Once such a centre has been established no country 
could afford not to be a member. The reasons for having 
full knowledge of the very latest developments as soon 
as they become available are self-evident. Any means of 
rapid dissemination of information would help to bring 
an end to wasteful dupheation of effort. 

All this is, perhaps, some time away, and cannot be 
reached until all countries have fully entered the second 
epoch. of scientific and technological information. Unfor- 
tunately too many Governments tend to be parsimonious 
and indifferent towards the dissemination of scientific and 
technical information. However, they cannot afford to 
maintain such attitudes for long. 

Britain, in her latest attempt to reach the second 
epoch, has estimated spending £181,000 in the current 
year—on all accounts an underestimate if the new Office 
for Scientific and Technological Information is to function 
properly and make the best of the opportunities now 
available. The United States spent a total of 10-6 million 
dollars in the year 1963-64 on its Science Information 
Service, and has been showing an annual increase in 
expenditure of 10 per cent on these services. This increase 
in expenditure would, at present, be necessary for any 
country embarking on any such schemes, for at present 
there is a doubling in the output of scientific and technical 
information every ten years. Few of even the developed 
countries could equal the expenditure of the United States 
in such a way. ‘Together, however, they could make a 
valuable contribution to the dissemination and collection 
of scientific and technical information; but first a number 
of the larger ones must spend more on information services 
and set up their own national centres for scientific and 
technical information. J 
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ORGANIC CHEMISTRY OF 
PHOSPHORUS 


Methoden der Orgarischen Chemie 

Von Houben-Weyl. Vierte, völlig neu gestaltete auflage. 
Herausgegeben von Eugen Miller. Unter besonderer 
mitwirkung von O. Bayer, H. Meerwein und K. Ziegler, 
Band XIT/2: Organische Phosphorverbindungen, Teil 2. 
Bearbeitet von K. Sase. Pp. lxxxvii+ 1131. (Stuttgart: 
Georg Thieme Verlag, 1964.) 280 D.M. 


ART 1 of Volume XIT of Methoden der Organischen 

Chemie (Nature, 24, 1122; 1964) was devoted to a 
detailed account of zhe synthesis of those classes of 
organic phosphorus ccmpounds in which the phosphorus 
was directly linked ta carbon. The much larger Part 2 
deals similarly with the synthesis of organic derivatives 
of hypophosphorous, kxypodiphosphorous, hypophosphoric 
and the far more important phosphorous and phosphoric 
acids. The thio- and the (less smportant) seleno derivatives 
are included, so that she derivatives in this volume have 
their phosphorus atoms linked mainly through oxygen or 
sulphur (or selenium) so the carbon atoms. Many there- 
fore are systematicall7 esters, and the synthezic routes 
usually differ markedly from those discussed in Part 1. 
Many of the phosphor:e esters are of natural occurrence; 
many of the sulphur and the fluorine derivatives have 
marked physiological action: the former factor attracted 
chemists very early mto this synthetic field, and the 
second factor has provided much more recently a strong 
stimulus for rather wiler investigations. It is not sur- 
prising therefore that zhe final Part 2, in actual pages of 
descriptive text, is aboat 65 per cent larger than Part 1. 

It would not be possible, even in an extensive review, 
to do justice to the vest amount of detailed information 
given in this volume. The wide (and indeed surely com- 
plete) sweep of the field may be judged from the fact that 
the section on organic cerivatives of phosphoric acid alone 
occupies 862 pages, and the main headings on this subject 
in the list of contents occupy 29 pages. The text contains 
many tables, each listicg the known members of a particu- 
lar class, with physical constants, and with the percentage 
yield recorded in specified references. For most classes of 
compound, brief experimental details are given for one or 
more syntheses: in sp.te of their essential brevity, im- 
portant properties of che final product are stressed, for 
example, the final warring in bold type: *Vorsicht! Starkes 
Gift!”. 

The interest with which one reads this book is enhanced 
by the excellently clear type and the pleasantly ‘open’ 
arrangement of the pazes, which avoids any appearance 
of crowding the contenzs. 

The authors have accomplished a tremendous task 
magnificently, and their work has been excellently 
supported by both the printers and the binders of this 
volume. 

The organic chemistry of phosphorus is being increasingly 
widely studied, and there is no other work on the subject 
which can remotely approach Parts 1 and 2 of Volume 
XTI in this series. F. G. Mann 


NUCLEIC ACIDS REVEALED 


Die Nucleinsäuren 

Eine Einführende Darstellung ihrer Chemie, Biochemie 
und Funktionen. Von Eberhard Harbers. Gemeinsam mitb 
Götz F. Domagk und Werner Müller. Pp. xii-+ 303. (Stutt- 
gart: Georg Thieme Verlag, 1964.) 68 D.M. 


F 1954 it was still possible to encompass comprehensively 
the chemistry and biochemistry of the nucleic acids ın 
two volumes of quite modest bulk (The Nucleic Acids, 1 
and 2, edit. by Chargaff, E., and Davidson, J. N., Academic 
Press). They appeared just in time: in consequence of 
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X-ray crystallographic studies of DNA by Wilkins, and the 
formulation of the celebrated hypothesis of Watson and 
Crick, the subject burgeoned in an unparalleled manner 
and with an impetus which 1s still far from exhausted. To 
write an all-embracing text-book on the nucleic acids at 
the research level to-day would be an awesome undertak- 
mg; indeed it might be considered futile in this day to 
attempt to satisfy at this level and at the same time the 
demands of, for example, the biochemist, the radiation 
biologist and the physical chemist. 

Die Nucletnsduren by Harbers, Domagk and Muller is 
subtitled ‘An introductory presentation of their chemistry, 
biochemistry and functions’. Nevertheless the presence of 
a series of substantial appendixes, containing experimental 
details, indicates that the authors have had in mind a 
rather higher level than the ‘final-year-honours-and-above’ 
which such a title is normally taken to imply. The authors 
have themselves made substantial contributions in areas 
of nucleic acid research, and so far as these are concerned 
the promise is largely fulfilled. In the rest one is conscious 
of a shallower coverage and at times idiosyncratic choice of 
examples. There is a crisp introduction to nucleotide 
chemistry; the secondary structure of DNA is dealt with in 
fourteen pages; the physical chemistry in another twenty- 
two, which include thumbnail expositions of physical 
methods. Eight pages suffice for the genetic code. Nucleic 
acid metabolism, on the other hand, has more spacious 
treatment in one hundred pages, and more than thirty are 
devoted to what may broadly be described as cancer 
research. The appendixes contain useful preparative and 
analytical recipes. 

This distribution of the subject matter should make it 
fairly obvious to prospective buyers of the book whether or 
not they will be getting what they want. Certainly, for 
example, anyone seriously interested in molecular genetics 
might do well to look elsewhere, and for the physical 
chemist Die Nucleinsturen offers no serious competition 
(not that it necessarily seeks to do so) to the monograph 
by Steiner and Beers (Polynucleotides, Elsevier, 1961), a 
little aged as this is now. To the biochemist concerned with 
intermediary metabolism and the pharmacologist, on the 
other hand, the book may well commend itself. One must 
add that the writing is clear, meny of the diagrams 
admirable, and the production handsome (this last- 
mentioned feature no doubt being reflected in the price). 

There are a number of errors in the book, and, rather 
more frequently, a failure to quote the best available data. 
On pp. 33 and 38, for example, one finds figures taken from 
a preliminary note, published in 1957, of important data, 
published in full and revised form in 1960, which is not 
quoted, Several other early results, since superseded, 
are quoted, and on p. 34 there is a multi-coloured plate 
showing a DNA model differing in minor but entirely 
perceptible degree from that based on more recent and 
refined structures. In at least two cases, moreover, full- 
page illustrations are devoted to hypothetical models of 
molecules, which were highly speculative at the outset and 
are now thought to be almost certainly wrong. 

No doubt many of these lapses could be corrected in a 
second edition. At the same time it is through no fault of 
the authors that lacunae appear with each month that 
passes: since the book was written there have been major 
advances in the nucleic acid field—notably Holley’s 
determination of a complete transfer RNA sequence—and 
many lesser ones. At such a time the authors of this kind of 
book must feel as King Canute did when he fought the 
waves. One is struck at the transience of much of the in- 
formation which the book inevitably contains. Is it unjust 
to set this against the apparent immutability of so much of 
the matter of the 1954 Chargaff and Davidson volumes’? 
Mark Twain once summarized scientific endeavour in the 
words: “Science is fascinating. One gets such wholesale 
returns of conjecture for such a trifling investment of 
fact”. The nucleic acid field in recent years has at times 
seemed to bear this out. 
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POLYCYCLIC AROMATIC 
HYDROCARBONS 


Polycyclic Hydrocarbons i 
Vol. 1. Pp. xxvi +487. 126s. (With a chapter on carcino- 
genesis by Regina Schoental.) Vol. 2. Pp. lvii +487. 140s. 
By E. Cler. (London and New York: Academic Press; 
Berlin: Springer-Verlag, 1964.) 


ANY organie chemists are already familiar with Clars 
earlier monograph on Aromatic Hydrocarbons, the 
second edition of which was published in 1952. The 
present work, although written in English and given a 
slightly different title, is, in effect, a third edition. Much of 
the material contained in the earlier book is reproduced, 
suitable extended and brought up to date where appro- 
priate, and supplemented by a considerable amount of new 
data on polycyclic hydrocarbons and their derivatives 
which have been synthesized since 1952, many of them by 
Clar himself and his colleagues at the University of Glas- 
ow. 
: As in the earlier book, the text is divided into two 
sections. By far the larger part is devoted to a strictly 
factual account of the chemistry of the individual hydro- 
carbons, starting with benzene and proceeding step by 
step to more complex systems with a dozen or more rings. 
Hydrocarbons with four- and five- in addition to six- 
membered rings are considered, divided into groups with 
similar properties determined by the manner in which the 
rings are linked together. All the facts, or most of them, 
are here for anyone who wants an authoritative account 
of the chemistry of the aromatic hydrocarbons. But the 
very volume of the information presented precludes 
detailed discussion. An orderly and clear account is given 
of the occurrence, methods of preparation and physical and 
chemical properties of the hydrocarbons. <A very full 
survey of both addition and substitution reactions 1s 
provided, and the biological oxidation of the hydrocar- 
bons, which often leads to unusual products, is referred to 
under the individual hydrocarbons and is discussed in the 
separate chapter devoted to carcinogenesis by polycyclic 
hydrocarbons. A great diversity of synthetic routes to the 
hydrocarbons and their derivatives has been developed: 
over the years, and most of these are described. A very 
useful supplementary chapter delmeates the more general 
methods and techniques which are used in the preparation 
of polycyclic hydrocarbons, although it omits the photo- 
cyclization of stilbenes which now offers a convenient 
alternative to the Pschorr synthesis of phenanthrenes. An 
interesting recent development has been the synthesis of 
Dewar benzene and of derivatives. Already one polycyclic 
compound containing this structural feature has been 
prepared, unfortunately too late for inclusion in the book, 
and no doubt attempts will be made to synthesize others. 
A particularly useful feature of these chapters is the 
reproduction of the ultra-violet spectra of the hydrocar- 
bons. For the organic chemist working with aromatic 
hydrocarbons the ultra-violet spectra in many cases offer 
the best guide to structure, and the book would be valuable 
for this collection of spectra alone. Many of the chapters 
also contain useful tables listing the melting points of the 
known alkyl derivatives of the hydrocarbons. These are 
convenient, but a word of warning is due to prospective 
users. Tabulations of this sort are only as reliable as the 
publications on which they are based, and in at least one 
case, anthracene, the structures and melting points of some 
of the alkyl derivatives listed are open to question. 

A comprehensive theoretical description of the chemistry 
of the polycyclic hydrocarbons is not yet available, but 
nevertheless certain empirical rules can be deduced from 
their physical and chemical properties. Study of the 
complex ultra-violet absorption spectra, which show 
marked differences depending on the type of annelation, 
has thrown much light on the electronic transitions in the 
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different systems. The greatest spectral changes are 
produced in those cases where annelation leads to forma- 
tion of a new aromatic sextet. The importance of the 
aromatic sextet is also evident from a study of the chemical 
behaviour of the hydrocarbons. One of the features of the 
chemistry of the aromatic hydrocarbons is the great 
difference in reactivity shown by members belonging to the 
different series. These differences can be correlated with 
the number of aromatic sextets which can be written into 
the structural formula; the greater the number of sextets 
the more stable the compound. On a simple view this is 
perhaps what might have been expected, but it is note- 
worthy that this simple treatment appears in some cases 
to give a better indication of the stability of an aromatic 
hydrocarbon than molecular orbital calculations. As is 
well known, Huckel has shown that monocyclic polyole- 
fines containing (4n + 2) electrons have aromatic 
stability, and this rule has been supported by experiment 
in a number of instances. But the rule is not suitable for 
predicting the stability of polycyclic aromatic hydro- 
carbons. It covers only half the most stable compounds, 
and includes all the acenes from the most stable, benzene, 
to the most reactive, heptacene, and even the higher 
members which are too unstable to exist. 

Further insight into the structure of the polycyclic 
hydrocarbons has been provided by a study of their 
magnetic properties and by X-ray crystallographic 
analysis. The latter has revealed that in many cases the 
bond lengths differ in a way not to be expected from 
simpler benzene derivatives. These measurements have 
been correlated with values derived from quantum 
mechanical calculations, and have thus offered an experi- 
mental test of the conclusions of the theoretical chemists. 
In some types of polycyclic structures molecular over- 
crowding must lead to distortion of the rings, and this has 
been confirmed by optical resolution of appropriate 
derivatives. 

The polycyclic aromatic hydrocarbons have practical 
importance in a number of fields. The quinones of some 
of them form the basis of important dyestuffs and the 
search for new and better dyes has added new ring systems 
to the polycyclic structures already known. The properties 
of the more highly condensed hydrocarbons approach 
gradually to those of graphite. This applies also to the 
electrical conductivity; as a result of this, aromatic hydro- 
carbons are semiconductors and show photoconductivity. 
The carcmogenic properties of some aromatic hydrocarbons 
are also a matter of every-day concern, since many hydro- 
carbons -aro widely distributed in the environment as 
products of incomplete combustion, and they occur also as 
constituents of certain industrial products. 

For discussion of all these and many other topics in the 
field of polycyclic hydrocarbons and their derivatives this 
book will be found valuable and stimulating, and it will be 
indispensable to chemists whose work is concerned in any 
way with aromatic hydrocarbons. It is very well produced 
and it is remarkably free from errors and misprints, but it 
is a little unfortunate that the publishers have considered 
it necessary to issue the work in two volumes. 

W CARRUTHERS 
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BIOLOGICAL FACTS AND FIGURES 


Biology Data Book 
Compiled and edited by Philip L. Altman and D. S. 
Dittmer. Pp. xvii+633. (Washington: Federation of 
American Societies for Experimental Biology, 1964.) 
10.00 dollars. : 


HE Biology Data Book edited by Altman and Dittmer 

under the general auspices of the American Committee 
of Biological Handbooks replaces, and in part supersedes, 
the original Handbook of Biological Data published in 1956 
by W. B. Saunders Company. 
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The layout and tyre of the present volume are much 
better than those of the Handbook, being clear and easy 
to read. The columns of data which make up the book are 
well spaced and where I had to peer at the original Hand- 
book, the present volume can be consulted in a much more 
relaxed way. 

The contents of ths book are difficult to summarize 
since they are themselves summaries, but their general 
value can be judged by the fact that there are thirteen 
sections and eight azpendixes. The sections include 
genetics and cytology, development and growth, mor- 
phology, metabolism, respiration and circulation, bio- 
physical and biochemical characteristics, environment and 
survival, parasitism, material and methods. The appen- 
dixes are more stereotyped, being the usual formulae (and. 
some unusual ones), conversion factors, atomic weights, 
logarithms, and classification of plants and animals. 

The value of a data book rests not only on the contents 
but also on the ease vith which any desired information 
can be obtained. In this connexion, within five minutes 
I was able to find the life span of an ant, the method of 
assay and the effects o£ thyroxine, but could not determine 
the transpiration rate of elm leaves. There were many 
interesting data on transpiration but not the actual 
required information. Two out of three, however, is quite 
a good result. 

The index must be tsed in association with the table of 
contents and together they constitute a reasonable guide 
to the data in the bock. Another great improvement is 
the reference section as the end of each table which cites 
the papers from which the data in the table have been 
obtained. Thus, in many instances where method may be 
critical, the direct reference is immediately available. 

The larger type and the clearer format, however, have 
resulted in a wholesale cut in the number of examples given. 
Thus, whereas in the Fandbook the chromosome numbers 
of 500 animals are listed, in the Data Book this is reduced 
to 151. Similarly, the temperature tolerance of 59 algae 1s 
given in the Handbook but only that of 16 species in the 
Data Book. This in turn creates a problem of selection and, 
not unnaturally, the criterion used is that the book shall 
be of value to scientists in the United States. Therefore, 
where only a few examples can be given, they are from 
that country and although they will indicate general levels 
they are not always relvant. 

This criticism does not apply of course to the purely 
biochemical tables or diagrams, which are of universal 
value and are of high quality. 

In summation, desp-te its shortcomings, which largely 
result from the improved format, this is a better, more 
accessible and, therefbre, more useful book than the 
Handbook and should gain wide acceptance in all biological 
libraries and laboratoriss. A. R. GEMMELL 


FROM HYDROGEN TO HITLER 


The Discovery of -Time 

By Stephen Toulmin and June Goodfield. (The Ancestry 
of Science.) Pp. 280+ 11 plates. (London: Hutchinson and 
Co. (Publishers), Ltd., 1965.) 35s. net. 


HE authors of The Discovery of Time set out from the 
position that “the expansion of the traditional world 
picture (in which the whole story of the universe was 
compressed into a fev thousand years) to the present 
billion-year time scale, has transformed our conception of 
human and social history”. The book is an attempt to 
show how the present perspective of time has been achieved. 
The first chapters deal with the origins, in Egypt and 
Mesopotamia, of comperatively precise records of human 
history, and with the frst crude attempts at naturalistic 
cosmogony, as seen in she fragments of the pre-Socratics. 
The final chapters give a brief outline of modern ideas on 
the nature and on the scale of human history, and some 
account of the most recent speculations on cosmogony. 
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It follows that we are here offered a work of haute vulgarisa- 
tion which, in the nature of things, must consist largely 
of a digest of digests. The authors have, in fact, relied 
almost entirely on secondary sources, as is made clear by 
their lists, given at the end of each chapter, of “Further 
Reading and References”. 

To review such a book is obviously a rather foolhardy 
undertaking: to do so with authority a reviewer would 
require not only a vast range of historical knowledge but 
also special competence in the histories of science, philo- 
sophy and religion, and more particularly in historiography. 

So far as I am able to make any sort of informed judg- 
ment, the book is probably as good as such a book is 
likely to be. The authors seem to have made every effort 
to inform themselves, and so far as I know there is nothing 
grossly false or misleading in what they assert. I think it 
is probably an unfortunate accident that what seems to me 
the worst part of the book (Chapter 8, ““The Background to 
Darwin’’) happens to deal with a subject on which I am 
comparatively well informed. 

No one would expect the authors to show intimate 
familiarity with the immense range of subjects with which 
they deal; but one would like evidence that they had tried 
to imagine what it felt like to be a Greek of the Hellenistic 
period, or a medieval scholastic, or a friend of John Donne. 
They assume, I think too lightheartedly, that the immen- 
sely increased time-perspective available to-day seriously 
affects the thoughts and feelings of human beings. It is 
probable that thoughtless people to-day live in the present 
as thoughtless people always have done; and that, for the 
more thoughtful members of the race, a preoccupation with 
an eternity they expected to share must have been at 
least as significant as is now the belief in some billions of 
— devoid of serious relevance for the individual human 

eing. : 

The authors themselves certainly appear to digest their 
billions without visible signs of dyspepsia. 

Indeed, I find their general detachment a little unnerv- 
ing. It seems to me odd to be able to write on the whole 
history of man and on the origin of the universe without, 
as it were, ‘taking sides’ in any way. Do the authors think 
the existence of the human race a good thing or a bad 
thing? Their last chapter, in which they derive the present 
state of affairs from, if J have understood them, an end- 
less sea of indiscernibly identical hydrogen atoms, seems 
to open up again the whole question of the origin of order: 
surely it either cannot be accounted for by the hydrogen 
atoms, or a hydrogen atom must have, to say the least, 
strangely extensive prospective abilities? 

Then, the picture we are offered of the evolution of the 
universe is unquestionably one of progress in some 
direction; but the authors leave us, not so much wondering 
whether they believe the progress to be up or down, as 
feéling uneasily that they do not care in which direction 
chance has pushed the hydrogen. J. S. WEEE 


CARBON-CARBON DOUBLE BONDING 


The Chemistry of Alkenes 

Edited by Saul Patai. (The Chemistry of Functional 
Groups Series.) Pp. ix+1315. (London and New York: 
Interscience Publishers, a Division of John Wiley and 
Sons, Ltd., 1964.) 315s. 


i Mere Chemistry of Alkenes is the first of a series of 
advanced treatises on the chemistry of functional 
groups published under the general editorship of Prof. S. 
Patai. The series is designed to present advanced students 
and research workers with comparative and critical review 
articles of recent work. It is one of many series of reviews 
that are being published with the aim of keeping the 
organic chemist in touch with modern advances; to judge 
by the first volume the series should succeed in doing this. 
The series is presented by a publishing house well known 
for the excellence of its publications. This volume is well 


NATURE 


June 5, 1965 


presented, with numerous diagrams and tables, and con- 
tains articles by workers of international repute. It is a 
very substantial volume, 1,315 pages, and is, unfortunately, 
far too expensive for the advanced students to whom it is 
partially directed. 

In all, there are fourteen chapters, and the subject 
coverage is reasonably comprehensive. Two notable 
omissions (mentioned by Patai), however, are electro- 
philic attacks on alkenes, and biochemical formation and 
reactions of alkenes. The volume would certainly have 
benefited from the inclusion of these two promised but 
undelivered chapters. The topics covered are: wave 
mechanics and the alkene bond (Coulson and Stewart); 
elimination reactions in solution (W. H. Saunders, jun.); 
olefine-forming elimination in the gas phase (Maccoll); 
alkene-forming condensation reactions (Crowell); detection 
and determination of the alkenes (Kuchar); alkene 
complexes of some transition metals (Cais); alkene 
rearrangements (Mackenzie); nucleophilic attacks on 
carbon-carbon double bonds (Patai and Rappoport); 
reactions of alkenes with radicals and carbenes (Cadogan 
and Perkins); allylic reactions (DeWolfe and Young); 
cyclo-addition reactions of alkenes (Huisgen, Grashey and 
Sauer); conjugated dienes (Cais); cumulenes (Fischer); 
ketenes (Lacey). This is, indeed, an impressive list. 

The articles are, in general, up to date; a survey of the 
references indicates a reasonable number of post-1961 
entries and in some cases references are given to papers 
published in 1964. The value of the subject index would 
have been enhanced had more specific compounds been 
cited. The author index, though of a novel kind, is com- 
plete and enables both the actual page and the reference 
number page to be quickly located. 

It is difficult for any one reviewer to discuss critically 
such a comprehensive volume, but some mention should 
be made of the disparity in length of certain chapters, for 
example Chapter 4 on alkene-forming condensation 
reactions is only 30 pages long while that devoted to the 
cumulenes is 136. This variation does not reflect the 
relative importance of the two topics. Chapter 5, on the 
“Detection and Determination of the Alkenes’’, would have 
benefited by the inclusion of more details of the excellent 
modern instrumental methods—infra-red and nuclear mag- 
netic resonance—available for the determination of the 
‘configuration of substituted alkenes. The practical details 
of certain gas-chromatographical techniques (p. 304) and 
bromine titrations (p. 277), mentioned m Chapter 5, seem 
inappropriate in a text of this type, and in general this 
chapter is rather alien to the spirit of the rest of the book. 
Errors appear to be few, but equation 7 on p. 154 refers to 
the erythro compound, not to the threo; and equation 8 
applies to the threo compound. The numbering of com- 
pounds on pp. 965 and 968 and other similar minor errors - 
seem to indicate that the book was published in too much 
of a hurry. 

There are certain topics which require amplification or 
inclusion in the second volume and these might include the 
excellent work of Van der Kerk on the addition of organo- 
metallic compounds to acetylenes with consequent pro- 
duction of an interesting series of olefinic compounds, 
the use of di-imide as a selective reducing agent, more 
details on double-bond cleavage and the work by Truce 
and others on the addition of sulphenes to ketenes. 

Apart from the criticisms mentioned here and the 
obvious need for the inclusion of electrophilic attacks on 
alkenes, the general standard of the book is excellent: the 
chapters on “Wave Mechanics and the Alkene Bond”, 
“Reactions of Alkenes with Radicals and Carbenes’’, and 
“Cycloaddition Reactions of Alkenes’”’ are well above the 
average standard found in review articles. This volume 

‘ean be recommended for advanced students and research 
workers and will most certainly assist all who lecture in 
this field to obtain recent information. It is to be hoped 
that the future volumes of this series maintain the standard 
set by the first volume. J. S. Przey 
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The Foundations of Intuitionistic Mathematics 
Especially in Relation to Recursive Functions 

By Prof. Stephen Cole Kleene and Prof. Richard Eugene 

Vesley. (Studies in Logic and the Foundations of Mathe- 

matics.) Pp. viii+206. (Amsterdam: North-Holland 

Publishing Company, 1965.) 50s. 


URING almost the whole of the present century there 
has been a deep division among mathematicians 
between those who take a fairly lighthearted view about 
whether or not the entities used in arguments can actually 
be constructed in a finite way, and those who regard con- 
structivity as a very important criterion for mathematical 
objects. Notable among the second class is L. E. J. 
Brouwer and his successors, while the great majority of 
working mathematicians are in the first class. Among 
the mathematicians who have devoted themselves to 
research in this particular problem of foundations, there 
arose in the 1930’s a theory, known as that of recursive 
functions, which investigated the possibility of computing 
functions which entered into mathematical proofs. This 
theory clearly had something in common with the intuit- 
ionism of Brouwer, but 1t developed as if intuitionism had 
never existed; and, on the other hand, the intuitionists 
were led by Brouwer to ignore completely the theory of 
general recursive functions. This mutual lack of compre- 
hension has perhaps contributed as much as the original 
difference of opinion to the parlous state of the foundations 
of mathematics now. 

The present book is a most important and workman-like 
attempt to bridge the gap. Three of the chapters are by 
Prof. Kleene, and the remaiming one is by Prof. Vesley, 
and describes the contents of his Ph.D. thesis. A formal 
system is built up (so that the general argument is closely 
in line with those usually employed in recursive function 
theory) which is adequate for a large part of intuitionistic 
analysis. The system. is devised to make the comparison 
between intuitionistic and classical systems as easy as 
possible. It is then used to illuminate various hitherto 
obscure aspects of Brouwer’s mathematics; the spread 
theorem, the theory of the continuum and its ordering, 
and so on. 

The book is hard reading because it is extremely techni- 
eal, but it is certainly of extreme importance in rehabilitat- 
ing mathematics after the crisis through which it has 
passed. C. W. KILMISTER 
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Circuits with Periodically-varying Parameters, including 
Modulators and Parametric Amplifiers 

By Prof. D. G. Tucker. Pp. xiv+175. (London : 

Macdonald and Co. (Publishers), Ltd., 1964.) 40s. net. 


N the present context ‘parameter’ defines one of the 
quantities, resistance, inductance and capacitance or 
the corresponding reciprocal quantities conductance, 
reciprocal inductance (it is time we had a name for this 
quantity !) and elastance. 

Circuits with periodically varying parameters are 
becoming increasingly important in communication and 
radar systems. Itis Prof. Tucker’s contention, with which 
I myself agree, that the subject is now sufficiently 
well understood for it to be taught in university and 
college courses. Although there are books and papers 
which deal adequately with some parts of the subject, 
there was no general introductory book available before 
this one was published. In it, time-varying and non- 
linear resistance, capacitance and inductance are treated 
in & single general theory, with the level of mathematics 
of the engineering or physics undergraduate. The 
subjects dealt with in greatest detail are frequency 
changers, parametric amplifiers and modulators. In,the 
main only ‘ideal’ basic- circuits are considered, although 
in some instances the effects of the series loss resistance, 
which would be associated with L and C in practical 
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components, ate commented on. The author has chosen 
to keep the treatment general so that current and voltage 
terms at any frequency can be specified. It takes a little 
while to become familiar with the set of symbols devised 
for this situation, with their mixed letter and numeral 
subscripts, but when mastery has been achieved the text is 
easy to follow. A valuable feature is the inclusion of 
worked problems at theend of each chapter, such problems 
having been chosen to extend the subject-matter of the 
text. 

The reader of this b20k will learn the basic principles 
of time-varying and ron-linear circuits. He will not, 
however, be well enougk equipped to design or understand 
the experimental behaviour of practical circuits. It was 
the author’s intention shat the book should be used by 
students, preferably in association with an instructional 
course, and it is armed at the final-year undergraduate and 
immediate postgraduat2 levels in electrical engineering 
and physics. It will serve this purpose, but such a course 
would be fortified by supplementary lectures on the corre- 
sponding practical circuits. F. J. HYDE 


Fundamental Constants of Astronomy 

By K. A. Kulikov. Translated from the Russian. Pp. 
ix+211. (Jerusalem: Israel Program for Scientific 
Translations; London: Oldbourne Press, 1964.) 96s. 


f bees purpose of this book is to show how the funda- 
mental constants oi astronomy were determined and 
to make a critical comperison of the values obtained. The 
theories relating to the reductions are carefully formulated 
and results are fully tabelated. Weighted means are often 
given, but they are nov displayed as if to suggest any 
finality. The data considered are: the dimensions and 
figure of the Earth, obliquity of the ecliptic, solar parallax, 
velocity of light, aberration of light, precession, nutation, 
parallax of the Moon, masses of the Moon and major 
planets. 

The Russian edition was completed in 1955 and in 
consequence the results are not up-to-date. However, 
this is of no great consequence, because the book is written. 
around the classical ozservations rather than recent 
advances. ‘This is illustrated by the reference list, where 
the names quoted more than three times are Bauschinger, 
Bessel, Bradley, Brown, De Sitter, Euler, Grachev, Hall, 
Hipparchus, Idel’son, Nawecomb, Nyren, Peters, Spencer 
Jones, and W. Struve. The book will be useful as a 
reference handbook in astronomical libraries. 


C. W. ALLEN 


Canine Behavior 
By M. W. Fox. Pp. xii +137. (Springfield, Tl.: Charles C. 
Thomas, 1965.) 6.75 dollars. 


HIS book should be of interest to all those associated 

with the training of dogs and who have problems of 
canine temperament, although in most respects it will have 
greatest appeal to psychclogists and specialists in animal 
behaviour. The general lay-out of the book is good. The 
initial chapter on the histery of domestication is a splendid 
introduction and most in-eresting, and leads on naturally 
to the development of beraviour in puppies and adults in 
succeeding chapters. Genetic inheritance and behaviour 
are next dealt with, and show the effects of good and bad 
breeding on domesticatior.. 

The succeeding chapters deal mainly with experimental 
work and neurophysiology, and the ordinary reader may 
find that this section requires a medical dictionary and 
some patience. The use o? many long psychological words 
does not lead to easy read-ng and I believe the book would 
have a wider appeal if phrased in simpler English. 

Each chapter ends wita an excellent list of references 
and indicates the amount of work put into the book. The 
book itself is well produc:d, but contains more than one 
misprint and mis-spelling. A. E. Harrop 


974 


NATURE 


June J; 1965 VOL. 206 


PROPOSED BIOLOGICAL EXPLORATION OF MARS 
BETWEEN 1969 AND 1973 


STUDY entitled “Biology and the Exploration of 

Mars’? was convened by the Space Science Board 
of the U.S. National Academy of Sciences—National 
Research Council during the summer of 1964, at the 
request of the National Aeronautics and Space Admin- 
istration. It was conducted under the chairmanship of 
Prof. Colin S. Pittendngh of Princeton University with 
Prof. Joshua Lederberg of Stanford University as co- 
chairman. A list of participants and contributors has 
been published by the National Academy of Sciences. 
Meetings were held on the campus of Stanford University 
and at the Rockefeller Institute. A complete report 1s in 
preparation. Meanwhile, Prof. Pittendrigh presented the 
results of this Study at the annual meeting of the Academy 
on April 26 : the substance of this report follows here. 


Introduction 


Until recent years the origin of life and its possible 
occurrence elsewhere in the universe have been matters 
for speculation only. The rapid growth of molecular 
biology since 1940 has, to be sure, changed the discussion 
of life’s origins into far more precise and explicit terms 
than were possible earlier; and the subject entered a 
new, experimental, phase in the 1950s with successful 
abiogenic synthesis of important biochemical substances 
in conditions simulating the presumptive environment of 
the primitive Earth. But the real transformation which 
the subject has undergone stems from the spectacular 
growth of space technology in the past decade. The 
possibility of life’s origin and occurrence on planets other 
than ours ıs no longer limited to idle speculation: it has 
entered the realm of the testable, of science in the strict 
sense. Given the rockets now available and especially 
those available by 1969, it has become fully realistic to 
consider plans for the biological exploration of Mars. 

The working group of this Study comprised 36 people 
representing a broad spectrum of scientific interests: 
evolutionary biology, genetics, microbiology, biochemistry 
and molecular biology, animal physiology, soil chemistry, 
organic chemistry, planetary astronomy, geochemistry, 
and theoretical physics. The membership included some 
with considerable prior involvement in problems of space 
exploration and others with none. Advice was also 
sought outside the group of immediate participants on 
the potentialities of selected analytical methods for the 
experimental investigation of extra-terrestrial life and its 
environment. More than 30 individuals contributed in 
this fashion written assessments of techniques in which 
they were particularly well versed. 

Our task was to examine the scientific foundations 
and merits of the proposal to undertake a biological 
exploration of Mars. What were the potential scientific 
yields? How valuable, if attained, would they be? 
What, in fact, is the possibility of life occurring on Mars ? 
And of our detecting it with the available and foreseeable 
technology ? What could be achieved by further astron- 
omical work from Earth; by Martian fly-by missions; by 
Martian orbiters; and Martian landers? What payloads 
would we recommend for planetary missions? What 
timing and overall strategy would we recommend for 
Martian exploration were we to consider it worth while 
at all? 

In brief the overall purpose was to recommend to the 
Government through the Academy’s Space Science 
Board, whether or not a biological exploration of Mars 
should be included in the nation’s space programme over 


the next few decades, and, further, to outline what that 
programme, if any, should be. 

We emphasize that our conclusions were reached on 
strictly scientific grounds; that we recognize a much 
wider array of considerations bear on any ultimate 
decision to undertake Martian exploration. As a body 
we were not charged with, nor did we attempt, the broad 
over-view which entails these other considerations. We 
predicated our discussion on the continued vigour of a 
national space programme. We did not, for example, 
address ourselves to the question of whether the very 
large cost of developing the Saturn boosters could be 
justified on scientific grounds. Nor should we have; the 
development of the Saturn boosters is already firmly 
committed for other reasons. The questions we faced 
were whether the application of such boosters to the 
biological exploration of the solar system—of Mars in 
particular—can answer well-framed and important scien- 
tific questions; and what priority these questions merit 
within the space programme. 

The essence of our conclusions is that the exploration 
of Mars—motivated by biological questions—does indeed 
merit the highest scientific priority ın the nation’s space 
programme over the next decades. We concluded, 
further, that the favourable opportunities for exploration 
between 1969 and 1973 can and should be exploited as 
vigorously as possible. Considerimg the diversity of 
discipline and persuasion represented by so large a group 
as ours, the unanimity achieved on these basic conclusions 
itself merits emphasis. 

We achieved, understandably, less unanimity on 
precisely what course the exploration should take. There 
was a small mimority among us which insisted that the 
first opportunity be taken to land a mission on Mars 
equipped with even a minimum of analytical devices. 
The majority view leaned towards a more gradualistic 
approach. Its foundation was two-fold: (1) the tenet 
that specifically biological questions should be asked in 
an ordered sequence of exploration the purpose of which 
is to understand the overall evolution of the planet’s 
crust and atmosphere; (2) the large amount of work that 
remains to be done in designing and equipping a land 
device with the diversity of sensors necessary for study 
of a life of uncertain characteristics. The programme 
emerging from this approach begins with emphasis on 
orbiter missions designed to enlarge our knowledge of the 
astronomical, geophysical and geochemical features of 
Mars and its seasonal changes. Such new knowledge of 
the Martian environment will greatly enhance chances for 
the suceess of subsequent landing missions. Moreover, 
it will also permit, prior to landing, a substantial 
re-evaluation of all those features on which our present 
judgment of the plausibility of Martian life depends. 

This Study was prompted by a specific request from 
the National Aeronautics and Space Administration to 
the National Academy of Sciences. But in another way 
it has only been the natural culmination of a discussion 
of many years in which many of the members of the 
working group have participated. To the extent it has 
succeeded in its assigned mission, it thus depends on the 
work of several earlier committees and smaller symposia; 
and the conclusions and recommendations it presents are 
the product of prolonged deliberation and scrutiny. 
None of the working group failed to sense the burden of 
responsibility which such a costly programme as Martian 
exploration entails; and none of them failed to sense the 
magnificent challenge and opportunity that are now before 
scientific man. 
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(1) Origin and Nature of Life 


The modern, naturalistic view of life’s origin and 
evolution dates from the foundations of modern biology 
a century ago. Implicit in the evolutionary treatment of 
life is the proposition that the first appearance of organ- 
isms was only a chapter in the natural history of the 
planet as a whole. Oparin later made this notion explicit 
in his view that the origin of life was a fully natural, 
perhaps inevitable, step ın the ontogeny of the Earth. 
Systems capable of self-replication and controlled transfer 
of energy—living orgamisms—had their origin in the 
sequence of chemical changes which were part of this 
planet’s early history. 

The tractabilty of this great inductive step to further 
discussion. has been enhanced by the progress of terrestrial 
cellular biology and biochemistry over the past few 
decades. What has emerged from that progress is a 
unified picture of life at the sub-cellular and chemical 
levels, underlying the unity at higher levels which so 
largely influenced Darwin. Not only is there a common 
pattern to the structure of cellular organelles—-membranes, 
mitochondria, nuclear apparatus, ete.—but also a still 
more surprising unity is found in its molecular consti- 
tuents. Everywhere on Earth the essential catalytic 
functions are discharged by proteins, energy-transfer 
effected by ATP, and the synthesis of proteins to-day 
controlled by an elaborate nucleic acid system. The 
same enzymatic co-factors are found in organism after 
organism; particular metabolic pathways recur from cell 
to cell; and everywhere the fundamental functions of 
information storage and replication are assigned to the 
nucleic acids. 

To a significant extent the discussion of life’s origin 
must concern the origin of those molecular types which 
are crucial in cellular organization: the origm of 
nucleic acids, of proteins, of carbohydrates, and so on. 

In the 1950s a series of experiments was initiated in 
which the synthesis of biologically important compounds 
was accomplished by application of energy to presumptive 
primitive environments. The list mcludes: amino-acids 
and their polymers; carbohydrates and fatty acids; 
purines and pyrimidmes; nucleotides, including adeno- 
sine triphosphate, and oligonucleotides—every major 
se al of molecular sub-unit of which the cell is 
built. 

The credibility of the naturalistic, evolutionary view 
of life’s origin as an exploitation of previous chemical 
evolution on a sterile Earth is greatly heightened by these 
results: the great chemical complexity of its molecular 
constituents does not, in the last analysis, require the 
intervention of the cell itself. 

The general tenet that life involves no qualitative 
novelty—no élan vital—goes hand in hand with the more 
explicit proposition that ıt is the molecular organization, 
as such, of living things which alone distingwshes them 
from the non-living. The central issue in discussing 
origins now concerns not so much the prior evolution of 
complexity in molecular constituents as the attainment of 
their organization into a system which is alive. It is here 
we lack any sure guides—except one—on the contingency 
involved; on how improbable it all was. That one lead 
comes from the great and well-known advances of 
molecular genetics in the past ten years. 

The essence of organization in one sense is its improbab- 
ility, its dependence on speerfication or information: and 
the most characteristic feature of living organizations— 
organisms-—is their capacity to store and replicate the 
evolving information on which thew existence depends. 
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- The high point of our biochemical advance has been 


identification of the molecular basis of these defining 
characteristics. It is, astonishing how much we have 
recently learned about the manner in which the informa- 
tion, underlying life’s organization is encoded in molecular 
structure; that we understand how that molecular 
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structure is replicated: and further, that simple poly- 
nucleotides have been synthesized in cell-free systems. 

It is still not clear, o? course, what precise sequence of 
events exploited the opportunities afforded by the purely 
chemical evolution of the Earth’s surface and atmosphere. 
But at some point in tha unknown sequence a community 
of molecules would hav been fully recognizable to us as 
a living as against a nor.-living thing: it would have been 
bounded from its environment by a membrane, capable 
of controlled energy expenditure in fabricating more of 
itself and endowed with the capacity to store and replicate 
information. 

We cannot fully know the precise course of the Earth's 
early chemical evolution, and the degree of contingency 
involved in the subseqrent transition to a living organ- 
ization of molecules; snd for these reasons we cannot 
fully assess just how probable or improbable life’s origin 
was at the outset of oar own planet’s evolution. Nor 
can we estimate to whet extent the emerging picture of 
a single chemical basis to hfe on Earth reflects a physical 
necessity for living orgenization as against a mixture of 
physical sufficiency and historical accident. Can the 
catalysis, essential to bicchemical organization, be effected 
only by proteins containing the 20 amino-acids we 
encounter in cells? sre the nucleic acids the only 
polymers, for physical reasons, which can carry molecular 
information on satisfaczorily ? Or are these and other 
empirical generalizations about life on Earth, such as 
optical activity, mere-y reflexions of the historical 
contingency which gavə such molecules first access to 
living organization, thus pre-empting the field and pre- 
cluding reahzation of other physically sufficient molecular 
foundations for life ? 

To the extent that we cannot answer these questions we 
lack a true theoretical biology as against an elaborate 
natural history of life on this planet. We cannot prejudge 
the likelihood of lifes appearance on Earth; therefore 
we cannot confidently teke the great Inductive step when 
we are told by astronomers that there may be 10*° plane- 
tary systems elsewhere in the universe with histories 
comparable to our own. One thing is clear—if life is 
unique to our planet tke probability of its origin must 
be almost unimaginably low. If, on the other hand, the 
probability is at all appreciable, life must be abundant in 
the 10% planetary systems which fill the sky. 

What is at stake in this uncertainty is nothing less 
than knowledge of our place in Nature. It is the major 
reason why the sudden opportunity to explore a neigh- 
bouring planet for life i£ so immensely important. 

We emphasize that tne act of discovery itself would 
have this great scientific, and for that matter philosophical, 
impact. But it is also zmportant that discovery would, 
in another way, be only the beginning. The existence 
and accessibility of Mart:an life would mark the beginning 
of a true general biology, of which the terrestrial is a 
special case. We woulc have a unique opportunity to 
shed new hght on the meaning of that astonishing mole- 
cular similarity in all terrestrial organisms. Is it there 
as a physically necessery basis for life? Or is it— 
physically sufficient bat not necessary—a historical 
accident in the sense tha= in another instance of planetary 
evolution a different basic chemical complexity could 
equally well have emerged and pre-empted the local 
opportunity for life ?° 


(2) Possibilizy of Life on Mars 


No thoughtful person will disagree with our assertion 
on the scientific importance of life elsewhere in the Solar 
System. It is. however, another matter to conclude that 
the search for ıt should proceed at once. The exploration 
will be costly in money ard other resources. To undertake 
it we need some assurance it is not folly from the outset. 

Interest immediately focuses on Mars. The nearest 
and most Earth-like of the planets in the Solar System 
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are Mars and Venus; but the surface of Venus has been 
tentatively excluded as a possible abode of life, because 
of the probably high surface temperatures. The Martian 
year is long (687 days) but the length of its day is curiously 
similar to that of Earth, a fact that to a considerable 
degree ameliorates an otherwise very severe environment. 

Mars has retained an atmosphere, although it is thin: 
present estimates of pressure at the surface range from 
10 to 80 millibars. The major constituents are unidenti- 
fied, but are thought to be nitrogen and argon. Carbon 
dioxide has been identified spectroscopically and its 
proportion estimated to lie between 5 and 30 per cent by 
volume. Oxygen has been sought but not detected; the 
sensitivity of measurement implies a proportion not 
greater than 0-1 per cent by volume. Water vapour has 
also been identified spectroscopically as a minor atmo- 
spheric constituent to the amount of 2 x 10-3 gem-*. (For 
comparison, approximate terrestrial values of the quan- 
tities given above are: surface pressure 1,000 millibars; 
carbon dioxide 0-03 per cent; oxygen 20 per cent; water 
vapour 3 g em.) 

The intensity of ultra-violet radiation at the Martian 
surface may be high by comparison with Earth, but this 
is not yet certain; some models of the composition of 
the atmosphere allow for effective shielding. 

Surface temperatures overlap the range on Earth: at 
some latitudes and seasons they have a daily high of 
-+ 30° C with a diurnal range of about 100° ©. 

There are two white polar caps the composition of 
which has been the subject of some controversy. The 
evidence is now clear that they are ice, in the form of 
hoar frost. They undergo a seasonal waxing and waning 
which is probably accompanied by an atmospheric 
transfer of water vapour from one hemisphere to another. 

Our knowledge of what lies between the polar caps is 
limited to the distinction between the so-called ‘dark’ 
and ‘bright’ areas and their seasonal changes. The latter, 
usually considered ‘deserts’, are an orange-ochre or buff 
colour. The former are much less vividly coloured. It 
is likely that early descriptions of the dark areas as 
green resulted from an optical illusion due to contrast with 
the orange ‘bright’ areas. 

Biological interest nevertheless continues to centre on 
the ‘dark’ areas. In several respects they exhibit the 
kind of seasonal change one would expect were they due 
to the presence of organisms absent in the ‘bright’ (desert) 
areas. In spring the recession of the ice cap is accom- 
panied by development of a dark collar at its border, 
and as the spring advances a wave of darkening proceeds 
through the dark areas toward the equator and, in fact, 
overshoots it 20° into the opposite hemisphere. 

Polarimetric investigations suggest that much of the 
Martian surface may be covered with small sub-millimetre- 
sized particles. The curve on which this inference is 
based. shows a seasonal displacement in the dark areas, 
but not in the bright. Infra-red absorption features have 
been attributed to the dark areas, suggesting abundant 
H-——C bonds there, but more recent analysis throws great 
doubt on this interpretation, leaving us with no definite 
information, one way or the other, about the existence 
and distribution of organic matter. 

Needless to say, none of these inferences about the 
Martian dark areas demands the presence of organisms 
for their explanation. 

Indeed, the question is whether the Martian environ- 
ment could support life at all; and further, whether its 
history would have permitted the indigenous origin of 
life. These are clearly different questions. ‘Our answer 
to the first question is that we find no compelling evidence 
that Mars could not support life even of a kind chemically 
similar to our own. Were oxygen present to the small 
limiting extent current measurements allow, a fully 
aerobic respiration would be possible. But even its total 
absence would not of itself preclude life. One of our 
more rewarding exercises has been the challenge to 
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construct a Martian ecology assuming the most adverse 
conditions indicated by present knowledge: it posed no 
insuperable problem. Some terrestrial organisms have 
already been shown to survive freeze-thaw cycles of 
-+-30°to — 70°C. Others are known to cope with extreme ly 
low humidities and derive their water supply meta- 
bolically. There are many conceivable ways of coping 
with a strong flux of ultra-violet (and even of exploiting 
it as an energy source). The history of our own planet 
provides plenty of evidence that, once attained, living 
organization is capable of evolving adjustments to very 
extreme environments. And, finally, we are reminded 
that the evidence we have on Martian conditions is very 
coarse-grained, a sort of average that takes account of 
almost no local variations dependent on topography. 
Within the range of conditions represented by our present 
numerical estimates it is likely that there exist, perhaps 
abundantly—as on Earth—places where the extremes of 
temperature, aridity, and adverse irradiation are markedly 
ameliorated. Even the presence of water in the liquid 
phase is perhaps not unlikely, if only transiently, by 
season, in the sub-soil. 

A. measure of our judgment that niches in the con- 
temporary Martian environment could support life of a 
sort comparable with that of Earth is provided by our 
overriding concern with the danger of inadvertently 
contaminating Mars with terrestrial organisms. We shall 
return to this problem later. 

The other question—whether life in fact is there— 
depends on our judgment of how probable its origin on 
Mars has been. The a priori probability of origin we can 
not assess, even for Earth; it is the principal reason for 
considering exploration in the first place. 

Given all the evidence available at present, we believe 
it entirely reasonable that Mars is inhabited with living 
organisms and that life independently originated there. 
However, it should be clearly recognized that our con- 
clusion that the biological exploration of Mars will be a ~ 
rewarding venture does not depend on the hypothesis of 
Martian life. The scientific questions which ought not 
to be prejudged are: (a) Is terrestrial life unique? The 
discovery of Martian life, whether extant or extinct, 
would provide an unequivocal answer. (b) What is the 
geochemical (and geophysical) history of an Earth-like 
planet undisturbed by living organisms? If we discover 
that Mars is sterile we may find answers to this alternative 
and highly significant question. 


(3) Scientific Aims of Martian Exploration 


We approach the prospect of Martian exploration as 
evolutionary biologists. The origin of organisms was a 
chapter in the natural history of the Earth’s surface. 
The hypothesis to be tested is a generalization from that 
single case: the origin of living organization is a probable 
event in the evolution of all planetary crusts which 
resemble ours. We thus conceive the over-all mission as 
a systematic investigation of the evolution of the Martian 
surface and atmosphere: has that evolution included, 
in some niches of the planet, chemical systems with the 
kind of organization we would recognize as ‘living’ ? 

Our aims in summary form are: (1) The determination 
of the physical and chemical conditions of the Martian 
surface as a potential environment for life; (2) the 
determination whether or not life is or has been present 
on Mars; (3) the characteristics of that life, if present; 
(4) investigation of the pattern of chemical evolution 
without life. 

This formulation emphasizes that as biologists we have 
as much interest as the planetary astronomers in a 
thorough investigation of the meteorology, geochemistry, 
geophysics, and topography of Mars. Whatever the 
outcome of a direct search for life, its full meaning will 
escape us unless the findings can be related to the 
prevailing environment. 
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Before proceeding to the more programmatic aspects of 
the undertaking, we are concerned to single out the task 
of spacecraft sterilization from the many and diverse 
problems that Martian exploration will entail. We 
believe that many of our non-biologist colleagues have 
still not fully grasped either the magnitude or the funda- 
mental importance of this issue. 

Contamination of the Martian surface with terrestrial 
microbes could irreversibly destroy a truly unique oppor- 
tunity for mankind to pursue a study of extra-terrestrial 
life. Other future uses of Mars are not evident to us 
now; whatever they are, they may be clumsily destroyed 
by premature and uninformed mistakes in our programme. 
We are eager to press Martian exploration as expeditiously 
as the technology and other factors permit. However, 
our present sure knowledge of Mars is very slim, and so 
our recommendation to proceed is subject to one rigorous 
qualification: that no viable terrestrial micro-organism 
reach the Martian surface until we can make a confident 
assessment of the consequences. 

In operational context this means that the probability 
of a single viable organism reaching the Martian surface 
be made small enough to meet scientifically acceptable 
standards. ‘These standards, already established provi- 
sionally *, should be continually re-examined in the light 
of all new information. Moreover, every effort should be 
made to ensure the continued acceptance by other 
launching nations of the recommended confidence-levels 
for protection of Mars against contamination. The 
technical problems precipitated by this demand include 
the control of trajectories to an accuracy sufficient to 
prevent the accidental impact of unsterilized payloads, 
the development of sterilizable spacecraft components for 
vehicles intended for landing, the development of proce- 
dures which will prevent the introduction of micro- 
organisms and the means for establishing the reliability 
of the entire programme. Since we have not yet succeeded 
in sterilizing a space-vehicle, the problem must be 
considered unsolved. 

An energetic programme for the development of 
sterilization procedures of space vehicles and their com- 
ponents must be implemented immediately if we are to 
take advantage of the opportunities which will arise 
durmg 1969-73. We must guard not only against 
accidental neglect of necessary safeguards but also 
against placing ephemeral considerations of prestige 
above enduring scientific significance and utilitarian value 
in our exploration of space. 


(5) Avenues of Approach to the Exploration of 
a Mars 


For convenience, we distinguish four categories of work 
that can contribute to attaining our goals: (a) laboratory 
work needed to develop techniques for planetary investi- 
gations and the knowledge needed to interpret their 
findings; (6) Earth-bound astronomical investigations of 
Mars; (c) the use of spacecraft for the remote investigation 
of Mars; (d) a direct study of the Martian surface by 
landing missions. 

(a) Laboratory Work. The consideration of the evolution 
of life on Mars raises many problems which can be 
investigated in Earth-based laboratories. Such investi- 
gations are, in fact, essential to provide the background 
against which the results of planetary missions must be 
interpreted. The work includes the chemical analysis of 
- meteorites, especially with respect to their content of 
organic compounds, and the extension of investigations 
of the spontaneous formation of organic molecules and 
their aggregation into larger units. These investigations 
may reveal to us the mechanism by which not only the 


* Report of Seventh Mesting of the Committee on Space Research, 
Florence. Italv. Mav 1964. Resolution 26. 
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materials essential for living organisms were first formed, 
but also the origin of reactions and mechanisms that lead 
to the formation of organized structures and their self- 
perpetuation. Other pwssibly interesting lines of effort 
include alternatives tə the carbon-—water system of 
biochemistry and simulations of Martian and other 
planetary environments. While some of these simulated 
environments may allow terrestrial micro-organisms or 
enzyme systems to function, others may be more conducive 
to the activity of reaction systems based on alternative 
biochemistries. 

It will become clear later that considerable work 
remains to be done in defining schemes for life detec- 
tion and in developing the instrumentation to exploit 
them. 

(b) Harth-bound Astronomical Studies of Mars. The 
observation of Mars from terrestrial observatories enjoys 
the advantages of economy, absence of weight and size 
limitations, and high date rate. It is, however, limited by 
the terrestrial atmosphere in attainable resolution and 
spectral range and furthsr constrained by daylight and 
weather. Nevertheless, much valuable work could be 
conducted at @ cost whith is low compared to that of 
space programmes if the nation’s large instruments were 
made available during prme seeing time for the observa- 
tion of Mars. The use of 120-in. and 200-in. optical 
telescopes and of the largest radio telescopes and inter- 
ferometers could rapidly əxtend our knowledge of Mars. 
We support the recommendations of another committee 
of the National Academy of Sciencesf on the need for 
additional ground-based. astronomical facilities. For such 
facilities to play a significant part in the plannmg of 
1969-73 Mars missions wcrk on this programme must be 
begun early. 

(c) Use of Spacecraft for Remote Observation of Mars. 
Some of the observations! limitations imposed by the 
terrestrial environment can be overcome by balloon-borne 
observatories, but since they are severely restricted in 
size and observation time their usefulness is limited; it is 
also restricted by absorption in the Earth’s atmosphere. 
The projected Earth-orbicing astronomical observatory 
(OAO) overcomes some >f these limitations and we 
believe the observation of Mars, particularly in the ultra- 
violet, should be included in the plans for its use. 

It is, however, from Martian fly-by missions and, in 
particular, from Martian or>iters that the remote observa- 
tion of that planet is best undertaken. We hope to 
obtain our first close-up information on the Martian 
surface from the video scar. to be carried out by Mariner 
IV and to gain additional knowledge of atmospheric 
density by observation of the telemetry signals during 
occultation of the spacecratt. 

Fly-by missions are, however, severely limited in the 
time available for observasion; they provide at best a 
fleeting glimpse of the plaret. 

Martian orbiters will be technically possible for the 
opportunities of 1969 anc thereafter. They offer an 
unparalleled opportunity to scrutinize the planet at 
comparatively short range Potential orbiter payloads 
have been examined by another group and compositions 
of such payloads have besn suggested for a range of 
instrument weights up to 200 Ib. (which is within the 
capability of the Saturn I3-Centaur). For example, a 
modest payload which any ef several vehicles could place 
in orbit could include instruments for: (1) infra-red and 
television mapping; (2) microwave radiometry and 
bistatic radar; (3) infra-red spectrometry; (4) optical 
polarimetry. These sensors would yield information on 
temperatures, surface anc atmospheric composition, 
topography, certain characteristics of surface structure, 
etc., and, most important of all, permit a sustained 
scrutiny through a full cycle of seasonal change and over 
a major fraction of the Marjan surface. i 


t Ground-based Astronomy, A Ten-Year Programme, National Academy 
of Selences Publication No. 1284 (1964). 


978 


— 


(d) Martian Landing Missions: ABLs Small and Large. 
While it is conceivable that the findings of a Martian 
orbiter could establish the presence of life on the planet, 
we are in any event convinced that landing missions are 
essential for adequate Martian exploration. The defini- 
tion of lander payloads is a complex and demanding task 
which we have only begun to explore. 

Their design is to some extent dependent on our know- 
ledge of the structure of the Martian atmosphere. The 
size of the payload that can be deposited depends, for 
example, on whether the use of a parachute is feasible or 
whether the density of the atmosphere is so low as to 
require the use of retrorockets—this is especially eritical 
for small payloads. In this connexion, we note the 
possibility that the density profile of the Martian atmo- 
sphere will be determmed by astronomical means, or by 
Mariner IV, with sufficient precision for the purpose of 
designing a landing system. A more direct method for 
studying the Martian atmosphere involves the use of 
non-survivable atmospheric entry probes that could 
transmit information on atmospheric density structure 
and composition. Such probes could be launched from 
either fly-bys or orbiters. Since their design is not 
dependent on atmospheric density, these are useful 
devices for obtaining advance information, if needed, for 
the survivable landmg of an instrument package. The 
view has also been presented that a small surviving 
capsule would have even more value, in that ıt might 
determine not only the density profile of the atmosphere 
but also its composition at the surface, wind velocity and 
other data that would enhance the probability of success 
of a large lander. 

However, if we had a complete knowledge of these 
pre-requisites for a successful survivable landing device, 
our principal design difficulty would remain: it concerns 
the problem of life-detection. What minimal set of 
assays will permit us to detect Martian life if it does exist ? 
A debate on this question for the past several years has 
yielded a variety of competing approaches. Each of 
these is directed to some manifestation of life according 
to the cues of terrestrial biology. Needless to say, visual 
reconnaissance, from microscope to telescope, is one of 
the most attractive of these, for it offers the expectation 
that many recognizable hints of life would immediately 
attract our attention. However, we can easily imagine 
circumstances in which this type of observation would 
be inconclusive. Many other suggested procedures seek 
to identify, at the outset, the more fundamental bio- 
chemical structures and processes that we would, in any 
case, explore in depth. No one of these analyses, however, 
whether photosynthesis or respiration, DNA or proteins, 
growth, enzymes or metabolism, or, in a figurative sense, 
fleas or elephants, can be sure of finding its target and 
reliably reporting on ıt under all circumstances, nor 
would any single approach satisfy all the particular inter- 
ests that motivate different investigators in their search. 

We cannot recount here all our deliberations on the life 
detection problem. We have sought the most generalized 
criteria; among these is net optical activity, which is 
almost surely the result of steric restrictions imposed by 
an historical accident in the origin of life. Another is the 
presence in assays of exponential features which can only 
be ascribed to growth and reproduction. And we have 
reconciled ourselves to the fact that early missions should 
assume an Earth-like carbon—water type of biochemistry 
as the most likely basis to any Martian life. On that 
assumption enzymes that should be widespread can be 
sought and growth may be demonstrable by the use of 
generalized, media [sse lso p. 1019 of this issue]. 

The fact remains, and dominates any attempt to define 
landers for detecting life, that no single criterion is fully 
satisfactory, especially ım the interpretation of some 
negative results. To achieve the previously stated aims 
of Martian exploration we must employ as mixed a 
strategy as possible. 
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Discussion throughout our study has returned repeatedly 
to the conclusions that we would not be convinced by 
negative answers from single ‘life-detectors’, that given 
the hazards of any chemical or metabolic assay we should 
ensure some direct visual inspection by television, and 
that the lander programme must ultimately involve an 
automated biological laboratory (ABL). The ABL con- 
cept is not fully defined: ıt involves provision for the 
multiplicity and diversity of chemical analytical tech- 
mques and biological assays that our aims call for; it 
involves, too, the idea of an on-board computer by means 
of which a variety of programmed assay sequences can 
be initiated contingently on the results of prior steps; it 
also involves the idea of a sustained discourse between 
the computer and investigators on Earth. It 1s, in short, 
an ambitious concept. But our preliminary scrutiny of 
the ABL idea suggests that, though ambitious, it is, in 
principle, realizable with the current technology. 

In the long run we believe that manned expeditions 
and the return of Martian samples to the Earth will be 
part of the exploration of the planet. Neither of these 
ig imminent, but some of our readers will be as surprised 
as we were to discover that manned Martian mussions 
will probably be feasible in the 1980s. Certainly neither 
the return of samples nor the sending of men to Mars 
will be scientifically justifiable until unmanned landings 
have prepared the way. 
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(6) Timing and Overall Strategy of Explorations 


All of us would in principle prefer a gradualistic approach 
to the ultimate goals of landing a large ABL on Mars and, 
eventually, of returning samples for study here. It is clear 
on all grounds—of economy and scientific prudence— 
that we should exhaust the possibilities of further progress 
using Earth-based observations and non-landing mussions 
to Mars. 

For example, a strong majority of the working group 
believes a successful orbiter programme should precede a 
landing. The orbiter promises an immense extension of 
our knowledge of the atmosphere (its density and chemical 
composition) and surface of Mars. Its capability for 
sustaining seasonal observation and extensive topo- 
graphic mapping will permit a thorough re-evaluation of 
the several Martian features that have been considered 
suggestive of life. And it will permit a far better informed 
selection of landing site for the ultimate ABL missions. 
It has the further merit of effecting this substantial step 
forward with minimum risk of contaminating the surface. 

Constraints to proceeding in a completely unhurried, 
stepwise fashion arise from several sources, however. 
They are a combination of celestial mechanics and the 
operational realities of space research. Any space 
experiment takes years of preparation and budgetary 
commitment; the preliminaries to actual flight involve 
years of experimental design, spacecraft development, 
and the co-ordination of effort among large numbers of 
people in a wide range of disciplines. The scientific 
investigator no longer has the total freedom he usually 
enjoys to make tentative starts, to explore hunches 
without full commitment, to stop and follow another 
course. He is further plagued by the prospect of investing 
years of work only to encounter a mission failure or 
cancellation in which it is all lost—at least until a new 
opportunity arises perhaps years hence. He may chafe 
in these circumstances, but he must accept them if he 
wishes to proceed at all. The kind of Martian lander 
that we visualize will be a most complex and difficult 
spacecraft to build and will require the combined efforts 
of many different scientific specialists. It will be, for 
these reasons, most costly and time-consuming to develop. 
A Martian orbiter is also a much larger undertaking than 
any scientific spacecraft so far fown. The point is that 
we are confronted with the necessity of near-commitment 
many years ahead of flight time; and the opportunities 
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for flights to Mars are by no means always at hand. The 
orbits of Earth and Mars are such that these opportunities 
are now limited to brief windows which recur about every 
second year but undergo a further approximately 17-year 
cycle of favourableness. Our attempt to develop a 
systematic and gradualistic programme is thus constrained 
to some extent by the fact that while favourable oppor- 
tunities occur in the 1969-73 period they will not return 
before 1984-85. (For these reasons an alternative 
strategy has been discussed: it would allow the early use 
of landing probes, always providing that reliable decon- 
tamination systems will have been developed and 
authenticated. A minority opinion holds that small 
landers may provide environmental information useful in 
the design of other spacecraft and may succeed more 
readily than orbiters. According to this view the way 
should be left open to their use—even though the results 
obtained may well be less comprehensive.) 

We have concluded that the 1969-73 opportunities can 
be and should be exploited for a substantial programme of 
planetary missions. By that time the Saturn booster 
system will' be available, and a four to five year lead time 
is evidently adequate for the development of initial 
spacecraft. 

The more detailed planning of planetary missions for 
1969-73 is for the most part outside the scope of this 
Study’s competence and commission: the decisions 
concerned involve engineering and many other elements, 
with which we did not cope. 
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(7) Conclusions and Recommendations 


(1) Biological Exploration of Mars Recommended. The 
biological exploration of Mars is a scientific undertaking 
of the greatest validity and significance. Its realization 
will be a milestone in the history of human achievement. 
Its importance and the consequences for biology justify 
the highest priority among all objectives in space science 
-indeed in the space programme as a whole. 

(2) Scientific Aims of the Hxuploration. We approach 
the prospect of Martian exploration not only as biologists 
but also as scientists interested in evolutionary processes 
over the broadest range. Living systems have emerged 
as & chapter in the natural history of the Harth’s surface. 
We wish to test the hypothesis that the origin of life is a 
probable event in the evolution of all planetary environ- 
ments the histories of which resemble ours, 

We thus conceive the over-all mission as a systematic 
study of the evolution of the Martian surface and atmo- 
sphere: has that evolution included, in some niches of 
the planet, chemical systems with the degree of com- 
plexity, organization and capacity for evolution we would 
recognize as ‘living’? Our specific aims are: (@) determ- 
ination of the physical and chemical conditions of the 
Martian surface as a potential environment for life; 
(b) determination whether or not life is or has been 
present on Mars; (c) characterization of that life, if 
present; (d) investigation of the pattern of chemical 
evolution, in the absence of life. 

(3) An Immediate Start to Exploit the 1969-73 Oppor- 
tunities. A major effort should be initiated immediately 
to exploit the particularly favourable opportunities of 
1969 to 1973. 

We are here concurring with the U.S. Space Science 
Board’s views that planetary exploration should be the 
major aim of the nation’s space science efforts in the 
1970s and 1980s; and, further, that the biological 
exploration of Mars be the primary focus of the programme. 

(4) Avoiding the Contamination of Mars: a Major 
Mission Constraint. Before proceeding to other aspects 
of the undertaking, we are concerned to single out, from 
the many and diverse problems that Martian exploration 
will entail, the task of prevention of contamination.  - 

Contamination of the Martian surface with terrestrial 
microbes could irrevocably destroy a truly unique oppor- 
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tunity for mankind to pursue a study of extra-terrestrial 
life. Thus, while we arə eager to press Martian exploration 
as expeditiously as tae technology and other factors 
permit, we insist that >ur recommendation to proceed is 
subject to one rigoroz qualification: that no viable 
terrestrial micro-organisms reach the Martian surface until 
we can make a confident assessment of the consequences. 
(See Section 5 above.) 

(5) Programme Recorrmendations. 5.1. Every oppor- 
tunity for remote observation of Mars by Earth-bound 
or balloon and satell-te-borne instruments should be 
exploited. A. vigorous programme here can yield a very 
substantial increase ix our knowledge of Mars before 
the major programme of planetary missions begins in 

9. 


5.2. Ithas become evident that an adequate programme 
for Martian exploraticn cannot be achieved without 
using scientific payloads substantially larger than those 
at present used in our unmanned space research pro- 
gramme. Although predominantly engineering considera- 
tions may incline to early use of smaller payloads, we 
see very substantial advantages in the use, from the 
outset, of the new gereration of large boosters which 
are expected to become operational toward the end of 
the present decade. ‘These advantages include: the 
possibility of avoiding spacecraft obsolescence due to a 
change in booster; tks potential for growth in the 
versatility of scientific payloads and the relief of pressure 


_ on the engineer to desigr. spacecraft to the limit of booster 


capacity. : 

5.3. We deliberately omit an explicit recommendation 
in favour of any fly-by missions additional to those 
already executed or plarned for the 1964 (and possibly 
1966) opportunities. They yield at best a fleeting glimpse 
of the planet, and unless they are already so large that 
they could as well have keen orbiters, the array of sensors 
they carry is small. Given the booster power adequate 
to deliver it, an orbiter i3 overwhelmingly preferable. It 
may well be, however, that strictly engineering con- 
siderations will demand tome preliminary flights in 1969 
and, if these are undertaken, their exploitation as fly-bys 
could yield worthwhile information. 

5.4. Every effort should be made to achieve a large 
orbiting mission by I971 at the latest. This mission 
should precede the first landing device. (A dissenting 
minority view supports the simultaneous use of small 
landing probes.) By ‘large’ we mean a scientific payload 
which would include instrumentation for: (a) infra-red 
and television mapping; (b) microwave radiometry and 
bistatic radar; (c) infrared spectrometry; (d) optical 
polarimetry. The success of this mission will depend on 
the availability of a large booster and a substantial 
improvement in the communications facilities at present 
available. 

5.5. The first landing mission should be scheduled no 
later than 1973 and by 2971 if possible. 

We have not yet outlinsd what the contents of a large 
landing device should be im terms as specific as those used 
to describe the orbiter. The central point on which all 
agree is that the mission ultimately demands a large 
lander, which we have come to call an ABL (automated 
biological laboratory). What is not clear at present is 
how fast such a large land ng device can be designed and 
developed from biological end engineering points of view. 
It is, however, clear that fhe development, both as to 
conceptual design and engineering, will go through 
several generations. It is aoped that the first generation 
of an ABIL could be used Zor the 1971 opportunity. 

The landing device we are recommending for 1971 is 
something short of what is ultimately possible and 
necessary, but could have a sufficiently diverse array of 
instrumentation to answer some of the scientific questions 
we have posed. 

5.6. The task of designing an ABL should be initiated 
immediately as a continuing project. The contents of 
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landers in 1971 and 1973 will be products of this con- 
tinuing undertaking. 

5.7. The problems associated with the biological 
exploration of Mars are diverse and the task of mplemen- 
tation raises challenges in many respects wholly novel. 
Orbiter and landing missions alike will involve many 
different experimenters. The evolution of an optimum 
scientific payload will require æ continuing dialogue 
among all potential investigators and the engineers 
responsible for implementing their scientific goals. The 
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undertakmg we are recommending cannot proceed 
without some provision for organizing and sustaining that 
dialogue on a continuing basis. As the programme 
develops, other devices may become more appropriate, but 
at the outset we believe a standing committee of the 
Space Science Board will be a useful provision. It should 
be charged with: (1) a continuing surveillance of progress 
from a scientific point of view; and (2) the responsibility 
of giving advice to the National Aeronautics and Space 
Administration. 


ELECTROCHEMICAL MECHANISM OF ATMOSPHERIC 
RUSTING 


By Dr. U. R. EVANS, F.R.S. 


Emeritus Reader in the Science of Metallic Corrosion, University of Cambridge 


HE electrochemical character of corrosion under wet 
conditions has long been established. On iront! 
aluminium? and zinc‘ the current flowing between distinct 
anodic and cathodic areas has beén found equivalent to the 
corrosion rate in the sense of Faraday’s law. The case of 
atmospheric corrosion has received less attention, although 
Rosenfel’d® has reported electrochemical reactions on 
metal covered with a thin film of liquid. The experiments 
described here were made on specimens introduced dry 
into moist (unsaturated) air containing sulphur dioxide— 
the type of atmosphere responsible for the familiar dark 
rust on steel; moist unpolluted air produces little damage. 
The experiments refer to mild steel sheet and also 
relatively pure iron electro-deposited on steel, nickel or 
copper substrates; also to unplated nickel, where Vernon’s 
observations® were confirmed. In the main series the 
relative humidity of the air was 95 per cent and the sulphur 
dioxide content was about 0-2 per cent—exaggerated 
conditions chosen for quick results. Similar changes 
were observed at lower contents of water and sulphur 
dioxide. In some experiments the SO, content was 
reduced to (nominal) zero after a few days; rusting 
continued. A different sequence was observed at high 
SO, contents, leading to the sulphide film already reported 
by Preston and Tholen’. 

On iron or steel the atmosphere mentioned produces 
change within 5 min; a faint mist appears on the surface, 
which can be wiped off with filter paper; ferricyanide 
testing shows ferrous iron to be present. Later, dark 
particles appear on the metal surface; these also are 
partly removable on filter paper. Besides the dark 
particles, others, invisible against the paper, are shown up 
as blue points with ferricyanide; apparently they are 
micro-crystals of ferrous sulphate. The dark particles 
contain much water-soluble Fe?+ if the exposure has been 
short, but after several hours the amount of water-soluble 
iron declines. The acid-soluble material is Fe?t and Fe% 
in the early stages, but mainly Fet later, when a trace 
of water-soluble Fe*+ can be detected. The dark spots 
rapidly spread over the surface; after a day, steel is 
completely covered. The deposit is grey at first, but 
becomes red-brown; the colour change occurs more 
quickly when the SO, content is low, although the amount 
of deposit is then smaller. Some of the rust is removable 
by gentle wiping, but the major part resists scrubbing 
with a stiff bristle brush. 

It was found that, when once ferrous sulphate has 
appeared, rust-formation can continue even though the 
specimen is moved to moist air containing no sulphur 
dioxide; this appears to support the views put forward 
by Vernon? and by Schikorr® that rust is formed from the 
ferrous sulphate; evidently the ferrous sulphate is re- 
generated, since one atom of sulphur can produce many 
molecules of rust. They believe that rust is formed by 


oxidation and hydrolysis of ferrous sulphate and that the 
acid set free by hydrolysis then attacks more iron. 

The new results confirm Vernon’s view®® that at the 
outset iron behaves like nickel. Adsorbed sulphur dioxide 
is catalytically oxidized to trioxide which collects water 
from the unsaturated atmosphere; the sulphuric acid 
attacks the metal giving ferrous sulphate. (The attack of 
sulphuric acid on iron would to-day be regarded as 
electrochemical, the anodic reaction being the formation 
of Fe*+ and the cathodic reaction the reduction of oxygen. 
At high SO, concentrations, the cathodic reaction may be 
its reduction to 8,0,?-, as suggested by Rosenfel’d'; 
sometimes, it appears, cathodic reduction proceeds as 
far as S*-, accounting for the sulphide films observed by 
Preston and Tholen’. Mayne® considers that the eathodic 
reduction of SO, only occurs at high concentrations. The 
new results confirm him, and are consistent with recent 
Russian opinion as summarized in the papers on “Corro- 
sion of Metals and Alloys”, collected by N. D. Tomashov 
(Moscow, 1963). It is stated that ‘with high sulphur 
dioxide concentrations (0-5 per cent and higher)’’ there 
is ‘stimulation of the cathodic process due tothe oxidizing 
properties of the sulphur dioxide” (p. 414 of the English 
translation by A. D. Mercer, edit. by C. J. L. Booker).) 
Steel will be attacked much more quickly than nickel, 
and the ferrous sulphate formed will take up most of the 
moisture on the surface as water of crystallization, thus 
explaining a fact—observed 42 years ago!°—that steel 
remains merely damp in a sulphurous atmosphere which 
renders nickel running wet. 

How is the rust produced from ferrous sulphate? The 
rust formed in the early stages, and the loose outer por- 
tions of that formed on longer exposure, probably arise 
from oxidative hydrolysis**; the detection of water- 
soluble F'e*+ confirms this. But the clinging rust can 
scarcely arise from hydrolysis; rust would not adhere 
strongly if the basis was constantly being eaten away. If, 
however, anodic attack is proceeding in crevices (4 in 
Fig. 1), balanced by cathodic reduction of oxygen to 
OE- on the face (C), ferrous hydroxide will be deposited 
on the cathodic area and will quickly be oxidized to the 
ferroso-ferric and ferric condition. Such a mechanism 
would explain the strong adhesion of the rust (comparable 
with the adhesion of electro-plated metal), and would 
provide for complete regeneration, since as many ferrous 
ions will be formed at the anodic points as are lost on the 
cathodic area. 

An early' research’® demonstrated electrochemical 
phenomena at bimetallic junctions on unwetted specimens. 
But in everyday rusting no bimetallic couple is present 
and, although on steel the couple iron/cementite might 
operate, this is not available on pure electro-deposited 
iron, which develops rust like steel. Probably the current 
is generated by differential aeration, iron being attacked 
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in crevices and rust deposited by the cathodically formed 
OH- at the face outside, which is more easily reached by 
oxygen. The S50,” 10ons will move steadily inwards, 
explaining why the presence of ferrous sulphate in rust 
has sometimes been overlooked. 

Some evidence for anodic action in crevices is provided 
by the partial disappearance of soluble iron salts from the 
rust; in the first few hours they are present in large 
quantities but later become barely detectable. Drops of 
water placed on the rusted surfaces of steel specimen 
exposed to sulphurous atmospheres for various periods 
(1-16 days) have picked up only traces of 80,%-, Fe®+ and 
sometimes Fe*+; but, after drops of water and dilute 
hydrochloric acid had failed to extract much SQ,%~, a 
fresh drop of hydrochloric combined with a zine point in 
contact with the steel (Fig. 2) produced a further-—~ 
generally a larger—quantity. The object of the zinc was 
to produce a potential gradient in a sense which would 
fetch SO,-? out from its hiding places; in absence of zinc, 
the gradient would move anions inwards (Fig. 1). Closer 
examination—perhaps statistical—is needed, but the 
results already available can be explained only on the 
assumption that the anodic points are relatively :nacces- 
sible, and this would explain the difficulty experienced in 
previous attempts to remove ferrous sulphate from rusty 
steel by simple washing. 

That differential aeration can really produce strongly 
adherent rust on the cathodic zone is proved by observa- 
tions on iron strips partly immersed in M/5 ferrous sulphate 
(Fig. 3a). Loose rust-like matter settling to the cell 
bottom is doubtless due to oxidative hydrolysis, since it 
occurs also in a vessel containing ferrous-sulphate solution 
but no metal (Fig. 36). But the band of the adherent rust 
formed along the water-line must be due to cathodic action 
balanced by anodic corrosion further down. The alterna- 
tive explanation of chemical union of iron, oxygen and 
water along the line where all three meet is ruled out by 
the fact that a similar band of extremely adherent 
hydrated ferric oxide ıs obtained on nickel in ferrous 
sulphate (Fig. 3c). Another explanation—based on the 
supposition that oxidative hydrolysis is catalysed by iron 
or nickel—is ruled out by the fact that a platinum strip 
fails to develop a typical rust-band along the water-line, 
although nickel plated or wrapped with platinum, only at 
the water-line zone being covered, develops a rust-band at 
that level; here, anodic attack on the nickel balances 
cathodic rust-deposition on the platinum (Fig. 3d). In all 
these experiments, a thin film of ferric hydroxide is 
deposited on the immersed part of the metallic surface, 
but it is deposited also on the glass. 

If iron and nickel, suitably masked with lacquer 
(Fig. 3e), are joined externally by wire, the electric current 
responsible for the rust-band on the nickel can be detected. 


NATURE 





981 


Undsr atmospheric conditions (Fig. 1), 
the th.ckening of the rust layer probably 
proceeds as follows: The anodic attack at 
A, namely Fe = Fe** + 2e, is balanced by 
cathodic reduction of rust already existing 
at O br a change of the type Fe?* + 4Fe.0, 
+ 2e = 3Fe,0, (for simplicity water is 
omitted, from the formulae). Air re- 
oxidizes the ferroso-ferric matter to the 
ferric state, but 4 molecules of FeO, will 
now have increased to 4-5 molecules. In 
effect, she ferric rust thickens by interaction 
between Fett migrating from A with 
oxyger. taken up at C; the autocatalytic 
cycle zesponsible for the fact that rust 
promozes further rusting involves alternate 
reduct:on and re-oxidation’ of the pre- 
existing rust. This mechanism is con- 
firmed by the fact that the cell Fe/FeSO, 
solution/Fe,O,; (on copper substrate) gener- 
ates a current?! which dies away when 
the whole of the orange-brown ferric 
rust has been converted to black ferroso-ferric matter. 
It is hoped to carry out quantitative experiments to 
correlate the coulombs with the amount of electro- 
chemical change. 

Probably the adherent rust formed on steel exposed 
outdoors is formed by a similar mechanism. Tanner and 
Thornhill" have independently found FeSO,.4H,0 in the 
shallow pits below rust coatings produced after years of 
exposure; pits will represent the anodic points if the 
mechanism 1s electrocnemical, and ferrous sulphate is the 
expected anodic product. The identification of the tetra- 
hydrate is significants im neutral water, this would be 
metastable towards FeSO,.7H,O, but Hoar has 
pointed out that the presence of sulphuric acid would 
favour the lower hydrate, and the formation of acidity 
by anodic action has been established by himself! and 
also by Edeleanu’. 

The cathodic origin of rust explains its strong adhesion 
which, for world econcmy, 18 the most important property 
of rust. It is just because rust cannot easily be brushed off 
that pant is frequentzy applied over rust-traces, with the 
consequence that the protection provided is short-lived. 
Vernon!® has assessec the annual corrosion bill for the 
United Kingdom to b= of the order of £600,000,000; this 
could surely be reduced if steel were properly prepared 
before painting—aceording to advice provided, for 
example, by Hudson”. To-day, painting over rust and 
scale is still practissd—apparently even by concerns 
which boast ‘modernization programmes’. 

To apply paint over rust consisting only of hydrated 
ferric oxide would do .ittle harm. Mayne?! and Schwarz’? 
have shown that breaxdown occurs where nests of ferrous 
sulphate exist in the rust below the paint; the salt cata- 
lyses fresh rusting—doubtless by the electrochemical 
mechanism suggested sbove—and the volume of the rust, 
which greatly exceecs that of the metal destroyed”, 
causes local’ bulging of the paint coat in little domes, 
followed by cracking. The difficulty experienced in. 
removing the ferrous sulphate by washing with water is 
easily understood. ‘The water reduces the resistance of 
the corrosion cells, ard the (SO,)?- ions will move faster 
than ever into the ancdic pockets where attack is proceed- 
ing; undesired inwsrd movement under a potential 
gradient will predomirate over desired outward movement 
under a concentration gradient. 

The rational metho of ‘fetching out’ the anions which 
otherwise would be advancing inwards is to apply a 
potential gradient in a favourable direction. If the loose 
rust is brushed off ard a paint pigmented with metallic 
zine is applied, so thet there is contact at points between 
the two metals, the current flowing between zinc as anode 
and iron as cathode, will provide migration of anions 
outwards. It is rational to include cadmium powder in the 
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paint, so that, when the zinc particles next to the metal 
have ‘been destroyed by anodic attack, contact will be 
maintained with those in the outer part of the coating; 
barium and/or calcium phosphates may also be added to 
convert the more accessible part of the ferrous sulphate to 
harmless compounds (phosphates of iron and sulphates of 
barium and calcium). Paints thus compounded, applied 
over rust containing ferrous sulphate and other salts, 
have shown encouraging results in tests at Cambridge”. 
An account of service tests in a humid, saline and highly 
corrosive atmosphere, overseas will shortly be published. 
It would be wrong to assume that this sanctions the 
practice of painting over any rusted surface; the paints 
will only prevent disaster if contact between zine and steel 
can be established. Where this is possible, the principle 1s 
sound. The success of a zine-contact method in arresting 
‘bronze disease’ shows that the method is effective when 
contact can be maintained®!. During the Second World 
War, a large number of beautiful and valuable bronze 
antiques were evacuated from the Fitzwilliam Museum, 
Cambridge, to a place of safety. After the war, they were 
returned to the Museum, but soon developed a form of 
intense local corrosion which, on articles which had 
remained undamaged for more than 2,000 years, started 
to produce perforation within a matter of weeks; the 
inward-moving ions were probably CH,—COO-, derived 
from the wooden shavings in which the antiques had been 
packed. It is known that washing with water fails to 
arrest this virulent ‘disease’-—doubtiless for the reasons 
explained here. A method was worked out in which a 
zinc anode (cut into the form of a nib) and wetted in turn 
with: (1) hydrochloric acid; (2) phosphoric acid; (3) 
sodium carbonate solutions was used to scratch the points 
of attack. The aggressive ions were quickly fetched out 
and the corrosion ceased. The treatment could be applied 
locally, the main surface remaining unwetted, so that the 
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beautiful green patina was not disturbed. About 500 
antiques were thus treated in 1950-51 by Mr. N. Rayner 
(now senior assistant, Department of Antiques); only one 
failed to respond to the treatment, and an inspection 14 
years later shows that the cure has been permanent’. 
Rayner writes that it is “by far the most effective 
treatment I know and also the simplest”. 
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THE PLACE OF UNIVERSITIES IN MODERN SOCIETY 


ORD BOWDEN, Minister of State for Science, gave 
an address to the Australian Institute of Political 
Science in Canberra on January 30, 1965. His paper was 
published in full in Comparative Education (1, No. 2, 
March 1965 ; Pergamon Press, Oxford) ; the following 
article consists of extracts from it illustrating the main 
points. 

“Many people have discussed the size and the expansion 
of the cost of universities at great length. I would like 
to-day to come to grips with a more elusive and complex 
issue, and to talk about the function of unrversities. 
What do we expect them to do for society ? It is useful 
to remember that American universities have twenty 
times as many students as ours in England, and to stress 
the fact that, whereas one young person in twenty-five 
goes to university in England and one in eight goes in 
Australia, nearly half the population goes to college in 
California. 

“Three years ago the House of Commons debated the 
universities. Throughout the whole debate every speaker 
concentrated on undergraduate education. The teaching 
of undergraduates is, of course, essential and vital, but I 
bslieve that ıt is only one of three equally important and 
quite separate functions of a modern university. For, make 
no mistake, no modern state can thrive and adapt itself 
to this changing world unless it is supported and en- 
couraged by its universities, -and unless the universities 
themselves have a proper understanding of the unique 
obligations they owe to the State which supports them, 
and which gives them so many and such important 
privileges. 

“If we are to see these problems in perspective we shall 
have to talk of the history of universities in England, and 


the peculiar traditions we have inherited. The Industrial 
Revolution was ignored by the English universities; it 
was made by self-taught men. Our English industrial 
revolution may have come about by chance, but other 
countries which envied our wealth deliberately decided 
to develop their own industries. They realized that 
modern industry demands engineers and scientists in 
large numbers, and they conceived of the extraordinary 
idea that if such men are needed they must be educated. 
Special technical universities were founded all over 
Europe throughout the past century, and the first such 
university in Australia was established in New South 
Wales a few years ago. I believe that the new universities, 
which were established, let us remind ourselves, to help 
Europe and America to compete with industrial Lanca- 
shire, had within them the seeds of the second industrial 
revolution which is transforming the world before our 
eyes. English universities never seem to have appreciated 
the part that the universities of other countries have 
played in the evolution of our modern world, nor have 
they done all that they should have done to further the 
industrial growth of their native land. I think that they 
will have to change their whole outlook on themselves 
and on society if Great Britain is ever to recover her 
position as a great manufacturing country.”’ 

Lord Bowden went on to describe the establishment of 
the “Land Grant” colleges in America, from which most 
American State universities have developed, including 
the Massachusetts Institute of Technology (M.I1.T.). 
He continued: “For the first time universities were to 
combine vocational and liberal studies and provide 
opportunities for the educationally underprivileged. 
They studied the problems which beset society, whatever 


June 5, 1965 


they might be; they tried to bring modern discoveries 
to the attention of all citizens capable of understanding 
them and using them ; and, of course, they taught under- 
graduates. Research, adult education and undergraduate 
teaching were to be equally important. They are to this 
day. But we must never forget that many of the best 
American and English engineers have been educated in 
the great technical universities of Europe. Furthermore, 
America imported the new European academic traditions 
along with her scientists and engineers. They had studied 
practical problems for years, but it was Germany which 
showed America that pure research could be useful and 
important to American universities. University research 
has grown so much since the war that it dominates the 
entire university system and has changed, the very nature 
of universities. In 1938, the M.LT. spent about $140,000 
on research. Last year they spent about $140 million— 
a thousand times as much, and about as much as all our 
English universities put together. 

“Any well-established American university, or any 
well-known research worker, can persuade some govern- 
ment department or other to invite him to accept a con- 
tract to do something that he has already decided that he 
wants to do anyway. But whenever the Federal Govern- 
ment decides that some burning problem must be studied 
forthwith their advisers always know of some university, 
somewhere, which would like to oblige, and build up its 
graduate school and perhaps become famous in the 
process. You may say that the Government has taken 
over the American universities. In a sense this is true; 
at the same time the universities have taken over the 
contral government and the whole nature and structure 
of American government has been transformed. They have 
in the process produced a new type of society, a new 
machinery of government unlike anything I have seen 
anywhere else. The universities themselves are an essen- 
tial component of this new machine. The system depends 
on free and frequent interchange of staff between the 
Government, business and academic world. 

“Russian universities all understand very clearly that 
they are an essential component of society and that they 
exist to serve it. Their organization is quite unlike any- 
thing in America, but 1t ensures that research and teaching 
are intimately associated at all stages. Russian univer- 
sities, research stations and industrial plants are in fact 
separate and distinct, but 1t is very hard for a visitor to be 
sure where one ends and the other begins ; they are all 
part of a single vast educational and productive machine. 
But since ıt would be quite impossible to describe so 
complex a country as Russia, even if I understood it, 
I must concentrate on the one principle which seems to 
me to underlie everything they do. To-day the Russians 
more than any other people seem to be obsessed by the 
importance of associating theory with practice, and they 
bave shown extraordinary ingenuity in developing an 
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educational machine fo do what they want. About ten 
years ago at a time of rapid university expansion the 
Russians began to fear that some of their university 
students might become a race apart, unaware of ther 
obligations to society, or of the relevance of their studies in 
preparation for life. The government decided that young 
people ought to take a job for two years after leaving 
school before they coud be admitted to a university. The 
Russians find that thex students understand the practical 
importance of their thsory and appreciate the great good 
fortune which has seni them to a university. 

“I would like now to speak about adult education. 
At this moment in tame the total amount of scientific 
knowledge in the world is doubling every fifteen years, 
three-quarters of all tke scientists who ever lived are alive 
and practising to-day and half of what a man learns as 
an undergraduate is more or less useless after 10 years or 
so. It is essential that every professional man should 
realize that he will hawe to be educated and re-educated 
throughout his whole working life. The growth of educa- 
tion and re-education for adults in America has been 
explosively rapid. 'Theze are courses, both professional and 
non-professional, in everything from engineering to paint- 
ing, both liberal studies and vocational trainmg. The 
Russians have developed similar programmes on an enor- 
mous scale. Almost half of all Russian students do some 
of their work by correspondence. All universities run 
suitable courses. Almast anyone in America or in Russia 
or in Sweden can learn almost any subject which interests 
him, either in a university, in a small class specially 
arranged for him by the local university, or by corre- 
spondence. England and Australia must not lag behind 
their industrial compesitors. ~ 

“It is essential that the universities should help to 
decide how their own recruits are educated. In other 
words, the universities must study the schools. If they 
do not there will be gaps between the world of teaching 
and the world of practizal affairs. I think that all academic 
institutions, be they schools or universities, have a 
tendency to isolate themselves from the world, and to 
ignore the practical implications of the work they do. 
Up to & point, of courss, this process is inevitable, and it is 
in a sense the very secret of their academic achievement. 
But in excess it can ba dangerous, and even fatal. How, 
therefore, are Austrehan and English universities to 
ensure that what they teach is real, ıs exciting, changing 
and contemporary ? Surely it must be by associating the 
university world as elesely as possible with the worlds of 
industry, of commerce and of manufacture. In other 
words, the interest of tie university work for the students, 
and the value of all a2zademic disciplines, are at stake ın 
this one principle which I have adumbrated, namely that 
the universities must study the problems of society, or 
they may lose the intelectual distinction upon which rests 
their claim to the support which society has given them.” 


OBITUARY 


Dr. W. J. Hall, C.M.G., M.C. 


WILFRID Joan Hatt, formerly director of the Common- 
wealth Institute of Entomology, died suddenly at Kaduna, 
Nigeria, where he was visiting his son, on January 13, 
1965, at the age of seventy-two. 

Hall was educated at St. Paul’s School and the Imperial 
College of Science and Technology. He gained his A.R.C.S. 
in 1914, and almost immediately joined the army, in which 
he served until 1919, being decorated with the Military 
Cross and attaining the rank of major. In 1919 he joined 
the Ministry of Agriculture, Egypt, as entomologist. There 
he became involved in the study of the systematics, 
biology and control of scale insects, interests that were to 
remain throughout his career. In 1927 he was appointed 


by the British South Africa Company to deal with the 
insect problems of sheir extensive citrus estates in 
Rhodesia. His demoastration of the economic value of 
basing plantation management on the results of proper 
scientific investigation led to the establishment, in 1930, 
of the Mazoe Citrus Experiment Station, with a small but 
well-balanced research staff under his direction, and in 
1933 he also assumed she responsibility of superintendent 
of the Company’s estates. 

He returned to England in 1943 to join the Common- 
wealth Institute of “mtomology, of which he became 
assistant director in 1944 and director in 1946. To this 
post he brought an unusual and apposite combination of 
scientific talents and experience, a first-hand appreciation, 
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of the information needs of the entomologist working in 
comparative isolation overseas, and a shrewd business 
sense, which stood him in good stead in the management 
of the Institute’s expanding activities. The Review of 
Applied Entomology, under his direction, then had to 
deal with the flood of information arising from the develop- 
ment of the organic insecticides, and his responsibilities 
for the Bulletin of Entomological Research, the Institute’s 
identification service and periodical Commonwealth 
Entomological Conferences brought him into direct touch 
with entomologists throughout the Commonwealth. At 
this time, too, the United Kingdom, through Colonial 
Development and Welfare funds, was developing a massive 
programme of research in the then dependent territories, 
much of it concerned with entomological problems on 
which Hall’s advice was sought. He served on numerous 
official bodies, including the Colonial Research Council, the 
Committee for Colonial Agricultural, Animal Health and 
Forestry Research, and the Colonial Insecticides Research 
Committee, of which he was the first chairman. He was 
also a member of the Sudan Agricultural Advisory Com- 
mittee. He was instrumental in creating the Pool of 
Entomologists and the Termite Research Unit, both 
attached to the Institute, and played a large part in 
establishing the Inter-African Phytosanitary Commission. 
He was created C.M.G. in 1951 and was a Fellow of the 
Royal Entomological Society of London from 1921, and its 
president in 1955-56. 

Although much of Hall’s career was taken up with 
severely practical aspects of applied entomology or with 
administrative and advisory duties, he maintained a life- 
long interest in taxonomy, specializmg in the Coccoidea, 
on which he was an authority. It was probably his con- 


frontation, on his first assignment in Egypt, with the ' 
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ravages of the Hibiscus mealybug, the true identity of 
which was not then recognized, that led him to study the 
scale insects. Encouraged by H. E. Green, one of the 
outstanding coccidnologists of that tıme, his interest in the 
group grew quickly, and by 1927 he had recorded, in 
numerous papers, 127 Egyptian species, 41 of them 
described as new. He also broke new ground with an 
important work, published in 1926, on the aphids of 
Egypt. On reaching Rhodesia he set about a study of its 
then virtually unknown scale-insect fauna. He main- 
tained a steady output of papers of the highest quality 
over the next sixteen years, recording 186 species from the 
territory, including descriptions of 98 new species. He 
was awarded the degree of Ph.D. by the University of 
London in 1927, and that of D.Sc. in 1930. 

On joining the Institute of Entomology he had at hand 
the collections of the British Museum (Natural History) 
and was able to extend his studies. In 1946 he pub- 
lished a revision of the Ethiopian Diaspidini, his most 
notable work, and of inestimable value to-day. His 
taxonomic work was halted during his directorship, but 
not his interest, and after his retirement in 1958 he 
carried on part-time work on the British Museum collec- 
tions, which he had himself substantially enriched, and 
collaborated in a further paper. 

A man of generous build and heart, modest and unfail- 
ingly helpful to others, Hall won the respect and affection 
of all who knew and worked with him. His last years were 
clouded by the death of his wife, to whom he was deeply 
devoted, in 1961, and by the loss of his right eye, but 
despite this latter handicap, which he bore with charac- 
teristic fortitude, he continued to do further collecting, 
and was so engaged shortly before his death. 

E. O. PEARSON 
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Additional Chair of Physics iri the University of Leeds : 
Prof. J. S. Dugdale 


Dr. J. S. DUGDALE, a principal research officer in the 
Division of Pure Physics at the National Research 
Council of Canada, has been appointed to an additional 
chair of physics in the University of Leeds. Dr. Dugdale, 
who is forty-three and a native of Yorkshire, studied 
physics at Oxford and took a shortened war-time degree 
in 1942. From 1942 until 1946 he served as a radar officer 
in the Royal Air Force and then returned to Oxford. 
In 1948 he began research work with Prof. F. E. Simon 
on the thermodynamic properties and melting curve of 
solid helium. In 1951 Dr. Dugdale jomed the National 
Research Council of Canada as a Postdoctorate Fellow, 
working on specific heats of solids at low temperature 
in the Surface Chemistry Group. After the termination 
of his fellowship he transferred to the staff of the Solid 
State Physics Group under Dr. D. K. C. MacDonald. 
Following the untimely death of Dr. MacDonald 
in 1963 he was appointed head of this group and was able 
to show his gifts as leader of a research group. Dr. 
Dugdale’s own research has been devoted to the effects 
of pressure at low temperatures on the properties of solids, 
and especially on the transport properties of metals. 
Fis work in this field has gained him a world-wide reputa- 
tion. He was elected a Fellow of the Royal Society of 
Canada in 1964. 


Chemistry in the University of Leicester : 
Prof. L. Hunter 


Pror. L. Hunrer is retiring from the position of 
professor and head of the Department of Chemistry in the 
University of Leicester in September. He joined Leicester 
from the University College of North, Wales, Bangor, in 


1925, and he was responsible for founding the Chemistry 
Department in the University College, Leicester. Almost 
single-handed, he devoted the first years to establishing 
and consolidating it, and even prior to the Second World 
War there was a vigorous and steadily growing research 
school. The main lines of research were on the chemistry 
of the hydrogen bond, particularly as it concerns molecular 
association and tautomerism, and the chemistry of chelate 
metallic derivatives of organic compounds. In 1946, Prof. 
Hunter was elected to the newly created chair of chemistry, 
and the post-war years saw a steady expansion in the 
size of the Department. He was responsible for the super- 
vision of the planning of new buildings, and the Depart- 
ment moved from its very cramped quarters in 1960. 
This change, together with the creation of a second chair 
(in physical chemistry), gave further impetus to growth in 
student numbers and in the range and volume of post- 
graduate work. Two new chairs have been established at 
the University of Leicester (organic and inorganic chemis- 
try) to take effect on his retirement (see Nature, 205, 1159; 
206, 770; 1965). Apart from his work in the Department, 
Prof. Hunter has taken a prominent part in the main lines 
of development of the University of Leicester; he was its 
Vice-Principal from 1952 until 1957 and Pro-Vice-Chan- 
cellor from 1957 until 1960. The University will lose an 
honoured and devoted servant. Ho is also a vice-president 
of the Royal Institute of Chemistry; he has served on the 


_ Council of the Chemical Society and has been secretary 


and recorder of Section B of the British Association for 
the Advancement of Science. 


Elementary Particle Physics in the University of 
Oxford : Prof. D. H. Perkins 


Dr. D. H. Perks has been appointed professor of 
elementary particle physics in the University of Oxford. 
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from October 1. Dr. Perkins was born in Kangston upon 
Hull and attended the Malet Lambert High School. He 
took his degree in physics at the Imperial College of 
Science and Technology in 1945, and in 1947 was appointed 
demonstrator ın physics. He held the 1851 Exhibition 
scholarship from 1948 until 1951, and was awarded a Ph.D. 
in the University of London in 1948. At this time, he was 
studying nuclear interactions produced by cosmic radia- 
tion in photographic emulsions exposed on the Jungfrau- 
joch. He was the first to observe the tracks due to the 
nuclear capture of m-mesons, and hence to demonstrate 
that there is a strongly interacting negative meson. In 
1949 he moved to the University of Bristol, where in 1956 
he was appointed lecturer in physics, and in 1960 reader in 
physics. During this period he played a leading part in 
the application of the photographic method to the physics 
of elementary particles; his most outstanding work was 
concerned with ithe study of the characteristics of nuclear 
interactions of very high energy, such as can be observed 
only in cosmic radiation. Recently he has been working 
in association with the bubble chamber group at CERN, in 
the interpretation of bubble chamber photographs re- 
corded in the neutrino experiments. These experiments 
give most valuable confirmation of the earlier result from 
Brookhaven, suggesting the existence of two types of 
neutrino; they also showed that with the energy spectrum 
of the neutrinos in the beams at CERN, x-mesons were 
produced in more than 50 per cent of the neutrino inter- 
actions observed in the chamber. No evidence could be 
found for the expected intermediate boson in these inter- 
actions. In his new post at Oxford, he is likely to con- 
centrate on bubble chamber experiments. 
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Second Chair of Pure Mathematics in the University of 
Liverpool : Prof. C. T. C. Wall 


Dr. C. T. C. WALL, at present reader in mathematics 
in the University of Oxford, and a Fellow of St. Catherine’s 
College, has been appointed to a second chair of pure 
mathematics in the University of Liverpool from Sep- 
tember 1. At the age of twenty-nine he will be the 
youngest professor in the University. Dr. Wall was an 
undergraduate and afterwards a Fellow at Trinity College, 
Cambridge, and he has spent a year as a, Harkness Fellow 
at the Institute for Advanced Study in Princeton. He 
has worked primarily in algebraic and differential topology 
and has made many important contributions in these 
rapidly developing subjects. 


Land and Natural Resources 


In a written answer in the House of Commons on 
May 10, the Minister of Land and Natural Resources, 
Mr. F. Willey, stated that he had asked Sir Dudley 
Stamp’s Committee (Nature, 206, 242; 1965) to study 
the evaluation of amenity and other social considerations, 
as against economic considerations, and would take its 
advice into account when considering the reports of the 
Water Resources Board on the feasibility of the More- 
cambe Bay and Solway Firth barrage schemes. In reply 
to further questions on May 10, Mr. Willey added that he 
intended to see that the potential of desalination for 
augmenting Britain’s water resources was fully investi- 
gated. The Water Resources Board would be working on 
the problems associated with the distribution and use of 
desalted water, and its work and that of the Atomic 
Energy Authority and others in this field would be 
co-ordinated by a Committee established with the 
Director of the Board as chairman. 

Again on May 10, replying to questions, Mr. Willey 
said that the Water Resources Board’s terms of reference 
for studies of the Morecambe Bay and Solway barrage 
schemes were to examine and report on: (1) the feasi- 
bility and probable cost of construction; (2) the yields 
and qualities of water which would be made available; 
(3) the demand for water, and the rate of growth of that 
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demand in areas which might be supplied: (4) the 
arrangements necessery to distribute barrage water; 
(5) the delivered cost of treated or partly treated water; 
(6) other possible sources of supply in relation to the - 
demand and the costs of their staged development. 
Although the river suthorities and the Water Resources 
Board assumed their full functions only on April 1, Mr. 
Willey stated that he had just received their preliminary 
assessment of the national situation for water conserva- 
tion. An increase m the staff of the National Parks 
Commission had beer authorized and he was also con- 
sidering what increaseshould be made in the Commission’s 
technical planning staf. Financial procedures were being 
reviewed to see whether they could be simplified so as to 
help the Commission 2nd the Park Planning Authorities, 
and he hoped shortly +o present a new countryside policy. 
Mr. Willey also anneunced that the Government was 
recommending to Parliament a contribution from the 
Exchequer of £500,0C0 to the “Enterprise Neptune” of 


_the National Trust for safeguarding the beauty of the 


coasthne. 


New Steering Committee for Building Research in 

Britain 

A Sreering COMMTTEE has been appointed by the 
Minister of Technology to be responsible, under the chair- 
manship of Dr. B. K. Blount, deputy secretary, Ministry 
of Technology, for the general supervision. of the research 
programme and work of the Ministry’s Building Research 
Station at Garston, Watford, Hertfordshire. The Steering 
Committee has apponted an Advisory Committee on 
Building Research, drawn mainly from the industry, to 
provide expert help aud advice. It will act as a two-way 
channel of communication between the Building Research 
Station and the industry, professions and Government 
departments it serves. These changes come about because 
the previous arrangements, whereby the Council for 
Scientific and Industrial Research was advised by the 
Building Research Board on the work of the research 
station, automatically came to an end when the Council 
for Scientific and Industrial Research and the Department 
of Scientific and Industrial Research were dissolved on 
March 31. The terms of reference of the Steering Com- 
mittee are: “To be responsible to the Minister of Tech- 
nology for the general supervision of the work of the 
Building Research Stetion and for the allocation of effort 
thereon within the financial resources assigned to the 
Station and such other limits as the Minister may impose”. 
Mr. R. M. Wynne Edwards (Constructors John Brown, 
Ltd.) will be chairmar. of the Advisory Committee. 


Water Resources 


In reply to questions in the House of Commons on 
May 17, the Parliamentary Secretary to the Ministry of 
Land and Natural Resources, Mr. A. Skeffington, said that 
the preliminary survey made by the Water Resources 
Board showed that on the available information, South- 
East England, North-West England, Northumbria, South 
Wales and the West Midlands areas were already facing 
water supply problems or would do so in the 1970's and 
1980’s. For South-East England, the Great Ouse, Thames 
and Hampshire areas had water resources surplus to their 
needs; for North-Wast England, the Cumberland and 
Lancashire areas; for the Northumbrian area, Cumber- 
land, the Yorkshire area and Scotland; for South Wales 
there were abundant sources which needed to be redis- 
tributed; and for tke West Midlands, the Severn and 
Wye. 


Nuclear Disarmamenz 


In reply to a question in the House of Lords on May 11, 
Lord Chalfont said that he understood that the Swedish 
Government had appointed a committee to study the 
desirability and possibility of establishing in Sweden an 
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international institute for peace research. He was fol- 
lowing the development of this idea with interest and 
hoped to discuss it with the Swedish Government when 
he visited Stockholm later in May. If the Government 
was later asked to help in any way, it would consider the 
request sympathotically. 

In replying to another question on the same day, Lord 
Chalfont said that, in a speech to the United Nations 
Disarmament Commission on April 28, he had explained 
the directions in which the British Government believed 
that progress in disarmament matters could and should 
be made. The objectives included an agreement to prevent 
the future spread of nuclear weapons and an agreement 
on the extension of the partial Test Ban Treaty to include 
underground tests. It was unrealistic to speak of areas 
free of nuclear weapons in isolation from the settlement of 
the political problems of the areas concerned. The 
Government was firmly committed to play its full part in 
the defence of the Free World. It hoped to put forward 
British plans for arms control and disarmament, in con- 
sultation with Britain’s allies, to the Eighteen-Nation 
Disarmament .Conference which, it was hoped, would 
soon be re-convened at Geneva. The Conference would 
consider all the possibilities for nuclear-free zones not 
only in Africa but in Europe and elsewhere, as well as the 
various possibilities for disengagement. 


Communication Satellites 

In reply to questions ın the House of Commons on 
May 12, the Postmaster-General, Mr. A. Wedgwood Benn, 
said that the special agreement on satellite communi- 
cations signed in Washington in August 1964 provided 
for technical information about communication satellites, 
arising from work performed under contracts placed by 
the Committee, to be available to the signatories for use 
by them in work for the space segment of the system. 
Certain operations, including the Harly Bird operation, 
for which the contract was signed earlier, were not the sub- 
ject of exchange, but since the agreement came into force 
there was no reason to be dissatisfied with the exchange 
taking place. Design studies and experiments to evaluate 
the relative merits of synchronous and medium-altitude 
satellites were now in hand by the Interim Communica- 
tions Satellite Committee, of which the United Kingdom 
was a member. It was expected that the Committee 
would decide, towards the end of the year, as to the type, 
or types, of satellites to be used in a global system. There 
was close co-operation with the Minister of Technology 
on a whole range of matters bearing on the electronics 
and telecommunications industries, but the Post Office, 
through its membership of the international Committee 
in Washington, was rightly, with its world cable responsi- 
bilities, the principal body responsible for international 
co-operation in communications. 


Commonwealth Bursary Scheme 

Tue eleventh annual report-on the Commonwealth 
Bursary Scheme of the Royal Society and the Nuffield 
Foundation covers the year ended December 31, 1964, in 
which the Committee decided to offer 27 bursaries (Lon- 
don: Royal Society and Nuffield Foundation, 1965). 
Details of the 22 which were taken up are given in the 
report. Five were for visits from the United Kingdom to 
Australia, 13 for visits to the United Kingdom, of which 
6 were from Australia, 3 from Canada and 1 each from New 
Zealand, Pakistan, Rhodesia and Nyasaland, and from 
Trinidad. Of the 77 applications considered during the 
year, 60 were for visits to the United Kingdom and 10 
for visits from the United Kingdom; 7 were for visits 
between Commonwealth countries other than the United 
Kingdom. Besides the grant of £5,000 from the Nuffield 
Foundation, funds available during the year included 
£4,000 from the United Kingdom through a parliamentary 
grant to the Royal Society, £2,400 from Canada, £500 
from India, £398 from Australia and £100 from Ceylon. 


NATURE 


June 5, 1965 


The Institution of Professional Civil Servants 


THE annual report for 1964 of the Institution of Pro- 
fessional Civil Servants forms the main part of the April 
issue of State Service, which comments that the report 
shows how much has been achieved in establishing the 
role of the specialist in the Government service and how 
much still remains to be done before his right to exercise 
full responsibility, to take initiative and make decisions, to 
exercise authority to do his job without interference are 
fully conceded. The membership of 55,142 at December 31, 
1964, represents an increase of 2,478 on the year—a, fall 
in membership in the early part of the year, partly in 
consequence of the reduction in staff employed by the 
Atomic Energy Authority and the Royal Ordnance Fac- 
tories, and partly due to the increased subscriptions, 
being offset by increased recruitment later. The Institu- 
tion’s finances are now on a firmer footing with a surplus 
of income over expenditure of £47,251 compared with 
£5,556 in 1963. 


Modernization in the United States 


A BOOKLET, Modernization in the United States: the 
Post-war Years, by Dr. K. McCann, issued by the United 
States Information Service (Pp. 24, 1965), deals first 
with the impact of science. It is noted that whereas in 
1939 American industry, universities, private foundations 
and the Federal Government spent some 500 million dollars 
on research and its applications, Federal expenditure 
alone now totals 15,000 million dollars a year, and the 
Federal Government is the foremost seeker of knowledge. 
The change began with the creation of the Atomic Energy 
Commission in 1947 and the subsequent developments in 
nuclear power, space research and satellites, and elec- 
tronics are briefly summarized. Economic and social 
changes are reviewed in the following chapter, including 
changes in business organization, housing, the attack on 
poverty, and developments in education, to which are 
attributed primarily the social and economic fluidity of 
American life. In 1964 almost 90 per cent of Americans 
between 5 and 19 were enrolled in schools or universities— 
an increase of 12 per cent since 1940—and 9 out of every 
10 children of secondary-school age were attending schools; 
36 per cent of all persons of university age were enrolled 
in institutions of higher learning, compared with 12 per 
cent in 1930, and one-third of university students are now 
women. Brief reference is made to the improvement in 
the position of the Negro and to progress towards racial 
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equality. The final chapter outlines the new tasks which 


the United States is now undertaking in a changing world 
and the consequent changes in her foreign policy. 


Industrial Relations 


A. NEw addition to the Institute of Personnel Manage- 
ment’s series on aspects of industrial relations has been 
contributed by Allan Flanders, senior lecturer in Indus- 
trial Relations, University of Oxford (Industrial Relations 
— What is Wrong with the System? An Essay on tts Theory 
and Future. Pp. 63. London: Institute of Personnel 
Management, 1965. 8s. 6d. net). Mr. Flanders discusses 
the principles, structure and values of the British system 
of industrial relations, and looks to the future. He believes 
that the necessary changes will only be brought about when 
the new values implicit in the demands for national plan- 
ning and workplace democracy are fully worked out and 
accepted as a basis for the system’s reconstruction. The 
primary responsibility for changing the system rests on 
the Government and on management. Only manage- 
ment can introduce well-ordered and co-operative systems 
of workplace relations. 


World Health Organization Technical Reports 


Toe World Health Organization continues to publish at 
frequent intervals its valuable series of technical reports, 
which give the results of the work of expert Committees 
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‘Section, to the more applied studies on the effect of sul- 
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appointed to study particular problems. Report No. 292, Studies in Speleology_- 


for example, discusses environmental change and its im- —— 

pact on health, and considers such questions as the effects — — — ee ee — 
of ionizing radiation, air pollution, liquid and solid wastes, unexpected by-produzt of the purchase òt ey Site: 
food hygiene and other aspects of environmental change in 

modern life. No. 293 discusses biological standardization, tranees of five caves of considerable scientifn interest, 


and No. 2 94 deals with the important question of the the Society for thé Promotion of Nature Reserves, 
— — — ga aaa , enla — in November 1961. Ia March 1962 it was decided that the 
i : A h 
viruses and cancer, concluding that the weight of evidence — — ee — P = — S, a 
PaE e S R g z A ut ‘No a ee ete and Demonstration Centre. Already a palaeontological 
resistance of malaria ———— to drugs used agains demonstration has heen prepared in 2 — tae 
them. No. 297 concerns environmental health aspects of — ee — Fa E eg — real 
metropolitan — g and human development, and tion, and the first vclunteer guide-naturalists have been 
tha dama praa as — h eeey — N ER trained to explain the — — = — — — 
modern problem of noise. No. 298 deals with the organiza- — paginas — ome erg ik * Paara 
son of public dental health services, in developed and 1962 the Association of the Pengelly Cave Research 
— oo — Centre, whose headquarters are in London, was founded 
The Agricultural Research Council of Central Africa with the object of es-eblishing an international member- 
ie Aprinulideal hc i] of ‘ap iq Ship to help support the Centre. “Members drawn from as 
gticultural Research Council of Central Africa is fae afield as the Uniced States, Canada, Australia, New 

le of tional co- ti h i- — ; : ama 
pe amare relat pinea e ——— he Ti afer = * Tie Zealand, South Africa, Angola, Kenya, Rhodesia, Singa- 
a pore, Spain, France, Holland and Poland already number 


three territories Rhodesia, Zambia and Malawi in tackling —— =" 
za nearly 300. Studies an Speleology is the journal of this ~. 
common problems of agriculture and natural resouross. Acooiauen. Linked to a London lecture — ib- 


The Council is jomtly financed by the three territories, 
by Britain and by the United States, and chaired by 
Mr. F. C. Bawden, director of Rothamsted Experimental 
Station. The fifth annual report covering the year 1964 
shows the breadth of interest of its developing sections, 
made possible by! this joint approach, although the 
recruitment of staff did not commence until 1962 (Pp. 64, 
Salisbury, Rhodesia: Agricultural Research Council of 
Central Africa, 1965). The Council’s research projects 


forms an extension of the planned activities of the Centre. 
Hitherto, there has heen in Britain no journal the prime 
object of which is to encourage cave conservation by 
providing a link between those concerned with the ex- 
ploration of caves on. one hand, and scientific speleology 
on the other. Carefal exploration can lead to scientific 
interest as undergrcund problems become apparent; 
careless exploration œm easily lead to the ———— 
5 = the evidence before the problems have been realized. 
— ae fields of soil —— animal productivity, Copies of the journel are available, price 25s., or 3-75 
grain-legume pathology, forest genetics, tsetse-fly prob- dollars, from Mr. M A. Rennie, 40 Bradley Gardens, 


lems, hydrology and biometry. ‘These research projects ' F 
reflect in choice and in emphasis the particular problems si vances ig Wa ale Tapion, 142 does vanue, 
, Pennsy 


of these territories as, for example, the intense activity of 
the large team engaged in tsetse-fly research in which the 
U.S. Department of Agriculture is actively co-operating. Electronics Letters . — 

As might be expected in such a young organization, the To facilitate the raszid communication of new informa- 
staffing and development of the sections varies a great tion and the interchenge of ideas in the electronics field 
deal; so also does the approach to problems varying, for is the declared aim of a new international research journal 


example, from a basic study of haemoglobin polymorphism published by the Institution of Electrical Engineers. The . 


in cattle, carried out by the Nutrition and Biochemistry first issue of the jcurnal, entitled Electronics Letters, 
appeared in March, end it will be published monthly (1, 


phur on crop yields in the area, carried out by the Soil No. 1. Pp. 1-28. London: The Institution of Electrical 


Chemistry section. Engineers, 1965. Anrual subscription, 50s.; single issues, 
i 5s.). Communicatiors to the journal recording research 
National Parks of Queensland results or observations on important topics of current 


THE Premier’s Department of the State Public Relations interest take the form of letters some 1,200 words long 
Bureau, Brisbane, has published an illustrated booklet and comprising not more than two illustrations. A letter 
describing the amenities of the national parks of Queens- accepted for publicatcon will normally appear within 2-6 
land, which are under the control of the State Forestry weeks of being received. While the preferred language is 
Department. As a matter of government policy upheld by English, letters will be accepted for publication in Russian, 
legislation, they are reserved in perpetuity as areas of French, German or Izalian, but must be accompanied by 
scenic, scientific, historic and recreational interest. a title and synopsis in English. The editorial board is 
Untouched and unspoilt in all essential respects, they are international. The field of interest is stated to be elec- 
administered as a natural haven and habitat for native tronic science and engineering, radio and automatic 
animals and birds, so that the distinctive flora and fauna control. The first ise contains twenty-six letters, most 
can live unmolested by man. Aboriginal relics, including of which deal with experimental research, novel tech- 
cliff paintings, drawings and burial caves, are also pre- niques and devices, >ut several treat wholly theoretical 
served. Provision was first made for the reservation of topics. Only one letter is in a language other than English. 
national parks in Queensland with the passing of the The amount of space allocated to each letter appears to 
State Forest and National Parks Act of 1906. The first be sufficient to prov-de for concise exposition, the pre- 
national park in Queensland, covering an area of 324 sentation of essential results and necessary graphical 
acres at Witches Falls, Tamborine Mountain, was pro- illustration. The urgent need for rapid publication is 
claimed in the year '1908. At the present time the areaso evident, and this new journal appears both in design and 
reserved totals 975,548 acres. It is the ultimate goal of execution to be well fitted to this purpose. It will be 
the Department of Forestry to have represented, within warmly welcomed not only by those engaged in radio 
these reservations, all the many types of bushland which and electronic research, but also by many who utilize 
occur in Queensland. electronic techniques in other branches of science. 


stone quarry at Bucxfastleigh in Devon, containing the. 
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P. Zeeman (1865-1943) —. , 


PIETER ZEEMAN, born at Zonnemaire in Zeeland on May 
25, 1865, won world-wide recognition through his work on 
the effect produced in a spectrum when light rays are 


— — 


_— passed throvgh a powerful magnetic field. Zeeman was a 


student atLeiden, and was lecturer there from 1890 until 
1900, when he was elected to the chair of physics at 
Amstérdam: later he became director of the Physical 
Institute in that city. In 1896 Zeeman discovered a 
spectral phenomenon which was to bear his name in 
physics and astronomy. He observed, by means of a 
large-grating spectroscope, that if a sodium flame was 
placed between the poles of a strong electromagnet, the 
familiar yellow bands of its spectrum became broader. On 
closer examination he found that the outer edges of the 
bands were in fact polarized—a result foreseen when 
Lorentz applied his electronic theory of matter and 
radiation to spectra. Zeeman’s evaluation of the velocity 
of light in different media also agreed with results gained 
from Lorentz’s formula. The paper that Zeeman gave 
before the Amsterdam Academy of Science in 1896 
initiated a fruitful series of studies, and in 1902 he and 
Lorentz shared the Nobel Prize for Physics. The Zeeman 
effect proved to be of considerable value in analysing 
spectral structure and in determining the electronic 
structures of atoms and ions (with Zeeman also contribut- 
ing significantly to the knowledge of isotopes). It also 
proved invaluable in studying the magnetic properties of 
stars. H. W. Babcock, for one, discovered almost a 
hundred stars with strong magnetic fields following care- 
ful examination of the Zeeman effect on spectrograms from 
_ the Mount Wilson and Palomar telescopes. G. E. Hale, 

director of American Observatories, made invaluable 
observations on magnetic fields in sunspots and on the 
periodicity in polarity. Pairs of sunspots, rather than 
single ones, as had at first been believed, were revealed 
and the Zeeman effect showed that invisible spots of 
opposite polarity were present in a number of cases. 
Zeeman was honoured by various scientific bodies and was 
awarded the Rumford Medal of the Royal Society of 
London in 1922. 


ice Conditions in Greenland Waters 


CLIMATOLOGISTS and others interested in the distribu- 
tion. of sea ice in the North Atlantic region have used as 
their main source of information over the past half-century 
the Danish Meteorological Institute’s Isforholdene i de 
arktiske have. This annual series is now replaced by 
another, Isforholdene i de Grønlandske farvande, produced 
by the same office (Pp. 33 with 61 ice charts. Charlot- 
tenlund: Danske Meteorologiske Institut, 1964). More 
detail is shown, but the area is reduced, being confined to 
Greenland waters. The change is justified by the big 
increase in data relating to the area for which Denmark 
is primarily responsible, and the user will certainly be 
better served for that area. For other parts of the North 
Atlantic he will have to look elsewhere, but, thanks largely 
to the British Meteorolcgical Office’s monthly charts, he 
will not be less well served than before. It would be helpful 
if the change stimulated Norway, for example, and, even 
more important, the U.S.S.R., to produce a compar- 
able series of reports for Svalbard waters and the Barents 
Sea. 


Spores from Devonian Deposits 


in & well-illustrated paper on “Spores from Devonian 
Deposits, Mimerdalen, Spitsbergen” (Norsk. Polarinstitutt 
Skrifter, No. 132, 1964), Jorunn Os Vigran deals with 
the dispersed spores from some of the material originally 
described by Høeg in his famous paper on the macro- 
fossils (1942 in the same series), “The Downtonian and 
Devonian Flora of Spitsbergen’’. Mrs. Vigran figures 
clearly the megaspores (new genus) and microspores 
taken from the sporangium of the fructification which 
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Heeg regarded as belonging to Enigmophyton; the spore 
size ratio 13 no more than 4:1, which is in accord with 
that in other already described Upper Devonian plants. 
Mrs. Vigran also adds support to Heeg’s suggestion that 
the Mimerdalen material was of early Frasnian age, 
although fish evidence indicated probable Givetian 
(Middle Devonian) age.~The small number of samples 
handled means that firm stratigraphical assessment must 
await further work, some of which is already in the press. 
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Social and Economic Consequences of Poliomyelitis 


In 1963 the Office of Health Economics published a 
paper called The Price of Poliomyelitis; it showed that 
the vaccination campaign has paid. This is now followed 
by a much longer document by M. Lee, The Residue of 
Poliomyelitis, which is concerned with the social and 
economic consequences of the disease (Pp.i+ 123. London: 
Office of Health Economics, 1965. 25s.). It is based on 
information obtained from some 1,700 members of the 
British Polio Fellowship. One purpose of this survey was 
to guide that excellent organization in planning for a 
situation in which, as a result of the almost complete 
disappearance of the disease consequent on vaccination, 
it is concerned with a slowly diminishing—and ageing— 
number of disabled persons. It is doubtful whether the 
sample is accurately representative and questionable 
whether so many data are necessary ; however, for practical 
purposes the survey is adequate. What emerges is a 
picture of a community, a number of governmental 
agencies and a few devoted voluntary bodies making a 
determined effort to help the physically disabled. The 
agencies are almost good enough; what is sometimes 
lacking is the imagination and initiative required to fit 
the various forms of assistance that have been evolved 
to the needs of the individual, which vary greatly. There 
are a few matters that call for attention at a high level, 
such as the substantial slice of a disabled person’s Income 
that is consumed by his disability and his peculiar depend- 
ence on such aids as the telephone. Humanity apart, 
there is a good case for going to considerable trouble to 
assist the victims of poliomyelitis. Although as a cause 
of crippling this disease is unsurpassed, it has certain 
favourable features. The disability is not progressive, 
there is no impairmant of intelligence and no sensory 
deficit. Most people stricken severely by poliomyelitis 
‘have a good expectation of life and are capable of spending 
it usefully and, up to a point, happily. They are resource- 
ful; most of them are at work and, according to this 
survey, two-thirds found their own jobs. The chief need 
is that those concerned with their welfare should be at 
least as enterprising as their clients. There are, inevitably, 
regulations; these tend to breed conformity and it is 
easier to conform than to think. In hospitals which have 
achieved satisfactory co-ordination of the medical and 
rehabilitation services neither patients nor their advisers 
have much fault to find with the agencies available to 
them. 


The Royal Society of Tasmania: Elections 


Tue following have been elected officers and members 
of Council of the Royal Society of Tasmania for the year 
1965: President, H.E. the Governor, Lieutenant-General 
Sir Charles Gairdner; Vice-Presidents, Prof. G. C. Wade 
and Mr. E. C. Gifford; Honorary Secretary and Honorary 
Librarian, Dr. W. Bryden; Honorary Treasurer, Mr. 
G. E. A. Hale; Council, Mr. R. A. Both, Mr. J. V. Cook, 
Mr. T. E. Burns, Mr. W. F. Ells, Mr. G. K. Meldrum, 


- Prof. I. H. Smith, Mr. E. R. Pretyman and Dr. W. W. 


Wilson, 


Award of the Meldola Medal for 1964 

Tux Meldola Medal, which is the gift of the Society of 
Maccabaeans, is normally awarded annually by the 
Council of the Royal Institute of Chemistry, with the con- 
currence of the Society of Maccabaeans, on the recom- 
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mendations of a specially appointed advisory committee, 
to a British chemist who shows outstanding promise as 
indicated by his or her published work. As on this occa- 
sion there were two candidates adjudged to be of equal 
merit in different fields of work, it has been decided to 
make two awards of the Meldola Medal for 1964, and the 
recipients will be: Dr. J. S. Brimacombe, lecturer in 
chemistry in the University of Birmingham, in recognition 
of his work on the chemistry of carbohydrates and other 
hydroxylic compounds, with special reference to rare 
sugars; Dr. J. J. Rooney, lecturer in chemistry in the 
University of Hull, in recognition of his work in the field 
of heterogeneous catalysis, with special reference to the 
reactions of hydrocarbons. 


Simon Memorial Prize 


THe Committee of the Low Temperature Group of the 
Institute of Physics and the Physical Society has an- 
nounced that it has awarded the fourth Simon Memorial 
Prize to Prof. J. C. Wheatley of the University of Illinois, 
in recognition of his outstanding work on the properties 
of liquid helium-3 at very low temperatures. This Prize 
of £250 is awarded every 2 or 3 years for outstanding 
contributions in the field of low-temperature physics; 
1t was established as a memorial to Sir Francis Simon. 
The presentation will be made during the Institute and 


~ Society’s conference on “Solid State Physics” to be held 


in the Manchester College of Science and Technology 
during January 4-7, and Prof. Wheatley will deliver a 
lecture on “Helium-3 as a Fermi Liquid’. Further 
information concerning conference and lecture can be 
obtained from the Meetings Officer, the Institute of 
Physics and the Physical Society, 47 Belgrave Square, 
London, 8.W.1l. - 


Leverhulme Research Awards, 1965 


Tue following fellowships and research grants, among 
others, tenable for periods of up to two years, have been 
announced by the Leverhulme Trustees: Fellowships, Dr. 
R. A. Donkin, lecturer in geography, University of 
Birmingham, for work on terracing and terraced agricul- 
ture in Middle America; Mr. B. E. B. Fagg, curator, 
Pitt Rivers Museum, Oxford, for a study of the Nok 
culture of Northern Nigeria. Research grants, Dr. P. Nield, 
development chemist, for studies in organic chemistry; 
Mr. C. T. Smith, Fellow and tutor of St. John’s College 
and university lecturer in geography, University of 
Cambridge, for a study of the structure and development 
of rural settlement in the Peruvian Andes. 


Fellowships in Agricultural Marketing 


Tue Ministry of Agriculture, Fisheries and Food is 
offering two fellowships in agricultural marketing, tenable 
from October 1965, normally for two years, at any 
university or other institution in the United Kingdom 
acceptable to the Ministry. The fellowships are designed 
for men or women of good honours degree standard who 
may have had industrial or commercial experience rather 
than research experience. The value of a fellowship will 
normally be between £950 and £1,175 per annum, excep- 
tionally up to £2,000. Further information and forms of 
application can be obtained from the Advisory Service 
Division, Ministry of Agriculture, Fisheries and Food, 
Room 284, Great Westminster House, Horseferry Road, 
London, 8.W.1. 


University and College News: Aberdeen 


Tue following lecturers have been appointed: Dr. 
J. R. Lewis and Dr. M. D. Ingram (chemistry); Dr. J. 
Duncan (mathematics). 


Edinburgh 


Dr. R. W. D. TURNER has been appointed reader in 
medicine. The following lecturers have also been 
appointed: Dr. G. Tennant (chemistry); Dr. M. H. I. 
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Baird (chemical engireering); Mr. D. Desbrow (mathe- 
matics). 
- Keele 


Dr. H. LÆEBRCK hes been appointed senior lecturer in 
the Department of Methematics. The following lecturers 
have also been appomted: Mr. G. T. Fielding (mathe- 
maties); Dr. E. B. Psttinson (physics); Dr. P. A. Floyd 
(geology). 

Lincoln College, University of Canterbury, 
New Zealand 


Dr. 8S. N. Apams. formerly in Tasmania with the 
Commonwealth Scientific and Industrial Research Organ- 
ization working on scil aspects of cobalt deficiency, has 
been, appointed direczor of the Tussock Grasslands and 
Mountain Lands Inst:tute at the College. 

Strathclyde 


Mr. D. S. BUTLER, senior lecturer in the Department 
of Mathematics, has been appointed reader in numerical 
analysis. Mr. J. G. Fraser, lecturer in the Department of 
Mathematics, has beea appointed senior lecturer. 


J Warwick 


Dr. T. M. Suave, director of the Shell Research 
Centre at Thornton, Cheshire, has been appointed to an 
associate professorship in the School of Molecular Sciences, 
as from October 1. - 


Announcements 


Lorp Murray or NEWHAVEN has been appointed 
director of the Leverkulme Trust Fund on the retirement 
of Sir Mules Clifford. 


Pror. F. J. Dyson, professor of physics at the Institute 
for Advanced Study =t Princeton, has been awarded the 
Dannie Heineman Prize of 2,500 dollars by the American 
Physical Society and the American Institute of Physics, 
for outstanding achievement in mathematical physics. 


THe tenth annua: meeting of the Health Physics 
Society will be held m Los Angeles during June 14-17. 
Further information can be obtained from W. L. Fisher, 
Health and Safety Laboratory, Atomics International, 
8900 DeSoto Avenue, Canoga Park, California, 


THe second international symposium on “Basic En- 
vironmental Problems of Man in Space”, organized by 
the International Astronautical Federation and the 
International Academy of Astronautics, will be held in 
Paris during June 12-18. Further information can be 
obtained from the International Academy of Astronautics, 
250 Rue Saint Jacques, Paris 5. 


A CONFERENCE on ‘“‘Plastics in Building Structures”, 
organized by the Plassics Institute in association with the 
Institution of Civil Ergineers, the Institution of Structural 
Engineers and the Royal Institute of British Architects, 
will be held at the Institution of Electrical Engineers 
during June 14-16. Turther information can be obtained 
from. the Plastics Insitute, 6 Mandeville Place, London, 
W. 1. 


Erratum. In the communication entitled ‘‘Neuro- 
pathological Effects of Dosing Dogs with Isonicotinic 
Hydrazide and with its Methanosulphonate Derivative” 
by Dr. A. C. Palmer aad Dr. P. R. B. Noel, which appeared 
on p. 506 of the January 30, 1965, issue of Nature, it 
was erroneously statel that “In two dogs dosed with the 
methanosulphonate as 10 mg/kg/day there was, however, 
severe laminar necrosis of the cerebral cortex, a change 
not seen with isoniazid”. These two dogs in fact died 
during preliminary trials in which they received 30 mg/kg/ 
day for six weeks anc nine weeks respectively, and not at 
the subsequent group dosage level of 10 mg/kg/day, and 
the authors apologize for the unfortunate impression that 
may have been created. The full details of this experiment 
are to be recorded in = separate communication elsewhere. 
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THE BRITISH BROADCASTING CORPORATION 


HE annual report of the British Broadcasting Cor- 

poration, for the year 1963-64*, which includes those 
of the Broadcasting Councils for Scotland and for Wales, 
notes the approval by Parliament of the new Charter and 
the associated Licence and Agreement between the Post- 
master-General and the Corporation. Under the new 
Charter, the Corporation’s borrowing powers have been 
increased to £10 million for temporary banking accom- 
modation, instead of £1 million, and up to £20 million for 
capital expenditure, subject to approval by the Post- 
master-General. The Broadcasting Councils for Scotland 
and Wales have been given powers in the field of tele- 
vision similar to those which they already possessed in 
radio. 

In television, throughout the year, staff and resources 
were assombled and deployed in the most complicated 
single operation in the history of the Corporation. For 
the B.B.C.-2 operation, an entirely new transmitter net- 
work of some sixty main stations and a large number of 
subsidiary stations are being planned, some with new 
masts 1,250 ft. high. In many cases complete new sets 
of circuits are being provided to carry the more com- 
pleated 625-line signals, and new methods of operation 
to maintain picture quality are being devised. 

Large numbers of staff have had to be recruited and 
trained while maintaining present output without any 
decline in standards, and this has necessitated finding 
and training 125 producers and many hundreds of sup- 
porting staff for programme work. On the technical side, 
about 900 technical staff had to be recruited and trained, of 
whom some 750 specialist and operational engineering staff 
had already been recruited and integrated with existing 
staff in good time for the opening date. The staff employed 
on March 31, 1964, was 19,722 full time and 1,114 part 
time, compared with 17,930 and 1,010, respectively, on 
March 31, 1963. By November 1963, 154 engineers, 176 
technical assistants and 189 technical operators had been 
recruited, and some 75 trainees are at present undergoing 
the sandwich-course training given to selected staff, while 

‘some wore senior staff are taking courses for the Diploma 
in Technology. 

Much research effort was concerned with various aspects 
of the introduction of the 625-line television standard 
for B.B.C.-2, and with problems of ultra-high-frequency 
transmission. New equipment has been designed for use 
at the Television Centre to meet the requirements of 
625-line signal distribution, including pulse and timing 
wave-forms and signal switching, and a range of trans- 


* The British Broadcasting Corporation. Annual Report and Accounts for 
the year 1963-64. Pp. 188+165 photographs (Cmnd. 2503). (London: 
H.M.S.0., 1964.) ‘188, Bee 


istorized video amplifiers has been designed which com- 
bines relative simplicity and the ability to meet all 
requirements at a fraction of the cost of valve type of 
equipment. Much effort has gone into colour trans- 
mission, including an investigation of the three systems 
proposed for the transmission of colour signals. 

A fully-transistorized frequency-modulated sound 
translator for very-high-frequency relay stations has been 
produced which is much easier and cheaper to maintain 
than the valve-type translators previously used. The 
first fully transistorized sound control desks designed by 
B.B.C. engineers have been installed at Broadcasting 
House, London. The possible future of stereophonic 
broadcasting in Britain has been reviewed, taking into 
account the results of the experimental work done, the 
response to experimental transmissions and the intro- 
duction of such broadcasting in the United States and 
in Canada. The Corporation believes that stereophony 
can give a worth-while improvement in reproduction, 
especially of music, and that there is a substantial demand 
for ıt. No definite plans can be made for its introduction, 
however, until a decision is reached on the system to be 
used. 

The report emphasizes the need for a substantial 
reinforcement of the technical resources of the B.B.C.’s 
external services in the form of relay stations which will 
improve signal strength, and enable the British voice to 
be heard more widely and clearly. The Corporation, 
which was first in 1950, is now in fourth place in the 
number of receivers in the world, following the United 
States, the U.S.S.R., and China? but West Germany is 
drawing up steadily. In reputation and effectiveness, 
however, the Corporation more than holds its own, but 
the statistics given in the report demonstrate vividly 
how the rival systems, large and small, regard external 
broadcasting as of national importance, to be supported 
and strengthened. During the year, it is noted that 
jamming of B.B.C. services to Eastern and Central 
Europe came to an end, and this probably marks the end 
of an era in East-West broadcasting. 

The failure to reach agreement on the merits of the 
three competing systems has deprived the Corporation 
of the possibility of introducing @ colour service before 
early 1967. Since the report appeared, the International 
Radio Consultative Commi,tee has met in Vienna, but 
once again agreement was not reached. 

On finance the report refers to the inadequacy of the 
licence fees for television and radio and the difficulty in 
obtaining sufficient income to finance adequate services, 
with the result that the Corporation is being forced into 
extensive borrowing. 


THE NATIONAL ELECTRONICS RESEARCH COUNCIL 


HE first issue of the N.E.R.C. Review appeared in 

January *. The journal is a quarterly review of 
progress in electronics research published by the National 
Electronics Research Council. 

In a foreword by the chairman of the Council, Earl 
Mountbatten, readers are reminded that the National 
Electronics Research Council was formed to facilitate 
understanding and exchange of ideas among all engaged in 
electronics research, and that it is only by such exchange 


* NERC. Review, 1, No. 1 (January, 1965). 
progress in electronics research. ‘Edited by Graham D. Clifford. Pp, 1~20 
+iv. (London: National Electronics Research Council, 1965.) 10s. 


A quarterly review of 


that any form of co-ordination in research can be achieved 
in industry, the universities, colleges of advanced tech- 
nology and Governmental research establishments. He 
goes on to state that the purpose of the review will be to 
record facts concerning the activities of the Council, to 
publish brief accounts of such projects as have been 
initiated and to comment generally on research achieve- 
ment and on work in progress. 

The longest article deals with the Council’s proposal to 
investigate the system known as ‘§.D.I.’, the selective 
dissemination of information. Recognizing the impor- 
tanco and urgency of the problem of keeping the research 
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worker informed of new work and of developments in his 
field and the difficulty of minimizing the unnecessary 
duplication of research, the Council set up a Working 
Party on Scientific Information. This Working Party 
was charged with investigating the whole problem of the 
collection, dissemination and retrieval of information in 
the field of electronics and making recommendations. 
Assessing the magnitude of the problem by estimating the 
annual output of papers and reports of significance to 
electronics research workers and judging the effectiveness 
of the published abstracts journals in making the informa- 
tion available, the Working Party concluded that fully 
published material was satisfactorily indexed for retro- 
spective searching, but that ‘semi-published’ material 
(research reports) was poorly served by published indexes. 
The situation was even less satisfactory in relation to 
what has been termed ‘current awareness’. A research 
worker trying to make a comprehensive review might 
have to scan each month more than ten abstracts journals 
and title lists. Deciding that ‘current awareness informa- 
tion’ was the most pressing problem the Working Party 
recommended the investigation of a system of selective 
dissemination of information in the field of electronics. 
This system (8.D.I.), which has been in operation in the 
United States for some years, provides on a large scale a 
‘personal’ current awareness information service to 
individuals or to groups. In its mechanized form the 
system matches automatically the coded requirements of 
the user with a sumilarly coded index of periodical articles, 
reports and conference papers. There is provision in 
the system for ‘feedback’, by which the user assesses the 
relevance of the information he receives from the com- 
puter to his actual needs. 

The Council proposed to the Department of Scientific 
and Industrial Research—now the Science Research 
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Council—a, three-year Droject to investigate the effective- 
ness of a computer-based system of 8.D.I. for electronics 
research workers and has asked for financial support. 
It 1s pomted out that this project, although confined to 
the electronics industry, would provide information 
relevant to any branch of science and technology and thus 
be of national interest 

The Projects Commistee of the Council, under the char- 
manship of Sir Gordon Radley, has reviewed the field in 
order to identify the areas in which a new or sustained 
research effort 1s required. Although no conclusions have, 
as yet, been reached, iò is noted that particular attention 
is bemg directed to the following five topics: (1) sub- 
millimetric waves; (22 non-linear acoustics; (3) highly 
directive beams at low frequencies; (4) biological sensors 
and control systems; 5) basic methods of preparation of 
new electronics mater als. 

A short article deals with co-operation between the 
National Electronics Research Council and the Medical 
Research Council wita which there is a large area of 
common interest in medical electronic instrumentation 
and equipment. The White Fish Authority has a sub- 
stantial group of electronic research problems and has 
invited the assistance cf the National Electronics Research 
Council. A further short article describes the proposed 
development program=ne. 

Under the heading ‘Electronics Research in British 
Universities” is an art.cle dealing with the Department of 
Electronic and Electr.cal Engineering of the University 
of Birmingham. The article, which is the first of a series 
covering individual university departments, utilizes 
information collected in a survey carried out in 1963 by 
the Research Commisztee of the British Institution of 
Radio Engineers, now the Institution of Electronic and 
Radio Engineers. J. GREIG 


TANNING IN THE UNITED STATES TO 1850 


“HE manufacture of leather is now only a minor 
industry in all advanced countries, although still 
important for fulfilling many specialized needs, including 
shoe manufacture. For some twenty years or more it 
has been threatened in a number of areas by competition 
from synthetic products. In the United States to-day 
there is a surplus of hides in excess of the requirements 
of the leather industries, although the world need for 
leather 1s greater than the supply. 

In the period to which P. C. Welsh refers in his book, 
Tanning vn the United States to 1850*, leather was, in 
contrast, one of the major industries, providing material 
for harness, saddles, boots and shoes, carriage parts, 
clothes, gloves, textile machinery and many other essential 
uses. No substitute was available, so that newly founded 
colonial communities had rapidly to set up their own 
tanning facilities, using local tanning materials and local 
hides. Records of firms, as well as the material remains 
of the tanneries, are rapidly disappearmg. Amalgamation 
and competition have eliminated large numbers of tan- 
neries and the records are rarely preserved. It 1s therefore 
especially valuable to have Mr. Welsh’s carefully docu- 
mented account of certain aspects of the American industry 
in the period up to 1850. 

There is ample evidence to show the widespread dis- 
tribution of tanneries in the settled areas of the eastern 
seaboard, where cattle hides and woolskins were available, 
by the middle of the seventeenth century. A number of 
official measures were passed to protect the craft of tanning 
as well as to —— to secure good quality in the finished 


* Museum of History and Technology, Smithsonian Institution. Tanning 
an the United States to 1850—a Bref History. By Peter O. Welsh Pp. 
ix+99. (Washington, D.C Government Printing Office, 1964.) 1.50 dollars. 


leather. The manufactaring processes relied almost entirely 
on manual labour anc manual skill, although horses were 
used for the bark grinding mills. The industrial revolution 
and the impact of sc.ence left the processes almost un- 
touched, up to 1850 and beyond. Even the genius of Sir 
Humphrey Davy wko, in 1802, lectured on tanning, 
failed to make any impact on the actual processes used. 
In the absence of mecnanization, the uses of steam power 
in the industry were = limited as to create little demand 
for the installation of steam engines. 

The book provides, by quotation, summary and illus- 
tration, an accurate picture of the industry and its 
processes 1n this pericid, together with a detailed account 
of the various attempts at innovation. These included a 
successful splitting machine which gave split hides, and 
the less immediately siccessful French process of Armand 
Seguin (1794), whick aimed at reducing the time of 
tanning from one to two years to days or at most weeks. 

The most detailed sction of the book gives an account 
of the tanneries of Delaware and especially the founding 
in 1816 of the tanninz firm of A. Cordon and Company, 
through the initiative of the du Pont family, on a site 
close to their powder factory and cloth mills on the 
Brandywine. It was intended to exploit the technical 
ideas originating from the Seguin process, which were 

expected to give considerable commercial advantages over 
the normal slow proccss. Alexandre Cordon de Sandrans 
had gone to the Unised States in 1815 as secretary to 
du Pont de Nemour, and it was he who managed the 
tannery. The leather from the shorter process does not 
appear always to hav> been of satisfactory standard and 
the commercial management by Cordon was not adequate 
to the problems invclved. The period was one of low 
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prices for finished leather and of high raw material costs 
(hide and bark). There was no room for the progressive 
methods, based on expanding demand, which had suc- 
ceeded in the other du Pont enterprises. By 1825 the firm 
was finished commercially and by 1830 it had been wound 
up, with the du Pont company bearing the loss. 

Had the du Pont tannery been founded in a buoyant 
period for the leather industry and one in which it was 
ripe for technical change, du Pont might to-day occupy 
the leading position in the United States leather industry. 
In contrast, this company is now launching a synthetic 
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upper leather substitute, ‘Corfam’, based on extensive 
research into the problems of simulating leather’s unusual 
properties. It remains to be seen whether this second 
attempt to apply science to making leather-like materials 
will succeed. 

The book is of importance to tanners and to industrial 
historians and will perhaps lead to further investigations 
in other areas to fill out the many gaps in the industrial 
history of leather. One or two small technical slips in no 
way mar the evident authenticity of the picture given of 
the industry and its changes. A. G. Warp 
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BASE COMPOSITION OF NONSENSE CODONS IN E. coli 


EVIDENCE FROM AMINO-ACID SUBSTITUTIONS AT A TRYPTOPHAN 
SITE IN ALKALINE PHOSPHATASE 


By MARTIN G. WEIGERT and Pror. ALAN GAREN 


Department of Molecular Biology and Biophysics, Yale University, New Haven, Connecticut 


ERTAIN mutations produce a codon which appears 
incapable, in some strains of E. coli, of coding for 
any amino-acid. Such a mutation, first identified in T4 
phage and Æ. colit?, is called a ‘nonsense mutation’, and 
the resulting codon a ‘nonsense codon’. A nonsense muta- 
tion drastically alters the normal course of protein 
synthesis, by blocking the complete synthesis of the 
polypeptide chain specified by the gene in which the 
mutation occurs’. A codon which is nonsense in one strain 
of E. colt may code for an amino-acid in another strain if 
an appropriate suppressor gene 1s present?-*. 

In this article we present evidence on the base composi- 
tion of a nonsense codon. This evidence consists of 
different amino-acid substitutions which occur at one 
position in the alkaline phosphatase molecule as a result 
of reversions of a nonsense mutation in the phosphatase 
structural gene. We find that the codon assignments 
reported for these amino-acids® can be related by single 
base changes only to a nonsense codon with the RNA 


base composition UAG. 


@ 


Fig. 1. Fingerprint pattern for tryptic peptides of alkaline phosphatase 
Electrophoresis was performed at pH 4 7, followed by chromatography 1 a perpendicular direction, as described. 
The spots outlined with solid lines correspond to the most prominent ones appearing after ninhydrin staining, or on 


hand part of the filter paper. 
by Weiwert and Garen’, 


by * 
carboxyl-terminal peptide 


molecules isolated from revertants. The amino-acid changes in the altered peptides involve the following su 


*C-lysine and “Q-arginine autoradiographs. The letter designation, L or A, indicates a lysine or arginine peptide, respectively, as dete 
O-lysine and “C-arginine labelling, Peptide 10, which appears only on ninhydrin fingerprints, and not on the autoradiographs, is the 
The dotted spots designated 1a, 1b, 1c, 1d, le or 1f indicate the positions of peptide LL in the altered phosphatase 


The procedure for isolating phosphatase-positive revert- 
ants from phosphatase-negative nonsense mutants has 
been reported elsewhere‘. Mutagenesis with ethyl 
methane sulphonate (EMS) was performed by spreading 
about 10° mutant cells on agar plates containing a medium 
selective for phosphatase-positive revertants and placing 
a small drop of the mutagen. on the platet (this procedure 
was developed by Drs. C. Levinthal and E. Lin). After 
incubation for 3 days at 37° C, revertant colonies appeared 
in a cluster surrounding the mutagen spot. For mutagen- 
esis with N-methyl-N’-nitro-N -nitrosoguanidine, the same 
procedure was used, except that a drop of a saturated 
solution of this mutagen (instead of EMS) was applied 
to the agar plate. For nitrous acid mutagenesis, the cells 
were treated for 35 min at 37° C in a solution of acetate 
buffer at pH 5-0 containing 0-1 M sodium nitrite, after 
which the cells were grown overnight in nutrient broth 
and plated for revertants. 

The procedures for purifying alkaline phosphatase, for 
finger-printing its tryptic peptides, and for determining 


© 


rotein. The sample was applied as a 2-in. strip at the lower left- 


ned 


stitutions for the original tryptophan 


residue (Table 1): la, tyrosine; 1b, leucine, 1e, glutamine; 1d, serine; 1e, lysine or arginine (the shifted peptide does not contain the new basic 
resi due since it was released as a free amino-acid by trypsin, as described in Table 1); 1f, glutamte acid 
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Table 1. AMINO-ACID COMPOSITION OF PEPTIDE 1 FROM REVERTANTS OF THE NOISENSE MUTANT H12 
Electro- 
, phoretic Amino-acid residuesa . 
Strain Mutagenic agenta; character of | Peptide Amino-acid 
alkaline ‘analysed¢;————_. — — substitutions 
phosphatases Lys Try Gly Glaf Fyrr 
Standard P+ Normal 1 100 + 0:98 
i 1+2 2:00 *4 1-98 
Revertants 

Spontaneous Normal 142 1:00 — 1°99 Try—Leu 
Spontaneous Normal 1 100 — 1:03 Try—Ser 
Spontaneous Normal 1 1 00 — 112 Orti Try—GQlu. NE; 
Spontaneous Negative 1 1:00 ~ 0:83 0 2 Try—>Glu 
Spontaneous Normal 142 200 + 1 93 Try—>Try 
Spontaneous Normal 14+2 2-00 + 1 64 — 
Spontaneous Normal 1 1 00 _ 1:07 06 Try—Glu NH, 
Nitrous acid Normal 142 200 _ 1:93 0°57 Try—>Tyr 
Nitrous aad Normal 1 1:00 ~ 1:05 0s Try—Glu.NH, 
Nitrous acid Normal 142 2 00 ~ 1-80 0°52 Try—>Tyr 
Nitrous acid Normal 142 2°00 ~ | 1:85 0 55 Try>Tyr 
Nitrous acid Normal L 1-00 ~ 0 89 0 98 Try—Ser 
Nitrous acid Normal 142 200 — 1:84 3 03 0 68 Try—Tyr 
EMS Normal 1 1 00 ~ 0-80 1 02 Ol Try>Glu.NHs 
EMS Normal 1 1-00 — 0-94. 0-97 0°0 Try—>Glu. Nh. 
EMS Normal 1 1-00 — 0-99 1 05 0:2 Try—Glu.NH; 
EMS Normal 1+2 2 00 + 211 3°14 Try—Try 
EMS Normal 1+2 2-00 -+ 178 3 26 Try—>Try 
NG Normal l 1:00 — 0 87 0 86 0&4 Try—Glu.NH,4 
NG Positive 1 1-00 ~ 0-72 0:91 Try—>Lys or Arg 
NG Positive 1 1-00 — 0 83 1-07 Try—Lys or Arg 





Table 1. a, EMS 1s ethyl methane sulphonate, and NG is N-methyl-N’-nitro-N-nitrosoguamidine. The mutagenic procedures are described in materials 
and methods. b, The electrophoretic tests were done by starch-gel electrophoresis’. The designation as negetive indicates that the enzyme migrated more 
rapidly than the standard enzyme towards the positive electrode; a designation as positive indicates the corverse. c, For some of the enzymes, peptide 1 
separated on the fingerprint from peptide 2 and could be analysed alone. For the others, the two peptides were too close for separate analyses and there- 
fore were combed for a single analysis. The separation of peptide 1 of the standard P+ enzyme was achEved by electrophoresis at pH 1:9 (ref. 6). &, 
Details on the sensitivity and accuracy of the amino-acid analysis are reported in another publication®. e, Tryptophan was determined by a specific stain- 
ing test on the fingerprint paper’. f, The distinction between glutamic acid and glutamine was based on the eEctrophoretic behaviour of the enzyme. Since 
the original amino-acid was tryptophan, it was concluded that, if the enzyme was not changed electrophoredecally, the substitution was glutamine, and, if 
there was 3 change towards electronegatavity, the substitution was glutamic acid. ‘This critenon was consistent with the position of the altered peptide in 
the fingerprint pattern’ a glutamine substitution did not change the electrophoretic mobility of peptide 1, wEile a glutamic acid substitution made the pep- 
tide more electronegative g, There was destruction of tyrosine during hydrolysis, amounting to about 23 percent. The values in this Table have not been 
corrected for this loss. h, There was destruction of serine during hydrolysis, amounting to 9 per cent. The vzlues in this Table have not been corrected for 
this loss. 2, The substitution of lysine or arginine for tryptophan was inferred from the finding that the rever-ant enzyme was more electropositive than the 
standard enzyme and showed no new amino-acid replacing the lost tryptophan. A change to a basic amino-acid should subject the peptide to cleavage by 
trypsin. If the new basic residue in peptide 1 was located terminally or in the position adjacent to the lysine normally present, 16 should be released as a 
free amino-acid There 1s preliminary evidence from the Edman degradation procedure™ that the position of the tryptophan residue In the standard 
peptide 1 1s at the amino-end of the peptide (Weigert and Lanka, unpublished results). 


the amino-acid composition of the peptides, have been the present experiments amino-acid substitutions pro- 


described elsewhere®. 

Most of the reversions of the nonsense mutation H12 
cause an. alteration in the alkaline phosphatase molecule 
produced by the revertant strain. The site of the altera- 
tion is in the tryptic peptide 1. The position of this peptide 
is shifted in the phosphatase fingerprint patterns for 
several revertant strains, as shown in Fig. 1. The amino- 
acid composition data for peptide 1 as determined for the 
phosphatases from twenty-one revertant strains are 
presented in Table 1. Some of the reversions were of 
spontaneous origin, and the others were induced either 
by nitrous acid, ethyl methanesulphonate or N-methyl- 
N’-nitro-N-nitrosoguanidine. With seventeen of the 
revertant strains, peptide 1 showed an amino-acid substi- 
tution which, in every case, involved the loss of the trypto- 
phan residue in this peptide. A total of six different 
amino-acids were found to substitute for tryptophan: 
glutamine, glutamic acid, tyrosine, serine, leucine and 
either lysine or arginine. Each of these substitutions is 
compatible with the enzymatic function of alkaline 
phosphatase. 

Of special interest is the finding that substitution of 
serine for tryptophan can result from reversion. The 
same substitution was also observed in a suppressed 
strain of this nonsense mutant®. Although serine is 
substituted at the same position in both the revertant and 
the suppressed mutant strains, different codons for serine 
must be involved. 

Phosphatase-negative nonsense mutants are totally 
incapable of synthesizing alkaline phosphatase*. Restora- 
tion of enzyme synthesis can be achieved in two ways: 
either by introducing into the mutant strain a suppressor 
gene that acts on nonsense mutations‘, or by inducing 
another mutation (reversion) in the phosphatase structural 
gene of the mutant. In another communication® we 
reported amino-acid substitutions in alkaline phosphatase 
resulting from suppression of nonsense mutations. In 


duced by reversions cf a nonsense mutation have been. 
identified. 

It is known that reversions of missense mutations can 
occur outside the codœn in which the original mutation is 
located’, leading to the formation of a protein with amino- 
acid substitutions at two positions in the molecule. For 
nonsense mutations, we expect reversions to occur exclu- 
sively within the nonsense codon, since this codon must 
be transformed into >ne that codes for an amino-acid 
if protein synthesis is to proceed to completion. The 
reverted nonsense codon need not, however, be identical 
to the original codon present in the parental strain. In 
terms of protein structure, reversions of one nonsense 
mutation should affecd only one position in the protein 
molecule, possibly wit. different amino-acid substitutions 
occurring at that pesition. The results reported in 
Table 1 for reversions cf one alkaline phosphatase nonsense 
mutation, H12, show that six different amino-acids can 
be substituted for tryptophan at one position in the 
phosphatase molecule No other effect attributable to 
reversions of this mutation has been detected in the 
fingerprint patterns cf the phosphatase molecules. It 
should be noted tha= amino-acid substitutions at the 
same tryptophan position can also result from suppression 
of this nonsense mutation’, providing further evidence 
that this is the position affected by the original mute- 
tion. 

The amino-acid substitution data in Table 1 place 
certain restrictions on she possible base composition of the 
nonsense codon in the mutant studied. Consider the 
RNA triplet codon assignments that have been reported 
for the amino-acids icvolved', as listed in Table 2. We 
shall assume that these assignments are complete for 
each amino-acid. The problem is to designate a triplet 
which can be derived by a single base change from the 
RNA codon originally present at the nonsense position 
(the UGG codon for tryptophan), and which can be 
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Table 2 

Amino-acid a codons 
Try 
Glu.NH, vad Vag Aan AAC 
Glu UAG 

UAC gua’ 
Ser UUC UCC UCG ACG 
Leu ~ UUG UUC UCC UUA 
Lys AAA UAA 
Arg UCG CCG AAG ACG 


coding assignments are taken from Speyer et al. (ref. 5) and Nirenberg 
et al “rel. 5), and include all the RNA. triplets listed for each amino-acid, 
Only the composition, and not the sequence, is indicated for each triplet. 


transformed by a single base change into any of the 
codons for the known amino-acid substitutions at that 
position. If the substitution involving æ basic amino- 
acid, which could be either lysine or arginine, is assumed 
to be arginine, there are three possibilities for the com- 
position of the nonsense codon, UAG, UCG or AGG. If 
lysine is the basic amino-acid substituted, UAG emerges 
as the unique nonsense codon. 

Another way of deducing the composition of the non- 
sense codon is from the mutagenic specificity of hydroxyl- 
amine, the mutagen used to produce the H12 nonsense 
mutation’. Hydroxylamine appears to mutate cytosine 
to thymine in DNA (ref. 10). According to the informa- 
tion in Tables 1 and 2, the original DNA codon affected 
by the nonsense mutation is ACC, corresponding to the 
RNA codon UGG for the tryptophan residue at that 
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position. This codon should mutate to ATC with 
hydroxylamine, yielding as the RNA nonsense codon UAG. 

The present experiments involve one of many nonsense 
mutations in the structural gene for alkaline phosphatase. 
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- Do nonsense mutations at other sites generate the same 


nonsense codon, or is there more than one such codon 
that responds to the same set of suppressor genes ? 
Evidence on this point will be presented in a separate 
report. 

This work was supported by research grants from the 
U.S. National Science Foundation and U.S. National 
Institutes of Health. 
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GENETIC CODE: THE ‘NONSENSE’ TRIPLETS FOR CHAIN 
TERMINATION AND THEIR SUPPRESSION 


By Dr. S. BRENNER, F.R.S., Dr. A. O. W. STRETTON and Dr. S. KAPLAN 
Medica! Research Council, Laboratory of Molecular Biology, Cambridge, England 


HE nucleotide sequence of messenger RNA. is a code 

determining the amino-acid sequences of proteins. 
Although the biochemical apparatus which translates the 
code is elaborate, it is likely that the code itself is simple 
and consists of non-overlapping nucleotide triplets. In 
general, each amino-acid has more than one triplet 
corresponding to it, but it is not known how many of the 
sixty-four triplets are used to code for the twenty amino- 
acids. Triplets which do not correspond to amino-acids 
have been loosely referred to as ‘nonsense’ triplets, but 
it is not known whether these triplets have an information 
content which is strictly null or whether they serve some 
special function in information transfer. 

The evidence that there are nonsense triplets is mainly 
genetic and will be reviewed later in this article. A 
remarkable property of nonsense mutants in bacteria and 
bacteriophages is that they are suppressible; wild-type 
function can be restored to such mutants by certain 
strains of bacteria carrying suppressor genes. It was 
Yealized early that this implies an ambiguity in the 
genetic code in the sense that a codon which is nonsense 
in one strain can be recognized as sense in another. The 
problem of nonsense triplets has become inextricably con- 
nected with the problem of suppression and, in particular, 
it has proved difficult to construct a theory of suppression 
without knowing the function of the nonsense triplet. 

In this article we report experiments which allow us 
to deduce the structure of two nonsense codons as UAG 
and UAA. We suggest that these codons are the normal 
recognition signals in messenger RNA for chain termina- 
tion and, on this basis, propose a theory of their suppres- 
sion. 

Nonsense mutants and their suppressors. One class of 
suppressible nonsense mutants which has been widely 
examined includes the subset I ambivalent IT 


mutants?, the suppressible mutants of alkaline 
phosphatase’, the Ad or sus mutants of phage A’, 
and many of the amber mutants of bacteriophage 
T4 (ref. 4). These mutants have been isolated in various 
ways and the permissive (sut) and non-permissive (su~) 
strains used have been different. When isogenic bacterial 


strains, differing only in the su locus, are constructed, it 


can be shown that all these mutants respond to the same 
set of suppressors. ‘hey are therefore of the same class 
and we propose that all these mutants should be called 
amber mutants. 

We may now consider the evidence that these mutants 
contain nonsense codons. Garen and Siddiqi? originally 
noted that amber mutants of the alkaline phosphatase of 
Æ. coli contained no protein related immunologically to 
the enzyme. Benzer and Champe? also showed that the 
mutants exert drastic effects and suggested that amber 
mutants of the rII gene interrupt the reading of the genetic 
message. In the rIL genes, a deletion, 71589, joins part 
of the A cistron to part of the B cistron ; complementation 
tests show that this mutant still possesses B activity 
although it lacks the A function. It may therefore be 
used to test the effects of mutants in the A cistron on the 
activity of the B. Double mutants, composed of an A 
amber mutant together with 71589 did not have B activity 
on the su- strain; this effect is suppressed by the sut 
strain which restores B activity. This result is explained 
by our finding that each amber mutant of the head protein 
produces a characteristic fragment of the polypeptide 
chain in su~ bacteria®. More recently we have shown 
that the polarity of the fragment is such that it can only 
be produced by the termination of the growing polypep- 
tide chain at the site of the mutation®. In sut strains, 
both the fragment and a completed chain are produced, 
and the efficiency of propagation depends on which of the 
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Ala. Gly.(Val, Phe) Asp.Phe.Gin. Asp. Pro.l-e. Asp. lle. Arg... 


995: 


Wild Type 
H36 on Ala.Gly, Val. Phe.Asp. Phe. 
om su” , 
H 36 on Ala.Gly.Val. Phe Asp.Phe. 
suty 


and 


_Ala.Gly.Val.. Phe .Asp.Phe .Ser.Asp. Pro le.Asp.lle.Arg... 


Fig. 1. Amino-acid sequences of the relevant region of the head protein in wild-type TAD and in the amler mutant H86 on su and gutr strains 


suppressors is carried by the strain. In suty, the efficiency 


of propagation is about 65 per cent’, and the completed - 


chain contains a serine at a position occupied by a glut- 
amine in the wild type® as shown in Fig. 1. 

In addition to the amber mutants, there are other 
mutants, called ochre mutants, which are suppressed by a 
different set of suppressors’. Ochre mutants of the A 
cistron of rIT abolish the B activity of 11589. This effect 
is not suppressed by amber suppressors, which shows that 
the ochre mutants are intrinsically different from the 
amber mutants. 

Thus, nonsense mutants may be divided into two types, 
amber and ochre mutants, depending on their pattern of 
suppression. In Table 1, which is abstracted from a larger 
set of results®, it can be seen that strains, carrying the 
amber suppressors SUtI, SUtI, sutr and sutry, suppress 
different but overlapping sets of amber mutants, but do 
not suppress any ochre mutants. This is the feature which 
distinguished the two classes of mutants from each other. 
Table 1 also shows that ochre mutants are suppressed by 
one or more of the strains carrying the ochre suppressors 
sutp, suto, sutp and sutp. These suppressors are also 
active on various amber mutants, and we have not yet 
been able to isolate suppressors specific for ochre mutants. 
Table 1 also shows that the suppressor strains can be 
differentiated by the set of mutants they suppress. 


Table 1. SUPPRESSION OF riL MUTANTS BY sut STRAINS OF E, coli Hfr H(A) 


Amber suppressors Ochre suppressors 
SUtI Sut Ettr Buty suty suto sutp sutp 
Amber mutants 
rA HD1290 + 0 
poor poor 


poor 


riIB poor 


etotreotsao 

is 

Sottotot 
StOtoccsoco 


Ochre mutants 

THA HDi4s7 
N55 
X20 


N21 
r1IB  UV375 
860 


hy 

by 

8 

bo 
SOPSSSCOS F4+4+4+4+4++0F4 
00000000 F¢4+4+444+4+4+4+4 


OCOOOOOIOSD _ +t+0F0+000+ 
tott tott be REET HT 


SOOOSOoOoO — os -+ 
ri 
Coteroot+ 


Ottt+t+t+44 
oftotttoot+ 


875 
H F208 
N29 

Unhke some of the amber suppressors, all the ochre 
suppressors are weak™8, This has made the isolation of 
ochre mutants of the head protein impossible. We 
therefore do not know the molecular consequences of 
ochre mutants, but we shall assume that, like the amber 
mutants, they too result in chain termination. 

If we‘accept that both types of nonsense mutants result 
in termination of the polypeptide chain, we have to ask: 
at which level of information transfer is this effect exerted ? 
We have recently shown that it is likely that chain termina- 
tion occurs as part of protein synthesis, since both types 
of mutants vanish when the phase of reading of the 
genetic message is altered®. This leads us to conclude 
that amber and ochre mutants produce different triplets 


which have to be read in the correct phase and which are 
recognized as signals zor chain termination. 

Decoding of amber ard ochre triplets. We have done two 
types of experiments vhich allow us to deduce the struc- 
tures of the amber and ochre triplets. First, we studied 
the production and reversion of rII amber and ochre 
mutants using chemical mutagens. We show that the 
two triplets are connected to each other and that we can 
define their possible nucleotide compositions. Next, we 
investigated head prozein amber mutants, to define the 
amino-acids connected to the amber triplet. Comparison 
of these results with known. amino-acid codons allows us 
to deduce the structures of the amber and ochre triplets. 

The experiments wita rII mutants depend on the specifi- 
city of the mutagenic agent, hydroxylamine. This reacts 
only with cytosine im DNA, and although the exact 
structure of the product has not yet been defined, the 
altered base (called U`} appears to act like T with high 
efficiency, producing base-pair transitions of the G--C —> 
A--T typoto. Hence, response of any particular site of 
the DNA to hydroxylemine is evidence for the existence 
of a G—C pair at that site. Usually, phage particles are 
treated with hydroxplamine and, since these contain 
double-stranded DNA, the alteration of C occurs on only 
one of the strands. Ih any given gene, only one of the 
strands is transcribed Erto messenger RNA (ref. 11), This 
is the sense strand; it carries the genetic information 
proper and contains a nucleotide sequence which is the 
inverse complement cf the sequence of the messenger 
RNA. The other strend, the antisense strand, has the 
same sequence as the messenger. In a phage, treated with 
hydroxylamine, the altered base, U’, could be on either 
the sense or the antisense strand of the DNA. Since the 
rlI genes express their functions before the onset of DNA 
replication**, only sense strand changes will register a 
phenotypic effect in tke first cycle of growth; changes on 
the antisense strand, while still yielding altered DNA 
progeny, will go unex>ressed (Fig. 2). 

We can now examine the reversion properties of amber 
and ochre mutants. Champe and Benzer?! studied rever- 
sion of a large number of rI mutants using different 
mutagens. They noted that no amber mutant was induced 
to revert by hydroxylamine. Some of the mutants: they 
studied can now be identified as ochre mutants, and their 
results show that ochre mutants are equally insensitive to 
hydroxylamine. However, in their experiments, the 
treated mutant phages were plated directly on the bacterial 
strain which restricts the growth of rIZ mutants. They `’ 
could therefore detect sense strand changes only, and any 
mutation on the antisense strand would, not have been 
expressed. Strictly speaking, then, their results tell us 
that neither the ambe” nor the ochre triplet contains a 
C on the sense strand af the DNA, or, if any one does, it 
is connected by a C—> U change to another nonsense 
codon. To extend ths result and to recover all possible 
mutational changes, we grew the mutagenized phages 
in Ẹ. colt B, in which the rII functions are unnecessary, 
and then plated the progeny on strain K to measure 
reversion frequency. Table 2 shows that amber and 
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Fig. 2. Diagram illustrating the expression of the two types of G-C pairs (4) before and (B) after treatment with hydroxylamine 
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Table 2, REVERSION OF AMBER AND OCHRE MUTANTS AFTER ALLOWING 


DNA REPLICATION 


Reversion index x 10-7 


Control 30H 

amber mutants 5116 0 04 0:03 
HD26 0-1 0:2 
S24 0-4 0-9 
S99 0-1 01 

N19 0-15 0-13 

HDS 00 0-05 
HB282 Qi Q4 
ochre mutanta UV375 0-8 2°0 
60 06 0:8 
X27 0:3 0-5 
375 0-8 09 
X511 0-2 0°38 

UV256 1-0 236 


Phages were incubated in a solution of M NH,OH in 2 M NaCi and 0 05 M 
sodium phosphate (pH 7 5) for 2 h at 37°. The reaction was terminated by 
dilution into acetone broth. About 10° phage particles were used to infect a 
culture of Æ. cols B which was grown to lysis, and the progeny assayed on 
E, coh B and #. coli K12(4)}. The reversion index is the K/B ratio, The 
control was treated in the same way except that hydroxylamine was omitted 
The mutant U F256, which is not an ochre or an amber mutant, was used to 
check the efficacy of the mutagenic creatment. 


ochre mutants are not induced to revert by hydroxylamine, 
and we conclude that in neither mutant, does the triplet 
in the DNA contain G--C pairs, or, if a G—C pair is 
present, that triplet is connected by a G—C -> A—T 
transition to another nonsense codon. In other words, 
subject to the last important reservation, we can con- 
clude that the codons on the messenger RNA contain 
neither G nor C. 

However, we next discovered that ochre mutants can 
be converted into amber mutants by mutation. Since 
ochre mutants are not suppressed by amber suppressors, 
plating on strains carrying such suppressors selects for 
amber revertants. Wild-type revertants also grow, but 
the two can be distinguished by testing revertant plaques 
on the su-strain. Twenty-six rII ochre mutants have been 
studied and, of these, 25 have been converted into amber 
mutants. A sample of the results is given in Table 3, 
which shows that the mutation is strongly induced by 
2-aminopurine, as strongly as the reversion of the ochre 
mutant to wild type. Other experiments, not reported 
here, show that the mutations of ochre mutants both to 
the amber and to the wild type are also induced by 
5-bromouracil, but the induction is weaker than with 
2-aminopurine. These results prove that the amber 
and ochre triplets differ from each other by only one 
nucleotide base, and must have the other two bases in 
common. 2-Aminopurine is a base analogue mutagen 
inducing the transition A-~T = G—C in both directions". 


This tells us that one of the triplets has a G—C pair in the 
DNA. The experiment reported in Table 4 shows that 
ochre mutants cannot be induced to mutate to amber 
mutants with hydroxylamine, even after the treated 
phages have been grown in Æ. coli B. This shows that it 
is the amber triplet which has the G—C pair and the ochre 
which contains the A—T pair. 

Although the insensitivity of the mutants to reversion 
induction by hydroxylamine might suggest that they 
contain A-—T base pairs only, the conversion of ochre 
mutants to amber mutants shows that, in one position, the 
amber mutant contains a G—C pair. The other two bases 
must be common to both triplets, but we cannot conclude 
that both are A--T pairs. In fact, both could be G—C 
pairs and the triplets may be connected to other nonsense 
triplets by G—C -> A—T changes. However, we know 
that amber and ochre mutants can be induced. by hydroxyl- 


Table 3. MUTATION OF ochre MUTANTS TO amber MUTANTS 
Reversion index x 10-7 


Spontaneous 2-Aminopurine 
rILA cistron (wild type + ambers) wild type amber 
N55 0'5 830 280 
X20 0 05 100 2,100 
A872 1 300 2,100 
AX 362 0 06 340 1,500 
HD147 03 370 5 
riiB cistron 
X511 0-2 710 65 
N17 02 610 80 
SD160 06 380 390 
N29 10 3,900 330 
AP53 07 850 15 


Cultures of E, colt B in minimal medium with and without 2-aminopurine 
(600 ug/ml.) were inoculated with about 100 phages and grown to lysis 
These were plated on E. coli B and on E. coli K12(4) sut: About 50 induced 
revertants were tested on Æ cole K12(A) su” to measure the relative frequen- 
cies of amber revertants 


Table 4. INDUCTION OF THE ochre->amber MUTATION 
zpexemton index x 10-7? 


amber 
380 Control 06 0-2 
Hydroxylamine 0-8 0-3 
2AP 200 1,200 
U V875 Control 0'8 04 
Hydroxylamine 20 10 
2AP 660 140 
X27 Control 0-3 <01 
Hydroxylamine 10 05 
2AP 7-0 73 
375 Control 08 Ord 
Hydroxylamine 2-0 10 
2AP 400 1,700 


Hydroxylamine treatment and growth of the mutagenized phages, and 
2-aminopurine induction, were carried out as described in Tables 2 and 3. 
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amine from wild type. This proves that both triplets 
have at least one common A—T pair. 

We now present an experiment which shows that the 
amber triplet has two A—T base pairs, and which also 
establishes the orientation of the pairs with respect to the 
two strands of DNA. Let us suppose that the amber 
triplet in the messenger RNA contains a U. This corre- 
sponds to an A in the sense strand of DNA of the amber 
mutant, implying that the wild-type DNA contains a 
G in this strand and a C in the antisense strand. When 
the wild-type DNA is treated with hydroxylamine to 
alter this C the change is not effective and normal messen- 
ger is still made (Fig. 2, right). On the other hand, if the 
amber triplet in the messenger contains an A, the mutant 
will be induced by the action of hydroxylamine on a C 
in the sense strand of the wild-type phage DNA, and 
provided that the U’ produced acts identically to U in 
messenger synthesis, mutant messenger will be made. 
This argument has been tested by the following experi- 
ment. Wild-type T4r+ phages were treated with hydroxyl- 
amine to induce r mutants to a frequency of 1 per cent. In 
set B, the phages were then grown on #, coli B, in which 
the rII functions are not required, to recover all mutants. 
In set K, the phages were grown through E. coli K12(a) 
su-, to eliminate from the population all phages with an 
Immediate mutant expression. Amber and ochre mutants 
were then selected and mapped. Table 5 summarizes the 
results. About the same number of rI mutants were 
recorded in each set, and since these mutants show no 
difference in growth on the two bacterial strains, this 
. Shows that the results may be compared directly. It 

will be seen that amber mutants at the sites, N97, S116, 
S24, N34, X237 and HB232, recur many times in set B, 
but are absent or rarely found in set K. At other amber 
sites, such as HB118, HB129, EM84 and AP164, mutants 
occur with approximately equal frequency in both sets. 
The first class fulfils the expectation for a C — U change 
on the sense strand, while the second class must arise by 
C —> U changes on the antisense strand. This shows that 
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Table 5. HYDROXYLAMINE INDUCTION OF amber AND ochre MUTANTS 
A No of mutants rsolated 


Set B Set K 
rI 2,010 1,823 
Leaky or high reverting rII 720 508 
non-suppressible rII 1,144 433 
amber 319 121 
ochre 83 82 
Total 4,276 2,967 
B. Recurrences found at different sites 
Amber mutants Ochre mutants 
No. found at each site No. found at each site 
Site Set B Set K Site Set B Set K 
A astron A cistron 
HAB18 27 15 HD147 2 0 
C204 1 0 R F220 I 0 
97 44 1 H F240 1 0 
5116 31 2 N55 19 19 
11 3 3 X20 9 8 
S172 9 5 H F219 1 0 
S24 44 3 H F245 1 0 
HB128 14 25 N31 3 5 
S99 12 16 HM127 0 1 
N19 15 9 721 2 2 
N84 8 0 
B astron B cistron 
HE22 1 0 860 11 39 
EM84 29 21 U ¥375 2 Q 
HB74 16 5 N24 6 4 
3237 14 2 375 2 5 
AP164 28 12 N17 5 3 
H B282 21 1 H F208 1 2 
A417 1 0 N7 4 12 
H D231 1 1 N12 5 7 
A 234 6 2 
#191 1 0 
HE267 5 0 
A P53 2 2 


T4Brt was trezted with M hydroxylamine (see Table 2) for 2 h at 37° C. 
Survival was 50 per cent, and the bak nde ofr and mottled plaques, 1 per 
cent, 1-2x 10? phage particles were adsorbed to 10° cells of FE. coli B (set B) 
and to F. coli K12(A) suv (seb K} After 8 min, the infected bacteria were 
diluted a thousand-fold into 2 litres of broth, incubated for 35’ and lysed with 
CHCl. The burst sizes in both sets were 60 r mutants were isolated from 
each set using less than 2 ml, to ensure that the mutants selected had mostly 
arisen from independent events. These were picked and stabbed into B and 
K, and rI mutants and leaky mutants discarded. The rII mutants were then 
screened on sutill and sutB to select for amber and ochre mutants which 
were then located by genetic mapping. 
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the amber triplet in the messenger contains both an A 
anda U. The same should be true of the ochre mutants. 
However, as shown in Table 5, ochre mutants are not as 
strongly induced by hydroxylamine as are amber mutants, 
and we cannot separate the two classes with the same 
degree of confidence. Pevertheless, since we have already 
shown that the mutants are connected, it follows that the 
ochre triplet must also contain an A and a U. We conclude 
that the amber and ockre triplets are, respectively, either 
(UAG) and (UAA), or (UAC) and (UAU). If we had a 
strain which suppressed ochre mutants only, we could 
specify the third base by studying the induction of the 
amber —> ochre change with hydroxylamine. 

Fortunately, we can resolve the ambiguity by determin- 
ing the amino-acids to which the amber triplet ıs connected 
by mutation. In part.cular, we note that it should be 
connected to two and only two amino-acid codons by 
transitions, corresponding, in fact, to the two types of 
origin of the mutants dascribed here. The third codon to 
which it 1s connected Ly a transition is the ochre triplet. 
As mentioned earlier, the head amber mutant H36 has 
arisen from glutamine (Fig. 1). This mutant was induced 
with hydroxylamine. We have evidence that two other 
mutants, #161 and B278 induced by 2-aminopurme and 
5-bromouracil respectively, have arisen from tryptophan. 
In a recent study of two amber mutants of the alkaline 
phosphatase, Garen and Weigert! found one mutant to 
arise from glutamine and the other from tryptophan; 
and Notani ef al.” hav> found an amber mutant to arise 
from glutamine in the RNA phage f2. In addition, we 
have examined 2-amimopurine induced revertants of 
10 different head amber mutants. Ten to 12 independently 
induced revertants of each of the mutants have been 
screened for tryptophar containing peptides by examining 
the “4C-tryptophan lakelled protein. Among a total of 
115 revertants, 62 are so tryptophan. Determination of 
glutamine involves sequence analysis and takes more 
time. So far, among the remaining 53 revertants, glutamine 
has been identified in one revertant of H36. These results 
suggest that the two anmno-acids connected to the amber 
triplet are glutamine and tryptophan. If the amber 
triplet is (OAC), then one of these must be (CAC) and the 
other (UGC); if it is (UAG), then the corresponding codons 
are (CAG) and (UGG). Nirenberg et al! have shown that 
poly AC does not code for tryptophan, but does for 
glutamine. However, taoy find that the triplet for glut- 
amine clearly has the composition (CAA) and is definitely 
not (CAC). Since this latter triplet corresponds neither 
to glutamine nor to tryatophan we can eliminate the first 
alternative. We note with satisfaction that (UGG) is 
the composition of a codon assigned to tryptophan’ 17, 
and this assignment of (UAG) to the amber triplet suggests 
that glutamine is (CAG). 

We can also make a reasonable assignment of the order 
of the bases in the triolet. Our original argument was 
based on deductions from a few known triplets and from 
amino-acid replacemens data; ıt will not be given here. 
The order of the bases follows directly from a recent 
demonstration by Nirenberg et al.18 that the triplet CAG 
does, in fact, correspond to glutamine. The amber 
triplet is therefore UAG and the ochre triplet UAA. 
This assignment is supported by the following additional 
evidence. We have found a tyrosine replacement in 
21 independent spontaneous mutants of the head amber 
mutant, H36 (ref. 19). This change must be due to a 
transversion. because we have already accounted for all 
the transitions of the ember triplet. In support of this, 
we find that the change is not induced by 2-aminopurine. 
There are six possible transversions of the amber triplet, 
namely, AAG, GAG, DUG, UCG, UAU and UAC. It has 
recently been shown. thet both UAU and UAC correspond 
to tyrosine*® which conirms the order. The spontaneous 
revertants of the amber mutants to leucine, serine and 
glutamic acid found by Weigert and Garen?! are further 
evidence for the assignment. UUG, a transversion of the 
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amber triplet, does,in fact code for leucine*, and reasonable 
allocations for serine and glutamic acid are UCG and GAG, 
respectively. Weigert and Garen™ also find revertants 
of an amber mutant to either lysine or arginine. This 
may be the final transversion expected since AAG is a 
codeword for lysine”. 

It should be noted that m the foregoing discussion it 
has been tacitly assumed that the amber and ochre signals 


are triplets. Examination of revertants of amber mutants - 


has supported this assumption, since in 41 independent 


revertants of H36 the amino-acid replaced is always at- 


the site of mutation, and never in adjacent positions. The 
21 revertants that Weigert and Garen?! isolated reinforce 
this conclusion. 

Function of amber and ochre triplets and the mechanism 
of suppression. According to present-day ideas of protein 
synthesis, it is expected that the termination of the 
growth of the polypeptide chain should involve a special 
mechanism. Since the terminal carboxyl group of the 
growing peptide chain is esterified to an sRNA (ref. 23), 
chain termination must involve not only the cessation of 
growth, but also. the cleavage of this bond. Since the 
amber mutants have been shown to result in efficient 
termination of polypeptide chain synthesis, it is reason- 
able to suppose that this special mechanism may be 
provided by the amber and ochre triplets. 

We postulate that the chain-terminating triplets UAA. 
and UAG are recognized by specific sRNAs, just like other 
codons. These sRNAs do not carry amino-acids but a 
special compound which results in termination of tho 
growing polypeptide chain. There are many possible 
ways of formulating the mechanism in detail, but all are 
speculative and will not be considered here. The essential 
feature of this hypothesis is to make the process of chain 
termination exactly congruent with that of chain 
extension. ~ 

In suppressing strains, a mechanism is provided for 
competing with chain termination; it is easy to visualize 
this process as being due to two ways of recognizing the 
nonsense codon—one by the chain-terminating sRNA, 
and the other by an sRNA carrying an amino-acid. Mechan- 
isms of suppression can be classified according to which 
sRNA carries the amino-acid to the nonsense codon. 

Alteration in the recognition of the chain-terminating 
sRNA might allow the attachment of an amino-acid to 
this sRNA. This could be brought about either by 
modifying normal activating enzymes so as to widen their 
specificity, or by changing the chain terminating sRNAs 
to allow them to be recognized by activating enzymes. 

Another possibility is that the region of an amino-acyl 
sRNA used for triplet recognition is modified so that it 
can recognize the nonsense triplet. Clearly, this alteration 
must not affect the normal recognition of its own codon by 
the amino acyl sRNA because such a change would be 
lethal. Either there must be more than one gene for the 
given sRNA, or else the change must produce an ambiguity 
in the recognition site so that it can read both its own 
codon and the nonsense codon. Such ambiguity could 
result not only from mutation in the sRNA ‘gene but also 
by enzymatic modification of one of the bases in the 
recognition site. The ambiguity, however, must be 
narrowly restricted to prevent the suppression from 
affecting codons other than the amber and ochre triplets. 
Moreover, the amino-acids which are inserted by the 
amber suppressors must be those the codons of which are 
connected to UAG. Jt should be noted that this condition 
is fulfilled by sutı which inserts serine, since serine has been 
found as a reversion of an amber mutant. This theory does 
not easily explain the ochre suppressors. Since these 
recognize both amber and ochre mutants the sRNA must 
possess this ambiguity as well. 

Another quite different possibility for suppression that 
has been considered is that the suppressors alter a com- 
ponent of the ribosomes to permit errors to occur in the 
reading of the messenger RNA (ref. 24). This is probably 
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the explanation of streptomycin suppression™, but 
suppression of amber and ochre mutants cannot be readily 
explained by this theory. It is scarcely likely that such 
@ mechanism could be specific for only one or two triplets, 
and for this reason it might be expected to give us sup- 
pression of mutants which are not nonsense, but missense, 
and this has not been found?®. Moreover, the efficiency 
of amber suppression argues strongly against such amechan- 
ism. It is unlikely that a generalized error in reading 
nucleotides could produce the 60 per cent efficiency of 
suppression found for sutr without seriously affecting the 
viability of the cell. 

It is a consequence of our theory that normal chain 
termination could also be suppressed in these strains. 
Since the amber suppressors are efficient we have to intro- 
duce the ad hoc hypothesis that the UAG codon is rarely 
used for chain termination in Escherichia colt and bacterio- 
phage T4 and that UAA is the common codon. This is 
supported by the fact that all ochre suppressors thus far. 
isolated are weak’?-*, Another possibility is that neither 
is the common chain terminating triplet. We cannot 
exclude the existence of other chain terminating triplets 
which are not suppressible. 

To summarize: we show that the triplets of the amber 
and ochre mutants are UAG and UAA, respectively. We 
suggest that the ‘nonsense’ codons should be more properly 
considered to be the codons for chain termination. In 
essence, this means that the number of elements to be 
coded for is not 20 but more likely 21. We propose that 
the recognition of the chain-terminating codons is carried 
out by two special sRNAs. 

We thank our colleagues for their advice, and Dr. M. 
Nirenberg for allowing us to quote his unpublished results. 
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TEMPLATE DEOXYRIBONUCLEIC ACID AND THE CONTROL OF 
REPLICATION 


By BARBARA HATCH ROSENBERG and LIEBE F. CAVALIERI 


Sloan-Kettering Division, Graduate School of Medical Sciences, Cornell Unive-sity, New York, N.Y. 


HE possibility that the trigger for synthesis of DNA 

might involve the conversion of pre-existing DNA to 
a ternplate form has often been suggested (for example, 
review by Lark}, but lack of evidence for such a form 
has precluded further investigation. We have recently 
discovered a metastable form of DNA which appears to 
act as the template for intracellular DNA synthesis*. In 
this state the interbase hydrogen bonds are largely broken, 
but the helical structure of the DNA molecule 1s main- 
tained. The structure collapses in vitro when the cells are 
lysed under certain special conditions; but more com- 
monly the hydrogen bonds reform and the normal helix 
is obtained after lysis*. It is for this reason that there had 
been no earlier evidence for a templating region in the 
isolated genome, even though that region must often be 
rather large. Since DNA is not in the metastable form 
(which we shall herein consider to be the template form) 
when it is not replicating’, the conclusion is inescapable 
that, as envisioned, the initiation of replication must 
involve the formation of ‘template’ DNA as one of the 
crucial initiating events. 

During replication, only a part of the DNA of each cell 
is in the metastable form at any one time. This can be 
deduced from the fact that we have never observed more 
than about 25 per cent metastable DNA in cultures of 
E. coli, in which DNA synthesis proceeds continuously in 
each cell at a fairly constant rate (probably within a 
factor of 2)>4. If all the unreplicated parental DNA of 
the cell were in the template form one would always 
find about 39 per cent metastable DNA in log-phase Æ. 
colt cultures, regardless of the doubling time (since it has 
been shown that during random exponential growth with 
a constant rate of DNA synthesis, a 39 per cent merease 
in DNA is required to complete the replication cycles in 
progress at any moment’). On the contrary, we have 
also found that the percentage of metastable DNA in 
such cultures does vary with the rate of DNA synthesis’. 
Therefore, the genome must be converted gradually to 
the metastable form during replication. This has the 
feature that a minimum amount of DNA need be involved 
in replication at any instant, thereby freeing the remainder 
for other functions. 

Given these circumstances, it is difficult to avoid 
attributing to the individual cell a relationship between 
the amount of metastable DNA and the rate of DNA 
synthesis, similar to that found in random cultures. 
Hence, the amount of template DNA in ẹ single cell, like 
the rate of DNA synthesis, is probably relatively con- 
stant during a single replication cycle; but in the long 
run the absolute amount of template in a cell, like the 
absolute rate of synthesis, is subject to change. This 
suggests that the amount of DNA in the template form 
may be a major factor in determining the rate of DNA 
synthesis. If templating is the slowest step in replication 
it would seem desirable that the growing point (a very 
small region in which internucleotide covalent bonds are 
formed) be preceded by a relatively large region engaged 
in gathering and ordering the precursors. The larger the 
templating region, the sooner will all sites be filled and 
thus the faster the rate of bond formation (that is, DNA 
synthesis). 

Further support for these inferences has been obtained 
from an experiment in which we attempted to interrupt 


template formation by halting DNA synthesis’. This was 
done by starving a log-phase culture of E. colt 15r. for 
thymine. Samples wer> lysed periodically in such a way 
that any metastable DNA present was denatured and 
could be observed by equilibrium centrifugation in a 
density gradient’. We ound that the fraction of DNA in 
the metastable form (14 per cent) remained the same 
during thymine starvation as it was previously during 
logarithmic growth in zomplete synthetic medium, even 
though the rate of ENA synthesis decreased greatly. 
This contrasts with th2 parallel decreases ın metastable 
DNA and synthesis of DNA which had been observed in 
other experiments’. Tae thymine starvation experiment 
differs from the others, however, in that DNA. synthesis is 
instantly shut off, whereas under other conditions there 
is a gradual adjustment to progressively lower rates of 
synthesis. When thymine was again supplied to the 
culture after starvation for 125 min, DNA synthesis in 
the non-viable cells (99-5 per cent had undergone thymine- 
less death) resumed immediately and continued for about 
85 min. It then slowed to a halt, this time with a con- 
comitant drop in the metastable fraction, in accord with 
our earlier observations. 

We interpret these results as indicating, first, that 
template DNA is a stable entity in vivo and only the act 
of replication causes it to revert to normal DNA; secondly, 
that the template CNA which was present during 
starvation was formed by irreversible events which 
occurred before the removal of thymine. There was no 
further accumulation cf template during starvation. At 
the time that thymine was removed, nearly all the cells 
were engaged in DNa replication’. We can deduce, 
therefore, that thymine is needed for any continuation of 
template formation, ard not merely for the initiation of 
a cycle. This requirement could mean that thymine or 
one of its derivatives per se is involved in a continuous 
template-forming process; or, more probably, that 
thymine behaves merely as an essential substrate the 
presence of which permits replication to proceed. The 
latter implies that, ones initiated, the entry of DNA into 
the template state is self-regulating; a segment of the 
genome enters that state only when another, having 
replicated, leaves it. ‘This necessitates the formation of a 
fixed amount of template in order to initiate replication. 
Afterwards the templase, although undergoing turnover, 
will remain constant in amount throughout the cycle. 

To allow for the changes in amount of template and 
rate of DNA. synthesis which we have observed under 
changing growth conclitions?, the template form of 
DNA must disappear at the end of each replication 
cycle so that the next cycle can be re-initiated by the 
formation of an amouns of template related to the growth 
potential of the cell at that time. As a result, the 
rate of DNA synthesis should not respond to environ- 
mental changes that affect the growth rate until pre- 
viously initiated replication cycles have been completed. 
This accounts for the enomalously large amount of tem- 
plate present while replication was blocked by thymine 
starvation. The results of media-shift and other experi- 
ments with bacteria ara also consistent with this require- 
ment’?:*, Maaløe’, in fact, has found only two classes of 
cells during the transition period in the new medium: 
one synthesizing DNA at the pre-shift rate, and the other 
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at the new rate. The rates of RNA and protein synthesis, 
on the other hand, respond almost immediately to change 
in environment. Clearly it is the initial template- 
forming event(s) rather than the amount of template 
itself that is directly coupled to the rate of cell growth. 
By determining the time of appearance and the amount 
of template, which in turn specify the DNA synthetic 
rate, the template-forming event could serve as the link 
connecting DNA synthesis to the growth rate. 

Although there is no direct evidence regarding the 
mechanism by which DNA is initially converted to the 
metastable template form, the aspects of the regulation 
of DNA replication presented here greatly restrict the 
range of possibilities. The metastable template form of 
DNA which we have observed requires the existence of 
some factor which disrupts interbase hydrogen bonds in 
a reversible manner?. The necessary factor must appear 
periodically rather than continuously if the production of 
template is to initiate DNA synthesis. It must affect 
only part of the genome at a time, the amount affected 
being related to the growth rate. The initial interaction 
must always occur at the same site(s) on the genome, 
since replication has a fixed origini’. The factor must 
progress from one segment of the genome to the next 
only when the former has replicated, and it must dis- 
appear at the end of the replication cycle. 

The extreme degree of localization required for the 
hydrogen bond-breaking factor rules out small, pervasive 
molecules or ions. The most likely candidate is a protein, 
which would have the further advantage of being con- 
trollable by a standard mechanism such as induction 
(thereby avoiding any need for a unique type of regulation 
in DNA replication). Felsenfeld et al. have demonstrated 
that a protein can possess the necessary ability to də- 
stabilize DNA, that is, to break its hydrogen bonds. 
Specifically, they found that native ribonuclease interacts 
with DNA in vitro to lower its melting pomt drastically. 
Walker and Chamberlain” have evidence that a similar 
phenomenon occurs intracellularly m boar sperm, which 
appears to contain a DNA-protein complex of extra- 
ordinarily low melting point. Spitkovskii!’, in an entirely 
different kind of investigation, concluded from the 
flexibility of isolated nucleoprotein fibres and molecules 
that many of the hydrogen bonds in the DNA component 
are reversibly broken under physiological conditions. 

Moreover, there is considerable evidence that prior, but 
not concurrent, protein (or possibly RNA) synthesis is 
required for each round of DNA replicationt*4, The 
required protein is not a kinase or a DNA polymerase 
of the types which have been examined in vitro, for these 
enzymes have been found in cells in which DNA synthesis 
was prevented by lack of protein synthesis. This fact 
led Billen! several years ago to suggest that the required 
protein might be some kind of unstable ‘activator’ that 
converts DNA to a hypothetical ‘primer’ form. Although 
we believe that there must indeed be some such factor 
and that it is probably a protein, we suspect that the 
substantial amount of protein synthesis that inevitably 
precedes DNA synthesis in the systems examined®:4 ig 
more concerned with reaching a state in which production 
of a destabilizing factor is possible than with elaborating 
the factor itself. The restrictions already listed here 
indicate that the necessary amount of destabilizing factor 
is so small that its synthesis could not have been detected. 
Synthesis of such a protem might well be unaffected by 
the usual methods for preventing net synthesis of protein. 
The fact that its production must be linked to the overall 
state of the cell, however, provides an explanation for the 
observed protein synthesis. Various possibilities present 
themselves, among them the gradual accumulation of an 
inducer, or, if the destabilizing protein is synthesized 
continuously but in an inactive form, of an activating sys- 
tem of some kind. In any event, the destabilizing protein 
production system must be complex, for its potential is 
built up continuously, in proportion to total synthesis, 
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but expressed periodically, during a discrete period just 
before DNA replication. 

The elimination of the destabilizing protein at the end 
of the replication cycle could be accomplished simply 1f: 
(a) the active protein were unstable except when com- 
plexed with DNA (for example, ıt might be sensitive to a 
soluble protease, or it might dissociate); (6) the protein 
were unable to interact with newly synthesized DNA. 
The properties of DNA are indeed somewhat altered just 
after replication**; one might speculate that a temporary 
association between the two daughter molecules prevents 
certain other interactions. Thus, the protein would be 
constantly displaced to unreplicated portions of the genome 
until all had replicated. It would then be destroyed. 

The postulated instability of the destabilizing protein, 
as well as its fixed imitial locus, imply that it must be 
formed in rather close proximity to the DNA with which 
it is to interact. When there is more than one chromo- 
some, each would require a nearby source of the active 
protein. This suggests that each chromosome possesses 
at least one gene specifying destabilizing protein, which, 
being made in the vicinity of the gene, complexes first 
with that portion of the DNA and proceeds from there. 
Such a situation could account for the genetically 
determined order of replication of chromosome segments?’. 
Moreover, it would explain why certain fragments of the 
genome (and the various episomes) are capable of in- 
dependent replication, while others, presumably lacking 
the destabilizing protein gene, are not. No structural 
specificity need be invoked, either in the protein or in its 
site of interaction on the DNA, to account for its restricted 
behaviour; rather, the specificity resides in the physical 
location of its synthesis and the instability of the protein. 
Some differences among the various destabilizing protein 
genes, however, would enable them to be controlled 
independently as suggested by such a phenomenon as lyso- 
genic immunity. Our hypothesis implies, for example, 
that Immunity may involve a virus-produced repressor of 
only the homologous destabilizing protein. 

The synthesis of DNA with a native primer in vitro, in 
the apparent absence of any destabilizing protein, must 
be accounted for. Experiments in this laboratory (un- 
published) indicate that E. coli DNA. polymerase itself 
probably does not destabilize DNA. There are, of 
course, always small regions lacking hydrogen bonds in 
native DNA at 37° (ref. 18); if the reaction in vitro is 
limited to these regions, which may be increased by 
fraying at the single-strand scissions required for primer 
activity!®, the reaction should be very much slower than 
it is in vivo. It is, in fact, at least 2,000 times slower*®. 
Furthermore, the synthetic reaction observed under in 
vitro conditions probably differs somewhat in mechanism 
from in vivo replication*!, and may more closely resemble 
a repair process. The repair gaps in one strand, using the 
unpaired region of the complementary strand as template, 
would not require destabilizing protein. According to our 
hypothesis this would free the repair mechanism from any 
correlation with the cell cycle, allowing damage to be 
repaired continuously, as it apparently is**, even under 
conditions where replication is halted for lack of protein 
synthesis**. The same polymerase could nevertheless 
catalyse both repair and replication. 

The behaviour of a template form of DNA in vivo 
suggests that the conversion of DNA to that form 
initiates replication; the amount of template is probably 
rate-determining. The template appears to be produced 
by the interaction of DNA with a destabilizing factor 
which breaks interbase hydrogen bonds. The limitations 
imposed by the data have suggested the following hypo- 
thesis: a specific, DNA-destabilizing protein is synthesized 
as a discrete event before each replication cycle, initiating 
replication by interacting with DNA to produce the 
metastable template form. The amount of the protein is 
related to the cell growth rate; it determines the amount 
of template DNA, and hence the rate of DNA synthesis. 
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-The protein is displaced from each section of the genome 
_. during its replication and goes on to interact with another, 
< until all the DNA has replicated. It is unstable when 
> not complexed with DNA, and is therefore destroyed 
when replication is complete. 
This work was supported in part by the National Cancer 
Institute, National Institutes of Health, U.S. Public 
~ Health Service (grant CA-03190-08), and the Atomic 
Energy Commission (contract AT(30-1)-91). 
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FINE STRUCTURAL DEMONSTRATION OF PHOSPHATASE 
ACTIVITY AT pH 9 


By Da. AKIRA MIZUTANI* and Pror. RUSSELL J, BARRNETT 


Department of Anatomy, Yale University School of Medicine, New Haven, Connecticut 


HE fine structural examination of the localization of 
enzyme activity with a high alkaline pH optimum 
has thus far been approached only in a tangential manner. 
Usually lead ions have been used as the capture reagent, 
but investigations of the localization of the activity of 
alkaline phosphatase!, or of several specific adenosine 
triphosphatases*~* which have a high alkaline pH 
optimum, have been conducted below pH 8, since at higher 
pH’s a precipitate of lead hydroxide forms. Alternatively, 
Catt has been used as capture reagent with frozen dried’ or 
cryostat sections’; or after incubation with Ca*+, the final 
product, calcium phosphate, has been substituted with 
lead or silver ions®?. The low alkaline pH methods are 
below the pH optimum and, because of the lack of sub- 
-strate specificities with some phosphatases, clear identity 
of the enzyme cannot always be established. The alterna- 
= tive methods are usually unsatisfactory since in most 
cases the morphological preservation of fine structural 
detail in frozen dried tissue is inadequate and the substitu- 
= tion reaction requires two steps, which increases the 
opportunity for diffusion of final product. 
The work recorded here was initiated in an attempt to 
- find a capture reagent for enzyme localization at a fine 
© structural level that could be used for the range of pH 
9-10, Cadmium ions (atomic number 48 and atomie 
yeight 112-4) were found to be a satisfactory capture 
‘reagent at this pH. A white precipitate is rapidly formed 
phosphate in the alkaline pH range. Although 
cadmium phosphate is soluble at acid pH’s, it remains 
insoluble in water and in organic solvents used for dehydra- 
‘tion and embedding for electron microscopy. Cadmium 
‘phosphate, contrary to calcium phosphate, was suffici- 
antly electron-opaque to be visualized with the electron 
microscope in tissues fixed in osmium tetroxide after 
‘incubation, thereby allowing visualization of the sites of 
‘reaction in relation to fine structural detail. 
© For the incubation procedure, the substrate mixture 
used for the demonstration of alkaline phosphatase activ- 
ity contained: 2 ml. of 5 per cent sodium barbital solution, 
>> l ml. of 0-1 M magnesium chloride solution, 0-5 ml. of 
0-1 M cadmium acetate (final concentration 5 mM), 
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distilled water to make a final volume of 10 ml., and 
20 mg §8-glycerophosphate. The pH of the sub- 
strate mixture is approximately 9-5 and it is a clear 
solution, provided it contains less than 10 mM cadmium 
acetate and the cadmiurn solution is made up fresh before 
use (presumably cadmium carbonate forms on prolonged 
standing). Although sodium barbital is not an effective 
buffer at this pH range. no significant change in pH. was 
noted as a result of incubation. Barbital as well as 
‘Amediol’ (2-amino-2 naphthol-1,3-propandiol), glycine 
or tris (hydroxy methyl amino methane) buffers were not 
used since they formed a turbid precipitate with Cd**. 
Thick (402) and thin (POu) frozen sections of rat tissue, 
fixed in 2-4 per cent buffered glutaraldehyde’, were 
incubated in the substrate mixture for 5-15 min at room 
temperature. Just before incubation, the sections were 
washed briefly with 5 per cent sodium barbital and, after 
incubation, the tissues were washed briefly with water. 
The thick (404) sections, used for electron microscopy, 
were then immersed in 25 per cent ethyl alcohol for a few 
minutes prior to refixation for less than 2 min with a 
freshly prepared alcoholic solution of osmium tetroxide 
(equal parts of ethyl acohol and buffered 1 per cent 
osmium tetroxide, pH 7:4). Use of alcohol osmium 
tetroxide for refixation purposes was an important 
finding which solved two problems. In the first 
place, this fixation obviated the partial dissolution 
of the cadmium phosphate caused by routine 1-2 per 
cent osmium tetroxide fixation. Secondly, this pro- 
cedure also obviated the prolonged refixation in osmium 
tetroxide that is necessary with tissues first fixed in 
glutaraldehyde so that membranous differentiations of 
cells can be visualized. The thick, incubated, refixed 
sections were then dehydrated in graded concentrations 
of ethanol and embedded in ‘Epon’. Thin sections of 
this material were examined with an RCA EMU 3F 
electron microscope. 

For light microscopic examination, the 10y frozen 
sections were incubatec, washed and then immersed 
successively for several minutes in 2 per cent solution of 
lead nitrate, acidified water and in a 1 per cent solution of 
sodium sulphide. These procedures were necessary since 
neither cadmium phosshate nor cadmium sulphide 
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Fig. 1. Alkaline phosphatase activity confined to plasma membrane 
covering the brush border (seen in cross longitudinal sections) of the 
proximal convuluted tubule of the kidney (=x 29,500) 





is found in relation to Infolded basal 


Fig. 2. Spotty enzyme activit 
ule cells ( » 25,000) 


membranes of t 


was visible with the light microscope. Although the one- 
step reaction was required to obtain cytological results 
for electron microscopy, the conversion steps to lead 
sulphide, which potentially create diffusion artefacts, 
were satisfactory for histological results for light micro- 
scopic studies. The distribution of reaction at a histo- 
logical level was the same with this method as that 
obtained with the calcium method of Gomori" and 
Takamatsu!?, Control experiments, which gave negative 
results with both the light and electron microscopes, 
consisted of incubating tissues in media lacking substrate, 
or regular incubation of tissues in which enzymatic activity 
was destroyed by prolonged fixation in 1 per cent osmium 
tetroxide. 

During investigations with the electron microscope, cells 
of the proximal convoluted tubule were used as a model 
system. Absorptive cells of the small intestine, which 
have an alkaline phosphatase associated with the striated 
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borders as well as with the Golgi apparatus, were not 
selected since clean controls could not be obtained. 
Presumably Cd*+ reacted with lipid particles between, 
on, or in the microvilli}, Alkaline phosphatase activity 
was localized by discrete deposition of final product at 
the brush border to the membranes covering the micro- 
villi (Fig. 1). The unit membranes lining apical, tubular 
invaginations and vesicles, which were continuous with 
the membranes covering microvilli, also showed activity. 
Final product was also deposited in relation to basal 
infolded membranes (8-cytomembranes) (Fig. 2), but 
these were less active than those of the brush border. 
All other constituents of the cells of the proximal 
convoluted tubule were unreactive except for the 
denso bodies (lysosomes) which showed slight activity 
even at this pH and are known to contain acid phos- 
phatase. 

In the glomeruli the reaction product was confined to 
the epithelial cells, usually to the basal portion of the 
plasma membrane of the podocytes which faced the 
unreactive fenestrated endothelial cells of glomerular capil- 
laries (Fig. 3). Contrary to the lack of reaction of fene- 
strated endothelial cells in the kidney, unfenestrated 
capillary endothelium of heart muscle showed activity 
confined only to the pinocytic vesicles (Fig. 4). 

The findings recorded here of the fine-structural local- 
ization of alkaline phosphatase activity in the kidney 
confirm some of the results of others! who used different 
methods. It should be noted that some of the sites of 
alkaline phosphatase activity (for example, basal infolded 
tubular membrane, surface of erythrocytes and pinocytic 
vesicles of endothelial cells) also showed nucleoside 
phosphatase activity (hydrolysis of nucleoside triphos- 
phate at pH 7-2 but not glycerophosphate)'-"”. Whether 
one or more than one phosphatase resides at these fine- 
structural sites cannot be assessed from the present 
information without selective inhibition investigations, 
but the possibility of several phosphatases at the same 
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Fig. 3. Section through renal glomerulus. Activity is confined to the 
basal surface of the podocytes of the epithelium which faces the unreac- 
tive fenestrated cap (x 29,500) 
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Fig. 4. Section of endothelial cell of heart capillary. Enzyme activity 

occurs on the ace of pen opponents ytic in 

tion and vesicles of the endo cell (centre), Muscle cell (left) is 
inactive ( x 68,000) 


NATURE 


1003 


fine-structural site renains strong. In addition, it is 
also possible that tae nucleoside phosphatases also 
hydrolysed glycerophesphate non-specifically at pH 9. 
The entire surface membrane covering the podocytes in 
the glomerulus showed nucleoside phosphatase activity’, 
but only the membrene covering the basal portion of 
the podocyte showed alkaline phosphatase activity. 

The present cadmiura method which effectively demon- 
strated alkaline phosphatase activity at high alkaline 
pH-levels has also been used to demonstrate adenosine- 
triphosphatase activity at pH 9 in striated myofibrils, in 
filaments of sperm flagella and in combination with lead 
methods to show the sises of different phosphatases of the 
placenta’. 

This work was supperted by grants from the National 
Institute of Archritis amd Metabolic Diseases (AM/—03688) 
and the Naticnal Carcer Institute (TJCA-5055), U.S. 
Public Health Service. 
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A MODEL OF SISTER-STRAND CROSSING-OVER 


By Pror. CHARLES H. UHL 
Department of Botany, New York State College of Agriculture, Cornell University, Ithaca, New York 


NEW model accounts for classical (intergenic) 
crossing-over by certain conclusions and assumptions 
concerning chromosome structure and replication and the 
sequence of events during meiosis’. No special breakage 
of chromatids or of DNA polynucleotides is required. 
The chromosome is considered to consist of a tandem 
series of DNA double helices connected by links (or 
‘linkers’ ), presumably of residual protein (Fig. 14), more or 
less as proposed by Freese’, Taylor* and De®. Since the 
DNA is distributed semi-conservatively not only at the 
molecular level but also at the level of the chromatid 
visible in the optical microscope’-*, some sort of orderly 
behaviour on the part of successive links is clearly required. 
Most of these models*-* account for this by proposing 


that links are attached, always by the same type of 


chemical bond, to only one polynucleotide of the double 
helix on each side, and that their distribution to the sister 
chromatids during chromosome replication is strictly 
alternate. With this type of chromosome model Freese* 
suggested that sister-strand crossing-over occurs during 
chromosome duplication when an original link detaches on 
one side from its original DNA strand and simultaneously 
attaches to the similar new strand just assembled by its 
reciprocal. 

The new model assumes that during early interphase 
each link is bonded to both polynucleotide strands of the 
DNA double helices on each side (Fig. 1A). Immediately 
prior to synthesis of new DNA, one strand becomes 
detached from each side of each link (Fig. 1B). Theoretic- 


ally these could be either: (1) the two strands attached to 
the link by similar (3’ o7 5’) molecular ends, or (2) the two 
strands having the same polarity, either centrifugal (3 
ends oriented away from the kinetochore) or centripetal. 
The model further assumes that the original links are 
distributed at random to either daughter chromatid, with 
the restriction only that normally each link is similarly 
and consistently connected to DNA strands (by either 
theoretical pattern) on Ès opposite sides. Probably as the 
original strands separate, new reciprocal polynucleotides 
are assembled (Fig. 1C); by the end of interphase new links 
are incorporated at the open sites (Fig. 1D); and the sister 
chromatids are then separated by mitosis. 

Chromosome replicat.on for meiosis occurs in exactly 
the same way as for mtosis except that synapsis occurs 
before some or all of the new links have been incorporated 
into the chromatids (that is, while each homologue is 
in the condition shown n Fig. 1C). Where corresponding 
open link-sites of two homologous chromatids are favour- 
ably aligned after synepsis, a pair of new links can be 
incorporated so that they reciprocally connect successive 
DNA double helices belonging to different homologues, 
accomplishing crossing-ever. Since the original links were 
distributed at random, at differont sites either daughter 
chromatid of one homclogue may cross-over with either 
chromatid of the other depending on the proper juxta- 
position of open link-sites. Thus the model permits the 
free and direct occurrence of three- and four-strand 
multiple crossing-over. This contrasts with the case in 
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The same models of chromosome replica- 
tion, both unineme and multi-stranded, 
also suggest a simple explanation for 
sister-strand crossing-over, both at mitosis 
and at meiosis. If occasionally during 
chromosome replication a link violates the 
rule and retains unlike connexions with 
the polynucleotide strands on its opposite 
sides (that is, by unlike chemical bonds, 
if the normal pattern is by similar bonds, 
or, alternatively, to strands of opposite 
polarity, if the normal behaviour is to 
retain those with similar polarity), at that 
point the pattern of old and new DNA 
strands in the sister chromatids is reversed 
and this is precisely equivalent to sister- 
strand crossing-over. In classical labelling 
experiments, where tritiated thymidine is 
incorporated into the DNA made during 
only the first of two nuclear cycles’-*", 
such a ‘misconnected’ link (Fig. LZ) pro- 
duces a single sister-chromatid exchange 
if it occurs during the second (non-tritiated) 
DNA synthesis (Fig. LA-G). However, 
a misconnexion during the first (tritiated) 
DNA synthesis (Fig. 1H—K), followed by 
blocking of anaphase as by colchicine (and 
if not complicated by additional miscon- 
nexions during the second cycle), leads to 
tetraploid cells in which two similar 
pairs of sister chromatids have identical 
sister-strand cross-overs (Fig. 1N). 

Taylor attributed these ‘twin’ ex- 
changes to breakage and recombination of 
two sister chromatids during the first 
nuclear cycle. Wolff'* considered that 
Taylor’s data on the relative frequency of 
twin and single exchanges are best inter- 
preted not as sister-strand cross-overs but 
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those models of chromosome structure which have a 
strictly alternate distribution of the original links into 
the daughter chromatids’. In these, three-strand 
multiple crossing-over could not occur directly in this way 
because openlink- sites of one incipient chromatid would 
always correspond with those of the same homologous 
chromatid and it could cross-over directly with this one 
only, never with the other. Since it provides open 
link-sites (and therefore free ends of DNA strands) at 
corresponding places in homologous chromatids after 
synapsis, this model seems highly compatible with recent 
models of intragenic recombination and gene conver- 
sion?!?11, 

A chromosome with multi-stranded DNA but single 
links would have the same properties with respect both to 
semi-conservative distribution of DNA and to crossing- 
over, provided that at each link all the parallel DNA 
double helices follow the same rules already described!. 
However, if a new gene mutation is basically a change in 
nucleotide sequence in the DNA, this type of multi- 
stranded model offers no way in which all parallel DNA 
double helices could eventually acquire a new base 
requence at their corresponding sites. 


the upper chromatid the DNA has retained similar con- 
milar connexions to opposite 
F, End of second interphase to metaphase. New poly- 
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of chromatids show semiconservative distribution of DNA, but only the lower pair 
H, Same stage as B, but with a misconnexion at centre 
no additional misconnected links. 
pairs have a sister-chromatid exchange at 


between dosage of tritiated thymidine 
over a 100-fold range and sister-chromatid 
exchanges, and they concluded that most 
of the exchanges are not caused by tritium- 
induced breakage. In all reports the 
frequency of sister exchanges usually 
averages fewer than one per large chromo- 
some per nuclear cycle, proportionately 
less in shorter chromosomes’-*:!2-14, 

In ring chromosomes (Fig. 2A) a single misconnexion 
(or any odd number) in preparation for DNA synthesis 
(Fig. 2B) results in a double-sized ring with two kineto- 
chores (Fig. 2C), and this forms a double chromosome 
bridge at anaphase (Fig. 2D). McClintock’ attributed 
such aberrations to either “a somatic cross-over . . . 
between the two sister chromatids or the reduplication 
process itself... .’’ She observed them in as many as 20 
per cent of all mitoses in the largest ring chromosomes of 
maize, fewer in shorter ring chromosomes. Her observa- 
tions therefore agree with those on tritiated chromosomes 
that the rate of sister-chromatid exchanges at mitosis 
must be rather low. 

Thus the two best established examples of sister-strand 
crossing-over, namely, the exchanges in tritiated chromo- 
somes and the formation of double-sized ring chromosomes, 
occur during mitosis at comparable rates. Both can 
be accounted for satisfactorily, without any special 
breakage of the chromatids, as errors in chromosome 
replication resulting from misconnected links. If they are 
a regular feature of chromosome replication, misconnected 
links should accomplish sister-strand crossing-over at 
meiosis as well as at mitosis. 
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Fg 2. Ring chromosome, indicated asin Fig 1. Ovals denote kime- 

tochores. A, Early interphase. B, Interphase: end of G, period. Equiv- 

alent to Fig 1B, but with a misconnexion at link at lower left (arrow) 

C, End of interphase. New DNA polynucleotides and links dotted D, 
Double chromosome bridge 


There 1s very little direct evidence concerning sister- 
strand crossing-over at meiosis. Morgant? examined 
meiotic crossing-over involving ‘closed’ (ring) X-chromo- 
somes of Drosophila and concluded that “‘. . . sister-strand 
crossing-over if it occurs at all is not as frequent as 
crossing-over between homologues’. On the other hand, 
from the frequency of bridges at the meiotic anaphases in 
maize that was heterozygous for a normal and a large 
ring chromosome 6, Schwartz!’ concluded that at least one, 
probably many, sister-strand cross-over(s) occurred per 
bivalent, in contrast to a mitotic rate (frequency of double- 
sized rings) of only 4:5 per cent. He suggested that 
sister chromatids might change from relational to parallel 
coiling by breaking and rejoining at every half coil, which 
would give numerous sister-strand cross-overs. The 
much higher degree of relational coiling at meiosis then 
would account for the much higher rate than during mito- 
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sis. Alternatively, z is possible that musconnexions 
are more numerous luring chromosome replication for 
meiosis than for mitosis. Other interpretations of 
Schwartz’s data may be possible, however, and it cannot 
yet be considered as proved that more sister-strand cross- 
overs occur at meiosis than at mitosis. 

No autoradiographic evidence is yet available from 
meiosis relating either to semi-conservative distribution of 
DNA or to sister-strand crossing-over. If semi-conserva- 
tive DNA were labeled with tritiated thymidine during 
the premeiotic synthetic period, the labelled strands would 
not separate from the original strands until the first post- 
meiotic mitosis. 

Some models of me-otic crossing-over!*!* require many 
sister-strand cross-overs per chromosome in order to 
account for the occurrence of 2-, 3- and 4-strand multiple 
cross-overs in the rardom proportion of 1: 2:1, respec- 
tively?®.21, However. if sister-strand cross-overs occur 
during meiosis with tke same frequency as during mitosis, 
the rate is much too lcw to meet the requirements of these 
models. Emerson?! concluded that, if it occurs at all, 
“sister chromatid crossing-over .. . is unrelated to crossing- 
over between homolgous chromatids”, and Perkins”! 
stated that in Neurcepora “sister-chromatid exchanges 
cannot be occurring on the same basis as exchanges 
between non-sisters, just as is the case in Drosophila’. 
Weinstein™ listed as ome of three acceptable interpreta- 
tions “that sister-strand exchanges occur but do not 
interfere with exchanges between homologous chroma- 
tids”, perhaps because the former occur earlier. The 
likeliest conclusion appears to be that sister-strand 
exchanges are not dirsctly related or necessary to three- 
and four-strand multiple crossing-over. This strengthens 
the case for the new model of crossing-over!, which 
permits, but does not require, sister-strand crossing-over. 
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BIOSYNTHESIS OF INSULIN CHAINS A AND B 


By Pror. A. S. KONIKOVA, S. A. MORENKOVA and Pror. M. G. KRITZMAN 


A. V. Vishnevsky’s Institute of Surgery, Academy of Medical Sciences, Instituta of Therapy, Academy of 
Medical Sciences, Moscow, U.S.S.R. 


N recent years investigations in the field of protem 

chemistry, which result in determination of the 
amino-acid composition and the consecutive order of 
amino-acid residues of certain specific proteins, created 
the conditions for close investigation of the process of 
protein biosynthesis. On the basis of these results it 
became possible to deterrane the mode of protein 


synthesis by means ef comparison of the chemical com- 
position of certain specific proteins with the rate of 
incorporation. in vivo of various amino-acids into them. 
However, examinetion of the ways of formation of 
specific proteins in ar intact body offers some problems of 
procedure. In particalar, the radioactivity values in the 
case of incorporatiom of the labelled amino-acids during 
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the process of formation of protein molecules can vary nob 
only as the result of alterations of the rate of their transi- 
tion into the protein, but also because of variability of cell 
permeability and of some other factors which change the 
metabolic pools of amino-acids. 

To eliminate the influence of these factors, which can 
misrepresent the picture of regularities of protein bio- 
synthesis, a method was used based on simultaneous 
determination of the values of incorporation of various 
amino-acids into several proteins, synthesizing within the 
limits of one and the same metabolic pool with subsequent 
comparison between specific activities of similar amino- 
acid residues of these proteins!. 

In this way the regularities of biosynthesis of skeletal 
muscle proteins!? and of. liver nuclear histones? were 
investigated. These investigations revealed the dynamics 
of protein molecule components ageinst a background of 
constancy of their chemical composition and characterized 
the steps of synthesis of certain proteins*-, 

The selected approach of investigating the mode of 
formation of specific proteins in an intact body was 
considered expedient in the case of regularities of insulin 
biosynthesis. Here it became possible to compare the 
values of incorporation of similar amino-acids into two 
polypeptide chains, different in amino-acid composition, 
of a single molecule of that biologically active protein and 
visualize the ways of formation of each of them. 

For this purpose protein biosynthesis was investigated 
under modified functional states of a body. 

The results presented here characterize the ratios of 
values of incorporation of labelled amino-acids into 
chains A and B of insulin to a number of their correspond- 
ing amino-acid residues. The results obtained in vivo and 
in vitro are also presented. 

The experiments were performed on intact rats, on rats 
treated with methylthiouracil®, and on rats which were 
hypothermic (29°C), without anaesthetic. Radioactive 
amino-acids were injected intraperitoneally at a rate of 
2-5-3 pe./1-0 g body-wt. The animals were killed after 
varying periods (40-420 min) following injection of 
amino-acids. 

In line with this, a series of experiments was carried out 
on slices of pancreatic tissue, and also with crystal insulin 
in the system ‘protein~amino-acid’ at two temperatures 
(87°C and 29°C). Incubation was accomplished in 
Krebs buffer solution in the presence of tyrosine labelled 
with carbon-14. 

The labelled insulin was isolated by Petting’s method’ 
from acid alcohol extracts of 10-12 combined rat 
pancreases. 

After multiple recrystallization the isolated labelled 
insulin not containing contaminations according to 
Porter’s tests? was oxidized® and treated with high-voltage 
electrophoresis! to split that protein molecule into A- 
and. B-polypeptide chains. After having ascertained the 
locations of chains A- and B- of insulin!! we determined 
the radioactivity in them with the use of a gas flow counter. 
Then the values of each polypeptide insulin chain were 
determined in the eluates of electrophoretograms. Activi- 
ties obtained in chains A~ and B- at the incorporation of 
the mentioned amino-acids into them were calculated per 
mg of insulin chain and per p-mole of corresponding 
amino-acid residue of each chain. 

In tests with 14C-glycine, so far as it is transformed into 
M4C.gerine, in acidic hydrolysate of insulin and its isolated 
chain B the radioactivity was determined separately in 
residues of “C-glycine and “4C-serine by means of radio- 
chromatography. On the basis of these results, radio- 
activity of serine- and glycine-residues of the chain A of 
insulin was counted. 

The values of incorporation of labelled amino-acids into 
the chains 4— and B- obtained in in vivo experiments are 
presented in Table 1. 

The results show that during the Incorporation of 
14C-tyrosine specific activity of the chain A is considerably 
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lower than that in the chain B, while each of the two | 
polypeptide chains contains two tyrosine residues. 

This is evidence of absence of direct dependence 

between the values of incorporation of amino-acids into 
the polypeptide chains of insulin.and the number of 
amino-acid residues, which are their components. 
_ Such a lack of direct dependence between the values of 
incorporation of amino-acids into the pointed polypeptide 
chains and a number of their component amino-acid 
residues was observed by us in the case of utilization in 
the process of biosynthesis of insulin of all the amino-acids 
examined (Table 1). 
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Table 1. THR VALUES OF INCORPORATION OF LABELLED AMINO-ACIDS 
INTO THE CHAINS A AND B OF INSULIN 

, Specific activity of Specific activity of amino- 

Radioactive the insulin-chains acid residues of the nsulin- 
amino-acid (c.p.m./mg) chains (c.p.m./#mole) 

injected B A B AJB 
“C-tyrosine 396 580 0°69 480 1,044 0°45 
“C-giycine 887 1,371 0°64 2,128 1,643 1-30 
4C-serine 642 1,484 0-43 770 5,342 O44 
888-cysteine 1,150 1,160 0°99 579 2,320 0 20 


Discrepancy between the imecorporation of separate 
amino-acids into a protein molecule and a number of its 
component similar amino-acid residues 1s seen from the 
values of ratios of specific activities of amino-acid residues 
in the chains A and B of insulin. 

The aforementioned event is also demonstrated in Fig. 1, 
where results are given on the incorporation of 4C-glycine 
into the chains A and B at various time-intervals. 

These ratios are characteristic of a biosynthesis process 
of the chains A and B of insulin in intact animals and are 
specific for each of the amino-acids. 

To elucidate the question whether they change durnng 
activation of insular apparatus, we studied the way in 
which the biosynthesis process of the chains A- and B~ of 
insulin was influenced by factors stimulating it. For this 
purpose we investigated the effect of methyl-thiouracil 
and also of hypothermia without narcosis on the incorpora- 
tion of “C-tyrosine into the chains A and B. 

Results in Table 2 show that in animals treated with 
methyl-thiouracil the values of ratios of specific activities 
of tyrosine residues of the chains A and B of insulin 
change notably in comparison with those in intact rats 
as a result of activation of incorporation, of that amuino- 
acid into the chain B of insulin. Under the same treatment, 
however, the incorporation of 14C-tyrosine into the chain A 
changes only slightly. 

In the analysis of incorporation of 14C-tyrosine into the 
chains A and B in normal and hypothermal rats it was 
found that in the case of hypothermia (29° C) the values 
of ratios of specific activities of tyrosine residues of pointed 
polypeptide chains were also considerably lower than 
under normothermia (37° C), due to the sharp increase of 
specific activity in chain B and relatively slight shifts in 
chain A under the conditions of hypothermia (Table 3). 

The results obtained show that both factors examined 
stimulate incorporation of '4C-tyrosine mainly into chain 
B of insulin, though under the influence of decreased 
temperature the stimulation of incorporation into chain B 
is considerably more pronounced than under the influence 
of methyl-thiouracil. 

It is important to note that both in intact rats and in 
rats treated in the aforementioned way. the values of 
incorporation of 'C-tyrosine were not proportional to a 
number of corresponding amino-acid residues of those 
chains. 

To elucidate whether or not the alterations occur 
under the effect of overall regulatory mechanisms or 
whether these shifts can occur independently of them, 
the experiments on incorporation of C-tyrosine into 
insulin and its polypeptide chains were conducted in vitro 
with pancreatic slices at 29° C and 37° C. 
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The results ın Table 3 show that in the experiments 
with tissue slices incubated in the presence of +4C-tyrosine 
the incorporation of that amino-acid into the chain B of 
insulin was also considerably more intensive at 29° C than 
at 37°C, while the activation of incorporation of that 
amino-acid into the chain A at 29° C was relatively small. 

The observed differencein in vivo and mm vitro experiments 
between the values of incorporation of similar amino-acids 
into the chains A and B of insulin not corresponding to 
their amino-acid composition can be assumed to be due 
either to formation of the two insulin chains from different 
metabolic pools or to peculiarities of mode of their forma- 
tion from their precursors. 

In order to settle the question, we examined the in- 
corporation of 4C-tyrosine into the chains 4 and B of 
insulin in. a simple system ‘protein—amino-acid’. 


Table 2, EFFECT OF METHYL-THIOURACIE ON “C-'TYROSDVE INCORPORATION 


INTO THE CHAINS A AND B OF INSULIN 


Insulin-chains C.p.m.jazmole of amino-acid residue 


Without treatment With methyl-thiouracil 
A 704 683 
B 1,290 2,880 
AJB 0-54 0 24 


Table 3. VALUES OF INCORPORATION OF “C-TYROSINE INTO THE CHAINS 
A AND B OF INSULIN AGAINST TEMPERATURE 


C.p.m./“mole of amino-acid yoridue 


In vivo n viro 
{ Insulin : System ‘protein- 
chains Pancreatic slices amuno-acid’ 
37° C 29° C 37°C 29° © 37° o 28° C 
A 396 460 54 102 215 387 
B 1,160 4,928 169 1,350 504 732 
AJB 0 34 0 093 0 32 0 07 04 05 


The results obtained (Table 3) show that during inter- 
action between 14C-tyrosine and insulin in the system 
‘protein—amino-acid’, incorporation of 14C-tyrosine into 
chain B occurs more intensively than into chain A. Thus, 


NATURE 


1007 


the observed differenca between the values of incorpora- 
tion of 14C-tyrosine into the chains A and B of insulin both 
in vivo and in the tiss slices are not due to their origin 
from different metaboHe pools. With regard to the system 
‘protein—amino-acid’, more intensive incorporation of the 
labelled amino-acid iato chain B of insulin also takes 
place and the ratio of specific activities of tyrosine 
residues of both the insulin chains is near to that received 
in the case of incorporation of this amino-acid into insulin 
in an intact organism_as well as in tissue slices. 

The same data alsc give evidence that lowering tem- 
perature in the medrım of the system ‘protein—amino- 
acid’ results in intersification of incorporation of this 
amino-acid into insuim. However, the degree of its 
prominence is approximately the same for both the chains, 
while in intact organism and in tissue slices the incorpora- 
tion is considerably more intensified into the chain B of 
insulin. 

The difference shown is evidently due to some additional 
factors operating in ar intact organism and still remaining 
in tissue slices. 

Thus, the process >f biosynthesis of the polypeptide 
chains of insulin is cinsely connected with a body-func- 
tional state and varies with its alterations, the shifts in 
intensivity of amino-azid incorporation being not identical 
for both the polypeptide chains of insulin. 

Experimental results described here suggest that insulin 
does not arise anew entirely from free amino-acids, but 
forms at the expense of additions to, and rebuilding of, 
their precursors possitly at macromolecular level. Rate of 
utilization of various amino-acids in the process of building 
chain B of insulin difers significantly from that in the 
synthesis of chain A, and changes unequally in both the 
chains under the inflrsnce of one and the same factor. 

In the process of biosynthesis of insulin and other 
proteins under the mfiuence of various factors the observed, 
seemingly disorderly, alterations of the rates of incorpora- 
tion of certain amino-ecids independently of their quantity 
in the proteins are evidently connected with corresponding 
shifts of power-levels which change the forces of CONH- 
bonds in certain poinzs of the polypeptide chains. 

Such alterations in the forces of bonds between amino- 
acid residues can taka place both in vivo and im vitro in 
systems of varying complexity in the case of addition to 
them of free amino-ac:d, and lead to changes of the rate of 
release and incorporstion of the protein precursors in 
certain sites of the peptide chains of protein molecules. 
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LACK OF EFFECT OF METHOTREXATE ON HEPATIC REGENERATION 
By Dr. S. S. BROWN, Dr. G. E. NEAL and Dr. D. C WILLIAMS 


The Research Department, The Marie Curie Memorial Foundation, Caterham, Surrey 


T is widely accepted that thymidylate is essential for 
cellular replication and that it may be biosynthesized 
by a route involving one-carbon transferring enzymes of 
the folate cycle!, as is described here. The reaction 
of serine with tetrahydrofolate yields the methylene 


derivative; this intermediate reacts with deoxyuridylate, 
in the presence of thymidylate synthetase, to form 
thymidylate and dihydrofolate. The pyridine nucleotide- 
linked reduction of dihydrofolate to tetrahydrofolate 
completes the cycle. 
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Since drugs such as methotrexate and aminopterin are 
potent inhibitors of tetrahydrofolic dehydrogenase * it 
has been. concluded? that their anti-leukaemic action in vivo 
is largely due to blocking of the re-utilization of dihydro- 
folate by inhibition of dihydrofolic reductase (step b). 
A. study of the effect of methotrexate on the regeneration? 
of rat liver appeared to offer a straightforward test of the 
wider relevance of this hypothesis, since although enzymes 
with apparent specificity for each of the three reductive 
steps a, b and ¢ are known‘, most work with mammalian. 
liver supports the view that one enzyme can catalyse all 
three reactions. The present results complement those of 
Ngu, Roberts and Hall’, who have recently reported work 
along similar lines. 

Preliminary observations by one of us! seemed to show 
that hepatic regeneration was partially repressed by 
methotrexate, in so far as liver weight was a valid measure 
of growth. In subsequent experiments, however, it has 
not proved possible to repeat this effect. Thus examples 
of regeneration weights obtained when the drug was 
administered post-operatively are set out in Table 1. 
In a similar but larger-scale experiment, two matched 
groups, each of 12 male rats, were partially hepatecto- 
mized; 6 of each group were killed to determine the original 
liver weights; the remaining 6 of one group were then 
treated with saline, and those of the other group with 
methotrexate (25 mg/kg, sodium salt in saline) according 
to regimen A. In the control series, a mean of 75 + 9 per 
cent of the liver was excised at partial hepatectomy, and 
regeneration proceeded to 54 + 7 per cent of the original 
liver weight; in the treated series the corresponding 
figures were 73 + 8 and 56 + 7 per cent respectively. 
Treatment with small doses of the drug before hepatec- 
tomy also, or administration by routes other than intra- 
peritoneal injection, did not materially affect such results. 
We conclude, in agreement with Ngu, Roberts and Hall‘, 
that methotrexate exerts no significant growth repressing 
effect even at the acutely toxic level. 

It is possible that impurities’? in the original batch of 
methotrexate may have been responsible for the inconsis- 
tencies of the early results. However, replicate experiments 
(Table 2) have been carried out with several commercial 
samples of methotrexate, the best of which was estimated 
to be 70-80 per cent pure, and also with the material 
obtained by chromatography of this particular batch on 
DEAE cellulose (to free it of many fluorescing impurities). 
All these samples failed to repress liver regeneration. It 
should be noted that the preparation of methotrexate 
used by Ngu, Roberts and Hall’ had been standardized 
against a chromatographed sample. 

Mean levels of hepatic dihydrofolic reductase obtained 
in some of these regeneration experiments are shown. in 
Tables 1 and 2. Livers (perfused with heparin) were 
homogenized (‘Ultra Turrax’ disintegrator) in 0-1 M 
phosphate buffer, pH 6-6, and the supernatants, after 
centrifugation at 100,000g, fractionated with saturated 
ammonium sulphate solution at 4°; protein precipitating 
from about 40-80 per cent saturation was dialysed against 
0-01 M tris buffer, pH 7-4, and assayed spectrophotometric- 
ally! at this pH, by following the approximately linear 
decrease in optical density of the incubation mixture at 


* This name is used to designate the enzyme(s) mediating the inter- 
conversion of folate, dihydrofolate and tetrahydrofolate, without mtending 
any specific reference to one or more of the steps a, b or cin the scheme given. 
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340 mu during the initial 5-10 min. Replicate assays on 
a given enzyme agreed to within +10 per cont. The wider 
scatter indicated in the results was due largely to differ- 
ences in the specific activities of the extracts from indi- 
vidual livers of the various groups. It will be seen that, 
within these limits, the enzyme-levels of control and 
treated animals were similar even when massive doses of 
methotrexate were administered. 

The apparent failure of the drug to depress dihydrofolic 
reductase levels in vivo contrasts sharply with the results 
of Ngu, Roberts and Hall’, who, in similar experiments, 
found that folic reductase (step c of the foregoing schemes) 
was largely inhibited. 


Table 1. GROSS WEIGHTS OF REGENERATED LIVERS, AND LEVELS OF 
Hepatic DIAYDROFOLIC REDUCTASE, AFTER TREATMENT OF PARTIALLY 
HEPATEOTOMIZED RATS WITH METHOTREXATE 


Dose of methotrexate Dihydrofolic reductaset 
per injection Liver weight (g) (mpM substrate/ 
(mg/kg) A* Bt h/mg protein) 

(Saline control) §:2+0°9 66413 44415 
0-5 54414 5640-4 49411 

2°5 5-3+02 64403 454 5 

5-0 57+1°8 6°56 + 0°5 37+ 8 

25 53405 61404 4316 


Each value is the mean of determinations on a group of 3 animals. 


* Animals in this series were treated intraperitoneally with 2 injections of 
saline or drug, 1 h and 25 h post-operatively, and killed after a further 24 h. 


+ Animals were treated likewise with 3 injections, 1h, 25 h and 49 h, post- 
operatively and, killed after a further 24 h. 


t Assays were carried out on the livers of series B. 


Table 2. COMPARATIVE EFFEOTS OF DIFFERENT BATOHES OF METHOTREXATE 
ON LIVER REGENERATION 


Dose of Dihydrofolic reductase f 
methotrexate * Liver weight (g) (myuM/h/mg protein) 
(mg/kg) C D C D 
2-5 54409 55408 55 +38 48+19 
5-0 66412 GOL 1-7 46 + 26 6141 
20 §°3 +05 4-8 + 0-4 46 * 16 3449 
50 4841+] — 42415 — 


The materialis used in series C and D were about 50 per cent and 75 per 
cent pure respectively. 


* Without correcting for purity. Groups of 5 animals for each dose-level 
wore injected intraperitoneally 2 h after partial hepatectomy, and killed 48 h 
later; 1 or 2 animals in the groups Tecolying the two higher doses died before 
this time and were not included in the results. 


+ Each value is the mean of separate determinations on 3 livers of each 
group; the mean specific activity of a group of saline-treated controls was 
36+10 muM/h/mg protein. 


Precise comparison of these two sets of findings is not 
easy, owing to differences in preparative and analytical 
techniques. The methods of assay corresponding to steps 
b and c both present particular difficulties when determ- 
ining low levels of enzyme, as in studying the possibility 
that a ‘methotrexate-insensitive’ reduction®»® may occur 
to a small extent. Furthermore, as pointed out by Huen- 
nekens*, the assay used by Ngu, Roberts and Hall is 
neither quantitative nor specific, while that of the present 
work has the disadvantage that the enzyme extracts 
must be partially purified; this process might conceivably 
result in cleavage of an enzyme-inhibitor complex. That 
this is unlikely to have occurred (compare ref. 9) is shown 
by separate experiments in which livers were homo- 
genized in buffers containing small amounts of metho- 
trexate (in the range 10-°-10? ug/g wet wt. of liver), and 
worked up as before, except that aliquots of the crude 
homogenate and of the protein fractions were dialysed. 
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No dihydrofolic reductase activity could be demonstrated 
in the final enzyme preparations at levels of more than 
0-1 ug of drug/g of liver, and such solutions did not mhibit 
a control preparation which was active. Moreover, 
methotrexate was readily detected in the dialysates at 
only fifty times this minimum level by spectrophoto- 
fluorimetric titration’. These observations demonstrate, 
as expected, that the binding of the enzyme inhibitor- 
complex is not only strong but also fairly specific for 
dihydrofolic reductase in comparison with other proteins. 
(The fact, that the activity of an inmbited preparation 
could be restored by density gradient electrophoresis in 
sucrose-barbitone shows that the binding 1s not completely 
irreversible—compare ref. 4.) Furthermore, the enzyme 
is evidently highly sensitive to traces of exogenous 
methotrexate, with which it comes into contact at the 
homogenization stage. The occurrence of a similar 
phenomenon. with small amounts of unmetabolized (extra- 
cellular) drug may explain the-report™ that the adminis- 
tration of methotrexate to tumour-bearing mice effects 
only transient inhibition of hepatic dihydrofolic reductase, 
and that the original levels are regained within 24 h. 
These findings, and those of Ngu, Roberts and Hall, 
do not resolve the problem of whether tetrahydrofolate 
dehydrogenase is a single enzyme or a group of closely 
related enzymes, but they are consistent with three 
hypotheses: (1) that the reduction of folate, and of 
dihydrofolate, is carried out im vivo at different sites in 
the liver cell; (2) that the former sites are much more 
accessible to methotrexate than the latter; (3) that the 
two reductive steps have distinct metabolic functions. 
With regard to the first of these hypotheses, it is of 
interest that experiments’ with cell fractions from rat 
liver indicate that two discrete reductive steps are necessary 
for the conversion of folic acid to citrovorum factor. An 
extension of this work 1s clearly desirable; we find that 
only a small proportion of total hepatic dihydrofolic 
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reductase can be isolated from the mitochondrial fraction 


of a homogenate prepared in isotonic sucrose. 
Nothing is known, relevant to hypothesis (2), of the 
intracellular distribution of the folate antagonists, but 


Werkheiser® has discvssed the importance of the related 
problem of cell penetration. A differential effect of metho- 
trexate on the two enzymatic functions is certainly 


indicated by the fact that treatment®™ of normal mice 


with large doses of the rug results in much higher residual 
levels of hepatic dihydrofolic reductase than of folic 


reductase. 

In conclusion, as intimated by hypothesis (3), it seems 
probable that folic recuctase is concerned only with the 
function of liver as a storage organ for reduced folates, 
and that its inhibition has no direct effect on the one- 
carbon transfer reactions necessary for cellular replication ; 
these reactions would appear to be mediated by dihydro- 
folic reductase. Thas this enzymatic function is not 
inhibited is compatible with the lack of effect of metho- 


trexate on hepatic regeneration. 


We thank Lederle Laboratories for the supply of 
methotrexate. 
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OPTICAL ROTATORY DISPERSION OF COMPLEXES OF PROFLAVINE 
WITH NUCLEIC ACIDS 


By A. BLAKE and Dr. A. R. PEACOCKE 
Nuffield Department of Clinical Biochemistry, University of Oxford 


HE mechanism of binding of aminoacridines to 

nucleic acids is of considerable interest from the 
point of view of its bacteriostatic’? and mutagenic 
properties’. The binding of proflavine (3,6-diamino acrid- 
ine hemisulphate), in particular, has been investigated by 
means of spectrophotometry and by equilibrium dialysis‘, 
and consists of a strong binding of individual proflavine 
cations up to about 0-2 proflavine molecules per atom of 
DNA phosphorus (at an ionic strength of 0-1) and then, 
as the total concentration of proflavine is increased, a 
weaker binding dependent on interaction between pro- 
flavine cations. Lerman proposed’ that the strong bind- 
ing consisted of intercalation of the flat acridinium cations 
between the base pairs of the helical DNA structure. 
Since this proposal suggests* a molecular basis for the 
mutagenic action of the aminoacridines, further detailed 
investigations have been made concerning the effects? of 
ionic strength, denaturation, and aminoaeridine structure 
on the interaction, and the effects of different amino- 
acridines on the viscosity of DNA at zero shear stress®. 
These have suggested that intercalation, as such, may not 
be the necessary and sufficient condition for the strong 
binding process. This article describes an investigation 
of the optical rotatory dispersion curves of the complexes 
of proflavine with DNA and RNA which was undertaken 
ın order to elucidate further the nature of the complex. It 


was hoped that induced Cotton effects might be observed 
as with acridine orange on helical poly-t-glutamic acid® 
and on DNA?®. 

The complexes formed between proflavine and DNA and 
RNA in the range of strong binding have been invest- 
gated using a continuously recording spectropolarimeter 
(the ‘Polarmatic 62’, manufactured by Bellingham and 
Stanley, London). This aminoacridine has the advantage 
of having only a single absorption band at 443 mp. Since 
an optically active compound exhibits a Cotton effect 
for each optically active electronic transition, any such 
activity of bound prodavine should appear as a single 
rather than a multiple-effect. The absorption maximum 
of the free proflavine decreases when it complexes with 
DNA. or RNA and a new absorption maximum appears at 
460 my. (ref. 4). 

The optical rotatory dispersion curve of proflavine 
alone showed no optical activity over the range 400-500 
myu, as expected from the planar structure of the molecule. 
A. solution of proflavine containing calf thymus DNA, 
however, exhibited a marked Cotton effect with an in- 
flexion at 460 mu, which is the position of the absorption 
band of proflavine when bound to DNA. The Cotton 
effect was not symmetzical, the trough at 452 mu being 
almost twice as large as the peak at 480 mp. With a total 
concentration of proflavine of 20-6 uM, at an ionic strength 
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of 0-1, the maximum Cotton effect was observed at a molar 
ratio of bound proflavine to DNA phosphorus of about 
0-2, which corresponds to the saturation of the sites for 
strong binding of proflavine molecules at this ionic 
strength". It has been suggested that such optical 
activity can arise when ligand molecules are arranged in a 
helical array in the grooves of a helical macromolecule’. 
According to this explanation, denaturation of the DNA 
should, by destroying the helical DNA. structure, lead to 
the disappearance of the Cotton effect of the bound 
proflavine. 

An investigation into changes in the optical rotatory 
dispersion curve of the bound proflavine under a series of 
conditions leading to denaturation of the DNA has there- 
fore been undertaken: in particular, the effect of acid 
denaturation was examined in some detail. The optical 
rotatory dispersion curve of the DNA-proflavine complex 
was recorded at a series of gradually decreasing pH 
values until denaturation of the DNA occurred; the pH 
of the solution was then gradually restored to neutrahty 
and the optical activity was again recorded at intervals 
of about 0-5 pH unit. In all cases the optical activity has 
been expressed as the specific rotation of bound pro- 
flavine, that is, the optical rotation measured in degrees, 
of a solution with a concentration of bound proflavine 
of 1 g/ml., in a path of length 1 decimetre. As the pH 
of the proflavine-DNA solution was decreased, the Cotton 
effect had the same magnitude down to pH 3-5. Below 
this point the effect diminished and suddenly disappeared 
between pH 3:0 and 2-9. This coincided with the well- 
known collapse of the ordered structure of the DNA, as 
evidenced by the concomitant rise in optical density of 
the DNA solution at 259 my. Although the solution 
showed no optical activity at these low pH values, the 
shift in the absorption maximum of the proflavine indi- 
cated that the proflavine was still bound to the DNA 
to at least the same extent as at pH 7-0. In all cases the 
amount of proflavine actually bound to the DNA was 
determined by taking advantage of the difference between 
the spectra of free and bound dye*. As the pH was 
returned to neutrality the Cotton effect was restored 
over a range of several pH units, in parallel with the 
gradual changes observed in the optical density of acid- 
denatured DNA solutions over this pH range. This 
reversal was more gradual than the disappearance of the 
Cotton effect when the pH was originally lowered. The 
final magnitude of the effect in the denatured system, 
expressed as specific rotation of bound acridine at 452 mz, 
was about 1-4 times as large as with native DNA. Fig. 1 
shows the optical rotatory dispersion curves recorded at 
pH 7-0 before denaturation, pH 2:7, and pH 7-0 after 
denaturation. These observations were confirmed many 
times. Moreover, calf thymus DNA which had been 
denatured by acid, alkali, or heat and thermally denatured 
E. coli DNA induced a much larger Cotton effect when 
added to profiavine solutions than did identical amounts of 
the original DNA. The increase could not be entirely 
attributed to the greater degree of binding shown with 
the denatured system’. These observations are different 
from those of Neville and Bradley®®, who reported that 
thermal denaturation of DNA. produced a loss of optical 
activity of bound acridine orange, since the specific 
rotation of proflavine bound to denatured DNA was 
always greater than that bound to the original DNA. 

The sumilarities in structure between RNA and de- 
natured DNA have often been pointed out. Since acridine 
dyes showed optical activity when bound to denatured 
DNA, the optical rotatory dispersion curves of proflavine 
bound to RNA were also investigated. Tobacco mosaic 
virus RNA and yeast RNA gave results with proflavine 
very similar to those observed with denatured DNA. 
Fig. 2 shows the optical rotatory dispersion curves with 
yeast RNA for two pH values. As with the DNA system, 
the Cotton effect disappeared at acid pH values, but with 
RNA the changes were completely reversible, the optical 
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activity decreased smoothly as the pH was reduced and 
returned to its original value on restoring the pH. to 
neutrality. 

These results indicated that the extended helical nature 
of native DNA was not a necessary condition for the 
appearance of optical activity in the bound proflavine 
as might have been supposed from the disappearance of 
the Cotton effect induced in acridine orange bound to 
poly-L-glutamic acid, when it changes from the helical 
to the coiled form’. Although it is not clear quantitatively 
to what extent RNA and denatured DNA have small 
ordered regions of helical character, it 1s not likely that 
long runs of helix occur. It is therefore difficult to recon- 
cile these observations with the view that such optical 
activity arose from an extended, helical array of dye 
molecules along one of the grooves of a double-helical 
structure. However, since the Cotton effect is not shown 
at low pH values, when base—base interaction is minimal, 
it is likely that such interaction through hydrogen bonding 
is essential for activity to appear. 


20 


10 


Specific rotation x 107! 





~20 


26 22 18 
i Wave number 


“Fig 1 The op rotatory dispersion curves of the complexes between 
proflavine and calf thymus DNA at various pH values. Solutions con- 
tained 20 6 uM proflavine, 100 mM sodium chloride, 100 4M DNA (phos- 
phorus). Specific rotations refer to the proflavine which was actually 
bound to the DNA. Temp. 20° O. 4 pH 7: — pH 2 Ti — * pu T, 

- after acid treatment (pH 2:7) 1 cm light path 


An investigation of the dependence of the size of the 
Cotton effect on the concentration of RNA revealed that, 
above a limiting concentration, the specific rotation of 
the bound proflavine decreased as the nucleic acid con- 
centration increased. This would be expected if some 
form of localized arrangement of more than one proflavine 
molecule was necessary for optical activity to occur. A 
similar observation has been made by Stone" with the 
complexes of methylene blue and heparm: she observed 
a, correlation between the decrease in optical activity and 
the shift in the absorption spectrum of the bound dye 
as the ratio of binding sites to ligand molecules increased. 
However, no such shift of the spectrum of proflavine bound 
to RNA occurred when the molar ratio of RNA bases to 

roflavine molecules was increased from 40 to 150, 
although at this latter value the Cotton effect was virtually 
zero. 

For optical activity, it is probable that more than one 
proflavine molecule is required to be bound together in 
sequence on the nucleic acid. As the nucleic acid con- 
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Fig. 2. The optical rotatory dispersion curves of the complexes between 

proflavine and yeast RNA Solutions contained 206 uM proflavine, 

100 mM sodium chloride and 183 „M RNA (phosphorus). Other experi- 

mental conditions are as for Fig. 1. —@—, pH 7 (before and after acid 
treatment at pH 2 7); — pH 27 


centration increases at a fixed concentration of proflavine 
molecules, the latter are distributed over a greater number 
of binding sites and consequently the proportion of 
those regions containing more than cne proflavine molecule 
in close association, that is, stacking’, will decrease. It was 
possible to explain the decrease of optical activity of bound 
proflavine, 1f it was assumed that proflavine molecules 
would only contribute to the optical power of the complex 
if they were present in regions containing n or more 
molecules. On the basis of a simple statistical approach?3, 
the number (pn) of proflavine molecules associated in 
regions of n or more molecules in sequence was derived 
as: i 
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ne (n — lha (m+) 
Pr = Bae), — ~ On. 


where a is the concentration in molos/l. of bound proflavine 
molecules, and 6 is ihe concentration of binding sites 
available. Experimental observations showed that the 
observed rotation was directly proportional to the fore- 
going function with a value of 2-0 for n. This would again 
render unlikely explanations of optical activity which 
emphasize the specifically helical character of the nucleic 
acid, since two proflevine molecules cannot form what 
could really be descrized as a ‘helical array’. It seems 
likely that two proflavine molecules interact with poly- 
nucleotide chains to produce what are essentially discrete 
asymmetric regions. 

Jt is concluded that the conditions for optical activity 
to appear in the region of the wave-length of maximum 
absorption of the bourd proflavine are: (i) binding of the 
ligand molecules on the nucleic acid at adequate sites; 
(ii) interaction between bases of the nucleic acid chains 
leading to some degree of ordering, presumably through 
hydrogen bonding, but not necessarily extending over long 
helical regions. The medel of the nucleic acid binding site 
for proflavine, which tLese conditions imply, supports the 
suggestion’? that intercalation in a long helical arfay 
is not the necessary condition for strong binding. 
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ACQUISITION OF CLASSICAL CONDITIONED DEFENSIVE RESPONSES IN 
GOATS SUBJECTED TO CEREBRAL ISCHAEMIA 


By B. A. BALDWIN# and S. S. SOLTYSIK+ 


Department of Physiology and Anatomy, University of California, Los Angeles 


ESPITE the fact that short periods of acute cerebral 
ischaemia are known to produce a readily controlled 
and reversible cessation of neural electrical activity, its 
effectiveness as an agent for the disruption of recent 
memory has not been widely investigated. This is probably 
because no suitable chronic preparation has been available 
in which acute cerebral ischaemia can be conveniently and 
repeatedly induced at short, accurately specified intervals 
after the learning trials. 

Anatomical and physiological investigations of the 
unique cephalic circulation in goats and sheep provided 
the basis for developing a chronic preparation in the goat 
m which acute cerebral ischaemia can be rapidly and 
reliably induced’. In these two ruminant species, almost 
the entire brain is supplied by blood from the common 


* Present address: Agricultural Research Council Institute of Ammal 
Physiology, Babraham, Cambridge 


t+ Present address: Nencki Institute of Experimental Biology, Warsaw. 


carotid arteries. Blood. from the vertebral arteries is 
confined to the cervical spinal cord and does not extend 
further forward than the-mid-medullary region. In these 
species, the vertebral erteries do not unite to form 
the basilar artery (Fig. 1). Instead, they terminate at 
the level of the atlas veztebra and anastomose with the 
occipital branch of the common carotid. The basilar 
artery in the sheep and goat may be regarded as a pos- 
teriorly directed branch of the circle of Willis and the 
flow of blood in it is caucal in direction? 3, 

In the work recorded lere, goats were prepared in four 
separate surgical procedures as follows: (a and b) exterior- 
ization of both common carotid arteries as carotid loops®; 
(c) implanting of cortical and sub-cortical electrodes, the 
deep electrodes being placed in the basal ganglia and 
thalamus; (d) bilateral lzation of the occipito-vertebral 
anastomosis and bilateral ligation of the thyro-laryngeal 
arteries. As can be seen irom Fig. 1, bilateral ligation of 
this anastomosis renders the common carotids the only 
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Fig. 1, Diagram showing the arrangement of the cephalic arteries in the goat. The dotted 
line indicates that the Internal carotid artery degenerates in the adult. Ligated vessels are 


encircled 


possible route of cerebral blood supply, and when these 
vessels are exteriorized as carotid loops they can easily be 
occluded to produce acute cerebral ischaemia. 

In animals prepared in‘the foregoing fashion, bilateral 
carotid occlusion for a period of 1:5 min results in the 
following events. After 8-10 sec, large-amplitude slower- 
frequency activity appears in the EEG and about this 
time the animal falls unconscious. After 25-45 sec the 
EEG becomes isoelectric. Shortly after falling, the 
subjects exhibit increased muscular tone with extension of 
the limbs, a condition resembling decerebrate rigidity; 
later, during the isoelectric EEG period, they relax and 
become flaccid. Respiration may become irregular, but 
long periods of apnoea rarely occur. On release of the 
carotids, the EEG begins to reappear, usually within 
3-5 sec, and coincidentally the animals exhibit an increase 
in muscular tone accompanied by extension of the limbs 
and arching back of the neck. The EEG usually returns to 
normal in 1-3 min after release of the carotids and the 
animals usually spontaneously stand 3-5 min after 
restoration. of the cephalic circulation. 

Five goats, in which acute cerebral ischaemia could be 
induced, were conditioned as follows: 

Habituation. On the first day, 10 presentations of the 
auditory click stimulus of frequency 10 per see and lasting 
4 sec (used later as the conditioned stimulus) were given 
at varied intervals during a l-h session in order to 
determine the cardiac responses to this stimulus prior to 
conditioning and to habituate the animal to the experi- 
mental situation. 

Conditioning. The day following the habituation ses- 
sion, the click stimulus was paired with electric shock to 
the left foreleg (unconditioned stimulus) delivered during 
the last 0-5 sec of the conditioned stimulus and terminating 
simultaneously with it. Twenty sec later both carotids 
were occluded and a 1-5-min period of cerebral ischaemia 
administered. In all cases cortical and sub-cortical EEG 
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was used to monitor the degree of cerebral 
ischaemia. This procedure was re- 
peated once daily until all subjects 
reached a criterion of high-amplitude 
conditioned leg flexions in four consecu- 
tive trials. In all subjects polygraphic 
records were made of the somatic condi- 
tioned responses as evidenced by leg 
flexion to the conditioned stimulus to- 
gether with changes in heart rate as 
shown by the EKG. 

In all five subjects (goats 1-5 in Table 1) 
the conditioned responses both somatic 
(leg flexion) and autonomic (cardiac 
acceleration) to the conditioned stimulus 
were rapidly acquired. Table 1 shows 
the acquisition of the cardiac conditioned 
responses and gives their statistical 
evaluation. The subjects reached the 
criterion for somatic response in 7-12 
trials, as shown in Table 2, and this is 
comparable with the rates of acquisition 
of this response observed in normal goats and sheep’. 
Other signs of learning, such as inter-trial somatic res- 
ponses, restlessness and adoption of a defensive posture 
while on the conditioning stand, were observed as the trials 
proceeded. 
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Table 2. RATE OF ACQUISITION OF THE LEG FLEXION CONDITIONED 
RESPONSE 

Experimental goat No. 1 2 3 4 5 

Trial in which criterion was met 9 11 10 12 7 

Control goat No. 8 9 10 11 12 

Trial in which criterion was met 13 12 12 9 14 


U test revealed no statistically significant difference between the two 
groups. 

To ascertain whether the observed cardiac response 
could be partially attributed to any aversive qualities of 
the ischaemic procedure itself, we treated two further goats 
as follows. These subjects received exactly the same treat- 
ment as the previous five except that the shock to the leg 
was omitted, that is, during the trials, 20 sec after the end 
of the ‘conditioned stimulus’ cerebral ischaemia was 
given for 1-5 min. These subjects did not show signs of 
fear or apprehension during ‘conditioning’ and no increase 
in heart-rate was observed to the conditioned stimulus 
(see goats 6 and 7 in Table 1). Thus the cardiac accelera- 
tion seen in the first five subjects does not result from any 
aversive qualities of the ischaemic procedure. 

In order to demonstrate the acquisition of conditioned 
responses in animals not subjected to ischaemia, a group 
of five control goats was conditioned by pairing the 
conditioned stimulus (clicks) with shock to the foreleg 
(unconditioned stimulus), that is, the same as the experi- 
mental group of five but with the ischaemia omitted. The 
results are shown in Tables 1 and 2, and it can be seen that 
they acquired cardiac and somatic responses in & manner 
which was not significantly different from that seen in the 
experimental group which had ischaemia following the 
pairing of conditioned and unconditioned stimuli. Thus 


Table 1. CARDIAO CONDITIONING IN GOATS 


Learning procedure 


Goat No 1 2 
Mean cardiac response to © S dur- 
ing habituation +18 —01 
Mean cardiac response to O.S. dur- 
ing conditiomng +283 | +120 
Difference between means +26-5 | +121 
Statistical significance of the dif- 
ference between means. JU test 
(P values) 


<0-01 <001 


Click stimulus paired with shock and 
followed by cerebral ischaemia 


Click stimulus 
paired with 
ischaemia only 


Click stimulus paired with shock 
No ischaemia administered 





Cardiac response was defined as the difference between the heart-rate calculated from the last 5 beats during the conditioned stimulus (C.S.) and the heart- 


rate calculated from the 10 beats preceding the C.S. 


Increase in heart-rate during the C.S. mvyes a positive sign. Decrease in heart-rate during the C.S. gives a negative sign. 


al 






-= gerebral ischaemia had not interfered with the acquisition 
= of the conditioned responses. 

The consolidation of recent memory has been con- 
sidered by many workers to involve an initial dynamic 
phase requiring perseverative neural activity followed by 
a more robust chemical or morphological stage (see reviews 
by Glickman! and Deutsch*). Such hypotheses received 
support from physiological demonstration of the existence 
of reverberatory activity in neural tissue!!! and from 
behavioural investigations showing that a wide variety of 
experimental manipulations, if administered a few minutes 
after the learning trial, are capable of producing retro- 
active impairment of acquisition while the same agents 
applied later (for example, 20-180 min after the trial, 
ef. ref. 8) are ineffective. The effective agents include 
electro-convulsive shock, anoxia and some drugs. 

Baumgartner, Creutzfeldt and Jung’ have shown, in 
cats made anoxie by breathing nitrogen, that, when the 
EEG became isoelectric, all unit neuronal discharges in the 
cortex had ceased. Burns"! demonstrated that interrup- 
tion of blood supply to an isolated cortical slab in which 
reverberatory activity had been induced resulted in rapid 
loss of this activity. 

We can infer that organized activity in the cortex, basal 
ganglia and thalamus of our subjects has been interrupted 
during cerebral ischaemia about 50 sec after the con- 
ditioning trial (20 sec after trial before ischaemia was 
given plus about 30 sec to an isoelectric EEG). Thus the 
results of our experiment do not appear compatible with 
the reverberatory circuit hypothesis for the early stages of 
the learning process, unless ‘consolidation’ occurs within 
50 sec. 


ee 
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The reverberatory hypothesis may account foro 
results if we make an additional assumption that durin 
the final 20-50 sec fellowing the learning trial a post- 
tetanic potentiation develops which is capable of surviving 
the relatively short period of isoelectric EEG. Thus, the _ 
reverberatory activity could be re-initiated spontaneously — 
after restoration of the cerebral circulation. Another 
explanation of the discrepancy between our results and - 
those obtained by workers using other disruptive agents 
may be found in the fact that we used a relatively simple 
classical conditioning situation. It may be that the more 
complex tasks involving instrumental conditioning are 
more vulnerable in the early stages of acquisition. 
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SYNTHESIS OF RIBONUCLEIC ACID BY STIMULATED 
| HUMAN LYMPHOCYTES 


By Dr. JOHN NEWSOME 


Medical Research Council, External Staff, Department of Cell Biology, John Innes Institute, Bayfordbury, Hertfordshire 


HE way in which plant extracts, bacterial antigens 
and other foreign proteins cause human and animal 
lymphocytes to transform and multiply isnot understood. 
Recent views!* suggest that stimulation by bacterial 
antigens may well be an immunological secondary 
response, but that phytohaemagglutinin (PHA) and no 
doubt the Phytolacca agent*, and other ‘phytomitogens’ 
yet to be discovered, act like ‘drugs stimulating trans- 
formation and mitosis’. Lindahl-Kiessling and Böök? 
- think that the stimulating action is not confined to pre- 
¿o immunized ‘committed’ lymphocytes, but that its action 
may nevertheless be immunological, in the sense that it 
- may be exerted at a later stage than the action of antigens 
in the chain of events leading to proliferation and antibody 
formation. 
Lymphocytes will live in vitro for weeks without prolifer- 
= ating or forming deoxyribonucleic acid (DNA). When 
PHA. is added to them, even in small amounts or for very 
= short times®, some, but not all, enlarge and synthesize 
- DNA (ref. 6). Ribonucleic acid (RNA) synthesis which 
continues throughout interphase, and probably through- 
-out mitosis”; has now been examined in these cells, by 
exposing them to tritiated uridine under two different 
culture conditions, and preparing autoradiographs. 
Cultures were set up under aseptic conditions. Heparin- 
© ized human. blood containing 0-2 ml. of freshly dissolved 
H phytohaemagglutinin M (Difco) in 10 ml. was held at 
0° C for 45 min, and then centrifuged at 0° C for 8 min at 
350 r.p.m. (23-5g) or 5 min at 400 r.p.m. (30-4g). The 
supernatant plasma contained 4,000-5,000 cells/mm’, 
about half of them lymphocytes*. The plasma was diluted 














with ‘Medium TC199 (Difco) to give a suspension, of 1,000 
cells/mm, and 8 or 10 ml. cultures were put in 15 em x 
1-5 cm test-tubes which were incubated slanting at 36-5° Q. 
Control cultures without PHA were prepared in the same 
way. Aqueous solutions of demecolcine (‘Colcemid’, 
Ciba) were added to some cultures in 0-1-ml. amounts 
to give final concentrations of 0-2 ug/ml. or 0-008 yg/ml.*. 

Cultures were exposed to tritiated uridine (Radiochemi- 
cal Centre, Amersham; specific activity, 1-0 c./mM) at 
a final concentration of 15 or 18 pe./ml. for 1 h and cen- 
trifuged at 1,200 r.p.m. (274g) for 3 min. The cells were 
washed with 8 ml. of normal saline and resuspended in 
plasma. Thin films were made by pushing a drop along a 
slide or by sandwiching a drop between two slides and 
pulling them apart. 

Films were air-dried, fixed for 2 h in methyl alcohol, 
and taken to water. They were extracted with 5 per cent 
trichloroacetic acid at 4° C for 30 min and washed, in 
running tap-water for 30 min and in four 5-min changes of 
distilled water. Control preparations were digested with 
0-5 mg/ml. of ribonuelease (Worthington Biochemical 
Corporation, recrystallized) in distilled water at pH 6-2 
for 4 h at 37° C before exposure to trichloroacetic acid. 
Kodak 1042 stripping film was applied to the digested 
and undigested preparations. Autoradiographs were 
developed after 6-13 days, and the cells were stained 
through the emulsion with May—Griinwald and Giemsa 
stains. 

Autoradiographs of cells from control cultures without 
PHA, and from PHA-stimulated cultures after treatment 
with ribonuclease, show2d only a very few grains over the 
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Fig. 1. 
tritiated uridine: four cells in late prophase and metaphase, showing 


PHA-stimulated human lymphocytes labelled for 1 h with 


evenly distributed cytoplasmic labelling. ( x» 1,500) 
nuclei of some cells and were, by comparison with the 
experimental autoradiographs, virtually unlabelled. Cells 
in these film preparations were less than 2u thick over the 
nucleus and self-absorption did not apparently affect 
the results; labelling patterns were found to be the same 
as those seen in 4u paraffin sections of lymphocytes and 
HeLa cells and in citrate-treated fixed material. The 
thin films gave the best results, but their use made 
accurate counting impossible, because the distribution of 
enlarged cells was uneven. 

Cultures were treated with tritiated uridine for 1 h 
before collecting at 3, 24, 52, 73, 96 and 168 h after their 
exposure to PHA. The results were as follows: 


3 hours. Light nuclear labelling was common in monocytes and poly- 
morphs, but was present in only 2 per cent of lymphocytes. 


24 hours. About 20 per cent of the lymphocytes were labelled in the 
nucleus and in 2 per cent of them the labelling was heavy. There was no 
cytoplasmic labelling, The diameter of many lymphocytes had doubled. 
Monocytes and polymorphs were dying. 


52 Aours. More than half the lymphocytes showed nuclear labelling; of 
these, 5-10 per cent were much enlarged and were very heavily labelled in the 
nucleus but only lightly so in the cytoplasm. No live granulocytes remained 
in the cultures, 


73 hours. The labelling was similar to that at 52 h but transformed cells 
were more numerous. Among them were large cells with evenly labelled 
cytoplasm and no predominance in the number of grains associated with 
nuclear material (Fig. 1). Their appearance was quite different from that of 
the rest of the stimulated lymphocytes which had heavily labelled nuclei and 
few grains over the cytoplasm (Fig. 2); indeed, many of them had fewer 
grains over the nuclear area, They proved to be cells in late prophase or 
metaphase. 


96 hours. Up to 90 per cent of the lymphocytes of all sizes had incor- 
porated labelled uridine into the nueleus. The proportion of enlarged cells 
had increased and mitotic cella with cytoplasmic labelling were more common. 


NATURE 


June 5, 1965 


168 hours. Only about three-quarters of the sg, see a now had nuclear 
labelling, and of these 10 per cent were heavily labelled. The mitotic cells 
were still present. 
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Conditions in these experiments were acid because, as 
was usual with PHA cultures, the medium was not 
changed. It seemed advisable to decide whether the 
distribution of label would remain the same when half the 
medium was changed daily. In order to recover more 
metaphases in some of the cultures, demecolcine was 
added 2 and 4 h before collecting, or was maintained 
throughout the culture period at very low concentration. 
The cells were gathered at 96 h, immediately after being 
exposed to tritiated uridine for 1 h. The results were as 
follows: 


Cultures with daily medium change and no demecolcine. The distribution of 
labelling remained the same but more metaphases were obtained, suggesting 
that the culture conditions had improved. Each thin film contained between 
60 and 100 mitotic cells; in the autoradiographs, these were belled, or 
labelled with an even spread of radioactivity over the whole cell varying from 
about 10 to many hundreds of grains (Fig. 1). Other cells were labelled in the 
nucleus —*— six closely attached pairs which had cytoplasmic but no 
nuclear labelling; their nuclei appeared to be in telophase (Fig. 2). No recently 
—— pairs or interphase cells with this mitotic pattern of cytoplasmic 

belling and unlabelled nuclei were found during the examination of all these 
preparations, 


Unchanged cultures treated with demecolcine for 4 hours. The cells were 
eee by the demecoleine and the labelling, which was all nuclear, was 
ght. 


Unchanged cultures treated with demecolcine for 2 hours. In spite of some 
cell damage, large dividing cells were plentiful and all degrees of nuclear 
labelling were seen in the interphase cells, about 10 per cent of which were 
heavily labelled. Mitoses, many of them unlabelled, were common, and 
their —— labelling varied from hundreds of grains down to 3 grains 
per cell, 


Cultures with daily medium change and continuous demecoleine. These 
closely resembled the 2-h demecoleine cultures but there was little cell 
damage. Mitoses, again mostly unlabelled, were even more common. 


Synthesis of the rapidly labelled fraction of RNA began 
within a few hours, and by the end of the first day of 
stimulation more than 20 per cent of lymphocytes were 
labelled. This proportion increased with time, but at 
4 days normal lymphocytes, not synthesizing RNA, made 
up at least one-tenth of the cultures. The rate of synthesis 
increased with time and with the increase in size (up to 
4 times) of the cells. 

Apparently the stimulation affected some cells of the 
population more than others. Some were stimulated 
immediately, some needed increasing times of exposure 
to the stimulant before reacting, and others were not 
stimulated at all. The typical stimulated cell took some 





Fig. 2. PHA-stimulated human lymphocytes labelled for 1 h with 
tritiated uridine: a parting pair with evenly distributed cytoplasmic 
labelling, and interphase cells for comparison. (x 1,500) 






three days to reach mitosis, and its rate of RNA synthesis 
wvxhon it was much enlarged and was approaching prophase 


— was sufficiently high to make its nucleus almost solid 


“black by the autoradiographic technique used (Fig. 2). 

The pattern of labelling of mitotic cells was different 
from that of interphase cells and this pattern persisted 
when cultures were kept under better conditions and fed 
daily. Demecoleine was most useful in low concentrations 
throughout the culture period®. It provided numerous 
mitoses with very slight cell damage, and it held up those 
mitoses which would have proceeded to division within 
the hour of labelling time. — 7 

It is said that cells approaching mitosis stop synthesizing 
nuclear RNA. in late prophase, and that nuclear RNA may 
enter the cytoplasm when the nuclear membrane van- 
ishes®; this transferred RNA is thought by some to be the 
elusive ‘messenger’. If such a transfer of some or all of 
the rapidly labelled RNA from nucleus to cytoplasm at 
the beginning of metaphase did occur, it could account for 
the pattern of labelling by tritiated precursors observed, 
both during mitosis of HeLa cells, and in these stimu- 
lated lymphocytes; but there are other possibilities. In 
plant cells RNA may be formed in the cytoplasm during 
mitosis’, and it is certainly possible that cytoplasmic 
synthesis of RNA in animal cells might account for the 
labelling pattern, if it began at or before prophase and 
lasted throughout mitosis. 

What then happens to the RNA found in the cytoplasm 
during mitosis is not known; it may remain in the cyto- 
plasm of the daughter-cells, it may be degraded or it may 
reappear in the re-formed nucleus. Nor is it clear what 
happens to the rapidly labelled RNA which accumulated 
in the nucleus before prophase. Some of these late inter- 
phase cells with light cytoplasmic labelling had very 
heavily labelled nuclei, but mitotic cells with comparably 
heavy labelling could not certainly be identified; they 
should have been easily discoverable if simple transfer of 
nuclear RNA to the cytoplasm had taken place. Experi- 
ments with HeLa cells, mouse fibroblasts and stimulated 
human lymphocytes (not reported here) have suggested 
that it may be difficult, even impossible, to show by 
autoradiographic techniques what becomes of labelled 
nuclear RNA during mitosis and of labelled cytoplasmic 














RNA after mitosis; urless, perhaps, the use of synchron 
cultures may be able so throw some light on their fate 

During the hour when stimulated lymphocytes were 
exposed to tritiated precursor the number. of cells which 
divided, separated and retained the even cytoplasmic | 
distribution of label was very small. The only six pairs > 
with reforming telophase nuclei were found to be so 
labelled, but all later pairs were labelled in the nuclei _ 
only, and no interphase cells with unlabelled nuclei and ~ 
grains in the cytoplasm could be discovered. This could — 
have been because the mitotic time under these experi- 
mental conditions wes more than 1 h instead of some. 
40 min’, but when calls were grown on without labelled = 
precursor for another 0:5 h, or when they were labelled ` 
for 2 h and grown on for 0-5 h, the pattern remained the | 
same; all doublets ancl interphase cells still had selective | 
nuclear labelling, anc. no evenly distributed cytoplasmic 
labelling could be foand except in mitoses and parting. 
pairs. This distribuxion of the uridine label was also” 
found in HeLa cell preparations in which hundreds of 
parting and recently parted pairs could be examined. ? 

Autoradiographic methods, however, are not likely to 
further understanding of the behaviour of nucleic acids in 
stimulated cells, and chemical methods, depending on 
cultures of large numbers of cells, will be needed. Unfor- 
tunately, exponential-y multiplying cultures of lympho- 
cytes are not availabb, and, until they are, the study of 
how stimulants like PHA act will be hindered. 

I thank Prof. H. Earris, Mr. L. F. La Cour and Dr. 
J. W. Watts for their advice and criticism. 
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BLOCKING ACTIVITY OF RAGWEED ANTIBODIES ISOLATED 
SPECIFICALLY FROM HUMAN AND RABBIT SERA 
By Dr. ROBERT H. SPITZER, Pror. MORRIS A. KAPLAN and Dr. JOSEPH G. LEIJA 


Division. of Enzymology and Experimental Hypersensitivity, Chicago Medical School, Chicago, illinois 


[LOCKING (neutralizing) antibodies can be elicited 
<O AD after parenteral injection of pollen antigens in 
= sensitive and normal human beings}, as well as in rabbits?. 
Whereas the protective role of blocking antibody in the 
hyposensitization of allergic human beings is equivocal’, 
serum levels of reagin (skin-sensitizing antibody) appear 
to reflect clinical sensitivity and a tendency to constitu- 
tional reactions*. As judged by investigations using whole 
serai’ and non-specifically purified inmunoglobulins?'*, 


-. blocking antibody inhibits the interaction of reagin with 


pollen antigen. Ragweed binding activity of whole 


< allergic sera can reside with three immunoglobulins: 


E YTS), ya a(Bza) and y, (19S, Baw) (ref: 7). Recent evidence 


_ implies reaginic activity with y, ,-globulin*; however, 


= Yeaginic y, y-globulin has been reported™?, The y,-globulin 
- nature of blocking antibody has been inferred from 
¿© investigations with whole serum", but a specific means 
=$ of purification has prevented a characterization of this 
= antibody. The present article describes an immuno- 
-specific approach for the isolation of ragweed blocking 


antibodies from rabbt and human sera. The results 


indicate that blocking, haemagglutinating, precipitating 


and passive cutaneous anaphylactic activities are associ- 
ated with these isolated relatively heat-stable y,-globulin 
preparations. 

Previously we demonstrated ragweed precipitating 
antibodies in whole sera of allergic human beings who 
were treated with a purified ragweed extract (pool O, 
0-60) (ref. 11). High levels of this antibody were main- 
tained in the sera of swo allergic individuals (J. and 8.) 
by specific treatment with this extract?*. Pool C (0-60) 
and pool C (60-90) are multi-antigen extracts obtained 
from dwarf ragweed pollen. The extracts are anti- 
genically related, but only the latter is soluble in solutions 
containing ammonium sulphate at 40 per cent saturation. 
In a typical isolation procedure, 2 ml. saline containing 
6:3 mg pool C (60-90) was mixed with 38 ml. undecom- 
plemented antisera, im the optimum zone, All antisera | 
from patient J. or S. (single or pooled bleedings) had an © 
indirect haemagglutination titre! of at least 10,240 and i 


1016 





~~. 1. Immunoelectrophoretic characterization of products (1.P.) 
ted specifically from human (slides A and cl and rabbit (slide D) 
anti-ragweed antisera. Normal human y-globulin isolated non-speci- 
fically on DEAE-cellulose is shown in slide C. An I.P. froma mixture of a 


rabbit anti-ragweed antiserum and an allergie h serum (untreated 


uman 
subject) is shown in slide Æ. Anode was on left-hand side 


produced a precipitin reaction in agar’. The reaction 
mixture was incubated at 25° C for 2 h and at 4° C for 
48 h. The insoluble complexes were removed after 
centrifugation, and then washed four times with saline, 
suspended and stirred in glycine-H,SO, buffer? (18 h at 
pH 2-9). Non-solubilized material was removed by centri- 
fugation. Immunoglobulins were precipitated from the 
supernatant by the addition of ammonium sulphate to 
obtain 40 per cent saturation. The precipitate was dis- 
solved in saline or water and dialysed. Non-diffusible 
material was lyophilized and termed ‘isolated product’ 
(I.P.). From antisera with titres of 10,240, usually 1-4 mg 
I.P. was obtained. Rabbit anti-ragweed antisera (anti- 
pool O (ref. 16), anti-DMLL (ref. 16), anti-whole dwarf 
ragweed) were processed in the aforementioned manner 
to obtain the respective I.P. All isolated preparations 
possessed haemagylutinating (indirect tanned red cell 
technique)": and precipitating" activities. 

Microimmunoelectrophoretic’’ analysis of I.P. obtained 
from human and rabbit sera revealed only y,-globulin 
(Fig. 1). Although the undulation of the precipitin are 
near the circular well may be attributable to other serum 
proteins, the presence of denatured y-globulin of low 
mobility may be a causative factor. ya (8:4) and Yim 
(8.a1)-globulin was not detected by reaction with goat 
anti-human, goat anti-rabbit and uni-specifie goat antisera. 
Various immunization proeedures and ragweed extracts 
were used to bring about an immune response in the 
rabbit, but only y,-globulin was demonstrable by immuno- 
electrophoresis and Ouchterlony analysis of the corre- 
sponding I.P. 
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Blocking activity was measured by a variation of the 
passive transfer method of Loveless’. A system composed 
of I.P., ragweed antigen and a ragweed reaginic serum 
was mixed and injected intradermally into non-sensitive 
recipients. The sites were challenged intradermally 48 h 
later with ragweed antigen (pool O, 0-60, 0-08 mg/ml.); 
the resultant weal-erythema response was measured 
20 min after challenge. The extent of the response 
relative to and greater than that evoked after a similar 
challenge of a site that originally contained only reagin 
and antigen was used as a measure of the blocking activity 
of I.P. Hence, an indirect estimate was obtained of the 
extent that I.P. prevented inactivation of reagin by 
ragweed antigen. 

The product isolated from allergic human serum 
(subject 5., single bleeding) inhibited the interaction of 
ragweed antigen with reagin in the manner of blocking 
antibody (Table 14). The weal-erythema response which 
is elicited after challenge of a given site with ragweed 
antigen reflects the amount of reagin in the initial injection 
system that was not inactivated by antigen, Challenge 
of a site that contained only reagin (system 1) revealed 
the maximum response obtained when no reagin was 
inactivated. Challenge of a site that originally contained 
reagin in the presence of antigen (system 2) produced a 
lesser response and indicated that some, but not all, of 
the reagin had been inactivated. After challenge, all 
sites which initially contained a combination of reagin, 
antigen and I.P. (systems 3, 4, 5 and 6) evoked a response 
intermediate in intensity between that of systems 1 and 2. 
It was interpreted that I.P. prevented some, but not all, 
of the antigen (in the initial injection system) from 
reacting with reagin. 

A small Prausnitz—Kiistner reaction was produced by 
unheated I.P. (system 7), per se, but was not evoked with 
I.P. that was heated for 4 h at 56° C (system 8). This 
observation suggested that I.P. contained reagin. Both 
unheated and heated I.P. possessed blocking activities 
(system 3 vs. 5, system 4 vs. 6). Similar results have been 
obtained with I.P. from allergic subject J. (single and 
pooled bleedings). Blocking activity, but not reaginic 


Table 1. BLOOKING ACTIVITY OF SPECIFICALLY ISOLATED PRODUCTS (1.P.) 


FROM RAGWEED ANTISERA 


Response (mm) in two recipients after intra- 

dermal th ragweed antigen. 
Erythema (E), 2 diameters; weal (W), 1 
diameter 


Initial intradermal 
injection system 


No. 1 No. 2 
E w E w 
A. I.P. from human serum of sub- 
ject 5., single bleeding 
(1) Reagin 50 x 35 (12) 55 x 30 (8) 
(2) Reagin, antigen 15x12 (8) 8x5 (8) 
(3) Rapa, antigen, unheated 
I.P. (0:34 — 42x 40 (12) 40 x 25 (7) 
(4) Roopa, antigen, unheated 
I.P. (017 mg/ml.) 28 x 22 (11) 30 x 20 (7) 
(5) Reagin, antigen, heated I.P 
(0-34 mg/ml.) 43 x 42 (11) $2 x 27 (8) 
(6) Reagin, antigen, heated I.P 
(0-17 /ml.) 38 x 31 (10) 31x23 (8) 
(7) Unheated I.P. (0°34 mg/ml.) 12x7 (9) 8x7 (7) 
(8) Heated I.P. (034 mg/ml.) 0x0 (0) 0x0 (0) 
(9) Antigen ( 1| C, 0-80, 0-002 
mat 0x0 (0) 0x0 (0) 
(10) Saline 0x0 (0) 0x0 (0) 
(11) Heated whole precursor 
serum, reagin, antigen 38 x 30 (8) 4i x34 (9) 
B. I.P. from a rabbit anti-whole 
dwarf ragweed antiserum 
(12) Reagin 55 «x 43 (12) 43 x 45 (9) 
(13) Reagin, antigen 17x16 (7) 28x13 (4) 
(14) Bena; antigen, unheated 
LP, (0-2 mg/ml.) 43x43 (O2) 41x25 (6) 
(15) Unheated I.P. (0:2 mg/ml.) 0x0 (0) 0x0 (0) 
(16) Unheated I.P. (0-34 mg/ml.) 
from a mixture of rabbit 
anti-ragweed antisera and 
untreated allergic human 
serum 42x 40 (11) 33 x 32 (9) 
(17) Heated I.P. of system 16 
(0-34 mg/ml.) 0x0 (0) 0x0 (0) 
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“Table 2. Passive CUTANEOUS ANAPHYLACTIC ACTIVITY OF SPECIFICALLY 


ISOLATED Propects (1.P.) FROM RAGWEED ANTISERA 


Skin blueing in 








Tntraderma! injection Concentration guinea-pigs after 
system * (mg/mi.) intravenous 
challenge t 
A. LP. from human sera . 
LP., subject. S., single Unheated 025 +++ 
bleeding No. 1 Heated O25 ++ 
Whole precursor serum of Unheated Undiluted £ 
subject S. Heated Undiluted + 
1P., subject S., single Unheated 025 +f 
bleeding No. 2 Heated 25 ++ 
Normal human serum Unheated Undiluted ü 
B. ILP. from rabbit sera l 
LP. from. pool C-anti- Unheated 05 +b + 
serum, pooled bleedings Foi + 
Heated 0-5 ++ 
05 + 
LP. from DM LL-——anti- Unheated 0-5 + + 
serum, pooled bleedings 0-05 + 
LP. from, anti-whole rag- Unheated 0-6 +++ 
weed antiserum, pooled O15 ++ 
bleedings 
Whole precursor anti-whole Unheated Undiluted ++ 
ragweed antiserum, pooled 
bleedings 
Normal rabbit serum Unheated Undiluted 0 
Sodium chloride 085% 0 


* 0-1 mi, test system, LP. dissolved in 0-85 per cent saline. ; 

+05 mi. of 0-5 per cent Evanss blue containing 0-5.mg pool C, response 
measured 20 min after challenge; 0 (negative reaction}, + (< 5 mm diam.) 
+ (-10 mm diam.), ++ (10-15 mm diam.), ++ -+ 6-20 mm diam.), 
+++ + (> 21 mm diam.), l 


activity, was demonstrable in I.P. obtained from rabbit 
anti-ragweed antisera (Table 1B). 

It is not clear whether or not the reaginic activity in 
I.P. prepared from allergic human sera. occurred as a 
result of non-specific co-precipitation or by specific com- 
bination of reagin with free antigenic sites on the pre- 
cipitating -antibody-antigen complex, The ability of 
reagin to combine with unneutralized antigenic sites on a 
complex of this type has been hypothesized by others". 
Significantly, LP. obtained from a mixture of allergic 
human serum and rabbit anti-ragweed antisera was found 
to contain reagin as demonstrated by passive transfer 
(Table 1B, system 16 vs. 17). Inamunoelectrophoretic 
analysis of this type of I.P. revealed only rabbit y,-globulin 
(Fig, 1E). | 

Passive cutaneous anaphylaxis (PCA) was performed 
and recorded in the manner of Ovary?®. Specific positive 
responses were obtained with I.P. derived from human 
sera (Table 24) and rabbit sera (Table 2B). Heating I.P. 
for 4 h at 56° C did not abolish PCA activity, but, on 
occasion, diminished the response. Human anti-ragweed 
antisera have been reported to be devoid of anaphylactic 
activity, Recently, however, antisera elicited by a 
ragweed emulsion have been shown to possess PCA 
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activity?! The resuts of the present article were co 
roboratory of the mu_ti-functional activity demonstratec 
by Perelmutter et al. with antibody preparations obtained | 
in a non-specific mamner?. Recently, Terry and Fahey 
have shown that three or four sub-classes (based on anti- 
genic differences in the heavy polypeptide chains) of 
human y-globulin could sensitize guinea-pig skin for 
reverse PCA®2. On this basis, and with the view that 
some of the haemagglutinating and precipitating anti- 
bodies to a multi-antazen extract may not participate in 
the blocking reaction®, it is not yet possible to attribute 
all functional activities to the same molecular species. 

This work was supperted by a grant from the Asthmatic 
Children’s Aid, Chicago, Ilinois. 
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SYSTEMATIC APPROACH 


By G. PETER and Dr. H. B. STEWART, jun. 
Office of Oceanography, U.S. Coast and Geodetic Survey, Washing:on, D.C. 


“WO decades ago relatively little was known about 
the detailed topography of the sea floor and even less 
about its geophysical characteristics. At that time each 
track-line of a survey or research ship supplied the 
scientific world with new discoveries. Due to the rapid 
increase of interest in the oceans and the development 
of improved survey equipment, new sea-mounts, trenches 
and oceanie ridges were discovered and mapped, magnetic 
and gravity anomalies over these features were recorded, 
and an increasing number of seismic refraction profiles 
provided information on the nature of the oceanic crust. 
These studies, generally made along a single track-line, 
had substantially increased our knowledge by 1960. 
Although large gaps still existed in many areas, the 
coverage of the ocean by survey ships was sufficient by 


then to outline the majcr topographic features of the 
ocean basins. Additional single-track exploratory expedi- 
tions are now, for the most part, only improving on the 
geological and geophysical details. One cannot avoid 
noticing, however, that tae number of major new discover- 
ies each year has declined, despite an expanded survey 
effort. The reason for this is not, however, that we 
already know everything about the geology of the oceans. 
There are large areas such as the South Pacific which are 
still virtually unknown, end the age, formation and stabil- 
ity or mobility of the ocean floor are still completely in 
the realm of speculation. 

The reasons for the recent decline in the rate of new 
marine discoveries probably are many, but we believe 
that the major reason bes in the method of surveying. 


N 
Ye 


p 
J 





158° 157° 156° 158° 156° 
Fig. 1. Left, trend of tic anomalies superim on the bathy- 
try contours. Contour interval 100 fathoms; t tic total 


me , 
intensity anomaly contour * Shaded area covers anomalies larger 
n +100y 


The single track-line of the exploratory expedition can no 
longer be relied on as the only method to provide signifi- 
cant new information for the marine geologist and geo- 
physicist. The systematic areal survey, on the other 
hand, may supply surprising new results. As an example, 
in 1955-56 the detailed survey of an area off the west coast 
of the United States by the U.S. Coast and Geodetic 
Survey ship Pioneer, and later supplemental investigations 
by vessels of the Scripps Institution of Oceanography, 
gained world-wide attention with the discovery of the 
Mendocino, Pioneer, Murray and Clarion fracture zones 
and the interesting magnetic lineations with their large 
off-sets. Despite these significant discoveries and their 
implications, other systematic surveys on an areal basis 
have been discouragingly slow in developing. 

The Coast and Geodetic Survey, starting its marine 
geophysical programme in 1961, realized the value and 
the need for systematic ocean surveys, and, as part of 
the U.S. National Plan for Ocean Surveys', launched a 
comprehensive survey between the Aleutian and Hawaiian 
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Islands, between 150° and 180° west longitude. This 
new approach to survey work in the open ocean was 
essentially the application of the well-known techniques 
of the coastal hydrographer to the unsurveyed portions 
of the deep ocean. Control was maintained by LORAN-C, 
and the systematic north-south tracks were run at a line 
spacing of 10 nautical miles with cross-lines added as 
checks. Precision depth recorders gave a continuous 
trace of the bottom, a sea-gravity meter recorded the 
gravity field, and a towed magnetometer provided a 
continuous record of the Earth's total magnetic field. 
Other observations of oceanographic or meteorological 
use were also made, but for the purposes of this article, 
only the underway soundings and magnetic observations 
will be considered. Some of the results from this survey 
have already been presented? *, some are in the process 
of publication and some are still undergoing analysis. 

Examples of the magnetic and bathymetric results from 
a portion of the systematic survey south of the Aleutian 
Islands are shown in Fig. 1. This area was surveyed by 
the Pioneer in 1961. The magnetic maps resulting from 
these surveys** are very similar to those presented by 
Raff‘, Vacquier®, and Mason‘, and reveal an interesting 
linear pattern which is independent of topography. It is 
easy to see that if we were to select a single track-line 
over the area of Fig. 1, the data on that line would look 
similar to those collected on comparable single lines in other 
oceans. It is only when such lines are part of a systematic 
survey of a discrete area that a truly meaningful picture is 
derived. A glance at Fig. 1 shows the truth of this state- 
ment and provides the geophysical justification for this 
approach to ocean surveys. 

At the time Vine and Matthews’ suggested that linear 
magnetic anomaly trends probably exist parallel to 
mid-oceanie ridges, only the 1955-56 Pioneer and later 
Scripps areal survey results had been published. Accord- 
ing to Vine and Matthews, the anomaly trends represent 
areas of normal and reversed magnetization that are 
related to the outward spreading of the ocean floor, and 
to the periodic reversals of the Earth’s magnetic field. 
Backus* suggested an areal survey of the mid-Atlantic 
ridge to test these and other hypotheses at the same time, 
but the necessary survey has not yet materialized. The 
significance of the anomaly pattern shown in Fig. | is 
that it does not parallel a mid-oceanic ridge; it is nearly 
parallel to the continental margin of North America 
(900 nautical miles away), and on the west, to the Emperor 
Seamount chain (1,500 nautical miles away). Calculations 
have shown? that in this area normally magnetized blocks, 
separated by non-magnetized blocks, can reproduce 
faithfully the observed anomalies. These suggest that 
linear anomaly patterns may exist in areas far away 
from mid-oceanic ridges and also from the continental 
margins. To locate, examine, and understand the 
meaning of these trends, the establishment of more areal 
surveys is imperative. If it is found that these are 
characteristic throughout all oceans, and reveal other 
large displacements of the ocean floor as well, new ideas 
may evolve in regard to the structure of the crust or 
upper mantle under the oceans. 

No one questions the need for further oceanic inves- 
tigations, but on the approach, only a few agree. We 
believe that to resolve existing controversial hypotheses 
and to develop new knowledge on oceanic structure, the 
single track-line exploratory expedition now must be 
supplemented by carefully planned systematic areal 
surveys of the deep sea. 
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DETECTION OF MICRO-ORGANISMS IN SOIL BY THEIR CATALATIC 
ACTIVITY 


By H. H. WEETALL, Dr. N. WELIKY and S. P. VANGO 


Space Sciences Division, Jet Propulsion Laboratory, California Institute of Technology, Pasadena 


ATALASE is an enzyme which catalyses the decom- 
position of hydrogen peroxide to water and oxygen: 


2H,O, —> 2H,O + O; 


It is found universally among plants and higher animals, 
and is present in most algae and fungi. The enzyme is 
found in all aerobic bacteria, most facultative anaerobic 
bacteria, but is absent in obligate anaerobic bacteria’. 
The quantity of haem found in micro-organisms ranges 
from 10-* to 10-*° moles/mg dry weight*: up to 10 per cent 
of this can be catalase. In some organisms, such as 
Micrococcus lysodeikticus, the catalase present is as high 
as 100 mg/g dried organisms. 

Bacterial catalase has a molecular weight of 232,000 
(ref. 3). It requires no cofactors or activators and has no 
pH optimum between pH 3 and 9—the region where 
maximum activity is exhibited‘. The enzyme kinetics 
are unaffected by temperature changes between 4° and 
25° C (ref. 3). 

Because of the prevalence of catalase in micro-organ- 
isms and the insensitivity of its activity to reaction condi- 
tions, the detection and estimation of intracellular catalase, 
under appropriate conditions, should be a simple and 
convenient indication of the presence of micro-organisms in 
soils. Correlations have been reported’-’ between free 
catalase activity and properties such as biological activity 
and fertility. 

To determine the concentrations of intracellular catalase 
which one might find in various desert soils we estimated 
the quantity of enzyme found in an ‘average bacterium’, 
as follows, based on values found in the literature for 
pure cultures. If 10-*-10-'° moles of haem are found in 
| mg of organisms and up to 10 per cent can be catalase’, 
then 1 mg of organisms contains 10-*°-10-" moles of 
catalase. One bacterium weighs approximately 10- g 
(ref. 8). This means one organism contains 10-1*-10-?° 
moles of catalase. For this calculation we are not taking 
into account heavier organisms, such as the algae and 
fungi which contain larger quantities of catalase (and 
thus the estimates might be expected to be more accurate 
for intermediate or poorer soils than those with large 
quantities of organic matter). A test of this method using 
several desert soils showed a reasonable correlation 
between catalase activity and bacterial content measured 
by plate count. Catalase activity of a garden soil was many 
orders of magnitude greater. 

For simplicity in the detection of catalase in soil samples 
it is required that: (1) the soil sample be homogeneous ; 
(2) amethod be available for releasing the enzymes from in- 
digeneous micro-organisms into the surrounding medium ; 
(3) a method be available for assaying the catalase without 
the necessity of extracting or separating it from the other 
components of soil. The requirement for sample homo- 
geneity was met by grinding the soils with a mortar and 
pestle. The second requirement was most easily met by 
lysing the bacterial cells present in the soil, that is, ruptur- 
ing the cell walls, permitting the contents to disperse 
throughout the solution. This was accomplished partially 
by the addition of the enzyme muramidase (lysozyme). 
This enzyme hydrolyses muramic acid, a component of 
the cell wall of many bacteria and algae® 1°, However, 
it does not lyse all species of bacteria and algae. 

First experiments were carried out in the simple 
apparatus shòwn in Fig. 1. No quantitative measurements 
were made: results were noted as either positive or nega- 
tive. Equal weights of soil samples were placed in the 


bottom of each test-tuse. Buffer was added to the control 
side, and muramidase in an equal volume of buffer to the 
other. After allowing 20 min for the muramidase to react, 
the upper reagent vessels were turned so that the hydrogen 
peroxide solution, previously measured into each, was 
poured into the test-tabes. If the muramidase released 
catalase, the excess oxygen produced from the hydrogen 
peroxide increased the pressure on that side, causing the 
liquid in the U-tube te move. This was found to be the 
case for a garden soil aad several desert soils. The success 
of these early experiments prompted the construction of 
more sensitive differential manometers from which pres- 
sures could be read more accurately. The differential 
manometers were made by connecting together two War- 
burg manometers. The manometric fluid was Krebs’s 
manometer fluid’! (density, 1-033). These experiments 
were carried out at a constant temperature of 22° C in a 
Warburg apparatus. 

1 g of soil was placed in each of two Warburg flasks, 
to which were then added the following: 


Test flask Control flask 
2 ml. of a solution of muramidase (1 2 mi. of 0-2 M —— buffer, pH 
_ Pi S83, in 02M phos hate bafer, 5-85, 0:17 M in sodium chloride 
5-85 ANE hay um choride 
roxide solution 1 ml. hydrogen peroxide solution 
l Anal —— n, 0-06 M) im the (final concentration, 0-06 M) in 
same buffer the same buffer 


The peroxi ie solution was added from a side arm after 
a 20-min equilibration period. For calibration, | ml. 
buffered enzyme solution was substituted for the 1 g soil 
in the test flask and additional buffer (1 ml.) was added 
instead of soil to the control. 

Several control experiments were made to test for any 
catalatic activity of rauramidase alone. Desert soils 
heated to 850° C for 24 h were also used as controls. In 
some experiments varous proteins, including human 
y-globulin, bovine serum albumin and denatured bovine 
haemoglobin, were subszituted for muramidase. 

A series of experiments were carried out to determine 
the smallest quantity of snzyme detectable in our appara- 
tus. The results show that 10-'* moles active enzyme 
could be detected (Fig. 2), producing 9 wl. oxygen in 40 
min. No attempt was made to test for smaller amounts 
of enzyme. Taking inte account the amount of catalase 
expected per micro-organism, it would appear that, with 
virtually no refinements the method can detect 10*-10* 
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Fig. 1. Prototype differential manometer for catalase determinations in 
sci} samples 
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The next series of tests were on four selected soils. 


_ One was a common garden soil containing approximately 


10° organisms or more per gram, and the other three were 
desert soils containing 10°-10* organisms per gram (Table 
1). Catalase was detectable in all the soils tested (Fig. 3). 
The poorest produced as mueh as 9 ul. oxygen which was 
well within the experimental error of our apparatus. 

No attempt was made to determine the percentage of 
organisms in the soil samples lysed by the muramidase. 
However, there appeared to be a direct correlation between 


ay | the quantity of oxygen produced and the number of 

bacteria present in each sample, determined by plate 
oo. count. 
uo oxygen produced from purified catalase solutions vs. 


A plot was made from Fig. 2 of the maximum 


~ moles of enzyme (Fig. 4). The maximum quantity of 
oxygen released by the soil samples was found from the 
curve and the enzymatically released catalase read off 
the same plot. 

All control experiments were negative except where 
a sample of bovine serum albumin was substituted for 
muramidase. The sample of bovine serum albumin, 
used in concentrations of 1 mg/ml., was found to lyse 
M. lysodeikticus when assayed for lysozyme activity by 
observing the decrease in turbidity as described by 
Shugar®, 

By the series of calculations previously described, we 
determined that one organism weighing 1073 g should 
contain approximately 10-13-10- moles of catalase. 
The number of organisms in the soil samples releasing 
. catalase were caleulated and are listed in Table 1. 

Although these figures differ from the plate counts 
(Table 1), they are within the experimental error of the 
counts themselves'!), and thus offer an extremely rapid 
method of determining the relative number of organisms 
in a soil sample. The effect of the growth medium on the 
catalase content of bacterial cells does not seem to have 
been investigated in detail, although it is known that in 
almost all cases tetrapyrroles are not required in the 


70 
160 
6, 
60 7 
© 
$ 2 x10? moles 
* 
50 120 
s F 
g a 
£40- d E 
Q 
8 = 
£ 80 7 
= 5 
Z 30 > 
g z 
= z > 
Z 2 x10? moles g 
20 |- x 
952 xoti moles 40 
us 
A ah 2x10! motes 
10 | ` Pe 
+% 
l p 
Fe oe 
* 2x O “moles 
o KE rno a 
ü i 20 30 40 


Time (min) 
Fig. 2. Oxygen production at various enzyme concentrations 





—— — VoL 206 
160 


60 | 


50 
GARDEN 


120 


40 


| 80 


Differential pressure (rant H. O) 
Net oxygen production {zi} 


40 


30 4G 
Time (min) 


Fig. 3. Oxygen production from various soil samples. Each sample was 
first treated with muramidase before the addition of hydrogen peroxide 


growth medium for the production of bacterial catalase’. 
Thus there is no assurance, at the present time, that the 
observed correlations are not the result of compensating 
factors inherent in the procedure and calculations. 
Until more detailed evaluations of the effects of these 
factors are made such compensations, if significant, could 
work as well to the advantage of the method as against it. 

There are other methods of lysing organisms which may 
release even more cell-bound catalase. Freezing and 
thawing, grinding with glass, detergents and other lytic 
enzymes (including the newly reported cell-lysing enzyme, 
lysostaphin) will be investigated. The enzyme mur- 
amidase was chosen for this initial series of experiments 
because it is easily available and offers a simple, rapid 
method for rupturing bacterial cell walls. 

The differential manometer is not the most sensitive 
apparatus for detecting oxygen. Smaller quantities of 


oxygen can be detected by pressure transducers, quench- ` 
ing of fluorescence, or the luciferin—luciferase reaction | 
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Table 1. QUANTITIES OF MICRO-ORGANISMS DETERMINED IN SOILS STEDET 
Plate counts Calculated 
Facultative 0. of 
Soil Aerobes anaerobes Anaerobes Algae  organismst{ 
2-1* 10° 108 4x 105 10° 10%-10* 
54-1* 98x 103 10 15x10 0 ` 10?~10 
206 f 10? 10° — 0 103-104 


* Collected from Colorado Desert, California. 

t Collected from the vicinity of Lake Mead, Nevada. 

} Caleulated from the oxygen released in the presence of muramidase and 
hydrogen peroxide. 


Table 2. REPRODUCIBILITY OF OXYGEN PRESSURE FROM OATALASE RELEASED 
BY THE ACTION OF LYSOZYME ON SOTILS 


Maximum Mean value for Deviation 
Soll differential differential from mean 
sample pressure (mm) pressure (mm) (%) 
2—1 250 245 20 
240 20 
54-1 90 83 84 
80 3-6 
80 3°6 
206 30 33 10 
36 10 
40 21 
30 10 


which depends on the presence of oxygen for lumines- 
cence. With an improved technique for lysing organisms 
and a more sensitive method of detecting oxygen, it may 
even be possible to detect 1-10 lysed organisms. 

The technique which we have described should be 
applicable to the detection of any enzyme which produces 
a gas, such as carbon dioxide or oxygen. Thus amino- 
acid decarboxylases might be detectable by this technique. 
It may also be useful to the soil microbiologist for the 
relative determination of micro-organisms in soil samples. 
The inaccuracy of plate counts for soils 1s well known??)38 
and can vary by as much as a factor of 100 not only from 
day to day but from plate to plate. (A complete discus- 
sion of the accuracy of plate counts from souls will be 
found in the references cited.) It is also known that the 
method by which the organisms are extracted from the 
sou, the length of extraction time and the methods of 
plating all contribute to the number of organisms detected. 
The determination of catalase in a soil sample may be 
more reliable for characterizing various types of soils. 
Although the technique relies on the enzymatic lysis of 
organisms it alleviates the problems inherent in extraction 
and plating. While it is obvious that we are not lysing 
all the micro-organisms in a soil sample, the reproducibility 
is excellent (Table 2). This method of detecting organisms 
in soil may also be of use in detecting extraterrestrial 
organisms, if instrumented for inclusion in a planetary 
probe. 

There are many shortcomings with this method of 
detecting ‘life-forms’ in common with other methods. 
Some of these are: (a) This experiment was designed to 
detect a specific enzyme which may be absent in extra- 
terrestrial organisms. This objection, however, would 
apply to any experiment for the detection of a cell com- 
ponent. (b) Muramidase does not lyse the walls of all 
varieties of bacteria and so may not be able to attack the 
walls of any extraterrestrial organisms that might exist. 
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A less specific methodimay be advantageous. On the other 
hand, if the experiment were successful, further evidence 
for the presence of calls would be available. So far, all 
desert and garden sol samples tested have proved posi- 
tive. The report of € new enzyme which is said to lyse 
cell walls suggests taat the versatility of the method 
may be increased by adding such an enzyme. (c) Catalase 
is absent in all obligate anaerobic bacteria. These die 
in the presence of oxygen and thus cannot tolerate any 
reaction that has oxzgen as a product. If the Martian 
atmosphere were to contain little or no oxygen, it is 
possible that oxygen would be toxic to micro-organisms 
there. The obligate anaerobes make use of peroxidase 
for decomposing hydrogen peroxide to water. It is pos- 
sible to detect perox-dase gasometrically by making use 
of its ability to catalyse the oxidation of dihydroxyfumaric 
acid by oxygen}, 

There is no information available to specify what form 
extraterrestrial life may take. Consequently we cannot 
predict whether any method based on composition or 
cultural techniques will actually detect extraterrestrial 
organisms. The gasometric determination of oxygen or 
carbon dioxide cata ysed by the contents of cells the 
walls of which have Eeen ruptured is a reasonable method 
for detecting biologi-al activity (as we know it), where 
simplicity and reliabi ity of method of detecting are impor- 
tant. Even if gasomatric experiments proved positive on 
extraterrestrial soils Uroct observation of that soil would 
be necessary for final proof of the presence of living 
organized bodies. Í 

We thank Dr. R. E. Cameron, F. A. Morelli and G. 
Blank of this laboratory for helpful suggestions, for 
providing the desert soils and for the bacterial counts 
associated with them. 
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istration. 
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AGE DETERMINATIONS ON SOME ETHIOPIAN BASEMENT ROCKS 
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URING the summer of 1961 a series of rock samples 
were collected in the Sidamo-—Borana area of southern 
Ethiopia by A. 8. Rogers and D. L. Simmons. A dis- 
cussion of the geology and groundwater problems of the 


— 


area is in preparation. However, because of the complete 
lack of information concerning the age(s) of the Ethiopian 
Basement rocks, a selection of the samples was submitted 
to the Department >f Geodesy and Geophysics, University 
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of Cambridge, for dating, and some preliminary results 
are presentéd here, including samples collected from other 
parts of Ethiopia by one of us (P. A. M.). 

Fig. 1 shows the locations of the dated — General 
geology 1s adapted from the 1:2 million in geological map 
of Ethiopia (1962 edition’), with orientation of gneisses 
and schistosity based on present field-work. The ages of 
ten samples are presented in Table 1: eight from the 
Basement metamorphic complex of southern Sidamo- 
Borana, one from a pegmatite near Harar, and one from 
an ultrabasic intrusive complex near Yubdo, Wollega. 

The Basement rocks of Ethiopia have been examined 
by many workers (see Dainelli? for résumé), nearly all of 
whom have referred these rocks to the Pre-Cambrian. 
` Some workers*-*:71 have attempted local subdivisions of 
the Basement, chiefly on the basis of contrasting degree 
of metamorphism, but despite the large cover of more 
recent rocks in central Ethiopia, it has become to be 
realized that no fundamental regional differences within 
the Basement are evident in Ethiopia!?:?»* such as occur 
elsewhere in Africa. The ‘whole of the Horn of Africa 
formed part of a north-south (present poles) trough of 
late Pre-Cambrian sedimentation!-*»® dominantly of a fine- 
grained clastic nature, which was first subjected to an 
intense regional metamorphism (a metamorphism, how- 
ever, which large belts of the sediments of the trough 
apparently escaped) followed by a light dynamic meta- 
morphism". Various phases of igneous activity, domin- 
antly silicic, were associated directly or indirectly with 
these two metamorphic episodes. 

It seems very likely that the Basement rocks of the 
Horn of Africa form a northwards extension of the 
Mozambique Belt from Central Africa! and East Africa?’, 
with the same Belt extending further north into Egypt** 
and Arabia?®*:14_ However, the metamorphic grade in the 
Horn of Africa is generally much lower than the charac- 
teristic gneissic grades to the south: there has been no 
concrete evidence as yet presented which has proved the 
higher metamorphic grade rocks to be older than those 
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of lower grade, although this has been considered prob- 
able by many previous workers!-*. Cahen??? has discussed 
the possibility of the Mozambique Belt being multicyclic, 
but the fact remains that no previous age-determinations 
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‘with values greater than about 650 m.y. have been 


obtained from this Belt. 

For the Sidamo-Borana samples the obtained potas- 
slumsargon ages range between 460 and 740 m.y. (neg- 
lecting the evidently unreliable chlorite value from 
specimen 6). Two sub-groups can be distinguished on the 
basis of the apparent ages given in Table 1: the pre- 
epimetamorphic Moyale diorite (specimen 3), the low- 
grade orthogneiss from the Dawa Parma (specimen 4), and 
the phyllite and muscovite paragneiss from immediately 
north-east of the Dawa Parma (specimens 7 and 8), which 
all give ages close to 500 m.y.; the high-grade ortho- 
gneisses from near Cellago, and similar rocks occurring 
between the paragneiss—paraschist sequence north-east of 
the Dawa Parma and the Jurassic limestone scarp south 
of Neghelli, give ages close to 630 m.y., excepting 
specimen 1, which gives 740m.y. Itis interesting to note 
that the younger age-group rocks, lying to the west, have 
foliations trending a little east of north, whereas the older 
group to the east have foliations trending a little west of 
north. Obviously much work remains to be done in 
determining the existence of any boundary between these 
two Basement subdivisions, but it may be a significant 
guide that the present geochronological work supports 
the view of a somewhat greater age for the more intensely 
metamorphosed rocks. However, Drysdale and Garrard** 
warn that apparent ages may be misleading when applied 
to rock units which have suffered subsequent meta- 
somatism, and until more detailed field surveys and geo- 
chronological work have been done on the Sidamo—Borana 
Basement rocks, the conclusions given here must remain 
tentative. 

The age of an apani unmetamorphosed pegmatite 
from near Harar falls between the ages of the two Sidamo- 
Borana sub-groups at 570 m.y., but is not inconsistent 
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Table 1 
Minera) and rock type Location % K0 a Age and 
sample RA error (m.y.) 
i Biotate from hornblende-biotite gneiss 40 km N.E. of El Der (4-09 N 39-68 E) 3°51 0 1050 739414 
2 Amphibolite (?) (total rock) 40 km N.E. of El Der (4-09 N 39-58 E) 0 47 0 01183 637 + 20 
3 Biotite from biotite quartz-dionte — — Nati Moyale (Ethiopia) 8-47 0:1685 517+9 
4 Biotite from biotite augen-gnelas Dawa Parma river, on Uacille-Neghelli road 6 47 0 1246 50745 
(106 km S.W. of Neghellf) (4:51 N 3915 E) 
5 Eornbiende from hornblende gneiss 55 km S.W. of Neghelli (5-04 N 39 31 E) 013 0 00312 615 + 87 
6 i) Hornblende from hornblende-chliorite gneiss 70 km 8.W. of Neghelli (4 58 N 39 27 E) 021 600614 625 + 47 
6 di) | OChlorite from hornbiende-chiorite gneiss 70 km S.W. of Neghelll (4 58 N 39 27 E) + 0972 0-00078 303 +184 
7 Green phyllite (total rock) 72 km S W. of Neghelli (4-57 N 39-27 E) 0-18 0-00809 458 + 49 
8 Muscovite from muscovite gnelss -| 88 km S.W. of Neghelli (4-52 N 39 24 E} 25 90-1906 402+4 
9 AEE (total rock} 2 km. E. of Yubdo Wollega (8 57 N 35-28 E) 0 023 0-090027 330 + 180 
10 uscovite from muscovite-quartz pegmatite Shavelli, Hararge (about 60 E. of Harar) 974 0-2141 569 + 35 


(9-15 N 42 39 E} 
} p= 4:72 x 10-My— 


2e= 0-584 x 1Q-My~? 





with dates obtained from northern Somalia, which place 
the epimetamorphism between 550 and 600 m.y., and the 
katametamorphism as older than 600 m.y. 

The preliminary conclusion from this work is that in 
southern Ethiopia the epimetamorphism occurred close 
to 500 m.y., and that the katametamorphism occurred at 
least 600 m.y. ago. It is of interest that the apparent age 
of the epimetamorphism in southern Ethiopia ıs younger 
than in Harar and northern Somalia), but is older than 
in south-eastern Kenya'?:15, Furthermore, the apparent 
association in southern Ethiopia of older age with higher 
grade of metamorphism 1s worthy of further confirmation. 
The greatest age obtained in this work, 740 m.y. for a 
high-grade gneiss from near Cellago, is not only old for 
the Mozambique Belt, but would seem to indicate the 
possibility of argon-retention in some rocks from the 
katametamorphosed zones, thus supporting Cahen’s 
multicyclic concept for this Belt. 

It now seems highly probable that the Horn of Africa, 
as well as south-west Arabia belongs to a single structural 
unit of the Pre-Cambrian-early Palaeozoic, and indeed 
similar ages to those quoted in this article have also been 
obtained from north-east Africa!®, Kenya}*-1°, Seychelles?’, 
Central Africati,is, South Afmea!® and Antarctica®*®, as 
well as western Africa. It is therefore evident that the 
eastern side of the Arabo-—African continent was subject 
to a severe orogenic compression and regional meta- 
morphism near the end of the Pre-Cambrian, and if, as 
seems likely, this involved older rock formations as well 
as fresh sediments there was virtually complete argon 
loss from these older rocks. Intrusive activity was 
associated with this orogeny but continued into the 
Cambro-Ordovician, towards the end of which time there 


was a phase of gentle lynamic metamorphism in the Horn 
of Africa and south-west Arabia. 

Finally, ıt must be smphasized that there is an immense 
amount of work yet to be begun on unravelling the 
structure and history of the Ethiopian Basement rocks. 

Note added in proof. Age determinations on two further 
Sidamo-—Borana, Basement specimens, made by Dr. R. 
Grasty with the University of Cambridge omegatron, give 
added weight to the erguments and conclusions given in 
this article: (1) microzline pegmatite, 40 km. N.E. of El 
Der, 644 + 18 m.y.; (2) biotite granite, 16 km W.S.W. 
of El Der, 664 + 4 m.y. 
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UTTON'! has developed a hypothesis of long-term cycles 
in the evolutionary history of the continents, which 
he calls ‘chelogenic’ (or shield forming) cycles. In each 
cycle he recognizes & characteristic sequence of geological 
events involving continental disruption, drift and recon- 
struction, leading, in certain more or less restricted belts, 
through a stage of mobilty and mountain-building to the 
eventual renewal of continental shield stability. Any 
evaluation of Sutton’s analysis must depend largely on the 
latest findings in four broad fields of research in the Earth 
sciences—geochronology, geophysics, petrology and classi- 
cal geology. 


For such an evaluation, the most important of these 
fields of knowledge is the comparatively new and rapidly 
expanding science of geochronology. Before the advent 
of radiometric methods of rock and mmeral age determ- 
ination, age studies within individual continental shields 
could produce, even ander optimum conditions, little 
more than a relative sequence of events, and comparison. 
between separated shield areas was a form of scientific 
speculation, difficult te prove or disprove. To a large 
extent, isotopic age determination provides the missing 
key to our understanding of the Pre-Cambrian past of the 
Earth. With this new tool it becomes possible to make 
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comparative studies of the geological histories of the 
continental shields -based on the probable identity of 
dated events in each separate shield area. Sutton quotes 
the pioneer work of numerous workers?-'° in this field. 

Research in petrology and classical geology over the 
past 50 years has produced a considerable advance in our 
knowledge of the Pre-Cambrian. Major structural 
provinces, such as those mapped in the Canadian Shield”, 
and in Africa!*, have been investigated and delimited in 
many areas of the globe, and it is suggested by both 
Gastil and Sutton that the culminations of these large- 
scale periods of structural development may be broadly 
synchronous on & world-wide scale. The concept of a 
‘geological cycle’ ıs not new: it has been discussed in 
various forms by many geologists over the past 150 
years. Examples of recent developments of the classical 
petrological and geological points of view are those of 
Tyrrell and Harpum*4*. The important addition to this 
theory made by Sutton is his assertion that the major 
long-term cycles identifiable in each of the structural 
units of the crust can be correlated and brought together 
in a single world synthesis. 

Another relevant field of enquiry is that of geophysics, 
for any concept which postulates a unitary cyclical 
process governing the visible geology of the outer crust 
must look for an explanation of this phenomenon on an 
Earth scale. Runcorn!.1* has suggested one possible 
mechanism by a further development of the well-known 
hypothesis of convection currents in the mantle, and his 
variant was the basis of Sutton’s original conception of 
chelogenic cycles. 

In a critical appreciation of Sutton’s hypotheses we 
have reviewed the evidence quoted by him and have 
repeated and extended the type of analysis of isotopic 
age data originally made by Gastil. On the geological 
side, we consider that evidence in favour of continental 
drift during Phanerozoic time is now strong (see our 
contribution!’ to the Royal Society symposium on 
“Continental Drift’, 1964). Evidence for numerous 
periods of Pre-Cambrian continental drift, as advocated 
by Sutton, is, however, far less conclusive. Ancient basic 
dyke swarms, intruded during phases of tensional stress 
in the crust, may sometimes be taken as indicative of a 
period of continental drift during Pre-Cambrian times, but 
in most instances 1t is not possible to relate the distribu- 
tion of the exposed dyke swarms to any convincing history 
of complete disruption of the continental shields (see, 
for example, the work of Fahrig and Wanless!* on the 
Canadian Shield). In addition, the more fundamental 
problem of how and when the discontinuous continental 
sialic skin of the Earth evolved has not been solved. The 
work of Patterson and Tatsumoto!*® on lead isotopes in 
detrital feldspar, for example, supports the hypothesis 
of an early evolution of the bulk of the continental sub- 
stance, while the work of Hurley et al.2° on the distribution 
of rubidium and strontium isotopes in rocks suggests a 
continuous process of sialic evolution that would be com- 
patible with a hypothesis of continental accretionary 
growth similar to that proposed by Wilson?!. We favour 
a compromise view, ın which it is postulated that continu- 
ous differentiation of continental material has gone on 
throughout the Earth’s history, but that the rate of 
production of new sialic substance has fallen off rapidly 
from an initially high value. In an alternative view, a 
large increase in the surface diameter of the Earth over 
geological time has been, suggested as a possible explana- 
tion of the discontinuous nature of the sialic skin??~*4, 


The fact that all oceanie rocks are considerably younger. 


than those of the continental basement would appear at 
first sight to support this hypothesis, but Lyttleton®® and 
Runcorn?! have advanced arguments which apparently 
disprove the possibility of Barth expansion during 
geological time. It would appear that agreement regarding 
the fundamental mechanism which controls Earth 
history, and may be the cause and explanation of geo- 
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logical cycles, continental drift and igneous activity, 
cannot be achieved in our present knowledge. Although 
it is to-day the most favoured explanation, there are as 
strong geophysical arguments against the hypothesis of 
convection currents in the mantle as there are for it (see, 
for example, the discussions of gravity and other data 
from artificial satellites in the Royal Society symposium 
on. ‘‘Continental Drift”, 1964). 

Recent work, especially that on the mid-oceanic ridges, 
appears to indicate, however, that any really satisfactory 
explanation of oceanic geology and volcanism, of continen- 
tal drift and of the many more ancient episodes of crustal 
tension known from the geological record, must involve 
some form of intermittent ocean floor spreading, as pro- 
posed by Heezen**, Wilson*? and others. If continuous 
convection in the mantle is not possible, then perhaps 
convective overturn (half-cycle convection) may still be 
possible as an intermittent event. If such a process occurs 
on, occasion in the outer layers of the Earth, it need not be 
necessarily incompatible with the overall Earth contrac- 
tion suggested by classical structural geology and now so 
strongly supported by the work of Lyttleton on the core 
and by the inertia studies of Runcorn. 

Within this present-day confusion of conflicting hypo- 
theses, it 1s apparent that the rapidly expanding field of 
geochronology holds promise of important new evidence, 
and, as an extension of our critical review of Sutton’s 
work, we have commenced & long-term investigation of 
the isotopic age evidence from rocks and minerals in its 
relation to the findings of field geology. There has been a 
tremendous increase in the volume of isotopic ages from 
rocks since Gastil made his pioneer analysis in 1962, 
and we believe that it is now possible to separate from the 
data at present available indications of greater geological 
significance than was then feasible. The results of a 
preliminary re-investigation of the isotopic age data are 
summarized diagrammatically in column 5 of Fig. 1. 
For the purpose of this preliminary analysis the world 
data have been divided into two categories. The first 
category consists of all those ages which we interpret as 
indicating past episodes of orogenic earth movements, 
regional metamorphism and orogenic magmatism (such 
as ages from regional metamorphic rocks and minerals, 
synorogenic granites, pegmatites and from basic magmatic 
rocks closely associated with orogenesis): the second 
category includes the ages which we interpret as being the 
initial age of extrusion or intrusion of some non-orogenic 
magmatic body (such as ages from tensional dyke swarms, 
continental flood basalts and ignimbrite provinces, mid- 
oceanic ridges, rift complexes, post-orogenic granites 
and from alkaline plutonic complexes). As a result of 
analysing the mineral and rock ages in this manner a 
striking cyclical array of age concentrations becomes 
apparent, and it is considered likely that, even allowing for 
major deficiencies in the available data (for large areas of 
the globe remained unsampled), these results are meaning- 
ful. They definitely suggest that the dominating factor in 
the long-term geological history of the Earth has been a 
major alternating cycle of predominantly non-orogenic 
intervals followed by predominantly orogenic episodes. 
In addition, there are indications, which may be verified 
by future work on as yet unsampled areas, of minor 
alternations within the major cycles (for example, the 
episode of late Scourian metamorphism which occurred 
during the dominantly non-orogenic first half of the 
Churchill eycle—as defined in this article—has analogues 
in the Grenville, Varisco-Caledoman and Alpine cycles). 

The success of this preliminary analysis has encouraged 
us to undertake a more rigorous investigation of the 
isotopic age evidence, in which it is intended that the 
evidence from each continental shield area will be analysed 
separately before the world pattern is re-examined. A 
programme of rock dating from some of the unsampled 
and poorly sampled areas has been instigated as part of 
this project. 
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Fig. 1. Chelogenic cycles (time-units of Earth history) 


Certain important conclusions are already clear from 
the preliminary work. While Sutton’s general thesis of 
long-term cyclical processes controlling Earth history is 
strongly supported, it is seen that his division of geological 
time into individual cycles requires revision. On the basis 
of the present preliminary analysis it is possible tenta- 
tively to re-define the major divisions of Pre-Cambrian 
time into a series of chelogenic or geological cycles, each of 
which comprises a ‘non-orogenic’ period followed by an 
‘orogenic’ period (see column 7 of Fig. 1). Pre-Cambrian 
units, as defined in the past, begin with an orogenic 
episode. Itis thought preferable to follow the more usual 
stratigraphical practice (for example, as seen in the 
geosyncline/orogen concept), and to define each unit so 
that it develops through an early, dominantly sedimentary, 
non-orogenic, phase towards an orogenic culmination 
close to its end. Each chelogenic cycle and half-cycle so 
defined is a time-unit of Earth history. During the first, 
predominantly anorogenic half of the cycle, the thermal 
activity of the globe appears to be on the increase, leading 
to cratogenic magmatism of increasing extent—in the 
recently consolidated mobile belts of the previous cycle, 
post-orogenic granites and andesite—-rhyolite voleanism; 
elsewhere, the appearance of syenitic and carbonatite 
alkaline intrusive complexes, extensive continental ignim- 
brite volcanism, flood basalt and oceanic basic voleanism. 
Rifting (and continental drift in appropriate circum- 
stances) is typical of this half-cycle, which is characterized 
by the dominance of a tensional régime in the outermost 
layers of the Earth. Cratogenic magmatism appears to 
reach its maximum immediately before the inception of the 
succeeding orogenic half-cycle, for example, in North 
America, durmg the Grenville cycle (as defined in this 
article), we have the intrusion of the Duluth gabbro, the 
Muskox complex and the Lackner alkaline complex all 
just before the beginning of the Grenville orogeny. The 
dominantly orogenic half-cycle sees the full development 
of mobile belts which begin to extend across the Earth’s 
crust during the latter part of the preceding anorogenic 
half-cycle. Within the mobile belts separate orogenic 
systems can be distinguished: each orogenic system is a 


space-time unit. Within each of these units a history of 
individual phases or 2vents—geosynclinal, parorogenic, 
magmatic, evorogenic—can be recognized. In each mobile 
belt the crustal basement becomes metamorphosed and 
re-activated to a greater or lesser extent during the 
culminating orogenesic, and the final volume of sialic 
material m any given continental sector may be aug- 
mented by new differentiate from sub-crustal magmatic 
sources, A dramatic change from a world-tensional 
régime to one domina-ed by compression occurs during 
the orogenic half-cycle, and at its close the Earth as a 
whole appears to have expended the energy which has 
accumulated beneath iss outer crust in the earlier parts 
of the chelogenic cycle. The end of each cycle is therefore 
characterized by a return to stability over the greater part 
of the Earth and by an. extension of existing shield areas. 

The concept of chelogenic cycles as outlined here does 
not represent an uncualified return to the classical 
geological hypothesis o: alternating periods of world-wide 
tension and compressicn as developed by Stille**. The 
alternate halves of the chelogenic cycle which are pre- 
dominantly anorogenic and orogenic, respectively, are of 
a different order of maznitude from the periods of Stille, 
and only become recogrizable on a long-term world-scale. 
Furthermore, they must represent the effects of a cycle of 
events in the outer mantle to which the crust reacts 
passively. Continental drift disruption of sialic shield 
areas as a result of ocean floor spreading is a manifestation 
of world tensian in th» outermost layers of the Earth, 
but in certain regions of the crust, especially where two 
continental shields are being driven against each other, 
the results may be vislently orogenic. At any single 
continental locality it may be possible to recognize a 
unique sequence of ecmpressive and tensional events 
within either half of the chelogenic cycle. In some 
areas, and for long periods, it may seem, as it did to 
Giluly?* in his review of the tectonic history of the 
western United States, taat there is an essential uniformity 
in tectonic and voleanc activity throughout geological 
time. Even in this area, however, Gilluly notes the 
occurrence of catastrophic plutonism that is apparently 
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not related to either of the other processes. The essential 
character of the chelogenic cycle only becomes apparent 
when geological history is viewed on a world-scale in both 
time and space. The world concentration of major 
orogenic events towards the end of each cycle, such as 
that between 1,600 ‘and 1,900 m.y. during the Churchill 
cycle, does not necessarily imply world-wide synchroneity 
of orogeny on a smaller time-scale. It is most probable 
that paroxysmal failure of mobile belts occurs only along 
relatively short lengths of a belt at any one time. As the 
independent sequences, of slow, then suddenly more 
violent, orogenic activity, seen at individual localities 
along mobile belts, become unified within a single orogenic 
system when seen on a larger scale in space and time, so 


the independent orogenic systems, when viewed together ` 


on a world-scale, can be seen to fit into the pattern of the 
chelogenic cycle. ` 

Differences of opinion regarding the detailed interpreta- 
tion and application of the research reported in this article 
are prohable, but the main conclusion, that the geological 
history of the Earth as a whole reveals a large-scale 
cyclical repetition of predominantly anorogenic periods 
followed by predominantly orogenic periods, appears 
certain. Again, although views regarding the fundamental 
mechanisms which may control this cyclical history must, 
owing to the very nature of the problem, remain largely 
speculative at present, one major inference appears to be 
valid: this is that each chelogenic cycle represents an 
energy-release cycle affecting at least the outermost 
layers of the Earth. The intensity of energy release 
through the continental crust appears to rise over the cycle 
towards a maximum during the phase of widespread 
evorogenesis in the mobile belts (the phase of intense 
folding and regional metamorphism: isostatic uplift and 
the formation of topographically extreme mountains occurs 
later). This phase in each cycle may not represent the 
period of maximum energy release by the Earth as a 
whole, however, for it may well be that this occurs towards 
the end of the first half-cycle, when cratogenic magmatism, 
ocean floor spreading and continental drift are at their 
greatest intensity. At this time considerable quantities 
of heat energy could be dissipated directly into the 
atmosphere and through the ocean floors and the sea. 
The nadir of each cycle would occur at its beginning and 
end, following the final burst of rapid energy release 
through the crust during evorogenesis in the various mobile 
belts. In the first and last phases of a chelogenic cycle 
topographic contrast between oceans and continents would 
be at @ maximum and heat-flow through the crust at a 
minimum. These conditions would favour the inception 
of ice-ages, and it is not surprising that ancient tillites are 
known from the Permo-Carboniferous (between the 
Varisco-Caledonian and Alpine cycles) and from rock 
sequences that may be early Varisco-Caledonian and early 
Grenville in age respectively. The current (Pleistocene- 
Recent) ‘ice-age’ occurred following a subsidiary com- 
pressive maximum (Alpine: Mid- and Late-Tertiary 
orogenesis), and there have been similar intra-cyclical 
ice-ages in the past. Further isotopic age data on these 
rocks are required before any firm conclusions concerning 
the cyclical incidence of ice-ages can be made, but the 
present indications suggest a confirmation of the chelogenic 
cycle hypothesis. 

A further factor to be considered is the apparent reduc- 


tion in time-span of successive chelogenic cycles. Taking 


the origin of the Earth to have been some 4,750-5,000 
m.y. ago, the time spans of the cycles recognized in this 
article are approximately as follows: 

Pre-Superior: 1,250-1,500 m.y. Superior: 1,100 m.y. 
Churchill: 850 m.y. Grenville: 750 m.y. Varisco- 
Caledonian: 600 m.y. Alpine: ? (say, 525 m.y.). 

This progressive shortening in time-span of chelogenic 
cycles can be interpreted either in terms of an intensifying 
or of a decaying system. Initially we favoured the latter 
hypothesis for two reasons: first, because the structural 
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evidence from the earliest continental rocks suggests that 
orogenesis in early times was a more widespread and 
diffuse event (for example, in the Dodoman Province of 
East Africa, where the relatively small steep folds have a 
parallelism of strike and uniformity over hundreds of 
miles), suggesting a higher overall energy-level than 
obtained in more recent cycles, when orogenic failure was 
restricted to more localized belts; and secondly, because 
an ultimate decline in the Earth’s total energy output 
from radioactivity must be expected with time. It now 
appears that the solution to this problem may not be 
quite so direct. 

The recent study by Runcorn?! of past changes in the 
Karth’s moment of inertia appears to confirm the general 
hypothesis of Lyttleton”, in.which Earth contraction 
consequent on core formation is suggested as the principal 
factor controllmg geological. history. Lyttleton remarks 
on the extremely poor thermal conductivity of surface 
rock material, which should effectively prevent release of 
thermal energy accumulating deep in the globe as a result 
of radioactive decay. He envisages an initially cool 
Earth composed of mantle substance in which internal heat 
accumulation leads to the growth of a liquid core. From 
a consideration of the available physical data on the core 
and mantle, Lyttleton suggests that, at the pressures and 
temperatures involved, conversion of mantle substance 
to core substance results in an actual reduction in volume 
(possibly due to the Ramsey effect; he also suggests that 
only the inner core, 7 per cent of the entire core mass, is 
specifically enriched in nickel-iron as a result of gravita- 
tive differentiation). Lyttleton shows that the surface 
area contraction of the Earth consequent on the growth of a 
liquid core to its present size might be as much as 60 x 10° 
km*, This, he suggests, is the principal cause of surface 
mountain-building phenomena. 

If Lyttleton’s Earth model were correct, chelogenic 
cycles would not occur, for in this model the crust is in a 
perpetual state of compressive stress. The fact of chelo- 
genic cycles in the Harth’s history suggests, at the very 
least, that a subsidiary cyclical mechanism operates in 
the outer layers of the Earth, most probably involving 


convective overturn in the mantle, and that its effects are 


superimposed on any overall contraction caused by core 
growth or for other reasons. If Lyttleton’s views on 
core growth are confirmed by future high-pressure experi- 
ments, it will be necessary to examine a more complex 
Earth model which can explain chelogenic cycles as well 
as overall Earth contraction. . The frequent release of 
magma into the crust and the voluminous outpourings of 
lava at its surface demonstrate the reality of a potentially 
more effective mechanism of release of heat energy from 
the mantle than by conduction through rock Jayers, which, 
as Lyttleton rightly supposes, would inhibit release of heat 
energy from more than a few hundred kilometres of the 
Harth’s surface layers. Little is known of the tempera- 
ture gradient within the Earth, but it is reasonably certain 
from voleanic and other evidence that it is not far from 
the melting-point of outer mantle substance at the pressure 
involved. We know that, well above the critical level 
below which Lyttleton suggests that melting results in 
volume reduction rather than expansion, local accumula- 
tions of heat energy do produce partial and complete 
melting of rock with consequent decrease in density and 
upward migration of magma. From these facts it 
could be suggested that accumulation of heat energy deep 
in the mantle may at times cause very widespread partial 
melting or near melting, with consequent volume increase 
and reduction in density, especially in any Harth shell 
in which the temperature gradient remains close to the 
melting-point over a considerable depth range. The 
effect of widespread increases in volume within certain 
annular zones of the mantle would be to induce a state of 
tension in the outermost layers of the Earth, followed by 
tensional failure of this relatively brittle surface layer, 
leading to cratogenic magmatism and, very probably, 
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to the evacuation of much of the partially or very nearly 
molten, and therefore, potentially mobile, segments of 
the mantle along ‘world-cracks’ such as the mid-oceanic 
ridges. This would result in ocean floor spreading, and, 
occasionally, when the cracks in the outer layer of the 
mantle happened to be beneath a continent, to continental 
disruption and drift. Evacuation of the mobile segments 
can be regarded as being, in effect, a half-cycle convective 
overturn, and would result in a great dissipation of heat 
from the mantle as a whole and a return to more rigid 
conditions of Earth contraction until renewed heat 
accumulation at the appropriate depth was sufficient to 
cause a further period of expansion and mobility. Thus 
the cyclical sequence of surface geological events outlined 
in the chelogenic cycles concept of the earlier part of this 
article would find a satisfactory explanation. It is 
interesting to note that owing to the much smaller gravita- 
tional forces involved, release of similar mobile material 
generated within the Moon would most probably be by 
diapiric rise and evacuation from discrete centres, only 
occasionally aligned closely together along global cracks. 

In the modified Lyttleton Earth model each chelogenic 
cycle would begin at a time of maximum crustal compres- 
sion and minimum crustal heat-flow. As suggested by 
Lyttleton, the cold and relatively rigid surface layers 
would tend to ride over one another (in the same way as 
Asia is at present being thrust over the Pacific along the 
Japanese arc), causing extreme continental topography 
and the possibility of extensive ice-ages. As the tempera- 
ture in the mantle recovered from the lowering effects of 
the previous evacuation cycle, volume increases within 
this shell would eventually reverse the effect of global 
contraction in the nearer surface layers. Cratogenic 
magmatism and ocean floor spreading, the characteristic 
features of the anorogenic first half of a chelogenic cycle, 
would then begin, and rise, through minor regressive 
phases, to a climax. The heat loss from the level of 
evacuation could be extremely rapid at this climax. 
After evacuation was completed, the temperature gradient 
in this shell would fall significantly below the melting- 
point curve, and the outermost layers would no longer be 
protected from the effects of Earth contraction resulting 
from core growth. Mobile belts, formed in the relatively 
rigid continental crust, where 1t was most weakened by 
heat release during the period of evacuation, would, on the 
reappearance of contraction stresses in the surface layers, 
act as the principal continental loci of compression failure 
of increasing intensity, culminating in the final evoro- 
genesis of the chelogenic cycle. Compression failure of the 


oceanic crust would most probably be distributed and- 


much less dramatic. With the gradual growth of the core 
and the consequent reduction in mantle thickness and 
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surface diameter, the level of evacuation in each successive 
cycle must be closer tc the core boundary. This process 
would explain the observed reduction in time-span of 
successive chelogenic cycles.: In this Earth model, it can 
be expected that the sensional first half of a cycle will 
reach its climax quicker, and that the succeeding compres- 
sive sub-cycle will be more and more localized in its effects 
as time goes on. An eventual steady state of the Earth 
would occur when th> core boundary extends to the 
critical level outside which expansion occurs on liquefac- 
tion. Accumulation ol heat in the core could then be 
dissipated directly to the surface by magma derived from 
the mantle/core bouncary. The surface of the Earth 
would then experience s state of almost perpetual volcan- 
ism unaccompanied by any significant Earth movements. 
Further evolution coulc only occur as the Earth’s source 
of radioactive heat begins to wane. Failure in the 
Earth’s energy supply would lead to the gradual extinc- 
tion of surface volcanism and to the development of a 
permanent tensional rézime on the surface as the core 
finally cooled and solid-fied. 
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INFLUENCE OF THE GEOMAGNETIC FIELD ON METEOR TRAINS 
By Dr. C. D. WATKINS 


Royal Radar Establishment, Malvern, Worcestershire 


REVIOUS investigations of radar echoes from meteor 

trains have not indicated any marked effects due 
to the Earth’s magnetic field. The experimental work 
described in this article now shows that the magnetic field 
can have a striking influence which becomes apparent 
under appropriate conditions of observation. 

Modern high-power radars operating at metric or 
decimetric wave-lengths are sensitive enough to 
detect echoes from meteor trains and aurorae. These 
echoes occur at heights: around 100 km, in the #-region 
of the ionosphere. When the sensitivity is sufficiently 
increased by integrating. the received signals over a period 
of time, it is also possible to detect the incoherent back- 
scatter from the free electrons of the ionosphere. 


One such radar has been operated at the Royal Radar 
Establishment using twc 25-m radio telescopes’. The 
parameters of the radar aze given in Table 1. 

It has long been knowr that radar echoes from ioniza- 
tion associated with aurorae are mainly obtained from 
regions where the radar beam is perpendicular to the 
Earth’s magnetic field lines. This specular reflexion is a 
consequence of the alignment of columns of ionization 


“Table 1 
Prenu ency 501:5 Mojs Receiving system noise tempera- 
transmitter power 100 kW ture - 110° K 
Delve leneth 1608 Receiver Dendyicih 15 kejs 
Transmission and reception on Aerial gain 39d 


separate aerials 
Half-power beam-width 1:6° 
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Fig. 1. Total ıntegrated signal strength versus height at each elevation 
for the complete observing period 


along the Earth’s magnetic field. Echoes obtained during 
aurorae are usually very strong. Auroral activity is 
closely correlated with solar and geomagnetic disturb- 
ances, and in the quiet conditions of the minimum. of the 
sunspot cycle auroral echoes are virtually absent. 

It was decided to investigate whether weak irregulari- 
ties of ionization occurring during these quiet conditions 
also exhibit a similar alignment along the Earth’s mag- 
netic field. In the initial experiments the radar already 
described here was used with a receiver integration time 
of 25 min and with the beam set at an elevation of 18° 
and azimuth 15° west of north. The beam was then 
normal to the Earth’s field at a height of about 100 km. 
The results of this first series of experiments showed that 
in addition to the incoherent backscatter signal there was 
almost always a stronger signal from the region of per- 
pendicularity, and this was observed even during 
extremely quiet magnetic conditions’. The diurnal 
variation of this signal indicated that it was related to 
meteor activity. When observations were carried out 
at the same azimuth but at an elevation of 14°, such that 
the off-perpendicular angle ọ was 2-5°, only the incoherent 
backscatter signal was observed. Thus, although the 
signals seemed to be related to meteor activity, their 
detection was strongly dependent on the geometry of the 
magnetic field. There appeared to be two possible 
explanations: (1) The continuous influx of meteors 
produces a layer of irregular ionization which afterwards 
becomes field-aligned. (2) The magnetic field tends to 
inhibit the decay of meteor trains formed parallel to the 
field, and this results in an increase in integrated signal 
strength from the region of specular reflexion. 

In order to decide between the two mechanisms further 
observations were carried out during the period January 
1-6, 1965. For these experiments, in addition to using 
the post-detector integrator, the range, amplitude and 
duration of any meteor echoes were recorded. The 
observations were carried out with the radar beam 
directed at azimuth 15° west of north and for successive 
periods of 25 min at elevations of 18°, 17° and 16°. The 
corresponding values of 9 for each elevation are given in 
Table 2. The total observing time at each elevation was 
about 28 h. 


Table 2 
Total 
Total integrated 
number Mean echo 
of hourly duration. 

Elevation P echoes rate sec) 
18° 0-0° 294 105 400 
17° 0-8 173 6-2 196 
16° 1-4 118 4-2 70 
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The results of adding all the observations obtained 
with the integrator are shown in Fig. 1. It can be seen that 
a comparatively strong signal was observed from a height 
of about 100 km at an elevation of 18°, a less strong signal 
at 17° and only a weak signal at 16°. The total number of 
meteor echoes observed at each elevation is given in 
Table 2. i 

The results show that the echo rate drops by a factor 
2-5 as the elevation 1s changed from 18° to 16° (little 
more than a beamwidth). This effect occurred consistently, 
as can be seen in Fig. 2 where the mean hourly rates over 
successive 12-h periods are shown for the complete experi- 
ment. The observing period was originally selected to 
include the Quadrantid meteor shower of January 3—4 in 
order to examine the effect of a short-lived shower. 
However, the geometry was such that it was not possible 
to get any specular echoes from the trains of these shower 
meteors with the main beam set in the chosen direction. 
The results indicated no significant effect attributable to 
the Quadrantid meteor shower. 

The distribution of total echo durations is shown in 
Fig. 3 plotted as a percentage of the total number of 
echoes observed at each elevation. It is apparent that 
at 18° and 17° some unusually long durations were ob- 
served and that approximately 25 per cent of the echoes 
had durations greater than 1 sec. In contrast, only a 
small fraction of the meteor echoes observed at 16° 
elevation lasted longer than 1 sec. These results can be 
compared with two other distributions of duration 
shown in Fig. 3. The first is based on 416 echoes using 
the same apparatus operating at a frequency of 300 Me/s 
and at a lower sensitivity (Watkins and Sutcliffe, un- 
published results.) The serial beam was pointed m a` 
direction such that ọ was about 5° at the height of the 
meteor trains. The second distribution was obtained at 
440 Mc/s by Evans and Brockelman’ with the Millstone 
Hill radar, which is appreciably more sensitive than the 
radar described in Table.1. These observations were 
carried out at an elevation of 3° towards the east and also 
towards the west, and with off-perpendicular angles 
probably in excess of 10°. It is noteworthy that, out of 
a total of more than 3,000 meteor echoes observed, 
virtually no echoes had durations greater than I sec. 

The durations of all the echoes observed during the 
experiment described here have been added to give the 
total time during which a meteor echo was present at 
each elevation. The result is included in Table 2, and 
emphasizes the fact that not only were more echoes ob- 
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Fig. 2. The variation of mean hourly echo rate at each elevation during 
the period of observation, *The equipment was operated at reduced 
sensitivity during this perlod 
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Fig 3. The distributions of scho durations for each elevation compared 
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tained at 18° elevation but also the echoes lasted longer, 
The integrated durations at each elevation are almost 
proportional to the peak signal strengths at a height of 
about 100 km as shown in Fig. 1. An approximate 
calculation shows that these signals can be entirely 
explained by the increased duration and number of 
meteor echoes. The enhancement of the echoes from 
meteor trains parallel to the Earth’s field thus accounts 
for the observed increase of integrated signal. 

The variations in the echo rates and durations between 
elevations of 18° and 16° indicate that there is a marked 
change in the characteristics of meteor trains formed 
parallel to the Earth’s magnetic field lines. Only a 
small fraction of the meteor trains which are perpendicular 
to the radar beam will also be ‘field-parallel’. Thus if it 
1s assumed that the increased number of meteor echoes at 
18° elevation is due entirely to field-parallel meteors, then 
for those meteors the echo rate is enhanced by some 
50-100 times more than normal. The mean echo duration 
is similarly increased by a large factor. Both these 
increases can be explained by a large reduction in the rate 
of transverse diffusion for field-parallel meteor trains. 

At wave-lengths of about 1 m or less the strength and 
number of meteor echoes are considerably less than those 
predicted by the simple meteor theory’. There are two 
reasons for this. First, because meteors have finite 


NATURE 


1029 


velocities the trains disperse before a full Fresnel zone 
can be formed. Secondly, the trains are formed with 
initial radii which are not small compared with 4/27. 
The effect of the finite velocity is to reduce the scattering 
length to a value ~ Vt where V 1s the meteor velocity 
and +t the echo duration is given by t = 22/16x?D where 
D is the ambipolar diffcsion coefficient. 

The echo amplitude will be reduced by a factor n where 
yis the ratio of the radius of the first Fresnel zone (R.4/2)1/? 
to the scattering lengtk. In my case A = 0-60 m, R = 
300 km and D = 10 m‘/sec at a height of about 98 km. 
Thus for a meteor of velocity V = 40 km/sec we have 
7 = 33. The meteor echo rate 1s approximately inversely 
proportional to echo amplitude; thus a loss of amplitude 
of 33 times will produce & corresponding drop ın echo rate. 
Any decrease in the diffusion coefficient will offset the 
finite velocity effect and increase the echo rate. Thus, 
if D is reduced by 33 times, the echo rate will be restored 
to the value expected if meteors had effectively infinite 
velocities. It can be seen that the increase in rate for 
field-parallel meteors is comparable with that to be 
expected if there were no finite velocity effect. This 
shows that the increase is consistent with a large reduction 
in diffusion coefficient transverse to the magnetic field. 
Such a reduction would also account for the relatively large 
fraction of echoes having durations greater than 1 sec. 

The effect of the maznetic field on the initial radius 
of the meteor train is difficult to assess because the mechan- 
ism of train formation is not well understood. Any reduc- 
tion in the initial radius would result in an increase in the 
number of echoes lasting less than 1 sec but would have 
little effect on the occurrence of echoes persisting longer 
than this. Since proportionally many more persistent 
echoes were observed from the specular region, this suggests 
that the magnetic field can have only a small effect on the 
initial radius. 

The influence of the Earth’s magnetic field on meteor 
echoes has been considered theoretically by Kaiser’ and 
Francey®. Both authors conclude that, because the 
diffusion of the meteor train is mainly controlled by the 
positive ions, the Earth’s magnetic field will have only a 
relatively small effect on the diffusion coefficient. It thus 
appears that either there is some other mechanism by 
which a small change in diffusion coefficient can produce a 
large change in echo rate and duration, or the effect of 
the magnetic field on the diffusion coefficient has been 
underestimated by a large factor. It 1s quite likely that 
the influence of the magnetic field will be dependent on 
height and it is hoped to establish any such dependence 
when the results have been analysed in detail. 
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DISTRIBUTION OF RADIOCARBON FROM NUCLEAR TESTS 
By REIDAR NYDAL and KNUT LOVSETH 


Radiological Dating Laboratory, Norwegian Institute of Technology, ~rondheim 


RTIFICIAL “C in the atmosphere is produced in 
nuclear reactions (4N(n,p)#C) between nitrogen 
atoms in the air and neutrons liberated in the nuclear 
explosions. The half-life of C ıs 5,730 + 40 years', and 
the weak B-activity has a mean energy of 80 keV. The 
normal specific activity of C (mduced by cosmic ray 
neutrons) in modern carbon is found in the range 12-5 + 
0-2 d.p.m. (ref. 2) to 15-3 + 0-5 d.p.m. (ref. 3). 


The purpose of this ccmmunication 1s to present our 
latest observations of artificial 0 mainly produced during 
the thermonuclear tests in 1961 and 1962, The measure- 
ments are carried out according to the programme re- 
ported earlier’, with two main purposes; namely, to 
obtain exact data on terrestrial “C activity for estimating 
the human hazard, and to examine transport processes in 
the atmosphere. 
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During the latest bomb series, 1C was mainly injected 
in the stratosphere. The mixing rate and the residence 
time of 1C in the stratosphere are so far not well estab- 
lished. Before further calculation on prospective varia- 
tion in tropospheric “C is made, it is desirable to know 
the result of the measurements made at several labora- 
tories in various parts of the world during the next one 
or two years. 

Our measurements of atmospheric “CO, have until 
1965 been carried out only at ground-level, and they 
often give little information about mixing within the 
stratosphere and across the tropopause. We therefore, 
like Fergusson’, intend to include some high-altitude 
samples in our programme. 

Tropospheric 10. The 1C activity in the troposphere 
at ground level on various northern latitudes from 9° N. 
to 78° N. is seen in Fig. 1. Measurement at each locality 
is generally carried out every other week, as this is found 
to be sufficient in most cases. The sampling procedure 
has been described earlier’. A solution of 1/2 N sodium 
hydroxide is placed in the open air, 7 days for each sample. 
Special precaution is taken to avoid CO, from local sources. 
The water in the solution is therefore either rain-water 
or distilled water, and the sampling localities are situated 
at long distances from towns and industrial centres. 

The error caused by fractionation between the carbon 
isotopes has been studied by measuring the “C/!2C ratio 
for each sample. Deviations in 1°C/"°C ratio from the 
normal value constitute corrections in the "C values of 
generally not more than 1 per cent. The increase in “C 
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activity, measured as percentage in excess of the normal 
level, 1s calculated from the formula: 
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AuÇ = x 100 





where JI represents the ẹ!C-corrected “C activity in the 
sample, and J, the normal activity (oxalic acid standard) 
in recent wood’. The standard deviation for each AC 
value ranges from 1 to 1-5 per cent. 

For practical reasons we have not introduced in the 
figure the sıngle AC values between Addis Ababa and 
Lindesnes. The dotted curves represent approximately 
the mean value in activity on the respective latitudes. 
For the full curve between Lindesnes and Nordkapp we 
were surprised to find that the 1964 peak is a few per 
cent lower and appears one month earlier in the year than 
the 1963 peak. Both these phenomena must be closely 
connected with mixing within the stratosphere and across 
the tropopause. If no further nuclear tests are carried 
out, we suggest that the stratospheric mixing of 1C has 
proceeded so far that the variation in tropospheric '4C 
activity in the next few years should be more regular than 
it has been hitherto. It was observed in 1963 that the “C 
peaks from Gran Canaria (28° N.) to Spitsbergen (78° N.) 
have about the same magnitude. The 14C peak on Gran 
Canaria is, however, delayed, probably due to “C de- 
scended from the stratosphere farther north. The’ 
observed curve on Tenerife shows considerable deviation 
from that observed on Gran Canaria in spite of the locali- 
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ties being near each other. It is supposed that the height 
difference of 2,400 m, and the dHferent meteorological 
conditions, are responsible for the difference in activity. 
The “C peak on Tenerife is smaller but about simultane- 
ous with the peaks observed farther north except that on 
Gran Canaria. The peak may therefore be caused by 
1440 descending from the stratosphere at about 28° 
north. 

The observations in 1963 at Dakar and Addis Ababa 
show that there were no marked summer 1C peaks in the 
tropics in that year. The observed increase in activity 
seems mainly to be caused by “C descended from the 
stratosphere in latitudes farther north. It is also noticed 
that the observations at Dakar and Addis Ababa deviate 
from the observations farther north in that the AC 
values in the tropics show deviations up to 10 per cent 
from a smoothed curve. A similar variation was observed 
by Kigoshi? over Honshu Island. In the present case we 
do not know exactly the meteorological condition for this 
variation, but it may reflect varying “C concentration in 
lower and higher tropospheric air-masses. 

Activity in the biosphere. Owing to the photosynthetic 
activity of plants, the approximate activity in several 
types of vegetational food can be deduced from the 
tropospheric activity. Two samples of cereals (oats and 
barley) were measured from the outskirts of Trondheim 
in August 1964. The activities in the samples (Fig. 1 
and Table 1) were found to be 92-2 + 1-2 per cent (oats) 
and 94:9 + 1 per cent (barley) above normal level. This 
is about the same activity which was observed in oats m 
1963. 
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Table 1. 10/5 RATIOS IN MILK AND CEREALS 
Time of collection é4C percent dé =Cpermil AYO per cent 

Cow’s milk 

Aug. 15, 1963 * 82-5 EIL — 27-6 83°65 + 11 

Oct. 17, 1963 717410 —25°5 719 411 

Dec. 1, 1963 69°3 + 1:0 —24-6 692 +11 

Mar. 2, 1964 7124+10 ~712+1-0 

July 1, 1984 85:3 + 0-9 — 29-8 86-9 + 1-0 

Aug. 5, 1964 91-7410 — 29-6 93-4 + 1-0 

Sept. 18, 1964 89-5 + 0-9 — 29-9 91°4+1-0 
Cereals 

Aug. 16, 1963 (oats) 83°8 + 1-2 — 27°56 948 +13 

Sept. 12, 1964 (oats) 93°8 t12 — 21:66 925 t12 

Sept. 12, 1964 (barley) 96-2+1:0 — 20-76 94-9+1°0 


Samples of cow’s milk from the local dairy of Trondheim 
have been measured at regular intervals since 1963 (Fig. 1, 
Table 1). The activity in the milk reflects closely the 
activity in the cow’s diet, which mainly consists of grass. 
The decrease in “C activity in winter is due to stored 
grass, which was cut before the summer activity in 
1963 reached its maximum. The activity in the milk 
not only gives the amount of “C in milk products, but 
also gives an indication of the activity in the meat. 
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In order to verify directly the increase of "C in the 
Norwegian population, we have for more than one year 
at regular intervals examined the blood (Fig. 1, Table 2} 
of two persons, now twenty-six years old. We have 
verified that their diet is normal and representative 
for a large part of the Norwegian population, but, of 
course, some individual variation may be found, and 
variation between differsnt parts of the country. How 
closely the activity in human populations will approach 
that of the troposphere depends mainly on the consump- 
tion of fish. Fish is used in 3-4 meals each week for the 
persons aforementioned. The dotted curve on the figure 
represents approximately the mean value in activity for 
the two persons. The *C amount in blood observed on. 
November 1, 1964, was about 58 per cent above normal 
level. It is predicted that this curve will continue to rise 
in about the same manner in 1965 and will reach a value of 
about 80 per cent by the end of the year. 


Table 2. “C/*C Ratios IN HUMAN BLOOD 
Time of collection tiO per cent ðO per mil AC per cent 
Sept. 9, 1968 35-5+1-1 —~ 21-6 34-9 + 11 
Sept. 9, 1968 35°2 +08 mee B14, 342 +08 
Oct. 15, 1968 393 +08 wm 220 38°5 +08 
Nov. 29, 1968 4386+08 m 225 429 + 09 
Nov. 29, 1963 415+06 ~ 40:54 0-7 
Feb. 3, 1964 45-64+1:1 - "~ 21:8 44-7 +12 
Feb. 3, 1964 4054+06 ~- 20-7 39-3407 
Mar. 4, 1964 44-4408 ~- 219 43-5 +0°9 
April 6, 1964 48:110 m 21-5 47:1410 
April 6, 1964 44-2407 ~ 23-0 43-6 +0°7 
June 2, 1964 49-6+1:0 ~48-641-1 
June 2, 1964 44-24+1:0 ~~ 220 433410 
July 30, 1984 53 741-0 ~ 219 52841-0 
Aug. 7, 1964 58-4 +08 ~ 21°7 52-3 — 0-9 
Nov. 5, 1964 82-9 +09 19:6 81:2409 
Nov. 5, 1984 57-6203 —~ 20°5 56-2 + 0-9 


We thank the following-for their co-operation in collect- 
ing CO, samples at various latitudes: Ingvald Kristoffer- 
sen, Isfjord Radio, Spitsbergen; Odd Salomonsen, Fruhol- 
men lighthouse, Nordkapp; Ingvar Johansen, Lindesnes 
lighthouse, Lindesnes; Enrique Lazo Alcalá del Olmo, 
Aeropuerto, Santiago de Compostela; C. A. Rouiller, 
jun., N.A.S.A., Gran Canaria; Fransisco Sánchez Martinez 
and Fernando Molina Herrero, Observatorio Astronomico 
del Teide, Tenerife; P. Elouard, Université Dakar-Fann, 
Sénégal; Hadle Hovda, Evangelical College, Addis 
Ababa. We also thank Erik Juel, the Central Hospital of 
Trondheim, .for providing the blood samples. This 
work was supported by Norges Almenvitenskapelige 
Forskningsråd. 
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DISTRIBUTION OF STRONTIUM-90 IN SURFACE AIR DURING 1963 


By Dr. H. L. VOLCHOK 
Health and Safety Laboratory, U.S. Atomic Energy Commission, New York 


N attempting to evaluate the potential health hazards 
from the debris generated- by nuclear detonations, 
numerous investigations have been made of the concentra- 
tions of these substances in man and his environment. 
For estimating the ultimate human contamination from 
fission products, the manner in which they are distributed 
in the atmosphere and deposited on the Earth’s surface 
is of importance. 
One of the most useful contributions to our knowledge 
of the environmental levels of weapons debris has been 


Energy Commission has operated this programme. 


the examination of the fission product concentrations in 
ground-level air. A programme, sampling and analysing 
the radioactive particulates in surface air along the 80th 
meridian (W.), was carried out by the U.S. Naval Research 
Laboratory during 1957-62 (ref. 1). Since January 1963 
the Health and Safety Laboratory of the U.S. Atomic 
A 
description of the objectives, sites and sampling equipment, 
and a discussion of the results of the Health and Safety 
Laboratory programme have been reported elsewhere®. 
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Fig. 1. Isopleth representation of the strontium-90 concentration of the surface air during the period January 1962~June 1964 The isopleths - 


are in units of disintegrations/min/100 standard mê air, 


In 1963, weekly samples of the particulate matter from 
surface air were collected on filters from 21 stations in the 
Western. Hemisphere, ranging in latitude from about 
77° N. to 53° S. Table 1 summarizes the locations and 
elevations of the sites. The weekly air filters were assayed 
for total radioactivity and then composited on a monthly 
basis for radiochemical analysis of fission and activation 
products. 


Table 1. HEALTH AND SAFETY LABORATORY SURFAQH AIR SAMPLING 
STATIONS 
Elevation 
Station Latitude Longitude (m) 
Thule, Greenland 76° 36° N 88° 85’ W 259 
Moosonee, Ontario, Canada 51° 16’ N 80° 89’ W 10 
Seattle, Washington 47° 36° N 122° 20’ W 3 
Appleton, Wisconsin 44° 15° N 88° 25° W 229 
Westwood, New Jersey 41° 00° N 74° 01’ W 88 
New York, New York 40° 48’ N 73° 58’ W 38 
Sterling, Virginia 38° 58’ N 77° 25° W 78 
Palo Alto, California 37° 30 N 122° 23° W 19 
Midwest City, Okla. 35° 25 N 97° 30° W 364 
Chattanooga, Tenn 35° 03’ N 85° 20° W 206 
Miami, Florida 25° 49’ N 80° 17° W 4 
Mauna Loa, Hawaii 19° 28’ N 155° 36’ W 3,394 
SanfJuan, Puerto Rico 18° 26° N 66° 00’ W 10 
Mirafiores, Panama Canal Zone 9° 00’ N 79° 35’ W 10 
Guayaquil, Ecuador 2° 10 8 79° 52’ W 7 
Lima, Peru 12° 06’ S 77° 01’ W 134 
Chacaltaya, Bolivia 18° 2178 68° 07’ W 5,220 
Antofagasta, Chile 23° 37° S 70° 16’ W 519 
Santiago, Chile 33° 27° 8 70° 42° W 520 
Puerto Montt, Chile 41° 27° 8 72° 57’ W 5 
Punta Arenas, Chile 53° 08’ 8 70° 63’ W 3 


Surface air concentrations of strontium-90 in 1963 
generally followed the characteristic patterns which have 
been observed in previous years, the highest values occur- 
ring in the spring at the mid-latitudes of the Northern 
Hemisphere. In Fig. 1 the surface air concentrations of 
strontium-90 have been plotted as a function of both 
latitude and time on an isopleth diagram, for the period 
January 1962—June 1964. The isopleths are in units of 
disintegrations/min/100 standard m? air. The 1962 
portion of Fig. 1 is based on NRL data! which were two- 
month composite samples, thus somewhat less detail in 
contouring was possible in that period. 

While in the Northern Hemisphere no strong time trend 
can be recognized for peak values, as a function of latitude, 


This figure was constructed from the results of the 21 sampling sites listed in Table 1 


for the three years shown on Fig. 1, it would appear that 
the mid-Northern Hemisphere regions do achieve higher 
values and a less-rapid decrease than the more northerly 
sites. 

The rise in the entire Northern Hemisphere seems to 
start quite early in each year, perhaps even in the final 
month or two of the previous year. In 1963 the Northern 
Hemisphere began showing an increase in the strontium-90 
concentration of its surface air prior to the beginning of 
the year. That this effect was not brought about solely 
by the final atmospheric detonations of the U.S.S.R. in 
1962, just prior to the initiation of the limited test ban 
treaty, is suggested by a similar increase in concentration 
toward the end of 1968, heralding the 1964 spring high. 

The meteorological insulation between the surface air 
of the Northern and Southern Hemispheres ıs clearly 
indicated by the steep latitudinal gradient of the isopleths 
in the region of the equator. However, the latitudinal 
oscillation of the isopleths in that region, dipping south 
in the early part of the year, with the steep gradients 
actually crossing the equator, and bending north later in 
the year, suggests that tropospheric cross-equatorial 
transfer probably does occur, as has been suggested 
earlier}? and is observable at the Earth’s surface. 

From the results of this surface air programme alone it 
is not possible to estimate the extent of the tropospheric 
transfer of air across the equator; however, certain 
features of the radioactivity concentrations in the Southern 
Hemisphere indicate that this path may in fact be sub- 
stantial. Machta? has suggested that cross-equatorial 
mixing from the northern to the southern, upper tropo- 
sphere forms a source of material which masks the expected. 
seasonal peak of fall-out in the south. The peak values 
in the Southern Hemisphere, in both 1962 and 1963 
(Fig. 1), oceurred at the Chacaltaya, Bolivia, site. This 
station is located at about 16° 8. and at an elevation of 
approximately 17,000 ft. At this site the peak occurred 
in both years during the months of June-August, some- 
what early for the usual Southern Hemisphere spring. 
Further evidence that this mdicates tropospheric crosg- 
equatorial transfer may be found by considering nuclide 
ratios. 

The ratio of strontium-89 to strontium-90 in surface 
air at sites in each of the hemispheres has been plotted in 
Figs. 2 and 3 as a function of time. In Fig. 2 1t is quite 
clear that throughout the entire year the surface air of 


a 
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the Northern Hemisphere was well mixed with respect 
to the two isotopes as indicated by the grouping of the 
results, and the decrease with time following the theoreti- 
cal decay line. At the Southern Hemisphere sites shown 
(Fig. 3), however, it is apparent that mixing has not been 
complete and that most of the debris is of older origin 
as evidenced by the ratios falling below the decay line of 
the Northern Hemisphere. It is noteworthy, however, 
that the earliest point to approach the decay line is that of 
Guayaquil, Ecuador, in April. This is the site closest to 
the equator, at about 2° S., and is indicative of an incur- 
sion of Northern Hemisphere surface air during the spring. 
The strontium-89 to strontium-90 ratio from the Chacal- 
taya site indicated in Fig. 3 by a heavy line reaches the 
Northern Hemisphere decay line in June and continues to 
follow that decay in the two subsequent months. This 
corresponds with the start of the peaking at that site. 
Very similar relationships were seen from plotting the 
ratio of zirconium-95 to strontium-90, 

Thus, two pieces of evidence seem to support the con- 
tention that substantial transfer of air occurs between 
hemispheres in the upper troposphere: the timing of the 
concentration increase at the high-olevation Chacaltaya 
site, and the isotopic ratio of the radioactive fission 
products in the air at that time. 

The peak concentrations of strontium-90 in the Southern 
Hemisphere appear to spread from about 16° predomin- 
ately southward with time. However, it must be pointed 
out that by September the Southern Hemisphere spring 
season has begun, thus downward transfer of air from the 
stratosphere would be anticipated. Consequently, the 


_ peak values at latitudes south of 20° may be due to a 
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Fig 2. Ratio of strontium-89 to strontium-90 ın surface alr at Northern 

Hemusphere sampling stations during 1963. The dashed line indicates 

the theoretical slope of the decay or the strontium-89 to strontium-90 
ratio 
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Southern Hemisphere samplirz stations, during 1963. The dashed line 

indicates the theoretical slope of the decay of the strontium-89 to 

strontium-90 ratio at the leve of concentration m the Northern Hemi- 

sphere (from Fig 2). The sold heavy line connects the ratio values of 
the high-elevatioa site at Chacaltaya, Bolivia 


mixture of air from the tvo sources; Northern Hemisphere 
tropospheric air which ccossed the equator some months 
earlier, and stratospher:c air which entered the trepo- 
sphere from above. In lste 1962 and early 1963 these two 
sources of debris had approximately equal strontium-90 
concentrations’ ®. Henes, neither dominated the fall-out 
in the following year. 

From the foregoing discussion it is therefore suggested, 
that fall-out of strontium-90 in the Southern Hemisphere 
has not exhibited a seascnal fluctuation as well defined as 
that of the Northern Hemisphere due to the relative con- 
centrations of this nuclid= in the air from the two sources 
and to the timing of the air movements into the tropo- 
sphere. It would seem -ikely, as suggested by Machta’, 
that when the hemispheres become approximately equal 
in concentration of strontium-90, the seasonal trend in 
the Southern Hemisphere will be more clearly defined. 
It also seems likely that in anticipation of the effect of 
the northward spring incursion from the Southern Hemi- 
sphere, barring any new injections of debris into the 
stratosphere, an overall damping of the annual fall-out 
oscillations might be observable within the next few years. 
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LETTERS TO THE EDITOR 


RADIOPHYSICS 


Radio -Observations of Mars 


THERMAL radio emission from Mars was first detected 
by Mayer, McCullough and Sloanaker during the favour- 
able opposition of 1956 at 3-15 cm (ref. 1). Further 
observations at this wave-length made near the opposi- 
tion of 1958 with improved accuracy gave an equivalent 
black-body temperature of 211° + 20° K (ref. 2). In 
1962 Drake measured a value of 177° + 17° K for the 
temperature at 10 ecm (ref. 3). These temperatures are 
somewhat lower than the infra-red temperatures of 230° 
to 260° K determined by several workers*-*. 

The difference between the infra-red and radio tem- 
peratures has been interpreted by Mayer as being due to 
the comparatively small diurnal temperature variations 
in the region below the Martian surface where the longer 
wave-length emission may originate’. Thus, the radio 
measurements would refer to the average temperature 
over the entire surface of the planet, while infra-red 
measurements made near opposition give the mean day- 
time temperature. 

Recently, Davies has reported a surprisingly high tem- 
perature of 1,140° + 50° K measured at 21-cm wave- 
length during the 1962 opposition and he has interpreted 
this as an indication of strong non-thermal radiation 
from Martian radiation belts’. 

In view of the apparently widely different temperatures 
found at centimetre and decimetre wave-lengths, the 
radio emission from Mars has been observed for 11 days 
near the opposition of March 1965 at 6 cm, 11:3 em and 
21°3 cm wave-lengths, using the C.S.I.R.O. 210 ft. radio 
telescope and low-noise receivers. This opposition was 
relatively unfavourable and the flux density of Mars at 
all frequencies was small. 

All observations were made by alternately pointing the 
antenna toward the planet and then toward one or more 
reference regions located somewhat more than one beam- 
width away. The receiver output was integrated for 
100 sec in each position, and the apparent antenna tem- 
perature due to Mars was determined from the difference 
between the ‘on’ and ‘off’ positions. At 6 cm and 11 cm 
the sensitivity and stability were such that Mars could be 
detected in a single ‘on-off? measurement. 

At 21 cm, and to a lesser extent at 11 em, the ‘con- 
fusion temperature’ of the 210 ft. radio telescope is 
comparable with the antenna temperature of Mars. At 
these frequencies, the ‘on-off’ sequence was repeated at 
the same right ascension and declination on a subsequent 
night in the absence of Mars and the difference 
between the two sets of measurements was used to 
determine the flux density of Mars. Whenever possible, 
both series of observations were made over the same 
range of hour angles to minimize any systematic effects 
due to changing ground radiation in the antenna side- 
lobes or in the reference sky horr. 

During the observations the receiver gain was moni- 
tored by regular calibrations using a noise source from a 
gas discharge tube. The overall sensitivity was determined 
each night by observations of the standard source Hydra A 
which has a well-determined power low spectrum. The 
flux densities adopted for Hydra A at 6 em, 11-3 cm and 
21-3 em were 13-0, 23-5 and 42-3 x 108° Wm-? (c¢/s)-}, 
respectively. These were determined from an assumed 
spectrum of the form?: 


à ecm 
ex 137 ( k: 





os x 10-78 Wm- (ejs) 


The- uncertainty in the absolute flux density of Hydra 
at each frequency is thought to be about 5-10 per cent. 


This was comparable with the statistical uncertainty of ` 


@ single night’s observations. 

There is additional uncertainty in the 6-cm observa- 
tions due to variations in the gain of the antenna with 
zenith angle and with time. At this frequency, the 
observations of Mars and the calibration source, Hydra 4, 
were made over the same range of zenith angles. This 
indicated systematic differences in gain of some 5-10 per 
cent from night to night plus occasional more sudden 
changes of the order of 5 per cent. These variations were 
presumably due to structural deformations of the reflector. 

The observed Martian temperatures at the three wave- 
lengths are summarized in Table 1, which gives the 
results of each individual day’s observations as well as 
the mean temperature observed at each wave-length. 
These temperatures appear to be more or less independent 
of wave-length and show no evidence for the non-thermal 
radiation reported by Davies. 


Table 1 
Equivalent black-body 
cm Date temperature and root Flux d 
1965 mean square error {° K) ( 10 Wj 
8 March 12 158 +15 0-4 
March 14 193 + 20 O62 
March 15 226 +14 0-61 
Meant 192 + 26 
11:3 Feb. 28 156+ 8 0:116 
March 2 180+ 8 0:136 
March 8 131418 0-099 
Meant 162 4:18 
21:3 March 5 140 + 42 0-030 
March 6 143 + 87 0031 
March 7 193 + 55 0-042 
March 9 193 + 46 0-042 
March 10 355481 0-078 
Meant 190 + 41* 


* Tf the — value for March 10 ts neglected the mean temperature at 
21:3 cm is 169+32° K. 

t The errors given for each night represent only the statistical uncertainty 
for each night’s observations, while the errors shown for the mean tem- 
perature include a 7 per cent uncertainty in the calibration of the flux density 
scale at each frequency. 

Radar measurements have shown that at 12:6 cm the 
‘radio albedo’ of Mars is only-about 3 per cent and varies 
only slightly over the planet, at least in the equatorial 
regions™®. Thus, the radio emissitivity is close to unity and 
the ‘black-body’ temperatures determined from the radio 
observations must be close to the actual temperature at 
the depths where the thermal radio emission originates. 

In comparing the present results with the earlier 
measurements at 3 cm, allowance must be made for the 
differences in the solar distance of Mars at the times of 
the two measurements. Assuming that the temperature 
varies as the inverse square root of the solar distance, the 
3 em temperature at the time of the 1965 opposition 
would be 203° + 19° K. Therefore there appears to be 
little difference in the measured temperature over the 
wave-length range 3 cm to 20 cm, although the tem- 
perature over this range appears to be somewhat lower 
than the mean daytime temperature of about 250° K 
determined from the infra-red measurements. 


wit 


If the thermal time constant below the Martian surface . 


where the radio emission originates is considerably greater 
than the planet’s rotation period of 24h 37m, and if it is 
assumed that the thin atmosphere does not play an 
important part in the heat balance, then the mean radio 
temperature over the whole planet should be approx- 
imately 2-? times the mean temperature of the sunlit 
surface or about 200° K. This agrees reasonably well 
with the observed radio temperatures and supports 
Mayer’s suggestion that the temperature variations below 
the Martian surface are small. Observations over a wide 
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range of phase angles are, however, required to confirm the 
equality of the sub-surface temperature on the day and 
night sides. 

I thank J. G. Bolton and J. A. Roberts for their advice. 
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ASTROPHYSICS 


Autocorrelation of Solar Activity 


In this communication we examine the autocorrelation 
function R of various indexes of solar activity over time- 
lags, +, of 1-200 days. Four indexes of solar activity were 
used: the daly relative sunspot number (Zurich), and the 
mean daily fluxes from Nagoya at the frequencies 1,000 
Mc/s, 3,750 Mc/s and 9,400 Mc/s. The data were analysed 
for the years 1957-58 (more than 700 days) and for the 
years 1960-63 (900 days), thus comparing the highly 
active years of the solar cycle with the less-active years. 
In addition, the relative sunspot numbers for the years 
1947-48-and 1937-38 were analysed for comparison. 

The autocorrelation function provides a unique ‘finger- 
print’ for each set of data. By visually comparmg auto- 
correlation curves with one another we can obtain a 
reliable estimate of the correlations between the data. sets, 
one which is often easier to interpret than the cross- 
correlation curves. In addition, any significant periodic 
trends in the raw data (such as over the solar rotation 
period) should be visible ım the autocorrelation function, 
provided enough time-lags are taken. In our analysis 
(200 time-lags) periodicities shorter than 50 days should 
be reasonably obvious, whereas periodicities as long as 
100 days can be suspected. It is important to note that 
the value R represents correlation with respect to the 
mean of the data sample, and as such has little significance; 
only the periodic behaviour of the correlation function 
(that is, the positions in t of the maxima and minima of 
E) is significant. A power spectrum analysis (the Fourier 
transform of the autocorrelation function) reveals the 
short-term periodicities of less than about 50 days but 
has not been included here. 

The daily relative sunspot number and the mean daily 
flux of the radio frequencies 1,000, 3,750 and 9,400 Mc/s 
during July 1957-December 1958 have been plotted as 
raw data and correlated, using the usual regression line 
technique of Das Gupta and Basu. 

We have found, however, that the autocorrelation curves 
of these and simuar data show several surprises. 

First, the autocorrelograms of the daily relative sunspot 
numbers for the most active periods of 1957~58 (Fig. 2) 
and 1947-48 (Fig. 1) are entirely different. The 1947-48 
and 1936-38 sunspot correlograms both show a strong 
cyclic behaviour with a period of roughly the synodic 
solar rotation period. The 1957-58 sunspot correlogram, 
on the other hand, shows clearly only the 27 and 54 day 
maxima; the 8l-day maximum is overshadowed by a 
maximum at 96 days, and a minimum occurs at 106 days. 
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Fig. 1. Autocorrelogrem of relative sunspot number 1947-48 





Fig. 2. Autocorrelogram of relative sunspot number 1957-58 and 
98-day zycle comparison curve 
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Fig. 8. Autocorrelogram ofmean daily flux at 9,400 Mc/a (Nagoya) for 
1957-58 and G3-day cycle comparison curve 


Secondly, the 1957-58 sunspot correlogram appears to 
possess & periodicity af approximately 93 days. But 93 
days corresponds to roughly 34 solar rotations. Thus, if 
this cycle has any physical significance, 1t means that the 
photospheric region containing the maximum number of 
sunspots alternates between the half spheres defined by a 
meridian plane. 

Although this result seems somewhat startling, the 
autocorrelogram of tke mean daily flux at 9,400 Me/s 
(Fig. 3) as well as thas for 3,750 Mejs (Fig. 4) also indi- 
cate such a 93-day cycle. On the other hand, such 
a 93-day cycle is not tco convincing at 1,000 Mc/s (Fig. 6). 
Thus, if this cycle has any physical significance, 1+ must 
be in terms of photosrheric activity. In addition, L. W. 
Acton, of the Lockheed Observatory, has informed us 
that he has found a very significant seasonal (that 1s, 
roughly 90-day) periodicity in the incidence of sudden 
cosmic noise absorption during the years 1957 and 1958, 
but not during later years. 
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Fig. 4. Autocorrelogram of mean daily flux at 3,750 Mc/s (Nagoya) for 
1957-58 and 93-day cycle comparison curve 
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Fig. 5. Autocorrelogram of mean dally flux at 1,000 Mc/s (Nagoya) for 
1957-58 and 08-day cycle companson curve 


The autocorrelograms of the less-active years 1960-63 
do not show the 93-day periodicity. The autocorrelograms 
are similar in appearance to that for the sunspots in 
1947-48, although the difference between maxima and 
minima points in the 27-day rotation period are far less 
pronounced. 

At this time we can only conclude that the time 
behaviour of the solar activity during the 1957-58 
maximum was considerably different from what might 
be expected. 

We thank Prof. L. Oster and Prof. J. Douglas, of the 
Yale Observatory, for their advice. 

This work was supported by the U.S. National Aero- 
nautics and Space Administration. 

Martin D. ALTSCHULER 
Cu. V. Sastry 
Yale University Observatory, 
New Haven, Connecticut. 


1 Das Gupta, M. K., and Basu, D., Nature, 197, 443 (1963). 


PHYSICS 


An Open-structured Random Solid 


In the course of investigations of the fundamental 
processes underlymg flocculation we had occasion to 
simulate the growth of a floc by a mathematical model. 
The model chosen was one in which uniform spheres of 
unit radius are added randomly, one by one, to the 
growing aggregate. Hach sphere is rigidly fixed to the 
structure at the point at which it first makes contact, 
and thereafter remains im the same position relative to 
the other spheres in the aggregate. Such a model has 
been, attempted before; but in the previous description 
@ truly random addition was not correctly specified, and 
the results are therefore erroneous. 
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A particle approaching the floc moves along a straight 
line; the condition of randomness requires that no par- 
tacular line in space be preferred, that is, the same prob- 
ability is associated with the choice of any particular line. 
The problem 1s therefore to select at random a direction 
for the line and a pomt through which it must pass, the 
choice to be limited so that there is a high probability that 
the line chosen will intersect the floc and so permit floc 
growth. 

The desired random selection is achieved by first 
selecting equatorial and polar 0 and ¢, where 6 is uniformly 
distributed on the range 0 to 2x and sin » is umformly 
distributed on the range ~—1 to +1. The sine term is 
necessary to allow for the narrowing of the gap between 
great circles of longitude as the poles are approached. 
Having defined a direction of approach, 1t 1s necessary to 
choose a point in order to define the line of approach. If 
the existing floc is enclosed by a sphere centred on the 
centroid and of radius R + 2, where R is the maximum 
distance of any particle in the floc from the centroid, we 
may limit our choice to those lines which intersect this 
sphere. Choice of a point from a uniform distribution on 
the diametral plane perpendicular to the chosen direction 
ensures a random choice while restricting the line chosen 
to one with a high probability of intersecting the floc. 

Two flocs of size 400 and one of size 1800 were generated 
by this procedure. In each case the resulting floc is 
roughly spherical, with about half the total number of 
spheres concentrated within a region R/2 from the cen- 
troid. Detailed examination of the floc of 1800 spheres 
shows that this inner region is almost, but not entirely, 
‘dead’ in the sense that further particles have a very low 
probability of penetrating into it. 

From Fig. 1 it may be seen that the central core has, 
in fact, almost constant porosity (constant porosity would 
require a slope of 0-33), unlike the correlation proposed 
by Voldi. In the two-dimensional analogue the slope fell 
with increasing floc size, reaching a steady value of 
0-50 (indicating constant ‘porosity’) at a floc size of 500, 
equivalent to a floc size of about 11,000 in the three- 
dimensional case. 

This central region, therefore, is one of a class of open- 
structured random solids which differ from the close- 
packed solids in that the individual spheres are not 
geometrically located, but are linked together as members 
of a branching, but not cross-linked, structure. The open 
nature of the structure may be seen from the photograph 
(Fig. 2) of a model of one-eighth (the + + + octant) of 
the large floc, at the stage when 1600 spheres had been 
added. 

There is a slight variation of properties within the 
central core, corresponding to the fact that the central 
region, even in our largest floc, is of sufficiently open 
structure to permit an occasional sphere to penetrate right 
to the heart of the floc. This variation 1s reflected m a 
trend of porosity and of average co-ordination number 
as shown in Table 1. Measurements have been made of 
porosity and average co-ordination number for random 
close-packed solids*-* and calculations for geometrical 
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Fig. 1. Floc of 1800 single spheres 
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Fig. 2 

Table 1 
Shell radii from centroid 0-8 8-10 10-12 12-14 
Average co-ordination No. 2:39 2-09 224 2-02 
Porosity 0:80 0- 081 0:83 


close- and open-packed solids. Not unexpectedly, random 
solids are denser than geometrical ones of the same 
average co-ordination number. Our calculations may be 
correlated with the experimental observations on random 
close-packed solids in the form: 


Nay = 1:3 exp (3-09) 


where ọ is the volume fraction (1—porosity) of the solid. 
The correlation: 
Nay = 2:0 exp (2-49) 


has been proposed’ for geometrical solids. 

We are not intending to carry this investigation further : 
the co-ordinates of the spheres in the 1800 floe exist in 
punched card form, and could be made available for 
further analysis of the structure. 

We thank I.B.M. (United Kingdom), Ltd., for a gift of 
time under their Endowed Research Seheme which 
enabled the large floc to be completed, and the Colonial 
Sugar Refining Co., Ltd., of Sydney, for support of one 
of us (D. N. 8.). 
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* Bernal, J. D., Nature, 185, 68 (1960). Bernal, J. D., and Mason, J., Nature, 
188, 910 (1960). 
* Scott, G. D., Nature, 188, 908 (1960); 194, 956 (1962), 
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Contrast in Electron Micrographs using 
Two Opposed Electron Beams 


TRANSMISSION electron microscopy and electron-probe 
X-ray microanalysis are two well-established methods of 
micro-investigation. The two functions may be combined 
in one instrument by using two electron guns connected 
to a single high-voltage source and with beams in opposi- 
tion. One electron gun is used to illuminate the specimen 
and further lenses produce a magnified image on a 
fluorescent screen. The second electron gun produces a 
beam that emerges through a hole in the fluorescent screen 
and passes through the electron lenses in the opposite 
direction so that the electron source is demagnified by the 
same amount that the image of the specimen is magnified. 
Further details are given elsewhere?*. 

When both beams are on together and an insulating 
specimen is used, it is possible to see the position of the 
electron probe with respect to the specimen in the image 
of the specimen seen on the fluorescent screen. The 
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Fig. 1. a, Over-focused electron probe image using two electron beams; 
b, under-‘ocused image (xe. 500) 


electron probe appears to charge up the area of the 
insulating specimen thet is struck and this region forms a 
micro-lens that affects the imaging electron beam. The 
region is positively charged due to an excess of secondary 
electrons which leave the surface over the number of 
high-energy primaries that remain in the specimen, 
usually a collodion film. a few hundred A thick for 35-kV 
accelerating voltage. The illuminating electron beam then 
converges at this micro-lens and a through focal series 
shows a dark spot in the under-focused condition and a 
light spot in the over-focused case, that is, more lens 
current than at focus. At focus the spot is too small to 
observe. The contrast is given as dark or light with respect 
to the background and not with respect to clear space 
where no film is present. The charging effect fades 
immediately the beam conditions are changed, and the 
size, shape and position of the beam may be observed by 
this method. Astigmasism correction and alignment are 
both aided by observing the electron probe image while 
moving the controls. No effect is seen with metal films 
where the charge is not retained. If the beam remains at 
one place for 2-3 min a deposit of contamination is built 
up and this is visible even with the second electron beam 
cut-off*. The contrast affect is not due to contamination. 
The beam cross-sectional current density is reflected in 
the density of the derk or light spot as seen on the 
fluorescent screen. In particular the dark spots are sur- 
rounded by a bright ning and vice-versa, which may be 
due to maximum deflezion of the electrons at the edge of 
the charged area. Two 3uch spots are shown in Fig. la and 
b, where (a) is the over-focused and (b) the under-focused 
condition. The quality of the prints is low because the 
fluorescent screen had to be photographed from outside 
the vacuum, as internal photography was impossible with 
both beams in operaticn at once. 

An anomalous conteast effect has been reported by 
Muller and Meyerhoff* using phosphotungstate negative 
stained specimens in a normal electron microscope. <A 
through focal series o* this type of standard biological 
specimen should show whether these two effects are 
similar. If so, the micro-lens could lead to incorrect 
application of magnification calibrations, obtained with a 
conducting specimen sueh as a diffraction grating replica, 
to insulating specimens such as collodion and phospho- 
tungstate. Image contrast of a similar nature, but using 
the single gun of a normal electron microscope, has been 
reported in thin carbor. films‘. 

One of us (R. B.) has been supported by a Sir James 
Caird travelling scholarship during the course of this 
work. W. C. Nrxon 

R. BUCHANAN * 
Department of Eng neering, 
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CRYSTALLOGRAPHY | 
Mixed Anthrone—Anthraquinone Crystals 


A THREE-DIMENSIONAL refinement of anthrone, C,,H,,0 
(recorded m.p. 154° C) by Srivastava! has shown that it is 
isostructural with anthraquinone, C,,H,,O0, (recorded 
m.p. 286° C) (refs. 2 and 3). The unit-cell dimensions 


and other crystallographic data are: 


C,,H,,0, new. 194 22, P2,/a, Z * 
a = 15-80, b = 3-998, c = 7:86 A B = 101-7° 
D: = 1:326 g cm (using corrected value 
N = 60233510% 

appropriate to the units used) 
C1,H,0s;, III. W. 208-20, P2,/a, z = 2 
a = 15°83, b = 3-97, c = 7-89 A B = 102-5° (at 20° C) 
Dz = 1-428 g em? (corrected) 


The similarity between Weissenberg and other photo- 
graphs of the two compounds is striking. There are small 
differences, of course, but they have to be looked for. 
The anthraquinone molecules are centrosymmetrical; the 
anthrone structure is disordered so that the two molecules 
in the unit cell each appear to be ee 
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The disorder causes the appearance of diffuse layer lines 
interleaving the 3-998 A layer lines in anthrone rotation 
photographs taken about the 6 axis. Both structures 
are markedly pseudo-orthorhombic. 

In the course of a solid-state reaction being investigated 
by X-ray techniques in this laboratory it was found that 
the main decomposition product gave photographs corre- 
sponding with a somewhat fibrous erystal of anthraquin- 
one. Mass spectrometry showed that some anthrone 
might also be present, although it was not at first certain 
whether the anthrone was only produced in the mass 
spectrometer. The fibrous nature of the decomposition 
product prevented small differences in intensity from being 
deteeted, and the presence of disorder and impurity in the 
final crystals made melting-point determinations a little 
uncertain. The question then arose as to whether, if 
anthraquinone and anthrone were both present, they 
would in any case form mixed crystals. 

Attempts to form mixed erystals by recrystallization 
from solvents were unsuccessful, because anthrone is 
much more soluble than anthraquinone in all the following 
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chloroform. These were all tried, but acicular anthra- 
quinone always came down first. It was found, however, 
that if anthraquinone and anthrone were melted together 
in known proportions in a sealed tube and the mixture 
allowed to cool slowly in a vacuum flask, acicular crystals 
formed which gave the melting-point/composition curve 
(Fig. 1}. This implies that the crystals at any composition 
were formed by simple solid solution, no ordered structure 
appearing at any stage, except for pure anthraquinone. 

Weissonberg photographs ({/01] and [Al/]) were taken 
of a single crystal obtained from the 50:50 melt, the 
melting-point being checked on another crystal from the 
same batch. These Weissenberg photographs were com- 
pared with similar photographs of the two end members. 
The crystal in question proved to be a twin on the (201) 
plane, which is a pseudo-orthorhombic ‘axial plane’ of the 
anthraquinone/anthrone structure, and this twinning 
obscured even the small differences that exist between 
the two end members of the series. There is no doubt, 
however, that the structure does correspond closely 
with that of the end members, anthraquinone and 
anthrone, and that mixed crystals in any proportions 
ean be formed. 

A melting-point determination for the decomposition 
product mentioned here, carried out in a sealed tube 
under conditions similar to those used for obtaining the 
results in Fig. 1, gave 257 + 1° C. This confirmed that 
the product was not pure anthraquinone (or anthrone) 
but that it may have contained up to about 45 per cent 
anthrone or a lesser amount of anthrone together with 
other impurities. 

J. W. Harris 


University College, London, W.C.1. 


i Srivastava, 5. N., Acta Cryst., 17, 851 (1964). 
? Murty, B. V. R., Z. Kristallog., 119, 445 (1960). 
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CHEMISTRY 


Gamma-ray-induced Polymerization of some 
Vinyltin Compounds 


ALTHOUGH much work has recently been carried out on 
the syntheses of vinylmetallic compounds', work on their 
polymerization has been surprisingly searce, especially 
radiation polymerization. Moreover, these compounds 
seem to be regarded as substances scarcely polymeriz- 
able in general. For example, with triethylvinyltin, one = 
of the compounds treated in this communication, Korshak = — 
et al.* observed the formation of the oligomer, when they ww 
heated it with di-t-butylperoxide to 120° C under pressure 
as high as 6,000 atm. (ref. 2). 

We have irradiated triethylvinyltin and triphenylvinyl-. 
tin by y-rays from cobalt-60 in the ordinary state and 
observed the formation of the polymeric substances from 
both compounds. i 

Triethylvinyltin (b.p. 58°-59° C/13 mm mercury) and- 
triphenylvinyltin (m.p. 38-5°-39-5° C) were synthesized 
by the reaction of triethyltin chloride and triphenyltin 
chloride respectively with vinyl Grignard’. The mono-. 
mers were sealed under 10-5 mm mercury after vigorous - 
degassing. ` 

When triethylvinyltin was irradiated by y-rays from 
cobalt-60 ¿n vacuo, it became turbid, and the mixture of 
the slightly yellowish viscous product, which occupied 
the major part, and an insoluble white powder was left 
behind after pumping out the remaining monomer at 
room temperature. Yields of the polymeric substances | 
are shown in Table 1 : 

Fig. 1 shows the infra-red spectra of triethylvinyltin 
and its soluble polymer. In the 1,100 ~ 3,000. em") 
region many of the vibrational frequencies of vinyl- an 
ethyl-substituted organometallic compounds were: wel 
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Table 1. y-IRRADIATION OF TRIETHYLVINYLTIN AND TRIPHENYIVINYITIN 


| Dose-rate Irradiation Irradiation 
Monomer 1 (rh) temperature time 
(° C) (h) 
Triethylvinyltin 27 x 104 27 25 
- 4°5 x 10¢ 45 90 
4°5 x 10 80 50 
Triphenylvinyltin 27 x 104 27 110 
4-5 x 104 80 18 


* Separated from the mixture by the extraction with benzene. 
t Measured cryoscopically and ebulllometrically. 


brought out by the work of Kaesz and Stone‘, and found 
to be almost independent of the nature of the metal. 
It can easily be seen that the vinyl group which existed 
in the monomer decreased considerably in the oily pro- 
duct although some fractions of it seemed to remain 
unchanged. Such an unsaturated bond has also been 
proved by the bromine absorption of the product. From 


these observations and from Table 1 it may be concluded- 


that the viscous oily product is a dimer or a trimer which 
contains the unsaturated bond. 

We have not obtained enough satisfactory results on 
the insoluble product to report here. By prolonged 
irradiation the insoluble part changed its colour to grey, 
and from analysis of ash it was revealed that the powder 
was fairly rich in tin (content 65 per cent). It seems pro- 
bable that a fraction of triethylvinyltin decomposed to 
form such an insoluble product by the side-reaction 
during irradiation. The behaviour of triethylvinyltin 
against the radiation was apparently very compli- 
cated. The yield of the insoluble product decreased with 
increasing irradiation temperature, 

The conversion of the monomer was almost linear with 
the irradiation time in the initial stage, and the overall 
activation energy of the monomer conversion. was about 
3 kcal/mole in the range 25°-80° C. 

Ib was much the same with triphenylvinyltin, but with- 
out the formation of the insoluble product. The polymer 
was precipitated by pouring the irradiated monomer into 
methyl! alcohol, and separated by filtering. It was soluble 
in aromatic solvents and considered also to be a oligomer, 
which possessed the rest of the unsaturation, with mono- 
mer units of about three. 

The conversion of the monomer increased almost linearly 
with the irradiation time with a slight acceleration of the 
rate at higher conversion. Triphenylvinyltin polymerized 
both in the liquid and solid states (Table 1); but the 
polymers obtained in both phases did not seem to differ 
much from each other, to judge from the infra-red 
observation. 
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Fig. 1. Infra-red spectra of triethylvinyltin and its polymer. 
Po thylvinyltin: (2) the soluble polymer, the main product (27° C) 
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G-value Weight Molecular 
Percentage (overall) fraction of weight of 
of of u soluble Remarks 
conversion conversion volymer * (%) polymer t+ 
7°54 50 75 460 Liquid 
8°02 90 83 540 Jiquid 
7°22, 140 99 500 Liquid 
1-44 1-4 100 850 Solid 
542 220 100 6980 Liquid 


Fig. 2 shows the dependence of the overall G-value of 
monomer consumption >n the temperature of irradiation. 
The activation energy was 9 kcal/mole for liquid-phase 
polymerization and 3 lscal/mole for solid-phase polymer- 
ization. We did not observe any abnormal augmentation 
of the rate of polymerization around the melting-point 
of monomer crystal. The G-value of conversion in the 
solid phase was very small, and it seemed probable that a 
different kind of reaction from that of the liquid phase 
occurred in triphenylvinyltin, although the products 
from both phases looked alike in appearance. The rate 
of conversion in the solid phase showed approximately 
0-7 power dependence on the dose rate in the range of 
3 x 10! -27 x 104 1r./E at 27° ©. 
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Fig. 2, Arrhenius plot of she apparent G-value of the polymerization 
of triphenvivinyltin initiated by y-ray 


We are far from knowing what kind of kinetics are 
involved in the polymerizations of both compounds. But, 
as for the formation ef extremely short-length polymer, 
we are inclined to consider it to be the result of steric 
hindrance by the bulky group. The comparatively 
high G-value of monemer consumption, in spite of the 
low molecular weight- of polymer, would be due to the 
frequent occurrence of the chain transfer process. 

We have also been investigating the y-ray-induced 
polymerization of v-nylsilicon compounds and have 
observed the formation of the oligomer from triethyl- 
vinylsilane which wae also stated to be unpolymerizable 
without applying high pressure‘, 

KiyosHt HAYAKAWA 
Kaoru Kawase 
Tatsuo MATSUDA 
Government Industriel Research Institute, 
Nagoya, Japan. 
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3 Rosenberg, S. D., Gibbons, à. z: and Ramsden, H. En J. PERA Chem. Soe., 
78, 2137 (19 957). 
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Homogeneous Catalytic Activation of 
Hydrogen in Aqueous Solutions of Cobaltous 
Cyanide and Ethylenediamine 


One of the most active systems for the homogeneous 
activation of molecular hydrogen is an aqueous solution of 
potassium pentacyanocobaltate-(II), because of the high 
rate with which it absorbs H,. In the presence of deuter- 
ium this system also catalyses the exchange reaction 
D.—H,0, but with a considerably lower rate than that of 
the hydrogen absorption. The mechanism of the multiple 
reactions which take place in these solutions has been 
recently elucidated!-*. 

The reaction product between pentacyanocobaltate-(I1) 
und hydrogen is the relative stable hydrido-complex 
(Co(CN),EH)*- which forms an intermediate step in the 
exchange reaction. This stability, which is caused by the 
strong ligand field of the cyano complex, determines the 
rate of the isotopic exchange, because of the relatively 
slow rebuilding rate of hydrogen and (Co/CN),)*-. 

In an attempt to increase the rate of the exchange 
reaction and thus the catalytic activity of this system, we 
have partially substituted the cyano-ligands with ethyl- 
enediamine, obtaining much less stable hydrido-complexes. 
The precipitate of Co(CN), is redissolved at a CN/Co ratio 
of > 5, resulting in green solutions. In the presence of 
ethylenediamine (Hn), however, the cobaltous cyanide is 
dissolved at CN/Co ratios < 5 resulting in solutions the 
colours of which change from orange to yellow and green, 
as a function of the ratio Co/CN/En. These systems are 
unstable and liberate H, at about 30° C. To increase their 
stability and to permit us to measure the kinetics of 
isotopic exchange, we have worked at high hydrogen 
pressures, with a technique described in a previous paper. 
The rates of the exchange reaction: 


H, + HDO =HD + H,O (1) 


and the activation energies were determined in the 
temperature range 30°-70° C for different Co/CN/En 
ratios. The concentration in Co was maintained at 0-16 
mole/]l. Table 1 contains the results obtained at three 
different hydrogen pressures, at 30° C and at a high 
stirring rate, so that transport processes do not interfere 
with the exchange processes. The HD concentrations 
were measured by gas chromatography and the exchange 
rate constants k evaluated from equation": 


h n(o) — n(0) 
b= oy Aa n(co) = ne) 


where « represents the equilibrium constant of reaction (1), 
h and H the amounts (moles) of hydrogen and water 
utilized, V the volume (ml.) of the solution, n(0o), (0) 
and n(é) the D-concentrations in the gas phase at equili- 
brium, at the initial time and the moment ¢ (sec) respec- 
tively. 


mole/ml.sec 


Table 1. EXCHANGE RATES AND ACTIVATION ENERGIES 


Co:CN : En E 
ratio k.107 (mol.ml ~? gee) keal 
(moles) 10 atm. 30 atm. 60 atm. mole~* 
1138 0:96 1°7 2°0 4'4 
1:2:3 23 d'5 6°2 31 
1°3:3 2-4 §2 9-7 2-3 
1:4:8 2-7 60 10-0 2-5 
1:5*3 1:4 3-5 4-9 8-8 
1:6:3 0-15 0:16 016 6-1 
1:8:0 018 0-16 0-16 7-1 


The solution with a Co/CN/En ratio between 1:3: 3- 
1:4:3 gives the highest activity. This system is the 
most active for the homogeneous catalysis of hydrogen— 
water exchange and has the lowest activation energy so 
far reported. In comparison to the pentacyanocobaltate- 
(I1) with a pressure-independent exchange rate, in our 
cyano-ethylene-diaminecobaltate-systems with a Co/CN/ 
En ratio of 1:3:3-1:4:3 the rate increases nearly 
proportionally with the H,-pressure. In this system the 
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rate-determuning step in the exchange is not the decom- 
position of the hydride, which is very unstable now, but 
the formation of the hydride. 

Detailed information about the mechanisms of the 
reactions and the complex species (Co(CN):(Hn),) pre- 
dominant in these systems and their hydrides, will be 
given in another paper. In this work we have attempted 
to show that to obtain an active catalyst it 1s important _ 
that both hydride formation and hydride decomposition 
occur at a similar rate, that is, within the same order of 
magnitude. 


Orro PIRINGER 
ALEXANDRU Faroas 
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Two-photon lonization of 3,4-Benzpyrene in 
Boric Acid Glass 


A stupy of the photoionization of 3,4-benzpyrene in 
boric acid glass has shown that two-photon ionization 
occurs in this system. The glass was prepared in the 
usual way', formed into a strip and placed in the focal 
plane of a quartz spectrograph. The glass was irradiated 
with light from a high-pressure mercury lamp for periods 
of several hours. The variation of ionization density 
with exciting wave-length was determined by measuring 
the optical absorption in a region where the ion alone 
absorbs (~ 18,000 cm~! (ref. 2)) and correcting for the 
intensity distribution of the exciting light®. The expected 
short-wave-length region of ionization was found with a 
low-energy cut off of 4-9 eV, together with a second region 
of considerably lower density extending from 4:1 to 3-0 eV. 
In the region 4-9-4:1 eV the density was too low to be 
measured and corresponds to a region of low exciting 
intensity. 

The variation of ionization density with exciting light 
intensity [ was determined by reducing I by factors of 
1:8, 2:2 and 2-5. It was not possible to operate over a 
larger range without requiring excessive irradiation times. 
Within these limits the normal region density was pro- 
portional to I while in the lower energy region it varied 
as J*, thus indicating a two-photon process in the latter 
region. This requires some intermediate state of long 
life-time, which could be a triplet state or an excited state 
of some complex between the hydrocarbon and the boric 
acid glass‘-5, In the present case, the difference between ` 
the two ionization cut-off potentials is 4-9-3-0 = 1:9 eF, 
while the triplet energy-level is at 1:8 eV (ref. 6). This 
agreement: is close enough to indicate that the inter- 
mediate state is the triplet state. 

This conclusion agrees with that of Joussot-Dubien and 
Lesclaux’, who examined the rate of ionization as a func- 
tion of triplet life-time, with particular reference to tri- 
phenylene which has a long life-time {œ~ 15 sec) and a 
high phosphorescence efficiency. In contrast, 3,4-benz- 
pyrene has a short life-time {< 0-1 sec) and only a weak 
phosphorescence. Repeating the present experiments 
with triphenylene has shown that the ionization density 
in the low-energy band varies linearly with J rather than 
as I?, but this is probably a consequence of the relative 
ease of obtaining 100 per cent population of the triplet 
state in this case’. Tonization was found for energies down 
to the long wave-length cut-off of the absorption spectrum 
(3:38 eV), the first singlet state peak being at 3-54 eV 
and the triplet level at 2-88 eV (ref. 8). The ionization 
potential in the glass is not known; but if the free mole- 
cule value is reduced by the same amount as in the case 
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of 3,4-benzpyrene (that is, 7:2 (ref. 8) to 4:9 = 2-3 eY), 
then its value will be approximately 8-1 (ref. 8)— 23 = 
5:8 eV. The energy available at the absorption cut-off, 
3°38 + 2-88 = 6:26 eV, still exceeds this value. 

J. P. Ray 

T. D. S. Haminton 
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BIOCHEMISTRY 


Effect of Glucose on Fatty Acid Uptake and 
Oxidation by Bone Marrow Cells from 
Guinea-pigs 

In their investigations of the fat composition and in 
vitro oxygen consumption of marrow from fed and fasted 
rabbits, Evans et al.t observed a respiratory quotient of 
0-85 for marrow cell suspensions incubated in the absence 
of glucose but in the presence of all the fatty material 
of whole marrow. The authors were unable to detect any 
uptake of fatty acid by the marrow cells and concluded 
that saturated fats were probably not degraded in the 
marrow for the production of local energy. In the work 
recorded here we have re-examined the question of wm vitro 
uptake and oxidation of fatty acid by bone marrow cells. 
Our results indicate that fatty acid is taken up and oxi- 
dized by washed bone marrow cells suspended in a medium 
containing 5 per cent albumin as a carrier for fatty acid. 
Furthermore, we have found that glucose exerts a con- 
siderable influence on the rate of uptake and oxidation of 
fatty acid. 

Male guinea-pigs of NIH strain, weighing 350-500 g 
each, were used in this work. Bone marrows from the 
femora and tibiae were trimmed of the fatty portion, 
collected in a glass homogenizing tube containing ice cold 
Krebs-Ringer phosphate solution, pH 7-4, and gently 
dispersed by hand with six passes of a loosely fitting 
‘Teflon’ pestle. The suspension was allowed to stand for 
2-3 min so that any bone fragments present could sedi- 
ment to the bottom of the tube. The upper portion of the 
suspension was then transferred to a glass centrifuge tube 
and centrifuged for 5 min at 20-30 g. The supernatant 
fraction containing most of the mature erythrocytes and 
marrow fet was discarded. The remaining pellet was 
washed once and resuspended in a suitable volume of the 
Krebs—Ringer medium. A mean (+8.H.) of 89 + 2 per 
cent of the nucleated cells was found to be viable using 
the trypan blue method. Differential counts of the 
nucleated cells in five different marrow suspensions showed 
that 34 + 1 per cent of the cells were myeloid leucocytes 
at the band stage or older, 32 + 2 per cent were immature 
myeloid leucocytes, 29 + 2 per cent were nucleated 
erythroid cells and 5 + 1 per cent were lymphocytes. 
The marrow cells were incubated in 3-0 ml. of Krebs- 
Ringer phosphate medium, pH 7-4, containing 5 per cent 
human serum albumin (American Red Cross, Cohn Fraction 
FY, without heat treatment or stabilizers) extracted essen- 
tially free of fatty acid according to Goodman’s methed?. 
Sodium palmitate (Fisher Scientific Co.) when added was 
dissolved in the albumin. solution as deseribed previously’. 
The methods for measuring uptake of oxygen and. respira- 
tory quotient and for isolating and determining free fatty 
acids and glucose in the medium have also been described 
previously*. 
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Table 1. EFFECT OF GLUCOSS ON Farry ACID UPTAKE AND OXIDATION 


BY BONE W CELLS FROM GUINEA-PIGS! 
Substrate et Respiratory Palmitate Glucose 
added quotient uptake uptake 

Aae Sey wt. prnol./h/10 mg ee wt. 
None 41+07 112 — — 
Glucose 3:8 +02* 1 28 — 30402 
Palmitate 40401 0 86 0 45+0-08 — 
Giucose + palmitate 484007 1-00 06940081 37405 


* P<005, P value versus mə substrate added. 

+ P<0Q 01, P value versus m substrate added. 

t P<0 02, P value versus paimitate added. 

i Each value represents the mean (+S.#.M.) of five determinations. The 
cells were eunneg ın the presence of 3:0 ml. Krebs-Ringer phosphate 
medium, pH 7-4, containing 5 per cent serum albumin. Initially 3 1 moles 
palmitate and 6° 8 pmoles giuccse per ml, medium were present. 


Our results, summarized in Table 1, show that in the 
absence of glucose, pakmutate was taken up by the bone 
marrow cells and was presumably oxidized to carbon 
dioxide since the resp:ratory quotient fell from 1-12 to 
0-86. The latter respiretory quotient is in good agreement 
with the value obtained by Evans et al.1. It is possible 
that the failure of these workers to detect fatty acid 
uptake by rabbit marrcw suspensions might be due to the 
fact that they did nos add albumin to the incubation 
medium as a carrier for fatty acid. In the absence of 
albumin, the concentration of fatty acid would be ex- 
tremely low since long chain fatty acids are only slightly 
soluble in aqueous media. 

Table 1 further shows that palmitate uptake was greatly 
enhanced (56 per cent} by the addition of glucose, but 
apparently glucose rather than palmitate was the pre- 
ferred substrate for oxidation since the respiratory 
quotient was 1-0. Palmitate had no significant effect on 
glucose uptake. It should be noted here that glucose 
also has been reported to stimulate fatty acid uptake by 
rat skeletal muscle in vro, but, unlike the results obtained 
with bone marrow, ne sparing effect of glucose on fat 
oxidation was observed. with skeletal muscle‘. 

Oxygen uptake was not affected by adding palmitate 
alone and only a smal. increase (17 per cent) was noted 
in the presence of glucose plus palmitate. These findings 
are ın marked contrast to our previous observations with 
guinea-pig exudate leusocytes*. These cells showed a 2-3 
fold increase in oxygeu uptake on addition of palmitate 
to the medium. The respiratory quotient of such cells 
in the presence of glucose plus palmitate was 0-82, suggest- 
ing that fatty acid ratrer than glucose was the preferred 
substrate for oxidation. Future investigations will be 
aimed at identifying tke factors (for example, cell matur- 
ity) which are resporsible for the observed metabolic 
differences between bane marrow and exudate cells. 
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Interaction of Bilirubin with Albumin 


Recent electrophoretic investigations using isotopically- 
labelled pigment} have confirmed earlier findings that in 
plasma, unconjugated bilirubin is bound only to albumin. 
By dialysis with semipermeable membranes, | mole of 
albumin was found to bind tightly 2 moles of the pigment. 
However, equilibration of the two phases could not be 
achieved in these diazysis experiments because of rapid 
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breakdown. of unbound bilirubin. This limited the sig- 
nificance of the data obtained and prevented any com- 
parative examination of pigment interaction with albumin 
of different species. This difficulty has now been over- 
come by different experimental approaches. 

‘Sephadex’ gel-filtration was used to separate albumin- 
bound bilirubin from unbound pigment; the bilrubin- 
albumin complex passed through the gel rapidly, while 
the smaller molecules of unbound pigment remained on 
the column. Therefore, the maximum binding capacity of 
the protein could be determined by comparing the bili- 
rubin to albumin ratio in che effluent with that of the 
applied samples. The following experimental procedure 
was used. One millilitre of 0-0625 M phosphate buffer, 
pH. 8-3, containing 40 mg crystalline human albumin 
(Pentex Corporation, Kankakee, Illinois) and varying 
amounts of bilirubin, was applied to a 22 x 1:2 cm column 
of ‘Sephadex’ G-25. The albumin was assumed to have a 
molecular weight of 65,000; ıt had been pretreated by 
passage through a similar ‘Sephadex’ column. The column 
was eluted with the phosphate buffer and the concen- 
trations of bilirubin? and albumin® in the combined effluent 
were determined. The results in Fig. 1 indicate that bili- 
rubin applied in excess of 2 moles per mole of albumin 
remained on the column, whereas with ratios of less than 
2:1, virtually all pigment appeared in the effluent bound 
to the protein. When bilirubin to albumin ratios were just 
less than 2:1, traces of unbound yellow pigment were 
detectable on the column, but the amounts were too small 
to be reflected in the effluent. 

Cholestyramine resin has been previously shown to have 
such a high affinity for bilirubin that the adsorbed 
pigment cannot be eluted with albumin’. By exposing 
bilirubin dissolved in human, rat or guinea-pig serum to 
& slurry of cholestyramine and estimating the rate of 
transfer of the pigment to the insoluble resin, comparison 
could be made of the binding interaction between bili- 
rubin and albumin from the different species. In the 
experimental procedure used, mixtures were prepared 
which in a total volume of 7 ml. contained serum equi- 
valent to 1:07 umole albumin, 0-84 umole bilirubin and 
70 mg anhydrous cholestyramine (Merck, Sharp and 
Dohme Research Laboratories, West Point, Pennsylvania) 
in 0-1 M tris buffer, pH 8-0. The serum had been pre- 
viously dialysed against large volumes of 0-1 M tris buffer, 
pH 8-0 for 48 h and the albumin concentration was then 
estimated by electrophoresis on cellulose acetate® and the 
Biuret method’. The resin had been suspended in the 
buffer and allowed to settle by gravity to permit separa- 
tion from the non-sedimentable particles. The bilirubin- 
serum-—resin systems were agitated by magnetic stirring 
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Fig. 1. ‘Sephadex’ gel-filtration of a human albumin solution contalning 

varying concentrations of bilirubin The molar ratio of bilirubin to 

albumin in the effluent is plotted — the initial ratio In the applied 
samples 
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Bilirubin in supernatant (mg per cent} 


GUINEA PIG 





0 2 4 6 8 
Exposure to cholestyramine resin (h) 


Fig. 2. Rate of bilirubin disappearance in sera exposed to 10 mg/ml, 
cholestyramine resin in viro. All sera were diluted to an albumin con- 
centration of 10 mg/ml. See text for details of method 


in the dark at 4° ©. At appropriate intervals, aliquots 
were removed and centrifuged; the bilirubin concentra- 
tion in the clear supernatant was determined. Total 
protein concentration in the supernatant was unaffected 
by addition of the resin. : 
Representative data from a series of experiments are 
given in Fig. 2. In each instance the decline of bilirubin 
concentration in the supernatant exhibited a single 
exponential rate which could be increased either by 
raising the amount of resin. used or by lowering the con- 
centration of the serum. Marked differences in dis- 


appearance rate were observed with sera from different._~ 


species. With human serum the rate of transfer of pigment 
on to the resin was low, indicating that albumin binds 
bilirubin very tightly; similar results were obtained when 
equivalent concentrations of crystalline human albumin 
(Pentex Corporation) were used instead of whole serum. 
On the other hand, the bilirubin transfer rate was higher 
with rat or guinea-pig serum, demonstrating that in these 
species albumin has much lower affinity for the pigment. 

To demonstrate this species difference in vivo, a 250-g 
female rat with hereditary unconjugated hyperbilirubin- 
aemia (Gunn strain), exhibiting a reasonably constant level 
of icterus, was injected with a tracer dose of bilirubin 
labelled with carbon-14 and dissolved in rat serums 
(Fig. 3). At appropriate intervals, blood was taken from 
the tail for estimation of the specific activity of bilirubin 
in the serum’. On the second day, sodium salicylate was 
infused for 4 h at a rate of 16 mg per h; this caused a 
profound drop in the serum bilirubin concentration 
(Fig. 3). On the third day, the rat received an intra- 
venous injection of 600 mg of salt-poor human albumin 
which rapidly raised the bilirubin concentration to almost 
the levels which occurred before treatment. Throughout 
these induced variations in serum bilirubin concentration, 
the specific activity of the pigment continued to decline 
logarithmically, indicating that the total miscible pigment 
pool remained unaltered despite the changes in serum 
concentration. It follows that the injected salicylate 
displaced bilirubin from its albumin binding sites and 
thereby facilitated the entry of the unbound pigment into 
extravascular spaces. On the other hand, because of its 
high binding affinity, infused human albumin pulled the 
pigment back into the circulation. 

These observations emphasize the importance of protein 
interaction for the regulation of the blood level of bilirubin 
and for the pattern of pigment distribution among the 
various body compartments. Whereas the albumin present 
in normal human plasma theoretically can carry approx- 
imately 70 mg of bilirubin per 100 mil., the pigment- 
binding capacity in reality may be much lower because a 
variety of endogenous or exogenous substances, particu- 
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‘ Table 1 
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* Brightest with long wave-length. 
Exposure of thin layer plates or paper to ultra-violet hight was made by use of ultra-vio 


transmission peaks at 2537 A (Model ‘C~81’) and at 3660 
paper were immersed m liqui 
4 in. thick. A single filling of liquid nitrogen lasted about 30 min. 


nucleotides over the usual room temperature ultra-violet 
light absorption method, reflects the forecast of Szent- 
Gyorgyi concerning the usefulness of low temperature 
enhancement of fluorescence! and we would agree with 
Gordon and South? that 1t deserves far wider application 
than at present. 

We thank Dr. G. Doebbler, of the Linde Co., for a 
supply of liquid nitrogen. ‘This research has been sup- 
ported by research grants RG 06241 from the Division of 
General Medical Sciences and NB-03697 from the Tn- 
stitute of Neurological Diseases and Blindness of the 
U.S. Public Health Service. W. B. E. holds a U.S. 
Public Health Service Research Career Program award 
(GM~K3~15,514). 
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Extraction of Aflatoxin from Rat Liver 


Ir has been shown that a single dose of aflatoxin B, 
given to a rat will result in acute liver damage’. Histo- 
logically the lesion, which is periportal in distribution, 
develops slowly as compared with either carbon tetra- 
chloride? or dimethylnitrosamine (DMN)*. Necrosis is 
first seen at 36-48 h. The liver parenchyma regenerates 
slowly and is accompanied by a biliary proliferation. 
After one month the liver still shows the biliary prolifera- 
tion and also large hyperchromatic parenchymal cells. 

In view of the slow onset and progressive nature of the 
lesion it is of interest to determine for how long aflatoxin 
is detectable in the liver after a single dose. 

Male rats (150 g) were given an DD,, dose of aflatoxin 
B, (7 mg/kg) dissolved in 0-2 ml. dimethylformamide 
(DME) by gastric intubation or by intraperitoneal injec- 
tion. Control animals were given DMF alone. The rats 
were killed by a blow on the head at times following dosage 
and, the whole liver removed and extracted according to 
the method of de Iough*. The extracts were dissolved in 
0-4 ml. chloroform and 20 ul. applied to a thin-layer 
chromatoplate of Merck ‘Kieselgel’ 0-3 mm thick which 
had been activated by heating at 90°C for 1h. The 
chromatoplate was developed until the solvent had 
reached a height of 10 cm above the starting line and 
viewed by transmitted ultra-violet light, wave-length 
3650 A. Portal and systemic blood was obtained from 
anaesthetized animals and extracted in a similar manner. 
Dried toxic cow’s milk was supplied by Dr. R. Allcroft 
of the Central Veterinary Laboratory, Weybridge, and 
was also extracted in a similar way. 

From Fig. 1 it can be seen that the aflatoxin B, given 
to the rats was a pure sample producing a single blue- 
violet spot, Ry 0-6. The extracts from the control animals 


Long wave-length 
Delayed fluor | Absorp. Fluor. Delayed fluor. | Absorp. Fluor, Delayed fuor Absorp. 


an aaO | tet —— — — — — — — — — | RP —— 









Short wave-length 



























Deep oe + Deep blue 









vo Bright blue 
Faint blue Deep blue 
Faint blue Deep blue 





t Strong quenching of delayed fluorescence of the supporting media, 


et lamps (Black Light Eastern Corp.) equipped with filters with 
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dosed with DMF alone showed no spots at the same Fp as 
aflatoxin B, A slow-running yellow spot Ep 0-1 was 
present in all the extracts. The extract at 0-5 h after 
dosage showed a blue-wolet spot Rr 0-6 corresponding to 
the standard aflatoxin. B, This spot was maximal at 
0-5-1 h and diminished in subsequent extracts so that by 
6 h only a faint spot remained. At 24h only a very slight 
trace could be seen. The other spot seen consistently was of 
blue-violet fluorescence Ry 0-2. The intensity of this spot 
increased until about 2 h and then diminished, so that by 
6 h it was only faint and by 24h only a slight trace could 
be seen. At one week no trace of either component could 
be seen. Some animals at 0-5-2 h after dosage also showed 
intermediate faint spots at a lower Ry than the standard 
B,. No green fluorescent spots were seen. 

Portal blood at 0-5 h ‘Fig. 2) showed a bright blue-violet 
spot with an Ry comparable to the standard and also a 
blue spot of slightly lower Ry. The slow-running blue- 
violet spot Ry 0-2 sean in the liver extracts was also 
present. At 1h the portal and systemic bloods were com- 
pared. The portal blood had a greater amount of blue- 
violet spot Ry 0:6 and both showed the slow-running blue- 
violet spot Rp 0-2. Also, as seen in the liver, other faint 
blue spots of varying Eps were seen in the portal blood. 
Liver extracts obtained from rats given intraperitoneal 
injections of aflatoxin A, and killed at 2 h showed both the 
blue-violet spot Ry 0-6 and the slow-running blue-violet 
spot Ry 0:2. The milk extracts showed a bright blue-violet 
spot By 0-2 comparable to the slow-running blue-violet 
spot obtained from both liver and blood. 

Alleroft and Carnaghan’ reported that milk from cows 
fed toxic groundnuts was toxic to day-old ducklings. 
de Tough et al.* have extracted this toxic milk and demon- 
strated the presence of a slow-running blue-violet fluores- 
cent compound. A similar result was obtained for rat 
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Fig. i. Diagram of thr-layer chromatogram of liver extracts 
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Fig. 2. Diagram of thin-layer chromatogram of extracts from blood 


milk and was called ‘milk toxin’, The extracts of rat liver 
described here have also shown a comparable blue-violet 
spot Ry 0-2. The observation that the amount of this factor 
in the liver seemed to increase for about 2 h while the B, 
spot appeared to decrease slightly might suggest that the 
conversion was taking place in the liver. There did not 
seem to be complete conversion from B, to the slow-run- 
ning compound as after 2 h both seemed to disappear at 
similar rates. The slow-running blue-violet spot was 
found in both portal and systemic blood, being greater in 
the portal. In order to exclude the possibility of conver- 
sion while passing through the intestinal mucosa the liver 
was extracted after intraperitoneal injection. As with oral 
administration, both blue-violet spots were present. 
Although no clear indication is given as to the possible 
_ sites of conversion it would appear that some takes place 
in the liver. The compound is secreted in milk but is not 
necessarily related to milk production. 

It can be seen from these experiments that ‘aflatoxin, 
when in solution in DMF, is readily adsorbed from the gut. 
[t appears in the liver and apparently undergoes, in part, 
metabolism to the milk toxin and by 24 h both this latter 
substance and the aflatoxin B, are only detectable in 
traces by the chromatographic method used. There 
is thus the possibility that the toxin or its metabolite may 
become bound to a tissue component and, hence unextract- 
able by the method used. This might explain why histo- 
logically the lesion develops slowly over 48 h and progresses 
up to a month. Alternatively, aflatoxin or its metabolite 
has produced some irreversible change in the surviving 
liver tissue. 

We thank Dr. D. A. Van Dorf and Dr. H. de Iough, 
Unilever Ltd., Vlaardingen, for supplies of aflatoxin By. 
This work was carried out during the tenure of the 
Graham research scholarship of the University of London 
(W. H. B.) and was supported by a grant from the British 
Empire Cancer Campaign for Research. 
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Amino-acid Composition of Collagen isolated 
from the Oral Cavity of the Sperm Whale 
THE composition of colagen is Known to vary between 


species and between different tissue sources of the same 
animal’. The amino-acid hydroxyproline is a charac- 


_ teristic amino-acid of collagen since it is found, to a limited 


extent, in only one other protein, elastin. The hydroxy- 
proline content of collagen and gelatine isolated from fish is 
reported to vary from 9-2 to 10-3 per cent, whereas 
collagen and gelatine from mammalian sources vary from 
13-0 to 14:4 per cent (by weight)?. While studying collagen 
from various mammalian sources, we determined the 
amino-acid content of collagen from the oral cavity of the 
sperm whale (Physeter catodon) for comparison with 
known mammalian and whale-skin values. 

Freshly frozen specimens of periodontal ligament and 
gingiva were obtained from an adult sperm whale at the 
whaling station, Coal Harbor, B.C. Collagen was isolated 
as gelatine by the method of Neuman and Logan’. Samples 
of soluble gelatine were precipitated at 2° C by the addition. 
of 20 per cent ethanol, centrifuged and dried. Each 
sample was hydrolysed in 2 ml. of 6 N HCl in sealed test- 
tubes at 130° C for 3h. Hydroxyproline and proline were 
determined by the methods of Woessner’, and Troll and 
Lindsley**. Total nitrogen was determined using 4 
standard micro-Kjeldabl procedure. Determinations were 
done in duplicate on multiple samples. Mean values are 


. reported in Table 1. 


Table 1. PROLINE, HOP AND N OF GINGIVAL AND PERIODONTAL LIGAMENT 
COLLAGEN 


Gingiva Per, lig. 
(per cent) {per cent) 
Proline 16:6 16°8 
Hydroxyproline 10-5 111 
Nitrogen 17-6 18:8 


Gelatine oxtract from gingival tissue was further purified 
by treatment with 5 per cent trichloroacetic acid, and 
extensive dialysis against phosphate buffer, pH of 7:4, 
and finally against running water. Failure to find any 
absorption peaks in the ultra-violet region for tryptophan 
(278 mu) and.tyrosine (275 my) indicated to us that our 
sample was low in these amino-acids and therefore con- 
tained minimal non-collagenous protein. The amounts of 
amino-acids present in a lyophilized portion of this sample 
are given in Table 2 (the analysis wes performed through 
the courtesy of Dr. R. Jones, University of Oregon Medical 
School). The values for whale-skin collagen of Eastoe® 
are included for comparison. 


Table 2. AMMINO-ACIDS PER Mg OF COLLAGEN 


Gingival Skin * 
Amino-acid (ug/mg) ug/mg) 
Lysine 40-8 41°4 
Histidine 6'8 06 
Arginine 88-8 95-0 
Hydroxyproline 105-3 128-0 
Aspartic acid 63-6 67:0 
Threonine 96-2 81-2 
Serine 38-4 47'i 
Glutamic acid 111-2 1120 
Proline 163-9 162-0 
Glycine 268-7 267-0 
Alanine 102-7 108-0 
Half cystine and 
ecysteic acid Ld 

Valine 25-8 26°4 
Methionine 6-1 79 
Isoleucine 15-6 157 
Leucine 32-9 35-6 
Tyrosine 6-3 7-2 
Phenylalanine 23°3 232 


* From table of Eastoe*, 


Most of the values are quite close to those found in 
whale skin except the amino-acids histidine, hydroxy- 
proline, threonine and serine, which are considerably 
lower. This variation could reflect species differences, since 
Eastoe’s work did not identify the whale species from 
which the skin samples were prepared. The hydroxy- 
proline content of sperm whale gingival collagen appears 
to be more similar to fish collagen than mammalian 
collagens. The periodontal ligament collagen has a higher 
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hydroxyproline content than gingiva; however, this value 

is still below that reported for whale-skm collagen. It is 

possible that structural differences as well as functional 

influences may be responsible for these variations observed 

in hydroxyproline content between these three tissues. 
This work was supported in part by research grant 

DE 01908 from the U.S. Public Health Service. 

G. W. SUMMERS 

C. K. CLAYCOMB 


No. 4988 


Department of Biochemistry, 
University of Oregon Dental School, 
Portland, Oregon. 


+ Gross, J., Comparative Biochemistry, Vol. V, 307 (Academic Press, New 
York, 1963), 


* Neuman, R. E., and Logan, M. A., J. Biol. Chem., 184, 299 (1960). 
* Neuman, R. E., and Logan, M. A., J. Biol. Chem., 186, 549 (1950) 
t Woessner, jun., J. F., Arch. Buochem. Biophys., 98, 440 (1961) 

* Troll, W , and Lindsley, J., J. Biol. Chem., 215, 2, 655 (1955). 

* Eastoe, J. E., Biochem. J., 61, 589 (1955). 


PHYSIOLOGY 


Influence of Sodium lons on Transmitter 
Release 


WHEN the amplitudes of end-plate potentials (e.p.p.s) 
are depressed at frog neuromuscular junctions by low 
concentrations of calcium, lowering the sodium ion 
concentration in the medium causes a large increase in 
®.p.p. amplitude which has been shown to be due to an 
increased output of transmitter’, In general, those 
changes in bathing media which increase the quantal 
content of e.p.p.s8 also increase the frequency of miniature 
end-plate potentials (m.e.p.p.s). It therefore seemed 
likely that m.e.p.p. frequency would be increased by 
reduction of the extracellular sodium ion concentration. 
This prediction was tested by measuring frequencies of 
spontaneous m.e.p.p.s at neuromuscular junctions in rat 
hemidiaphragms in vitro, before and after lowering the 
sodium ion concentration in the bathing solution. 

The dissection and mounting of the preparation, and 
the method of recording, have been previously described?. 
The normal bathing solution had the following com- 
position: Nat 162 mM, K+ 5 mM, Catt 2 mM, Mgt 1 mM, 
HCO, 24 mM, H,PO, 1 mM, Cl- 148 mM, and glucose 
ll mM. Since the effect of lowering the calcium ion 
concentration on m.e.p.p. frequency is more marked when 
nerve terminals are depolarized by raised concentrations 
of extracellular potassium’, most experiments were done 
in the presence of 15 or 20 mM potassium chloride. 
Solutions containing 70 or 40 per cent of the normal Nat 
concentration were obtained by reducing the sodium 
chloride concentration, and adding sucrose for osmotic 
compensation. Osmotic pressures of solutions were 
checked cryoscopically (Fiske osmometer). No osmotic 
compensation was made for changes in potassium or 
calcium chloride concentrations. The temperature in the 
tissue bath was maintained at 34-36° C, 

Lowering the sodium concentration more than 50 per 
cent increased m.e.p.p. frequency strikingly when the 
solution contained a lowered concentration of calcium. 
An example is shown in Fig. 1 (closed circles). The 
vertical broken line (4) marks the time at which the 
bathing solution containing 20 mM potassium chloride, 
0-2 mM calcium chloride, and a normal concentration of 
sodium was replaced by a solution containing 70 per cent 
less sodium. There was a rapid, twenty-fold increase in 
m.e.p.p. frequency which was complete within 3 min. 
After changing back to the original bathing solution 
(vertical broken lne at B), the m.e.p.p. frequency fell 
slowly and had not returned to the original frequency by 
15 min. A second exposure to the low sodium solution 
(vertical broken line at C) was again accompanied by a 
rapid increase in m.e.p.p. frequency. 

Although low concentrations of sodium ions have been 
found to cause no Increase in e.p.p. quantal content in the 
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Fig, 1. Effect of changes cf extracellular concentration of sodium 
chioride on m e.p p. frequency. Filled circles: m.e.p.p. frequency 
in a solution containing 20 mM potassium chionde and 0-2 mM calcium 
chloride. The vertical broken lines 4 and C mark the change of Nat 
concentration from normal te 30 per cent of normal, The vertical 
broken line B marks the reverse change. Filled and open triangles: 
meypp frequency at two junctions in a solution containing 15 mM 
potassium chloride and 2 mM calcium chloride. The vertical broken 
line A marks the change in sodium concentration from normal to 
79 per cent of normal. Ordinate : — p p frequency/sec on a logarithmic 
scale 


presence of a normal concentration of calcium‘, m.e.p.p. 
frequency was markedly increased under the same con- 
ditions. This is shown for two junctions in Fig. 1 (filled 
and open triangles). Lowering the sodium ion concen- 
tration only 30 per cens in solutions containing 2 mM 
calcium chloride and 15 mM potassium chloride caused 
more than a three-fold increase in m.e.p.p. frequency 
which was complete within 4 min. In other experiments, 
lowering the sodium ion concentration in solutions 
containing 5 mM potassium chloride was also found to 
increase m.e.p.p. frequency significantly, but the merease 
was smaller than that found in the presence of 15 mM 
potassium chloride. It seems probable that the lack of 
increase in the quantal content of e.p.p.s in low sodium 
and normal calcium may have been due to a depression 
of transmitter release caused by a reduction of nerve 
terminal action potential amplitude’. This depression 
could obscure the potentiation of transmitter release 
which would otherwise be expected. 

These results demonstrate that reduction of the 
extracellular sodium ion concentration increases the 
spontaneous release of transmitter from motor nerve 
terminals. It has been suggested, on the basis of an 
analogy between the competitive effects of sodium and 
calcium on cardiac muscle contraction and the opposing 
effects of these ions on e.p.p. quantal content, that 
sodium and calcium compete for membrane sites involved 
in transmitter release!. However, the relationship between 
sodium ion concentration and m.e.p.p. frequency does 
not fully conform to ths hypothesis. For example, in 
experiments in which the average m.e.p.p. frequency was 
determined by sampling nany junctions in a diaphragm, 
lowering the sodium ion 2oncentration from 70 to 40 per 
cent of normal had much. less effect on m.e.p.p. frequency 
than lowering the concensration from 100 to 70 per cent. 
Tt is possible that this mey have been due to a saturation 
of active sites with calcium. An alternative explanation 
is that very low concentrations of sodium ions may 
inhibit either the synthesis of quanta of transmitter or 
their mobilization, thus obscuring the full potentiating 
effect on transmitter release. Furthermore, if two 
sodium ions compete with one calcium ion as proposed in 
the hypothesis put forward by Littgau and Niedergerke®, 
it can be predicted that lowering the sodium ion concen- 
tration to 70 per cent of normal should change m.e.p.p. 
frequency to the same exsent as doubling the calcium ion 
concentration. However, in 15 mM potassium chloride, 
this change in sodium ion concentration had approximately 
the same effect as a four-fold increase in calcium ion 
concentration. This result would suggest that if com- 
petition between sodium and calcium ions does occur in 


1048 


the transmitter release process, then under these con- 
ditions four sodium ions compete with one calcium ion. 
P. W. GAGE 
D. M. J. QUASTEL* 
Department of Physiology, 
Australian National University, 
Canberra, Australia. 


A Research Fellow, Muscular Dystrophy Association of 
ada. 


1? Birks, R. IL, and Cohen, M. W., Symposium on Muscle (Academic Press, 
1965). Kelly, J. S., Nature, 205, 298 (1965). 
? Liley, A. W., J. Physiol., 182, 650 (1958). 


* Liley, A. W., J. Physiol., 134, 427 (1956). Hubbard, J. I., J. Physiol., 
159, 507 (1961). 


* Del Castillo, J., and Katz, B., J. Physiol., 128, 396 (1965). 
* Takeuchi, A., and Takeuchi, N., J. Gen. Physiol., 45, 1181 (1962). 
* Luttgau, H. C., and Niedergerke, R., J. Physiol., 148, 486 (1958). 


An Anti-anti-inflammation Concept 


Tae induction of the inflammatory process has been 
ascribed to the local release of cellular agents such as 
histamine, serotonin, or other excitants. Such excitants 
have been considered as inflammatory agents or, more 
recently, as mediators of inflammation. A diametrically 
different perspective of this situation, or the concept of 
anti-anti-inflammation, is presented here. This concept 
is based on the hypothesis that the body is in a balanced 
state between inflammation and anti-inflammation as 
opposed to the state of absence of inflammation. An 
increase in local concentration of the excitant could 
therefore induce an anti-anti-inflammatory condition. 
Furthermore, a decrease in an anti-inflammatory agent 
could have as great importance in inducmg inflammation 
as the increase in an anti-anti-infammatory agent. 

The model used to demonstrate this concept utilizes the 
steady state observable experimentally when epinephrine 
is used as the agent to maintain the anti-inflammeatory 
condition and serotonin as the anti-anti-inflammatory 
agent. (This concept is in contrast to the previously held 
concept of regarding serotonin as an inflammatory agent.) 

In this experiment, rat paw oedema was used as the 
index of inflammation. Oedema was induced in the hind 
paw of 100-150 g intact rats (Sprague-Dawley-CD from 
Charles River Laboratories)!. Each dose group was com- 
prised of 7 animals. Volume (ml.) of the paw was determ- 
ined prior to and 1, 2, 4 and 6 h after the injection into the 
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Fig. 1. Left, Comparative amounts of oedema induced in the paw of rats 1 h after the 


injection of 01 ml. of 2 per cent aqueous mustard containing varying concentrations of 
either serotonin creatinine sulphate, l-epinephrine bitartrate, or both; right, comparative 
amounts of oedeme induced in the paw of rats 1 h after the injection of 0-1 ml 
aqueous solution contaimmsg varying concentrations of either serotonin creatinine sulphate 


alone or in combination with -epinephrine bitartrate 







NATURE 





IIIIITTTTAIIIIIIXEAAEICCC. 


ASAT T a, a R a a a, A T Te E a Tg Te Ta Ea A 


June 5, 1965 


paw of 0-1 ml. of an aqueous solution or suspension of 
varying concentrations of either serotonin creatinine 
sulphate (Nutritional Biochemicals Corp.), or /-epinephrine 
bitartrate (‘Suprarenin’, Winthrop Stearns), or combina- 
tions of these concentrations. Mustard, in 2 per cent con- 
centration, was present (as an irritant) in all solutions for a 
first experiment but omitted in an accessory experiment. 

Fig. 1 (left) shows the results 1 h after injection. In- 
creasing quantities of epinephrine, in the absence of 
serotonin, depending on dose, decreased the amount of 
oedema induced by mustard; admixed increasing quanti- 
ties of serotonin depending on dose decreased the inhibiting 
potential of the respective concentrations of epmephrine. 
Comparable results were observed at 2,4 and 6 h. Fig. 1 
(right) shows that a similar inter-relationship existed in 
the absence of mustard. 

The results of these experiments with epinephrine and 
serotonin support the proposed anti-anti-inflammation 
concept. The concept is also supported by the belief 
expressed by Dougherty, that cortisone acted by moderat- 
ing the degree of inflammation in that it did not act against 
the inflaming agent, but rather against the substance or 
substances released by the inflaming agent and which 
in turn induced the phenomenon of inflammation. 

The actual physiological importance of the proposed 
‘anti-anti’ concept in the evaluation of the inflammatory 
process can only be determined by future laboratory 
experimentation with the possible extension of this model 
to other systems involving excitants like histamine and 
anti-inflammatory agents like cortisol. 

` Dorsey E. HOLTKAMP 
ALAN C. Levy 
Endocrinology Department, Scientific Laboratories, 
The Wm. S. Merrell Company, 
Division of Richardson-Merrell, Ine., 
Cincinnati, Ohio. 

1 Levy, A. C., Beaver, T. H., Strain, R. D., and Holtkamp, D. E., Proc. Soc. 

zp. Biol. and Med., 111, 576 (1962). 


2 Dougherty, T, F., Res. Prog. in Hormone Res., edit. by Pincus, G., 7, 307 
(Academic Press, New York, 1952). 
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Effect of Attention on Evoked Responses in 
the Classical Auditory Pathway 


Herndndez-Peén, Scherrer and Jouvet? have reported 
marked decrements in the amplitude of click-evoked 
responses in the cochlear nucleus in cats 
attending to stimuli of other sensory 
modalities. It was argued that this 
reduction was brought about by efferent 
inhibition from the brain-stem reticular 
formation. In a later investigation, Jane, 
Smirnov and Jasper? were unable to 
demonstrate any reduction in evoked 
potential amplitudes in the medial genicu- 
late body and the auditory cortex during 
‘attention’. In view of these conflicting 
results, it was decided to examine the effect 
of the act of ‘attention’ on evoked poten- 
tials recorded simultaneously from three 
levels in the primary auditory pathway of 
unanaesthetized cats. 

Five cats were chronically implanted, 
stereotaxically, with bi-polar stainless steel 
electrodes in the cochlear nucleus (CN), 
inferior colliculus (IC), and medial genicu- 
late body (MG). Testing commenced four 
weeks after the operation. The evoked 
potentials were recorded electroencephalo- 
graphically. The animals were tested in a 
wire cage which permitted reasonably free 
movement. This wire cage was located in 
a shielded box (Fig. 1). 0-2 msec clicks 
of 85 dB sound pressure-level, measured 
with a General Radio impact noise analyser 
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Fig, 1. Electroencephalographic recordings of click-evoked potentials in the medial geniculate body (MG) inferior colliculus (7C), and cochlear 


nucleus (CN) of cat C-5 : A, a non-attentive state; B 


, attention without movement ; C, attentior with movement ; D, a non-attentive 


state after removal of mouse 


at a central reference point 3 in. above the floor of the 
box, were used as the auditory stimuli, and these were 
delivered by twin speakers placed in opposite walls of the 
test box. Electrode placements were verified histologically 
at the completion of the experiments. 

Each cat was given time to settle down in the cage, 
and then responses to a number of stimuli were recorded. 
These responses were used as the control for the non- 
attentive state. A white mouse was then introduced into 
the test box alongside the cat, but outside its cage. 
Intermittent auditory stimulation was continued through- 
out. The following results were obtained: 

(1) When the cat’s attention was focused on the mouse 
and at the same time the cat was motionless, the mean 
amplitude of the evoked responses at the CN, IC and MG 
did not change from the relaxed non-attentive control 
mean. A t-test for correlated means indicated that there 
was no significant difference (Table 1). The relaxed state 
and the accompanying evoked responses are illustrated in 
Fig. 1A and the attentive but motionless state in Fig. 1B. 

(2) When the cat moved during this period of attention 
and click-evoked potentials were simultaneously recorded, 
then marked decreases in amplitude of the responses were 
observed at all placements. Fig. 10 illustrates this effect 


Table 1, SUMMARY OF STATISTICAL ANALYSIS 
(a) Cochlear Nucleus 
Source .F. Mean square F —— t 
Treatments 2 1,022°9 12-15f Control 133-2 
Subjects 4 88450 Att 135-4 4 “4 
Residual 8 83-4 Att + Mov 1090 4 304* 
(ò) Inferior Colliculus 
Source D.F. Mean square F Means (“V) D.F. t 
Treatments 2 3,3533 11-5¢t Control 232-3 
Subjects 3t 7,5309 Att 236-8 3 066 
dual 6 291-9 Att + Mov 1845 3 3-39* 
(c) Medial Geniculate Body 
Source .F. Mean square F Means (uV) DF. t 
Treatments 2 2,221-0 54-8 Control 1708 
Subjects 4 78750 Att 167:6 2-05 
Residual & 40°5 Att + Mov1328 4 401° 


The left column summarizes an overall anal of variance for each 
paon, The right column summarizes t-tests for the differences between 
means of 10 responses from each cat for each condition : Control, 
Se sinon movement (Att); attention with movement (Att + Mov). 
< * 
+ Only 4 inferior colliculus placements were used, as one placement was 
— — of a poor signal-to-noise ratio, 
> < g * 


and a t-test for correlated means showed a significant 
change from the non-atteative state (Table 1). 

(3) When the mouse was removed and the animal was 
once again non-attentive, the evoked potentials returned 
to the control level (Fig. -D). 

(4) No ‘attention’ decrements were observed to other 
stimuli (such as a mouse im a bottle, air puffs to the face 
and the flashing of a light on and off) while the animal 
remained motionless. 

Close inspection of previcus results in this field indicates 
that workers have recorded with very fast electro- 
encephalogram paper speeds. This would virtually 
eliminate the appearance of movement artefact on the 
record, and would lead to the erroneous conclusion that 
decrements had occurred independently of movement. 
We have been able to repheate these ‘results’ using very 
fast paper speeds. 

It is important to note m Fig. 1 that parallel changes 
in evoked potential ampltude have occurred in each 
nucleus during movement of the animal, This would 
indicate that a peripheral attenuation was operating, 
and would rule out the possibility of individual electrode 
movement. These data are consistent with the work of 
Carmel and Starr*, who report that middle ear muscles in 
waking cats are readily activated by non-acoustic factors 
(for example, gross muscle movements, vocalization, ete.), 
resulting in large attenuatian of round window responses. 
That this ‘movement’ effect is due to intensity variation 
in the acoustic field of the cage is unlikely, since we have 
recorded evoked potentias from non-attentive and 
motionless cats in a number of positions, and no sig- 
nificant difference in respomse amplitudes was observed 
from position to position. 

These results have a number of important implications. 
They fail to confirm some of the evidence for the theory 
of direct reticular influence ower the first classical auditory 
relay, or over any of the classical auditory relays we have 
examined. This theory proposes that any decrement 
observed at CN during eithar ‘attention’ or habituation 
is mediated by efferent reticular inhibition. Furthermore, 
our ‘attention’ results are campatible with those of some 
recent investigations'® whica have failed to confirm the 
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finding of marked amplitude decrement in the CN evoked 
responses during physiological habituation. These in- 
vestigations, together with those of Jane et al.? in the 
primary auditory and visual systems, would indicate that 
the search for electrophysiologiecal correlates of ‘attention’ 
might be more profitably directed towards areas of the 
central nervous system outside the relay nuclei of classical 
sensory pathways. 

Note added in proof. Since this communication was 
submitted, another paper (Starr, A. Exp. Neurol., 10, 
191; 1964) has reported results which confirm those 
given here. 

C. W. Duxrtor 
W. R. WEBSTER 
L. A. SIMONS 
Department of Physiology, 
University of Sydney, Australia. 
' Hernández-Peón, R., Scherrer, H., and Jouvet, M,, Science, 123, 331 (1956). 
* Jane, J. A., 1k h ten Jasper, H. H., Electroencephalog. Clin. 


Neurophysiol 
* Carmel, P. W., and Starr, A., Nature, 202, 195 ( 1064). 
$ — C. W., Webster, W. R., Day, R. H., and McLachlan, E. M., Nature, 
203, 874 (1984). 


5 — tit ue Marsh, J. T., Electroencephalog. Clin. Neurophysiol., 
e Hernández-Peón, R., Jouvet, M., and Scherrer, H., Acta Neurol. Latinoamer., 
3, 144 (1957). 


Potentiating Effect of Oxytocin on Contraction 
of Glycerine-extracted Psoas Muscle Fibre 
induced by Adenosine Triphosphate 


CLINICALLY it is a well-known phenomenon that whereas 
infusion of oxytocin increases the myometrial contrac- 
tility, no such effect is noted on the skeletal muscle system. 
This is true even when as much es 3,000-4,000 mu of 
oxytocin is infused per min. It may be that this difference 
is the result of selective permeability properties of the 
membranes. 

It is interesting to note, however, that once the mem- 
brane of the psoas muscle cell is destroyed and most of 
the soluble proteins and ions are removed, the contractile 
protein responds to the oxytocie effect of oxytocin. 
This communication deals with the in vitro demonstration 
of the potentiating effect of oxytocin on isometric con- 
traction of the glycerine-extracted psoas muscle fibres 
induced by adenosinetriphosphate (ATP). 

The glycerine-extracted fibres of the psoas muscle of the 
rabbit were prepared according to the technique of Szent- 
Györgyi! and the experiments were carried out after two 
weeks storage in glycerine (50 per cent). The average 
size of the fibres used was 16-20 x 0-1-0-2 mm. The 
fibres were then transferred to a small beaker and sus- 
pended horizontally with one end attached to the arm of 
a force and displacement transducer (Statham model 
10B-0-3-350) with the help of adhesive plaster (‘Loctite 
Adhesive 404’) and the other to a vertical glass rod in a 
30-ml. buffered ionic solution (pH 7-6) at room tempera- 
ture (KCl 0-05 M, MgCl, 6H,O 0-0003 M and tris base). 
The length of tho fibres in each experiment did not vary 
more than 2mm. The ATP used was made fresh (0-05 M) 
and kept at 0° C before adding to the bath solution. 

In order to check the reproducibility of the technique 
in 30 replicate controls, tension was measured after the 
addition of 3 ml. of 0-05 M ATP solution. As shown in 
Table 1, the average tension in mg/em fibre-length was 
found to be 254-8. The average differences for 30 replicate 
controls in mg/cm fibre-length were found to be 3:13 + 
8:26. The duplicate values for thse control fibres for the 
tension developed do not differ significantly from each 
other and are, therefore, valid as controls. 


Table 1. AVERAGE TENSION DEVELOPED AND AVERAGE DIFFERENCES IN 
MG/CM FIBRE-LENGTH BETWEEN REPLICATE CONTROLS 


Total No.of Average tension A differences 
replicates developed for the replicate 
examined (mg/cm) controls tmg/em) 


30 254-8 3°13 +826 
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Table 2, AVERAGE TENSION DEVELOPED IN THE CONTROL AND OXOTOCIN 
TREATED FIBRES 
Total No. Oxytocin (1 mv/ml.) Average 
of cases Control treated diiferences 
examined (mg/em) (mg/cm) S.E. 
30 2797 308:7 29+ 10-19 


Average differences are statistically significant at the 1 per cent level. 
t=2843. P<0-01. 


As shown in Table 2, after pretreatment of the fibre 
with oxytocin for 2-3 min (‘Syntocinon-Sandoz’ 1 mu per 
ml. of buffered ion solution) a definite potentiating effect 
on the ATP-induced contraction was noticed. The average 
increment in the development of tension in test strips was 
29:0 + 10-19 mg. These differences are statistically sig- 
nificant at the 1 per cent level (t = 2-843; P<0-01). A 
typical tracing of the contraction pattern (isometric) is 
shown in Fig. 1. 


ATP and oxytocin 
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Fig. 1 


It would seem, on the basis of this work and under the 
conditions used, that once the cell membrane is destroyed 
the contractile proteins of skeletal muscle (psoas) is 
responsive to oxytocin. The question now arises as to the 
underlying mechanism involved. In preliminary experi- 
ments* it does not seem that oxytocin has any influence 
on ATPase activity of glycerine-extracted contractile 
protein (the amount of inorganic phosphorus liberated in the 
presence of ATP as substrate was taken as a measure of 
ATPase activity). 

It is further interesting to note that whereas pro- 
gesterone has a definite inhibitory effect on the intact 
myometrial cell in a fibre*, the same hormone is devoid 
of such an action (30 and 100 y/ml. buffered ionic solution) 
on glycerine-extracted psoas fibres. 

This work was supported by grant HD 00523-04 from 
the U.S. National Institute of Child Health and Human 
Development. 

D. Kumar 
T. WAGATSUMA 
ALLAN C. BARNES 
Department of Gynecology and Obstetrics, 
Johns Hopkins Medical School and Hospital, 
Baltimore, Maryland. 
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Comparison of Serum Total Lipid during 
Cold Exposure in Hibernating and 
Non-hibernating Mammals 


Lrerp metabolism in mammals has been widely investi- 
gated with reference to cold acclimation and hibernation. 
In this laboratory, work on lipid metabolism is hamsters 
during cold exposure and hibernation has been focused 
on rates of lipid synthesis or utilization in tissues in vitro. 
This communication is concerned with measurement of 
the circulating total lipid in the intact animal. Analyses 
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Fig. 1. Serum total lipid of white rats (--— —) and hamsters (—~—) at 
increasing periods of cold exposure, and of hamsters during hibernation 
(H), during arousal from hibernation (Ar) and after arousal (P.Ar) 


were performed on blood from cold-exposed and hibernat- 
ing golden hamsters (Mesocricetus auratus). A similar 
series of analyses were performed on white Wistar rats to 
provide comparison with a non-hibernating mammal. 
Blood samples were taken from animals kept at room 
temperature as control, and kept in the cold (6° + 1° C) 
for 48 h, 3 weeks or 6-8 weeks. Samples were also taken 
from hamsters in hibernation, arousing from hiberna- 
tion (cheek pouch temperature 18°—20° C) and immediately 
after the animals regained full consciousness and 
normal temperature. ‘The animals were stunned by a 
sharp blow on the head, except those in hibernation. 
Approximately 2 c.c. of blood were withdrawn by cardiac 
puncture. After removal of the needle the syringe was 
discharged into a centrifuge tube and the sample allowed 
to clot. The samples were centrifuged and the serum 
removed by suction. The serum was then analysed for 
total lipid by a colorimetric method employing Sudan 
black B, described by Swahn!. ‘The samples were com- 
pared with a standard of corn oil in ethanol. The con- 
centrations were calculated as mg total lipid/100 ml. of 
serum. The results are shown in Fig, 1. 

In hamsters, after 48 h in the cold the mean total serum 
lipid was considerably lower than control, but control 
values varied over a wide range and the difference was not 
significant (by the ¢ test). After 3 weeks in the cold, total 
lipid was significantly higher than the depressed 48-h 
value (P < 0-01). Total lipid was further increased after 
6-8 weeks in the cold, but the increase over the 3-week 
value was of doubtful significance (0:1 > P > 0-05). 
Total serum lipid at 6-8 weeks of cold exposure, during 
hibernation, and during arousal was considerably higher 
than control levels (significance to the 5 per cent level or 
better). On completion of arousal total serum lipid 
tended to be slightly reduced from the values at 6-8 
weeks, or during hibernation and arousal. 

In rats, a significant depression. in total serum lipid after 
48 h of cold exposure (0:02 > P > 0:01) was followed 
by a further significant depression at 3 weeks (0:05 > P > 
0:02). This low level was still observed after 6-8 weeks 
of cold exposure. Thus the changes in total serum 
lipid on cold acclimation of rats and hamsters were in 
opposite directions, although in both species there was a 
downward trend during the initial cold stress, 

Circumstantial and other evidence hitherto available 
indicates that, while blood lipid patterns of hamsters and 
rats should be opposite during cold exposure, the roles 
should be reversed. It has been established that the 
hamster adrenal thyroid axis does not demonstrate an 
‘alarm’ reaction in the cold?»*. Moreover, it can be argued 
by inference that the increased blood clotting time, as 
determined with Russell viper venom, of cold-exposed 
hamsters suggests that blood lipid materials are reduced 
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by cold exposure’. Certainly the dramatic increase in 
serum total lipid after zold exposure observed in this 
work is most unexpectec. Also, in rats, previous work 
has shown an increase in the non-esterified fatty acids in 
the blood on acclimation’. Blood phosphohpid and 
cholesterol concentrations are also increased, while neutral 
fats are unchanged’. Moreover, the rat adrenal/thyroid 
axis does exhibit an ‘alarm’ reaction on cold exposure so 
that thyroid and adrenal ectivity are significantly increased 
by acclimation*®»*. This suggests an increase in total serum 
hpid after cold exposure in rats, whereas we observed a 
decrease. 

It is not yet possible to explain these results. It 
should be pointed out that no attempt was made to fast 
the animals used ın this study before blood samples were 
withdrawn. Since fasting raises the level of non-esterified 
fatty acids in the blood, it was considered that it would 
be preferable to try to obtain a less artificial state and 
risk the possible inconvenience of the excessively wide 
range of values this might entail. Moreover, since both 
hamsters and rats are essentially nocturnal in habit, 
even in the laboratory, there was fairly small risk that a 
sample withdrawn at about 10 a.m. would be distorted 
by recent eating. In fact, none of the samples showed any 
evidence of lipaemia. Nevertheless, the conflict between 
the results of this study and the indications of previous 
work could conceivably be accounted for by some species 
difference in feeding pasterns. It is also possible that 
seasonal alterations could account for a varying pattern 
of change in blood lipid with cold exposure. These are 
aspects which should be fully investigated. 

This work was supported by grants from the Ontario 
Research Foundation and the National Research Council 
of Canada. 

Ariss DENYES 
JOAN BAUMBER 
Biology Departmert, 
Queen’s University, 
Kangston, Ontario, Canada. 
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PHAFR.MACOLOGY 


A Possible Anti-folic Acid Effect of Urethane 


URETHANE (ethyl carbamate) is a compound with a 
series of diverse biological actions including narcotic 
effects, cytotoxic and cytostatic action, and remarkably 
varied, carcinogenicity in different species and organs?-?, 
The metabolic changes associated with these different 
activities are difficult to visualize since the compound is 
rapidly metabolized, being almost entirely eliminated 
within 24 h (ref. 3). In recent investigations by one of us’, 
it was demonstrated that an abnormal purine deriva- 
tive can be demonstrated in the RNA from the livers of 
mice treated with ethyl-1-4C urethane. In the course of 
hypothetical consideration of possible pathways of action 
of urethane we considered the possibility that the acute 
effects observed might be due to an anti-folic acid effect. 
The acute biological effects of this compound are certainly 
similar to effects seen with folic acid antagonists such as 
aminopterin'; however. there is obviously no similarity 
in chemical structure. It was, nevertheless, decided to 
test the hypothesis in the following simple experiment. 

Female Swiss albino mice weighing 21~22 g were divided 
into six groups and given the following treatments 
intraperitoneally. 

Group I, control animals injected with 46 mg urethane 
in 0-5 ml. water per animal; Group I, animals pretreated 
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with 0-088 mg folic acid in 0-5 ml. water 1 h before injec- 
tion of 46 mg urethane in 0-5 ml. water per animal; Group 
II, animals pretreated twice, each time with 1 mg folic 
acid in 0-5 ml. water at 5 h and at 1 h before injection of 
46 mg urethane in 1 ml. water per animal; Group IV, 
animals pretreated with 0-1 mg folic acid ın 0-5 ml. water 
15 min before injection of 46 mg urethane in 1 ml. water 
per animal; Group V, animals pretreated with 0-0032 
mg/ml. folic acid in drinking water for 3 days (estimated. 
dose 0-048 mg), then 46 mg urethane in 1 ml. water per 
animal; Group VI, animals pretreated with 0-0032 mg/ml. 
folic acid in drinking water for 4 days (estimated dose 
0-064 mg), then 46 mg urethane in 1 ml. water per animal. 

The dose of urethane given was calculated to be the 
LEDs. dose’ for this species, weight and sex of animal. 

The results of the experiment are presented in Table 1. 
They merely record the number of deaths observed. These 
all occurred within 3-12 h following injection. In all these 
animals narcosis proceeded in approximately the same 
manner. The animals became markedly ataxic within a 
matter of 45 sec and were completely anaesthetized within 
approximately 2 min. With the large dose used no dif- 
ferences were noted in the initial reactions of the animals; 
however, as can be observed, many animals in the control 
urethane group died whereas in certain of the folic acid 
treated groups full protection was afforded. Surviving 
animals were followed with daily blood counts. As has 
previously been reported, a drop in leucocyte-level 
occurred after 3 days followed by subsequent recovery. 
Administration of folic acid in no way altered this 
effect. Autopsy of animals that died revealed nothing of 
significance. 

In order to examine the effect of folic acid further in 
relationship to the narcotic effects of urethane, an addi- 
tional investigation was performed with a lower dosage 
of the drug. Fourteen male Swiss mice weighing 21-22 g 
were divided into two equal groups: one group as control 
and the other group pretreated with 50 mg folic acid in 
1,000 ml. drinking water for 3 days (estimated dose based 
on the water consumption was 0-75-1 mg per animal for 
the 3-day period). All animals received 30 mg urethane in 
0-6 ml. physiological saline intraperitoneally. It was noted 
that the narcotic dose for the males was slightly higher than 
for the females. The mice receiving the 30 mg of urethane 
only became markedly ataxic within 45 sec and had 
reached the second stage of anaesthesia within 2 min. 
They persisted at this level for a considerable time, the 
depth of anaesthesia becoming gradually deeper over a 
period of hours. They recovered completely within 12 h. 
The mice pretreated with the folic acid also became ataxic 
in less than 1 min. However, this ataxia was not as marked 
as in the urethane-treated controls. The folic acid-treated 
mice then proceeded gradually to recover from this mild 
effect and within 2 h almost no residual effects were 
observed. They did not reach any further stage of 
anaesthesia. 

It is apparent from this investigation that folic acid 
exerts an inhibitory effect on the narcotic effect of 
urethane. No effect was observed on the cytotoxic action 
of the compound, which is somewhat surprising in view of 
the effects of known anti-folic acid compounds in this 
regard. It is possible that other experiments with different 
dosage relationships may reveal different findings. 


Table 1. EFFECT OF PRETREATMENT OF FOLIO ACID ON TOXICITY IN MICE 
TREATED WITH LDso DOSE OF URETHANE 


No. died/ Mortality 
Treatment No. treated (%) 

Group I 46 mg urethane (control) 13/23 56-5 

Group IT 0-088 mg folic acid +1 h, then 46 mg 3/10 83 
urethane 

Group HI 1 mg folie acid +5 h, 1 mg folic acid 3/20 15 
+1h, then 46 mg urethanes 

Group IV 01 mg folic acid +15 min, then 46 5/10 50 
mg urethane 

Group V 0048 mg folic acid in drinking water 1/13 0:8 
for 8 days, then 46 mg urethane 

Group VI 0 064 mg folic acid In drinking water 0/3 0 


for 4 days, then 46 mg urethane 
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Tryptamine, N,N-Dimethyitryptamine, 
N,N-Dimethyl-5-hydroxytryptamine and 
5-Methoxytryptamine in Human Blood and Urine 


TRYPTAMINE is a normal constituent of human urine!-'; 
about 30-120 ug of the amine are excreted per 24 h. In 
blood, tryptamine has hitherto been demonstrated only 
qualitatively and under pathological conditions in a 
carcinoid patient®. There is no information about an 
occurrence of V,N-dimethyltryptamine in human beings. 
N,N-dimethyl-5-hydroxytryptamine (= Bufotenin) was 
demonstrated qualitatively as a constituent of normal 
human urine*7; in children an excretion of 0-0-03 ug 
amine/100 mg creatinine has been found with, at most, 
semi-quantitative methods‘. Apparently, N,N-dimethyl- 
5-hydroxytryptamine was still not demonstrated ın blood. 
5-Methoxytryptamine has been found in the urine of 
patients with rheumatic fever’, and that in an order of 
magnitude of 30-210 ug/24 h. 

After the elaboration of sufficiently selective and quan- 
titative procedures, which are discussed elsewhere, we 
were able to study the occurrence of tryptamine, N,N- 
dimethyltryptamine, N,N-dimethyl-5-hydroxytryptamine 
and §-hydroxytryptamine in normal human blood and 
urme. The results refer in each case to about 40-50 
healthy persons or to patients without disturbances of 
amine metabolism as far as could be determined. For 
tryptamine a blood concentration of 0-005-0-02 ug/ml. 
has been found. In 11 of 37 probands N,N-dimethyl- 
tryptamine was demonstrated in blood, and that in 
a concentration of 0:008~-0-055 ug/ml. In the urine 
42:98 + 8-6 ug of dimethyliryptamine/24 h were excreted. 
In 12 of 46 persons, NV,N-dimethyl-5-hydroxytryptamine 
has been found in blood, in an order of magnitude of 
0-001-0-04 ue/ml.; 62-8 + 7-2 ug N,N-dimethyl-5-hydroxy 
tryptamine were excreted in the urine per 24h. 65-Moeth- 
oxytryptamine could be demonstrated in blood only in 8 of 
57 probands, at a concentration of 0-02—0-08 ug/ml. The 
urine of 24 h contained 36°55 + 5-23 ug of 5-methoxy- 
tryptamine. 

FR. FRANZEN 
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3’,5’-Ditritiomethotrexate as a Granulocyte Label 


Tus folic acid antagonist methotrexate (amethopterin ; 
4-amino-4-deoxy-10-methylpteroylglutamate), when ad- 
ministered to human subjects, binds tightly to the enzyme 
dihydrofolate reductase, present in immature leucocytes 
and in developing erythrocyte forms!-*. Bioassay of 
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bound methotrexate has shown that the compound 
appears to remain with the leucocyte throughout its life- 
span!?, In this communication we are reporting the 
synthesis of tritium-labelled methotrexate (MTX-*H) 
of very high specific activity (15-4 c./mmole), and its use 
as a tag in studies of granulocyte kinetics. 

MTX-~*H, labelled specifically with tritium in the 3’- 
and 5’-positions, was prepared by catalytic reductive 
dehalogenation of 3’,5’-dichloromethotrexate with tritium 
gas of high isotopic purity, by a method similar to that 
previously employed in the preparation of 2-methyl- 
5,6,7-tritritio-1,4-naphthaquinol b¢s(disodium phosphate)‘. 
The MTX-°H produced was separated from unreacted 
dichloromethotrexate by chromatography of the reaction 
mixture on DEAE-cellulose®*. The labelled material 
was stored at —40° C. Radiation decomposition was 
found to proceed at the rate of approximately 3 per cent 
per month, giving rise to two major impurities which 
can be removed by rechromatography of the MT-X-H 
on DEAE-cellulose. 

X In & typical experiment, a normal adult male subject 

t 
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as given 5 mg of unlabelled MTX intravenously in order 

o ‘induce’ formation of dihydrofolate reductase in the 
immature cells of the bone marrow!. Twelve hours later, 
320 uc. of MTX-*H (0-17 pg/kg body-weight) were in- 
jected intravenously. At daily intervals thereafter, 
erythrocytes and leucocytes were isolated from 15 ml. of 
blood by a method previously described!, counted with a 
Coulter electronic particle counter, and adjusted with 
isotonic saline to final concentrations of 1 x 10° and 5 x 
107 cells per ml., respectively. The samples were boiled 
for 3 min to liberate bound MTX-*H. Radioactivity was 
determined by adding 0:5 ml. of the leucocyte extract, 
or l ml. of the erythrocyte extract, to a naphthalene- 
dioxane-ethanol scintillation mixture’, and counting the 
samples in a Packard Tri-Carb liquid scintillation counter. 
All counts were corrected for quenching by re-counting 
after the addition of an internal standard; a counting 
time sufficient to give a standard error of less than 5 
per cent was used throughout. Levels of leucocyte 
radioactivity are shown in Fig. 1; it can be seen that 
radioactivity reached a peak at day 9. Cells were fraction- 
ated by the method of Rabinowitz’; more than 90 per 
cent of the leucocyte radioactivity was found to reside 
in the granulocytes. A similar Increase was seen in 
erythrocyte radioactivity, with a peak being reached at 
day 6. Significant radioactivity was not detected in the 
leucocytes and erythrocytes of control subjects who 
were given the same amount of MT'X-~*H without previ- 
ously having received an ‘inducing’ dose of unlabelled 
MTX. 

‘The peak value at day 9 agrees well with values obtained 
by other methods used in estimating granulocyte pool 
transit time’; additional investigations will be required, 
however, to determine whether MTX-°H. fulfils all the 
requirements for 2 granulocyte label. Potential advan- 
tages of MTX-*H over tritiated thymidine in studies of 


2,500 


2,000 


d.p.m./10* white blood cells 
a 
È 
a 


2 4 6 8 10 12 14 16 18 
Days after MTX AH 
g. 1. Tıme course of leucocyte —— ——— innit’ 
eb) in a subject given 320 xe (1: 7 p19) of MTX-"H intravenously. 
Leucocytes were isolated and the radioactivity was determined as des- 
eribed in the text 
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this type are: (1) that MTX-7H is localized in the cytoplasm 
rather than in the nuclets, thus obviating to some extent, 
localized radiation to tha nucleus that may lead to cyto- 
logical modifications!®; (2) that, if necessary, MTX-*H 
can, be displaced from the body with unlabelled MTX or 
with pharmacological doses of folate or dihydrofolate’; 
(3) that MTX-*H is nct diluted by endogenous MTX, 
while thymidine-*°H is Gluted by endogenous thymidine. 
A. minor disadvantage of MTX-°H, in normal subjects, is 
the necessity for ‘induzing’ the MTX-binding enzyme, 
dihydrofolate reductase. with a prior dose of unlabelled 
MTX. 

This work was supported in part by a U.S. Public Health 
Service research grant (CA~-08010-01). The experimental 
subjects were examined in the Yale Clinical Research 
Center, supported by 5 grant (FR 38-40) of the U.S. 
Public Health Service. One of us (J. R. B.) is in receipt 
of a career developmert award of the National Cancer 
Institute. 
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Hyperglycaemic Effect of Vasotocin in Toads 


PREPARATIONS of reurohypophyseal hormones may 
increase blood glucose concentration in mammals, but the 
interpretation of the earlier reports was complicated by 
the possibility that the preparations were impure. 
Mirsky*, however, has shown that pure preparations of 
neurohypophyseal hormones increase the blood glucose 
concentration of dogs by about 10 per cent and at the. 
same time decrease the free fatty acid concentration. 

Neurohypophyseal hormones occur in all groups of 
vertebrates? but their shysiological role is uncertain. In 
mammals, and probatly in amphibians also**, they are 
concerned with the control of water metabolism. One of 
these hormones in the toad Bufo bufo has been identified as 
8-arginine oxytocin (vasotocin)®. When small amounts 
of this hormone are injected into Bufo bufo there is a 
marked increase in body water. 

In view of the hype-glycaemic effect of neurohypophy- 
seal hormones in mammals and the fact that this effect 
has also been recently Jemonstrated in cyclostome fishes’, 
it was of interest to study the effects of vasotocin on the 
blood glucose concentzation of toads. 

Bufo bufo was used. The toads were kept in terraria 
and fed twice a week on fly larvae. The experiments were 
performed i in July and August. Injections of synthetic 
vasotocin suitably dilcted in 0-6 per cent sodium chloride 
solution were made ino the dorsal lymph sac. Blood was 
obtained 2 h later by decapitation and the glucose con- 
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Table 1. EFFECTS OF VASOTOGIN AND HYPERTONIC SAINE ON BLOOD 


GLUCOSE CONCRNTRATION (MG/100 ML.) IN Bufo bufo 
Results are given as mean t S.E., for exps. on 12 toads 


Treatment Control P 
ea 40 : r Mikg 3543 6 19414 <0 001 
> M/k 36 425 1841-2 <0-001 
Oa : Tos M kg 3230+20 18+1°6 <0:001 
Hypertonic NaCl (3-5 ml 
of 4:5 M/kg) 27427 18+1°6 <0°01 


centration determined by the glucose oxidase method'. 
The results are shown in Table 1. Initially large doses of 
vasotocin were used and these gave marked increases in 
blood glucose concentration. When small doses were 
given, an increase of 60-70 per cent in blood glucose eon- 
centration was still observed. 

Neurohypophyseal hormones may be released in 
response to various emotional and physiological stresses 
including an increase in concentration of the body fluids. 


Release after dehydration has been observed by Levinsky : 


and Sawyer in anuran Amphibia’. A dose of hypertonic 
sodium chloride solution sufficient to increase the con- 
centration of the body fluids by 15 per cent was injected 
into the dorsal lymph sac of toads. It will be seen from 
Table 1 that the blood glucose concentration was elevated 
2h after this treatment. This result is consistent with a 
release of endogenous vasotocin in the toads, but the 
possibility that there is also a release of other hormones 
such as adrenaline and glucagon which may also have a 
hyperglycaemic action cannot be ruled out. 

The origin of the increased blood glucose in toads 
injected with vasotocin is unknown. It was not possible 
to demonstrate a change in liver glycogen concentration, 
but the muscle glycogen increased. Such effects are not 
consistent with mediation by adrenocortical hormones. 
The possibility that the hyperglycaemic effect of vasotocin 
is of physiological importance in toads must be considered. 
The toad stores about 6 x 10- moles vasotocin kg body- 
weight in its pituitary". The two lower doses of vasotocin 
injected were within this range, the lowest representing 
only 7 per cent of the glandular store. These doses are 
similar to those required to elicit the water balance effect 
in toads*, suggesting the possibility of a dual physio- 
logical action. In addition, hypertonic saline injection 


would be expected to release endogenous vasotocin so` 


that the hyperglycaemic effect of this treatment is also 
consistent with such an action. Thus it is possible that the 
neurohypophyseal hormones may have a physiological role 
in the energy as well as the water metabolism of Amphibia 
and this effect may extend to other vertebrate classes. 
P. J. BENTLEY 
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University of Bristol. 
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HAEMATOLOGY 


Role of Reduced Glutathione in Human 
Erythrocytes - 


THERE has been a recent trend towards the view that 
Hemz body’anaemias simply represent an acceleration of 
normal red cell ageing, resulting from catalysis by aromatic 
haemolysins of the destruction of cellular components by 
molecular oxygen carried by the cell?»?. Evidence is also 
available to indicate that reduced glutathione (GSH) 
buffers the erythrocyte against this haemolytic process?-’, 
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Paradoxically, Jacob and Jandl have shown that erythro- 
cyte destruction, both in vitro? and in vivo’, may be 
achieved by blockade solely of surface sulphydryl 
groups. 

Recently, experiments in vitro have indicated wide 
differences - between, the potencies, selectivities and 
sequential sites of action of a large number of aromatic 
haemolysins!*. Despite this variability, almost all the 
compounds tested produced, either simultaneously or 
sequentially, virtually complete loss of GSH and high 
concentrations of methaemoglobin before achieving either 
Heinz body formation or osmotic hyperfragility. Only 
‘primaquine’ and 2-naphthol caused gross increase in 
osmotic fragility relative to the other changes, presumably 
by virtue of a selective effect on the cell membrane. 
These observations led to the suggestion’ that the oxy- 
haemoglobin—methaemoglobin and the GSH-GSSG sys- 
tems are loosely linked (both directly, and indirectly, 
through the NADPH-NADP* system) in a more complex 
buffering system to afford both mutual and cellular protec-! 
tion against the selective and destructive effects of, 
different types of oxidizing compound. 

The question next arose as to whether similar considera-, 
tions might be applied to the ‘normal’ ageing process of \ 
human red blood cells. Certainly, increased methaemo- 
globin concentrations have been observed in old erythro- 

si1,12, However, there are now at least two reports 
that neither the concentration nor the stability of GSH is 
greater in young than in old erythrocytes from normal 
human adults’#14, ‘This observation would seem all the 
more striking in view of the marked decay in activity of 
glucose-6-phosphate dehydrogenase (G6PD) and of certain 
other -SH enzymes which occur during this ageing pro- 
cessi5-18, On the other hand, it is noteworthy that the 
GSH content declines during the life span of erythrocytes 
from G6PD-deficient subjects'*, and from subjects with 
the unstable haemoglobin variant, haemoglobin H?’. 
Eividence of a moderate decrease in circulatory red cell 
survival has been obtained in patients with G6PD- 
deficient erythrocytes’, with haemoglobin H (ref. 19), and 
with a hereditary inability to synthesize GSH (ref: 20). 

The possible role of ATP in determining red cell viability 
also seemed relevant. Allison?! has directed attention to 
the similarity between the exponential decrease in ATP 
content and the exponential decay in activity of certain 
important enzymes as red cells age. Evidence has also 
been presented that decreasing activity of strategically 
placed hexokinase may, by limiting the rate of overall 
glycolysis, determine cellular senescence**, and that 
glycolytic activity in young human erythrocytes declines 
in a manner which maintains a constant ratio of activity 
between the Embden—Meyerhof and pentose phosphate 
pathways**, Even assuming that a, decrease in concentra- 
tion of ATP to a critical level contributes to disordered 
metabolism and demise of the cell under physiological 
conditions, such decline would appear likely at least in 
part to reflect decay in enzyme activity, and to occur 
only in approximate proportion to other degenerative 
changes. 

To embrace these various observations and con- 
siderations, it now seems reasonable to submit the follow- 
ing hypothesis concerning the role of GSH in maintaining 
the viability of human erythrocytes: (a) red cell destruc- 
tion is determined largely by membrane changes, resulting 
mainly from loss of surface ~SH groups and decay of 
activity of -SH enzymes, and also perhaps to some extent 
from oxidative denaturation of such haemoglobin as 
appears from the work of Anderson and Turner* to be 
bound to the cell membrane; (b) GSH normally plays a 
slight but definite part in retarding this ageing process; 
(c) inability of the erythrocyte to maintain adequate 
concentrations of GSH does not determine cellular destruc- 
tion under normal conditions; (d) cellular inability to 
maintain adequate concentrations of GSH becomes a 
determinant of red cell destruction if the reduction of 
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GSSG via the pentose phosphate pathway 
is inadequate, the ability to synthesize 
glutathione impaired, or the sulphydryl 
stability of haemoglobin decreased; (e) 
GSH assumes a vital role when either 
normal or abnormal erythrocytes are ex- 
posed to aromatic catalysts, by helping to 
absorb the vastly increased oxidative 
potential, and thus with the aid of the 
process of methaemoglobin formation to 
buffer against irreversible damage. 

It is recognized that this unified concept 
may fail to account for possible contribu- 
tory factors. The ideas are put forward in 
order to direct attention to the selectivity 
of different forms of oxidant haemolysin, 
and to emphasize the variable significance 
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of the protective role of GSH in different Fig. 1. Antibioties of Serratia s ato ere spo ted : or 1B he Tho across the middle of an an 
ypes yte tro a o or was then 

$ . of human erythroc placed under nto 6 sompartinen with —— stri and after steriiiza dh etlorofirm va pour the 
varying degrees and types of oxidative compartments were flooded with appropriate indi and incubated overnight. 


stress. 
J. D. HARLEY 
Children’s Medical Research Foundation, 
Royal Alexandra Hospital for Children, 
Camperdown, Sydney. 
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PATHOLOGY 


Agar Electrophoresis of Antibiotics produced 
by Serratia marcescens 


INDIVIDUAL strains of Serratia marcescens may liberate 
two different bacteriocins’. The distinction is made on 
grounds of temperature of inactivation and susceptibility 
to various other destructive agents coupled with dis- 
tinctive spectra of activity. During an investigation of 
antibiotics produced by Serratia the foregoing phenomenon 
was also encountered and electrophoretic separation of 
the components was attempted. Strains, media and 
electrophoretic techniques were those previously used*:*. 
In addition, twenty strains isolated locally and numbered 
Sm 16-19 and Sm 37-52 were also investigated. All 51 
Serratia strains could be differentiated on grounds of 
_lysogenicity and phage susceptibility Antibiotic activity 
was detected by the method of Fredericq‘ or by spotting 
the clear supernatants of overnight growths of cultures 
induced by ultra-violet light on plates freshly spread with 


indicator organisms. 


Th fourth and Sih glass to let lacie the original area of spotti 
indicator strains are ip rr ot the at the foot ——— the compartmen cre 2847 


and Sm 42 are Serratia Epapara 


On electrophoresis, 17 of the strains produced a pattern 
(Fig. 1, compartments 4 and 5 from left) which consisted 
of a fraction A which migrated to the cathode and was 
bactericidal for various Serratia strains, and a stationary 
component B which was inactive on Serratia but was 
detected by its action en Escherichia coli 9, Hafnia or 
Aerobacter strains. Despite the fact that the various A 
fractions could be divided into eight sub-groups by their 
action on Serratia mutants resistant to other A agents, 
only the A component of strain Sm 41 possessed a slightly 
different mobility. The antibiotic of strain Sm 52 pro- 
duced a different electrophoretic pattern (Fig. 1, com- 
partment 3). Like the A fractions, it only killed other 
Serratia. Nineteen strains only produced electrophoretic- 
ally non-mobile bacterickial substances. These stationary 
substances could be divided into two groups according to 
their spectra of activity. Group (i) substances were pro- 
duced by 14 strains and had a range of activity identical 
with that of the B components mentioned here (fifth and 
sixth compartments, Fig. 1), while group (ii) antibiotics 
(produced by five strains) were active on a wide range of 
organisms including some Gram-positive species. The 
group (i) substances and the B agents appear to comprise 
a single bacteriocin in so far as mutants of indicator 
strains resistant to any one of them were cross-resistant 
to all other agents of these groups. Judged on the same 
grounds, the antibiotics of group (ii) also constituted a 
separate singlo entity. Fourteen of the 51 Serratia 
strains did not produce detectable antibiotics. 

A bacteriocin produced by S. marcescens which has a 
spectrum of activity which corresponds to fraction B 
described here has been classified as a sub-species of 
colicin k (ref. 5). The reason is that mutants of an Æ. coli 
strain resistant to the Serratia bacteriocin are simul- 
taneously resistant to colicin k. We also observed that 
mutants of E. coli ọ resistant to B components were 
resistant to colicin k. As illustrated in Fig. 1, a nice dis- 
tinction, based on electrophoretic mobility, was possible 
between colicin k and the B type Serratia bacteriocins. 

This work was aided by grants from the South African 
Council for Scientific and Industrial Research. 
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Relationship of the Anti-complementary 
Effect of Fowl Serum to its own Haemolytic 
Activity 

THE marked anti-complementary effect of fresh fowl 
serum on guinea-pig complement and its reduction by 
heating to 56° C are well known!. Treatments of fowl 
serum by methods other than heating which reduced this 
effect also resulted in a decrease in its own haemolytic 
activity®, suggesting that. the anti-complementary effect 
of fowl serum may be related to its own complement 
content. More recently, it has been shown that the euglo- 
bulin fraction of fowl serum, corresponding to the mid- 
piece or first component of fowl complement, is the fraction 
which reduces the haemolytic titre of guinea-pig comple- 
ment‘, This heat-labile euglobulin fraction appears 
to be the same as the ‘normal chicken factor’ reported to 


be necessary for the specife fixation of guinea-pig end-piece . 


by fowl antibody/antigen complexes**. Its anti-comple- 
mentary effect on guinea-pig complement was also men- 
tioned, but it was stated that this could be removed by 
dissolving the fraction in heated normal fowl serum to 
give a ‘concentrated normal chicken factor’®, Orlans, 
Rose and Clapp? investigated this factor and found 
that, with certain concentrations of fowl serum, it could 
produce reductions in the haemolytic activity of guinea- 
pig complement, simulating specific fixation by antigen / 
antibody mixtures. We have now compared the effects 
of fowl serum, before and after various treatments, on 
the haemolytic activities of both fowl and guinea-pig 
complements. 

The results are shown in Table 1. The effects of the 
treated fowl sera (FS) on both guinea-pig (g-pig) and fowl 
haemolytic activities were strikingly similar, suggesting 
that they were due to a component or components of fowl 
complement. Most convincing was the marked reduction 
of the anti-complementary effect after the absorption of 
the fowl serum with a specific fowl antibody/antigen pre- 
cipitate in which the antigen was bovine serum albumin 
(known to have no effect on complement). Table 1 
also shows that the anti-complementary factor of normal 
fowl serum is concentrated in the euglobulin fraction and 
is heat-labile; and also that this fraction has a similar 
inhibitory effect on lysis by fowl complement. Fowl 
pseudoglobulin fractions increase the haemolytic activity 
of fowl complement and are only slightly inhibitory to 
guinea-pig complement. The effects of fowl eu- and 
pseudo-globulin fractions on the haemolytic activity of 
fowl complement are given in greater detail elsewhere’. 


Table 1. EFFECT or VARIOUS TREATMENTS OR FOWL SERUM ON ITS HAEMO- 
LYTIC AND ANTI -COMPLEMENTARY ACTIVITIES 
Treatment of fowl 


Anti-complementary Effect on haemolytic 


serum effect on guinea-pig © activity of fowl C4 
None Strong 
Lysis reduced by 76:5% in 
ie ue 1 pa A 
an parts g-pig Ct 
Heat Weak i 


Reduced or enhanced 
depending on con- 

— centration? 

Reduced by 50% (see 
oe 10, Table 


56° for 30 min Lysis reduced by 16% in 
mixture of 1 part FS 
and 4 parts g-pig © 
Absorption with specific Weak 
fowl antibody/antigen Lysis reduced by 13-5%, 
ppt. (BSA-anti-BSA) in mixture of 1 part FS 
_and 4 parts g-pig O} 


Fraction- Euglobulin Very strong Reduced by 46% in 
ation by Lysis reduced by 98% in mixture of 1 part 
dialysis mixture of equal parts euglobulin and 1-5 

sup oyan solution and parts FS 
-pig © 
Heated Very weak Slightly reduced by 
euglobu- Lysis reduced by 5% in 24% in mixture of 1 
lin (66° mixture of equal parts part euglobulin and 
for 30 euglobulin solution and 1-5 parts FS 
min) g- pig C= 
Pseudo- Medium l Enhanced by 45% in 
globulin Lysis reduced by 27% in mixture of equal 
mixture of 1 part. parts of pseudo- 
pseudogiobulin soiu- globulin and FS 
tion and 4 parts g-pig C* 


Methods are given in references 7 and 9. 
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A fowl serum macroglobulin which is present in the 
euglobulin fraction of fowl serum has already been 
described’. This macroglobulin appears to react with 
complement and resembles both conglutinin and rheuma- 
toid factor in that it can be removed, at least in part, by a 
specific precipitate; but, as far as its contribution to 
specific precipitates is concerned, it is heat-stable’. 

The results suggest a method for removing the anti- 
complementary effect of fowl serum on guinea-pig comple- 
ment by dialysis against low ionic strength buffer to 
remove the euglobulin. The resulting pseudoglobulin 
preparation contains the greater part of the antibody when 
fractionation is done at approximately neutral pH, and 
fixes fowl complement to the same extent as the corre- 
sponding whole antiserum’. However, this pseudo- 
globulin antibody does not fix guinea-pig complement. 
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Serum Proteins of Germ-free Rats fed 
Water-soluble Diets 


THE germ-free animal with its more controlled environ- 
ment and reduced reticuloendothelial system has become 
a valuable tool in microbiological and immunological 
investigations. In the germ-free rat a deficit in immune 
proteins causes low levels of serum fB- and y-globulins'. 
However, the animal is still subject to the variable 
reticuloendothelial system stimulating factors occurring 
in the steam-sterilized diets generally used. This com- 
munication presents data on serum proteins of germ-free 
rats fed a chemically defined, water-soluble ‘antigen 
free’ diet which was filter-sterilized. This type of diet, 
composed almost entirely of low-molecular-weight corn- 
pounds and free of material of bacterial origin, should 
further reduce the level of reticuloendothelial system 


activity because of the absence of stimulation caused ~ 
by high-molecular-weight substances and by killed and 


disintegrated microbial agents. 

Germ-free Lobund Wistar rats, within one day after 
birth, were placed in a hand-rearing isolator and force- 
fed the water-soluble diet via special nipples at 0-5 h 


intervals’. At approximately 17 days of age self-feeding — 


was started which continued until the animals were killed 
at an age of 2-56 months. All animals were maintained in 
wire-bottom cages without bedding. 

Cellulose acetate electrophoretic analyses of sera from 
germ-free and conventional rats fed practical type diet 
£-462 (ref. 3) and from germ-free rats fed the water- 
soluble formula are shown in Table 1. Total serum. 
protein of the rats fed the water-soluble diet was 5-68 g 
per cent, comparable with the value of 5-49 g per cent. 
for the germ-free rats maintained on diet L-462. Com- 


parison of the serum protein pattern of germ-free and < 


conventional rats thus obtained generally shows no: — 
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Table 1. SERUM PROTEINS OF GERM-FREE RATS FED A WATER-SOLUBLE, 
*ANTIGEN-FREE’ DIET COMPARED WITH VALUES OBTAINED FROM RATS FED A 
SOLID, PRACTICAL-TYPE DIET 


Age: approximately 2-5 months. Technique: cellulose acetate paper electro- 
phoresis; values in mg per 100 ml, serum. S.D.M. values given 


No. 4988 


Status Diet Alb., 1 2 8 4 5 Total 
Germ-free (639) Water 2,693 1,530 479 876 95 5,680 
sol, +77 +122 +43 +56 +11 2150 

Germ-free (17 g) 1-462 2,349 1,274 539 489 708 123 5,490 
+72 +64 +26 +40 +27 +11 2130 

Conv. (14g) 1-462 2,421 1,026 488 512 970 819 6,220 
+73 +656 +26 +29 +35 +658 +110 

significant differences in the levels of major albumin, 


fractions 1 and 2, or in fraction 3 («-globulin). Fractions 
| and 2 are equivalent to the post-albumin fractions in 
free-boundary electrophoresis‘. The major differences 
are found in the B- and y-globulin components (fractions 
4 and 5) which in the germ-free rat fed diet L-462 possess 
only 73 and 15 per cent, respectively, of the protein values 
found in the comparable conventional animal. 

Serum y-globulin-levels in the germ-free rats fed the 
water-soluble diet are slightly but not significantly lower 
than in those fed diet L-462, possibly suggesting some 
reduction in reticuloendothelial system stimulation of 
dietary origin. Immunoelectrophoretic analysis of the 
sera from the three experimental groups using an anti- 
rat-y-globulin rabbit immune serum depicts the 75 y-globu- 
lin of both germ-free groups as strikingly similar and of 
more confined electrophoretic mobility than is found in the 
conventional rats (Fig. 1). 

Germ-free rats maintained on the water-soluble diet 
demonstrate an unexplained increase in §-globulin 
(876 mg per cent versus 708 mg per cent) over the levels 
in the serum of L-462 fed animals. Another difference 
in the electrophoretic pattern of the water-soluble diet 
group lies in its failure to separate the serum fractions 
l and 2, compared with the clear separation seen in the 
patterns from both germ-free and conventional animals 
fed the solid diets. However, a comparison of the im- 
munoelectrophoretic patterns of the three groups shows 
that there is no noticeable deletion or re-arrangement 
of the normal serum components in the «-protein range 
(Fig. 2). 

The results indicate that, although most of the reticulo- 
endothelial system stimulating material presumably 
occurring in the heat-sterilized solid-type diet is obviously 
absent in the filter-sterilized water-soluble formula, little 
if any further reduction in y-globulin levels is seen in 
germ-free rats fed this diet. Data obtained from germ- 
free guinea-pigs‘ have demonstrated the strong reticulo- 
endothelial system stimulating effect of eertain solid 


B 








Fig. 1. Immunoelectrophoresis analysis depicting y- globulin of germ-free 

and conventional rat sera. A, Conventional 90-day-old rats on diet L- 

462; B, germ-free 90-day-old rats on diet L-462; C, germ-free 75-day-old 
rats on water-soluble diet 


NATURE 


1057 





8) 


Fig. 2. Immunoelectrophores& analysis schematic drawing of conven- 

tional and germ-free rat sera. A, Conventional 90-day-old rats on diet 

L-462; B, germ-free 90-day-old rate on diet 1-462; C, germ-free 75-day- 
old rats an water-soluble diet 


diets. It is possible that this effect of solid diets is much 
less noticeable in the gemn-free rat. 

Most of the components of the water-soluble diet 
tested were free of pyrogen. Unless an unforeseen 
stimulation of the formation of immune proteins occurs 
as a result of the incorporation of corn oil in these formulae 
or because of an unknown impurity of one or more of the 
constituent amino-acids or carbohydrates, the results 
lead to the following speculations: (a) most of the y-globu- 
lin found in the serum cf the germ-free rats is of a non- 
immune character, or (b) most of this y-globulin represents 
auto-antibodies against products of systemic metabolism, 
or indicates an immune response to components of the 
animal’s environment, presumably the contact with 
other animals. 

This work was supported by grants from the U.S. 
National Institutes of Health (HD00855) and from the 
U.S. National Science Foundation (GB1105). 
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RADIOBIOLOGY 


Changes of Specific Conductivity of Blood 
Serum in vivo after X-irradiation 


Durine the investigation of biological changes in the 
serum of irradiated animals the specific conductivity of 
rabbit serum after X-irradiation was followed. Twenty 
animals (Viennese White) were used for the experiment. 
They were divided into four groups of five animals each. 
The irradiation was carried out with doses of 250, 500, 
1,000 and 1,500 r., using a ‘Macrophos 250° apparatus. 
The conditions of irradiation were as follows: Æ, 215 kV; 
I, 15 m.amp; flow of doses, 8 r./min; half-layer, 1-6 mm 
Cu. 2-5 ml. of blood were taken from the ear vein 30 min 
before irradiation (control data) and 4 h post-irradiation. 
The blood serum was cbtained by centrifuging the blood 
at 3,000 r.p.m. for 15 min. The serum resistance was 
measured with a ‘Konduktoskop IIT apparatus, its Wheat- 
stone bridge supplied by stream flow of 5,000 c/s. Serum 
was heated to 20° + (-05° C and measured in the con- 
ductive vessel with platinum electrodes coated with 
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Arithmetic differences in specific conductivity (ohm em 104) 
t 





0 
250 500 1,000 1,500 
Dose (r,) 
Fig. 1. Changes in specific comluctivity of blood serum in vivo after 
irradiation 


platinum-black. The resistance capacity of the con- 
ductivity-vessel, C = 235-73 .em-*. 

The resistance data were calculated into the con- 
ductivity values (ohm, cm, 104) and statistically 
elaborated, and the comparison of both data was per- 
formed by the Welcoxon test. The reproducibility of our 
previous experiments was verified! when the change of 
specific conductivity of the serum was estimated in the 
fifteenth minute after irradiation (increase of conductivity) 
by a dose of 1,000 r. The increase of the specific con- 
ductivity of the serum appeared after exposure to any of 
these doses, but in the groups of animals irradiated by 
the doses of 500 and 1,000 r. is on the threshold of statis- 
tical significance. However, the group irradiated by 
1,500 r. shows a statistically significant increase of specific 
conductivity of the serum. In Fig. | the arithmetical dif- 
ferences between individual control values and the values 
of specific conductivity after irradiation by the foregoing 
doses are expressed by means of a curve. This curve 
shows that the relation between the changes of specific 
conductivity and the dose of irradiation is a purely 
monotonous function. The equation of this curve was 
calculated by means of Newton’s interpolation function’. 
During the investigation of the real character of the 
changes of the conductivity of the serum, an immediate 
concentration of serum ions seems to be of greatest 
importance. To justify this assumption, a parallel 
measurement was made with the flame-photometer with 
the concentration of potassium, sodium and chlorides. 
An increased concentration of K and Clions was estimated, 
but the values of Na-ions remained unchanged, or de- 
ereased very slowly, after irradiation. 

In conclusion, we have to emphasize that on the basis 
of our investigations, no results for eventual practical 
application in the diagnostics of post-irradiation syndrome 
in men can be deduced. Further work on the changes in 
specific conductivity, which we have found in experi- 
mental animals, may have an application in human 
diagnostics. 

V, HLAVATÝ 
. M. Zhx 
P. JIROUNEK 


Institute of Biophysies, 
Charles University, 
Prague. 
1 Hlavatý, V., and Zak, M., Sbornik lk., 68, 4, 11.1 (1964). 
* Hlavaty, V., Jirounek, P., and Zak, M., Sborník lék. (in the press). 
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- Californium i Proposed for intracavity 
and Interstitial Radiation Therapy with 
Neutrons 


Rapzation therapy with neutrons is receiving increased 
attention as a result of new information on its effectiveness 
in destroying the anoxic or oxygen-deficient cells of 
tumours'-*, Therapy with collimated beams of neutrons 
generated in eyclotrons or nuclear reactors, however, has the 
disadvantages of great expense, very limited availability, 
and accompanying damage to intervening healthy tissue = 
in the collimated beam. These disadvantages may be | 
eliminated and neutron therapy made more flexible, in 
some eases, with intracavity or interstitial. implantation: of 
encapsulated sources of Cf- or *4C£, which generate 
neutrons by spontaneous fission. Practical quantities of | 
82Cf will soon be availablet. Largo. quantities. of Cf 
could be produced economically, if intracavity or inter- 
stitial neutron therapy became a widely used technique. 

Ths lower dose to healthy tissue from an interstitial 
sourco, relative to that from a collimated beam, is illus- ; 
trated in Fig. 1 for an ideally collimated bearm with noc . 
side-seatter irradiating a hypothetical 2-cm tumour | 
located 10 em inside healthy tissue’. For the case illus- 
trated, the maximum neutron dose to healthy tissue from- 
the interstitial source is lower by more than a factor of 
ten, even if six collimated beams were administered either 
simultaneously or by fractionated-dose therapy... With - 
the lower relative dose to healthy tissue, the total dose 
delivered to the tumour could presumably be increased 
with a corresponding decrease in the number of surviving 
cells m the treated zone by the relation 

F x eD 
where F = fraction of cells surviving, k = constant, 
D = total dose. Thus, even a doubling of the dose could 
decrease the fraction of surviving cells considerably 
and therefore increase the probability of a cure. 

Quantities on the order of ug-mg of **Cf or ng-mg of , 
CF would be required for ‘each application of neutron. 
therapy, depending on as-yet-undefined dose rates. 
Table 1 lists the neutron and y-emission rates from the 
californium isotopes. The energy spectra are given in 
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Fig. 1. Neutron radiation dosage to tissue 
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Highly Successful 


The outstanding success of 
this microtome for electron 
microscopy has resulted 
in rapidly-increasing sales 
to discriminating users, in 
both the New and Old 
Worlds, and the instrument 
isrightatthetop ofits class. 
This is due to its unsophis- 
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Table 1. NEUTRON AND y-EMISSION RATES’ 
Neutron y 
wf 2-4 x 10° n/s/me 1-8 x 10" photons/s/mg 
*4Of 1-3 x 10° njsjug 7 =x 10? photons/a/xg * 
* Estimated. 


ref. 7. The y-biological dose (assuming a relative biological 
effectiveness of 3 for neutrons) will be ~ 30-60 per cent 
of the neutron dose. For a nominal massive dose of 500 
rads at 10 rads/min*® to a hypothetical 2-em diameter 
tumour, about 200 ug of Cf or 400 ng of 2+ Cf would be 
required for a 50-min treatment. Each source would, of 
course, be re-usable. Equivalent doses at lower rates, 
representing conditions corresponding to continuously 
fractionated therapy, could be obtained with smaller 
quantities. If highly fractionated therapy becomes 
desirable, some degree of ambulatory therapy might be 
- considered feasible. 
This work was carried out under contract AT'(07-2)-1 
with the U.S. Atomie Energy Commission. 
CARL S. SCHLEA 
Dean H. STODDARD 
Savannah River Laboratory, 
E. I. du Pont de Nemours and Co., 
Aiken, South Carolina. 
' Hazel, J. J., Nucleonies, 22, 56 (1964). 
* Lawrence, J. H., Nueleonies, 28, 49 (1065). 


* Alper, T., Brit. J. Radiol., 36, 97 (1963). 


t Burch, W. D., Arnold, E. D., and Chetham-Strode, A., Nuel, Set. and Eng., 
17, 438 (1963). 


* Reactor Handbook, second ed., 3,.B, “Shielding”, 73 (1962). 
’ © Hornsey, S., and Silini, G., Brit. J. Radiol., 38, No. 422, 92 (February 1963). 
* Reactor Physics Constants, AN I--5800, second ed. (July 1963). 
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Cytophotometric Deoxyribonucleic Acid 
Studies on Livers of Xenogeneic Radiation 
Chimeras 


HeratomMeGaLy has been described as an early mani- 
festation of bone marrow injection into lethally irradiated 
or normal mice. Congdon and Kretchmar! reported that 
liver weight returned to normal in syngeneic chimeras by 
three weeks post-treatment, but that hepatomegaly con- 
tinued in allogeneic chimeras throughout a 95-day post- 
treatment period. (The terms used here describe chimeras 
resulting from the injection of donor cells from the same 
strain (syngeneic), different strain (allogencic) and different 

“species (xenogeneic) to X-irradiated hosts.) Little in- 
_ formation exists concerning the early phase 

of this tissue reaction. The nuclear DNA | * 
content of liver parenchymal cells of ia 
-xenogeneic radiation chimeras during. the 
first two weeks after treatment with rat 
bone marrow or spleen cells was therefore 20 
examined. Since it has been suggested?! 
--that the enlarged liver is due to individually: 
enlarged parenchymal cells, it. was of 
interest to determine whether there.’ ie 
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shift of the parenchymal cell populatio anf 
one of higher DNA content. = 8 
-.. Radiation chimeras. The mice used were s _- 
.. males of the LAF strain (C57L x A/He), = 
and were 12 weeks old at the start of the š 
experiment, Xenogeneic radiation chim- ~ 
eras were prepared by intravenous injection * 
of 1-6 x 10? viable rat bone marrow or * 
spleen cells within a few hours after ex- 19 
posure of the mice to 950 r. of X-irradiation. 
<- Radiation was delivered at a dose-rate of 30 | 
oo o~ 50 r./min from a General Electric Maxi- 20 
tron X-ray machine operating at 250 kV. 19 
and 30 m.amp with 0-25 mm copper and = s 2? 


1-0 mm of aluminium as added filtration. 
© Cytochemistry. Liver tissues were cut into 


; : ; N Fig. 1. 
approximately 2-0-mm slices, immersed m 
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DNA Content {in Arbitrary Units} 



















Lavdowsky’s fixative for 5-8 h, and embedded in paraffin. 
Lavdowsky’s fixative? consisted of the following: 25 mil. 
95 per cent alcohol, 5 ml. formaldehyde, 1 ml. glacial acetic 
acid, and 20 ml. distilled water. Feulgen fast-green stem- 
ing was performed accerding to Leuchtenberger*. The 
sections were cut at lép. 

Photometric measurement of Feulgen staining was 
accomplished using a Canalco microspectrophotometer. 
To minimize the subjectivity inherent in choosing nuclei 
for examination, the folowing schedule was established. 
Usually 24 nuclei were measured at any one sample, 
chosen from two areas proximal to central veins and from 
two areas proximal to portal veins. Only those paren- 
chymal nuclei were measured which were contained within 
the narrow path traversed when either the horizontal or 
vertical stage control was manipulated. Generally, six 
nuclei were measured for each lobule area. Cut nuclei 
were excluded. 

The principal statistical methods used to analyse the 
data were y? and analysis of variance tests’. 

The histograms of F:g. 1 represent the DNA content 
of liver parenchymal cell nuclei from four control mice, 
from two mice each kiled at one and three days post- 
treatment and from one mouse each killed at seven and 
fourteen days post-treatment. DNA contents of individual 
liver parenchymal cell nuclei show a considerable range 
of values. Kidney cells. on the other hand, show a much 
narrower range, groupec. around 2-65 arbitrary units. The 
work of others** has designated this latter group of cells 
as containing diploid amounts of DNA. 

Our major interest in this work was to determine 
whether there is a significant shift in xenogeneic chimeras 
to liver parenchymal call populations with higher DNA 
content. Statistical enalysis of our liver histograms 
revealed two principal groups of cells in terms of DNA 
content. Because a clesr delineation between diploid and. 
tetraploid classes of DNA could not be shown, we have 
assigned cells to the folowing classes. Class I: diploid 
all nuclei with DNA content between 0 and 3-0 DNA 
units plus one-half of nuclei with DNA content between 
3-0 and 3-5 DNA units. Class II: tetraploid--one-half 
of nuclei with DNA content between 3-0 and 3-5 DNA 
units plus all nuclei wish DNA content between 3-5 and 
6-0 DNA. units. Class TIT: all nuclei with DNA content 
greater than 6-0 DNA. amits. 

When. classified in this manner, the histogram (Fig. la) 
reveals that in control livers 29 per cent of parenchymal 
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vells are diploid and 65 per cent tetraploid. Virtually all 
kidney nuclei are contained in the diploid class (Fig. 1b). 

Statistical analysis of the results from irradiated mice 

treated with bone marrow indicated there was not a sig- 
nificant shift of parenchymal cell population to one of 
higher DNA content at one day post-treatment. How- 
ever, after the first day there appeared to be a shift to 
cell populations of lesser DNA content as indicated by 
the increased proportion of the diploid class at three, 
seven and fourteen days post-treatment. Similar results 
were obtained in parallel investigations conducted in 
950 r. X-irradiated mice given 1-6 x 107 viable spleen 
cells (Fig. lg, h, i, j) with these exceptions: fourteen-day 
values are not significantly different from the control 
group, whereas the one-day values reveal a shift to a 
higher DNA class. 
_ The results of comparable cell injections into non- 
irradiated mice are shown in Table 1. Mice injected with 
polyvinylpyrrolidone (0-3 ml. 6 per cent PVP injected 
intravenously) were included in this work since this 
macromolecule also produces a hepatomegaly within two 
weeks of injection. The results are expressed in terms of 
per cent distributions in the three DNA classes. For the 
most part, findings show that the per cent distributions 
for the various groups are not significantly different from 
the control liver group; an exception is the one-day 
post-treatment group receiving spleen cells which showed 
a significant shift to a higher DNA class. 

The Feulgen microspectrophotometric method is suited 
for measurements of DNA content of individual paren- 
chymal cells in situ in the presence of other cell types. 
Conventional biochemical procedures would necessarily 
include the average DNA content of all cell types and 
would obscure the different DNA classes. Our results on 
LAF liver tissue indicate a parenchymal cell population 
consisting of about 30 per cent diploid and 65 per cent 
tetraploid classes with the remainder in higher ploidy 
classes. Except for DNA values of mice receiving spleen 
injections, one-day post-treatment foreign bone marrow 
or spleen cell injections into irradiated or non-irradiated 
mice did not raise the parenchymal cell distribution to 
one of higher ploidy during the two-week period but, 
rather, indicated a shift to a lower DNA content popula- 
tion, An analysis of the cellular composition of liver 
lobules indicated that parenchymal cells constituted 
60-70 per cent of the total cells with no significant changes 
in bi-nucleated cells during the two-week period following 
treatment. 

These findings suggest that the hepatomegaly observed 
with the injection of haemopoietic cells and polyvinyl- 
pyrrolidone results from an increase in the number of all 
functional cells rather than from enlargement of individual 
parenchymal cells. This conclusion is based on the well- 
established correlation between DNA content and cell size 
in different ploidy classes, but the possibility that the cell 
sıze can vary within a single ploidy class (independently 
of DNA) cannot be ruled out. 

We thank Dr. Roy C. Thompson for his advice, and 
Roy R. Adee for his assistance. 


Table 1. PER CENT DISTRIBUTION OF LIVER PARENCHYMAL DNA CONTENT 


Days after No. of nuclei DNA classes 
treatment measured IT Im x’ gre 
Control 153 29 65 6 
ne marrow 
1 day 84 27 62 11 1-71 0-425 
3 days 104 32 58 10 1-67 0-434 
10 days 78 37 58 5 142 0-492 
Spleen 
ie ( RB RLS eee 
ys 5 9 “31 520 
PVP 
1 day 48 63 0 3°55 0-170 
3 days 44 25 64 11 1:74 0:419 
7 days 48 54 13 295 0-206 
14 days 48 34 57 8 0-05 0-622 


* Probability of getting a 
that control liver Foup and 
than or equal to P. 


value this large or larger given the hypothesis 
ted group have the same distribution is less 
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This work was carried out in the Hanford Laboratories, 
operated by the General Electric Co. for the U.S. Atomic 
Energy Commission. These Laboratories are now operated 
by the Pacific Northwest Laboratories Division of Battelle 
Memorial Institute. 

E. M. Uyexi 
R. L. BUSCHBOM 
Department of Biology, 
Battelle-Northwest, 
Richland, Washington. 


* Congdon, O. C., and Kretchmar, A. L., Exp. Mol. Pathol., 2, 277 (1963). 

* Leuchtenberger, C., in General Cytochemical Methods, 1, 219 (Academic 
Press, New York, 1958). 

* Snedecor, G. W., Statistical Methods (Iowa State Univ. Press, 1956), 


* Leuchtenberger, C., Vendrely, R., and Vendrely, C., Proc, U.S. Nat. Acad. 
Sei., 37, 33 (1951). 
$ — Ezp. Cell Res., Supp. 6, 227 (Academic Press Tne., New York, 
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Ticks in Egypt in 1500 B.C.? 


Rerorts on ticks, their feeding habits and their possible 
medicinal qualities have been reported early in historical 
time. Thus Pliny (a.D. 77) in his Historia naturalis 
referred to “an animal living on blood with its head 
always fixed and swelling, being one of the animals which 
has no exit [anus] for its food, it bursts with overrepletion 
and dies from actual nourishment. This [animal] never 
occurs on mules [it is] frequent on cattle, sometimes on 
dogs on which all [kinds of lice] are found; on sheep and 
goats [ticks] only are found”. Aristotle (355 B.C.) in 
Historia Animalium stated that “ticks are generated from 
couch grass”; ‘‘the ass has no lice or ticks, oxen have 
both . . . among dogs Cynorhaestes are plentiful”, Cynor- 
haestes being interpreted as meaning ricinus by Theodorus 
Gaza and considered as a “disgusting parasitic animal”. 
Later (c. 200 B.c.) M. Porcius Cato referred to treatments 
whereby “‘there will be no sores and the wool will be more 
plentiful and in better condition and the ticks (ricini) 
will not be troublesome”. 

I recently received a photograph of what may be the 
oldest record, and the oldest figure of ticks. The photo- 
graph (Fig. 1) depicts a fragment of the head of a 
“hyaena-like’” animal from tomb No. 155, Dra Abn 
el-Nago, Western Thebes, belonging to a certain Antef 
“great herald of the king” dating from the time of 
Hatshepsut-Thuthmosis III, early eighteenth Dynasty 
and about 1500 B.c. The tomb is well known but much 
damaged, and is described by Sive-Séderbergh', and the 
details of the “hyaena’s’’ head are given by de Garis 
Davies? and reproduced by Stevensen Smith?. The three 
excrescences within the ear are not referred to in these 
publications, nor has there been comment on these para- 
sites in early Egyptological literature. Our reasons for 
considering the possibility of these excrescences being 
ticks are admittedly tenuous, and based largely on their 
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shape, which suggests a partially or fully fed condition, 
their size relative to the pinna of the host and their 
feeding location on its inner side. This feeding location 
within the pinna is compatible with that observed in 
adults and immature stages in some of our present-day 
species. 

I thank Dr. Michael Costa for directing my attention 
to this fragment, and to Mr. A. F. Shore of the Department 
of Egyptian Antiquities (British Museum) for background 
information on the tomb. 

Don. R. ARTHUR 


Department of Zoology and Animal Biology, 
King’s College, London. 


* Sive-Sdderbergh, T., Four Eighteenth D Tombs (Private Tombs at 
Thebes i) (Griffiths Institute, Oxford, 1957). 


* de Garis Davies, N., Metropolitan Mus, Art Bull.,2, 51 (1932). 


* Stevensen Smith, W., Art and Architecture of Ancient E , Pelican Books, 
London (1958). d - 


Gaussian Interval Distributions in Spontaneously 
Occurring Innate Behaviour 


Mature male turkeys (Meleagris gallopavo) during 

. isolation under constant conditions in a sound-proof 
' chamber display certain stereotyped courtship patterns. 
One of these patterns, the ‘gobbling’ call, shows only 
very slight variations in either loudness or duration. 
Thus, gobbling can be regarded as an ‘all-or-none’ event. 
The duration of the intervals between successive events 
(or gobbles) does vary, presumably as a function of 
motivational influences. 

It has previously been shown that by using a logarith- 
mic time-scale gobbling samples of different rates can be 
compared. Provided that this standardization is used, 
and provided that only one type of event (that is, gob- 
bling) occurs during the time the sample is collected, the 
standard deviation of the interval duration is remarkably 
broad. However, the standard deviation seems to remain 
more or less constant over a large range of gobbling rates. 
For further details as well as for the technique of recording 
and computing the data see ref. 1. The ial case of 
interactions between gobbling and another type of event 
has also been examined?. 

In order to learn more about the amount of variability 
in the interval distributions, 29 samples were collected 
from a single bird (R61 3 H taub), each consisting of 100 
intervals between successive gobbling events. Fig. 1 
shows scatter di and histograms of five of these 
samples. Gobbling rates range from 8-25 gobbles/min (a) 
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to 1-45 gobbles/min (e). In order to facilitate comparisons, 
extreme values (thin horizontal line in the small di 

below the histograms of Fig. 1), the fifteenth and eighty- 
fifth percentile (Q0-15 and Q085), as an estimate for 
Gwg: (thick horizontal line) and medians, as an estimate 
of the mean of log ¢ values (short vertical line) were 
calculated. Fig. 2 gives a survey of all 29 samples, ranked 
according to their mecians on the ordinate. On the 
abscissa, the medians ars adjusted to the arbitrary value 1. 
Since a logarithmic scab is used here, the lengths of the 
lines, which represent variation in proportion, remain 
the same. In this ement, correlation between 
median, Q0-15 and Q0-85, would be obvious. Statistical 
examination of these results, for example, by calculating 
Spearman’s rank correlation coefficient R for the values 
of median versus Q0-15, median versus Q0-85, and 
Q0-15 versus Q0-85 indicates that the values of R are 
not significantly differant from zero (P > 0-1). This 
result is in accordance with our hypothesis, that the 
standard deviation as calculated from the logarithms of 
the intervals remains unchanged. 

This result raises the question, what kind of mechanism 
might be the basis of gobbling intervals or, more generally, 
what kind of theoretica. model can provide for: (1) time- 
intervals which show a ogarithmic Gaussian distribution ; 
(2) changes in the rate cf events in a range of 1-5, without 
a striking effect on the standard deviation of the logarithm 
of the intervals? Some models, designed to simulate 
the properties of spontaneously active single neurones*~’, 
seem to produce similar interval patterns. But, to my 
knowledge, no one has taken a log-Gaussian process into 
consideration. Furthermore, no data are as yet available 
from single units that are comparable with those shown in 
Fig. 2, that is, it is not known how a change in the state 
of spontaneous excitation affects the standard deviation 
of the interspike interval distribution. Finally, at the 
present stage of my investigation I feel unable to give a 
satisfying interpretation for the similarities between the 
distributions of spike intervals and gobbling call intervals. 
Those similarities may be due to the same basic principle, 
realized at different levels of organization in the nervous 
system, or due to similar principles, or just a matter of 
chance. Therefore, it seemed best not to press the analogy 
but simply to search for theoretical models which fulfil the 
conditions, mentioned at the beginning of this paragraph. 

Unexpectedly, I found only one kind of mechanism 
that generates events of the logarithmic properties 
demanded by my gobbling data. It is similar to Hagi- 
wara’s model’, but supposes instead of r(t) = e*t the 





Fig. 1. Five samples, each of 100 gobbling intervals, shown as a scatter diagram (each dot is determined by the preceding and the succeeding 
time-in terval histogram. Median 
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. 2. Survey of 29 samples each of 100 gobbling intervals. Me 
pe Moos mark the medians, calculated from the percentiles Q0-15 
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Fig) = In ct 
Fig. 3. A model, producing logarithmic Gaussian interval distribution 


function r (t) = In et (Fig. 3). In this model a variable 
(n) is fluctuating randomly and symmetrically around a 
certain value and has a Gaussian amplitude density 
function (as does, for example, a Gaussian noise) and 
lacks high frequencies in its power spectrum. Another 
variable (r) starts with a value different from n and tends 
to become equal to n. When r = n one event (E) occurs 
and r is again reset to the starting point. The function 
of r in time is r) = In ct, where ¢ is the time since the 
last event and c is tho constant responsible for the rate 
of events. Under conditions where the slope of n is small 
in comparison with r, the distribution of time-intervals 
produced by the model shows high concordance with a 
logarithmic Gaussian distribution, but also a very high 
coefficient of autocorrelation. When c becomes greater, 
the coefficient of autocorrelation decreases remarkably, 
but the shape of the interva! distribution seems to remain 
very close to the original Gaussian type, before changing 
to another type (which cannot yet be estimated). 

This work was supported by grants from the Deutsche 


Forschungsgemeinschaft and the U.S. National Institute of 


Mental Health, 04453 (to P. H. Klopfer and D. K. Adams). 
WOLFGANG M. SCHLEIDT 
Max-Planck-Institut für Verhaltensphysiologie, 
Seewiesen und Erling-Andechs, Germany, and 
Departments of Zoology and Psychology, 
Duke University, 
Durham, North Carolina. 
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Spinal Roots in the Sloth 


In the course of an investigation intended to relate the 
size of the myelinated motor nerve fibres to the speed of 
the muscles in Choloepus hoffmanni Pet.', in which the 
whole musculature is ‘red’ in character, we were struck 
by the unusual arrangement of the spinal roots. It is 
generally assumed that the backward obliquity of the 
spinal roots in adult mammals is due to a differential 
rate of growth of the spinal cord and of the vertebral 
column. In man, this obliquity increases from the second 
cervical root to the filum terminale. In cat, dog and 
sheep, the obliquity of the D,,—L, roots is reduced, but 
more caudally the roots resume their strong backward 
direction. In the ox, a similar alteration in the course 
of the spinal roots leads to a situation where the tenth 
and eleventh dorsal roots are at right angles to the spinal 
cord. In the horse, which has 18 dorsal vertebrae, the 
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oblique run of the spinal roots starts from D, decreases 
from D,, to D,, and then increases again’. 

Choloepus hoffmanni Pet. is known to possess 6 cervical 

< vertebrae, 23—25 dorsal, 3-4 lumbar, 5-6 sacral and 4-5 
caudal vertebrae. In four adult specimens, weighing 
3-3-6-4 kg, we observed that the backward obliquity of the 
spinal roots increases from C, to D,-D,, and then decreases 

_, progressively, and the eleventh-thirteenth dorsal roots are 

© horizontal. Farther down, the course of the spinal roots 
takes a forward direction, which is maximal for D,,. 
More caudally, this forward obliquity decreases and the 
spinal roots become horizontal again or swing to a back- 
ward direction at about D,,—D.., the obliquity of which 
inereases up to the filum terminale (Fig. 1). This situation 
thus represents a strong exaggeration of what has been 
deseribed in horse and ox, where the spinal roots, hori- 
zontal in the lower thoracic region, never take a forward 
direction. 

In four foetuses, weighing 105-400 g, and in one new- 

born Choloepus of 375 g, the 5-7 first cervical roots were 
horizontal, and the level at which the spinal roots are 
again at right angles to the cord was shifted caudally 
| to D,,-D,, (against D,,~D,, in the adult). The following 
roots never assumed a forward direction but rather 
resumed their backward descent. 

The peculiar arrangement of the spinal roots in Choloepus 
hoffmanni Pet. presumably results from a very complex 
difference in growth-rate of the spinal cerd and of the 
vertebral column in early embryonic life, prolonged in 
infancy. It raises interesting problems on this differential 
growth, which seems so straightforward in man. 


M. GOFFART 
M. A. GEeREBTZOFF 


Departments of Physiology and Anatomy, 
University of Liège, 
Belgium. 
! Goffart, M., and Gerebtzoff, M. A. J. Physiol. (Paris), 56, 563 (1964). 
t Tigges, J., Handbuch der Zooloyie, 8, Teil 7, 31 (1964), 
3 Grassé, P. P., Traité de Zoologie, 17, Fase. 2, 1195 (1955). 
4 Hochstetter, F., Morphol. Jahrb., 25, 362 (1897). 


New Record of Branchiostoma lanceolatum 
(Pallas) 


© Branchiostoma lanceolatum (= Amphioxus lanceolatus) 
= appears to be generally distributed round the coasts of 
Britain but very few areas are known where it can be 
obtained in any number. The Eddystone ground in the 
English Channel is well known’? and specimens, mostly 
> single, have been caught in the Bristol Channel”, Irish 
0o Seat and Firth of Clyde*’. a 
Consequently, some interest is attached to the finding 
- of ten specimens in Loch Ewe, Wester-Ross, on May 14, 
1964. They were caught by a small sledge beam trawl, 
3 ft. in diameter, the net being of stramin and so able to 
retain the young of this species. The area fished lay 
along the 5}-fathom (10-5 m) contour! in the outer area 
_ of Gaineamh Smuagh on the east side of Loch Ewe (Fig. 1). 
The line within the hatched area in Fig. 1 is the approxim- 
ate line of sampling through the area. The specimens 
were of the following sizes, total length in mm: 21-4, 
93-8, 24-3, 25-7, 26-7, 28-1, 33-2, 36-8, 46-4 and 58-8. The 
myotome formula was constant, being 35:14: 12. 
© The substratum in which they were found is a clean 
calcareous gravel composed predominantly of fragments 
of the alga Lithothamnion caleareum but with appreciable 
quantities of broken mollusc shells and fragments of 
echinoderms, both ophiuroid and echinoid. The material 
‘was dried and sieved, and the following percentages by 
weight represented particles of the indicated sizes: 
greater than 2mm, 20 per cent; between I and 2 mm, 
‘78 per cent; between 0-5 and 1 mm, 1 per cent; less than 
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irrigation ab tk | ring, z 
at the flat-pod stage of growth, the plants again appear _ 


MELLANGAUN 


Fig. 1. The sampling area ia Loch Ewe, Wester-Ross, where the speci- 
mers were collected 


0-5 mm, 1 per cent. This gravel is, therefore, similar in 
texture to the gravels of Eddystone*, 
A more detailed examination of the fauna of this area 
will be published elsewhere. 
J. MAUCHLINE 


Marine Station, 
Millport, Scotland. 
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Root Growth as a Factor in the Response 
of Pisum sativum L. to Irrigation 

A WATER shortage ab any stage of plant growth usually 
results in a raductior in vegetative growth, but many 
annual crop plants ars especially sensitive to changes in 
soil moisture conditicns during the period from flower 
initiation to the development. of full flower*-*. It has 
been shown that during this period shortage of water has a 
maximum depressive effect, and irrigation has a maximum 
beneficial effect, on the yield of seed and fruit. Pea plants 
(Pisum sativem L.) respond in this manner, and while 
soil moisture conditions during the period from sowing 
until the start of flowering have little influence on final 
yield of peas’, this erop is particularly responsive to 
he start of, or during, flowering’ *-*. Later, 


to be insensitive to soil moisture conditions, but they 
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respond to irrigation when the are swelling’. Both 
Mihleisen’ and Salter* have analysed the effects of irriga- 
tion at flowering on the components of yield and demon- 
strated that the increase in yield occurred through an 
increase in the number of seeds set per pod and pods set 
per plant. The reasons why plants should be so sensitive 
to soil moisture conditions durin g flowering, however, 
have not been sa tisfactorily determined. Brouwer! sug- 
gested that the beneficial effect of irrigation at flowering 
arose from the increased availability of nutrients brought 
about by the increased water supply. 

The present studies were made to find whether the 
pattern of root growth of peas was correlated with the 
plants’ differential response to irrigation at different stages 
of growth. A determinate variety of pea (‘Dark-skinned 
Perfection’) was used and root growth was assessed by 
measurement of the lengths of roots growing against glass 
panels. Plants in two experiments were grown under 
glasshouse conditions, 2-3 in. apart, in John Innes potting 
compost. Glass panels formed the retaining walls of the 
V-shaped container in which the plants were grown and 


< there was a possible rooting depth of 4 ft. Covers excluded 


light from the roots except when measurements were 
made. Seed was sown 2 in. from the glass on December 3, 
1963, and 1 in. from the glass on February 15, 1964. 
Supplementary lighting was given to the first batch of 
plants so as to increase the day-length progressively from 
12 to 16 h during the study. In a third experiment the glass 
panels were inserted into the sides of an observation 
trench in the field so that the root growth could be 
measured from 16 ft. of row to a depth of 2 ft. Seed was 
sown on May 16, 1964, in rows 3-5 in. apart, the nearest 
row being 2 in. from the glass. In all three experiments 
frequent watering throughout growth ensured that soil 
moisture conditions did not limit root growth. The 
positions of the roots in contact with the glass were 
recorded at weekly or more frequent intervals and the 
amount of new root growth was measured. The results, 
in terms of new root growth in inches per plant per day 
are plotted against a unified time-scale in Fig. 1. Plants 
were dissected at intervals to determine when the first 
flower primordia were formed. 
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In each experiment root growth increased rapidly until 
it reached a maximum just after the initiation of the first 
flower primordia. Shortly afterwards, and before the first 
flowers opened, the amount of new root growth declined 
sharply and this was accompanied by the death of many 
of the older roots, as detected by change of colour and 
disintegration. At the time the first flowers opened the 
plants made little, if any, new root growth, but at the 
start of pod development (flat-pod stage) a slight resurg- 
ence of root growth was observed in the first two experi- 
ments. The possibility that this also occurred in the field 
experiment cannot be discounted, for the roots had grown 
to the full depth of the glass panels by flowering time 
and root growth could have been resumed at depths below 
the panels. In all three experiments the amount of new 
root growth made after the pods began to swell was small 
and growth stopped as the pods matured. 

One important factor controlling water uptake by plants 
is root growth, and it is suggested that when this growth 
is much reduced, water absorption becomes greatly 
dependent on the flow of water through the soil to the root 
surface. The hydraulic conductivity of unsaturated soils, 
however, is very low? and so water stress would quickly 


oceur in plants without root growth and in the absence of — 


a renewed supply of water (rain or irrigation) to the root 
surface. Reduced root activity appears to be related to 
the development of the reproductive organs in annual 
plants*!° and hence conditions of water stress will occur 
at a critical time for seed or fruit production. Thus, 
reduced root growth at flowering time of peas is likely to be 
a contributory factor causing the marked sensitivity to 
soil moisture conditions at this stage of growth. 


P. J. SALTER 
D. H. Drew 


National Vegetable Research Station, 
Wellesbourne, Warwick. 
2 rnas W., Die Feld Beregnung, fourth ed, (DLG-Verlag, Frankfurt/Main, 
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Determining the Degree of Frost-hardiness 
in Highly Hardy Plants | 
Twies which can survive freezing at approximately 
— 70° C are not injured even when exposed to extremely’ 
low temperatures!-*, Twigs taken in the middle of Novem- 
ber from willows, poplars, white birches, ete., have sur- 


vived freezing at —70°C, and therefore subsequent < 


seasonal fluctuations in frost-hardiness and the effective- 

ness of ‘hardening’ treatment cannot be determined in 
these twigs by the usual freezing tests. To clarify the 
mechanism of frost-hardening in hardy plants, it is 
therefore essential to find a suitable method of determin- 
ing the degree of frost-hardiness in plants which ean - 
withstand freezing below — 70° C, a 
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Table 1. THE Piane TEMPERATURES WHICH ARE EFFECTIVE IN MAINTAINING THE VIABILITY OF TWIGS FROM WOODY PLANTS AFTER IMMERSION J 
IN LIQUID NITROGEN si 
i | — Pre-freezing temperetare (° ©) 
s Species — — — ~; i — — 
o. -15 | ~20 | -25 | -30 | -49 | ~50 ~70 
Salix sachalinensis (midwinter) © A | o | O | O | 3 o | O Q | 
Populus Maximowiczii (midwinter) ; e | O | O D Z O | © O 
Betula tauschii (midwinter) q S i O O O 2 O O Q 
Saliz sachalinensis (middle December, late February) 8 | A $ O Z; © QO O 
Populus nigra (maninten) | o i A O O = O O O 
Saliz koriyanagi (midwinter) | @ | 2 So | © a 8 8 8 
Salix sachalinensis (late November, middie Mareh) ! o © e i 4A D © Q 8) 
Pinus pumira (midwinter) o © o | o E 0 O O 
Rosa pendulina (midwinter) © $ 9 ® & A Ê A 
J Alnus hirsuta (midwinter) | © d o | @ A À & A 
CA 7 ; kd } ` 
©, Normal; A, injured; @, killed 


effective temperature may vary with the degree of frost- 
hardiness of plants employed. To investigate this, twigs 
(10 cm long, about 0-5 em in diameter) were pre-frozen at 
temperatures between — 10° and — 70° C for 6 h and were 
then immersed directly in liquid nitrogen. The cooling 
-rate of a twig immersed in liquid nitrogen after pre-freez- 
ing at — 30° C was about 20° C/sec. After 30 min, the twigs 
were subjected to — 10° C for 4h and then to about 0° C 
for 16h. They were then placed in water at room tempers- 
- ture or planted in moist sand in a greenhouse for 2 months 
to test their capacity to develop. 

The effective pre-freezing temperature in the willow, 
Salix sachalinensis, and in poplar and white birch, was 
below —15° C; in Salix koriyanagi and the Italian poplar 
it was below — 20° C, and in creeping pine it was below 
— 30°C (Table 1). In addition, in twigs of Salix sachalinen- 
sis the effective pre-freezing temperature varied with the 
seasonal fluctuation in frost-hardiness, being higher from 
the middle of November to midwinter as natural frost- 
hardening proceeded, and lower from the middle of 
February to May (Table 1). Also, in twigs artificially 

hardened or dehardened, the effective  pre-freezing 
temperature ranged from —15° to —30° C according to 
the degree of frost-hardiness. In every experiment it was 
observed that the greater the frost-hardiness, the higher 
the effective pre-freezing temperature. The effective 
pre-freezing temperature may therefore be used as a 

-reliable index of the degree of frost-hardiness in hardy 
plants. The effects of hardening for 10 days at tempera- 
tures ranging from 0° to — 10° C were examined in twigs of 

willow and poplar during the period from October to May. 

_ The order of effectiveness may be briefly summarized as 

follows: in autumn, —3° (in frozen. state)> 0°, —5°> 

= — 10° > normal control; in spring, — 3° (in frozen state) 

> —5 > —10° > normal control > 0°. 

> In all the twigs tested the most effective temperature 

_ for converting starch into sugar was found to be —3° C. 
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In addition, in every experiment, it was observed that the — 


< greater the effectiveness of the hardening treatment, the 
greater the rate of conversion from starch to sugar. 
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Effects of Gibberellin on the Growth and 
- Flowering of Intact and Decotylized Dwarf 
_ Peas “ 
‘Tae numerous commercial varieties s of — poas 
Pisum. sativum L.) are categorized, 
owering,. into two. uae dotined by disti 
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varieties typically flower above the fifteenth node, require x 
approximately 6-7 weeks to attain anthesis, respond 
to photoperiod as quantitative long-day plants, and are 
vernalizable. In contrast, the ‘early’ varieties typically 
flower at the ninth or tenth node above the cotyledons, 
require approximately 4 to 5 weeks to attain anthesis, 
behave as day-neutral plants, and are not vernalizable. 
Pes varieties are also classifiable as ‘dwarf’ or ‘tall’ on the 
basis of vegetative growth characteristics. 

Paton and Barber! ard Moore? reported that excision 
of the cotyledons from very young seedlings altered the 
flowering process in dwarf and tall plants of both early 
and late varieties. The effects of cotyledon excision on 
flowering, while markedly different for early and late 
varieties, are qualitatively identical for dwarf and tall 
peas of the same habit of flowering. In general, the 
treatment causes an increase in the number of nodes 
preceding the first flower and thus inhibits flowering of 
early peas. The same treatment lowers the position of 
the first flower or prometes flowering in late peas. Two 
additional effects noted en both early and late plants are 
a decrease in shoot heigat and a delay of anthesis. The 
effects of a number of regulatory substances on decotylized 
peas are being investigated to determine the biochemical 
basis for the effects of 2otyledon excision on flowering. 
This communication conzerns the effects of gibberellin A, 
(‘Gibrel’ of Merck and 2o., Ine.. Rahway, New Jersey, 
U.S.A.) on the growtk and flowering of intact and 
decotylized peas of the dwarf, late variety ‘Dwarf Tele- 
phone’ and the dwarf, early variety ‘Massey’. 

The plants were grown in vermiculite supplied with 
nutrient solution. The temperature and light conditions 
were a 20 + 1° C phatotemperature for 10 h and a 
17 + 1° C phototemperature for an additional 6 h per 
day, combined with a temperature of 17 + 1° C during 
an 8-h dark period. Light was provided by warm white 
and cool white fluorescens lamps, supplemented by natural 
light of low intensity. The light intensity at plant level 
varied, but generally wes within the range of 500-1,000 
ft.-candles. Tho cotyledons were excised from certain 
groups of the plants on the fourth day after planting. 
Groups of intact and decotylized seedlings were treated 
with gibberellin A, in the following manner: 0-01 ml. of 
aqueous solution contairing 0-01 ug of gibberellin and a 
small amount of “Tween 20’ was applied. to the shoot apex 
of each seedling one day after cotyledon excision and at 
2-day intervals thereafter for a total of four treatments. 
Each treated seedling received a total of 0-04 ug gibber- 
ellin. The plants were gathered when the internode 
below the first flower ceased elongation. 

The effect of cotyledon excision alone on ‘Dwarf Tele- 
phone’ peas was to reduce the number of nodes preceding 
the first flower by an average of 2-5, hence to promote 
early flowering. Cotyledon excision. had no statistically | 
significant effect on the number of nodes preceding the - 
first flower in ‘Massey’ peas (Fig. Di In other experi- _ 
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in light intensity. At higher light intensities than used 
in this investigation, cotyledon excision does cause a 
significant delay in the flowering of ‘Massey’ peas. The 
latter data agree qualitatively with those reported for 
‘Massey’ peas by Paton and Barber:. 

The effect of gibberellin alone on ‘Dwarf Telephone’ 
peas was to increase the number of nodes preceding the 
first flower in both intact and decotylized plants. Thus, 
the effect of gibberellin on the decotylized plants was to 
partially counteract the effect of cotyledon excision. The 
offect of gibberellin on the number of nodes preceding the 
first flower in intact ‘Dwarf Telephone’ peas has been 
noted previously*. Gibberellin caused a significant 
inhibition of flowering in decotylized ‘Massey’ peas but 
only a slight effect in the intact plants. However, Barber 
and his associates‘, using doses of gibberellin greater 
than 0:04 ug, reported highly significant inhibition of 
flowering in intact ‘Massey’ . 

The general effect of gibberellin was to increase the 
number of nodes preceding the first flower in intact and 
decotylized plants of both varieties. Thus, the data 
support the conclusion that the effects of cotyledon ex- 
cision on flowering cannot be explained on the basis of 
removing a source of endogenous gibberellin. Previous 
support for this view was provided by Lockhart’, who 
reported that the stem tip is the centre of production of 
natural gibberellin in ‘Alaska’ peas. Lockhart found no 
evidence for gibberellin production in the cotyledons of 
etiolated ‘Alaska’ seedlings. 

Gibberellin caused a 35 per cent increase in shoot 
height to the first flower in intact ‘Dwarf Telephone’ peas 
and a 56 per cent increase in intact ‘Massey’ The 
actual growth increments caused by gibberellin were 
nearly equal for the intact plants of the two varieties. 
Shoot growth of the gibberellin-treated, decotylized 
‘Dwarf Telephone’ peas was not increased over that of 
the controls, whereas there was an increase of 17 per 
cent in decotylized ‘Massey’ peas over the decotylized 
controls (Fig. 2). Based on the percentage increases in 
shoot length of intact plants, the early variety would 
appear to be more sensitive to exogenous gibberellin A, 
than the late variety. If a true difference in sensitivity 
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Fig. 2. Effects of cotyledon excision, and gibberellin A,, on height to 
the first flowering node in ‘Dwarf Telephone’ and ‘Massey’ peas 


exists, it might be explained on the basis of a lower level 
of endogenous gibberellin A, in ‘Massey’ than in ‘Dwarf 
Telephone’ peas, or perhaps on the basis of a higher level 
in the “Dwarf Telephone’ peas of endogenous inhibitors 
of gibberellin of the type reported by Kéhler and Lang’. 
However, since the actual growth increments in gibber- 
ellin-treated plants of the two varieties were nearly 
equal, an alternative interpretation is that the intact 
plants of both varieties simply responded nearly equally 
to submaximal doses of gibberellin. Of interest in this 
regard is Lexander’s report® that early wheat varieties 
exhibited greater percentage increases in shoot growth in 
response to gibberellin treatment than did late wheat 
varieties. In contrast to the difference in the percentage 
increases in shoot growth of the two pea varieties, it 
should be noted that the effect of gibberellin on flowering 
was greater in intact plants of the late variety than in 
intact plants of ‘Massey’. 

The combined data in Figs. 1 and 2 reveal that the 
effects of gibberellin on growth and on flowering can be 
separated experimentally. Gibberellin caused a sig- 
nificant effect on the number of nodes preceding the first 
flower in decotylized peas of both varieties. However, the 
treatment had no effect on shoot height in decotylized 
‘Dwarf Telephone’ peas and a comparatively slight effect 
on shoot growth in decotylized ‘Massey’ peas. Hence the 
increase in node number was not always correlated with 
increased shoot growth. 

I thank Merck and Co., Inc., Rahway, New Jersey, 
U.S.A., for the gibberellin used in this investigation, which 
was supported by grant GB-2115 from the U.S. National 
Science Foundation. 
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Nomenclature of Polymorphic Protein 
Systems 


In this communication some suggestions as to nomen- 
clature of polymorphic protein systems are considered. 
For these, primarily those of blood, the number of recog- 
nized systems increases rapidly in both man and animals. 
The techniques for detecting and characterizing such 
systems vary. This bears some influence on the problem 
of nomenclature. If: we, for example, have a system 
recognized by serological methods only, the common 
practice has been to name the first-found character 
A (or a)!, the next B (or b) and so on. The letters 
therefore merely show the order of detection. After 
the characters have been classified into genetic systems, 
letter designations, usually two, have been ascribed 
to each system. Such a nomenclature is sufficient if 
characters belonging to the same system do not show a 
second order of relationship which is contradictory to 
the alphabetical order. This often happens with poly- 
morphic proteins characterized by their different rates of 
migration as determined by, for example, the technique 
of electrophoresis. 

Also for characters detected by this last-mentioned 
technique @ common practice has been to name the 
first protein found A, the next B, and so on. Smithies’*, 
however, made use of the letters B, C and D, for 
human transferrins. Numbers, 1, 2, ete., have also been 
used’. The serum proteins within the same genetic 
system usually appear as multiple bands after electro- 
phoresis, which have sometimes caused the naming of 
each band by separate letters‘. A common practice now, 
however, is to name the allelic band pattern with one 
letter only, independent of number of bunds. With 
‘allelic’ is understood the product of a single gene. This 
nomenclature may also be sufficient if new alleles are not 
detected. If this happens, which is usually the case 
because the number of alleles within a system seems to 
depend on the extent of the investigation, difficulties 
may arise. For example, if in a protein system with two 
known characters A and B a third protein with migration 
speed between that of A and B is disclosed, it is not 
consistent to call this new protein C. 

Nomenclature should be descriptive and simple. For 
polymorphic proteins we primarily need symbols for the 
genetic system and for the allelic band patterns, as these 
appear after electrophoresis. The gene or allele symbol 
will then be a combination of these two designations. 

The genetic system has to be characterized by an 
abbreviation of the name of the character. An example 
is Tf for transferrin®. It might, however, have been even 
better with Ti (transferrin iron). Two letters should in 
most cases be enough for characterization and distinction 
between protein systems. Such a nomenclature should 
cover a high number of characters because of the large 
number of possible two-letter combinations. There is, of 
course, also the possibility of using a three-letter symbol 
if the character has a very long designation and a more 
descriptive symbol is needed. In my opinion, however, 
two letters should be enough for such characters, at least 
for the near future, because familiarity with symbols 
develops with time and after use. 

For the character itself, recognized by its allelic band 
pattern, one letter only should preferably be used, in- 
dependently of number of bands or zones. If two alleles 
are found in the original investigation of a protein system, 
the fastest allelic phenotype may be called F (fast) and 
the slowest S (slow). If there are multiple bands the 
migration rates for the fastest bands of the respective 
patterns determine the relationships between these. Such 
a nomenclature has, been used for the serum—albumin 
system of chicken’, horse, cattle, sheep’? and for man®. If 
new alleles are found there are, with this nomenclature, 
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possibilities for logical and consistent symbols for these. 
Other letters may, of course, also be used, assuming that 
the whole alphabet is utilized. For example, in horse’ 
and reindeer’ I called the fastest allelic transferrin band 
pattern D and C, respectively (alleles T/?, TJC). The 
next patterns were named F and E, respectively, leaving 
spaces for eventual new allelic phenotypic patterns. This . 
turned out to be an acvantage when new alleles were 
found in reindeer™. I must, however, admit that ib would 
have been even better to have left two letter spaces 
between. the first used symbols. The FS nomenclature 
may also be used for multiple allele systems, F being the 
fastest and S the slowest allelic band pattern. Such a 
system of nomenclature is, of course, not perfect. Inde- 
pendent detections of naw alleles may thus cause diffi- 
culties. These, however. should have far better chances 
of being solved satisfaczorilly than by use of the A, B 
nomenclature. 

If in a genetic system the letters A, B, etc., have already 
been adopted and new alleles with products intermediate 
to the A and B are detected, I: would prefer to call 
the new ones A’, A”, B’ or B”, instead of A,, Aa B, and 
B,. In my opinion, numbers should not be used for the 
major gene products bat spared for eventual designa- 
tions of sub-groups, sinzle bands or zones. The reason 
behind this is that the vse of continuously running num- 
bers for alleles does nos leave spaces for eventual new 
intermediate products. Purthermore, Greek letters should 
be spared for eventual designations of polypeptide chains. 
When mentioning polypeptide chains, we must anticipate 
complete chemical forntulae for proteins in the future. 
However, these formulas will be so extensive and com- 
plicated that short designations will still bo needed. 

In conclusion, I would emphasize the importance of a 
simple, descriptive designation, preferably two letters, 
for a polymorphic protein system. For the allelic pheno- 
type I suggest the use of one letter only, large or small, 
utilizing the whole alphabet but preferably beginning 
with F and ending with S. 

MIKAEL BRAND 
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Veterinary College of Norway, 
Oslo. 
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Estimation of the Frequency of Functioning 
Gametes in Monosomics 


In monosomics, two types of gametes having n and 
(n-1) chromosomes are formed, and the segregation of 
the three types of plans, 2% (disomic), 2n—-1 (monosomic) 
and 2n—2 (nullisomic), :n the progeny of a monosomic 18 


‘dependent on the frequencies of the n and (n—1) chromo- 


some gametes on the male and female sides. The func- 
tional frequencies of n and n—1 male and female gametes 
can be determined experimentally by making reciprocal 
crosses between @ normal plant and a monosomic. Estim- 
ates of the frequencies of n and n—1 gametes on either the 
male or the female side can be obtained from the observed 
numbers of disomics, monosomics and nullisomics when 
the frequencies of gametes on one side are known. 

If the relative frequencies of n and n—1 functioning male 
gametes are p and q {p + q = 1) and those of female 
gametes are p’ and g’ (p’ + g = 1), then in a random 
mating of gametes, the expected frequencies of disomic, 
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monosomic and nullisomic plants are as shown in Table 1. 
The observed frequencies of the three types of plants are 
also shown in Table 1. 


Table 1 
Types Disomie Monosomic Nulllsomic Total 
Chromosome No. 2n 2n-1 2n-2 
Observed frequency ay fly as N 
Expected frequency pp’ (p'a +pg) ar 1 


N male gametes are required to produce a population 
of N plants and the numbers of male gametes with n and 
(n-1) chromosomes are (a, + ¢’a,.) and (a, + p’a,) 
respectively. Thus, the relative frequencies of the func- 
tioning male gametes with n and (n—1) chromosomes in the 
population aro p = a,+q’a.jN and q =a, + P'a N 
respectively when p’ and g are known. The standard 
error (S.H.) of the estimate is «/pq/N. 

Illustration. In selfed monosomie plants of wheat, 
F, disomic, monosomic and nulisomic plants occur 
13, 43 and 58, respectively, in summer. The relative 
frequencies of n and n-l female gametes are found to be 
0:24 and 0:76 respectively!. 

Estimates of the frequencies of functioning male 
gametes with n and (n—-1) chromosomes are: 


_ 13 + 0-76 x 43 58 + 0-24 x 43 _ 


Tid = 0-4007 and g — — 
0:5993 S.E. = i) a = 0-0459 


The observed and expected frequencies of disomic, 
monosomic and nullisomie plants are shown ın Table 2. 
It is found by y? test that there exists a satisfactory 
agreement between observed and expected frequencies. 


Table 2 
Disomic Monosomic WNullisomic x3 
(42) (41) 40) Total a.f.=1 
Obs. 13 43 ss 114 ( ) 
Exp. 10 86 51°11 51-82 113-99 2°38 


The estimated frequencies of functioning n and n-li 
male gametes conform well with the experimental results! 
(39: 61) obtained from summer progeny. 

In wheat?, where the frequency of n—1 female gametes is 
known to be 75 per cent on an average of different mono- 
somics, the frequency of the n and n—1 male gametes can 
readily be determined by this method. 

We thank Dr. Ruby I. Larson of the Canada Depart- 
ment of Agriculture, Lethbridge, Alberta, for her advice. 

J., Q. BHowau* 
A. K. Roy CHOUDHURY 
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VETERINARY SCIENCE 


Cutaneous Actinomycosis Due to the Single 
Species Dermatophilus congolensis 


SEIN infection with members of the genus Dermatophilus 
has been reported from several countries in a variety of 
animals including man’. The initial isolate was named 
D. congolensis after the country of origin®-4, but the first 
isolates in Australia and later ones in Great Britain were 
thought to be new, previously undescribed organisms, and 
were named Actinomyces dermatonomus® and Polysepia 
pedis*?, Small differences in the ability to digest protein 
and to ferment certain sugars supported the view that 
the isolates belonged to separate species!’?. It was there- 
fore concluded that ‘cutaneous streptothricosis’ of cattle 
was caused by Dermatophilus congolensis, ‘mycotic 
dermatitis’ of sheep by D. dermatonomus, and ‘strawberry 
foot rot’ of sheep by D. pedis. 
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Doubts about the biochemical basis of the speciation, 
expressed in a review of published descriptions of the 
various isolates®, were confirmed in a direct comparison 
of a number of strains which indicated that there were no 
consistent differences and that there was a single species, 
D. congolensis®. 

A limited serological comparison of eight strains 
suggests a degree of antigenic homogeneity consistent 
with the conclusion that there is only one species. Zoospore 
suspensions, and aqueous extracts of acetone-dried cultures 
containing both zoospores and hyphae, were prepared 
from. five Australian ovine strains, a strain from a horse in 
Canada, one from a cow in the Congo, and one from a sheep 
with strawberry foot rot in England. Antisera to two of 
the Australian strains were prepared in rabbits and 
guinea-pigs. The strains were compared by direct and 
cross reactions in agglutination and agglutinin-absorption 
tests with zoospores treated with formalin or boiled 
(flagellar or somatic agglutination), and in gel double 
diffusion, precipitation plates. 

Antigenic heterogeneity was evident only among 
flagellar agglutinins. The two immunizing strains cross- 
reacted and cross-absorbed only slightly, whereas each 
of the other six reacted strongly with, and absorbed most 
of the flagellar agglutinin from, at least one of the antisera. 
The English isolate (formerly D. pedis) was the only strain, 
apart from the immunizing one, to absorb all the flagellar 
agglutinin from either antiserum. 

Each strain reacted fully with both antisera in the 
somatic agglutination and agglutinin-absorption tests. In 
the gel-diffusion plates both antisera formed identical 
lines of precipitate with the extracts of all eight strains. 

Antigenic uniformity among strains was evident also 
in the haemolysin. Haemolysis in D. congolensis cultures 
on sheep red cell agar is due to the synergic action of two 
diffusible factors, S and H (ref. 10). Each strain produces 
an excess of one or other factor and the separate zones of 
activity of both can be demonstrated by growing strains 
producing excess factor H near strains producing excess 
factor S so that there is haemolysis in the region of over- 
lap. The haemolysed zone has a sharp edge where S is 
the limiting factor, and a hazy edge where factor H is 
limiting. Factor S is not inhibited by antibody but 
the zone of activity of factor H was decreased to the same 
degree in each strain when a given sample of antiserum 
was added to the agar medium, compared with control 
media containing normal serum. 

The use of antisera against all the strains might reveal 
additional antigens not present in the two strains that 
were employed, but it is unlikely that differences were 
missed that would justify a separation of species. Since 
D, congolensis is classified in the order Actinomycetales?, 
and since it is not a Streptothria, ‘cutaneous actinomycosis’ 
is suggested as a more suitable name for the disease it 
causes than any of those currently in use. 

This work was done while I was an overseas student 
of the Commonwealth Scientific and Industrial Research 
Organization (Australia). Three strains of D. congolensis 
were kindly provided by Mr. P. K. C. Austwick of the 
Central Veterinary Laboratory, Weybridge. 
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Plasma Carotenoids and Fat Mobilization in 
Stall-fed Cattle 


In the course of work on the metabolism of starving 
sheep it was found that there was an association between 
increased depot fat mobilization, as indicated by the 
plasma content of non-esterified fatty acid, and the 
appearance of a yellow pigmentation in the plasma. This 
pigment was shown to be xanthophyll’, and a statistically 
highly significant and reproducible relationship was 
demonstrated between plasma non-esterified fatty acid 
level and xanthophyll content’. The possibility was con- 
sidered that xanthophyll is passively mobilized from 
adipose tissue during fat mobilization and it therefore 
appeared that a similar relationship might obtain in the 
cow where carotenoids are usually present in the 
plasma. 

Although it would be difficult to investigate this possible 
relationship in the normal grazing cow where the plasma 
carotenoid content is already high, it was considered 
worthwhile to examine suitable plasma samples taken 
from stall-fed cattle which show much lower levels of 
plasma carotenoids. Also, since increases in plasma non- 
esterified fatty acid content are usually observed in the 
cow during late pregnancy and early lactation’ >, it was 
anticipated that large fluctuations in plasma non-esterified 
fatty acid level would be observed immediately before 
and after calving. At this stage, therefore, it would be 
opportune to examine the carotenoid—non-esterified fatty 
acid relationship. 

Sixteen pregnant Ayrshire cows on a daily ration of 
hay (10 Ib.), sugar beet pulp (7 Ib.) and concentrates 
(6 lb.) were blood-sampled at frequentintervals for another 
purpose involving the measurement of plasma non- 
esterified fatty acid concentration, but for this investiga- 
tion only three samples from each cow were considered: 
(1) taken 3 weeks before the earliest calving date; (2) 
taken immediately before calving (14 cows only); (3) taken 
1-6 days after calving at a time when the highest non- 
esterified fatty acid level was measured. Plasma non- 
esterified fatty acid concentration was estimated in each 
sample using a modification of the method of Dole®, pre- 
viously described’. The heptane-isopropanol extract of 
plasma which was obtained for this purpose contained 
non-esterified fatty acid and also carotenoid pigments. 
The absorbance of these extracts at about 450 my has 
been used to give an approximate measure of plasma 
xanthophyll content in sheep*®, and in this experiment, 
after extractions had been made in semi-darlkness, 
absorbance values were used to determine changes in 
plasma carotenoid content. 

The measurements were quite reproducible and for a 
bulked plasma sample obtained from normally grazing 
cows the mean absorbance at 450 my in a 40-mm cell for 
five replicate extractions was 0-477 + 0-001 (S.#.). How- 
ever, the first plasma samples obtained from the 16 
experimental cows 3 or 4 weeks before calving, with a 
mean non-esterified fatty acid content of 222-5 + 18:2 
ypequiv./l. yielded extracts having absorbance values at 
Amax (446-450 my) of only 0-162 + 0-008. This indicated 
that the plasma of these stall-fed cattle contained approx- 
imately one-third the normal level of carotenoids. 

The second and third samples showed high mean non- 
esterified fatty acid concentrations, 730-7 + 90:7 and 1,0488 
+ 79:5 vequiv./l., respectively, while individual values 
ranged from 260 to 1,880 uequiv./l. As shown in Fig. 1, 
there was a statistically significant correlation between 
plasma non-esterified fatty acid content and absorbance 
at Amax for 30 individual plasma extracts (r = + 0-743; 
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P < 0-001). Extracts from the second and third samples ` 


were combined, evaporated to dryness, saponified in 
0-5 N alcoholic potassium hydroxide and the extracted 
pigment subjected to thin-layer chromatographic analysis. 
Using either development on silica gel with chloroform : 
methanol (95:6 v/v)? or on liquid paraffin impregnated 
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Fig. 1. Relationship between non-esterified fatty acid and carotenoid 
content of plasma samples oltalned from stall-fed cows near to calving. 
Two mi, plasma were extrected with an acidic heptane-isopropanol 
mixture by the method of Doi". The heptane extract (8 ml.) so obtained 
Was analysed for long-chain fatty acid content’ and the absorbance waa 
measured in a 40-m™m micro-cell af Amax (446-450 my) 


silica gel with methano- : acetone (8: 2 v/v)*, the pigment 
behaved chromatograrphically as a mixture of B- and 
y-carotenes contaminated with traces of xanthophyll. 

Thus it appears that normal physiological increases in 
the rate of mobilizaticn of depot fat occurring near to 
calving are associated i:n the stall-fed cow with increases 
in plasma carotenoid content. These pigments are largely 
carotenes, and although in this respect the phenomenon 
differs from that reported for starving or semi-starving 
shoop? the essential similarity is that in either case 
carotenoids seem to be mobilized from the adipose tissue 
along with the non-esterified fatty acids. 

In view of the general simplicity of the procedure used, 
it is considered that in sheep and in stall-fed cattle 
absorbance measurements at 450 mu or even the appear- 
ance of plasma heptans extracts may be a useful alterna- 
tive to non-esterified fatty acid estimations as a rough 
index of the rate of depot fat mobilization. 

I thank Messrs. K. N. Burns and M. K. Lloyd for the 
plasma samples. 
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PSYCHOLOGY 


Generation of a Spiral After-effect by 
Interactian of Rods and Cones 


THE well-known sp-ral after-effect can be generated by 
looking for some time at @ rotating, apparently con- 
tracting spiral. When the spiral is stopped it appears to 
expand outwards. It appears that both rods and cones 
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are able to mediate this effect: Wohlgemuth! observed 
the effect in both the light-adapted and the dark-adapted 
eye, and also in the foveal and peripheral retine. The 
dark-adapted and peripheral effects, presumably mediated 
by the rods, are brisker but briefer than the light-adapted 
and foveal effects mediated by the cones. 

Granit? suggested that rods and cones might inhibit 
each other in the production of an after-effect; but 
Grindley? tested this suggestion and found no such 
mutual inhibition. In his experiment, Grindley exploited 
the fact that far-red light (beyond 670 m) 1s visible only 
to the cones, and far-blue hght is visible only to the rods. 

Anstis* used this technique to show that viewing a 
rotating spiral in cone vision gives an after-effect which 
can be seen in rod vision, and vice versa. The experiment 
recorded here indicates that an after-effect can be gener- 
ated by the interaction of the rods and cones. In this 
experiment the information necessary for motion per- 
ception is shared out among rods and cones, in such a way 
that neither separately can perceive movement; so any 
movement which is seen will have to result from the inter- 
action or co-operation of rods and cones. It was found 
that movement can be seen under these conditions and 
does give an after-effect. 

The method used depends on two facts. First, that far- 
red light is visible only to the cones, and far-blue hght is 
visible only to the rods, as already mentioned. Secondly, 
that stroboscopic (‘phi’) movement can generate an 
after-effect, just as real movement can. 

A rotating spiral was lit by two stroboscopes, one red 
and one blue. By suitably synchronizing the strobes to 
the spiral, it was arranged that, if either of the strobo- 
scopes was visible alone, then the flash rate was so low 
that the spiral appeared not to rotate. It was also 
arranged that with both stroboscopes visible, the spiral 
was clearly seen as rotating and contracting; this was an 
ordinary phi movement situation. Now since the far-red 
strobe was visible only to the cones and the blue strobe 
only to the rods, then any perceived rotation and contrac- 
tion of the spiral could not be mediated by rods alone, or 
by cones alone, but must result from the co-operation of 
rods and cones. Such a movement was seen, and did give 
an atfter-effect. 

The Archimedes spiral used was a single-thread four 
throw, 7 in. diam. spiral (supplied by Prof. D. M. MacKay, 
Department of Communication, University of Keele). 
It was rotated at 45 r.p.m. by a ‘Velodyne’ controlled- 
speed motor. The two stroboscopes were synchronized to 
the spiral rotations by means of micro-switches triggered 
by the motor shaft. The red stroboscope flashed when an 
arbitrary point on the spiral reached ‘12 o’clock’ and 
‘6 o'clock’. The spiral when at ‘6 o'clock’ is a photographic 
negative of itself at ‘12 o’clock’, so that it is ‘frozen’ by 
the stroboscope, alternating in brightness but with the 
contours apparently stationary. The blue stroboscope 
flashed at ‘3 o’clock’ and ‘9 o’clock’, with similar effects. 
But when both stroboscopes are visible, the spiral is 
illuminated at 3, 6, 9 and 12 o’clock (4 flashes per revolu- 
tion), and the spiral is readily seen as rotating and con- 
tracting. 

The stroboscopes were EMI type 3D. Each was masked 
off with black paper, except for a 1-5 in. x 1 in. aperture 
covered with a filter. The red filter passed wave-lengths 
above 620 mu. The blue filter was an Ilford “Trichromatic’ 
colour separation filter, together with a suitable neutral 
density filter to give an approximate match of subjective 
brightness between red and blue illumination to the dark- 
adapted subject. 

Four male research students, aged 22-30, served as 
subjects. Each subject dark adapted for 30 min before the 
trials began. To check that the red and blue illumination 
was stimulating cones and rods respectively, it was 
confirmed that the red illumination looked red and gave 
best acuity on the fovea, whereas the blue illumination 
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looked achromatic (grey) and gave best acuity off the 
fovea. 

On each trial the subject sat with his head supported 
by a chin rest and fixated the spiral binocularly for 30 
sec as it rotated under the illumination described. The 
spiral was then stopped and the stroboscopes switched 
to run at 1,000 c/s, which looked like continuous light: 
and the subject recorded the duration of any after-effect 
with a stop-watch. 

The fixation point was 3-5 in. above the centre of the 
spiral, which was 30 in. away from the subject. The 
centre of the spiral thus fell about 6-5 deg. of visual 
angle from the fixation point, on a retinal area well supplied 
with rods and cones. 

Fixation of the centre of the spiral was avoided because 
subjects reported that the centre of the spiral did not 
appear to be rotating when fixated, but did when seen in 
parafoveal vision. The reason for this is as follows: 
since the fovea is blind to dim blue light, the blue strobo- 
scope’s light could not be seen foveally. So the centre 
of the spiral, which was lit by two stroboscopes, looked 
to the fovea as if it was lit only by the red stroboscope. 
This halved the effective flash rate seen by the fovea, and 
prevented the subject from perceiving any rotation. 

Three conditions of illumination were used on the 
rotating and on the stationary spiral, making nine com- 
binations of illumination: red strobe only (cone vision), 
blue strobe only (rod vision), and both together (combined 
rod and cone vision). The nine conditions were presented 
in random order, with three trials on each. Approxim- 
ately 45 sec elapsed between each trial. Results are given 
in Table 1. 


VoL. 206 


Table 1 
lumination conditions Duration of after-effect 

Rotating spiral Stationary * Subject 

(stimulus) (after field) AVA S.A. 
1 Red+biue Red + blue 18 16 8 9-7 17°6 
2 Red+ blue Red 15 22 5 18 
8 Red+ blue Blue 15 28 11:7 16 
4 Red Red + blue 0 0 0 0 
5 Red Red 0 0 0 0 
§ Red Blue 6 0 0 0 
7 Blue Red + blue 0 0 0 0 
8 Blue Red 0 0 0 0 
§ Blue Blue 0 0 0 0 


Red stimulates cones; blue stimulates rods. 


Table 1 shows that when cones alone, or rods alone, 
view the rotating spiral, no rotation is seen and no after- 
effect is reported (conditions 4-9). This is not a result; 
but is built into the design of the experiment, for it was 
arranged that when only the red strobe, or only the blue 
strobe, illuminates the rotating spiral, the flash rate is 
kept too low to allow the perception of movement. But 
it was found that when rods and cones together view the 
rotating spiral, that is, when it is lit by both stroboscopes, 
then movement is seen and an after-effect is afterwards 
reported on the stationary spiral (conditions 1-3). This 
is a result, and it shows that: (1) Stroboscopic (‘phi’) 
movement can be perceived when the alternate strobo- 
scopic flashes are seen by rods and cones. (2) An after- 
effect can be generated from this perceived movement, 
which is mediated by co-operation of rods and cones. 
(3) This after-effect can be elicited from an after-field 
viewed by rods and cones together, or by either separ- 
ately. 

This work was supported by a research grant under 
U.S. Air Force contract AF HOARDC 63-93. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


i 
Tuesday, June 8 
MEDICAL RESBAROH Counc (at the National Institute for Medical 


>z Research, Mill Hill, London,| N.W.7), at 4.380 p.m.—Dr. James D. Watson 


(Harvard University): “Mistakes in Protein Synthesis”. 


ZOOLOGICAL SocreTy OF LONDON (at the Zoological Gardens, Regent’s 
Park, London, N.W.1), at 5 p.m.—Selentific Papers. 


| 
Wednesday, June 9 


UNIVERSITY OF LONDON (in the Anatomy Theatre, University College, 
Gower Street, London, W.C 1), at 5 30 p.m.—Dr. W. P. D. Wightman: ‘The 
Emergence of Method-——Science and Medicine in the Renaissance”. (Further 
lectures on June 10 and 11.) | 


Thursday, June [0 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, Westminster, 
London, 8.W.1), at 6.80 p m.—Annual General Meeting. 


l 
BRITISH INSTITUTE OF RADIOLOGY (in the Reid-Knox Hall, Institute House, 
32 Welbeck Street, London, W.1), at 7.15 p.m.—Prof. C. B. Allsopp. 
“Silvanus Thompson and ene Rontgen Society” (Silvanus Thompson 
Memorial Lecture). 


Thursday, June 10—Saturday, June [2 


ROYAL Soorety (at the Lecture Hall of the Zoological Society of London, 
Regent's Park, London, N.W.1), at 10 30 a m. daily—Discussion Meeting on 
—— of Behaviour in Animals and Man” organized by Sir Julian 

ey, F. R.B. 


Monday, june 14 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, 8.W.7), 
at 3 p.m.—Annual General Meeting. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY (in the Main Lecture 
Theatre, Department of Electrical Engineering, Exhibition Road, London, 
S.W.7), at 6.30 p.m.—Dr. I. Dugdale: “Fuel Cells for Traction”. * 


INSTITUTE OF ACTUARIHS (at Staple Inn Hall, High Holborn, London, 
W.C.1), at 5.30 p.m.—Annual General Meeting. 


Monday, June |4—Wednesday, June l6 


PLASTIOS INSTITUTE (in association with the Institution of Civil Engineers; 
the Institution of Structural re pare and the Royal Institute of British 
Architects; at the Institution of Electrical Engineers, Savoy Place, London, 
W O 2), at 9.30 a.m daily-—-Conference on “Plastics in Building Structures”, 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before 
the dates mentioned: 

LECTURER IN Zoonogy-—-The Registrar, King’s College (University of 
London), Strand, London, W.C.2 (June 9). 

LECTURER or ASSISTANT LECTURER IN THE ELECTRONIO COMPUTING 
LABORATORY—The Registrar, The University, Leeds, 2 (June 11) 

RESEAROH DEMONSTRATORS (2) IN THE DEPARTMENT OF ENGINEERING- 
The Registrar, The University, Leicester (June 12). 

SENIOR LECTURER or LECTURER IN SOCIOLOGY; and a LECTURER or SENIOR 
e IN SOCIAL ANTHROPOLOGY—Tho Registrar, The University, Hull 

une 

RESEARCH LECTURER IN PURE MATHEMATICS—The Rector, Exeter College, 
Oxford (June 12), 

ASSISTANT LEOTURER IN| THE COMBUSTION CHEMISTRY SECTION OF THE 
DEPARTMENT OF CHEMICAL ENGINEERING AND CHEMICAL TECHNOLOGY 
Prof A. G Gaydon, F.R S., Imperial College of Science and Technology, 
London, 8.W.7 (June 14). 

SENIOR LEOTURER and a LECTURER IN MATERIALS TEOHNOLOGY-—~The 
ee Lanchester College of Technology, Priory Street, Coventry 

une 14). 

KEEPER (with a good honours degree in botany and/or the Museums 
Association Diploma, an interest in economic botany, museums’ experience 
or fieldwork, and preferably a working knowledge of at least one modern 
foreign language) OF BoTANY—The Director, City Museum, William Brown 
Street, Liverpooi, 3 (June 15). 

LECTURER (with a good honours degree, some experience of teaching and/or 
research, and preferably special qualifications or experience In fiutd 
mechanics and gas turbine engineering) IN MECHANICAL ENGINEERING-—-The 
Registrar, King’s College (University of London), Strand, London, W.0.2 

une 16). an 

TUTORIAL STUDENTS (2) (graduates or about to graduate) IN THE DEPART- 
MENT OF GEOGRAPHY -The Registrar, King’s College (University of London), 
Strand, London, W.0.2 (June 16) . 

LECTURER IN THE DEPARTMENT OF PaTHOLOGY—tThe Secretary, The 
University, Edinburgh (June 17). 

PRINCIPAL LECTURER (honours graduate of a British university and 
preferably with substantial design experience in the electrical or tele- 
communications industry,: and with recent teaching experience) IN THR 
DEPARTMENT OF ELECTRICAL ENGINEERING—The Clerk to the Governors, 
Woolwich Polytechnic, London, 8.H.18 (June 18). 

SENIOR DEMONSTRATOR (with a higher degree) IN PHYSIOAL CHEMISTRY 
at the University of Queensland, Australia—The Association of Common- 
wealth Untversities (Branch Office), Marlborough House, Pall Mall, London, 
8.W.1 (London and Brisbane, June 18). 

LECTURER (part-time) IN THE SUB-DEPARTMENT OF AROHAKOLOGY-~——~The 
Registrar, University College of North Wales, Bangor, North Wales (June 19). 

LECTURERS or ASSISTANT LECTURERS (2) IN MATHEMATICS (for one of these 
poste special qualifications in analysis would be an advantage)--The 

ecretary, Battersea College of Technology, Battersea Park Road, London, 
S.W.11 (June 19). i 

LEOTURER IN STATISTIOS——Fhe Secretary, Birkbeck College (University of 

London), Malet Street, London, W.C.1 (June 21). 
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LECTURER/SENIOR LECTURER (with a good honours degree in electrica 
engineering, physics, physical chemistry or metallurgy with special qualifica- 
tions and research experience ir. one of the following branches. electrical 
materials, physical electronics, phsmas) IN THE DEPARTMENT OF ELECTRIOAL 
HINGINEERING—The Secretary, University of Edinburgh, Old College, South 
Bridge, Edinburgh, 8 (June 21). 

ASSISTANT LECTURER or LEOTURER IN THE DEPARTMENT OF ZOOLOGY— 
The Registrar, University College of Wales, Aberystwyth (June 26) 

RESEARCH ASSISTANT (under a2 D S.I R. grant) IN THE DEPARTMENT OF 
BOTANY, Gatty Marine Laboretory, St. Andrews, to assist in cultural, 
cytological and taxonomic investigations of marine algae—The Secretary, 
ane oa of St. Andrews, College Gate, St. Andrews, Fife, Scotland 

une 26). 

SENIOR LECTURER IN POLYMES TECHNOLOGY IN THE FACULTY OF METAL- 
LURGY—The Registrar, Universisy of Sheffield, Sheffield (June 26) : 

READER IN PHYSIOLOGY at King’s College-—The Academic Registrar, 
University of London, Senate House, London, W.C.1 (June 28). 

READER (with research intere.ts which include non-numerical application 
of computers) IN INFORMATION PROCESSING at the Institute of Computer 
Sclence—-[The Academic Registrar, University of London, Senate House, 
London, W.C.1 (June 28). 

HEYWOOD ELECTRONICS RESEARCH FELLOW IN THE DEPARTMENT OF 
ELECTRONIC AND ELECTRICAL ENGINEERING (special consideration given to 
candidates who have been working in industry)--The Registrar, The 
University, Sheffield, 10 (June 39). 

LEOTURER IN ANATOMY FOR JENTAL STUDENTS IN THE DEPARTMENT OF 
ANATOMY—The Secretary, The Jniversity, Edinburgh (June 30). 

LECTURER or ASSISTANT LECTURER (with a Ph.D. degree or other higher 
qualification) IN ORAL BroLocy ım the School of Dentistry, Biological 
Research Unit—The Registrar, The University, Leeds, 2 (June 30). 

SENIOR LEOTUREE or LECTURER (medically qualified gentleman) IN 
ANATOMY—The Secretary, Tihe Medical College of St. Bartholomew's 
Hospital, West Smithfield, London, E C 1 (June 30). 

LECTURER (with a university degree in agricultural science or equivalent, 
with training and experience in crop physiology) IN AGRONOMY af the 
University of Sydney, Australia—The Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London, S.W.1 
(Australia and London, July 2). 

SENIOR LECTURER IN PSyCuLeTRY at the University of Sydney, Australia— 
The Association of Commonwea:th Universities (Branch Office), Marlborough 
House, Pall Mall, London, S W 1 (Australa and London, July 2). 

SENIOR LECTURER or LECTURER (with medical qualifications or an honours 
degree in microbiology with = higher degree and experience in medical 
bacteriology) IN THE DEPARTMENT OF PATHOLOGY, University of Lagos 
Medical School—The Secretary, Inter-University Council for Higher Educa- 
tion Overseas, 33 Bedford Place, London, W.C 1 (July 4). - 

PROFESSOR OF PREVENTIVE AND SOCIAL MEDICINE; & PROFESSOR OF 
SURGERY; and a PROFESSOR OF BACTERIOLOGY at the University of Ibadan, 
Nigeria—The Secretary, Senate Committee on Higher Education Overseas, 
University of London, Senate House, London, W.0C.1 (July 6). 

CHAIR OF DECISION THEORY IN THE FACULTY OF ECONOMIO AND SOCIAL 
STUDIES (candidates should have a first-class mathematical/statistical back- 
ground, and a strong research mterest in one or more of the following fields 
and their application to the social sciences: operational research, mathe- 
matical programming, statistical decision theory, and systems analysis}—The 
Registrar, The University, Manchester, 13, quoting Ref. 116/65 (July 17). 

OHAIR OF APPLIED MATHEMATIOS at Victoria University of Wellington, 
New Zealand—The Association of Commonwealth Universities (Branch 
Office), Marlborough House, Fall Mall, London, 8.W.1 (New Zealand and 
London, July 31). 

AGRICULTURAL AND HORTICULTURAL OFFICERS (national of the United 
Kingdom or the Republic of Iceland, with a degree in agriculture or horti- 
culture) in Tanzania (Tanganyika and Zanzibar) for the supervision of 
extension activities with em is on livestock; investigational work to 
improve land management, livestock products and the use of draught 
animals, train local staff and farmers, and experimental work on agri- 
cultural stations—The Appointments Officer, Room 301, Ministry of Overseas 
eee Eland House, Stag Place, London, 5.W.1, quoting ref. RO 

AGRICULTURAL SUPERINTEDDENT (with a degree in agriculture) in 
Dominica, to be responsible to the Minister of Trade and Production for the 
administration of the Agricultural Department, for the agricultural develop- 
ment programme, including general supervision, and to act in an advisory 
capacity—The Appointments Officer, Room 301, Ministry of Overseas 
Pay Eland House, Stag Place, London, 8.W.1, quoting RO 

ASSISTANT PROFESSORS and ASSOCIATE PROFESSORS IN THE DEPARTMENT 
or PHysicS—The Ohairman, Department of Physics, University of Ottawa, 
Ottawa, 2, Canada. 

OHA OF PHAaRMACOLOGY—J. J. Lussier, M.D., Ph.D., Dean, Faculty of 
Medicine, University of Ottawa, Ottawa, Ontario, Canada. 

DEPUTY DIRECTOR (preferaLly aged 38 to 48, with appropriate medical or 
scientific qualifications, and =xperience in running research laboratories 
which amplor a considerable number of graduates, technicians and other 
staff) of the Tobacco Research Council Laboratories, Harrogate, which is 
engaged in long-term bio-assar experiments and in chemical and pharmaco- 
logical research related to — and health--The Secretary, Tobacco 
— — Glen House, Stag Place, London, §.W.1, marking envelope 
$t ergon rr 

FELLOWS and RESEARCH ASSISTANTS IN THE ASTBURY DEPARTMENT OF 
BIoPpHysics. Field of study indude the biochemistry of proteins and protein/ 
polysaccharide systems; the electron microscopy of tissues and macro- 
molecular systems—The Registrar, The University, Leeds. _ 

FOREST ENTOMOLOGIST (uncer 45, national of the United Kingdom or the 
Republic of Ireland, with a degree in zoology or entomology and postgraduate 
experience in some aspect or tropical forest entomology) with the Hast 
African Common Services Organization, to work under the general direction 
of the Head of the Forest Entomology Division and the Director of the 
East African Agriculture and Forestry Research Organization on extensive 
field studies of tree-borers and defoliators, to assist with the East African 
Forest Insect Survey and with:the expansion and upkeep of the B.A.A.F.R.O. 
reference collection of forest insects—The Appointments Officer, Room 301, 
Department of Overseas Devalopment, Eland House, Stag Place, London, 
S.W.1, quoting Ref. RC $324/214/02. 

HEAD (with appropriate academic qualifications and strong research 
interests) OF THE MATHEMATIUS DEPARTMENT——-Grade ITV—-The Clerk to the 
Governing Body, Northern Pelytechnic, Holloway, London, N.7. 

HONOURS GRADUATES (firs or second-class, or with equivalent qualifica- 
tions) IN THE MECHANICAL ENSINEERING DEPARTMENT, to undertake directed 
research in the fleld of turbine blade vibration-~Head of the Department of 
Mechanical Engineering, Battersea College of Technology, London, 8.W.11, 
quoting Ref. D.18, 
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LECTURER (preferably with research interests in forensic chemistry, toxi» 
cology or enzymology) IN CHEMISTRY IN THE DEPARTMENT OF PHYSIOLOGY— 
The Secretary, The Royal Veterinary College (University of London), Royal 
College Street, London, N.W.1. - 

LECTURER (with Industrial or research experience, preferably involving 
some branch of electrenics) IN Puysics—The Clerk to the Governing Body, 
Northern Polytechnic, Holloway, London, N.7. 

MASS SPECTROMETRY TECHNICIAN IN THE DEPARTMENT OF CHEMISTRY, 
for duties which will involve analysis of chemical compounds using an 
A.E.T. MS9 High Resolution Mass Spectrometer and an Atlas CH4 Mass 
Spectrometer-—The Secretary, Department of Chemistry, University of 
British Columbia, Vancouver, 8, Canada. 

MASTER (temporary or permanent) to teach MATHEMATIOS; and a MASTER 
to teach CHEMISTRY for one gor (both posts entail a considerable amount of 
sixth-form work}—-The Headmaster, Berkhamsted School, Herts. 
ihe oe Group Secretary, Roundway Hospital, Devizes, 

B, 

POST-DOCTORAL RESEARCH WORKER IN THE DEPARTMENT OF ZOOLOGY, to 
investigate the trophic ecology of fish in the River Thames as a contribution 
to the International Biological Programme—Dr. K. H. Mann, Department of 
Zoology, The University, Reading. 

RESEARCH ASSISTANT (Biochemist) (preferably with hospital experience) 
IN THE NEURO-SURGICAL RESEARCH LABORATORY—The Secretary, Atkinson 
Morley’s Hospital, Copse Hill, Wimbledon, London, 8.W.20. 

RESEARCH ASSISTANT (graduate in microviology or expecting to graduate 
this year) IN THE DEPARTMENT OF PATHOLOGY, for work on mycoplasmas— 
The Medical Superintendent, Ruchill Hospital, Glasgow, N.W. 

RESEARCH ASSISTANT (Suitably qualified mathematician) IN THE DEPART 
MENT OF CIVIL ENGINEERING, to work on a project, supported by the Science 
Research Council, concerned with the analysis of tall buildings containing 
— MA an Registrar, Ref. 102Y/E, Bradford Institute of Technology, 

radford, 7. : 

RESEARCH ASSISTANT (with a good honours degree in geology) IN GEOLOGY, 
for work on the Precambrian metamorphic and igneous rocks of south-west 
Greenland, in association with The Geological Survey of Greenland—~The 
Registrar, Portsmouth College of Technology, Hampshire Terrace, Ports- 
mouth, Hampshire. 

RESBARCH ASSISTANT (with a Ph.D. in experimental physics or electronic 
engineering, or equivalent research experience) IN THE DEPARTMENT OF 

sics, to work in a group engaged in fundamental study of pattern 
recognition processes by matrices of electronic logical elements-—~The 
Secretary, University College, Gower Street, London, W.C.1. 

RESEARCH DEMONSTRATOR IN THE DEPARTMENT OF ZOOLOGY—~The 
Professor of Zoology, University College of South Wales and Monmouthshire, 
Cathays Park, Cardiff. 

RESEARCH FELLOW (with an interest in one of the following flelds: particle 
mechanics, process dynamics, mass transfer or petroleum technology, with a 
higher degree or extensive post-graduate experience) IN THE DEPARTMENT OF 
CHEMIOAL ENGINEERING—The Academic Registrar, Loughborough College 
of Technology, Loughborough, Leicestershire, quoting Ref. 22/G, ; 

SENIOR BiocwEwisT (with an appropriate science degree of a university of 
England, Wales, Scotland or Ireland, or Associateship or Graduate Member- 
ship of the Royal Institute of Chemistry, and at least five years’ experience 
in the baste grade)—~The Group Secretary, Winchester Group H.M.C., Royal 
Hampshire County Hospital, Winchester. 

SENIOR BIOCHEMIST (with an appropriate sclence degree or other approved 
— and preferably some research experience) at Hill End Hospital, 

or duties which will consist of routine and advanced investigations from 
other laboratories in the area—The Consultant Pathologist, Hill End 
Hospital, St. Albans, Hertfordshire. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 
Great Britain and Ireland 


The Carnegie Trust for the Universities of Scotland. Sixty-third Annual 
Report for the year 1963-64. Pp 64. (Edinburgh: The Carnegie Trust for 
the Universities of Scotland, 1965.) ee 

Albright and Wilson, Ltd Annual Report 1964. Pp. 27, (London: 
Albright and Wilson, Ltd , 1965.) 183 

Philosophical Transactions of the Royal Soclety of London. Series A: 
Mathematical and Physical Sciences. No. 1079, Vol. 257 (11 March 1965): 
The Numerical Calowatton of Wave-Fields, Reflexion Coefficients and Polar- 
izations for Long Radio Waves in the Lower Ionosphere. Part 1 by M L.V. 
Pitteway. Part 2 by W R. Piggott M. L. V., Pitteway and E. V. Thrane. 
Pp, 219-271. 208.; 3 dollars, No. 1080, Vol. 257 (11 March 1965): Marscoite 
and Related Rocks of the Western Red Hills Complex, Isle of Skye. By 
L. R. Wager, B. A. Vincent, G. M. Brown and J. D Bell, Pp. 273-307 + 

lates 9~14. 248.; 3.60 dollars. No 1081, Yol. 257, (18 March 1965): On the 
or of Approximations in Quantum Mechanics. I: General Theory. : 
Some Particular Applications. By T. A. Hoffmann. Pp. 809-849. 15s.; 
2.25 dollars, No. 1082, Vol. 257 (18 March 1965). Storm Surges on a Conti- 
nental Shelf. By N. S. Heaps. Pp. 851-883. 128.; 1:80 dollars. (London: 
The Royal Society, 1965.) [183 

The Royal Institute of Chemistry. Report of the Council for the year ended 
——— 1964. Pp. 33. (Londen: The Royal Institute of ——— 
Ministry of Agriculture, Fisheries and Food. Chemicals for the Gardener 
for the Control of Plant Pests, Diseases and Weeds. Pp. iv+35. (London: 
H.M. Stationery Office, 1965.) 1s. 3d. net. [183 

Statement on the Defence Estimates 1965. Pp. 59. (Cmnd. 2592.) 
(London: H.M. Stationery Office, 1965) 4s. net. 183 

The Macaulay Institute for Soil Research. Annual Report, 1963-1964, 
No. 34. Pp. 66. (Craigiebuckler, Aberdeen: The Macaulay Institute for Soil 
Research, 1965.) , {183 

Magnetit Ceramics. (Proceedings of the British Ceramic Society, No. 2, 
— 1964.) Pp. 174. (Stoke-on-Trent: British Ceramic Society, at 


8. 
Planning, Vol. 81, No. 487 (March, 1965): Planning for Growth. Pp. 
75-114. (London: Political and Economic Planning, 1965.) 6s. [253 
Report of the 1964 Home Universities Conference, University of London 
Senate House, 11th and 12th December, 1964. (The Report of the Qom- 
mittee on University Teaching Methods. The Financing of Universities. 
Ep 76. (London: The Association of Commonwealth Universities, 10853 

8. 


About the Royal Institution: What It Does and some Notes on Member- 
ship. Pp. 12. (London: The Royal Institution, 1965.) [253 
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English Electrice Valve Company, Ltd. 1965 Electronice Valve and Com- 
onent Data (Abridged). Pp. 20. (Chelmsford and Lincoln: English Electric 
alve Company, Ltd., 1985.) 253 

Proceedings of the University of Newcastle upon Tyne Philosophical 

Society. Vol. 1, No. 3: Pierre Teilhard de Chardin—Some Aspects of his 
Thought. By P. G. Fothergill. Pp. 24-84. (Newcastle upon Tyne: Uni- 
versity of Newcastie upon Tyne Philosophical Society, 1965.) [258 
Scientific Proceedings of the Royal Dublin Society. Seriea A, Vol. 2, No. 4: 
Some Lectures of Folding and Faulting in the Sheeps Head Peninsula, Co. 
Cork, Ireland. By K. Coe and E. B. Selwood. Pp. 20-41. 4s. Series A, 
Yol. 2, No. 5* Design and Use of Spherical Geiger Counters. By A. W. B 
Jacob. Pp. 43-46. 2s. Series B, Vol. 1, No, 13: Nephrops norvegtcus the 
Dublin Bay Prawn, in Irish Waters. By C, €. O'Riordan. Pp. 131-167. 8s. 
Series B, Vol. 1, No. 14: A New Apple Variety——Councillor. By P. L. Curran. 
tere ees plate. 2s. (Dublin. The Royal Dublin Society, 1964 ans 
Ciba (A.R L.) Lid. Technical Notes. February, 1965: Kitchen Furniture 
by English Rose. Pp.8. March, 1965: Araldite in Turbine Research. 8. 
(Duxford: Ciba (A.R.L.), Ltd., 1965.) 253 
Royal Anthropological Institute of Great Britain and Ireland. Time and 
Eastern Man. By Dr. Joseph Needham. (The Henry Myers Lecture 1964. 
Pp, ix+52. (London: Royal Anthropological Institute of Great Britain an 
Ireland, 1965.) 20s. [253 


Other Countries 


Republic of Tanganyika: Ministry of Commerce and Industry. Annual 
Report of the Geological Survey Division 1963. Pp. 24. Shs 5/50. Geo- 
logical Maps. Quarter Degree Sheet 64: Monduli, Quarter Degree Sheet 177: 
Mansoke. Quarter Degree Sheet 226: Kamsamba. (Dodoma: Geological 
Survey Division, 1964 and 1965.) 253 

The United States National Museum, under Direction of the Smithsonian 
Institution. Annual Report for the year ended June 30, 1964. Pp. vili+215. 
(Washington, D.C.. The United States National Museum, 1965.) [258 

Annals of the New York Academy of Sciences. Vol. 118, Article 5: The 
Effects of Lathyrism on Oral Tissues. By Alvin F. Gardner. Pp. 268-360. - 
(New York: New York Academy of Sciences, 1964.) 5 dollars. {253 

World Health ——— Technical Report Series, No. 298° Organiza- 
tion of Dental Public Health Services-—Report of a WHO Expert Committee 
on Dental Health. Pp. 44. (Geneva: World Health Organization; London: 
E.M. Stationery Office, 1965.) 3 Sw. francs; 5s.; 1 dollar. [253 

Mitteilungen des Deutschen Wetterdienstes. Nr. 33 (Band 5): Beltrag zur 
Kenntnis der Jahreszeitlichen Interschiede in der HOhenwindverteilung über 
Mimechen (1 bis 14 km Hohe). Von Hans Schirmer. Pp. 28 mit 15 Abbil- 
dungen im Text und 3 Tabellen im Anha 460 D.M. Nr. 34 (Band 5): 
Zur Praktischen Durchfuhrung Gelindeklimatologischer Arbeiten, Von 
Maximilian Schneider. Pp. 32 mit 36 Abbildungen ım Text. (Offenbach 
a.M.: Selbstveralg des Deutschen Wetterdienstes, 1965.) [253 

The Museums Trustees of Kenya, Report for the period 1st July 1963 to 
80th June 1964 of the Coryndon Memorial Museum, and the Coryndon 
Museum Centre for Prehistory and Palaeontology. P. 52. (Nairobi: Coryn- 
don Memorial Museum, 1964.) [253 

Smitheontan Miscellaneous Collections, Vol. 148, No. 4: Planktonic 
Foraminifera from the Western North Atlantic: BY Richard Cifelli. Ep: 
36+-9 plates. (Publication 4599.) (Washington, D.C.: Smithsonian Insti- 
tution, 1965 } [253 

Umited States Department of Commerse: National Bureau of Standards. 
Technical Note 18-21: Quarterly Radio Noise Data—December, January, 
February, 1963-1964. By W. a Crichlow, R. T. Disney, and M. A. Jenkins. 
tala ae (Washington, D.C.: Government Printing Office, 1965.) See 
cents, 

Transactions of the American Philosophical Society. New Series, Vol. 54 
Part 7: Jovellanos and his English Seurces--Economic, Philosophical, and 
Polities! Writings. By John H. R. Polt. Pp. 74. (Philadeiphia: The 
American Philosophical Society, 1964.) 2 dollars. 253 

Norsk Polarinstitutt. Meddelelser Nr. 93: Shoreline Displacement in 
Central Vestspitsbergen; and a Marine Section from the Holocene of Talavera 
on Barentsøya in Spitsbergen, with a Record of the Foraminifera. By Rolf 
* eying: Hanssen, Pp. 34+8 plates. (Oslo: Norsk Polarinstitutt, ie? 


Electric Reduction Company of Canada, Ltd., ERCO Today. (Descriptive 
toe re Pp. 48. (Toronto: Electric Reduction Company of Canada, ita 

Records of the Australian Museum. Vol. 26, No. 1 (18th December, 1963). 
Australian Pycnogonida. By W. ©. Clark. . 1-81. 168. 6d. Vol. 26, 
No. 3 (18th December, 1963): An Account of Collections of Frogs from 
Central New Guinea. By Michael J. Tyler. Pp. 113—130 + plates 1-5. 6s. 
(Sydney: The Australian Museum, 1963.) [313 

Forest Research Institute, Dehra Dun. Indian Forest Leaflet No. 173 
(Timber Engineering). Economical Timber Roof Trusses for Grain Godowns. 
By N. J. Masani, N. Venkaiya and R. K. Gupta. Pp. 8+8 plates. (Delhi: 
Manager of Publications 1964.) Rs 1.80; 3s. 6d. [813 

Commonwealth of Australia. Department of National Development: 
Bureau of Mineral Resources, Geology and Geophysics. Duchess, Qld. 
4-Mule Geological Series, Sheet F/54-6, Australian National Grid. Explana- 
tory Notes on the Duchess Geological Sheet. Compiled by E. K. Carter and 
A. A. Opik. Pp.29 + map. Mossman, Qid. 1 : 250,000 Geological Series, 
Sheet SE/55-1. Explanatory Notes on the Mossman Geological Sheet. 
Compiled by B. J. Amos and F. de Keyser. Pp. 404map. (Canberra City, 
— Bureau of Mineral Resources, Geology and Geophysics, 1963 ong 
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RESPONSIBILITIES IN MANAGEMENT STUDIES 


N his biography of Sir Henry Tizard, Mr. R. W. Clark 
quotes in full some observations of Sir Henry Tizard 
to Sir Alan Barlow, on the problem of fitting scientists 
into the organization of Government, which are highly 
pertinent to the present discussions on education for 
management. Sir,Henry did not believe it would be 
possible to retain first-class scientists in administrative 
work unless the question of status was satisfactorily 
solved. Their scientific advice could not be given effec- 
tively nor could they guide the strategy and tactics of 
scientific research and development unless they sat with 
the planners. The administrator and the scientist had 
complementary and equally important functions to fulfil, 
but to do so they must sit together at the same level and 
work together as partners and equals. Failing this, he 
beheved that the ablest scientists would prefer academic 
life or the material rewards which industry offered. 

Sir Henry would certainly never have suggested that 
more than a minority of scientists would elect for adminis- 
trative work, or even be competent in such duties, but to 
the last he was urging that the absurd and historically 
unjustified distinction between humanists and scientists 
should be dropped. While he thought that men of scienco 
with first-class judgment and origmalty, who are also 
good administrators and men of the world, with political 
wisdom and with a sympathetic understanding of their 
fellow men, are so rare that we must be content to accept 
them gratefully and make the most use of them when they 
are found, he recognized that administration was a task 
for people who had been trained to administer. If, how- 
ever, they were to administer scientific activities they 
must have had a broad general scientific education. 

Sir Henry saw his ideas gaining acceptance before he 
died, but the process has quickened since and seems likely 
to be accelerated as the two new business schools in London 
and Manchester take form. However, in a study of 
“Management Education in Five European Countries”, 
Mr. T. M. Mosson was critical of the present position in 
Britain, partly because of the aloofness of the universities 
and the failure so far to make use of the technical colleges. 
Management is indeed a social as well as a technical 
activity, and as Mr. Mosson observes, the technical colleges 
lack social and educational status. That 1s not necessarily 
irremediable but it may demand somethmg more than 
greater attention to a broadly based education as opposed 
to technical training. The clearer our ideas become as to 
the exact objectives in the development of education for 
management and the most appropriate means and tech- 
niques for that purpose, the easier it should become to 
determine what part the technical colleges can play and 
how far they can provide vacancies and courses supple- 
menting those offered by the business schools and other 
university departments, including the colleges of advanced 
technology. ' 

Mr. J. Lockwood, staff administration officer for the 
Dunlop Company, suggests that four main considerations 
have normally influenced the pattern of management 
development programmes since the Second World War. 
First, greater detail is required in the information wanted 
by managers to-day. Secondly, there is a need to develop 
the ability to apply the knowledge, skill and techniques 


m a co-ordinated way to achieve the desired objective. 
Thirdly, there is a need to onsure by effective com- 
munication that thoss responding to a manager under- 
stand what is required and why. Finally, greater attention 
is required to assist the manager to take and keep to 
decisions. The relative importance of these considerations 
varies with the seniority of the manager’s position, but 
education and training for management 1s a continuous 
process and this is now being increasingly recognized, as 
also is the responsibility of a business enterprise to provide 
for a properly qualified succession in management. 

Nevertheless, it is clear from the comments of Mr. 
T. M. Mosson, and of Mr. S. P. Chambers, in his paper, 
“Education and Industry” (Nature, 203, 227; 1964), that 
there ıs still much to be done, and this is not less evident 
from an address, “Education for Management”, which 
Mr. J. W. Platt delivered last January to the University 
of London. Mr. Platt went so far as to suggest that the 
great shortage of high functional competence was probably 
Britain’s greatest weakness, and that it was here that the 
new business schools could make an improvement of 
national importance, although admittedly qualified 
teachers and courses of the right quality were hard to 
find. If a special eifort could be made now to train 
teachers and establish standards for curricula he thought 
the improvement would soon come. 

Mr. Platt maintained that the functional subjects to 
which he referred, and which W. Brown and E. Jacques 
had discussed in an article, “The Business School Syllabus” 
in The Manager (April 1964), had an intellectual content 
which lent itself to serious study at university level. Tho 
core of his address les in his insistence that the first need 
is for the steady development of management talent and 
the pefection of useful techniques; when this is accepted, 
good academic minds can be left to work out how educa- 
tion can. best serve these needs. The business man must 
understand the educationalist and equally the latter must 
understand the business man; Mr. Platt endorses Lord 
Franks’s view that this field must be seen as a partnership 
between the two, “so positive and close that shared 
responsibility dissipates doubts”. To forge such a partner- 
ship needs a strong and persistent effort on the part of 
both, not merely formal manifestation in the joint 
governing bodies of the new schools, but in a wider sense 
an acceptance of mutual interest and confidence in a 
common purpose. If the partnership can be forged, its 
educational result should be the good balance which is 
needed in business batween the intellectual capacity of 
the academic and the consuming urge for action of the 
man. of affairs. 

Beyond this, Mr. Platt insists that we are concerned 
with a continuing process, and one which seeks to provide 
a framework within which continuous innovation and 
renewal can occur, It means that firms must be prepared 
seriously to link them plans for staff development with 
educational opportumities, regarding both as parts of a 
coherent plan. The partnership calls, too, for hard thinking 
on both sides, and an effort to bring this thinking together. 
There is already a considerable volume of literature on 
education for management, but we now require broader 
studies which deal with the strategy of an educational 
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effort covering a whole career, 1f both sides are to see the 
task in perspective. 

Mr. Platt questioned whether such studies could be 
made satisfactorily by either a business man or an educa- 
tionalist and thought that the best work was likely to 
come from joint effort. The establishment of the two new 
schools would facilitate such co-operation between those 
eminent mm their own fields, and make each alert and 
perceptive to the problems of the other. He looks to 
these schools for early opinions as to what needs to be 
done and for guidance towards a coherent national plan. 
Pointing out that any policy which would release men 
for study would need planning, and possibly the provision 
of a reserve, he argues that the responsibility must be 
squarely placed on educational institutions and all others 
who invite firms to release staff for their courses to explain 
very precisely, in language that the business man will 
understand, the application of each of these courses to 
the needs of the business, and to the development of the 
individual at one defined stage in his career. 

First, however, business must make its needs quite 
clear, and the immediate object is to obtain agreement on 
some form of chart which will enable the academies to 
decide on the type and length of course which will best 
suit each step in a manager’s career and to prepare their 
curricula, Mr. Platt admits that there are deep and 
understandable differences of opinion on studies for 
management and that the general acceptance of such a 
chart ıs still rather remote. Nevertheless, he offers a 
personal analysis as a contribution towards discussion 
and clarification of the basic nature of the task of manage- 
ment. 

The business schools, he suggests, will be concerned with 
two broad types of student: first, with men who tech- 
nically equipped for specific work and who will be engaged 
on the development and application of their techniques. 
They are specialists in the same sense as accountants, 
engineers or chemists are specialists, and their way to the 
highest posts in management is the same and no easier. 
Secondly, there are the men who are being prepared for 
the work of management itself. They, too, will be experts 
in one field but must be broadly grounded, and will pass 
through different echelons until in the process of selection 
there emerge the few who will move into the ranks of 
general managers and ultimately provide the leaders of 
business. This is the preparation of the whole man for 
his whole career, and Mr. Platt’s analysis 1s limited to this 
second group. 

fe distinguishes three stages or tiers in the education 
and development of managers in this group. First comes 
the educational preparation which precedes entry into 
business or industry, and here he places the emphasis on 
postgraduate study. He also urges that the educational 
system should discourage early specialization and take 
more care to see that young people reaching university 
age are better practised in self-expression, and have a 
more general grounding in mathematics, and some intro- 
duction to the human and social problems of modern 
society. Of these postgraduate courses he desiderates that 
they should be primarily educational in purpose, develop- 
ing a grasp of principles and habits of rigorous thought 
which will be valuable to the student throughout his 
career. It might be interpolated that this is the real 
purpose of a university education, and that failure to do 
so at once raises questions about the admission and 
selection of students or. the competence of university 
teaching and administration. 
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Mr. Platt looks to such courses as these, demanding 
deep study in subjects useful in business life, to develop 
and enrich the mind and make the student adaptable to 
the unknown challenges of the future, teaching him how 
to prepare himself for change, and stimulating the habit 
of deep thought and of being alert to what is significant. 
If Mr. Platt is right in regarding this as the most sig- 
nificant phase m the education of managers, the concern 
of universities with education for management is unmis- 
takable. Whether in accountancy, economics, engineering 
or science, the limited specialist is not what the manage- 
ment of an enterprise requires. For full success, the 
specialist must, in one way or another, make himself a 
man. of liberal education. 

Like Sir Henry Tizard, Mr. Platt recognizes that men 
with the qualities and talent needed for higher manage- 
ment are to be found in all the specialist streams recruited 
by business. However, he adds that there is danger that 
men of this rare calibre may remain specialists too long, and 
that they may have gaps in their mental equipment and 
knowledge which will put them at a serious disadvantage 
when promoted to management posts. Here, the respon- 
sibility rests both on the university and on business, and 
co-operation is as essontial as it is in devising the appro- 
priate type of postgraduate course. Moreover, such 
courses should have an invigorating effect on the develop- 
ment of the business schools themselves. 

The second stage distinguished by Mr. Platt is that, 
probably at least thirteen years, covering the period 
between entry into business and promotion to general 
management. Here, he insists on the vital importance of 
ensuring that education during these years should be 
directly related to the work being done and to the 
craduate’s immediate future. There is waste and dis- 
couragement if there is a gap between educational 
experience and its application in practice, and Mr. Platt 
agrees with Mr. W. Bowman and E. Jacques that a 
manager should be brought on step by step, as his 
responsibilities develop and his sphere of action widens, 
by courses covering what is required for a man to run his 
business in a planned and orderly way. Specifically, Mr. 
Platt has in mind courses of three months’ continuous 
study or some equivalent, possibly of the sandwich type. 

His third stage represents the final educational experi- 
ence on promotion to general management, and here he 
suggests that an exacting course of study for higher 
management, adapted to the manager’s new environment 
and aspirations should add greatly to his reserves of 
capacity. This period of study should not be intensive 
or rushed, and Mr. Platt hopes that firms will be in- 
creasingly disposed, as these improved courses become 
available, to release their selected men for periods of as 
much as eight months, when in company with men of 
their own standing and aspirations they will get a new 
vision of their maturing opportunities and responsibilities. 
This is of the future and is different from post-experience 
courses on which the business schools are expected to 
start this autumn. 

It is easy to see what a grave difficulty the supply of 
teachers will impose on such developments, but a start 1s 
being made, and the sincerity of Government support 
will be attested not only by the measure of the financial 
support given to the new business schools but also by 
that given to the universities generally. There, and in 
industrial and business co-operation, lies the key to 
success, and it should be noted that in a report com- 
missioned by the Institute of Municipal Treasurers and 
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Accountants in association with the University of Lan- 
caster, Mr. R. W. V. Dickerson recommends that the 
training of the financial administrator should be entrusted 
mainly to the universities or to regional colleges engaged 
in. research as well as in teaching. While Mr. Dickerson 
urges the Institute to extend its functions to include 
training, he considers that the universities and colleges 
are the only institutions which can hope to discover what 
the new accountancy should be, how it should be taught 
and how it should be adapted to changing needs and 
circumstances. It should surely no longer be necessary 
to argue either the importance of management studies or 
their appropriateness as a subject of university study. 
the question is now rather that of how they should be 
organized and on what scale. Throughout Mr. Platt’s 
address ıt is umplicit that the universities themselves are 
likely to be immensely benefited by such studies, if only 
because they are challenged once again to consider the 
purpose of a university education, and what is involved 
to-day, even if it were accepted as no more than that of 
fitting its students adequately to fill responsible pro- 
fessional positions. 


No. 4989 


A NEW APPRAISAL OF RADIATION 
GENETICS 


Problems of Radiation Genetics . 

By N. P. Dubinin. Translated by G. H. Beale. Pp. 
ix -+ 445. (Edinburgh and London: Olver and Boyd, Ltd., 
1964.) 110s. 


N the forty years of its existence, radiation genetics has 

developed into a vast field with many interrelated, 
specialist areas devoted to physical, chemical, genetical 
and cytological analysis of the action of ionizing and non- 
1omzing radiation on biological material. As a tool for 
dissecting the genetic material and its function, radiation 
genetics has remained unrivalled for many years; even 
now, it is in many ways superior to chemical mutagens in 
this respect. To the purely theoretical interest of radiation 
genetics, the past few decades have added practical 
considerations of major importance. On the negative side, 
steps have to be taken to mimimize the genetical dangers 
of radiation; on the positive side, ‘mutation breeding’ has 
already proved its value for the improvement of micro- 
organisms and agricultural plants. Ten years ago, all 
available knowledge on the subject was summarized in the 
four volumes of the Handbook of Radiation Biology. Since 
then, the discovery of the chemical nature of the gene and 
its functions has led to a revolution in our interpretation 
of radiation data, and although much of the Handbook 
remains of abiding value, a new appraisal of the whole 
field was urgently desirable. 

Such a new appraisal is provided in Dr. Dubinin’s 
Problems of Radiation Genetics. Although it is already 
behindhand by several years m this rapidly expanding 
field, it is yet firmly based on our new ideas of molecular 
biology. It should, therefore, not be too difficult to bring 
the facts up to date in a new edition. After an introductory 
chapter on the fundamentals of genetics and cytology and 
a second chapter—by S. L. Shirokov—on the physical 
principles involved, the book deals with the genetical and 
cytological effects of ionizing radiation, ultra-violet light 
and visible light (photodynamic action). Special chapters 
are devoted to the radiation genetics of mammals, the 
dangers of ionizing radiation for mankind, and radiation 
breeding of plants and micro-organisms. ‘The individual 
chapters—apart from the two introductory ones—are 
review articles rather than analytical discussions. A. 
reader who looks in them for the type of profound and 
sophisticated analysis to which Muller in his Handbook 
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articles subjected the then available evidence will be 
disappointed. ‘There is a certain amount of weighing of 
evidence, and the scientific standing of the author guaran- 
tees that no truly untrustworthy or disproved evidence 
will have been included without criticism; but by and 
large it is left to the reader to sift the evidence and draw 
his conclusions. What she book has lost in depth by this 
manner of treatment, it has gained in breadth. An enor- 
mous amount of information is presented. The list of 
references comprises nzarly 900 titles, about 180 from 
Russian authors. A curious omission is that of the 
fundamental paper by Raffel and Muller on ‘‘Gene Divisi- 
bility”, a problem discussed fully in the first chapter. 
Unfortunately, no references are given to the origin of 
text figures, many of which are graphic representations 
of data which the reader may wish to study in the original; 
this should be amended ın a future edition. 

In spite of the vast amount of material covered, the 
writing is discursive and, to some extent, repetitive. This 
way of presentation maxes for easier reading and helps to 
drive home important itindings from different angles, but 
it makes it difficult for she reader to find the places in the 
book which deal with any special problem. It ıs, for 
example, not easy to guess that radiation-induced cancer 
occupies several pages oT the section called “New problems 
in human and mammalan radiation genetics’’, or that the 
effects of radiated medium are discussed ın two places, 
separated by 12 pages. The two brief indexes, provided by 
the translator, are of some help, but a much more detailed 
mdex is needed for making the best use of the book. 
Headings of sub-sectiors would be an additional aid. 

In a number of resp=cts, one feels that the book was 
written when Russian zanetics was still under suspicion 
of being ‘idealistic’, useless and subversive. The Western 
reader will be bewildered by the reasoning that culminates 
in the conclusion that ‘‘the discovery of the purely material 
nature of the complex processes of life” 1s “one of the major 
landmarks in the hiszory of dialectical materialism”. 
There is also a distinct flavour of apologetics in the re- 
current emphasis on the practical importance of radiation 
genetics, far beyond what can reasonably be expected 
from it. Thus, deciphering the DNA code 1s said to be 
potentially useful as a model of a code for technological 
purposes, such as the programming of Sputniks and 
spaceships. The possibility of mutation breeding 1s 
fantastically overrated in the statement that “when he 1s 
able to change deliberasely the arrangements of atoms in 
the molecule of genetic material, man will be able to create 
new desired forms of plants, animals, micro-organisms and 
viruses’. One hopes thas in future editions such pandering 
to political prejudices will no longer be necessary. 

The translation is excellent and gives the reader the 
reassuring feeling of ita having been done by an expert 
geneticist who has himself checked not only the references 
(excluding some Russian ones) but also whatever might 
have seemed obscure oz ambiguous in literal translation. 

CHARLOTTE AUERBACH 


1 Radiation Biology, edit by Holisender, A. (McGraw-Hill Book Co., Inc., 
New York, 1954-1956.) : 


BIOLOGICAL EFFECTS OF NEUTRON 
AND PROTON IRRADIATORS 


Biological Effects of Neutron and Proton Irradiations 

(Proceedings of the Symposium held by the International 
Atomic Agency at the Brookhaven National Laboratory, 
Upton, New York, 7-11 October, 1963.) Vol. 1: Pp. 433. 
Vol. 2: Pp. 446. (Vienna: International Atomic Energy 
Agency; London: H.M-S.O., 1964.) 189 schillings; 54s.; 
9 dollars each volume. 


EADING these Proceedings, one can only conclude 
that this must have been a most exciting meeting. 
Volume 1 begins with the two sessions devoted to dosi- 
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metry; W. S. Snyder described Monte-Carlo-type calcula- 
tions of linear energy transfer distributions in homogeneous 
tissue cylinders of sizes representing mouse, rat, guinea- 
pig, dog and man, for irradiation with monoenergetic 
neutrons of 0-1-2-5 MeV. D. E. Watt et al. measured 
absorbed dose at various depths in tissue for broad and 
narrow neutron beams from a Pu-Be source. V. I. Ivanov 
discussed the application of a new radiation unit and 
provoked a spirited discussion summed up by ©. A. 
Tobias in his comment that many workers had realized 
for some years that expressing radiation dose in energy 
units alone was not enough, as biological effects also 
depended on lmear energy transfer. H. Jung reported 
experimental irradiation of ‘Melmex’ foils with slow 
protons, m which energy transfer appeared to occur not 
only by ionization, but also by a second, more efficient 
mechanism not yet characterized but operative at low 
proton energies. D. E. Watt et al. described a double- 
gridded ionization chamber, and range-energy measure- 
ments for protons and « particles made with it; m dis- 
cussion which followed, J. H. Martin poimted out that this 
chamber was suitable for measurement of protons of 1-5- 
14 MeV. V. P. Afansev et al. discussed the production of 
beams of 120- to 510-MeV protons for the uniform 
irradiation of dog-sized animals, and showed expermmental 
measurements of dose distribution within dog phantoms. 
B. J. Banville described the biological irradiation facility 
(thermal neutrons) at the Chalk River NRX reactor, and 
T. S. Mobley et al. described in vivo measurement of fast 
neutron and y-dose m sheep exposed to pulsed fission- 
spoctrum irradiation from a Godiva-type reactor, using 
subcutaneous dosimetry packets containing glass-rod dosi- 
meters and cadmium-covered or bare gold foils. N. A. 
Frigerio and D. L. Jordan described dosimetry for uniform 
total-body irradiation of mice with monoenergetic neu- 
trons of 396-658 KeV and showed that the LDso/fsọ for 
these mice was a function of neutron energy although all 
mice which died showed intestinal damage rather than 
bone marrow failure as the principal cause of death. I. B. 
Kerim-Marcus et al. reported measurement of intermediate 
(1-500 keV) neutrons outside the biological shielding of 
the IRT-1000 reactor; they showed that the calculated 
tissue doses to personnel were too low by factors of 1-5-5 
unless these intermediate neutrons were allowed for. 

In an intriguing paper, D. Hightower and H. M. Swartz 
measured neutron penetration and dose-distribution m 
unilaterally irradiated dog cadavers directly, by the 
activation produced in thick tissue slices taken from the 
irradiated cadavers. There were differences in distribution 
of dose between abdomen and thorax, and differences in the 
distribution of activity produced by thermal or fast 
neutrons. The mmportance of “P activation in the bony 
skeleton was emphasized in discussion; J. Chanteur et al. 
described similar experimental measurement of thermal 
neutron dose in rats, and pointed out that the ¥P activa- 
tion might be a method for determining a posteriori the 
neutron dose received by personnel in radiation accidents. 
J. A. Dennis examined the relationship between surface- 
absorbed y-dose to the trunk and a blood count profile 
score for all persons exposed since 1946 to mixed neutron-y 
irradiation in criticality accidents; he showed that a 
‘damage index’ based on surface absorbed y-dose and 
blood *4Na activity provided the best prognostic index 
so far available. Yu. I. Moskalev reviewed results of 
neutron and high-energy proton irradiations and empha- 
sized the need to understand qualitative differences in 
their effects on whole animals; neutron and proton 
irradiation frequently produced gonadal and gastro- 
intestinal tumours m experimental animals which were 
only rarely produced by single-shot X-irradiation. 

In a session specifically devoted to high-energy protons, 
Yu. I. Moskalev et al. compared effects of fast neutrons and 
high-energy protons in the rat; Yu. Grigoriev et al. 
presented data for irradiation of mice, rats and dogs with 
120- to 510-MeV protons and commented that proton 
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irradiation of dogs produced an earlier and more fulmmat- 
ing haemorrhagic syndrome than comparable X-radia- 
tion. ©. A. Sondhaus eż al. described methods of scattermg 
highly-collimated proton beams from the Berkeley 184-1. 
eyclotron for uniform irradiation of large animals to 
simulate solar-flare exposure. J. K. Ashikawa et al. 
compared modes of death in mice exposed to 730-MeV 
protons and X-rays; proton-irradiated mice showed a 
predominance of intestinal death which increased at dose- 
rates in excess of 1,000 rads/min, but the difference 
between thisand the haematological death more frequently 
observed after X-irradiation was ascribed to differences 1m 
tissue dose-distribution. P. Bonet-Maury et al. found that 
irradiation of mice with 157- to 592-MeV protons and 150- 
to 950-MeV electrons produced effects similar to X-rays, 
with relative biological effectiveness (RBE) for four 
biological end-pomts approximating 1:0. J. E. Jesseph et 
al. described the dosimetry and preliminary results of 
irradiating mice with 2-0-GeV protons. 5S. C. Rexford- 
Welch described the formation of cataracts and other 
ocular and central nervous system findings after high- 
energy proton irradiation of rhesus monkeys, but found 
that epilation was a better bio-dosimeter than ocular 
signs. H. J. Schaefer showed that the average lmear 
energy transfer of solar flare protons was considerably 
lower than the maximum in the linear energy transfer 
spectrum for X-rays. 

J. J. Broerse and G. W. Barendsen opened the session 
on cellular and genetic effects by presenting ın vitro 
survival curves for human kidney cells exposed to 3-MeV 
and 15-MeV neutrons. P. O. Gooch et al. presented data 
suggesting an RBE of 2 for the production of chromosome 
aberrations in cultured human leucocytes for 14-MeV 
neutrons as compared to X-rays. J. O. Archambeau et al. 
presented survival curves for HeLa cells irradiated with 
thermal neutrons after bemg incubated with B to 
simulate conditions in neutron capture therapy. A. G. 
Searle and Rita J. S. Phillips reviewed the genetic effects 
of fission neutrons at low dose-rates on mice; under these 
conditions, fission neutrons were about 50 times as 
effective as X-rays in producing specific locus mutations 
m spermatogonia. There were papers describing the use of 
fast neutron irradiation as a mutagen for rice (H. Yama- 
guchi, N. S. Rao and A. R. Gopal-Ayengar), and reviews 
of the Brookhaven radiation mutations programme (J. P. 
Miksche and S. Shapiro) and of the general use of neutron 
irradiation in agricultural genetics (A. R. Gopal-Ayengar 
and M. S. Swaminathan). 

Volume 2 is devoted to the sessions on Pathology and 
Relative Biological Effectiveness. A. L. Batchelor and 
P. W. Edmonson described the Harwell reactor Bepo 
facility for irradiation of large animals and gave pre- 
liminary data for survival and haematological effects 
observed in irradiated goats. E. J. Ainsworth et al. showed 
that for acute mortality in mice, rats and dogs, pulsed 
fission neutron irradiation (105~10* rads/min.) was neither 
more nor less effective than continuous irradiation at 
23-30 rads/min. Hustopathological effects of irradiation 
of mice with 14-MeV monoenergetic neutrons were dis- 
cussed by F. Hirose; J. O. Archambeau et al. showed 
effects of thermal neutron capture by 1°B on pig skin and 
dog bram. M. A. Quaife et al. showed that exposure of 
sheep to fisston-spectrum neutrons produced loss of wool, 
while similarly exposed dogs did not lose hair. R. K. 
Jones ef al. showed that primary endothelial damage 
combmed with thrombocytopenia produced the picture 
of intrapulmonary haemorrhage seen in dogs exposed to 
pulsed fission-spectrum neutron irradiation. By irradiating 
with 10-MeV protons, the range of which extended only 
through the epidermis of mice, S. W. Lippincott et al. were 
able to produce pre-neoplastic epithelial dysplasia even 
over normal, unirradiated dermis. R. H. Mole presented 
pathological findings on mice exposed continuously to 
thermal neutrons at very low dose-rates from the Harwell 
Gleep reactor, while L. J. Cole and P. C. Nowell com- 
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bined fission-spectrum neutron irradiation with specific 
proliferative stimuli such as carbon tetrachloride liver 
damage or unilateral nephrectomy to investigate altera- 
tions in tumour incidence. H. J. Curtis et al. demonstrated 
that for life-shortening and for the production of chromo- 
some abnormalities, thermal neutron effects were fully 
additive and independent of dose-rate, whereas y-radiation 
effects were partially repairable durmg protracted ex- 
posures or between fractionated doses. L. E. Farr and T. 
Konikowski showed that thermal neutron irradiation 
alone did not produce the same changes in transplanted 
mouse tumours in sutu as did the combination of thermal 
neutrons with B injection. 

D. K. Bewley and S. Hornsey reviewed effects of fast 
neutrons from the Medical Research Council’s cyclotron 
at Hammersmith Hospital, on several biological systems; 
they made special reference to the use of these neutrons 
for radiotherapy, and J. F. Fowler reviewed the arguments 
for using fast neutrons rather than X-rays, accelerated 
charged particles or thermal neutron capture for the treat- 
ment of human tumours. 

T. Fuji investigated specific locus mutations produced 
by 14-MeV neutrons in wheat and found an RBE greater 
than 20 when compared with somatic mutations produced 
by ®°Co y-radiation. H. H. Smith et al. studied cytogenetic 
effects of 0-43- to 1:8-MeV neutrons on maize and obtained 
values for the relative biological effectrveness of 42-135 
for mutation production compared with 250-kVp. X-rays. 
A. Marshak pointed out that for several animal and plant 
species, neutron RBE for production of chromosome 
abnormalities varied throughout the cell cycle. J. F. 
Spalding eż al. demonstrated that acute lethality in RF 
strain mice to fission neutrons was independent of dose- 
rate from 10 rads/min, to 2 x 10° rads per mm. H. H. 
Vogel and D. L. Jordan compared fractionated low dose- 
rate fission neutron and ®°Co y-irradiation effects on mouse 
mortahty. J. R. Andrews et al. showed that for a mouse 
leukaemia assayed în vivo, cell survival after fission 
neutron irradiation was nearly mdependent of the presence 
or absence of oxygen, while irradiation with 14-MeV 
neutrons produced a rather large oxygen effect. B. E. 
Vaughan eż al. showed an RBE value of 2-3 for cyclotron 
neutron inhibition of gastric bioelectric activity, and 2-6 
for delayed inhibition of plasma-to-lumen sodium ion 
transfer. A. L. Batchelor et al. showed RBE values of 
2-2-4-7 for weight reduction of testis after irradiating mice 
with 14-MeV, 3-MeV or fission-spectrum fast neutrons. 
Y. Arnaud and C. Bocquet showed that the RBE varied 
with the dose-level at which comparisons were made when 
the survival of E. cols and S. cervistae was the biological 
end-point. J. L. Bateman et al. showed that 0-43-MeV 
neutrons were more efficient in producing cataracts in mice 
_ than ] 8 MeV neutrons, while A. C. Upton et al. showed 
that of all the late somatic effects of irradiation, only for 
cataract production did fast neutrons have a high RBE 
(10). J. 8S. Krebs and R. W. Brauer concluded that two 
types of recovery could be seen in vivo following X- 
irradiation; at least one of these recovery mechanisms was 
also present after large doses of neutron irradiation. 

The remainder of the volume ıs devoted to a spirited 
panel discussion on ‘Biophysical Considerationsin Neutron 
Experimentation’’, which V. P. Bond opened with a wide- 
ranging review of animal expermmental results. Yu. I. 
Moskalev, G. W. Barendsen, A. M. Kellerer, J. F. Fowler, 
A. H. Sparrow, T. Brustad and C. A. Tobias contributed 
to arguments for and against the interpretation of bio- 
logical results in terms of formal ‘target-and-hit’ theory 
and its modifications! ‘The discussion included the in- 
activation of enzymes by particle radiations and lethal 
effects on plant and animal systems. 

These two volumes,provide a splendid cross-section of 
thoughts about neutron and proton irradiation of bio- 
logical materials. The wide overlap of disciplines repres- 
ented by those participating makes for a rather hectic 
presentation, but is a useful reminder to those new to the 
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subject that the editice of radiobiology is by no means 
a monolithic one. The photo-offset reproduction is clear 
and readable, and errors are largely confined to discussion 
between papers. ROGER J. BERRY 


ELECTROPHORESIS IN 
NEURCPATHOLOGY 


Agar Gel Electrophoresis in Neurology 
By A. Lowenthal. Pp. £04. (Amsterdam, New York and 
London: Elsevier Publishmg Co., 1964.) 60s. 


INCE many neurolcgical diseases are as yet only 

poorly understood, neurologists must welcome the 
introduction of any method which may help to solve 
their problems. Application of zone electrophoresis to 
neuropathology may provide some of the missing data 
There is always a danger, however, that workers adopting 
a method developed ın cther fields may be ignorant of its 
pitfalls and limitations. In Agar Gel Electrophoresis on 
Neurology, the major part of which deals with the electro- 
phoretic analysis of cerebrospinal fluid from pathological 
cases, Dr. Lowenthal emphasizes that the mterpretation of 
electrophoretic patterns. particularly their quantitative 
evaluation, is not entirely straightforward; the need to 
establish criteria for normal cerebrospinal fluid before 
possible abnormalities can be considered is clearly brought 
out. : 

With his insight into tne problems of assessing results of 
electrophoresis of pathclogical material, Dr. Lowenthal 
would appear to be an excellent author to bridge the gulf 
between protem chemists and clinicians. Unfortunately 
the author’s command of English does not match his 
scientific ability and tke style of writing considerably 
reduces the value of this book The reader is repeatedly 
distracted from the subject matter by syntactical errors; 
in places the wording is ambiguous and at worst, unin- 


telligible. The section explaining the classification of 
electrophoretic patterns is particularly difficult to 
follow. 


The book has other defects. Little attempt is made to 
define unfamiliar terms: the meaning of some can be 
deduced, but the meaning of others, for example ‘albumino- 
cytological dissociation,” 13 never explained. There are 
confusing errors in numbering of tables and omissions ın 
the figures. The figure showing the apparatus for agar-gel 
electrophoresis is so smell that it is impossible to distin- 
guish between the agar layer and its supporting slide; it is 
not clear from the text that the agar layer faces down- 
wards. It would have been helpful if peaks on more of 
the electropherograms hed been labelled; in particular the 
figure showing the normal pattern of cerebrospinal fluid 
proteins should have been lettered. 

Although these faults must detract from the usefulness 
of the book, the reader who can tolerate them is rewarded 
with abundant and fascinating data. ‘The book covers 
more ground than the titi suggests and deals in some detail 
with paper electrophoresis as well as with the agar-gel 
technique. Cerebrospina_ fluid obtained from patients and 
animals suffering from a wide range of neurological 
conditions has been examined by both methods. The 
results are tabulated according to different classifications, 
and therr significance discussed. The comparison between 
cerebrospinal fluid protems in multiple sclerosis and in 
swayback is of particular interest. In addition, there are 
shorter chapters on ager-gel electrophoresis of cerebral 
tissue proteins, enzyme e_ectrophoresis and immunoelectro- 
phoresis; the author mdicates how the different methods 
can complement each other. There ıs a comprehensive 
biblhography, but reference to part numbers as well as 
volume numbers is confusing. ; 

If Dr. Lowenthal writes again in English it 1s to be hoped 
that his publisher will ensure that the presentation does 
justice to the scientific ecntent. ANN SILVER 
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EDUCATION AND CHANGE’ 
By Dr. ALEXANDER KING, C.B.E. 


Director for Scientific Affairs, Organization for Economic 
Co-operation and Development, Paris 


T has become commonplace of late to announce and 
bemoan the present rapid rate of change in our world, 
caused by technology and which, in turn, gives rise to a 
still more technological environment. Above all, we still 
live ın the uncertainty as to whether we can survive the 
threat to life and civilization which we ourselves have 
created. Yet most of us have adapted all too easily to 
hfe on the abyss. We accept the inevitability of change in 
our world to the extent that in our speculations of life 
and work in the future, we are willing to consider all 
sorts of fantastic possibilities with little thought as to the 
continuity of life and culture which our fathers had 
assumed. We are all expert in describmg the present 
indications of change—tho increasing contrast between 
affluence and abject poverty between nations, the collapse 
of many features of our society which formerly gave it 
cohesion and coherence, the evaporation of religious 
belief, the blurring of politica! differences and the fluttering 
impotence of political power in all but the biggest nations, 
the changed nature of work, the apparent lack of under- 
standing between the generations, the loss of a sense of 
purpose in the lives of perhaps the majority of individuals. 
We realize that it will be difficult to live in to-morrow’s 
world, that it will be hard to adapt, yet we do very little 
about it. To pay lip service to the importance of education 
as a preparation for living and working in the new world 
is perhaps one of the easiest ways of avoiding the issue. 
Education certannly—but what education ?—aimed at 
what objectives ?—and in preparation for what sort of 
internal and external world ? 

The objectives of education are two-fold: to develop 
the potentialities and performance of the individual and 
to enrich society. It is, of course, all things to all men-— 
whether they may suppose themselves to be educated or 
not; it may signify a better job, social aspiration, a fuller 
life. Education has thus to include a complex of mter- 
related functions which range from the somewhat banal 
establishment in the minds of children of an over-simplified 
image of their country and society, traditional and 
acceptable at the time, through the utilitarian imparting 
of professional knowledge or even of mechanical skills, 
the inculcation of factual information necessary for every- 
day life, transmission of the cultural heritage, to the most 
basic end of education—the training of the mind to think, 
to see ideas and events in perspective and to establish 
values. In practice, of course, all these functions, recog- 
nized or not, have to be incorporated in the single educa- 
tional process. 

It may be useful to look a little more closely at some of 
these functions in the light of the theme presented. It is 
not only in totalitarian societies, or those based on political 
dogma presumably too insecure to be taken for granted, 
that the educational system is used for indoctrination. 
The most gentle and stable of societies have adopted 
the conditioning process in education so long that they 
ignore its very use. In moderation, such a function is 
necessary, but it should, of course, seek to avoid distortions, 
not only in the history books; even the sciences are taught 
with a distinctly nationalistic slant. With the present 
rapid changes in political and social structure, it will be 
necessary to re-assess much of the curricula, especially at 
the early stages, to lay the basis fora world view. Strangely 
enough, it is in the so-called highest function of education 
that the conditioning process is manifest most deeply, 


* Substance of the second Annual Guinness Awards Lecture, administered 
by the Science Teacher, delivered on April 27. 


albeit in an exceedingly subtle form quite unrelated to 
nationalistic ends. It ıs commonly believed that the 
chief end of education, particularly at advanced levels, 
18 to provide an intellectual discipline which sharpens the 
mind and renders it capable of attacking all the problems 
which beset the human condition. It is often stated, 
although this is a latter-day and liberal concession, that 
it matters little whether the basic subject be Hellenic or 
mathematical studies. This is quite false; each discipline, 
no matter how valid or how incisive ıt may be, establishes 
in the mind which it forms, a quite separate and character- 
istic approach to the multi-variant problems of humanity. 
Thus the outstanding lawyer, the classical scholar, the 
physicist and the engineer are each in their own way 
conditioned by their discipline and look diversely on 
life. These various approaches may prove relevant to 
our present situation to quite different extents, and 
aim the mind in different ways to adaptation and 
change. . 

The vocational aspects of education loom large in the 
eyes of parents and children, yet tend to be belittled by 
the educators. In practice, education has always con- 
tained a large element of utility, and even ın our universi- 
ties the professional training aspects predominate at the 
undergraduate level. Engineering and law schools are 
clearly vocational and even the purest academic must be 
grateful that this is equally true of the medical faculty. 
There is a present tendency, as we shall see later, to plan 
education in terms of the foreseeable needs of society. 
This realistic approach 1s strictly vocational, yet it 1s 
becoming increasingly clear that it gives a direction and 
incisiveness to education without necessarily causing a 
displacement of the equilibrium between the various 
functions which we are considering. 

The cultural and social facets of the educational inten- 
tion raise more fundamental problems in relation to change. 
Education is, traditionally, the propagation of the cultural 
heritage; the transmission of the whole body of human 
knowledge within a slowly evolving society has until 
now provided for continuity and progress. In periods of 
rapid change, however, internal adjustments and the 


‘assimilation of new concepts and knowledge are insuffici- 


ently rapid and, in fact, education tends more and more 
to transmit the ideas of the past and not of the present. 
This is inevitable since those who teach the young were 
themselves conditioned and educated at a period well 
back in the curve of change, and were probably instructed 
in obsolete terms by their own teachers, trained a genera- 
tion before. Education is an essentially long-term process ; 
a period of fifteen years is often quoted as the minimum 
time between the entry of a child into the educational 
machine and his emergence from university. At the 
advanced growing points of knowledge in the research 
schools, the situation is quite different; but elsewhere in 
the education process, inculcation of knowledge operates 
with a time-lag of 20-50 years. Far from being a vehicle 
of social change as is often claimed, or at least hoped, 
education can well prove to be a prison of outworn ideas 
in periods of rapid change, such as the present. Even at 
the frontier, this can be true. The prejudices of men, old 
in their conditioned wisdom, can throw a long resistance 
in the way of adaptation to the present, to say nothing’ 
of the future. Max Planck expresses this very well in his 
autobiography: “A new scientific truth does not triumph 
by convincing its opponents and making them see the 
light, but rather because its opponents die and a new 
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generation grows up that is famihar with it”. The 
explosive changes in the world to-day require a quick 
adaptation which cannot await with patience the death 
of the popes of established knowledge. 

Science, as is defined in Britain, has—in contrast to 
the conservatism of education—always been revolutionary. 
The very nature of the scientific method with its basis in 
experiment has been to question authority and to challenge 
established belief. it was indeed the establishment and 
slow penetration of the experimental method of science, 
offering an entirely; novel instrument to man for the 
examination of the universe and of his own functioning, 
which gradually altered our civilization and, among 
other consequences, gave rise to the high rate of change 
we now face. .Until very recently, the Platonic and 
Aristotelian assumption of ideas, changeless with time, 
was inherent in the whole education process. There was 
no need to adapt, but only to illustrate, to analyse and to 
elaborate. It was many years before the changes due to 
experiment were able to enter education and begin a 
ferment within it. One of the chief accusations against 
Galileo was that he taught, not in Latin, but in the vulgar 
tongue; education had to be protected from incursions 
of new method and enquiry. The trickling pace of educa- 
tional change matters little in an apparently stable intel- 
lectual culture, but the tempo of transformation remains 
slow and will not suffice for a world of transition. Ever 
since Galileo science has been the precursor of change, 
the champion of the open mind, although Planck’s 
principle already enumerated here often lays down a 
formidable time-lag. In the eighteenth and nineteenth 
centuries science was recognized and reviled for having 
given intellectual support to the French and American 
revolutions. To-day, working in the affluent society and, 
it must be admitted, demanding and gaining much from 
the same affluence, it maintains a role in society much the 
same as the medieval fool in pricking the balloons of 
complacency. In fact, scientific scepticism, in posing the 
awkward question, aware of the thmness of the ground 
beneath our feet, ever providing from its research new 
facts which have to be reconciled with existing theory, is 
perhaps the one real hope against the complacency, 
conformity and decadence which have finally engulfed 
all the previous affluent societies of history. 

One of the saddest examples to-day of innovating the 
obsolescent is the so-called development process now 
taking place in the newly independent countries of the 
world, where old traditions have mainly been broken 
and are being replaced by a fragile culture based on many 
of the cultural and pedagogic elements of so-called devel- 
oped societies, which we are now beginning to question. 
It is easy to understand how new societies, in consolidating 
their national entity and self-confidence, have to create 
status institutions based on Western values—the steel- 
works, the university, the nuclear reactor and the national 
airline. What might have been avoided is the reaction of 
the developed countries in exporting national institutions 
and power-prestige items without real and profound 
considerations of the essential social and economic needs 
of the recipients—HEnglish grammar schools, French 
lycées, American liberal arts colleges; curricula appro- 
priate to early twentieth-century needs m temperate, 
urban communities; research on nuclear physics uncom- 
pensated by an appropriate technological effort related to 
short-term practical needs and the problems of tropical 
environment. These are examples, not of lack of goodwill 
to assist the emerging countries; on the contrary, they 
represent a spontaneous desire to export the best of the 
West, but with lack of coherence and co-ordination 
baro the various donor nations and agencies, too 
spontaneous a reaction to meet innumerable fractional 
requests, insufficient understanding of the process of 
technological transfer, lack of an impartial consideration 
without national bias of the best long-term interests of 
the receiving countries. 
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The problems of education in the developing countries 
are overwhelming and a great effort will be required from 
our industrialized societies. This offers at the same time 
a great opportunity to re-think many of the basic problems 
of education without the clutter of historical and tradi- 
tional bias which we have accumulated over so long a 
period. There is a demand everywhere, on social and 
political as well as economic grounds, for the establishment 
of universal literacy which cannot be quickly met and 
which, in any event, could be self-defeating unless accom- 
panied by provision of suitable reading material to 
satisfy and maintain it. It will be tragic if the great 
efforts which must be put into such schemes are based on 
images and ideas from a fading world. Margaret Mead, 
in a profoundly simple and touching article in a recent 
issue of Daedalus, has put forward ascheme for “‘establish- 
ing a shared culture’. The setting for this is more in 
the immediate future than in the past, but built from the 
known, including knowledge very recently obtained; 
it would regard the various kinds of existing knowledge 
as beginnings, instead of as the ultimate; it would attempt 
to unify the diversity of knowledge and experience of the 
contemporary world. Baldly stated, this sounds a Utopian 
approach, but the more one looks into it, the more sensible 
it appears. Such a universality of approach based on 
experience, free from tendentiousness and ideological or 
dogmatic projection, could avoid many of the difficulties 
inherent in the early Unesco enthusiasm for an agreed 
universal history. 

In the industrialized societies such as that of Britain, 
the problems of education in the face of change are quite 
difficult. We start not with a white page, but with a 
complex mechanism of great dignity and inertia. We 
require from it the transmission of the knowledge, culture 
and values of our past which have made our society great. 
We require this perhaps more than ever to-day, to give a 
stability in the midst of our rapidly transforming world, 
to provide continuity and roots. At the same time, we 


- require from it the means to form the new world, to adapt 


the new generation tc circumstances of which we can 
have no experience, with the view of utilizing the change 
itself for the well-being and future of man and not for 
his destruction. At first sight, then, two objectives seem 
incompatible. The transmission of too much, too tradi- 
tional experience could easily imprison the coming 
generation in our past and render it incapable of coping 
with the new circumstances to an extent which would 
invite destruction of the very civilization which we are 
attempting to preserve. Equally, to teach mainly in 
terms of projections into the future without a sufficient 
implanting of our race experience and maturity cculd 
dissipate our civilization without substituting a new 
unity and stability. The difficulty is to achieve a balance, 
yet it is a chief task of our particular age to preserve the 
best of our past and incorporate it in a new and aspiring 
culture. 

The bigger of the two dangers is certainly to look too 
much toward the past, rather than toward the future, and 
this comes less from lack of judgment than from the 
inherent inertia of the sducational process. The primary 
need here is for the educators to find means of providing 
curricula in terms of the state of knowledge at the moment 
and of the needs of man m contemporary society. The 
We start our education 
by learning the ABC through images familiar to an earlier, 
rural culture and later take up subject after subject 
roughly as they were seen before the First World War. 
In chemistry, for example, we commence, after a delightful 
descriptive pre-scientific state of appreciating colours, 
smells and bangs, with the teaching of the exquisite logic 
of the Dalton atom, greatly significant at the beginning 
of the industrial revolution, but of mainly historical 
relevance in the present age of wave mechanics. Euclidian 
geometry may be no more elegant and effective as an 
intellectual discipline than the theory of parity, but shall 
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always hark back to Euclid and Dalton. It 1s so much 
easier to do so, since we were brought up on Dalton and 
Avogadro, by teachers who had also arrived at this stage, 
because their own teachers had likewise done so. It is 
difficult for a teacher of chemistry to muster sufficient 
self-confidence to teach children in terms of advanced 
theory of the chemical bond even when he is capable of 
doing so. 

In facmg the educational reforms necessary to meet 
the needs of contemporary society and the economy, we 
are moving within a series of vicious circles: not only 
is there this built-in and self-perpetuating obsolescence 
within the substance taught, but also the balance of 
supply and demand works heavily against the availability 
of teachers for subjects where the needs are greatest and 
shortages most acute. Nearly all advanced societies 
require an increase in the proportion of scientists and 
engineers. As there are immediate shortages in many 
science subjects, the forces of the market direct the best of 
those produced to industry and to the expanding research 
positions, academic and otherwise. Consequently, too 
few of the best science graduates are willing to teach in 
secondary schools. There is no equivalent demand for 
historians and classical scholars; such individuals, of 
considerable intellectual standing, come willingly enough 
to the schools. Their young, vigorous teaching, in fields 
where the problems of catching up with contemporary 
thought are not difficult, contrasts all too often with a 
(statistically) drab and uninspiring instruction in mathe- 
matics and the physical sciences. As a result, too high a 
proportion of our bright, young minds are repelled by 
science and continue their development in the humanities 
or the classics so that we have many university vacancies 
in the science and engineering schools, and, as a conse- 
quence, the next wave of graduates will still tend to be too 
strongly attracted to the past and unwilling once again to 
face the difficult future. The trend away from science 1s 
serious; it would be useful at this stage to make a full 
investigation of its origin and implications. 

Two aspects of this problem require consideration. 
One is the relatively inferior status of teachers in Britain 
as compared with some of her continental neighbours, 
where the lycée professeur, for example, enjoys consider- 
able prestige and respect. The other is the continuing gulf 
between the sciences and the humanities which, in an 
ageravated form, is a particularly British phenomenon. 
In the article already quoted, Margaret Mead says: “The 
recent two cultures discussion is essentially a lament 
about the lack of communication within a small sector 
of the Enghsh-speaking world, whose members for various 
reasons of contemporary position and achievement think 
of themselves as an élite’. The matter goes much deeper 
and is obviously associated with the concepts and thinking 
behind our use of the word ‘science’. Apart from the 
United States and the British Commonwealth countries, we 
seem to be alone in restricting the term scientia—la science, 
Wissenschafi—from. a broad equivalence with the word 
‘knowledge’ to subjects such as chemistry, physics, biology 
and the like. This deviation, which is increasingly 
regarded in learned circles elsewhere as an Anglo-Saxon 
heresy, is a relatively late arising and causes much con- 
fusion in international meetings. Nearly all the research 
councils and academies outside the British-American 
group of countries are concerned with support of learning 
as a whole and not restricted to the physical and biological 
sciences. When we talk then of a ‘scientific culture’, most 
foreigners will hear this phrase merely as ‘cultural culture’, 
or one based on cultivated knowledge. Although a quite 
specific and valuable method of approach to learning is 
derived from our special use of the word science, it 
nevertheless detracts from an instinctive and voluntary 
acceptance in our minds of the unity of knowledge which 
encourages a cultural dichotomy. 

One of the real needs of education for the future then is 
to provide both in the schools and at university-level a 
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breadth and balance of teaching aimed at reconciling the 
various elements of contemporary culture. What is 
needed is not the somewhat artificial inclusion of lecture 
courses in literature within a science course or of general 
science within the teaching of the humanities, but the 
working out of a syllabus appropriate to men and women 
who will be commencing work in the past two decades of 
our century. Economy and society will always, of course, 
require the speciahst and equally many young people 
will, as m the past, have a real sense of vocation and 
urge towards literature, physics, history, medicine, 
music, engineermg or the like; provision will, of course, 
continue to be made for them. The great majority of 
individuals do not have a clearly focused intellectual 
urge and, as an ever-greater proportion of them have 
opportunities for higher education, 1t will be important 
to ensure that they are provided with a background of 
experience, information and intellectual discipline which 
will enable then to respond continuously to the changing 
employment possibilities and social evolution of our 
civilization of change. As hitherto, these individuals will 
mostly enter mdustry and commerce, but at a much 
later age than their forbears. It is essential, therefore, 
that these extra years of education should be devoted to a 
really appropriate preparation for their future activity. 
Such needs would not be well met by the undergraduate 
business school or other directly vocational approaches; 
it is preferable that the extra years should be spent in a 
balanced acquisition of knowledge of contemporary 
relevance, for example, by studying a group of subjects 
such as social history, economics, sociology, geography, 
one or two modern languages, mathematics and at least 
one natural science, possibly biology, which can be taught 
in such a way as to inculcate the scientific method as 
applied to multivariant systems and thus have a bearing 
on the problems of society, industry, etc. Such a course, 
if forward-looking and designed in terms of providing 
intellectual training rather than merely the imparting of 
information, could generate in the mind a comprehen- 
sive view on life and provide the basic equipment 
for the absorption of a specialist instruction throughout 
life in accordance with unfolding opportunities and 
needs. 

If education then is to prepare for the future rather than 
the past, much will have to be done to alter its content 
and approach. The next few years should see the estab- 
lishment at last of real equality of opportunity for educa- 
tion. Alternative educational structures to this end will 
have to be built rapidly and will, of course, not be easy to 
establish smoothly. Change of content and adjustment 
of approach are still more difficult to achieve, because 
vested interest within the education is inherently against 
change; there are no incentives to take up new ideas, 
such as one finds in industry or farming, and it is not easy 
to create such incentives. Already considerable progress 
has been made in the reform of curricula, especially the 
secondary school teaching of mathematics and science, 
but as yet the effect of this is superficial. The most promis- 
ing place to attempt to break the vicious circle of deepen- 
ing obsolescence is at the teacher’s training stage, because 
only through teachers possessing a contemporary know- 
ledge of their subjects, and with a conscious zeal for 
innovation, can a sufficiently rapid multiplying effect be 
mounted. Yet too often the teacher-training college is a 
dull generator of outworn methods and repetitive know- 
ledge. There is need, to my mind, for the creation of an 
experimental teacher-training college of the very highest 
type, in which outstanding personalities from other 
university departments, industry and public life will 
participate. Such a school would have to be freed from 
the immediate tyranny of the existing examination system 
and be conceived as an instrument of innovation in the 
education system as a whole, as an impresario to create 
the new part which the teacher will have to play in econo- 
mic and social change in general. 
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Curriculum reform throughout the whole content of 
teaching; the establishment of a sense of innovation and 
mission. within the teachers’ colleges with regard to the 
future of our civilization ; rapid development and assimila- 
tion of new teaching technology; all such measures, even 
should they prove fully successful, will be slow to produce 
effect because of the long life-cycle inherent to the educa- 
tional system. We are discussing now possible improve- 
ments 15-20 years ahead, which are already badly needed. 
Unless a start is made now, we may be too late. In order 
to achieve real quality improvement, the status problem 
must also be faced. 

I now turn to a number of trends within the existing 
educational system which have particular relevance to 
the problems of change. The first of these is the relatively 
new approach of educational planning, and, as a part of 
this, the attempts now being made to identify the specific 
needs of the economy for educational investment. In 
the past few years we have seen a recognition that growth 
of the economy cannot be ascribed anything like com- 
pletely to the normal inputs of capital and labour and 
that more than a half of the increase in the gross national 
product must be ascribed to the improved quality of 
manpower, including management, and of capital utiliza- 
tion—the so-called residual factor in economic growth. 
Behind the raised human skills and the improved tech- 
nology of industry lie the fundamental processes of 
education, and research. 

The economic development planners, concerned with 
future growth encouragement, must necessarily take into 
account the process of technological innovation as well as 
the educational levels required to sustain and increase 
present growth rates. If this approach is accepted, 
education and research both become important national 
items of investment requiring selection and management 
such as is devoted without question to traditional invest- 
ment items such as new factories or machinery. Indeed, 
the problem of education and research as an investment 
1s more complex than for other forms because of its 
long-term nature and hence delayed dividend yields which 
flow from such processes. 

A number of concrete attempts have been made to 
estimate the investment needs to provide the skilled man- 
power to meet future development objectives. One of 
these was contained in the Ashby Report on Nigeria. 
A further general investigation, published in 1961 by Profs. 
Svennilson, Edding and Elvin, examined educational in- 
vestment in the light of economic growth and demographic 
projections for the European member countries of the 
Organization for Economic Co-operation and Development 
(O.H.C.D.). Educational targets for 1970 on this basis 
would require something like a doubling of budgets in the 
decade, that is, an increase in educational expenditure 
somewhat greater than that of the gross national product. 
This report was exposed to a group of educational and 
financial policy-makers at a conference held in Washington 
the same year, and in a remarkably short time the invest- 
ment concept of education has been accepted. Meanwhile, 
O.E.C.D. has stimulated ‚a comprehensive attempt to 
plan educational investments for 1975 in six countries 
of the European Mediterranean, Greece, Italy, Portugal, 
Spain, Turkey and Yugoslavia. In each instance, negotia- 
tions were undertaken with the Governments concerned 
for a 50: 50 financial participation for the setting up of 
economie planning teams which in each case consisted 
solely of nationals of the country. The directors of the 
teams met together frequently with O.E.C.D. staff 
members and outstanding consultants to exchange experi- 
ence, discuss each other’s problems and to work out a 
suitable methodology. The initial aim was to establish an 
accurate picture of current resources, then to forecast 
the structure of skilled manpower required to accomplish 
the national economic objectives for 1975, taking account 
of development plans and demographic estimates and 
finally to convert this into educational resource terms of 
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the finance required, the number of teachers and the 
institution building necessary, without which the social 
and economic plans could not be achieved. The first 
phase of this work is completed and has provided guide 
lines to the participating countries, which have already 
in all cases had a profound infiuence on educational 
budgets and on the will and detailed considerations of 
the Governments to develop education to meet national 
needs. A second stage of this work is in progress to 
convert these general Enes of investment into short- and 
medium-term concrete plans, taking account of the real 
problems of development, shortage of teachers, regional 
needs and the like. At first sight, a manpower approach 
such as this may appear excessively vocational and 
technocratic. In practice, however, it gives countries an 
educational order of magnitude for planning at di fferent 
levels and does not prevent the proper consideration of 
cultural or social demand and qualitative objective m 
accordance with the circumstances in each case. 

Other European countries, such as Ireland, Austria 
and Belgium, are surveying future educational needs in 
much the same way, while most of the larger industrialized 
countries are working out a planning approach suited to 
their specific and more complex needs, submitting pro- 
posals and plans to mutual criticism and suggestion 
through an Educational Investment Programme which 
is greatly speeding up she development of new methods. 
It is to be observed that even those O.E.C.D. countries 
most antipathetic to economic planning concepts are 
among those eager to explore the new approach. 

It shou'd be noticed that in many of the cases already 
mentioned, the rationa. attempt to work out the educa- 
tional needs of the future economy has been made not 
in the ministries of education, but in central economic 
planning organizations. Indeed, it must be admitted 
that many of the next important steps towards educational 
innovation have, in most countries, resulted from initiative 
outside the system, for example, from economists, social 
scientists and from industry. However, the Mediterranean 
Regional Programme surveys have in nearly all cases 
given rise to permanent economic planning units rooted 
within the education departments. These economic 
methods, of course, only provide estimates; their chief 
value is probably two-fold to persuade ministers of 
finance to accept educational expenditure as an essential 
item of national investment to be made in equilibrium with 
other main investments and, secondly, to encourage the 
educational policy-makers to look forward a decade or 
more and to formulate, in terms of the best available data 
on the trends of national, social and economic policy, 
the type of world for which they are preparing & new 
generation and not just to wait until it is on us. In a 
buyer’s market for education it is not sufficient merely to 
engage in a perpetual and desperate attempt to adjustment 
of what exists, to keep abreast. 

A further and substantial impact on education comes 
from the result of technological changes altering the 
pattern of employment and the nature of skills, well 
within the working life of the individual. Great new 
industries, research intensive, have grown up within the 
past decade to the extent that a large proportion of 
production and trade is in materials, equipment and 
consumer products totally unknown to our grandparents. 
These require large and technologically complicated plant, 
ever more automatic and requiring, for development and 
operation, training and knowledge at all levels quite 
different from the industrial skills which we have come to 
think of as traditional. This has profound influence on 
training needs from skillad worker level to top management 
and these skills have had to be provided by the evolving 
systems of technological education together with informal 
education provided, for example, by industry itself. 

In many countries, zhe demand for newly graduated 
scientific engineers is considerable while at the same 
time there may even be unemployment of engineers over 
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the age of forty. Continuation of a process which works 
a man out at, say, thirty-five would have very grave 
consequences and, as a result, we have an increasing 
number of refresher courses at different levels, systems of 
day release and the like. So far, this is just scratching at 
the surface of the problem, and much serious thinking 
will have to be done to provide for the continual renewal 
of skills and competence throughout the career, in face of 
technological and possibly of social change. 

We may well have to abandon the existing conception of 
education as a formally completed process——as a packet of 
information and technique—given to a young man or 
woman at sixteen or twenty-five years of age according to 
ability and opportunity and designed to serve for life. In 
a quickly changing industrial and technological pattern, 
this approach is no longer valid and a school examination 
or a degree certificate has already a limited validity in 
fact. This is already recognized by a few institutions. 
For example, at the French Atomie Energy Establishment 
at Saclay,, which has important training functions, the 
diploma which is awarded in reactor engineering has a 
limited life. Five years after ıt has been granted, the 
diploma lapses unless revalidated by attendance at 
refresher courses and success at further examinations. 

Transformation from a traditional system by a once-and- 
for-all education for life, to one of continuing education, 
raises many fundamental issues. It cannot be achieved 
by mere provision of a number of refresher courses to 
which industry sends those engineers and others ‘who 
can be spared’; it requires a re-thinking of the whole 
process from primary education to re-training of the 
elderly and, in fact, will have greatest repercussions at 
secondary and undergraduate university levels, which 
in preparation for a continuation of education throughout 
life, the young person will have to be given not just his 
ready-made life information, but a sound basis of true 
education as a preparation for entry into society and the 
economy, the capacity to continue learning much later 
in his career, and a number of essential intellectual tools, 
such as mathematics and statistics, which will allow him 
to adjust and to acquire specialized knowledge and tech- 
niques at a succession of later stages. It is an interesting 
and reassuring paradox that the needs of an ever more 
complex and technological economy, with its specialization 
and vocational mobility, demands not a more strongly 
vocational and utilitarian approach, but a return to broad 
and fundamental educational principles aimed at develop- 
ing an open, critical and enquiring mind. This fits in 
well with the suggestions made earlier in this talk for a 
new type of general education. 

Problems of skill obsolescence are at present most 
clearly obvious in engineering and management, and it is 
to be hoped that these subjects may be taken as pilot 
cases for the development of a system of education, 
continuing throughout life. This will require a close 
collaboration between industry and the educational 
authorities; eventually it is to be expected that contribu- 
tion to continuing education, both financial and through 
systematic advanced instruction, will become an accepted 
charge by industry, just as are retirement benefits. 
Furthermore, such schemes will, in the long-term interests 
of industry as well as of the individual, have to be based 
on general concepts of the development possibilities 
of the individual and his value to society rather than on the 
immediate but transient needs of his particular employer. 
With the very considerable increases in productivity- 
levels to be expected from automation and other types of 
technological change and the shorter working hours which 
will become possible, it may well become common in 
industrial labour negotiations to agree on a shorter 
working week on. condition that a proportion of the time 
freed from work will by obligation be devoted to re-training 
or further education. 

A number of interesting experiments involving the 
principle of continuing education throughout the career 
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are already under way; I will mention only two of these- 
In Lisbon a very important research and development 
laboratory has been created since the Second World War, 
which is now one of the biggest in the world and has 
achieved great success in its work in designing dams, 
hydraulic works, etc., all over the globe through its 
exceptionally high levels of competence. This exceedingly 
dynamic institution has adopted a system of continuous 
education and training. A scientist newly recruited from 
the university with an honours degree or Ph.D. will enter 
the institution and become a member of a research team. 
During his first three years, however, about half his time 
wil be devoted to specialist training within the institution 
at a very high level, at the end of which time he will 
have to take a written and also a public oral examination. 
The established research worker emerging from this is, 
however, still in the educational stream and has to devote 
perhaps 20 per cent of his time to higher training and basic 
educational improvement for a further period of five years, 
followed by yet another examination. By such means, 
it is hoped to achieve ever higher levels of skill, maintain 
a vitality and competence on the advancing frontiers of 
knowledge and obviate obsolescence. 

Another interesting scheme of general significance has 
been introduced by the University of Nancy in co-opera- 
tion with a large number of local industrial firms. This is 
described as ‘permanent and systematic education’, has 
its focus in the university with much instructional help 
given by the industrialists themselves, and continues 
within. the main co-operating firms at all levels; it is 
concerned with basic education, evolution of existing 
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‘skills, reconversion and ‘promotion socials’, and makes 


much use of television and other novel teaching methods. 
The details of this very complex but vital scheme are 
beyond the possibilities of this article, but it would be well 
for some British universities to consider its possibilities 
together with local industrialists. 

A final matter which I wish to raise, although necessarily 
superficially, concerns the expansion of higher education. 
In nearly all countries, there is a long-term objective of 
providing opportunities for higher education to a much 
larger proportion of the community. Until now, this is 
generally envisaged in terms of expansion and replication 
of the existing universities. In view of the considerations 
in this article, the question should be raised as to whether 
this is a sound policy. If, shall we say, 2 per cent of the 
population receives higher education, there is little doubt 
that the existing university approach, modified deeply 
no doubt in both content and structure, offers the best 
type of education yet evolved; but if, on the other hand, 
20 per cent or more of the population eventually have 
access to higher education, it is to be doubted if present 
idea of maintaining uniform standards, and indeed of 
enforcing academic attitudes, is appropriate, not least of 
all in relation to the need to maintain within the universi- 
ties the very highest levels of postgraduate training and 
research to provide the ‘seed corn’ of professors, teachers 
and research workers on which our future so greatly 
depends. Would it not be appropriate to consider a much 
greater variety of possibilities for higher education than 
offered at present? To take two foreign examples: in the 
U.S.S.R. in 1959, out of 600 full-time institutions of higher 
learning, only 40 were universities as we know them. 
The rest were mainly specialized institutes devoted to 
training in particular fields such as engineering, agricul- 
ture, mining, education and medicine at a technical level, 
undoubtedly equal to that of the university. While the 
Russian universities offer a somewhat broader training 
and e much wider variety of subjects taught with a more 
theoretical and less applied slant, the institutes provide 
in a more practical professional sense a wide education 
and not just narrow, vocational training for economic 
occupation. Graduation for either type of institution 
can lead to postgraduate work and research. In the 
United States likewise, there is great heterogeneity of 
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higher education, although the various institutions, 
whatever their scope and standing, are generally called 
universities. Without doubt, the better American univer- 
sities are among the best in the world; but it would seem 
that, by chance rather than design,’a pyramid of higher 
education has been created which avoids too blatant 
status differentiation and provides a variety of possible 
educational levels and approaches to suit all needs. 
European countries are beginning to consider new patterns 
of higher education. France, with its system of two-year 
colleges, Yugoslavia with its interesting experiment in a 
three-cycle higher education, Greece with its plans for a 
‘development university’, are all worth watching. 

In conclusion, I would repeat that economic, social and 
technological changes are likely to place ever-increasing 
demands on the educational system which is everywhere 
still too backwards-looking. It must not merely respond 
belatedly and desperately to external forces and initiative, 
but generate within itself a willingness to change and 
become itself a force of innovation m society. This is 
particularly difficult on account of the inherently long- 
term nature of the education process and can only be 
achieved by quite radical and possibly brutal transforma- 
tion. Above all, there is need to evaluate the experience 
of others and to undertake a substantial research effort 
to identify the real educational needs a couple of decades 
hence. What is required 1s not just pedagogic investiga- 
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tions; we must seek the interest of scholars in many 
fields, for example, we need projections and structural 
advice from the econontsts (Prof. C. A. Moser’s group at 
the London School of Economics is a first and outstanding 
potential), the sociologists, the psychologists as well as 
the operational research people. As accurate a picture 
as possible must be built up of the probable and desirable 
society and economy of twenty years from now for which 
we are, if somewhat dimly, already preparing and whose 
quality will be substantially determined by present 
preparations. We must consider, for example, the prob- 
able influence of a rapidly advancing educational tech- 
nology on the process of instruction; ıt is quite unlikely 
to do away with the human teacher, but it may demand 
fewer, but of higher quality and with quite special skills. 
A serious effort must be made to increase the status of the 
educator in terms of his real influence on the future and to 
attract recruits of the hizhest quality. We must encourage 
significant pilot experiments at all levels within the teach- 
ing system, particularly at that point of chain reaction 
propagation, the teachers’ training college, and ensure that 
barriers of traditionalism such as outmoded examinations 
are removed. Only by building the process of innovation 
organically within the educational system can we ensure 
the adaptiveness and leadership which will guarantee a 
future for our civilization and, by combining the best of 
our tradition, contribute critically to a newand vital society. 


OROGENIC FOLD-BELTS AND CONTINENTAL DRIFT 
By Dr. R. DEARNLEY 


Geological Survey and Museum, South Kensington, London, S.\V.7 


RIOR to the availabilty of adequate age determina- 

tions, the almost complete impossibility of regional 
correlations within the Pre-Cambrian precluded any 
consideration of this major portion of the geological 
record in the study of geotectonics; consequently the 
Pre-Cambrian figures httle, if at all, in the continental 
drift reconstructions previously suggested!*. The applica- 
tion of this critical Pre-Cambrian data therefore may be 
regarded as a completely independent check on the 
validity of the proposed reconstructions. 

The only available method of geotectonic analysis which 
can be used appreciably far back into the Pre-Cambrian is 
the examination of the distribution of dated orogente fold- 
belts. Considerable metamorphic and igneous activity is 
associated with these orogenic belts, and if the incidence 
of this activity is correctly represented by the frequency 
distributions of the available age determinations, then 
variations of activity throughout geological time may be 
deduced. A previous investigation by Gastil®, using about 
400 such age determinations, has been repeated with a 
much larger sample of about 3,400 age determinations 
(Fig. 1). This new compilation is by no means exhaustive; 
but the sample ıs large enough to avoid any undue overall 
place or age bias, and as the results do not differ signifi- 
cantly from the earlier study, the histogram of Fig. 1 
may be considered to reflect the actual variations of ig- 
neous, metamorphic and orogenic activity. The sources 
of these data and of much of those used throughout this 
article are given in a more detailed and extended account 
to be published elsewhere®. 

The cumulative curve derived from the age determina- 
tion frequency histogram of Fig. 1 shows three particularly 
well-defined changes of slope at 1,950 m.y., 1,075 m.y. 
and 180 m.y., and two other less abrupt changes at 2,750 
m.y. and 650 m.y. The changes of slope at 2,750 m.y., 
1,950 m.y. and 1,075: m.y. correspond closely to the 
Katarchaean—Archaean (2,700 + 150 m.y.), Archaean— 
Lower Proterozoic (1,900 + 100 m.y.) and Lower Protero- 
zoic-Upper Proterozoic (1,100 + 100 m.y.) boundaries 


in the Pre-Cambrian classification proposed by Vino- 
gradov and Tugarinov’ (Table 1). Moreover, they are 
very simlar to the periods suggested by Sutton® as 
marking the beginnings of evolution of the three major 
chelogenic provinces, each comprising a number of 
essentially parallel or sub-parallel fold-belts which truncate 
the older provinces and which in turn are cut by the 
succeeding major cluster of fold-belts. The major peaks of 
igneous and metamorphic activity fall within the periods 
covered by these provinces, whereas the transitions 
between the provinces are marked by pronounced decreases 
of activity. 

The relationships of the fold-belts comprising these 
provinces are particularly well displayed in North America, 
and for this reason the terminology of the proposed classi- 
fication (Table 1) is based on these provinces. It is pro- 
posed that the term ‘Superior régime’ should be used to 
refer to all fold-belts, wherever situated, which were 
produced during the period > 2,750-1,950 m.y., “Hudson- 
ian régime’ for all fold-belts formed between 1,950 and 
1,075 m.y., and ‘Grenville régime’ for all fold-belts formed 
between 1,075 m.y. and the present. 


Superior Régime 


The earliest recognizable systems of fold-belts in the 
individual continents date from the Katarchaean—Archaean 
and constitute the Superiarrégime. Although composed of 
numerous individual fold-belts of different ages, the 
structural trends were dominantly concordant throughout 
the period from about 3,300 m.y. to about 1,950 + 50 m.y. 
These fold-belts made up the fundamental ‘grain’ of the 
continents and may show continuous or semi-continuous 
and relatively uniform structural trends for long dis- 
tances—up to 2,000 km in Africa, North America and in 
the Chinese-Korean Shield. A series of maps have been 
prepared® to show the structural trends of the fold-belts 
of the Superior régime where these are known. These 
compilations are based on published structural and 
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metamorphic age determinations plotted against geological time, showing 
division mto Superior, Hiaasen ae régimes (compare with 
abie 


tectonic maps where accompanied by adequate coverages 
of age determinations: for instance, for North America’:?®, 
Europe and Asiat!-!¢ and Africa!’-*°, and from other 
regions in South America (Guiana), peninsular India and 
Western Australia. 

In their present-day positions, the regions of folding 
dating from the Superior régime show no obvious spatial 
relationships to one another, except where they occur in 
the same continent. However, if continental drift has 
occurred, larger relationships might become apparent 
when the continents are reassembled in their pre-drifting 
positions. Of course, 1f more than one period of drifting 
has occurred, then correction for the last period of drifting 
only could not be expected to reveal these larger relation- 
ships between regions as old as the Superior régime; only 
those fold-belts formed in a régime that ended immed1- 
ately prior to drifting would assume their original relative 
positions. 


Superior Régime Continental Reconstructions 


The continental reconstructions used (see Fig. 2) are 
based on the morphological fit of the continental shelves 
in the Atlantic Ocean, and on the fit of the Lomonosov 
ridge against the Siberian continental shelf in the Arctic 
Ocean; the Gondwanaland reconstruction used and the 
relative position of this to the Laurasian continental 
reconstruction are consistent with the palaeomagnetic 
evidence*!?2 and are similar to those proposed by du 
Toit. 

Considering first the relationships of the Superior régime 
fold regions of North America, Greenland, Europe, South 
America and Africa, it is apparent that the structural 
trends form a broad pattern which may be traced through- 
out the different continents, being interrupted only by 
the presence of the later fold-belts or of later sedimentary 
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cover. The trends in the north in the Slave, northern 
Labrador and Nain Provinces of Canada, in Greenland, 
north-west Scotland and the Baltic and Ukrainian Shields 
are dominantly north to north-west; in the more southerly 
regions of the Canadian Shield the trends swing to the east, 
but when traced across into West Africa they show a 
marked arcuate trend from south-east, through south to 
south-south-west. Followed across to the Guiana shield 
they pursue a south-westerly or westerly direction. 
Further east, in Africa, the folding ıs approximately 
north-south in the Central Sahara, north-north-east in 
the eastern and south-eastern Sahara (although age 
determinations are lacking here) and north-east to north 


‘in the Cameroons and adjacent regions. In Kenya and 


Tanganyika (Nyanzian—Kavirondian—Dodoman) the struc- 
tures trend north-west, but in Southern Rhodesia and 
to the south (Shamvaiuan-—Bulawayan—Sebakwian) the 
trend is north-east changing to north-south in the Matsap 
and Kraaipan belts. According to Holmes*: “A. M. 
Macgregor has drawn attention to the close analogies 
between the Nyanzian and Kavirondian of East Africa 
and the Bulawayan and Shamvian of Southern Rhodesia, 
and has provisionally proposed their correlation. The 
gold-belts of these two regions are both abruptly cut off 
by the Mozambique Belt and it is natural to suppose that 
they were originally continuous in a vast arc’; Holmes 
suggested that the southern Rhodesian gold-belts may 
swing round to the south beneath the Kalahari Sands to 
join up with the north-south Kraaipan Series in the 
Mafeking district and the north-south trend belt which is 
cut off to the south by the Kheis belt. A north-south 
trend is also present in Madagascar and the north- 
westerly trending Dharwars of India also run parallel to 
the general pattern, when India is placed in its generally 
accepted pre-drifting position. 

All these regions consist of fold-belts within the same 
broad time-span and in many of the provinces fold-belts 
of different ages within this time-span occur in an essenti- 
ally parallel arrangement. Thus, within the limits of the 
available data, approximate trend-lines may be drawn 
between the isolated provinces to obtain the overall 
structural pattern (Fig. 2). The major structure is rela- 
tively simple and is bilaterally symmetrical about a line- 
drawn through West Africa. 

If the remaining Superior régime regions of Asia are 
now considered it is clear that the north to north-west 
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Tissue Culture is being used in a wide variety of ways and ın many branches of biology. The aim of this three-volume 
multi-author work is to assess what has been achieved so far and to discuss where, when and how the technique may 
be most profitably employed. 

The first volume covers many of the more general fields of Tissue Culture, including such topics as the evaluation of 
the methods as such, the study of metabolic processes and growth, the action of hormones and vitamins and the use 
of the method in genetics. The second volume is devoted to studies of certain particular tissues or systems which have 
either been extensively investigated in themselves or which, for one reason or another, accentuate some achievement 
or contribution which the method has made to biology. In the third volume, some of the uses of Tissue Culture in 


the study of invertebrate and plant diseases will be reviewed together with some of the applications to pathology and 
virus research. 
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Supplemental Tables of 
Molecular Orbital 
Calculations 


Volumes 1 and 2 


A. Streitwieser, Jr., Professor of 
Chemistry, University of California, 
Berkeley and J.1. Brauman, Assistant 
Prafessor of Chemistry, Stanford 
University 

With 

Dictionary of 7-Electron Calculations 
C. A. Coulson, Rouse Bell Professor of 
Mathematics, Oxford University, and 
A. Streitwieser, Jr. 


Forming an invaluable reference 
work, these volumes present Huckel 
molecular orbital calculations on 
almost 500 hydrocarbons. The tables 
include the energies, electron 
densities, bond orders, and the 
various polarizabilities—atom-atom, 
atom-bond, and bond-bond. The 
tables are presented as the direct 
output of the computer used to make 
the calculations. An introduction 1s 
included which explains the tables 
and gives examples of their use. As 
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structural trends characterizing the North American, 
Baltic and Ukrainianiregions are also seen in the Siberian 
Shield and in the Anabar and Aldan Massifs; but to the 
south, in the Chinese—Korean Shield and m the structures 
of south-eastern China (which may be considered to reflect 
the Archaean structures), the trends show a convergence, 
bemg east-west in the Chinese-Korean Shield and north- 
easterly to the south. | 

Thus, although. the, evidence of the Superior régime is 
relatively fragmentary, there are two significant features 
of the overall arrangement of the fold-belts on the con- 
tinental reconstruction of Fig. 2. First, there is 8 centre of 
convergence of the fold-belt trends towards the region of 
the present Arctic Ocean, and secondly, a line of sym- 
metry can be drawn (corresponding approximately with 
a small circle of similar radius to that of the present-day 
latitude 30°) to bisect the eastward convergence of the 
fold-belts®. 

It is proposed at a later stage*4 to interpret this appar- 
ently systematic overall pattern of the Superior régime 
fold-belts in terms of convection and Earth expansion. 


Hudsonian Régime 


. Although in many regions the Hudsonian régime fold- 
belts (1,950 m.y.—1,075 m.y.) are clearly transgressive to 
the earlier structures, the basic structural pattern is 





l 
| 
| 
| 


NATURE 


1085 


considerably more complex and obscure in comparison 
with that of the Superior régime. The only large-scale 
pattern possibly discernible when the fold-belts are 
seon on the same continental reconstruction as that used 
for the Superior régime -s formed by the North American- 
European. trends, which seem to outline a broad eastwardly 
closing arc. Throughoct Africa, fold-belts of this period 
are rather poorly developed; little is known about these 
Lower Proterozoic structures in South America or the 
Antarctic; and it does not seem possible owing to lack of 
data to discern zhe relationships of the Hudsonian régime 
fold-belts of Asia. Thus it ıs apparent that the informa- 
tion available at presert is not adequate to define any 
pattern of Hudsonian régime fold-belts that has any 
significance on a global seale. 


Grenville Régime 


Orogenic fold-belts dating from 1,075 m.y. (Upper 
Proterozoic) to the presemt are included within this system 
of related orogenies which represent successive periods of 
activity along the same belts of crustal instability. The 
various periods of activ:ty within the Grenville régime 
(for example, Grenville, Baikalian, Caledonian, Variscan, 
Alpine) were manifested m different degrees in different 
regions and generally not all are represented in any given 
region. The fold-belts are characteristically parallel and 


Fig. 2. Superior régime fold-belts (> 2,750 m.y.-1,950 m.y.) on a continental reconstruction based on the morpLalogical fit of the Atlantic Ocean 
continental shelves and on a Gondwanaland reconstruction similar to that proposed by du Toit?. Approximate trend lines shown between the 
isolated provinces. Note convergence of trends towards the Arctic and the eastward convergenze along latitude 30° 
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to the south-east; the Brazilides are overturned in & 
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has been divided into Early 


g about 1,500 km, the recon- 
ille (1,075-180 m.y.) and Late Grenville (180-0 


structed belts bordering the Atlantic (apart from the 
both of which are shown on the pro- 


direction and the West Congo fold-belt to the 
belts are characterized by a relatively 


width to those belts situated entirely within a present 


abnormally narrow Caledonian belt) bemg similar in 
continental region, such as the Ural—Mongolia belt. 
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and graben formation culminating in continental rifting 
along the centre lines of these fold-belts. This complete 
change in the type of activity indicates that a reversal 
of the stress-field must have occurred in these Early 
Grenville régime belts from dominantly compressional to 
dominantly tensional. This period saw the extrusion of 
large volumes of plateau basalts and the climax of the 
intrusion of igneous rocks belonging to the kimberlite 
carbonatite alkali-complex suite along, or parallel to, the 
zones of nfting. 

A striking feature of the reconstruction is the parallelism 
of the Early Grenville régime fold-belts to the borders of 
the present Atlantic Ocean from northern Norway and 
Greenland to South Africa. Throughout the whole of 
this length the continental rifting runs along or closely 
parallel to these fold-belts. Similarly, ın the Gondwana- 
land continents the zones of continental rifting are comei- 
dent with the Early Grenville régime fold-belts. Only 
locally does the rifting cut across the major structural 
trends (north of Spitzbergen, between Newfoundland and 
Europe, and between Argentina and south-western 
Africa) although in previous continental drift reconstruc- 
tions the Newfoundland~Europe and Argentine-South- 
western Africa fold-belt truncations have been those to 
which the most significance has been attached. 

It is a particularly notable feature of the Late Grenville 
régime that rifting and continental drift were occurring 
along the Early Grenville régime fold-belts bordering the 
Atlantic and Gondwanaland continents at the same time 
as phases of intense orogeny along the Alpine—Himalayan 
and circum-Pacific (Late Grenville régime) fold-belts. 
The relative positions of these fold-belts are similar on 
both Fig. 3 and on the present continental arrangement, 
except that the circum-Pacific fold-belts are now opened 
out considerably and discontinuous because of continental 
fragmentation in Gondwanaland. 

Although, again, the interpretation of these patterns 
of activity will not be presented here it appears that the 
main features to be accounted for are: (a) the distribution 
of the fold-belts in the Early Grenville régime; (6) the 
change in distribution of the active orogenic belts between 
the Early and the Late Grenville régime; (c) the rifting 
and epeirogeny along Early Grenville fold-belts and the 
orogenic activity along Late Grenville fold-belts during 
and after continental drift. 


Conclusions 


The (largely Pre-Cambrian) orogenic fold-belts of the 
foregoing synthesis are seen to follow clearly discernible 
patterns in the Superior and Grenville régimes when 
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plotted on continental reconstructions based on the 
morphological fit of the Atlantic Ocean continental shelves 
and on a reconstruction of Gondwanaland similar to that 
of du Toit®, supported by palacomagnetic evidence. 
While the extremely good morphological fit of the con- 
tinental shelves ıs most unlikely to be pure chance, the 
possibility that these recognizable patterns of orogenic 
fold-belts are also chamce seems inconceivable. Thus, 
there can be little remaining doubt either of the validity 
of these reconstructions or of the reality of continental 
drift. 

The considerable lack of knowledge of the physical and 
chemical properties of the interior of the Earth makes the 
theoretical behaviour of the crust and mantle difficult 
to predict with any degree of certamty. In the words of 
Bullard’*: “It is usually best to decide on the existence 
of a phenomenon in the light of the known facts, or of a 
reasonable extrapolation of them, and then to look for a 
mechanism and a physical theory”. Consequently the 
only advantageous approach to a hypothesis of Earth 
evolution must be based on a consideration of the major 
features of the Earth’s crust, particularly the orogenic 
fold-belts (as outlined here) since these may be regarded 
as the direct crustal response to the underlying activity 
of the mantle. Only tken can an attempt be made to 
determine adequate physical processes which would be 
capable of producing the observed results*»*4, 
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CHEMICAL BASIS OF COLOUR VISION AND COLOUR BLINDNESS* 


By Dr. W. A. H. RUSHTON, F.R.S. 
Trinity College, Cambridge 


Ne spent most of his twenty-third year at his 
home farm in Lincolnshire, for in 1666 the great 
Plague had spread from London to Cambridge and the 
University had closed down. But in the summer, condi- 
tions became healthier for a time and he returned to 
Trinity College and got on with an experiment for which 
he had already bought a prism. He had been grinding 
lenses with the aim of making a telescope much more 
powerful than Galileo’s, but he had difficulty in getting a 
sharp image from a star. He fixed the prism across the 
“round Hole ...m the shut of a Window” in order to 
study on a large, bright scale what happened when light 
passed near the edge of his telescope objective and spoiled 


* Substance of the second Newton Lecture delivered before the Colour 
Group on March 3. 


the crispness of his image. We know how he discovered 
chromatic aberration, and found that lights of different 
refrangibilities usually appeared of different colours, 
and how he propounded the (correct) centre of gravity law 
to describe colour mixtures. 

Now the centre of gravity law implies trichromacy of 
colour vision, and no one could have seen this more 
clearly than Newton. Yet ke did not draw this conclusion. 
He preferred to set aside lus measurements (which were 
somewhat rough) and look -ather for an underlying unity 
between seeing and hearing. He divided the spectrum 
into seven regions of tones und semi-tones lke the musical 
scale, and concluded that avery frequency of light was 
received by a retinal element specially turned to respond 
to it. 
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I am not presenting a history of colour vision, and I 
by-pass the brilliant conjectures of Thomas Young and the 
massive contributions of Helmholtz which were already 
under way when the centre of gravity law was accurately 
proved, nearly 200 years after Newton had stated it. 
Clerk Maxwell, also in his twenty-third year, living m 
rooms which. faced those of Newton across Trinity’s Great 
Court, used nothing more sophisticated than a top with 
coloured sectors. With this he confirmed that normal 
vision is trichromatic, proved that in red-blind defectives 
(protanopes) it is dichromatic, and was further able to 
locate the point on the (norma!) colour triangle which 
defines the primary red sensation. 

The subsequent 100 years have seen great improvements 
in the technique of colour matching. Maxwell himself 
advanced from spinning papers to an elegant mixture of 
spectral lights, and such measurements virtually reached 
perfection with the researches of W. D. Wright, who gave 
the first of these Newton Lectures [see Nature, 198, 1239; 
1963}. His work and that of Guild and Stiles (all in 
substantial agreement) solve exactly the problem of 
trichromacy, which is to match a light of any given 
spectral composition with a mixture of three given 
‘primary’ lights. But matching alone cannot determine 
the primaries (in fact, any three independent colours will 
do), nor can it tell us the spectral sensitivity of the three 
underlying independent colour mechanisms. It is here 
that physiological chemistry comes to our aid. 


Photosensitive Pigments 


As in photography, the first effect of light falling on the 
retina is to produce à chemical change in some photo- 
sensitive pigments. Kühne, the successor to Helmholtz 
in the chair of physiology at Heidelberg, examined 
rhodopsin (visual purple) in the retinas of animals and 
found that it was bleached by light and regenerated 
(in situ) in the dark. In the subsequent eighty years a 
fine edifice has been built on Kiihne’s foundations (mainly 
a study of rhodopsin in solution where measurements are 
most accurate). Outstanding is Hubbard and Wald’s! 
synthesis of rhodopsin, which led them to the discovery? 
that the primary action of light is the cts-trans isomeriza- 
tion of the carotenoid part of the rhodopsin molecule. 

To relate rhodopsin with vision it is convenient to be 
able to measure it in the eyes of normal subjects who can 
perform concurrent visual tasks. For this Campbell and 
I’ developed a technique using the principle of the 
ophthalmoscope, or of the eye-shine from a cat caught in 
the car’s headlamp beam. Green light is absorbed by 
rhodopsin and is more absorbed the greater the rhodopsin 
concentration. We may therefore estimate (relatively) 
the amount of rhodopsin in the eye by measuring the 
intensity of the green light that is reflected from behind 
the rhodopsin-containing retina, and emerges from the 
eye unabsorbed by its double passage through the retina. 
Rhodopsin, however, will not tell us much about colour 
vision, for it lies in the rods which are concerned only with 
the colourless vision of dim twilight. Colour is appre- 
ciated by cones; thus, it is cone pigments we need to 
examine. These are so hard to extract that only Wald, 
Brown and Smith* have been really successful and they 
had to use the retinas of fowls which are very rich in 
cones. Though this pigment, iodopsin, underles cone 
vision in fowls it does not, unfortunately, go far to explain 
their colour vision since this (unlike ours) depends on 
stable coloured filters incorporated in the structure of 
their cones. 

That authoritative paper on iodopsin appeared in 
1955, and in the same year I published’ the first measure- 
ments of cone pigments in the living human eye, obtained 
by a modification of the equipment that Campbell and I 
had used for rhodopsin. Though the investigation was 
only then beginning, it already showed clearly that in the 
red-green spectral range normal eyes had two different 
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visual pigments whereas red-blind defectives (protanopes) 
lack erythrolabe, the red-sensitive pigment of normal eyes. 
This objective measurement, therefore, published exactly 
100 years after Maxwell’s, explains physically his results 
onthe protanope. They lack the red primary because they 
lack ‘erythrolabe’, the ‘red taking’ pigment. 

In the subsequent ten years I have investigated with 
gradually improved technique a large number of colour 
defectives of the common kind (usually severe protans 
and deutans—-those who distinguish badly red from green, 
yet cannot match any spectral light with white), and 
reached the following conclusions for the red-green 
spectral range: (a) only one photosensitive pigment was 
found on the fovea in contrast to the two pigments in 
normal eyes; (b) this pigment is not only photosensitive, 
it is also a visual pigment, that is, by means of it they 
see (c) the improvement of cone sensitivity in the dark 
(dark adaptation) after exposure to a bright light that has 
bleached their pigment away, is well correlated with the 
measured regeneration of cone pigment. 

Evidence for (æ) is seen in Fig. 1, curve A for protans, 
curve B for deutans (both subjects from whom I have not 
previously published observations). Ordinates measure 
for a number of wave-lengths the transmissivity of the 
retina (J—T'p)/T,, where for a fixed power of incident 
light, T is the power of reflected light after partial bleach- 
ing and Tp, T, are the values of T in the dark-adapted 
and fully bleached states respectively. This is the proper 
way to plot results from inhomogenous structures, since 
stray light which does not change is eliminated, and if 
more than one pigment alters, the contributions of each to 
transmissivity are simply additive. 


VoL. 206 


& 02 oe Om, 

A — 8 `a B 

o p; g , Deutan. 

x —* \, (Feb.62) 

8 K 3. ~ 8 

= 

Pea \ 

golr f ny \ 

Ph * 

* A — 3 

E —— J 
Feb.6l) ~ 

; a : N 

È i 





Wave-length (mu) 


Green-sensitive 
normal (Aug.’63) 


0-05 


Transmissivity difference (7,—T,)/7, 





600 
Wave-length (mz) 


Fig. 1. Curve 4 shows the change in transmissivity in a protan after 
bleaching with bright red (Y) or blue-green (A) lights, the measure- 
ments being made in lights of 6 wave-lengths as shown. The coincidence 
of white and black triangles shows that only one pigment chlorolabe is 
measured in the protanope. Curve B shows the same with a deutan 
after bleaching with deep red (@) or blue-green (O). Coincidence of 
black and white circles shows that only one pigment erythrolabe is 
measured in the deuteranope. Curve O (black squares) shows the same 
in the normal eye after a deep red bleach. But white squares plot the 
increase in transmissivity when the —— bleaching light follows the 
re 
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If protans had both a red and a green sensitive pigment 
in substantial amounts, then half-bleachmg with a bright 
red light (Fig. 14, black triangles) would affect mainly 
the red, but bleaching with blue-green light (white 
triangles) would affect mainly the green pigment. It 
would in that case be expected that the maximum of the 
black trangles should occur at a longer wave than the 
maximum of the white triangles. If, on the other hand, 
there was only one pigment present there would be only 
one kind of change possible and black and white triangles 
must coincide. Now the first-mentioned result does in 
fact occur (Fig. 1C) in the normal eye where indeed two 
separate pigments are present, and black squares lie to the 
right of white squares. But in Fig. L4, black and white 
triangles coincide and thus show that protanopes have 
only the one visual pigment, chlorolabe, in the red-green 
range. 

Fig. 1B shows exactly the same thing in the deutan. 
He is more red-sensitive, and a deep red light is used for 
bleaching (black circles). Here again black and white 
cirles nearly coincide and only one pigment is affected. 
But the pigment in B 1s not the same as that in A; the 
maximum ordinate is at 585 instead of 540 nm. Pro- 
tanopes have chlorolabe only, deuteranopes have erythro- 
labe only. The normal (Fig. 10) has both. The black 
squares of Fig. 1C were obtained in the same way as black 
circles of Fig. 18, and give a similar transmissivity 
spectrum. The white squares show the transmissivity 
change (7',-T’,)/7') in going from a red bleach to a green 
bleach. This change is nearly zero in the deutan (differ- 
ence between black and white circles, Fig. 1B), hence 
in Fig. 1C ıt should measure the change in chlorolabe 
only, and fall on a curve similar to that of the protanope 
Fig. 14. The normal subject of Fig. 1C had an unusually 
large amount of- chlorolabe and was green-sensitive as 
ineasured by red/green flicker photometry®. This figure 
may be contrasted with Fig. 1 of Baker and Rushton’ 
which plots the same measurements from the eye of Dr. 
Baker who is a red-sensitive normal and has nearly three 
times the erythrolabe/chlorolabe density ratio of the sub- 
ject of Fig. 1C. 

Conclusion (b) is quickly justified. Since all wave- 
lengths in the red-green range appear nearly the same 
colour to the protanope, he can match them in brightness 
(flicker photometry) with great accuracy. The protanope 
adjusted a neutral wedge in conjunction with each in 
turn. of seven interference filters so that the light matched 
in brightness a fixed yellow. Now the same seven inter- 
ference filters were interposed in the beam used to bleach 
chlorolabe on the subject’s fovea, and the operator 
adjusted the wedge to give an equal rate of bleaching ın 
each case. This bleaching rate is the only property of the 
pigment which is strictly to be correlated with vision, 
and the rate as a function of wave-length is called the 
action spectrum which should correspond with spectral 
sensitivity if the pigment ıs a visual pigment. It was found 
that each filter was brought to equivalence for brightness 
by the subject by interposing the same amount of wedge 
as was used by the operator for equivalence ın bleaching 
rate. The greatest discrepancy was 0-06 density unit’. 
Exactly the same result was found with the deuteranope in 
similar experiments, with about the same maximal 
discrepancy’. 

Conclusion (c) is shown in Fig. 2A and B. The pro- 
tanope (A) (ref. 10) or deuteranope (B) (ref. 11) were 
exposed to a very bright light which bleached away all 
the cone pigments. The abscissae in Fig. 2 show the 
subsequent time in the dark, and ordinates (white squares) 
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7 show the log energy of test flash which was just visible at 


various times (scale on left). 

The experiment was now repeated, but during dark 
adaptation instead of visual sensitivity, it was pigment 
regeneration that was measured by retinal densitometry 
(black and white circles, right vertical scale). The two 
sets of points run well together both in 4 and in B, 
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that bleached all the pigment away. Squares plot log threshold of the 

foveal dark adaptation curve (scale on ine Circles plot regeneration of 

chlorolabe (scale on right), Fig. 28. Time-course of recovery in the 

deuteranope ın conditions similar to Fig. 24. Here again log threshold 

18 proportional to free opsin. A, O, _], dark adaptation; A, @, pigment 
regeneration 


which shows the same with deuteranopes. Thus we find 
that log,, threshold is raised above resting value by about 
three times the fraction of pigment bleached. 


Stiles’s Increment Thresholds 


Probably the most important new advance in the 
psycho-physies of colour since Maxwell and Helmholtz 
is Stiles’s!?~14 massive analysis of the threshold for flashes 
of monochromatic light when cisplayed on monochromatic 
backgrounds of various luminance and wave-length. 
There are some complexities of detail; but the main 
framework which embraces this great range of results has 
been known for the past fifteen years. What Stiles has 
shown is broadly that there are four independent mechan- 
isms in the eye—the rod {ro) and the blue, green and red 
cone mechanisms (Tys T4, Ts, respectively). Their properties 
are as follows: 

(a) When log threshold is plotted against log background, 
the curve (t.v.i.) is of fixed shape so long as only one 
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mechanism is involved. Thus we may cut a template and 
this, moved without rotation, will trace the whole of any 
one t.v.i. curve. The efficacy of the flash to lower the 
threshold, and of the background to raise it, depends 
simply on the wave-lengths of flash and field and the 
action spectrum of the mechanism. All the mechanisms 
are independent, and in any condition whichever of the 
four has the lowest threshold will appear as the observed 
threshold for the eye in that condition. 

In the course of determining a t.v.i. curve it often 
happens that the threshold changes from one mechanism 
to another. What is observed is that the curve leaves the 
‘template’ which hitherto it had followed and continues 
along the template shifted to a new position. It is seen 
that the strength and security of Stiles’s results rest on 
the fact that the template defines the mechanism on which 
each of his points lie and indicates also which is a ‘bad’ 
experimental point. i 

(b) From his immense array of (t.v.i.) measurements 
Stiles was able to construct accurate spectral sensitivity 
curves of his four mechanisms and this in two inde- 
pendent ways: (i) the sensitivity of the mechanisms to 
flashes; (11) the (more reliable) sensitivity to backgrounds 
as judged by the resulting elevation of threshold. The 
fact that these two give the same spectral sensitivity 
shows that a stable colour mechanism is involved and 
strongly suggests that it represents the action spectrum 
of the rods or cones themselves. 

This indeed is the view that has presented itself to 
everyone who has during the past fifteen years considered 
Stiles’s results; but it is not easy to argue convincingly 
from thresholds to pigments where more than one may be 
involved. It is here that retinal densitometry is of some 
help. 

In working on normal eyes with & rich red cone supply, 
Baker and I’? found that the red pigment was identical 
with that in the deuteranope by the criteria of action 
spectrum, difference spectrum, photosensitivity and re- 
generation rate. Moreover, lights of various wave- 
lengths that bleached erythrolabe equally had equal 
efficacy in exciting the red mechanism rs in the eye of the 
same subject. Consequently erythrolabe of the deuter- 
anope is the normal red pigment, and its action spectrum 
is the same as that of Stiles’s red mechanism ry. 

A. further link between. erythrolabe and the red visual 
pigment is provided by Brindley’s'' investigation of 
artificial monochromacy. When he adapted successively 
to very bright green and violet lights he was left with a 
condition. in which all wave-lengths greater than 500 nm 
appeared, the same unsaturated red hue and hence could 
be perfectly matched. The spectral sensitivity of the 
residual red mechanism so measured corresponded closely 
to that of erythrolabe, and strongly supports the idea that 
the pigment measured by densitometry is involved alone 
in this condition of monochramacy. 

The green mechanism m, has an action spectrum which 
corresponds to the sensitivity of the protanope, and to, 
the artificial protanopia that Brindley? produced in 
normal eyes by exposing them to very bright red lights; 
this sensitivity is accurately fitted by the action spectrum 
of chlorolabe®. Consequently Stiles’s m, and m, colour 
mechanisms and Brindley’s artificial monochromacies 
have action spectra which correspond to the pigments 
chlorolabe and erythrolabe actually measured in living 
human eyes. - 


Pigment Measurements in Single Cones 


The foregoing completes the description of an investiga- 
tion which has been able to demonstrate the nature of the 
defect in the colour blind, and to draw strength from 
Stiles’s groat work by showing that the action spectra of 
his x, and m, mechanisms are those of the normal pig- 
ments chlorolabe and erythrolabe. But I cannot end 
without making some brief mention of fine new advances 
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in the United States, the first reports of which followed 
close on the completion of my own worki’. 

Three independent groups’’-* have constructed or 
adapted equipment to measure the pigments in single 
cones removed from the body and placed under a micro- 
scope. It has taken several years of ingenious design to 
overcome the great technical difficulties of these measure- 
ments in which the central problem is this. The light used 
to measure the pigment must necessarily bleach it away. 
There is so very little pigment in one cone that a very 
limited amount of measurement can be made before all 
is bleached away. Marks, Dobelle and MacNichol?’ feed 
all their transmission signals into a computer instructed to 
take account of the inevitable progressive bleaching and 
adjust the answer accordingly. Liebman and Entine** 
have sorted out photomultiplier tubes until they found 
one so sensitive and noiseless that they could run through 
the spectrum twice with little bleaching discrepancy. 
Brown and Wald!® do not say how they got over this 
difficulty. They used a measuring light strong enough to 
bleach 25 per cent of rhodopsin in æ double traverse 
(through the spectrum and back). Now we know from the 
kinetics of bleaching in colour matches®*, and retinal 
densitometry*!, that cones bleach 5-10 times as fast as 
rods do, with the same white light, so perhaps this explains 
why in Brown and Wald’s cone measurements “only the 
first recordings (from the red to the violet) proved 
usable”, 

Liebman and Entine have not yet published results on 
primate cones; but their records with fish cones demon- 
strate the excellence of their phototube and confirm the 
results of Marks** with the computer. 

Fig. 3 reproduces the difference spectra from Marks, 
Dobelle and MacNichol?’, measured on human and monkey 
cones; the heavy circles show the transmissivity difference 
spectra from the human fovea’. It is plain that the single 
cone work confirms the results of retinal densitometry, 
moreover it adds two new discoveries. 

From measurements on the whole retina it is not possible 
to say whether the visual pigments are mixed in one cone — 
or separated. From Fig. 3 it is seen that each cone shows ` 
a, difference spectrum which falls (approximately) on one of 
three curves, two of which correspond closely to the single 
pigments of deuteranopes and protanopes obtained from 
retinal densitometry. Thus erythrolabe and chlorolabe 
are now seen to lie each in a different cone, and a third 
type of cone exhibits for the first time the blue pigment 
cyanolabe. This (found also by Brown and Wald) is now at 
last measured, objectively and reliably, though Stiles had 
found long ago the corresponding spectral sensitivity 
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Fig. 3. Each dotted curve is the computer-plotted difference spectrum 
from a single primate cone}, The heavy white circles and black points 
plot the transmissivity difference spectrum in living man’ 
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m, and had proved’ by the Stiles—Crawford effect that 
cones, not rods, were the receptors involved. 

The chemistry of colour vision in the normal and the 
dichromat is virtually settled; now the exploring party 
must leave the clear pools of pigment and plunge into the 
dark jungle of nerves. 

There must be some members of the Colour Group who 
wil complain, not without justice, that the Newton 
Lecture purported to treat of colour vision, but in fact 
came no nearer to it than judgments of identity and 
detection of flashes. In defence, I must appeal to 
Newton himself and end with words from his first paper. 

“But to determine more absolutely what Light is... 
and by what modes or'actions it produceth in our minds the 
Phantasms of Colours, is not so easie. And I shall not 
mingle conjectures with certainties.” 

? Hubbard, R., and Wald, G., Proc. U.S. Nat. Acad, Sci., 37, 69 (1951). 
? Hubbard, R., and Wald, G., J. Gen Physiol., 36, 269 (1952). 
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POSSIBLE ROLE OF NEUROGLIA: A POTASSIUM-MEDIATED 
NEURONAL — NEUROGLIAL — NEURONAL IMPULSE 
TRANSMISSION SYSTEM 


By Dr. LEIF HERTZ 


Department of Biochemistry, University of Copenhagen 


URING recent years substantial evidence has accumu- 
lated indicating a functional interrelationship between 
nerve cells and neuroglia. Hydén and his colleagues have 
found biochemical changes in opposite directions in each 
of the two cell groups as a result of training! or after 
administration. of certain drugs*. On electronmicrographs 
other workers’ have described & direct synaptic connexion 
between nerve cells and glia cells; but this controversial 
and interesting finding has as yet not been confirmed. 
Participation of neuroglia in the transfer of impulses 
does not, however, necessarily require any direct synaptic 
contact between nerve cells and glia cells. It is well 
established that excitation of a nerve takes place when 
the membrane potential of the nerve is suddenly decreased 
below a certain level. This depolarization triggers an un- 
known mechanism which regulates the permeability of 
the membrane to ions. As a consequence sodium. ions move 
into the cell during a short period corresponding to the 
ascending phase of the action potential. A few micro- 
seconds later an outflux of potassium ions results in the 
descending phase of the action potential, and the resting 
membrane potential is re-established at the cost of a slight 
increase in the sodium concentration of the cell and a 
slight loss of potassium to its surroundings. Several 
stimuli excite nerve cells in vitro, for example, electrical 
pulses, mechanical injury, application of a high external 
concentration of potassium salts or of acetylcholine. Only 
acetylcholine is, however, regarded as having a physio- 
logical role as a transmitter substance. A mechanism will 
be proposed in this communication, in which the potas- 
sium ions, which have been lost from one nerve cell during 
its activity, are transported through neuroglia cells to the 
outer surface of another nerve cell, which is then depolar- 
ized and stimulated; that is, a neuronal—neuroglial— 
neuronal impulse transmission. Such a transfer of impulses 
may follow predetermined pathways, provided that the 
glia cells have a high capacity for active ion transport, 
and that no significant diffusion of potassium ions takes 
place between the cells. No proof of such an impulse 
transmission is available, but evidence in favour of it 
will be presented. 
Intercellular diffusion. ' In most tissues radioisotope 
studies of the kinetics of ion transport readily reveal at 


least two compartments. In each of these the exchange 
of ions with the surroundings takes place at a charac- 
teristic rate, which, however, varies widely between one 
compartment and anothe>. It is generally agreed that the 
rapid exchange takes place into an extracellular space and 
that it occurs with approximately the rate to be expected 
from the diffusion constant. This is accordingly a space, 
in which a rapid and uncoatrollable spread of, for example, 
ions takes place by free intercellular diffusion. In brain 
slices, however, both effux of Na and influx of #K 
approximately follow a single exponential curve with a 
half time of about 4 min (Hertz, unpublished results). 
Accordingly no extracellu.ar compartment can be distin- 
guished. ‘This is in agresment with the electronmicro- 
scopic finding that all the interstices of spinal cord and 
cerebral cortex slices are packed with fine glial and 
neuronal processes (see, for example, refs. 4-6). This 
network of cell membranes constitutes the ‘neuropile’ 
which in classical light microscopy was regarded as the 
extracellular space in brain; only a small fraction of the 
total volume is left for a srue extracellular space’ which 
takes the shape of narrow channels between the cells. 

This absence of an extracellular space is at variance 
with findings of a chloride space of 20-50 per cent®-!° and 
a thiocyanate space of 14 per cent?! in brain, since both 
these ions are generally ragarded as almost exclusively 
extracellular. The electrizal resistance of brain cortex 
is also lower than would be expected if the current has 
to pass through cells with ordinary membrane charac- 
teristics; this led van Harreveld and Ochs? to conclude 
that an extracellular space of about 25 per cent is present 
in brain. 

The two controversial points of view concerning the 
size of the extracellular space may be reconciled by 
regarding brain as a tissue with practically no true 
extracellular space but containing cells with a high 
permeability to ions’*. This would account for the low 
resistance, great chloride and thiocyanate spaces and 
rapid exchange of radioisotopes. All transport including 
that of ions and accordingly of potassium would have to 
occur from one cell to anozher since the possibilities of 
free intercellular diffusion would be extremely limited. 
Such a transport of potassium between neighbouring 
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cells might be due either to diffusion across permeable 
cell walls or to an active transport. In the latter case the 
conditions would be ideal for a regulated transport through 
those cells which are capable of transporting potassium 
ions actively. 

Capacity for ion transport. An ATP-ase which requires 
both sodium and potassium for its maximum activity 
was first isolated from crab nerve and its implication 
in active ion transport suggested. Work on erythrocytes 
has confirmed the close correlation between this enzyme 
and the transport of sodium and potassium; in keeping 
with the active uptake of potassium and extrusion of 
sodium it has been shown that the potassium-sensitive 
site is located at the outer surface of the erythrocyte 
membrane and the sodium-sensitive site at its inner 
surface, 

The Nat—K*+ stimulated ATP-ase has also been found 
in brain?*~2° and Whittam™ has calculated that about 40 
per cent of the resting oxygen uptake is utilized for active 
transport of ions in this tissue. Such a quantitative 
correlation between ion transport and rate of oxygen 
uptake is well known from several tissues, including 
frog skin? and kidney®®. 

Addition of high concentrations of potassium (more 
than 50 mM) to the medium approximately doubles the 
rate of respiration in brain slices. This ‘stimulated’ 
respiration shows @ rapid exponential decline*4. It seems 
likely that the potassium-induced increase in oxygen 
uptake is caused by the stimulation of the Nat——K+ 
ATP-ase (see, for example, ref. 24) and represents a mota- 
bolic manifestation of an increased ion transport. The 
effect is specific for grey matter from the brain?’ and is not 
found with peripheral nerve or with grey matter from the 
spinal cord. It is not observed in white matter from the 
centrum semiovale of the calf, but is evident to a certain 
degree with slices of subependymal white matter from the 
guinea-pig brain®5:26, 

This distribution may indicate that some cell groups, 
which are roughly limited to grey matter from the ros- 
tral parts of the central nervous system, possess a high 
capacity of active ion transport. In order to find out 
whether these cells are neurones or neuroglia the histo- 
logical distribution of the potassium- -induced respiratory 
stimulation was investigated”. 

_ Unstained single nerve cells or lumps of neuroglia from 
cat brain cortex were isolated by micro-dissection as 
described by Hydén'**, and their oxygen uptake was 
measured during incubation in Cartesian microdivers*®. 

In neuroglia the respiratory rate was lower than in 
nerve cells, but nevertheless so intense that gha cells 
must account for more than half the respiration in brain 
since they occupy a larger volume than the neurones. 

After respiration had been followed during one to two 
hours in a physiological saline medium, a concentrated 
potassium solution was added to a final concentration 
of 50 mM or more, and the measurements were continued 
after an interval of about 20 min. With nerve cells no 
change in the rate of oxygen consumption was observed 
after the addition of potassium, whereas glia lumps showed 
a very transient initial stimulation; both before and after 
the addition their respiration declined rapidly. Accord- 
ingly neurologia—but not neurones—react to increased 
concentrations of potassium like intact brain slices. If the 
high rate of respiration reflects.an active ion transport, 
this finding must indicate that certain neuroglia cells— 
which are limited to the rostral parts of the central nervous 
system—possess a great capacity for ion transport, 
which is stimulated by an increased concentration of 
potassium. 

Itisin — with this hypothesis thatthe concentration 
of the Na+—K* stimulated ATP-ase is highest in the layers 
of the brain cortex which contain the minimum amount 
of nerve cells*°, Measurement of ATP-ase in single mesen- 
cephalic cells”! showed activity of the Nat--K+ ATP-ase 
in both nerve cells and glia cells after homogenization. 
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The intact neurone, however, showed no ATP-ase activity. 
With glia, in contrast, the activity was at least as high in 
intact cells as after homogenization. This fact was inter- 
preted as an indication of the presence of an AT'P-ase 
at the outside of the glia cell membrane, and supports the 
idea that potassium ions at the outer surface of glia cells 
are automatically pumped into the cell. 

So far the findings mentioned only indicate that the 
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potassium ions lost from a neurone during excitation are - 


transported actively from outside it into glia cells. This 
is a useful mechanism, since the presence of a high-potas- 
sium concentration outside the neurone would cause its 
continuous depolarization and thus compromise its func- 
tion. But neither the presence of an ‘ecto’ AT'P-ase in 
neuroglia nor the localization of the potassium-induced 
stimulation of respiration to this cell group suggests 
that potassium ions are transported actively through 
one or more neuroglia cells to the vicinity of another 
neurone, which is then stimulated. However, great simi- 
larities are found between the rise in oxygen uptake in 
potassium-rich media and the peculiar electro-physiolog- 
ical phenomenon of Leão’s spreading depression®*. These 
analogies may indicate that the active movements of 
potassium spread across -the cortex in the same manner 
as spreading depression. 

Spreading depression. Spreading depression comprises a 
constellation of phenomena which may be elicited by 
mechanical, chemical, or electrical stimulation of the 
exposed cortex. Chemical stimuli include application of 
solutions of potassium chloride or substances that interfere 
with metabolism (for example, dinitrophenol), ion trans- 
port (for example, ouabain) or cell permeability to ions 
(for example, veratrin) and thus provoke a potassium 
release from the cell. 

Phenomenologically the most striking sign of spreading 
depression is that a wave of suppression of the normal 
electrical activity spreads from the point of stimulation 
at a rate of 2-6 mm/min. This rate is too fast to be 
accounted for by diffusion and too slow to represent normal 
neuronal impulse activity®®. Concomitant signs of 
spreading depression include reversible changes of the 
steady potential of the cortex (which at first decreases 
and subsequently increases) and a decrease. of cortical 
conductivity. The latter has been ascribed to a transfer 
of sodium and chloride ions into the apical dendrites 
on depolarization, and an increase in their diameter and 
chloride content has been observed™. 

The potassium ion seems to have a key role in spreading 
depression®®, All the chemical stimuli which evoke 
spreading depression have some connexion with potassium 
metabolism, and a loss of potassium to the exposed cortical 
surface has been observed both from the area originally 
stimulated (by, for example, dinitrophenol) and from the 
area through which the wave of spreading depression 
passes**.37, A connexion between spreading depression 
and the potassium-induced stimulation of respiration in 
brain slices was suggested earlier by Bures*® since neither 
of the phenomena is found in rats until 2 weeks after their 
birth. He realized, however, that this yielded no conclusive 
evidence since several changes take place in the central 
nervous system at this time. Among these are myeliniza- 
tion of nerve tracts and maturation of apical dendrites in 
the cortex. Other characteristics are, however, also 
common to spreading depression and the potassium- 
induced respiratory stimulation—metabolic events, topo- 
graphic distribution and susceptibility to drugs. In both 
cases oxygen consumption and glycolysis are increased and 


creatine phosphates are broken down; potassium stimula- ` 


tion and spreading depression have both been observed in 
cerebral cortex, cerebellar cortex (though with some 
difficulty), basal ganglia and retina®?-** whereas neither 
spreading depression’? nor ‘potassium stimulation’? is 
observed with white matter or grey matter from the spinal 
cord. The potassium stimulation is inhibited by high 
concentrations of magnesium™ and its local applicatio 
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to a cortical area prevents spreading depression‘? without 
interfering with normal electrical activity. 

An inhibition of spreading depression is not necessarily 
accompanied by any decrease in the release of intracellular 
potassium on stimulation. Krivanek and Bures*’ found 
after application of dinitrophenol to the cortex of 10-day- 
- old rats the same release of potassium as in adults, although 
no spreading depression was evoked. They concluded that 
not only a sufficient, potassium concentration in the 
extracellular space, but also a sufficient neurone ‘reactiv- 
ity’, is necessary for spreading depression to appear. 

In the framework of the hypothesis of a neuronal- 
neuroglial-neuronal impulse transmission this ‘reactivity’, 
however, means that the potassium ions which have been. 
released from an excited area are transferred to adjacent 
regions by an active process. Ontogenetically this trans- 
port mechanism is developed when it is to be used, that is, 
at the same time as the maturation of the dendrites and 
resulting neuronal activity; motabolically it is represented 
by the potassium-induced stimulation of respiration. By 
its function the potassium ions which have been released 
from an active area are transported through neurogla 
cells to the outside of other neurones; these are in turn 
“ stimulated and potassium ions are released, to be trans- 
ported actively through other neuroglia cells. In this way 
the spreading depression is propagated across the entire 
cortex more rapidly than can be explained by 4 
diffusion. 

Such a mechanism ought to result in a spreading activa- 
tion of the EEG rather than a spreading depression. 
However, the EEG is a simultaneous recording of the 
activity in several neurones, and a short-lasting wave of 
activity followed by a longer-lasting depression must be 
recorded as a depression with occasional large spikes 
during the onset and height of the depression. This is 
exactly what is found in spreading depression, and some- 
times a spreading convulsion is recorded instead of spread- 
ing depression’*. The reason for the longer-lasting 
inactivity is probably the massive excitation by the initial 
stimulation of a—cellularly speaking—large area. The 
resulting potassium. release is so intense that a certain time 
is required for 1ts uptake in neuroglia; accordingly, the 
external concentration of potassium remains high and the 
neurones are inactivated. 

The present hypothesis about the mechanism of spread- 
ing depression is at variance with most current concepts, 
in which spreading depression is regarded as a purely 
neuronal phenomenon (for example, see ref. 33) though 
participation of neuroglia has been assumed by Galambos*. 
Tf, however, the absence of extracellular fluid in the central 
nervous system is accepted, one almost has to accept an 
ion transport between neurones and neuroglia in order to 
explain the uptake of water and sodium and chloride ions 
in the apical dendrites. To my knowledge no experi- 
mental findings about spreading depression disagree with 
the suggestion that it represents the overloading of a 
physiological neuronal-neuroglial-neuronal impulse trans- 
mission system. 

Neuronal-neuroglial-neuronal impulse transmission. In 
contrast to spreading depression the ‘physiological’ 
neuronal-neuroglial-neuronal impulse transmission is not 
imagined as spreading across the entire cortex but as a 
localized phenomenon. The potassium ions are released 
from one active neurone to a very limited space and may 
quickly be removed by active transport. The transport 
takes place preferentially ‘into those cells which possess a 
potent ion transport system, that is, neuroglia. Some 
potassium ions must, however, also be transported into 


«nerve cells in order to maintain their high intracellular 


concentration of potassium. The lack of an ‘ecto’ ATP-ase 
and a potassium-induced stimulation of respiration in 
nerve cells can accordingly not mean the total absence of 
capacity for active potassium uptake, but the transport 
system is unaffected by a high external concentration of 
potassium. After a sudden release of potassium from an 
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active neurone, most of the potassium ions must therefore 


be transported into glia volls. 


The further fate of these potassium ions will depend 
on the state of the glia eells. If the Nat-—K+ ATP-ases 
between adjacent gha calls or glia cell processes show a 
low activity, the ions wil move only slowly or not at all. 
In this case the glia cells fulfil the insulating and support- 
ing function which classical neurochemistry has ascribed 
to them. If, however, the enzymatic activity is high, the 
potassium ions will rapidly be transported through 
neighbouring cells. This transfer between individual glia 
cells may be due to an active influx and a subsequent 
passive efflux from each cell; or conceivably one of two 
apposed, cell walls may disappear, and the potassium ions 
accordingly be transporsed actively from one glia ceil 
into another. In either case the potassium ions will 
eventually reach the outside of another neurone, which 1s 
then stimulated, and the neuroglia cells have played the 
active part in the impulse transmission suggested by some 
modern investigators***; both the high respiratory 
activity and the intricate membrane folding of glia cells 
are in accordance with such an active role of neuroglia 
in brain function. Walter (personal communication) has 
suggested that the slow potential changes discovered by 
him and his colleagues** as a normal sign of a sensory- 
motor association in humans may represent a neurono- 
glial interaction. That such an interaction should be 
reflected by potential changes is in keeping with the 
changes in steady potential during spreading depression, 
if one assumes that this Ehenomenon represents an over- 
loading of a physiological neuronal-neuroglial-neuronal 
impulse transmission system. 

In the intact brain the a2tivity of the Nat—K+ ATP-asoe 
is probably influenced by the hormonal balance of the mdi- 
vidual, since, for example, neurohypophyseal and adreno- 
cortical hormones exert an influence on the active trans- 
port of ions‘!:4®, The local concentration of potassium 
and. sodium in the glia cells may also modify the transport, 
since the Nat—K* AT'P-ase activity is highly dependent 
on the concentration of these ions4*, and the potassium- 
induced. stimulation of respiration depends on the potas- 
sium concentration and is competitively inhibited by 
high concentrations of socrum?*4, Simultaneous applica- 
tion of sub-threshold stimuli to neurones that le close 
to each other may therefors conceivably evoke a response 
if the local potassium concentration becomes large enough 
to cause an excitation. Similarly, previous activity of a 
neurone may increase the potassium concentration in 
adjacent glia cells and thuscfacilitate the transfer of a later 
impulse. This process may bear some relation to the early 
stages of memory. 

The pathways along which the ion transport occurs 
must partly be determined by the anatomical arrange- 
ment of neuroglia cells and thus depend on heredity. 
However, this pattern may be altered later in life by 
anatomical changes, since glia cells in contrast to nerve 
cells divide; the stimulatary effect of an ‘enriched’ en- 
vironment on the rate of glial multiplication in rat brain4® 
may represent such a change ın nouroglial pattern. It 
seems also possible that previous activity in a pathway 
may facilitate later passage by inducing further enzyme 
synthesis in those cells which have béen exposed to high 
concentrations of potassium. The changed sequence of 
the bases in RNA. shown by Hydén in both neurones and 
neuroglia* 47 as a result of training may reflect such an 
enzyme synthesis. This process may be related to the 
later stages of memory. 

The concept of memory presented here is in accordance 
with the recent emphasis placed by Barondes*® on the 
establishment of new functional connexions between nerve 
cells in the process of memory; but the participation of 
neuroglia cells in these ‘syrapses’ was not envisaged in 
his survey. Furthermore, ths present suggestion that the 
early stages of memory should be related to changes in 
ionic distribution, whereas later stages should depend 
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on enzyme synthesis, explains his statement that RNA 
inhibitors do not affect memory within the first few 
hours**, but do inhibit tho storage of memory®, 

Mental disorders may bear a relation to the postulated 
impulse transfer system, since a close correlation seems to 
exist between water and ion metabolism on one hand and 
especially the manic-depressive psychosis on the other 
(for example, ref. 51). The transient nature of this disease 
is in agreement with the influence exerted on the 
neuroglial impulse transmission system, for example 
` by the hormonal balance and the local electrolyte con- 
centration. : 

On the whole the flexibility of the proposed system 
within certain limits seems to represent its major advan- 
tage for transfer of impulses in the central nervous system. 
It provides a physiological basis of giving external stimuli 
an integrated response, which is dependent on heredity 
(anatomical arrangement), previous experience (enzyme 
induction), simultaneous or immediately preceding activity 
in neighbouring areas (local concentrations of potassium) 
and the total state of the individual (hormonal balance, 
drug effects). It is in agreement with this point of view 
that the potassium induced stimulation and spreading 
depression—both of which represent the suggested 
impulse transmission system-—are limited to the highest 
developed parts of the central nervous system. 

This work was supported by a research grant from the 
National Institutes of Health, U.S. Public Health Service, 
and by grants from the Danish Foundation for the Ad- 
vancement of Medical Science, the Danish State Research 
Foundation and the Reinholdt W. Jorck Foundation. 
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Sir Edward Appleton, G.B.E., K.C.B., F.R.S. 


Tse world of science and education. was shocked at the 
news of the sudden death on April 21, at his home in 
Edinburgh, of Sir Edward Appleton, one of the world’s 
most eminent scientists, a professor and lecturer of 
outstanding repute, a Nobel prizewinner, head of a civil 
service department and, later, principal and vice-chancel- 
lor of the University of Edinburgh. 

Edward Victor Appleton was born in Bradford, York- 
shire, on September 6, 1892. He was an enthusiastic 
games player in his youth, and one of his early ambitions 
was to become a professional cricketer. However, a 
scholarship took him to St. John’s College, University of 
Cambridge, where he graduated in physics, gaining the 
Natural Science Tripos Parts I and II in 1913 and 1914. 
Tn the First World War he served first in the West Riding 
Regiment, and later became & captain in the Royal 
Engineers where his interest in wireless signalling was 
aroused. Appleton returned to Cambridge in 1919 as a 
Fellow of St. John’s, and later became assistant demon- 
gtrator in experimental physics in the Cavendish Labora- 
tory under Lord Rutherford. 

After investigating some of the properties of thermionic 
valves, which had first been applied and developed during 
the War, he investigated the reception of atmospherics 
and the fading of wireless signals, thereby laying the 


foundations of his well-known researches on the propaga- 
tion of wireless waves. Although in 1901 Marconi trans- 
mitted wireless signals across the Atlantic Ocean, and 
around the curved surface of the Earth, and in 1902, 
Oliver Heaviside and A. E. Kennelly had independently 
suggested that an electrified layer in the upper atmosphere 
would act as a reflector of electromagnetic waves, it 
remained for Appleton to provide the experimental proof 
of such reflexion in December 1924. 

The first experiments were made by arranging for the 
British Broadcasting Corporation to vary the frequency— 
or wave-length—of its Bournemouth broadcasting trans- 
mitter while the strength of the received signal was 
recorded at Cambridge. The resulting interference 
fringes indicated the reception of both a direct wave along 
the ground and of an indirect wave reflected from the 
upper atmosphere. Later, measurements were made with 
a transmitter at the National Physical Laboratory, 
Teddington, which could be either frequency-modulated 
or arranged to emit pulses of radio waves over a selected | 
range of frequencies. Systematic measurements made 
in this way soon demonstrated the existence of a second 
reflecting region, sometimes termed the Appleton layer 
by analogy with the first or Kennelly—Heaviside layer. 
In this way was initiated the investigation of the iono- 
sphere on a world-wide scale, which grew to such an extent 
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that during the International Geophysical Year of 
1957-58, some sixty-six nations at more than a thousand 
observatories were making detailed measurements of 
the electrical properties of the upper atmosphere. 

All this research work was carried out while Appleton 
held the chairs of Wheatstone professor of experimental 
physics in King’s College, University of London, during 
1924-36, and later Jacksonian professor of natural 
philosophy in the University of Cambridge during 1936-39. 
During this period of fifteen years he demonstrated his 
great ability as a remarkably clear lecturer, and as 
a stimulating leader of many research students, who have 
since carried on in the same tradition both in Great 
Britain and in many other parts of the world. 

In 1939, Appleton was called to the service of H.M. 
Government and, for the next ten years and during the 
critical and strenuous period of the Second World War, 
he was secretary of the Department of Scientific and 
Industrial Research. In this position he was responsible 
for the many laboratories and industrial research organiza- 
tions covering a very wide field of science and technology. 
His public services during this period were recognized by 
the awards of K.C.B. in 1941 and G.B.E. in 1946, and 
world recognition of his scientific work was given by his 
being awarded the Nobel Prize for Physics in 1947. 
Having demonstrated his unusual administrative ability, 
combined with penetrating scientific insight and a natural 
shrewdness in practical matters, he was appointed in 
1949 principal and vice-chancellor of the University of 
Edinburgh—a post he held with conspicuous success 
until his untimely death. It was as a result of his proposal 
that the Duke of Edinburgh was elected chancellor of the 
University in 1952. 

Reverting to Sir Edward’s more directly scientific work, 
it was perhaps natural that the investigation of the 
properties of the ionosphere as a reflector of radio 
waves would bring him into close contact with similar 
research in other countries. The investigation both of 
radio wave propagation, and of atmospheric disturbances 
originating in lightning discharges was closely concerned 
with the work of the International Scientific Radio Union, 
known among radio scientists throughout the world as 
U.R.S.I. Appleton was president of the Union during the 
period 1938-54; and both before and after this had been 
chairman of several of its commissions dealing with 
scientific research on radio wave propagation by way of 
both the ionosphere and troposphere, and with the origin 
of atmospheric disturbances and their effect on radio 
reception conditions in all parts of the world. He was a 
notable exponent of international research in these fields 
in his presidential addresses and lectures to the general 
assemblies of the Union in Australia, the United States, 
as well as in various European countries. He was very 
active in promoting the long-period investigation of 
ionospheric conditions and their variation over the 
eleven-year sunspot cycle. j 

Appleton was one of the most enthusiastic leaders in 
promoting the programme of the second International 
Polar Year of 1932-33, which was organized fifty years 
after the first, and during which radio wave technique 
was available for the first time to explore the physical 
conditions in our atmosphere. He is well remembered by 
the staff of the Radio Research Station at Slough as 
leading the group which set up the ionospheric recording 
station at Tromsö. It was there that, for the first time, the 
properties of the ionosphere within arctic regions were 
examined by radio wave technique. ‘Twenty-five years 
later, as chairman of the U.R.S.I. committee of the Inter- 
“national Geophysical Year (1957-58), he was again 
instrumental in sponsoring international collaboration in a 
very comprehensive and more advanced investigation of 
conditions in the ionosphere during a period of sunspot 
activity which—in the event—proved to be the highest 
recorded during the previous two hundred years of system- 
atic observations. 
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In all this work, during some of which he was the 
eminent university professor, Sir Edward Appleton 
demonstrated his great ability not only as a leader in 
original scientific research, but also as an inspiration, 
guide and wise counsellor to all the many younger physi- 
cists who were encouraged by his example to follow a 
career in radio research. Many of the students who gradu- 
ated under him, and others who came from overseas to 
do post-graduate work with him, are to be found to-day 
in leading positions throughout the world, and he is 
acknowledged by them all to have been the greatest 
pioneer of international scientific radio research. 

R. L. SMITH-ROSE 


From 1949 Sir Edward Appleton was principal and 
vice-chancellor of the University of Edinburgh, during 
the whole of which tims he carried a vast burden of 
administrative responsibility. The changes at the 
University during his period of office have been extensive 
and profound. Probably the most significant for the long- 
range development of the University was the beginning 
of the great building programme in the George Square 
area. To-day, the David Hume Tower is already func- 
tioning on that site, as the centre of a complex of buildings 
serving the Faculties of Arts and Social Sciences. A large 
first-year science building is rapidly approaching com- 
pletion on an adjoining site and the first phase in the 
creation of a modern University Library has begun on 
another side of the Square. In a University in which a 
geographical split was untortunately inherited from past 
planners, it required bold and firm decisions to determine 
this pattern of growth, and it is undoubtedly due to Sir 
Edward Appleton’s qualitzes of vision and determination 
that, despite strong oppcsition from some, the George 
Square development is becoming a reality. 

In the past few years in Edinburgh, as elsewhere, 
problems of increased intake of students and the need to 
adapt to new patterns of education have loomed large. 
Though it was natural that the development of depart- 
ments of pure and applied ecience was dear to Sir Edward’s 
heart, he stood far above any suspicion of favouritism, 
and tributes to his deep sense of justice are now heard 
from members of all faculties. 

Constitutional reform in Edinburgh and the other 
Scottish universities is ancther topic which exercised Sir 
Edward extensively of late, and active discussion of these 
questions with the Principal are among the most recent 
memories shared by a wide section of the academic staff. 
Whatever solution to these problems emerges in the 
future, Sir Edward’s role in reaching it will have been of 
great importance. 

The student body, the staff, the office staff and Univer- 
sity students down to the humblest have an abundance 
of vivid and warm personal memories of Sir Edward. 
For the scientists among us, one special memory will 
always be Sir Edward’s delight on so many occasions to 
return, however briefly, to exchanges of ideas on the 
physics of the atmosphere. It was a source of wonder to 
all that he continued to find time to work in this field 
in between all his other duties. N. KEMMER 
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Prof. Alexander Forbes 


PHYSIOLOGISTS of every country will miss the familiar 
figure of Alexander Forbes, emeritus professor of physio- 
logy in the Harvard Medical School, who died after a 
short Ulness on March 27. He was eighty-two but had 
been as vigorous as ever, snd his deafness, dating from 
an early age, was certainly no worse. 

He was a member of a well-known New England 
family, was born in 1882 and lived and died at Milton, 
Massachusetts. He graduated at Harvard, took the degree 
of M.D. in 1910 and spent a short time as a research 
student with Prof. Cannon in the Department of Physio- 


1096 


logy at the Medical School. After his marriage in that 
year he came to England to work with Sherrington, who 
was then professor of physiology in the University of 
Liverpool. Forbes had already decided to make the 
nervous system his chief interest, and his year with 
Sherrington reinforced this decision. It led to a paper 
read before the Royal Society in May 1912 on “Reflex 
Rhythm Induced by Concurrent Excitation and In- 
hibition’, in which he stated his intention of turning to 
electrical methods of recording to obtam more definite 
evidence. 

He returned to Harvard in 1912 to carry out this 
intention. As instructor at the Medical School he began 
the “Electrical Studies on Mammalian Reflexes”, which 
were published as a series with various collaborators 
durmg the twenties. These investigations covered a 
variety of problems and continued for many years under 
various titles as his major contribution to physiology. 

During the First World War, Forbes served in the U.S. 
Navy and was occupied with radio direction-finding 
apparatus. Fis familiarity with the new radio techniques 
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Sir Henry Dale, O.M., G.B.E., F.R.S. 


Str Henry Date celebrated his ninetieth birthday on 
June 9. Prof. W. 8. Feldberg, C.B.E., F.R.S., of the 
National Institute for Medical Research, one of his 
younger colleagues, writes as follows: 

“Sir Henry Dale is regarded-—as Lord Adrian expressed 
it ten years ago—by physiologists in every part of the 
world with the affectionate veneration we reserve for our 
greatest masters. We marvel at his scientific achieve- 
ments, at his wide grasp of the whole range of physiology, 
pharmacology, biochemistry, chemistry and clinical 
science, at the clarity of his ideas and style, and we are 
grateful also for the stand he has taken for the freedom 
of science whenever and wherever in the world it was 
threatened. Many of his finest papers were written about 
half a century ago, yet the infiuence they still exert on 
present-day problems is astonishing. Often these papers 
contain the seed, hidden from his contemporaries ıt 
seems to us now, of the progress now being made. 
There are his papers on ergot in 1906, on sympatho- 
mimetic amines with Barger in 1910, on histamine with 
Laidlaw in 1911 and with Richards in 1918, on ana- 
phylaxis in 1914, on acetylcholine in 1914, and the later 
classics on the isolation of histamine as well as acetyl- 
choline ın animal tissues, and on, chemical transmission 
of nerve effects. Words now in present use—such as 
sympathomimetic, cholinergic, adrenergic or cholino- 
ceptive, were coined by him. But Sir Henry, who 
ceased being actively engaged in research for the past 
twenty-five years, lives with the scientists of to-day, not 
through his past achievements alone. Most impressive is 
the grip he has on any problems related to his previous 
work that turn up, for example, at meetings of the Physio- 
logical or Pharmacological Societies. His discussion 
remarks at these meetings are most penetrating and often 
initiate new series of experiments by those who have given 
papers. His introductory speeches and closing remarks at 
international symposia are eagerly awaited by partici- 
pants, as they often clarify and reveal more than do the 
individual contributions, where we stand and what has 
still to be done. 

“No wonder that Sir Henry’s outstanding achievements 
and far-reaching influence in research have found national 
and international recognition. In 1943 he received the 
Knight Grand Cross Order of the British Empire, and in 
1944 he was awarded the highest honour that the King 
had at his disposal—that of the Order of Merit. He is 
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was put to good use when he returned to Harvard and 
his laboratory, for he was one of the first to construct an 
amplifier for recording bio-électric currents. The string 
galvanometer which was used for recording was, in fact, 
too sensitive and easily damaged: it soon gave way to 
more robust instruments when amplifiers came into 
general use; but Forbes preferred it for some of his ` 
problems, and in his hands ıt could be trusted to give 
reliable data. 

Forbes held the post of assistant professor in the 
Harvard Medical School during 1921-36, professor 
during 1936-48 and emeritus thereafter. His many 
papers on reflex action and on nerve conduction always 
dealt clearly with important problems, and until recently 
he was still engaged in researches on colour vision. But 
although his devotion to science came first, his talents 
and interests covered a very wide field. He enjoyed 
skating, sailing, flying his seaplane and mapping northern 
waters, and he never allowed his deafness to cut him off 
from his many friends, on both sides of the Atlantic. 
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one of the few who can pride himself on having received 
two Orders of Merit, as he also received the Pour le mérite 
from the Bundesrepublik of Germany. And Belgium 
honoured him with the Grand Croix de Vordre de la 
Couronne. He has been president of the Royal Society, 
and the Nobel Prize Committee honoured itself by 
selecting him, together with Loewi, for one of its laureates. 
Long is the list of honorary membership of foreign 
scientific societies and academies, and more than twenty 
universities have awarded him honorary degrees. There 
is no other way to deal with a great man—but to love 
him; and this precious feeling Sir Henry can be assured 
is extended to him by his younger colleagues”. 
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Institute of Animal Physiology, Babraham > 
Sir John Gaddum, F.R.S. 


Sık Joun Gappum, who retired from his post as_ 
director of the Institute of Animal Physiology at the end 
of last year, had formerly held chairs in pharmacology in 
Cairo, in London and, for sixteen years, in Edinburgh. 
He joined the Wellcome Laboratories in 1925 and later 
worked in the National Institute for Medical Research. 
In 1958, when he accepted the invitation of the Agri- 
cultural Research Council to become director of the 
Institute at Babraham, Cambridge, he left Edinburgh 
and returned to the town of his undergraduate years. 
The most acute problem facing him on arrival was the 
filling of the posts of heads of Departments, all of whom 
had reached retiring age. This was achieved remarkably 
rapidly, and so was the challenge to the former professor 
of pharmacology to familiarize himself with new problems, 
such as ruminant physiology and pathology, and the 
economics of animal husbandry. He did this with great 
enthusiasm, visiting agricultural centres all over the 
world, and yet finding time to lead a small group of young 
scientists in the search for biologically active substances 
in brain tissue, and to do some of the experimental work 
himself. The appointment of new heads of Departments 
and the addition to the Institute of a small Pharmacology 
Unit naturally led to an increase in scientific and tech- 
nical staff and to intensified demand for adequate accom-+ 
modation for the workers and their increasingly bulky 
equipment. Much of Sir John’s time was therefore spent 
on the planning of new buildings, and 1t was sad that, at 
his retirement, forced on him by 11l-health ın December 
1964, all he was able to see of these new buildings was a 
series of excavations disfiguring the Institute site. During 
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Sir John’s directorship the Institute’s work progressed 
vigorously in spite of the congested working conditions, 
and an exterior sign of its healthy state is the fact that 
the number of publications, which was 50 in 1960, rose 
to 108 in 1963 and to 143 in 1964. Sir John was elected 
to the fellowship of the Royal Society in 1945, while he 
was at Edinburgh, and was knighted in 1964. 


No 4989 


Dr. R. D. Keynes, F.R.S. 


Dr. R. D. Keynes has been appointed to succeed Sir 
John Gaddum as director of the Agricultural Research 
Council’s Institute of Animal Physiology, Babraham. Dr. 
Keynes was educated at Oundle School and Trinity 
College, Cambridge, where he started to read natural 
sciences in 1938. From 1940 until 1945 he served in H.M. 
Anti-Submarine Experimental Establishment and in the 
Admiralty Signals Establishment, doing research and 
development on sonar and naval radar. He returned to 
Cambridge in 1945 to read Part IT Physiology, in which 
he obtaimed a first class. Dr. Keynes then began an 
investigation into the movements of radioactive tracers 
im nerve and muscle. At that time the tracer technique 


- was relatively new and had not been applied in a quanti- 


tative manner to single animal cells. Working first with 
crab nerve and later with the giant nerve fibres of squids 
and cuttlefish, Dr. Keynes showed that excitation was 
associated with an exchange of external sodium for 
internal potassium ions, and determined the quantities 
which cross one square centimetre of membrane in one 
impulse. Since that time Dr. Keynes’s research has 
mainly been concerned with the rapidly developing field 
of ionic transport across cell membranes; he has also 
made important contributions to our knowledge of the 
way in which electric fish generate electricity. Dr. Keynes 
was elected to a research fellowship at Trinity College in 
1948 and to a staff fellowship at Peterhouse m 1952. He 
was a demonstrator and later a lecturor at Cam- 
bridge from 1953 until 1960, when he joined the Agri- 
cultural Research Couneil’s Institute at Babraham as 
head of the Department of Physiology. Here he has 
managed to combine his interests in the pure and applied 
sides of cell physiology in a remarkably successful manner. 
He retains close contact with his colleagues at Cambridge 
and since 1961 has been a Fellow of Churchill College. He 
was elected to the fellowship of the Royal Society in 1959. 


Dr. Catherine O. Hebb 


Dr. CATHERINE HEBB, head of the Sub-department of 
Chemical Physiology at the Agricultural Research Council 
Institute of Animal Physiology, Babraham, Cambridgo, 
has been appointed to succeed Dr. R. D. Keynes as head 
of the Department of Physiology in the Institute. Dr. 
Hebb, who graduated at Dalhousio University, joined 
Prof. Babkin’s laboratory at McGull, where she spent five 
years working on digestive gland problems. In 1938 she 
obtained a Beit Memorial research fellowship and came 
to Britain to work in the Department of Physiology im 
Edinburgh to study the nervous and pharmacological 
control of the pulmonary circulation, in collaboration with 
Dr. I. de Burgh Daly. During the Second World War she 
was engaged in the investigation of problems relating to 
high-altitude flying and chemical warfare. She later became 
a lecturer in physiology and was largely respon- 
sible for the supervision of honours students. Dr. Hebb 
jomed the staff of the Institute of Animal Physiology at 
Babraham, in 1952. Since that time her researches have 
been devoted to the mechanisms governing the synthesis 
of acetylcholine and the distribution of cholinesterase and 
cholinacetylase in the nervous system. She has greatly 
clarified the issues concerning the chemical differences 
between ‘cholinergic’ and ‘non-cholinergie’ nerves, and 
has also obtained convincing evidence of a continuous 
centrifugal movement of proteins in cholinergic axons, 
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which is connected with the replenishment of the trans- 
mitter substance in the peripheral axon terminals. During 
this time she has served on the editorial boards of the 
Quarterly Journal of Experimental Physiology, the Inter- 
national Review of Neurobiology, the Journal of Neuro- 
chemistry and the Journal of Physiology. 


Head of Weapons Department at the Royal Aircraft 
Establishment : Mr. W. J. Charnley 


Mr. W. J. CHARNLEY has been promoted to chief 
scientific officer and appointed head of Weapons Depart- 
ment at the Royal Aircraft Establishment, Farnborough. 
Mr. Charnley graduated with honours in civil engineering 
at the University of Loncon in 1940. In 1943 he jomed the 
Aerodynamics Department of the Royal Aireraft Establish- 
ment, and after a brief period in the Low-speed Wind 
Tunnel Division was moved to the Flight Division where 
he was engaged on all aspects of aerodynamic research in 
flight on high-speed aircraft. In 1953 he was placed in 
charge of the High-speed Section of the Department. 
He was transferred in 1955 to the Blind Landing Experi- 
mental Unit at Martlesham Heath as superintendent. 
This Unit is the departmant of the Royal Aireraft Estab- 
lishment responsible for research and development of 
systems to enable aircraft to land m bad weather, and Mr. 
Charnley was directly zoncerned with the successful 
development of the B.L.E.U. system of automatic 
landing. In 1963 Mr. Charnley was promoted to deputy 
chief scientific officer and appointed head of Instruments 
and Electrical Engineermg Department at the Royal 
Aircraft Establishment where he remained until his 
present appointment. He became an Associate Fellow of 
the Royal Aeronautical Society in 1949, was awarded an 
M.Eng., in 1954 and in 1959 was awarded the Bronze 
Medal of Navigation in 1659 for a paper on blind landing. 
He completed the 1962 course at the Imperial Defence 
College. 


Carriage by Road of Danzerous Substances 


In reply to a question in the House of Commons on 
May 20, the Under-Secrstary of State for the Home 
Department, Mr. G. Thomas, said that although a working 
party on the marking of zoad tank vehicles had drafted 
a voluntary scheme, its introduction was deferred pending 
the outcome of international negotiations on this and 
related matters. There was no prospect of international 
agreement on the carriage by road of dangerous sub- 
stances before next year, and to avoid further delay and 
to co-ordinate other activ-ties concerned with dangerous 
substances, the Home Secretary had suggested to local 
authority associations anc other interested bodies that 
the Working Party on Inflammable Substances should be 
reconstituted as the Standing Advisory Committee on 
Dangerous Substances. It would advise the Minister on 
all questions, falling within his responsibility, which relate 
to the control of dangerous substances in the interests of 
the safety of the public, amd he would ask it to examine 
urgently how best to extend the scope of existing regula- 
tions on the carriage cf dangerous substances by 
road. 


Colour Television 


In reply to questions ix. the House of Commons on 
May 12 about progress in the establishment of colour 
television in Britain, the Postmaster-General, Mr. A. 
Wedgwood Benn, said that he had nothing to add to his 
answer on May 5 that his Television Advisory Committee 
was studying the various v-ews and intentions expressed 
at the Vienna conference ani the considerations advanced 
in support of them. The Committee was looking at the 
three systems and he thougnt it would be a pity, even at 
this stage, to give up the possibility of a world standard 
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system, although the Vienna decisions appeared, to make 
international world standardization now impossible. We 
had to consider the potentiality of development quality 
later on as between all three systems. He could not now 
give a date when colour television would be available 
in Britain. 


Radio Regions 


In view of the emphasis on regionalism in recent parlia- 
mentary debates in the House of Commons concerning 
broadcasting, the lecture delivered by Mr. H. Davies on the 
“Role of the Regions in British Broadcasting’ at the 
fourth of the third series of lunch-time lectures in the 
Concert Hall at Broadcasting House (now issued in 
the BBC Lunch-time Lecture series) is of particular interest. 
After reviewing the origins of regionalism he points out 
that, while the regions into which the United Kingdom 
has been historically divided remain satisfactory only 
where there are common bonds of interest the characters 
of which coincide m the region, whether ethnic, social or 
cultural, the development of VHF radio and the establish- 
ment of television news-interview studios in sub-regional 
centres brought fresh opportunities in the English regions 
which were eagerly and enterprisingly welcomed. He 
found enthusiastic support in all the regions for the 
further development of a new system of local broadcasting 
by setting up small stations in cities, towns and other 
natural communities, but he insists that regional centres 
must be more than studios of convenience. The funda- 
mental obligations of a region he regards as being towards 
its community rather than towards its central organiza- 
tion, but the community in turn has its obligations towards 
the medium. Regional broadcasting needs constantly 
to remind itself that, although it is itself a minority 
exercise, the final answer does not he in a conglomeration 
of minority exercises; the regional producer, despite 
selectivity, must be versatile, and the exercise of judgment 
and flair are the most important functions he performs. 
Moreover, one way or another, a region must relate itself 
to the metropolis and a proper relation between London 
and the regions is of vital importance. A centre seriously 
and positively concerned with the regional studios, 
defining the rich and separate identities of the people of 
Britain, had a most exciting opportunity to demonstrate 
that the whole is the sum of the parts. 


Organization for Economic Co-operation and 
Development 


Tue existence of the Organization for Economic 
Co-operation and Development is well known, but prob- 
ably relatively few people really appreciate the scope of 
international activities and ramifications of the con- 
structive work undertaken by this important body. 
Twenty-one countries are represented in the Organization: 
Austria, Belgium, Canada, Denmark, France, Germany, 
Greece, Iceland, Ireland, Italy, Japan, Luxembourg, the 
Netherlands, Norway, Portugal, Spain, Sweden, Switzer- 
land, Turkey, the United Kingdom and the United 
States. An example of the kind of project sponsored by 
the Organization is the Consortium for Turkey which 
“. , . was formed in the summer of 1962 to provide 
assistance for the long-term economic development of 
Turkey. It is a de facto association of Member countries 
who are prepared to make a contribution to the Turkish 
Development Programme’’. Some encouraging measure of 
success has already been realized in pursuance of this 
scheme, of which details are given in the bi-monthly 
publication OEOD Observer (No. 15; April 1965. O.E.C.D. 
Information Service, Chateau de la Muette, Paris 16e), 
From this periodical, published in English and French. 
much information on the important economic and political 
significance of the work of the Organization in countries 
of the Western world may be readily obtained. In this 


NATURE 


June 12, 1965 


April issue, besides the account of the Consortium for 
Turkey, the subjects discussed are: relating science and 
technology to economic development (a five-country 
experiment); publicity for pharmaceutical products 
(regulations that hamper trade); present-day problems and 
policies; the improvement of agricultural market nforma- 
tion (collection and collation of forecasting data for 
Government use); some aspects of cotton industry prob- 
lems; vocational training for adults (an answer to the 
demand for skilled manpower); and pilot experiments in 
international scientific co-operation (international centres 
for research oriented on natural resources). This magazine 
is well produced and Wlustrated. Its perusal will at least 
impress the reader with the fact that the Organization for 
Economic Co-operation and Development is a truly live 
body, steadily but surely achieving the ideals for which it 
was originally founded. 
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The Great Society: a Plan 


UNDER the title The Great Society: a Plan (Pp. 36. 
London: United States Information Service, American 
Embassy, 1965)—-to which W. Lippman contributes an 
introduction, ‘The Principle of the great Society”, ex- 
plaining President Johnson’s use of the words “the Great 
Society’ —are collected excerpts from President Johnson’s 
message to Congress on the State of the Union (January 
4); his messages to Congress on the American economy 
(January 28); on the Budget for 1966 (January 25); the 
Defence Budget (January 18); foreign aid (January 14); 
health (January 7); education (January 12); immigration 
(January 13); and his inaugural address of January 20). 
A few facts recorded may be noted here. Proposed 
expenditure on space research and technology in 1966 is 
5,100 million dollars, on natural resources 3,900 million 
dollars, and on education 2,700 million dollars. More than 
6,000 millon dollars a year ıs being invested in military 
research and development. For technical co-operation, 
expenditure of 210 million dollars is proposed, with a 
further 155 million dollars in contributions to inter- 
national organizations. 


Designing the Controls of Machines 


To the worker in the old days tools were extensions of 
his arms. They had been adapted by centuries of use. 
The levers, knobs and switches of modern equipment 
cannot evolve in this way. They must be designed deliber- 
ately to fit human capacity. In Men, Machines and Con- 
trols, K. A. Provins, reader in psychology at the Univer- 
sity of Adelaide, gives an interesting account of how 
human factors have to be considered in the design of 
machine controls (Ergonomics for Industry, No. 7: Men, 
Machines and Controls. K. A. Provins. Pp. 24. London: 
D.S.IL.R. Obtainable from Warren Spring Laboratory, 
Stevenage, Herts. 1965. Gratis). The range of movement 
of the different parts of the body affects the placing of 
controls; and the height, weight, age and sex of the opera- 
tor fluence their detailed design. Surprisingly, national- 
ity plays a part. Difference in physique between races are 
important when designing for export. For example, in 
some parts of the world, the majority of people could not 
reach the control pedals of agricultural tractors made for 
the Enghsh farmers. Different parts of the body have 
different capacities for exerting force and for accurate 
movement, so the function of a control on a machine will 
often determine its position relative to an operator. 
Controls may be classified in terms of the force, speed and 
accuracy needed to operate them. The amount of force 
that an operator can exert with a given limb will vary 
with his posture and with how long he has to maintain 
the force. Accuracy will depend on the characteristics 
of the control and the way in which information about the 
task is fed back to the operator, as well as on his personal 
characteristics. Speed and range of movement depend 
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on the position and design of controls as well as on the 
accuracy required. An interesting table sets out the 
characteristics of various kinds of controls such as cranks, 
wheels, levers and push buttons, and examines their suit- 
ability for different tasks and loads. There ıs also a short 
section on power-assisted controls and the layout of 
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_ machines. 


Phase-locked Lasers 


L. R. Enloe and J. K. Rodda of the Bell Telephone 
Laboratories (Bell Telephone Record, 42, 70, Feb. 1965) 
have succeeded in locking two lasers together ın phase 
by means of a feedback loop which holds the phase 
difference between the waves generated by two single- 
frequency He-Ne lasers to within a third of a degree. 
The frequency of the lasers was approximately 5 x 10 
c/s. The laser beams were combined by means of a half- 
silvered mirror, which sent part of the combined beam to a 
screen and the remainder to a photomultiplier. The out- 
put current from the photomultiplier, being proportional 
to the instantaneous power of the combined light waves, 
increases when the light waves interfere constructively 
‘and decreases when they interfere destructively. Thus, 
the value of the instantaneous current depends on the 
phase difference between the two laser beams. The voltage 
produced by the current is fed back through a d.c. 
amplifier and a low pass filter to a piezoelectric transducer 
supporting one of the mirrors of the resonator of the 
receiving laser. The resonating length and correspond- 
ingly the frequency of the laser is thus altered and forces 
the receiving laser to track the frequency and phase of the 
transmitting laser. Phase-lock was maintained even 
when the frequency of the transmitting laser was changed 
by + 50 Mc/s and when, in addition, its beam was attenu- 
ated by 50 dB. Phase-locking at optical frequencies 
permits the use of homodyne detection, with corresponding 
reduction in transmitted power, in experimental light 
communications systems, and also facilitates the investiga- 
tion of interactions of light waves from separate sources. 


- Journal of Experimental Social Psychology 


ACADEMIC Press has recently published two new 
journals in psychology: one is the Journal of Experimental 
Research in Personality, the other the Journal of 
Experimental Social Psychology (1, No. 1 (January 1965). 
Edited by John Thibaut. Pp. 1-102. Subscription 
rates (4 issues): Institutional subscribers 16° dollars; 
Private subscribers certifying that the journal is for 
personal use 8 dollars. New York and London: Academic 
Press, 1965). These new journals have started at the same 
time as the well-known Journal of Abnormal and Social 
Psychology has split into two separate parts, one dealing 
with personality and social psychology, the other with 
abnormal psychology—just more than two years after the 
appearance of the British Journal of Social and Clinical 
Psychology. There is obviously a healthy ferment in this 
general area of the application of scientific method and 
experimental design to social problems, and the increasing 
sophistication and quality of the experiments reported 
make ıt appear that the next few years will see a rapid 
advance in these areas. The composition of the editorial 
board suggests that the Journal of Experimental Social 
Psychology will deal largely with work on small groups, and 
the contents of the first issue do not disappoint this ex- 
pectation. There is, for example, a paper on risk-taking in 
groups, which investigates the well-known phenomenon 
that decision-making in groups leads to enhanced risk- 
taking as compared with individual decision-making. (The 
authors conclude their analytical investigation by saying 
that ‘“‘The occurrence of group discussion is both necessary 
and sufficient for generating the risky shift effect.”’.) It 
is a pity that the authors have followed the usual habit 
American experimental psychologists of leaving out of 
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any reference to personality and individual differences; 
as the work of Rim has shown, extroverts and introverts 
react quite differently in situations of this kind and the 
analysis of experimental investigations of small groups 1s 
incomplete when an important source of variance 18 
neglected. Nevertheless, this paper like the others is of a 
high standard and the new Journal makes a welcome 
addition to the small group of standard-bearers favouring 
the experimental approach to social problems. 


Biological Luminous Clocks 


A RECENT general account, published in the Rockefeller 
Insitute Review (3, No. 1, 10; 1965), of the past fow years 
work on the luminescent dinoflagellate Gonyaulax polyedra 
reveals some interesting details of the mechanism of bio- 
luminescence and the nature of biological clocks.- This 
marine plant 1s smaller and easier to cultivate than its 
better-known relative Noctiluca, and flashes of light are 
easily produced by shak-ng the cultures or bubbling air 
through them. It has been known for a long time that 
the amount of ight produced waxes and wanes in syn- 
chrony with the alternation of day and night, and exact 
measurements show that the light is some 50-100 times 
stronger m the middle of the night than in the daytime. 
The rhythmicity persists when cultures are kept in 
continuous dim light (100 lux) but disappears under con- 
tinuous bright light. Dr. F. W. Hastings and his colleagues 
in the United States find that the rhythm can be altered 
to a small extent by changing the periods of illumination, 
for example, to a 14-h ‘day’ of 7-h light and 7-h darkness, 
but that with shorter periods the plant reverts to the 
inherent, approximately 24h, rhythm. This rhythm can 
also be upset under continuous dim light by relatively 
short exposures (2-5 h) to brighter light, the cycle being 
either accelerated or retarded according to the stage at 
which the light stimulus is given. In addition to the 
luminescent rhythm, similar entrained 24-h rhythms have 
been found in the processes of cell-division and photo- 
synthesis, though with peaks at different times in the 
day. The question arises. therefore, as to whether the 
plants possess three different internal physiological 
‘clocks’, or if there is one master process that is able to 
control the three separate rhythms. The same investi- 
gators have isolated active particles (c. 0:54) from the 
cells, and find that flashes are emitted by lowering the 
pH. Although the real function of the luminescent 
reaction is still obscure, the authors believe that it 1s im- 
portant to the organisms because of the high-energy 
intermediate products formed, and not because of the light 
emission. 


Beit Memorial Fellowships for Medical Research 


Tux following elections to Beit Memorial fellowships for 
medical research have been announced: Junior Fellow- 
ships, W. N. Adams Smith, to study the influence of sex 
hormones on the maturation of the brain, at the Depart- 
ment of Human Anatomy, University of Oxford; N. P. 
Bishun, to study autosomsl and sex chromosome abnor- 
malities associated with congenital anomalies in children 
and foetuses, at the Department of Anatomy, Queen’s 
University, Belfast; M. R. Holloway, to study the mechan- 
ism ofenzymaticoxidation and reduction ofpyridine nucleo- 
tide coenzymes, at the Department of Biochemistry, 
University College, London; J. A. Kirrane, to study 
immunological interrelationships between collagens, at the 
Medical Research Council Rheumatism Research Unit, 
Taplow; R. Kumar, to study factors determining responses 
to psychomotor drugs, at the Department of Pharma- 
cology, University College, London; Clare Bernadette 
McLoughlin, to study haemoglobin synthesis in thalas- 
saemia and related disorders, at the Department of 
Chemical Pathology, University College Hospital Medical 
School, London; A. K. Singh, to study the absorption, 
transport and haemopoietic role of folic acid, at the 
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Department of Haematology, St. Thomas’s Hospital 
Medical School, London. 

Fourth Year fellowship: Dr. G. F. Rowland, to continue 
a study of the mechanism of carcinogenesis induced by 
p-dimethylaminoazobenzene, at the Department of 
Chemical Pathology, University College Hospital Medical 
School, London. 

Prof. Bernard Katz (University College, London) was 
appointed to the Advisory Board in succession to Sir 
Lindor Brown (University of Oxford) who retired after 12 
years service. 


University and College News: 
Battersea College of Technology 


Dn. J. M. ZAREK, reader in engineering science at 
King’s College, London, has been appointed professor 
and head of the Department of Mechanical Engineering. 


Churchill College, Cambridge 


Honorary Fellowships have been conferred on the 
folowing : Mr. R. Churchill, Dr. F. Crick, Mr. H. Moore 
and Dr. B. Wallis. 


Glasgow 


Dr. H. G. Morcan, senior lecturer in pathology m the 
University of St. Andrews, has been appointed to the new 
chair of pathological biochemistry. 


Leeds 


Tux following lecturers have been appomted. Dr. G- 
Brooke (physics); Mr. J. E. Rubio (electrical and elec- 
tronic engineering); Mr. P. Sunderland (chemical engineer- 
ing); Mr. L. A. Walker (civil engineermg). 


Nottingham 


Dr. A. J. M. SPENCER, reader and acting head of 
department, has been appointed professor and head of 
the Department of Theoretical Mechanics. 


Swansea 


Mr. O. E. M. HANSEL, senior lecturer in psychology at 
the University of Manchester, has been appointed to the 
newly established chair of psychology. The following 
lecturers have also been appointed: Dr. R. Phythian 
and Dr. J T. Davies (physics); Dr. C. J. Ridler-Rowe 
(pure mathematics); Dr. D. T. Herbert (geography); 
Dr. R. A. E. Tiney-Bassett (genetics in the Department 
of Zoology); Dr. J. S. Ryland (marine biology in the 
Department of Zoology); Mr. J. C. Peters and Dr. Y. K. 
Cheung (civil engineering); Dr. 8. D. Probert (mechanical 
engineering). 


Welsh College of Advanced Technology 


Dr. J. R. Bristow has been appointed to the chair of 
applied physics. Mr. ©. T. Baldwin has been appointed 
to the chair of electrical engineering. 


The Night Sky in July 


FULL moon occurs on July 13d 17h V.T. and new moon 
on July 28d. 12. The following conjunctions with the 
Moon occur: July 4d 21h, Mars 5° S.; July 18d 07h, 
Saturn 3° N.; July 25d 14h, Jupiter 1° S.; July 30d 07h, 
Venus 4° 8. Mercury is unfavourably placed for observa- 
tion during the month. Venus sets at 21h 40m, 21h 25m, 
21h 00m on July 1, 14, 29, respectively; its stellar mag- 
nitude is — 3-3 and its distance from the Earth on July 15 
is 140 million miles. Mars sets at 23h 40m, 22h 50m, 22h 
00m at the beginnmg middle and end of the month, 
respectively; its stellar magnitude is +1-1; its distance 
from the Earth on July 15 is 134 million miles and is 
in Virgo. Jupiter rises at 2h 15m, lh 30m, Oh 40m at 
the beginning, middle and end of the month, respectively ; 
its stellar magnitude is —1-6; its distance from the 
Earth on July 15 is 547 million miles and is in Taurus. 
Saturn rises at 23h 15m, 22h 15m, 21h 20m at the begin- 
ning, middle and end of the month, respectively; its 
stellar magnitude is +1+1; its distance from the Earth 
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on July 15 is 844 million miles and is in Aquarius. The 
following occultations of stars brighter than magnitude 6 
occur, observation being made at Greenwich: July 12d 
22h 57:4m, o Sgr (R); July 22d Olh 33-4m, 64 Cet (R); 
July 22d Olh 52-0m ë! Cet (D); July 22d 02h 39-4m, 
E! Cet (FR). D refers to disappearance and R to reappear- 
ance. The ò Aquarid meteors are active in the period 
July 15—August 10. Conditions of observation are favour- 
able, with maximum occurring during July 29. The 
radiant 1s at 339° R.A.—17° Dec. The Perseid meteors 
become active after July 27. 
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Announcements 


Dr. J. TAYVLOR has been awarded the Medal of the 
Society of Chemical Industry for 1965. 


Dr. BENJAMIN Lax, distinguished for his work in the 
field of solid-state physics, has been appointed professor 
of physics at the Massachusetts Institute of Technology. 
He will continue to serve as director of the Institute’s 
National Magnet Laboratory, but will relinquish his 
responsibilities as associate director of the Lincoln Labora- 
tory, Lexington. 


THE summer courses of the Enrico Fermi International 
School of Physics, organized by the Società Italiana di 
Fisica, will be held at Varenna. Three courses will be 
held as follows: the optical properties of solids (June 28- 
July 10); high-energy astrophysics (July 12-24); many- 
body description of nuclear structure and reactions (July 
26-August 14). Further information can be obtained 
from Prof. G. Germana, Societa Italiana di Fisica, Via 
Irnerio 46, Bologna. 


A. CONFERENCE on “Plastics in Building Structures’, 
arranged by the Plastics Institute in association with the 
Institution of Civil Engineers, the Institution of Structural 
Engineers and the Royal Institute of British Architects, 
will be held at the Institute during June 14-16. Further 
information can be obtained from the Secretary, the 
Plastics Institute, 6 Mandeville Place, London, W.1. 


AN international symposium on “Biochemistry and 
Physiology of Alkaloids’ will be held in Halle/Saale 
during June 24-27. Further information can be obtained 
from Prof. K. Mothes, Deutsche Akademie der Wissen- 
schaften zu Berlin, Weinbergweg, Halle/Saale. 


THE seventeenth British Electrical Power Convention 
on “Electricity in the Fuel and Power Future” will be 
held in Brighton during June 21-24. Further information 
can be obtained from the Electrical Development Associa- 
tion, Trafalgar Buildings, 1 Charing Cross, London, 8.W.1. 


AN international meeting on ‘“‘Fuel Cells”, organized by 
the Société d’Etudes de Recherches et d’Applications pour 
l'Industrie, will be held in Brussels during June 21-24. 
Further information can be obtained from Mr. Van- 
leugenhaghe, c/o the Société d'Etudes de Recherches et 
d’Applications pour l'Industrie, 1091 Chaussée d’Alsem- 
berg, Brussels 18. 


A ONE-WEEK programme in “Techniques in Oceano- 


-graphic Instrumentation’? will be held at the Massa- 


chusetts Institute of Technology during June 21-25. 
Topics to be discussed will include: navigational aids; 
the instruments of physical oceanography; the instru- 
ments of submarine geology and geophysics; selected 
topes in chemical and biological oceanography. Further 
information can be obtamed from the Director of the 
Summer Session, Room #19-356, Massachusetts Institute 
of Technology. Cambridge, Massachusetts. 


Erratum. In the article entitled “Drug Resistance and 
its Transfer in Salmonella typhimurium” by Dr. E. S. 
Anderson and Dr. M. J. Lewis, which appeared on p. 579 
of the May 8, 1965, issue of Nature, p. 582, para. 8, lme 15 
should read “population from 3:0 x 108 to 1-3 x 108...” 
and not “population from 30 x 10° to 1:3 x 104...” as 
printed. 
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UNIVERSITY FINANCE IN BRITAIN 


HE annual survey of the acaderme year 1963-64 by 
the University Grants Committee * ıs this year issued 
as a separate publication and it is proposed to continue 
this practice in future, partly to avoid delaying the 
presentation of -the statistics. The survey begins by 
summarizing the changes in organization and membership 
which followed the acceptance by the Government of 
recommendations made by the Robbins Committee. 
(These have since been superseded, at least partly, by 
subsequent changes under Mr. H. Wilson’s admunistra- 
tion, though the Committee continues to be responsible 
to the Secretary of State for Education and Science and not 
to the Treasury.) It is stated that the Committee on 
Audio-Visual Aids in Institutions of Higher Education 
is expected to report in the spring of 1965 and the Com- 
mittee on Libraries “within the next year or so”. A 
new standing advisory panel on computers with Sir 
Willis Jackson as chairman was established in conjunction 
with the Department of Education and Science, “to con- 
sider and advise, in the light of available resources, on 
proposals which are referred to them for the provision of 
computer facilities and related matters in institutions of 
higher education”. The staff of the Committee had risen 
to 50 by January 1963 (compared with 22 in January 
1953) and, after a comprehensive review of organization 
and procedures in the office, agreement was reached on a 
new staffing complement. The increase in staff has far 
outstripped the accommodation available, but it is 
hoped that the alternative premises secured at 13—14 Park 
Crescent, London, W.1, will be ready for occupation, early 
in 1965 and suffice for needs in the foreseeable future. 
On university expansion to 1967-68, the survey com- 
ments that analysis of the replies of the universities to 
the request sent to them in October 1963 showed that 
the aggregate total of places offered by 1967-68 was 
substantially greater than that required to meet the 
Robbins objective of 197,000. Discussions on scaling 
down, involving 35 institutions, were started in January 
1964, and completed in February 1964. Following these, 
the Committee advised the Government as to the addition 
required to the building starts programme for 1965, 
and on May 14, 1964, the Government announced that 
£54-5 million would be authorized for building starts in 
the period January 1, 1965-March 31, 1966. The Com- 
mittee had also to consider the appropriate procedures 
for organizing the transition to university status of the 
colleges of advanced technology and the Heriot-Watt 
College, Edinburgh. All the colleges concerned agreed to 
the proposal to appoint Academic Advisory Committees 
for this purpose, in consultation with the University 


* University Grants Committee Annual Survey, Academic Year 1963- 
1964, (Cmnd 2571) Pp 28. (London: HMSO, 1965) 1s. 9d net. 


Grants Committee. Membership of these Committees is 
dealt with in an appencix to the survey. A similar pro- 
cedure was adopted for the Royal College of Art and the 
College of Aeronautics. 

The survey also recapitulates progress with the ten-year 
programme of expansior to 1973-74, recording the recon- 
stitution of the New Universities Sub-Committee. under 
Sir John Wolfenden’s chairmanship, and the discussions 
on academic salaries w-th the National Incomes Com- 
mission are also summarized. The Committee has also 
agreed with the Government on a formula covering the 
principles which should govern the discontinuance of 
family allowances to new appomtments, promotions, and 
transfer from one university to another. The University 
of St. Andrews is settinz up, in collaboration with the 
University Grants Committee, an Academic Advisory 
Committee for the development of Queen’s College, 
Dundee, as a separate university, and it is expected that 
the University of Dundee will be inaugurated in October 
1966, or, at latest, in Oetober 1967. Developments in 
British Business Schools and management studies, follow- 
ing the reports of Lord Frenks and of Lord Normanbrook’s 
working party, are also summarized. 

The Committee has also undertaken, at the Govern- 
ment’s request, further enquiries regarding the loca- 
tion of a new medical school and the expansion of 
existing medical schools, consequent on the recommenda- 
tions of the Gillie Report and the Platt Report. On 
July 27, 1964, the Minister of Health announced that the 
new medical school woulc be located at the University 
of Nottingham, with a new teaching hospital of 1,200 
beds and an annual entry cf 100 students. He also stated 
that, on the advice of the University Grants Committee, 
existing medical schools would be expanded to increase 
the annual intake of British-based students by about 150 
by October 1966. Early ir. 1964 the Committee decided 
to review the existing arrangement for controlling the 
cost of residential accommcdation. for university students. ` 
and the Committee and the Department of Education and 
Science are now considerirg the recommendations of a 
jomt working party appoirted for this purpose. Early 
in 1963 the attention of ths universities was directed to 
some of the possibilities in tne application of new building 
techniques to university buiding and in particular to the 
Clasp system which the Uriversity of York is adopting 
in its building programme and modifying for university 
use. In conjunction with tke education departments and 
the Ministry of Public Bw-dmg and Works, a working 
party was set up to consider more rapid and cheaper 
means of providing studert residence in @ period of 
emergency expansion; the results of this survey were 
communicated to the universities in November 1963. 


LONG-TERM ECONOMIC PLANNING FOR GROWTH 


ROADSHEET No. 487, issued by Political and 

Economic Planning* and prepared by G. Denton, 
summarizes the most urgent conclusions for Britain to 
be derived from recent experience with institutions, the 
planning of targets, the balance of payments, incomes 
policy, fiscal policy and regional policy. 

As regards institutions, from their formation early in 
1962 to October 1964, the National Economic Develop- 
ment Council and the National Economic Development 
Office were the chief mstitutions for long-term economic 
planning for growth, and considerable progress was made 


* Planning, 31, No. 487 (March, 1965). Planning for Growth. Pp. 75-114. 
{London Po itieal and Economic Planning, 1965.) 6s. 


during the period in fulfilling the main purpose of the 
Council——that of involving boch sides of industry with the 
Government in the formation of economic policy. The 
main problems encountered by both institutions con- 
cerned their position on the edge of the administrative 
structure and the recruitment of staff. The Council was, 
in constitution, a typical advisory body but required to 
influence Government, industry and the Unions in a 
predetermined direction. It was supported by an Office 
mdependent of any Government department, yet in close 
touch with Whitehall and also with representatives of 
organizations of industry and with the Trades Union 
Congress. 
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It was its access to confidential official documents 
which involved restrictions on publication that meant 
that the National Economic Development Office was 
neither a part of Government nor an. independent research 
institute: this position was not entirely comfortable. 
Partly on account of this ambiguous position, there was 
some difficulty in staffing the Office. Secondments from 
industry and from the universities were an obvious first 
step to buildmg up an experienced and highly qualified 
staff and maintaining an independent position. However, 
this policy led to some uncertainty about career prospects 
among the essential core of permanent staff, and there 
was @ high turnover of staff aggravated by uncertainty 
about the role and future of the organization and by 
competition from the rapidly expanding universities. 
The whole organization m 1964 was troubled by four 
major factors: its ambiguous position in the existing 
structure of Government; the uncertainties of the staff; 
speculation about the future organization under either a 
Labour or a Conservative Government; and the develop- 
ing economic crisis. 

In these circumstances there was a strong case for 
bringing the economic planning side of the organization 
inside the Government. To put it within the Treasury 
would have been an improvement, but the present 
Government went further in setting up the Department 
of Economic Affairs. This took over most of the division 
of the Treasury concerned with economic growth, as well 
as most of the economie division of the National Economic 
Development Office, including its head, who became 
Director-General in charge of economic planning in the 
new Department, thus obtaining a clearly defined position 
in Whitehall. Advantages, however, were seen in keeping 
the industrial division of the Office in its independent 
position. The Broadsheet points out that it is far too 
soon to assess the way in which the new organization for 
planning growth will operate. 

On the target announced by the Government in the 
autumn of 1964, of a rate of growth of 3-8 per cent per 
annum, the Broadsheet comments that the move towards 
greater flexibility is a much-needed reassurance, in view 


MEDICAL RESEARCH IN 


HE tenth annual meeting of the Standing Advisory 

Committee for Medical Research in the British 
Caribbean was held in Barbados during April 3-6. His 
Excellency the Governor, Sir John Stow, formally opened 
the meeting with Sir Grey Messiah, president of the 
Senate, as chairman. Addresses were given by Mr. Da- 
Costa Edwards, the Minister of Health, Dr. K. L. Stuart, 
reader in medicine, University of the West Indies, and 
Dr. E. T. C. Spooner, dean of the London School of 
Hygiene and Tropical Medicine. 

The main topic of the scientific meeting was “Infectious 
and Parasitic Disease”, and forty-two papers were read: 
twenty-two from Jamaica, nine from Trinidad, three from 
Barbados, two from British Guiana, one each from the 
U.S. Virgin Islands and British Honduras, and four 
from the United States. Two papers from British Honduras 
and Curaçao were read in title. 

Dr. W. G. Downs of the Rockefeller Foundation was 
chairman of the first session on virus diseases. Important 
observations on the role of viruses in the aetiology of 
respiratory infections m the tropics were reported in 
papers from the Department of Microbiology, and the 
Trinidad Regional Virus Laboratory, University of the 
West Indies. Both influenza A and B virus were isolated 
during epidemic periods in Jamaica, though adenovirus, 
para-influenza and respiratory syncytial viruses were also 
isolated from clinical cases. Twenty-five strains of the 
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of the new emphasis on direction. Furthermore, there is 
much to be said now for the sensible proposition that the 
Government should examine and publish the consequences 
of more than one rate of growth. 

The Broadsheet concludes that both the National 
Economic Development Council and its Office can now 
be seen to have suffered in their early days from an 
excess of enthusiasm. Britain now has an indigenous 
organization but the problem of enthusiasm ıs as real as 
ever, and keenness to get an incomes policy quickly may 
lead the Government into more trouble, while there is 
some danger that the desire for a fuller utilization of 
resources in the immediate future may lead to some 
wrong decisions on regional policy. Secondly, the 
experience in planning for growth has emphasized the 
need for much flexibihty and it is unlkely that the 
organization established in October 1964 will prove to be 
ideal ın every respect. Changes in structure and in 
personnel may be needed and the Government must be 
ready to adjust the plans and targets in the light of 
economic events. Britaim needs a consistent long-term 
view of the economy, but this does not mean that the 
plan with a single-target rate of growth of national 
output, broken down into targets for individual sectors, 
can and must be maimtamed. Flexibility is particularly 
desirable when the outcome of policies is very uncertain 
as, above all, ın. the field of incomes poley. It ıs also 
necessary to avoid the danger that the attempt to plan 
the growth of the economy over certain time periods that 
are convenient for drawing up forecasts may result in 
propagating a new and broad—but not broad enough— 
conventional wisdom. Four to six years may be a con- 
venient period to plan in trying to superimpose a longer- 
term view of economic policy than has so far been applied, 
but what is good for the economy in 1970 may not be so 
desirable in 1975 or 1980. Plans on the French or the 
National Economic Development Council model are better 
characterized as medium rather than as long term. A 
third requirement for the new approach to planning for 
growth is that the policy of the Government should be 
clear. 
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latter virus were isolated from throat swabs of infants 
and young children during a recent severe outbreak of 
bronchiolitis and pneumonia in Trinidad. The use of 
fluorescent antibody techniques in the early and specific 
diagnosis of microbial infections was reported by Dr. A. E. 
Urquhart and Prof. L. S. Grant. A latex agglutination 
test was described by Dr. Likar and Prof. Grant for the 
detection of arbovirus antibodies where haemagglutination 
techniques may not be easily applicable. Drs. J. O. 
Mason, T. Frothingham, A. Spielman and Prof. T. H. 
Weller, of Harvard University, reported that successful 
inoculation of a chick embryo cell culture with Sindbis 
virus was obtained when infected Aédes aegypti were 
allowed to feed on the medium. This culture system may 
be useful in the investigation of arbovirus ecology, and 
several possible appheations of this technique were ex- 
plored in the discussion following this paper. Drs. K. 
MacKenzie, J. Carberry and D. Luck reported on an 
outbreak of acute poliomyelitis m 1964, which was 
confined to Kingston, the capital of Jamaica, where no 
mass immunization was carried out during 1964. Ninety 
per cent of the patients were less than four years old and 
78 per cent had not received any polio vaccine. Paralysis 
occurred in 84 per cent of the cases and poliovirus Type 1 
was isolated in more than one-third of all cases. The age 
incidence of the disease and its occurrence among a non- 
immunized population, especially in infants less than a 


=j 


June 12, 1965 


year old, indicate a need for continuous mass poliomyelitis 
immunization. An epidemic of poliomyelitis occurred 
during 1962-63 in British Guiana, and Type 1 poliovirus 
was quickly isolated ın the Trinidad Regional Virus 
Laboratory. Drs. J. J. Witte, B. B. Nehaul, M. I. Page 
and H. M. Gelfand reported that over a 10-week period 
485 paralytic cases occurred, 90 per cent in children less 
than five years of age. ‘Trivalent oral polio-vaccine was 
administered to 85 per cent of the children less than five 
years old, and the effectiveness rate was calculated to be 
86 per cent. The authors stressed the importance of early 
recognition and rapid execution of a vaccination pro- 
gramme in such an epidemic situation. The session ended 
with an account of the ecology of Venezuelan equine 
encephalitis virus (VEE) ın a forest in Trinidad by 
Drs. A. H. Jonkers, C. Brooke-Worth, L. Spence and 
T. H. G. Aitken of the Trinidad Regional Virus Labora- 
tory. This virus, which was responsible for two outbreaks 
of VEE in human, beings and animals in British Guiana 
and Jamaica in 1962, probably depends on a mosquito- 
rodent cycle, though mechanisms for its escape from forest 
areas have not been fully elucidated. 

Prof. E. K. Cruickshank, University of the West Indies, 
took the chair during the second session on bacterial 
infections. The changing trend of the leading causes of 
death in Jamaica was discussed in a paper by Drs. Luck, 
K. L. Standard, Prof. Grant and Miss G. D. Shaw, and 
the important part played by gastro-enteritis in infant 
mortality in Jamaica was stressed by these authors in 
another paper. 

A simple mathematical model to predict the prevalence 
and trend of infectious disease in a community was pre- 
sented by Dr. K. M. Patwary, Jamaica. Three recent 
outbreaks of typhoid fever reported by Dr. J. Gourlay 
demonstrated that this disease is still an important one in 
Jamaica. The session ended with three papers dealing 
with several aspects of mass immunization techniques 
applied to a developing country, where tetanus and 
diphtheria still occur with distressing regularity. The work 
reported in these papers was undertaken by the Ministry 
of Health and the University of the West Indies, Jamaica, 
and the Communicable Disease Center, Atlanta, Georgia, 
U.S.A. 

At the third session infectious diseases was the main 
subject and Prof. G. Bras was chairman. Dr. P. Rodgers 
and Prof. E. K. Cruickshank reported that neurosyphilis 
accounted for a significant number of neurological 
admissions to the University Hospital. All forms of the 
disease were seen, although the incidence of spinal syphilis 
was high. The importance of early diagnosis was stressed 
as this disease responded well to therapy. The problem 
of the control of gonorrheal infection in Barbados was 
discussed in a paper by Dr. L. Harney. She suggested 
that an examination of the attitude of persons towards 
the disease and investigations of the sexual behaviour in 
adults might result in a more rational approach to this 
problem. Dr. J. K. Choudhury reported that during 
the past decade the number of cases of tuberculosis 
notified in British Guiana had remained stationary in 
contrast to the downward trend noted in the previous ten 
years. The reason for this was shown by an analysis of 
the disease according to racial groups. While the two major 
racial groups, East Indians and Africans, have continued 
to show a decreasing incidence, the Amerindian population 
was shown to have a high and rising incidence of what is 
apparently a new disease in this racial group. Eradication 
of the disease among the 30,000 Amerindians living in a 
few thousand square miles of very. difficult terrain was a 
challenging task. Other experiences in the control of 
tuberculosis were reported by Dr. T. R. Jones of Jamaica, 
and Dr. E. Cochrane of Barbados. Medical men in the 
Caribbean are becoming increasingly aware of the impor- 
tance of leptospirosis in the Caribbean area. Papers by 
Dr. Urquhart, Prof. Grant and Dr. O. Barrow high-lighted 
the clinical and epidemiological features of this disease. 
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The last paper in this session dealt with the incidence 
and clinical features of sarcoidosis in Jamaica. Drs. J. 
Ling and R. A. Irvine reported that the disease is un- 
common in Jamaica, though others have reported that the 
incidence 1s high among Jamaican immigrants m the 
United Kingdom. Another interesting feature of the 
disease as seen in Jamaica was the ranty of erythema 
nodosum and ocular sarcoidosis, and the occurrence of 
myocardial involvement in one patient. 

The fourth session was devoted to parasitic diseases and 
the chairman was Dr. E. T. C. Spooner. Prof. L. 8. 
Grant discussed the role of Mycoplasma infections in 
man and animals and outlined methods m use in the ` 
University of the West Indies in the diagnosis of this 
group of organisms. Mr. R. W. M. Buhagiar of the 
Dermal Leishmaniasis Research Unit in British Honduras 
reported that several species of wild-caught mammals 
as well as a few Triatoma dimidiata were found infected 
with different strains of trypanosomes, some of which 
are as yet unidentified. Dr. B. Fistein (Trinidad) presented 
presumptive evidence of tke existence of T. cruzi infection, 
hitherto unreported in Trinidad. Sero-positive cases were 
middle-aged adults with features of cardiomyopathy. 
Vector bugs were found to be infected with developmental 
forms morphologically sinular to those of T. cruzi, but 
positive identification awaits further study. Dr. J. 
Goodman outlined the parasitic disease control programme 
of the U.S. Virgin Islands, and Dr. M. Ashcroft presented 
an. historical account of human helminths which occur or 
have occurred in the Caribbean. 

Prof. G. Bras, Drs. R. Bichards, R. A. Irvine and P. 
Milner reported the rare occurrence of intestinal mal- 
absorption resulting from infestation with Strongyloids 
stercorales. The clinical picture of severe protein mal- 
nutrition in the adult, a bizarre duodenal lesions and the 
presence of larvae in the duodenal mucosa was seen in 
three cases. Dr. G. R. Healy reviewed techniques at pre- 
sent available for the diagnosis of amoebiasis, which is a 
major problem in Dominica. The session ended with a 
paper by Dr. O. Siung and Mr. Ramgoolam, in which the 
Aedes aegypti eradication programme in Trinidad and 
Tobago was outlined. The authors stressed the paramount 
importance of regular testing of larvae to various insecti- 
cides before formulating an insecticidal policy, especially 
where new strains may be introduced from neighbouring 
territories and where simultaneous control of several 
species of mosquitoes was necessary. 

The final session, under the chairmanship of Prof. 
M. D. Milne, was on clinica’ and investigative studies. 
Investigations reported by Drs. K. L. Stuart, G. T. M. 
Cummins and W. A. Chin confirmed the predictive value 
of bacteriuria as an index of subsequent clinical pyelo- 
nephritis, and showed the higher incidence of prematurity 
and the hypertensive disorders of pregnancy in bacteriurics 
than in non-bacteriurics. An important investigation of 
renal function in infantile malnutrition by Dr. G. A. O. 
Alleyne (Medical Research Council) showed that there is a 
consistent reduction in glomerular filtration rate, an 
inability to excrete free water and an impairment in the 
ability of the kidney to produce a concentrated urine. 
Improvement in these parameters of kidney function 
took place during recovery from severe protein-calorie 
malnutrition. Dr. J. S. Garrow “Medical Research Council) 
presented results of measurements of total body potassium 
in infantile malnutrition by means of a whole body 
liquid scintillation counter. Reductions up to 50 per cent 
of the normal value of total bcdy potassium were found 
m the oedematous kwashiorkor infant even if serum 
potassium levels were normal. Disappearance of clinical 
oedema was associated with a rapid increase of total body 
potassium. Marasmic infants or non-oedematous mal- 
nourished infantis showed a relatively smaller deficit of 
total body potassium. The author discussed the thera- 
peutic implications of his findings. Papers dealing with 
the treatment of chronic leg ulceration, a major cause of 
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hospital admissions in several Caribbean territories, and 
the closure of severe traumatic wounds were read by 
Dr. G. H. Wattley and Mr. E. L. S. Robertson respectively, 
from Trinidad. Dr. P. Curzen reported results of investi- 
gations of enzyme histochemistry of ninety-two placentae 
obtained from normal and abnormal pregnaricies of 
different stages of gestation. The author suggested that a 
high concentration of alkaline phosphatase and glucose-6- 
phosphatase together with a low concentration of acid 
phosphatase constituted the histochemical parameters 
of placental insufficiency. 

A paper by Dr. J. B. Davies of the Sandfly Research 
Unit, Jamaica, demonstrated that the emergence rates of 
three species of Culicoides were closely related to the tidal 
amplitude and mean weekly tide-levels, thus establishing 
that control of these insects would be brought about by 
water management methods. Dr. T. Poon-King (Trinidad) 
reported on an epidemic of acute glomerulonephritis which 
occurred recently m South Trinidad. Two hundred and 
ninety-seven patients were admitted to hospital, and 
children 3-9 years of age were most frequently affected. 
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Threc-quarters of all patients were East Indians and the 
incidence was considerably higher in rural than in urban 
areas. Oedema was the presenting symptom in all cases, 
and whereas few patients gave a history of preceding 
sore throat, many had septic skin lesions 1-4 weeks before 
the onset of oedema. Group A B-haemolytic streptococci 
were isolated from the skin and throat of a representative 
sample of nephritic patients. Dr. D. A. Gale presented the 
findings of a retrospective study of anaphylactoid reactions 
occurring in Barbados. This survey revealed that ninety- 
two reactions were reported by forty-two doctors and the 
number of reactions appeared to be on the increase. 
Penicillin was the antigenic agent in 57 per cent of cases, 
the second commonest cause being ATS and other antisera 
(28 per cent of cases). Five of these reactions were fatal. 
Dr. Gale believes that few doctors practising in the area 
appear to be adequately prepared to deal with this medical 
emergency. He concluded with a discussion of present- 
day testing procedures to detect potential reactors, pro- 
phylactic measures and treatment of an anaphylactoid 
reaction. 


CANADIAN ANTHROPOLOGY 


HE National Museum of Canada has recently pub- 
lished, in its Anthropological Series, Newfoundland 
Dorset Hskimos', by Dr. Elmer Harp, jun., which is based 
on work carried out by him in 1949 and 1950. It had 
been submitted to Harvard University as a Ph.D. thesis 
in 1952, and is now published without substantial altera- 
tion because it is a fundamental contribution to the 
understanding of the Cape Dorset culture. It is clearly 
right that this source material should be available, m 
spite of the many advances of knowledge since the thesis 
was written. 
It consists of an historical introduction and a descrip- 
tion of the sites and materials, followed by chapters which 


compare the various sites showing the Newfoundland 


Dorset to be a unit, and relate this to the Dorset culture 
elsewhere. There 1s a brief reference to non-Dorset sites 
on the Island, and they are shown to be related to the 
Laurentian aspect of the north-eastern Archaic of North 
America, and are tentatively ascribed to the Beothuk 
Indians, but Dr. Harp does not think that there can have 
been much contact between the Beothukand Dorset peoples. 

Comparison with Dorset sites outside Newfoundland 
was somewhat hindered by the state of knowledge at the 
time of writing, and the publications available. Thus, 
several of the sites mentioned belong to the Sarqaq 
culture, which is now recognized as a pre-Dorset unit 
containing some non-Dorset traits. Rowley’s description 
of the Abverdjar Dorset site (American Anthropologist 
(N.S.), 42, 490; 1940) does not attempt to be exhaustive 
and some traits are omitted, so Dr. Harp was unable, for 
example, to melude the site among those yielding chipped 
stone snub-nosed scrapers although there are several good 
examples in Rowley’s collection at Cambridge. Dr. Harp 
did not always make the best of the data he had, because 
he also omitted Abverdjar from the sites having triangular 
projectile points with concave base on p. 115, whereas he 
rightly included this trait in the description of the site 
on p. 101. 

Although his datıng estimates were far too late in the 
light of the knowledge now available, Harp already felt 
in 1952 that the Denbigh Flint Complex of Alaska was 
the source of some elements of the Dorset culture, a view 
which has recently been reinforced by J. L. Giddings, who 
discovered Denbigh (The Archaeology of Cape Denbigh, 
Brown University Press, 1964). It seems likely that some 
of these features may have been transmitted by way of 
pre-Dorset cultures like Sarqaq and that recently found 
on Victoria Island (An Interim Account of Archaeological 


Survey in the Central Arctic, 1963, by W. E. Taylor, jun., 
in Anthropological Papers of the University of Alaska, 12, 
No. 1; 1964), although true Dorset sites are being found 
further and further west, such as that at Bernard Harbour, 
about 115° west, which extends its range 400 miles in 
that direction (W. E. Taylor, jun., ibid.). 

Harp has carried out further work in Newfoundland 
and the adjacent parts of Labrador in 1961, and further 
publications are promised. A first instalment is already 
available, namely, Evidence of Boreal Archaic Culture in 
Southern Labrador and Newfoundland, which is one of 
several papers on diverse subjects, mostly of more local 
interest, ın Part 1 of Contributions to Anthropology, 
1961-62 (ref. 2). This gives further information about 
the non-Dorset material already mentioned, recording 
many more sites and illustrating more objects. The only 
material found consists of stone tools and weapons, 
mostly collected on the surface, but it adds a good deal 
to the assemblage previously reported, and the only. 
comment I would make is that I find it difficult from the 
illustrations to distinguish between some Dorset and some - 
Boreal Archaic side-notched points. 

An attempt is made to seriate the sites in order of age, 
distinguishing a possible pre-Boreal Archaic stage from 
the main group, but the evidence is rather thin. In the 
absence of any proof of Beothuk occupation of particular 
sites, it is now cautiously suggested that the Boreal 
Archaic in this area is the base from which the historic 
Beothuk culture ultimately evolved. 

Like Part 1, Part 2 of the Contributions to Anthropology, 
1961-62 (ref. 3) contains papers on a variety of subjects. 
Among those likely to be of particular interest to readers 
outside Canada are a study of nine North-west Coast 
‘coppers’, in which 1t is shown, contrary to expectation, 
that all these examples were made of copper plate of 
White origin and not of native copper, and two papers - 
on the manufacture and use of kayaks in the Belcher 
Islands, North-west Territories, and at Ivuyivik in the 
Province of Quebec. All in all, these volumes are evidence 
of great activity in research by the Museum. 

G. H. S. BUSHNELL 


1 National Museum of Canada Bulletin No 200. Anthropological Se:ies, 
Newfoundland Dorset Eskimos, 1964. Elmer Harp, jun. Pp. vi+110. 
(Ottawa Queen's Printer, 1964. ) 3 dollars 

? National Museum of Canada. Bulletin No 193 (Anthronologial Serres 
61)- Contributions to Anthropology, 1961-62, Part 1. Pp. vill 201, 
(53 plates). (Ottawa Queen’s Printer, 1964} 3 dollars. — 

> National Museum of Canada. Bulletin No. 194 Ana ropolonieal Serres, No... 
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EFFECTS OF ISOTOPIC SUBSTITUTION ON ELECTRON SPIN RESONANCE 
SIGNALS IN PHOTOSYNTHETIC ORGANISMS 


By DANIEL H. KOHL*, JONATHAN TOWNSEND, and Pror. BARRY COMMONER 


Departments of Botany and Physics, Washington University, St. Louis, Missouri 


AND 


Dr. HENRY L. CRESPI, RALPH C. DOUGHERTY, and Dr. JOSEPH J. KATZ 


Argonne National Laboratory, Argonne, Illinois 


HE initial observations of electron spin resonance 

signals in photosynthetic systems which increase on 
illumination!? have since been extended considerably. In 
green algae and in the chloroplasts of higher plants, two 
distinctive electron spin resonance signals are observed’. 
One of these, signal I, is observed only in the light; it is 
centred at a g-value of about 2-002, has a half-width of 
about 9 gauss and exhibits no hyperfine structure. Signal 
If is observed in the dark, and increases in intensity on 
illumination; it is centred at a g-value of about 2-004— 
2-005, has a half-width of about 19 gauss, and exhibits 
five hyperfine peaks with a separation of about 6 gauss. 
In the anaerobic photosynthetic bacterium, Rhodospiril- 
lum rubrum, only one signal has been observed until now; 
this signal has properties which are similar to those of 
signal I in green algae. 

These observations have raised two central problems 
which remain unresolved: (a) the identification of the 
molecular environments of the unpaired electrons which 
give rise to the electron spin resonance signals; (b) 
elucidation of the role, if any, of these unpaired electrons 
in photosynthesis. 

The availabilty of isotopically substituted miero- 
organisms* permits a new approach to the first of these 
problems. In cases where two isotopes have a different 
nuclear magnetic moment and/or nuclear spin, isotopic 
substitution will influence the magnitude (in the case of 
different magnetic moment) and the multiplicity (in the 
case of different nuclear spin) or any existing interaction 
between the electron spin and the nuclear spin. This 
influence will be observed in the most easily measured 
parameters which characterize the electron spin resonance 
response, namely, the line width and hyperfine structure. 

Heise’ and Commoner! have previously reported a 
preliminary experiment in which the electron spin 
resonance signals characteristic of a photosynthetic 
organism, Chlorella vulgaris, became appreciably narrowed 
when the organisms were cultured in deuterium oxide 
medium. This article describes similar experiments on a 
series of photosynthetic organisms, and derives certain 
conclusions regarding the molecular environment of the 
unpaired electrons observed in such organisms. 

In these investigations, the electron spin resonance 
spectrometer (see ref. | for a brief description) was used 
in conjunction with an on-line, fixed programme, noise- 
averaging computer (CAT, model 400 B, Technical 
Measurements Corporation) as previously described’. 
Illumination was provided by a 500-W zirconium con- 
centrated arc lamp, and controlled by a mechanical 
shutter with a rise time of a few msec. 

The organisms were grown so as to achieve ‘virtually 
total deuteriation of the culture (except as noted as 
follows) by repeatedly sub-culturing into increasingly 
isotopic media (see ref. 8 for details). In certain experi- 
ments Rhodospirillum rubrum was grown in a medium 
in which all the nutrients were deuteriated except the 

* Trainee supported by U.S. Pubhe Health Service traimmng grant 2 G—714- 


reduced carbon source (tae medium was that described 
in Ormerod, J. G., Ormerod, K. S., and Gest, H., Arch. 
Biochem. Biophys., 94, 440; 1961, except that succinate 
replaced malate as the carbon source) or in @ medium in 
which only the reduced carbon source was deuteriated. 
In addition, preparations of both protonated and deuter- 
iated R. rubrum were grown with partial replacements of 
carbon-12 by carbon-13, and deuterio-Chlorella vulgaris 
was grown in a medium in which all the available nitrogen 
was supplied as 95 per cent nitrogen-15. All cultures were 
grown at the Argonne National Laboratories, transported 
by air in deuterium oxide ice (in a period of approxim- 
ately 5 h) to St. Louis, where the electron spin resonance 
measurements were made. 

Fig. 1 shows typical results of deuteriation of the pre- 
dominant hght response, signal I (g = 2-002), obtained 
from a variety of organisms. Table 1 summarizes the 
experiments which are exercplified in Fig. 1. In each of 
the organisms examined, which included anaerobic bac- 
teria, green algae and blue-green algae, the peak-to-peak 
width (as judged by the distance between points of 
meximum slope) of the predominant light response was 
decreased by massive deuterium. substitution, usually by 
a factor of 2~3. A similar degree of narrowing was 
observed at biological temperatures and at temperatures 
around —100° C. No consistant effects on g-value or line 
width resulted from the indicated variations in tempera- 
ture. 

R. rubrum grown in a medium in which all components 
were deuteriated except succinate (the reduced carbon 
source) generated the same electron spin resonance line 
width as did organisms whith were grown in a fully 
deuteriated medium. When, among all the components 
of the medium, only the succinate was deuteriated, there 
was a moderate narrowing of the resonance compared to 
that generated by organisms which were grown on an 
unaltered medium. When Synechococcus lividus was 
grown in a medium which contained 50 per cent deuterium 
and 50 per cent hydrogen the width of signal I was inter- 
mediate between the line widths observed in fully deuteri- 
ated and undeuteriated organisms. 

When either protio- or deuterio-#. rubrum was grown 
in the presence of 56 per cent ##CO, in addition to the 
organic carbon source, the shape and width of signal I were 
not significantly different from those of an appropriate 
control. The incorporation of carbon-13 was 8-30 and 
8-00 per cent, respectively, for the protio- and deuterio- 
cultures as shown by mass spectroscopic examimation of 
the carbon dioxide from dried and burned aliquots of the 
bacterial cultures. Similarly, no differences were observed 
in the signals generated by 99 per cent 1N- and 95 per 
cent 45N-containing samples (in this instance, lyophilized) 
of Chlorella vulgaris. 

The previously reported resonance seen at g = 2-004 
generated by the green alga Chlcrella in the dark (signal 
It) exhibits hyperfine structure ascribed by Commoner‘, 
on the basis of deuterium-narrowing, to four equivalent 
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Figs. 14, B and C. Influence of growth in totally deuteriated medium on the dominant electron spin resonance response (signal I) in the light The 
effect of deuterium substitution ıs shown for 3 widely different organisms’ A, Synechococcus lividus, a thermophilic unicellular blue-green alga; B, 


Chlorella vulgaris, a green alga; 


O, Rhodospirdlum rubrum, a purple non-sulphur bacterrum. The spectra generated by Synechococcus lividus 


were recorded at — 120° C while the other two were at 15° C and 16° ©. The line width, measured from peak to peak of the derivative spectrum, 
narrows by a factor of 2 0, 2 5, 2-4, for A, B, C, respectively, as a result of deuterium substitution. A low modulation amplitude, 0-75~-1 gauss, 


was used in each case, 


In A and B, hight minus dark difference spectra were recorded where indicated. These may be considered equivalent in 


most respects to the light spectra since the signal in the dark was so much smaller than that in the light, The largest of the dark signals is included 
in B for purposes of comparison 


protons. Moreover, Fig. 2 shows that deuteriation of 
another green alga, Scenedesmus obliquus, causes the 
hyperfine structure to disappear, the line narrowing from 
about 10 gauss to about 5-5 gauss. 

Table 2 summarizes the results of experiments on the 
effect of deuteriation on the predominant signal (IT) seen 
after a long dark period in several green algae. In deu- 
teriated Chlorella vulgaris, Scenedesmus obliquus and 
Chlamydomonas reinhardti, signal IT has a width of 5-5- 
6-4 gauss, which represents a narrowing of the signal 
observed in normal protonated organisms by a factor of 
about 2. In addition, the hyperfine structure seen in 
normal protonated organisms is not observed with 
deuteriated organisms. In contrast, either total or partial 
deuteriation in the blue-green thermophile Synechococcus 
lividus had no effect on the width of signal IT. It is 
possible that signal II in S. lividus is obscured by the 


Table 2 EFFROT OF GROWING ORGANISMS IN DEUTERIATED MEDIUM ON 
THE WIDTH OF SIGNAL If GENERATED BY OXYGEN EVOLVING PHOTOSYNTHETIO 





ORGANISMS 

AHob-H 

Organism AHov-K AHob-D AHob-D 
Synechococcus lividus ~18 ~ I2 1 
~138 ~13 (only 50% D) 10 
Chlorella vulgaris ~14 6 4 2-2, 
Scenedesmus obliaguus 10 55 1-8 
Chlamydomonas rernkurdta — 55 — 


4Hob-H 18 the distance in gauss between peaks of the derivative spectrum 
generated by organisms grown in a protonated medium. 

AHob-D 1s the same quantity for organisms grown in a totally deuteriated 
medium ‘The single exception is marked 50 per cent D to indicate that the 
medium in which the organisms was grown was only 50 per cent deuteriated. 

Alli measurements were made on spectra recorded at biological tempera- 
tures, i 


extremely rich spectrum shown in Fig. 3. The light-dark 
difference spectrum in Fig. 1A shows that the signal is 


responsive to light only in the magnetic field region cor- 
responding to g = 2-002. 


Table 1, EFFECT OF DEUTERIUM SUBSTITUTION ON THE DOMINANT SIGNAL (I) SEEN IN THE LIGHT IN A VARIETY OF MICRO-ORGANISMS 


Light, moderate temperature * 
AB ont 


Isotopic composition 
of medium 


Organism 
Sample 


Rhodospirillum irubium D 
D, 58 % Coat 


D except H suec., 


H except D sue. 


50% D 
D,0, -pooR 


D, *N lyophil. 
D, ®N Jyophi; 


Chlamydomonas reinhardt D 
Phormidium luridum D 


Synechococcus lividus 


Chloropseudomonas ethylicum 
Chloreiia vulgaris 


Scenedesmus obliquus 


2 CO DORON COO CS ~T OO Ca 
HOMMAONOANOS 





Light, low temperature§ 


4 Hob $ 


Control AHob-D Sample Control 


2 
228* 
cote i 


2 
oD ee 


MINT AT~T0 OO 


on! odane oao oen 
? 
222 


pesis 
giii 


The sample was a cuvette of centrifugally concentrated organisms grown in a medium of indicated isotopic content. The control in all cases was a cuvette 
of the centrifugally concentrated organisms grown under the same conditions as the sample except that no deuterated compounds were included in the 
medium. In all cases the electron spin resonance cuvette was virtually totally absorbing throughout the visible region of the spectrum. 

* Moderate temperature is 15° C for Rhodospirillum rubrum, Chlorelia vulgaris, Scenedesmus obliguus, Chlamydomonas reinhardtz; 22° C for Chloronseudomonas 


ethylicum; 32° O for Phormidium luridum and 60° O for Synechococeus lividus, 
! AHov is the distance in gauss from peak-to-peak of the derivative curve. 


AHob-H/ 4Hvb-D is the ratio of 4Hob for the — generated by the protonated culture divided by 4Hob generated by the deuteriated culture, 


§ Low temperature was either — 90°, —100° or —12 
i The modulation amplitude was 3 or 4 gauss. 


In all other cases the modulation amplitude was less than 1 5 gauss. 


q Although 56 per cent “CO, was supplied along with malate, the average ratio of °C to °C in the organisms was 8 00 per cent and 8 30 per cent for the 


sample and the control, respectively. 
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Fig, 2. The influence of growth in totally deuteriated medium on the 


ESR response in the dark (signal IT) for the green alga, Scenedesmus 
obliquus. The top spectrum was generated in the dark by S. obliquus 
grown in protonated medium. The dotted line in the low field region 
represents the result of manually subtracting a water blank from the 
original spectrum. The blank gave no signal in the high fteld region. 
The lower spectrum 1s the eye-average of raw data generated in the dark 
by S. oblaqguus grown 1n deuterated medium. Both spectra were recorded 
at 13° C and 1 gauss modulation amphtude 
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Fig. 3. ESR spectra generated by Synechococcus hvidus in the dark, 
This figure shows the spectrum over a range of about 150 gauss generated 
in the dark by a culture deuteriated to the 50 per cent level Since the 
spectrum initially mcluded a considerable contribution from the para- 
magnetic response of Mn++, a solution of Mn*t was placed in the cavity 
and 1ts spectrum subtracted by the computer from the previously stored 
signal due to Synechococcus lwidus. The subtraction was deemed com- 
plete when the right-hand base-line had about a zero displacement. ‘The 
dashed curve indicates the field position of the only response due to hght 


Until now the most umportant distinction between the 
electron spin resonance response of the green photo- 
synthetic organisms and bacterial photosynthetic organ- 
isms was thought to be the absence in the dark of signal IT 
(g = 2-004) in the photosynthetic bacteria. However, we 
have now observed, with the aid of the noise-averaging 
computer, that a weak signal at g = 2-004 1s generated 
by R. rubrum in the dark (Fig. 4). It is clear from the 
line shape as well as from the g-value that this is not 
residual signal I and that the signal seen in the dark is 
different from that seen in the hght. In addition, the 
green sulphur bacterium, Chloropseudomonas ethylicum, 
which is an even stricter anaerobe than R. rubrum, also 
shows & signal in the dark which increases in the hght. 
However, the observed g-value (2-003 + 0-001) was lower 
than that usually associated with signal IT. 

The observation of a signal in R. rubrum with many of 
the characteristics of signal II would suggest that the 
electron spin resonance responses of the oxygen-evolving 
organisms and R. rubrum are basically the same. How- 
ever, there are important differences in the characteristics 
of the electron spi resonance response in the dark; they 
are: 
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(a) The peak-to-peak width of the derrvative curve of 
signal II in R. rubrum is not greatly mfluenced by the 
isotopic composition o? the medium. The average of four 
measurements made on spectra from organisms grown in 
deuteriated medium is 9-7 + 1-7 gauss. The average of 
four measurements made on spectra from organisms grown 
in protonated medium is 11-0 + 1-7 gauss. In each of the 
foregoing instances the peak-to-peak width of the light 
response (signal I) was narrowed by a factor of about 2 
by deuteriation, in égreement with the experiments 
reported m Table 1. In contrast the dark signal ın 
Chloropseudomonas ethulicum was narrowed from 18-5 
gauss to 12 gauss by «he substitution of deutermmm for 
hydrogen. 

(b) The magnitude o? signal II in H. rubrum as com- 
pared with signal I is much smaller than that observed in 
green algae. On the osher hand, the dark signal of C. 
ethylicum was larger than the response due to light. 
However, the absolute intensities of the C. ethylicum 
signals were small whan compared with those of R. 
rubrum. 

(c) It will be shown below that the kinetic response to 
light of signal II in R. rubrum was qualitatively different 
from the kinetic response to light of signal II in green 
alpae. 

(d) Unlike signal II observed in green algae and in 
blue-green algae, neither signal II in R. rubrum nor 
signal IT in C. ethylicum exhibits hyperfine structure. How- 
ever, in view of the mcdulation amplitude (4-5 gauss) 
which was required for adequate sensitivity in these 
experiments, it 18 possible that hyperfine lines are present 
though not yet detected- 

An important by-prodtct of the deuterium experiments 
is that electron spin rescnance spectra consisting of two 
or more lines which are anresolvable due to their width 
and consequent overlap may become resolvable due to the 
narrowing of one or both df the component lines resulting 
from deuteriation. Signals I and II from protonated R. 
rubrum are broad and overlap in a way which makes the 
separation of the kinetic responses of the two signals 
particularly difficult (Fig. 5). However, Fig. 6 shows that 
isotopic substitution does permit the separation of the 
g = 2-002 and g = 2-004 signals in R. rubrum. The low 
field peak of signal II occurs at a field value at which 
there 1s no displacement dae to signal I (Fig. 64). Hence 
kinetic changes in the relatively weak signal TI can be 
observed without interfersnce from signal I by mam- 
taining the spectrometer magnetic field at point A (Fig. 6) 
and following signal intensity as a function of time after 
onset of illumination. If tae magnetic field ıs set at point 
B, the deflexion due to signal IT is zero, while that due to 
signal I is maximal. Henze at this position changes in 
signal intensity following cnset of light are due solely to 
signal I, 

Fig. 7 reports the results of a kinetic experiment, 
carried out according to the foregoing procedures, in 
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Fig. 4. The spectrum generated by Ithedospu lum 1ubium in the dark. 

This signal, not previously reported, reduces the observed differences of 

the ESR behaviour between oxygen-evolving and anaerobic photo- 

synthetic organisms Note, however. the differences from signal H in 

green algae discussed in the text Four gauss modulation amplitude and 

T=15° Ç were used The organisms were grown on the normal pro- 
tonated medium 
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Fig. 5. Comparison of position in magnetic fleld of R. rubrum signals 

recorded in the dark and in the light. These spectra were generated by 

organisms grown in protonated medium. The ordinate for the upper 

spectrum is expanded five times compared with the lower. 7 =15° C; 
modulation amplitude =4 gauss 


NATURE 


June 12, 1965 


is not available to provide the angular dependence of the 
spectrum. This 1s, of course, the situation in biological 
materials. In addition, the very low concentration of 
unpaired electrons prohibits investigations in the wings 
of the spectrum and thereby produces considerable 
uncertainty in observed line shapes. 

Two observations can be made, however, on which 
an approximate analysis of the line-width data can be 
based. The first has been noted previously: that in all 
the signals investigated the line widths and line shapes 
were found, within experimental error, to be independent 
of temperature over the range — 100° to 30° ©. Since it 
can be assumed that at the low end of this range the 
matrix harbouring the unpaired electron is rigid, it 
follows that the ‘rigid lattice line-width’ obtains through- 
out this range of temperatures, that is, that even at 
biological temperatures diffusion and molecular rotation 
effects are too slow to have an appreciable influence on 
the electron spin resonance lines. Under these conditions, 
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which the separate changes in intensities of signal I and 
signal IL in R. rubrum are described. As expected from a 
number of earlier investigations, signal I appears and 
becomes more intense followmg illumination. However, 
in sharp contrast with the behaviour of signal IT in green 
algae, which increased in intensity from its dark value on 
Ulumination, signal II in deuteriated R. rubrum decreased 
in intensity after onset of ight. This appears to be the 
first instance of light-induced decrease in electron spin 
resonance signal intensity reported in a photosynthetic 
organism. 

The foregoing results clearly indicate that an important 
contribution to the line width of most of the electron spin 
resonance signals obtained from a number of photosyn- 
thetic organisms is due to interaction of the unpaired 
electron with protons. Certain hmited but useful conclu- 
sions regarding the natures of the sites of the unpaired 
electrons can be deduced from an analysis of the observed 
deuterium narrowing and other electron spin resonance 
data. Determination of the molecular environment of an 
unpaired electron by interpretation of electron spin reson- 
ance line widths and shapes is not a simple task?’ and 
often depends on a detailed and careful examination of 
the line-shape function, particularly when a single crystal 
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Fig 7 The separate kinetics of signals If and I im deuteriated Rhodo- 

spirillum rubrum. The kinetics of the light response were recorded with 

the aid of a noise-averaging computer by hoiding the magnetic fleld 

constant at the values indicated by the spectra and chopping the hght to 

give 4 sec light—4 sec dark — py ee T = 15° C; modulation ampl- 
ude = 4 gauss 


Signal intensity 


Dark 
$ | 
3 B 
S À 
8 
o 
5 
k Light 
= 
+— 30 gauss—4« g=20054 
Magnetic field 
¥ig 8. Comparison of position in magnetic field of R. rubrum signals 


recorded in the dark and in the ight. These spectra were generated by 

organisms grown in deuteriated medium. The ordinate for the upper 

spectrum is expanded nine times compared with the lower. T=15° C, 
modulation amplitude = 4 gauss 


the spectra are often found to be nearly Gaussian in shape”, 
and an investigation of eleven spectra of signal I in R. 
rubrum confirmed this expectation for this signal. The 
top trace of Fig. 8 shows the worst fit among these eleven 
examples and the lower trace shows typical agreement. 
Signal I in Chlorella vulgaris is also found to be nearly 
gaussian. n 

The immediate consequences of these observations are 
the following: (a) They provide an easy way of estimating 
the central second moment of the electron spin resonance 
lne, since for a gaussian line this is simply the square of 
one-half of the peak-to-peak distance on the derivative 
trace; (b) they provide assurance that the foregoing is a 
good estimate of the second moment because it is unlikely 
that there are appreciable hidden contributions in the 
wings of the line. 

The second moments of the electron spin resonance 
signals observed in the experiments reported previously 
will be interpreted with the aid of Van Vleck’s elegant 
analysis of magnetic resonance lines broadened by mag- 
netic dipole interactions". The application of this analysis 
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| 
to a gaussian electron spin resonance line gives the fol- 
lowing equation: | 


($ AH)? = <(H-—H,)?> = ih Zy I(I + 1)r;-* 
j (1—3 cos?0;)? (1) 


Here AH is the width, in magnetic field units, of the 
Gaussian line measured between points of maximum 
slope, <(H—H,)?> is the second moment~of the line 
measured about H,, its centre, A is Planck’s constant, yy 
and I; are the gyromagnetic ratio and’ spin quantum 
number, respectively, of the yth spin which contributes 
to the broadening, 7; is the effective distance of the jth 
spin from the unpaired electrons, and 0; is the effective 
angle between the directions of r; and that of the mag- 
netic field. (Translating this classical language into appro- 
priate quantum mechanical terms involves finding the 
expectation value of the operator ry (1—3 cos? 0;)? 
applied to the wave function of the unpaired electron. 
This results in a term J;(I;+1) (Ap*+Ac?), where Ap is 
a dipolar, anisotropic, coupling constant and Ac is & 
contact, or isotropic, coupling constant proportional to 
the s-state spin density at the jth spin.) Thesum is to be 
carried out over all magnetic nuclei and other unpaired 
electrons which are close enough to contribute to the 
broadening. 

This equation can be used to predict the effect on 
electron spin resonance line widths of a substitution of 
deuterons for protons in the region occupied by an un- 
paired electron. At this stage of the discussion, the only 
broadening processes considered are magnetic inter- 
actions with hydrogens. (These interactions may include 
isotropic hyperfine splittings, anisotropic hyperfine split- 
tings, and broadening from hydrogens in neighbouring 
molecules.) The expected ratio of the line width in the 
case of protons to that in the case of deuterons is: 


AH y | {at ae YH _ 
"Alyn ~ UpUp+1)) Yo — — (2) 


This value is larger than any of the observed ratios 
reported in Table 1, and the disagreement indicates that 
there are other line-broadening mechanisms at work in 
the system we have examined. 

There are many possible broadening mechanisms and 
few data with which to determine their magnitude. 
(Other known mechanisms are: (a) dipole-dipole inter- 
actions with nuclei other than hydrogen, that is, isotropic 
and anisotropic hyperfine splittings and intermolecular 
dipolar broadening; (6) g-value anisotropy; (c) lack of 
homogeneity of molecular structure, that is, more than 
one chemical species; (d) lack of instrumental resolution; 
and (e) lifetime broadening due to short spin-lattice 
relaxation time, short chemical lifetime, or of saturation. 
Item (e) can be eliminated on the grounds that if it were 
dominant, the line shape would be nearly Lorentzian; (d) 
is known to be small for line widths of 1 gauss or more; 
and (b) and (c), if large, would be expected to give greater 
asymmetry to the lines than is observed.) However, we 
have sufficient data to estimate the combined effects of 
such mechanisms, which will be described as the non- 
hydrogenic broadening. First, it is to be noted that if 


the non-hydrogenic broadening is due to magnetic dipolar _ 


effects of nuclei or of neighbouring unpaired electrons, 
then equation (1) applies, and the two second moment 
contributions are directly additive. If inhomogeneity of 
molecular structure or g-value anisotropy are important 
causes of line broadening, no rigorous treatment of the 
second moment exists!?, but an approximate expression 
can be obtained by assuming that all components of the 
spectrum produced by dipolar broadening are further 
broadened, uniformly and equally, by the second mech- 
anism. This is a reasonable assumption. for the present 
purpose if the electron spin resonance line arises from a 
single chemical species. An expression which gives the 
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total second moment in this case in terms of the first and 
second moments of the individual processes, I and TI, is": 


<(H—H,)*> = <(H—-H,)*>1 + <(H—-H,)*>y + (3) 
£ <H-H,>; <H-Hy>x ‘ 


This is the same as tha case of pure dipolar broadening 
except for the last term. The last term vanishes if either 
process results in a symmetrical ‘broadening since the first 
moment of the resultant distribution is zero. The observed 
resonances are reasonably symmetrical, especially at bio- 
logical temperatures, and it is therefore likely that the 


-last term is small. Neglecting it, and again adopting the 


gaussian shape in order to express line widths, we obtain: 

(AH op)? = (AHg) + (AH;-H)? (4a) 
where AHop-u is the observed line width for hydrogen- 
grown organisms, AHy is the proton contribution, and 
AHy-4 is the non-hydrogenic contribution (that is, the 
lne-width which would be observed if the proton had 
zero magnetic moment}. Similarly we may write: 


(AHop-pP = (Hp)* + (ABp-H)? (40) 
for the case of total deaterium substitution. Then equa- 
tions (2), (4a) and (4b) can be combined with the observed 
line widths to yield both AHy and AHy-7~. These values 
for signal I in R. rubrum and C. vulgaris are given in 
Table 3. The data do not permit a calculation of AHn-n 
without considerable uncertainty, but it seems clear that 
AHy > AHn-y» for siznal I in both these organisms. 
The same analysis, wren applied. to data of Heisse? on 
Chlorella pyrenoidosa, yielded AHy = 11-1 gauss, AHp = 
2-6 gauss, and AH, .q = 0 gauss. 


Table 3. OBSERVED LINE WIDTHS AND CALCULATED LINE BROADENING 
CONTRIBUTIONS (IN GAUSS, PFAK-TO-PERAK) FOR SIGNAL I IN Rhodospirillum 
rubrum AND Chlorella vulgaris 


R. rubrum 
Growth medium H,O D,O 

Observed line width 4Hop-8 or 4Hob-D 91406 404405 7-5 30 
Hydrogenic component, AHu or AHD 84+081 214016 71 18 
Non-hydrogenic component 4An-8 3-4 -+089 24 


Organism 


The standard deviations quo-ed for the data in R. rubrum are based on the 
degree of agreement in 5 independent measurements for H,O and 3 for D,O. 
No standard deviations are quoted for the C, vulgaris data since only single 
measurements were made. 


Two remarks can be made as to the nature of signal I, 
the first based on the smallness of AH -g and the 
second on the largeness of AHy. The relatively small 
amount of non-hydrogenic broadening rules out & strong 
anisotropy of g-value and also a short spin-lattice relaxa- 
tion time. In addition, the g-value is very close to that 
of a free electron spir. These facts argue against the 
possibility that the unpaired electron has intimate contact 
with any atom of iron, copper, manganese, or other 
member of the transition elements which, for example, 
are those associated with the oxidation-reduction sites of 
the cytochromes, ferredoxins and iron flavoproteins that 
have been implicated in photosynthetic electron trans- 
port. They also rule against most of the quinones and 
sulphur-containing radicals (because these character- 
istically have high g-values). Experiments involving 
substitution of isotopes such as sulphur-33 and iron-57 in 
micro-organisms should confirm or deny these inferences. 

It cannot be excluded at present that signal I is 
associated with a chlorophyll free radical, despite the 
presence of the moderately heavy magnesium atom, since 
there have been several observations of electron spin 
resonance lines of about the same characteristics as 
signal I in purified chlorophylls, both as solids and in 
solutions!*, These are only indicative, however, because 
in none of these cases kas ıt been shown that the unpaired 
electron concentration exceeded the impurity concentra- 
tion. One observatior’s is not subject to this objection, 
but unfortunately it was done on a metal-free porphyrin. 

There are, however. three pieces of evidence which 
suggest that chlorophyll molecules do not provide the 
locus of the unpaired e_ectron observed in signal I. When 
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R. rubrum was grown on deuteriated succinate in water 
(Table 1), the width of signal I was reduced, apparently 
due to partial substitution of deuterium for the hydrogen 
in the free radical. When deuterium oxide grown R. 
rubrum were given protiated succinate, however, no 
broadening was observed. This suggests that there may 
exist some fractionating mechanism which differentially 
favours the incorporation of deuterrum into the free 
radical. However, nuclear magnetic resonance data!! on 
bacteriochlorophyll from R. rubrum grown in these two 
ways show no such differential; in each case 2-6 hydrogens 
were supplied by the succinate and the remainder of the 
total of 14 were furnished by the water. 

Further, isotopic substitution with nitrogen-15 in C. 
vulgaris and carbon-13 in R. rubrum produced no change 
in the observed electron spin resonance spectrum. In 
both of these cases one might have expected to observe 
a change in line width or shape if chlorophyll molecules 
had provided the primary site for the unpaired electron 
of signal I. 

The observed magnitude of the hydrogenic contribution 
to the width of signal I imposes some additional limits on 
the interpretation of this signal. The following discussion 
applies to signal I in Rhodospirillum rubrum and in 
Chlorella vulgaris, since the hydrogenic contributions are 
about the same, that is, AH ~ 8 gauss, or <(H—H,)*> ~ 
16 gauss?, 

Smee it does not appear that the unpaired electron is 
strongly localized about a transition metal atom, an 
oxygen, nitrogen or sulphur, and since the hydrogenic 
broadening exceeds the non-hydrogenic broadening, it is 
probable that the unpaired electrons reside in a delocalized 
m-bond system involving a chain or chains composed 
mainly of carbon atoms to which are attached a number 
of hydrogen atoms. Chlorophyll molecules, carotenoids, 
and various aggregates of these are among the possible 
loci for the unpaired electron. Aggregates of this type 
have been found to be semiconductors!’, and it has been 
suggested that photoproduced electron spin resonance 
signals may be due to conduction electrons in such semi- 
conductors!*, A question of some significance, then, is 
the following: Over how many carbon atoms is the 
unpaired electron distributed? This number could be 
used to characterize the extent of the semiconductor if it 
ig assumed that the electron resides in a conduction band, 
or, if it is assumed to rest in a trap, it would characterize 
the size of the trap. (The arguments previously adduced 
from the fact that motional narrowing is absent from 
signal I can be interpreted to mean that if it arises from 
a trapped unpaired electron in a semiconductor, the 
electron must have a mean life in the trap of at least 
(Ye AH op)-! ~ 10-8 sec.) 

The relation between the number of carbons in x-bonded 
hydrocarbon free radicals and the hydrogenic second 
moment of the electron spin resonance signal has been 
investigated by Hanna and McConnell’. They have 
found that the second moment decreases, in general, as 
the number of carbons increases. The quantitative 
relationship depends, of course, on the number of hydro- 
gens and. the details of their association with the m-bonded 
chain, and also on the classification of the chain as even- 
alternant or odd-alternant. Although these details are 
unknown in the photosynthetic apparatus, they do not 
change the result by a large factor so that one may have 
confidence in the order of magnitude of the result. Com- 
paring our observed value with the values of Hanna and 
McConnell on linear polyenes of 4-14 carbons in length, 
one arrives at a figure of about 100 carbons for the extent 
of the unpaired electron wave function giving rise to 
signal I. If the comparison is made with cyclic (aromatic) 
hydrocarbon negative ion-free radicals, the resulting 
number of carbon atoms is about 12. The values bounded 
by these two numbers may be regarded as the probable 
range of the actual number of carbons which comprise 
the extent of the locus of the unpaired electrons which 
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generate electron spin resonance signal I. The relevant 
conclusion which seems warranted here is that the wave 
function of the unpaired electron does not extend over 
more than a few hundred atoms, as it would if it were 
in the conduction band of a semiconducting region of 
appreciable extent. 

Sigrial II is more difficult to characterize than signal I 
because it is less intense, broader, and 1s often obscured 
by signal I. Its characteristics are more variable among 
the types of organisms investigated than are those of 
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‘signal I. It is probable that different chemical entities 


give rise to signal II in different organisms, so that the 
term ‘signal IT’, which is used to denote a signal present 
in the dark with g ~ 2:005, should not be regarded as 
equivalent to a chemical characterization of a free radical. 
Compared with signal I, signal II exhibits a somewhat 
greater departure from the free electron g-value, a broader 
line, and a less symmetrical line shape. The unpaired 
electrons producing signal I seem to be produced only as a 
result of light absorption, while those giving rise to 
signal II have an equilibrium concentration in the dark. 
These properties point to certain classes of free radicals 
which have oxygen or nitrogen atoms in the x-bond 
system that the unpaired electron occupies. This class of 
compounds include quinones, ascorbic acid, flavins and, 
of course, complexes of these with enzymes. It may be 
significant that signal IT in Rhodospirillum rubrum shares 
all the foregoing properties, as well as a marked similarity 
of line shape, with the flavoprotein succinic dehydro- 
genase free radical*°. 

The experimental results reported here illustrate the 
usefulness of isotopic substitution and of the relevant 
techniques for line-shape analysis as a means of describing 
the molecular environment of unpaired electrons which 
give rise to electron spin resonance signals in photo- 
synthetic systems. The present data establish certain 
useful limits on the structures which can account for the 
properties observed in electron spin resonance signals. 
The results illustrate, as well, the detail of physical 
information which the electron spin resonance technique 
can yield, even when applied to a system as complex as 
the living cell. It is hoped that further investigations of 
this type may lead to complete descriptions of the mole- 
cular environments of unpaired electrons in photosynthetic 
and other organisms. 

The work of the Washington University laboratory 
relative to these investigations is aided by grants from 
the U.S. National Institutes of Health and the Office of 
Naval Research; that of the Argonne National Labor- 
atory is supported by the U.S. Atomic Energy Commission. 
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SCHIZOPHRENIA 


A Critique of Recent Genetic-biochemical 
Formulations 


HE possibility that schizophrenia, or the diagnostic 

cluster of psychoses unphed by that term, has a 
partially genetic basis with a specific biochemical abnor- 
malty has been widely discussed for some time. The 
evidence for a genetic component in schizophrenia is 
suggestive, but scarcely conclusive. A recent article by 
Huxley, Mayr, Osmond, and Hoffer! favoured a genetic 
basis for this condition, suggested a specific genetic mech- 
anism, and directed attention to observations suggestive 
of specific biochemical defects in schizophrenia. Such 
observations by prominent authors could lead prematurely 
to a conclusion that a great deal is known and certain 
regarding the aetiology of schizophrenia. 

A supporter of a genetic basis of schizophrenia, the 
geneticist Book, however, has concluded?, “It does not 
necessarily imply that all such [schizophrenic] syndromes 
have a genetical origin, nor that those that have belong to 
one and the same genetical entity ...no agreement has 
been reached as to the Mendelian mechanism of inheritance 

. agreement cannot be reached until there is greater 
agreement and precision of diagnosis . . . psychological 
diagnoses will not ever be suitable for the rigid statistical 
analysis necessary to make a decision of gene recombina- 
tions”. 

Favouring a genetic basis for schizophrenia, Huxley 
et al.’ argued that “in single families, only certain children 
become schizophrenic”. That only certain children in a 
family contract a disease does not, however, imply that 
those children received genes for the disease. In addition, 
they quoted one report? indicating that children who 
later become overtly schizophrenic are psychologically 
different from their healthy siblings. These findings may 
be consistent with the mheritance of schizophrenia, but 
they are equally consistent with a congenital aetiology 
or with early environmental causation. 

Research on twins has revealed higher concordance 
rates for schizophrenia in monozygotic (MZ) pairs than in 
dizygotic (DZ) pairs*-4. These results are generally 
consistent with a genetic hypothesis of schizophrenia, 
although the reported numerical values for concordance 
rates have varied widely. Certain aspects of the design 
of these investigations have been criticized!*—?°, including 
the representativeness of sampling, the criteria for zygosity 
determination, and the latitude sometimes accepted in 
diagnosing schizophrenia. 

The presumed similarity of environment for DZ as for 
MZ twins, so important for a genetic interpretation of 
concordance data, has been questioned repeatedly 15:17»20-22, 
Furthermore, there are as yet too few known cases of MZ 
twins separated from birth':*° to compare their concor- 
dance for schizophrenia with pairs raised together as an 
aid in separating genetic from environmental factors. 

The interpretation of concordance data, granting an 
elevated concordance in MZ twins, is not simple. Striking 
concordance differences have been found for many con- 
ditions the genetic basis of which is open to discussion: for 
example, criminality*®, neurosis’, and even tuberculosis*4. 
In these conditions, genetic factors may play some role, 
but aetiological factors in the environment can certainly 
not be overlooked. 

Huxley et al.' cite the genetic studies of schizophrenia 
by Book?5:28 and Slater?” in support of a “single, partially 
dominant gene (Sc) with low penetrance,” with the 
additional factor of ‘“‘genetic morphism”. However, 
Book himself later concluded? that these data, and all 
other available genetic data in schizophrenia, do not allow 


agreement about possible genetic mechanisms. At least 
one genetic authority in this field, Kallmann, has argued 
for a simple recessive Mendelian model?*. Others conclude 
that no monogenic hypcthesis is compatible with all the 
recorded data 3, 

Assuming, with Book?, that a genetic model can only 
be as secure as the data on which it is based are precise, 
it is interesting to note s=veral instances of marked varia- 
bility in the literature on schizophrenia. There are no 
universally accepted diagnostic criteria for schizophrenia, 
and estimates of its incidence vary from 0-36 to 2:83 per 
cent?, Concordance rates for schizophrenia in MZ twins 
have varied from 91 per cent’ to as low as 40 per cent! 
and even zero’, Estimetes for the expectancy of schizo- 
phrenia in siblings of schizophrenics vary from 3 to 16 
per cent?:15, Estimates for the expectancy of the disease 
in parents of schizophren_cs vary from 0-9 to 9-3 per cent”. 

Huxley et al.+ offered “genetic morphism”, resulting 
in “a balance between . . . selectively favourable and 
unfavourable properties’, as a mechanism, which is 
involved by “all genetic characters that exist in a popula- 
tion at a frequency higher than can be maintained by 
mutation alone’. They pomt out that in addition to the 
assumptions of dominancs, a single gene (Sc), and variable 
penetrance, their genet:c model requires that schizo- 
phrenia confers selective advantages to its victims. The 
available data indicate that fertility is, in fact, decreased’! 
and that the perinatal mortality rates for offspring of 
schizophrenic mothers are increased*?. Alternatively, 
Huxley et al. propose shat schizophrenia may confer 
certain selective physio.ogical advantages. However, 
there is no evidence that schizophrenics are especially 
resistant to noxious stimuli®*-*5, The anecdotal clinical 
findings quoted by Huxler et al.?6:37 as evidence of increased 
resistance to stress merely suggest that psychotic patients 
tend to report their symptoms less than other patients. 
Recent comprehensive stadies indicate, furthermore, that 
schizophrenics are more sisceptible to a variety of medical 
illnesses than the general population and have a decreased 
hfe expectancy **-*°. 

Considerable work, wita little success, has been directed. 
toward finding a biochemical abnormality in schizophrenia, 
and the field has been extensively reviewed!*-4!, However, 
certain studies cited by Huxley et al. to support their 
hypothesis of an inborn error of metabolism in schizo- 
phrenia deserve specific comment. 

Hoffer and Osmond consider that the specific biochemi- 
cal factor in schizophrenia is adrenochrome or adreno- 
lutin*?. Their argument depends on the reported presence 
of adrenochrome in human plasma and cerebrospinal 
fluid’, with an abnormally high level in schizophrenic 
cerebrospinal fluid‘?. However, one investigator has offered 
evidence that the fluorometric assay used in these studies 
measures, not adrenochreme, but an artefactual product 
of the reaction of the reagents used in this assay*4. Using 
a specific and sensitive fluorometric method, Szara et al.4 
could not detect adrencchrome or adrenolutin in the 
plasma of schizophrenic or normal subjects, but could 
detect minute amounts (20 ug/l.) of the compounds added 
to plasma. It is thus quit? unlikely that adrenochrome or 
adrenolutin are unique biochemical factors in schizo- 
phrenia. 

Numerous aromatic compounds staining mauve, pink, 
or purple have been detected in the urine of schizophrenic 
patients by paper chrorcatography**:4?7. When suitable 
dietary controls were introduced, it became apparent to 
certain investigators that these factors were of intestinal 
origin and related not to schizophrenia but, more probably, 
to institutionalization with resultant alterations in intest- 
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inal flora*:4°, Hoffer and Osmond" have recently reported 
an aromatic compound of uncertain identity staining 
mauve on paper chromatograms of urine in 75 per cent of 
schizophrenic patients examined. Since no dietary controls 
were used in this study, it is quite possible that these 
findings are also the result of a dietary-intestinal artefact. 
Recently, 3,4-dimethoxyphenylethylamine, a com- 
pound which bears a striking resemblance to mescaline, 
has been reported to occur in the urine of schizophrenics 
more frequently than in normal urine*+, The results of 
several studies have been quite variable (Table 1), and it is 
striking that in patients receiving plant-free diets no 
3,4-dimethoxyphenylethylamine was detected. 


Table 1. CHROMATOGRAPHIC DETECTION OF URINARY 3,4-DIMETHOXY- 


PHENYLETHYLAMINE * 
Schizophrenie Normal References 

15/17 0/14 Friedhoff*# 
57/62 (on tranquillizers) 
13/16 (off tranquillizers) 21/46 Takesada et gl‘? 

0/10 (plant-free diet) — Perry et al. 

4/22 0/1 Sen et al. “ 

5 1 (Friedhoff’s patients) 0/10 Kuehl ef aJ.*5 

213 2/4. Baldessarini and Kopin** 

0/2 (plant-free diet) 2 Qjessing®’ £ 
98/154 (68%) — 23/75 (31%) 


, 


* Data are presented as the ratio of number of subjects in whose urine the 
compound could be detected to the total number of subjects studied. 


It is clear that schizophrenia is a complex entity and 
that firmer and more precise diagnostic criteria are neces- 
sary. Greater caution is indicated in the interpretation 
of available genetic, pharmacological, biochemical, and 
psychological data which purport to describe differences 
between schizophrenic or pre-schizophrenic subjects and 
normal controls. 


Ross J. BALDESSARINI 
Sotomon H. SNYDER * 


Laboratory of Clinical Science, 
National Institute of Mental Health, 
Bethesda, Maryland. 
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OUR paper presented a hypothesis which we considered 
probable, and it was put forward with a view to encourag- 
ing further research on the various causation processes 
concerned in producing overt schizophrenia. 

The primary basis for our view that schizophrenia is a 
genetic morphism is the fact that it clearly has a strong 
genetic component, and that its incidence is more than 1 
per cent, a figure too high to be maintained by mutation 
alone. The distribution of schizophrenia in families is quite 
incompatible with the idea that the genetic basis is a single 
recessive gene, but gives a remarkably good fit with expec- 
tancy on the basis of the monogenic 25 per cent penetrance 
model suggested by us, though a poor fit with any poly- 
genic model. 

It next appears reasonably certain (a) that the genetic 
basis, whatever it be, is responsible for a marked ‘error 
of metabolism’, producing a number of physiological 
(biochemical, immunological, etc.) changes. The evidence 
for this is extensive, and is not merely “anecdotal’’ (see 
references 12-16 in our original paper); and (b) that the 
error of mstabolism results in the production of some 
abnormal chemical compound which could be detected 
in the blood and/or urine. We realize that neither the 
precise compound nor the detailed steps in its formation 
have yet been conclusively identified, and merely mention 
that Hoffer and Osmond consider that it is adrenolutin, 
or some chemically related substance. . 

Further, it appears quite certain that schizophrenia 
involves interference with perceptual development, 
resulting in marked perceptual and eventually conceptual 
disorder. We realize that the precise nature of this inter- 
ference has not yet been established, but emphasize that 
psychological tests have been devised which appear to 
distinguish schizophrenics from normal subjects. 

Finally, we direct attention to the main implications of 
our hypothesis, and stress the need for more research in 
many fields before it or some modification of it is fully 
confirmed. 


JULIAN HUXLEY 
31, Pond St., London, N.W.3. 


Ernst MAYR 
Museum of Comparative Zoology, 
Harvard University. 


HUMPHRY OSMOND 
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= Schizophrenia as a Genetic Morphism 


Huxley, Mayr, Osmond, and Hoffer! have discussed the 
theory that schizophrenia is dependent on a selectively 
controlled genetic polymorphism. Although the evidence 
for this is strong there is no certainty about its mode of 
inheritance, which must be determined from observed 
correlations between relatives. Although a number of 
attempts to fit simple models to such data have been made 
they are far from convincing since, contrary to the state- 
ment of the above authors, there is abundant evidence 
that the incidence of schizophrenia varies greatly in differ- 
ent social classes. Since this variability i is almost certainly 
due, in part at least, to variations in gene frequency, 
the calculation of expected correlations between relatives 
on the assumption of a random mating population must 
lead to misleading results. 

There is also considerable evidence that schizophrenics 
leave fewer children than those not developing the disease. 
Although fertility is not necessarily the only component 
of genetic fitness it seems very probable that this lowered 
fertility results in a decrease in fitness. Using plausible 
figures for such fitness and the simplest of the proposed 
models, we are forced to conclude that if heterozygote 
advantage, in some sense, is the explanation of the 
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observed stability of the polymorphism, this advaintiig 
must be at least 5-10 per cent (Moran’). ; 

As Huxley ef al. suggest, such a selective advantag 
might be due to the heterozygotes being resistant to some. 
types of infection in early childhood. However, it seems 
more likely that the selective advantage occurs earlier. 
It has recently been skown (for example by Levene and 
Rosenfield?) that large variations exist in the probabilities: 
of fertilized eggs resulting in a pregnancy, and that such 
variations are dependent, in part at least, on blood group 
incompatibilities. It is also known that such incompati- 
bilities ean interfere with each other, and in particular. 
that the effect of Rh ncompatibility is greatly reduced. 
in the presence of ABO incompatibility. 5 

I therefore suggest that the presence of a gene for 
schizophrenia has a procective effect for one or more of the 
genetic factors which cause the loss of fertilized ova. It 
would therefore seem valuable if a study could be made 
of such incompatibilities in the families of schizophrenics. 
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MORPHOLOGICAL EVIDENCE OF IMMUNOLOGICAL RELATIONSHIPS IN 
THE LYMPHOID TISSUE OF RABBIT APPENDIX 


By Dr. A. FRIEDENSTEIN and Dr. l. 


GONCHARENKO 


Gamaleya Institute of Epidemiology and Microbiology, U.S.S.R. Academy of Medical Sciences 


NVESTIGATIONS of the ontogenesis of lymphoid 

tissue have revealed that mammals and birds possess 
central organs of lymphopoiesis—the thymus gland and 
the bursa of Fabricius. Their removal in the early post- 
natal period results in the lymphoid tissue not developing 
properly and a general decrease in the immunological 
competence of the animal!?. It has been assumed** that 
uncommitted lymphocytes are formed in these organs, and 
also that these lymphocytes later re-populate the lymph 
nodes and the spleen. The exceptional positioning of the 
central lymphoid tissue organs may possibly be associated 
with the presence of epithelium in them, as well as with 
their isolation from any foreign antigens which may 
penetrate into the body. 

According to Archer? the appendix of the rabbit is also 
a central organ of lymphoid tissue. Results which we 
present here confirm that a peculiar. immunological 
situation is created in the lymphoid tissue of this organ, 
the importance of which is at present obscure. This 
tissue is subject to a constant, intensive antigenic stimula- 
tion unaccompanied by any of the usual morphological 
features of immunological activity. 
| Investigations were carried out on the wall of the 
“appendix of. healthy adult rabbits (weighing 2-0-3-0 kg), 
¿which were kept in ordinary vivary conditions for 1-90 
‘days after birth. After fixing the material with alcohol- 
formol, formalin, alcohol, and Bouin’s fixing fluid, a 
-series of sections was stained with Gram-Weigert stain, 
periodic acid—Schiff (PAS)-polysaccharide stain, sudan 
black and methyl green pyronin. 
<The appendicial wall of adult rabbits is built up of 
“lymphoid follicles lying directly beneath the epithelium 
. lining the lumen. The epithelium forms pelvi-form 
crypts connected with the appendicial lumen by pores. 








- The cryptic epithelium covering the lymphoid follicles 


contains a large number of lymphocytes, and the layer is 
<in many places incomplete. The lymphoid follicles are 
sound to consist of an upper part lying directly beneath 


the epithelium, a massive basal part, and a connecting 
isthmus. The basal part of the follicles possesses large 
germinal centres surrounded by a mantle zone. 

A peculiarity of the rabbit appendix is that the lym- 
phoid tissue of its wail is densely packed with bacteria 
(Fig. 14 and R). Numerous large Gram-positive bacteria 
showing a markedly PAS-positive reaction and a green 
auto-luminescence can be seen in sections, lying between 
the lymphocytes and in the reticular cells. A great 
number of similar bact@ria are also present in the appendi- 
cial lumen. Their peretration from the lumen through 
the lymphocyte-infiltreted epithelium of the crypts into o cge 
the lymphoid tissue of the follicles is frequently observed. coSs 
The bacteria are phegocytosed by the reticular cells. 
In the macrophages of the upper parts of the follicles the 
bacteria retain their form; the macrophages situated in 
the lower parts of the follicles contain, in addition to 
unaltered bacteria, fragmentary remains of bacteria and 
bacterial cells which have lost their staining properties 
(Fig. 1C). 

Agegregations of large reticular cells occur in the peri- 
pheral zones of the germinal centres; unstained slides | 
show the cytoplasm of these cells to be full of a yellowish © 
granular pigment. This granular substance displays a 
sharply positive PAS-reaction. It consists partly of > 
fragments of bacteria end partly of the products of intra- 
cellular digestion (Fig. 1D). Some of this stains with 
sudan black. A histoehemical study of the macrophages 
has shown that thea cytoplasm contains substances 
which are apparently volysaccharide or lipoid in nature®. 
Most probably these are the products of digestion of the 
bacteria by the macrephages, or an association of these 
products with substances released during the destruction 
of the lymphocytes’, 

The cellular composition of the appendicial lymphoid | 
tissue distinguishes it from ordinary lymph nodes. The _ 
germinal centres whick occupy the major part of the basal 
half of the secondary follicles of the appendix consist- 














-, = 


Fig. 1. 
appendix of a normal rabbit. A and B, The upper 
24 and 45, respectively); C, the germinal centre, 


of reticular cells, small lymphocytes, and a small number 
of large pyroninophilic blast cells. The mantle zone is 
composed almost entirely of medium and large lympho- 
cytes. The bacteria are mainly found in the vicinity of 
the germinal centres. The upper part of the follicles 
consists predominantly of reticular cells, lymphoblasts 
and large lymphocytes. 

Plasmocytes are almost completely absent in the 
lymphoid tissue of the appendix, and are only to be 
found in small groups extraneous to the lymphoid follicles 
in the tunica propria near the epithelium. A small 
number of the pyroninophilie cells in the lymphoid 
follicles are most probably plasmoblasts, but no further 
differentiated elements of the plasmocytie series are 
encountered, 

The lymphoid tissue is absent in the appendicial wall 
of new-born rabbits. Large reticular cells lie directly 
under the epithelium. In the 4-day-old rabbit large 
round cells appear under the epithelium; these cells have 
no basophilic cytoplasm, and multiple mitoses are visible 
in them. In the 6-day-old rabbit a small lymphoid follicle 
is formed under each epithelial crypt. These follicles 
consist of large pyroninophilic blast-type cells and small 
lymphocytes. The follicle is not divided into zones, 
and there are no germinal centres. In 10-day-old rabbits 
the follicles are greatly enlarged and contain a large 
number of blast-type cells. At this stage no germinal 
centres, plasmocytes, or bacteria are discernible in the 
lymphoid tissue of the appendix. 

By the sixteenth day a few bacteria appear in the 
macrophages of the follicles. Tho large blast-type cells 
concentrate chiefly in the germinal centres, and among 
them plasmoblast-like cells are quite prominent. The 
more mature elements of the plasmocytic series are absent. 
By the eighteenth day the majority of the follicles consist 
of blast-type cells concentrated in the central zones of 
the follicles in the form of very large germinal centres. 
The macrophages contain numerous bacterie. Possibly 
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Bacteria among lymphocytes and within phagocytes in lymphoid follicles in the 

tof follicle, PAS stained (objcctives 
AS stained (objective 45); D, reticular 
cells on the periphery of germinal centres, PAS stained (objective 45) 
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some of the large pyroninophilie cells in 
germinal centres are plasmoblasts. Small 
groups of mature plasmocytes are found 
in the tunica propria. 

After 30-40 days the macrophages are 
seen to contain numerous bacteria, bacterial 
fragments, and PAS-positive substances. 
Typical plasmoblasts are encountered in the 
reproduction centres. But only a few 
mature plasmocytes are to be found outside 
the follicles in the tunica propria under the 
epithelium. By 52-90 days the arrangement 
of the bacteria in tho appendicial wall 
coincides with the adult rabbit pattern. 

The bacteria found in the lymphoid tissue 
of the appendicial wall penetrate from the 
lumen of the appendix. The structure of 
the epithelium covering the follicles evid- 
ently facilitates this bacterial penetration. 
Judging by the intensive destruction in the 
macrophages the bacterial penetration is 
constant, and the number of bacteria 
present is so great that even histological 
preparations show the lymphoid follicles to 
be packed with them. The destruction of 

á bacteria within phagocytes occurs within the 
Se follicles in the vicinity of the well-developed 

E germinal centres. The reticular cells which 
ay aggregato on the periphery of the germinal 
Fa) 


Bos 


; centres contain fragments of destroyed 
— bactéris and also products of their digestion 
—_ by these cells. The presence of the bacteria 
: produces no inflammatory changes in the 
appendicial wall, and the fact that there 
is no morphological evidence of immuno- 
logical activity of the lymphoid tissue is 
particularly significant. Plasmocytes are 
practically absent from the lymphoid tissue; in the adult 
rabbit they are found in very limited numbers in the tunica 
propria alone, outside the lymphoid follicles. Bacterial 
contamination of the wall of the appendix begins in the 
second and third weeks of life, and bacteria first become 
demonstrable in sections on the sixteenth day. It is 
noteworthy that the germinal centres appear in the 
lymphoid follicles during this same period. However, 
only a very few mature plasmocytes become differentiated 
between days 30 and 90, and these cells are extraneous 
to the lymphoid tissue. Notwithstanding massive 
bacterial contamination, the plasmocyte differentiation 
that commences in the third week of life, following the 
penetration of the bacteria into the appendicial wall, 
does not occur in any subsequent phase of life. The 
source of contamination of the appendix of young rabbits 
is evidently the ‘soft’ faeces of the doe. It is common 
knowledge’ that rabbits are coprophagous and constantly 
devour their own ‘soft’ excrements; these excrements 
contain large quantities of bacteria morphologically 
similar to the bacteria found in the lumen of the appendix 
and its wall. 

The bacteria inhabiting the appendicial wall do not 
multiply in ordinary nutritive media. There have been 
some reports® to the effect that they may be grown on 
deficient mineral media or on hydrolysates, and that 
they belong to the group of fatty-acid-fermenting or 
cellulose-fermenting bacteria. In stained sections these 
bacteria are intensively PAS-positive, Gram-positive, and 
possess a yellow auto-luminescence. The presence of 
these microbes in the appendicial wall is evidently quite 
a normal event, and is not associated with any particular 
conditions of environment or infection, ete. No differ- 
ence was found among the eppendices of rabbits 
obtained from various vivaria in Moscow, Leningrad, or 
Kiev. The abundance of Gram-positive bacteria in the 
appendicial wall of the rabbit has frequently been 
reported?-'*, 
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The presence of these bacteria in the lymphoid tissue 
of the rabbit appendix creates an interesting and remark- 
able immunological situation, independent of the part 
they play in the physiology of digestion or vitamin 
metabolism. Evidently phagocytosis of the bacteria 
leads to the elimination of a large amount of potentially 
antigenic substances. Judging by morphology, the pro- 
ducts of phagocytosis of the bacteria or, possibly, their 
compounds with substances that are formed during the 
destruction of the lymphoid tissue cells accumulate in the 
reticular cells of the germinal centres in the appendicial 
follicles. If all these substances are not identical to 
the iso-antigens and tissue antigens of the rabbit (which 
seems highly improbable), they should be accepted by the 
lymphoid tissue as antigens. Results reported by Sussdorf 
and Drapes! confirm that the lymphoid tissue of the 
appendix possesses Immunological competence. 

A large amount of the antigenic substance that is 
constantly being formed from the mass of decomposing 
bacteria, should provoke either a secondary immunological 
response, or tolerance. The absence of morphological 
evidence of any immunological response (formation of 
considerable amounts of plasmocytes) in the appendix of 
adult rabbits, and the constant presence in this organ of 
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numerous bacteria arranged in the wall at distances of 
no less than 0-5 mm from the sites of penetration through 
the epithelium, suggest that tolerance is quite probable. 
If this is so, then we may be dealing with the formation 
of natural tolerance tc a bacterial antigen. The mechan- 
ism and the immunolcgical purpose of such a process are 
of considerable interest, especially as the process occurs 
in a lymphoid organ waich, together with the thymus and 
the bursa of Fabricius, is believed to be a source of uncom- 
mitted lymphocytes and 1s a central organ of immunity. 
Attempts are being made to test this assumption experi- 
mentally. 
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SYNTHESIS OF RIBONUCLEIC ACID IN DEVELOPING RAT BRAIN IN VITRO 
By Cr. UDAI N. SINGH 


McGill-Montreal General Hospital Research Institute, Montreal, Quebec 


HE ‘messenger’ concept, originally developed by 
Jacob and Monod! on the basis of their observations 
on bacterial systems, has given fresh impetus to the 
investigations of the relationship between nuclear and 
cytoplasmic ribonucleic acid (RNA) in mammalian cells. 
Recently, we have proposed a simple model which has 
been successfully applied in the evaluation of kinetic data 
on the incorporation of radioactive precursors into RNA 
of cultured mammalian cells?*. In the present article a 
similar analysis of the time-course of incorporation of 
[8-44C]adenine into nuclear and cytoplasmic high mole- 
cular weight RNA of brain from new-born rat in vitro will 
be reported. Moreover, the physiological significance of 
the kmetic parameter defined as ‘fractional rate constant’ 
for the transfer of RNA from nucleus to cytoplasm will 
be discussed, and an outline given of a kinetic approach 
which permits an evaluation of turnover rate of the labile 

RNA, presumably messenger RNA. i 
If it is assumed that the rate of transfer of RNA from 
nucleus to cytoplasm remains constant during the experi- 
mental period, then the mathematical analysis developed 
in earlier communications?:? for exponentially growing 
cells is also applicable to non-growing cells such as those 
in tissue slices. In a general situation the change in 
specific activity of nuclear RNA (n-RNA) with time 
can be described by an equation consisting of a sum of 

negative exponentials; 

& 

Sn = a Aoa (1) 
= 

where Sn is the specific activity of n-RNA, and A, A, 


Az; Qy @,... & are arbitrarily chosen constants. 


& 
Equation (1) is normalized by equating B Ar = 9$, 
i=l 


where suffix ‘0’ refers to the value at ‘0’ time. The 
equation for specific activity (Sa) of the cytoplasmic high 
molecular weight RNA (h-RNA), assuming n-RNA as its 
immediate precursor and Sn > Sa, can be written as: 


g Åi ; 
Sr = 8S? + YE “u ee) (2) 
wi 


where y 1s the fractional rate constant for the transfer of 
RNA from nucleus tc cytoplasm. In practice, it is often 
unnecessary to includ= more than two exponential terms 
for an adequate description of the curve for n-RNA. 

In these investigations, brains from new-born rats 
(< 24h old) were cus into slices with a McIlwain tissue 
chopper and incubated ın phosphate buffered Krebs- 
Ringer medium in the presence of [8-!*C]adenine for 
varying periods of time. Nuclear and cytoplasmic RNA 
fractions were isolated by the phenol method and specific 
activities of adenine and guanine were determined’. Fig. 1 
shows a linear plot o? the kinetic data from two typical 
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Fig. 1 A linear plot of cata on time-course of incorporation of radio- 
active adenme into purins bases of n- and A-RNA ‘0’ time samples 
were removed 15 min after fhe addition of [8-“C] adenine (63-5 me./mM) 
at a final concentration of 0 we jml. and 0 8 wc jm. in Expt. No, 1 and 
2 respectively Experim=ntal curves for 2-RNA were described by 
Eq (1) containing two exponential terms. O, Adenine (Expt. 1), a, 
Q; an 203x107 min-?: A, 200x10 cp.mj/uM, As, —191x10° 
c.p.m./uM. @, Adenine Expt. 2), a,,154x10 min’, ca 85x10 

~-i; A, 200x10 ep m/uM, An —233x10%c p.m pM. A, Guanine 
{Expt 2), a, 0, ap &Q@x«x10° mint; An 180x10° cpm /uM, 

de, —156 x107 cp m.juM 
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experiments in accordance with equation (2). Values of Y 
with respect to adenine were estimated to be 0-57 x 
10-7 min-! and 0-59 x 10-7 min. A similar analysis of 
the incorporation of radioactive adenine into guanine of 
n- and h-RNA gave values of 0:77 x 10-3 min- and 
1-0 x 10- min“ for y which were comparable with those 
obtained for adenine. 

-The usefulness of any physical model is judged by its 
ability to provide a coherent description of a system 
under varying experimental conditions. In the present 
analysis, y, defined as the fractional rate constant for the 
transfer of RNA from nucleus to cytoplasm, is of con- 
siderable physiological significance. It is interesting to 
note that y estimated from the data on developing brain 
(0-57-10 x 10-® min-!) presented here is of the same 
order of magnitude as that obtained for cultured mam- 
malian cells (0-43-16 x 103 min-?) (refs. 2 and 3). It 
was shown earlier that if 4-RNA is conserved at the 
molecular level, then y should be approximately equal 
to the exponential rate constant for logarithmically 
growing culture*, In fact, however, the value of Y> 
although of the right order of magnitude, was found 
to be consistently high as compared with the observed 
rate of cell growth. This strongly suggests the presence 
of one or more labile components in h-RNA in addition 
to stable ribosomal RNA. Recent investigations of 
RNA from brain tissue on sucrose density gradient 
carried out in this laboratory have provided additional 
support to this view (unpublished work). It was observed 
that a major fraction of radioactive adenine incorporated 
into RNA. of brain slices én vitro is localized in the region 
lying between 45 and 18S ultra-violet absorption peaks. 
in rat liver cells the radioactivity in tbis region has been 
attributed ‘to messenger RNA associated with micro- 
somes‘, It is important to note that it is not the amount 
of the rapidly turning over RNA but its labile nature 
which is primarily responsible for the observed deviation. 
From this it follows that if an experiment is conducted 
in such a way as to reduce the relative amount of radio- 
activity in labile RNA to a negligible value, then the 
discrepancy between y and exponential growth rate will 
tend to be smaller. This condition was partly satisfied in 
the experiments reported by Harms and Watts, and, 
indeed, an excellent agreement between the value of y 
and the growth rate of HeLa cells was observed’. (It 
may be pointed out that the objection raised by Harris 
(Nature, 198, 183; 1963) was based on an incorrect inter- 
pretation of the equations in ref. 3. This will be clarified 
In & separate communication.) © — 

Further evidence in support of the presence of a highly 
labile component in h-RNA is provided by the results 
shown in Fig. 2. In this experiment slices were labelled 
with [8-“C}adenine for 60 min. At the end of the labelling 
period the synthesis of RNA was partially blocked by 
actinomycin D added at ‘0’ time at a final concentration 
of l ug/ml. The decrease in specific activity of adenine 
in h-RNA after a maximum can be readily explained on 
the basis of a preferential breakdown of highly labelled 
component. If we assume that most of the radioactivity 
after 60 min of incubation in the presence of [8-44C]adenine 
is localized in the labile fraction, then a rough estimate of 
its half-life time (60-90 min) can be obtained from the 
observed decrease in specific activity of adenine in h-RNA 
after maximum. Assuming a half-life time of 60 min and 
y = 0-6 x 10 min-, the amount of labile RNA in a 
steady state is estimated to be about 5 per cent. It may 
be pointed out that in view of the assumptions involved, 
the figure of 5 per cent should be regarded more appro- 
priately as the upper limit. 

‘The existence of rapidly turning over RNA both in 
nucleus and cytoplasm of mammalian cell is now well 
documented‘*, Much of the information on its half-life 
time is based on the observed rate of breakdown of RNA 
in the presence of inhibitars such as actinomycin D, 
proflavine, etc. Some authors have questioned the 
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Fig. 2. Change in specific activity of adenine in n- and A-RNA in 
presence of actinomycin D. Slices were pre-labelled with [8-“C]adenine 
(2-0 ywe./ml.) for 80 min. At the end of iabelling period actinomycin D 
was added at a final aces Le ie jml. at ‘0’ time. O, n-RNA; 


physiological significance of such data in view of possible 
side effects of these inhibitors being partly responsible for 
the observed degradation of RNA. Theoretically, a rough 
estimate of the turnover rate of labile RNA can be 
obtained from an analysis of the data on the time-course 
of incorporation of radioactive precursors into triphospho- 
nucleotides of low molecular weight precursor pool and 
nuclear RNA. An attempt in this direction was made in 
the evaluation of half-life time of labile RNA in developing 
brain. The problem was considerably simplified by the 
observations that [8-4C]adenine is readily taken up by 
brain slices achieving an equilibrium in about 30 min. 
The specific activity of adenme in ATP then remains 
constant during the expermmental period (< 2 h). 

In a general case we assume that the nuclear RNA 
consists of x components which are synthesized inde- 
pendently of each other from a common pool. The 
equation for average specific activity (Sn) of adenine in 
nuclear RNA can be readily derived and is given by: 


T 
S555 R EN (Sp — S) )o- ait (3) 
act 


where «s is the fractional rate constant for the synthesis 
of ith RNA component; S; and N; are the specific activity 
and the amount of adenine in the ith RNA fraction: 


n a g 
Ñ, = Ni) & Ni; Sn = E AN: 
qm] 


and Sp is the specific activity of adenine in ATP, which 
is assumed to be constant. The RNA component having 
the highest value of « represents the labile fraction, 
presumably messenger RNA. It has been estimated 
from the initial rate of incorporation of [8-%*C]adenine 
into nuclear RNA. that the most labile RNA component 
has a half-life time of 20-80 mm. It is of interest to 
note that the half-life time of labile RNA inferred from 
the loss of radioactivity from pre-labelled brain slices 
in the presence of actinomycin D is also found to be of 
the same order of magnitude. These observations strongly 
support the view that the observed degradation of RNA 
in the presence of actinomycin D is, to a large extent, a 
consequence of normal physiological processes. 

In conclusion, it is shown that the kinetic behaviour of 
both the nuclear and cytoplasmic high-molecular-weight 
RNA fractions is compatible with a precursor—product 
relationship existing between them. An unusually high 
value of the fractional rate constant for the transfer of 
RNA from nucleus to cytoplasm is attributed to the 
labile fraction in high molecular weight RNA. The half- 
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life time of the most labile component in nuclear RNA is 
estimated to be 20-30 min. 

I thank Prof. J. H. Quastel for his interest in this work, 
which was supported by a grant from the U.S. Public 
Health Service. 
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THIOPENTAL METABOLISM BY HUMAN LIVER IN VIVO AND IN VITRO 


By Pror. LESTER C. MARK, Pror. LEONARD BRAND and SONIA KAMVYSS! 
| Department of Anesthesiology 


RICHARD C. BRITTON > 
Department of Surgery, Columbia University 
AND 
JAMES M. PEREL, MIGUEL A. LANDRAU and Dr. PETEF G. DAYTON 


New York University Research Service, Goldwater Memorial Hospital, New York 


HE role of the liver in the enzymatic biotransforma- 

tion of barbiturates and other drugs has been amply 
documented in animals, but comparable investigations 
in man are not feasible because of their drastic nature 
(for example, a 90 per cent hepatectomy)!. Consequently, 
until now evidence for this function of human liver has 
been suggestive but not conclusive. Thus, isolation of 
urinary and biliary metabolites and half-life determinations 
derived from plasma decay curves verify the fact of drug 
metabolism in man but do not define its location. The 
techniques of hepatic venous catheterization and surgical 
liver biopsy seemed promising as tools to obtain the 
missing evidence’. The plan was to demonstrate a decrease 
in drug content of blood leaving the liver and to substan- 
tiate biotransformation by the liver as the cause. (Inter- 
pretation of the catheterization data is complicated by the 
existence of a dual blood supply to the liver. This organ 
receives not only arterial blood via the hepatic artery 
but also venous blood from the spleen, pancreas, stomach 
and intestines via the portal vein which terminates in the 
liver.) This work is now in progress and preliminary 
findings are summarized here. 

The hepatic vein was catheterized under fluoroscopic 
control in 11 subjects with moderate to severe cirrhosis 
of the liver. (Subjects with normal livers would have 
been more suitable but were not as readily available for 
study. With the co-operation of Dr. A. Gregory Jameson 
hepatic vein blood was sampled in a patient with com- 


Table 1. 


Duration Sampie Thiopental 
8 





Subject of im: concentration 
sleep (min) HV Other 
min) (mg/l) (mg/l) 
Group 1 
1 15 88 1-1 LIFV 
2 5 120 0°52 0 55FA 
3 19 36 2°4 25BA 
4 2 82 1-2 13BA 
5 12 109 10 LIFA 
11RV 
Group 2 
6 i — 64 051 LOFA 
i 102 0 47 OTAPA 
7 å 59 0:73 O-80FV 
91 0-465 0-60FV 
8 i 8 63 ot 1 SPV 
112 0-76 0 94FV 
9 15 152 0 72 1L:2FA 
10 ' 14 43 18 2:3BA 
24BV 
11 5 61 20 23FA 
22RV 
23AWV 
Addendum 
12 300 | 6 69 1-7 2bR AV 
| 105 15 2-3RAV 





AWV, abdominal wall vein; BA, brachial artery; FA, femoral artery; FAV, forearm vein; HA, hepatic artery; HY, hepatic vein; RV, renal ve 


pensated heart disease: undergoing cardiac catheterization. 
His liver was presumably normal; see ‘Addendum’ in 
Table 1.) Four of thesewere being evaluated pre-operatively 
as candidates for porsscaval shunt operation, while the 
remaining 7 were undergoing post-operative evaluation 
of previously performed shunt procedures. (The shunt 
is either (a) end-to-sice, where the portal vein is severed 
from the liver and tha cut end joined to the side of the 
inferior vena cava, or (b) side-to-side, where the portal 
vein remains intact except for an opening in its side, 
which is joined to a corresponding opening in the vena 
cava. In a third prceedure (c) splenorenal shunt, the 
splenic vein is divided and the distal end implented into 
the left renal vein. Portal blood bypasses the liver com- 
pletely in (a), and partially in (b) and (ec).) Measurements 
of hepatic blood flow (EHBF}, hepatic vein wedge 
pressure, oxygen saturation and ammonium clearance 
were accomplished amd ciné angiography performed. 
(The contrast media ased were meglumine iothalamate 
(‘Conray’) and diatrizoate sodium with N-methylglucamine 
diatrizoate (“A.ypaque’}.) At an appropriate time in these 
proceedings, a small amount of thiopental sodium (usually 
300 mg) was administered intravenously at the rate of 
100 mg per minute. Much larger amounts or faster rates 
were avoided since tiey could have had an adverse 
influence on hepatic blood flow’. The subjects slept 
for 2-19 min following sermination of thiopental injection. 
This prompt awakening is due primarily to redistribution 


RESULTS FROM HEPATIO VEIN CATHETERIZATION INVESTIGATIONS 















5 Extraction a e Ale — 
= ESBE — Type of shunt 
HA, leon | BA ” 1000 
(%) (mg/min) 
55 597 
4-0 759 
7-7 894 ' End-to-side portacaval 
9-1 1,131 0-10 End-to-side portacaval 
49 512 0 25 End-to-side portacaval 
37 019 
8-8 612 0-054 Splenorenal 
25 0-15 
39 720 0:28 Side-to-side porfacaval 
20 614 
40 1,198 0:48 Splenorenal 
22 420 0 092 End-to-side portacaval 
13 1,216 016 No shunt 
82 — — No shunt 
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of thiopental from brain and other viscera to lean body 
mass and depot fats; at such early times the effect of 
biotransformation is negligible’~’?. Afterwards, at times 
ranging from 35 to 153 mim from the start of injection, 
when tissue redistribution of thiopental was no longer 
a major factor, blood samples for thiopental estimation 
were obtained simultaneously from the hepatic vein and, 
in leu of the inaccessible hepatic artery, a peripheral 
vessel (femoral artery, brachial artery or femoral vein). 

Concentrations of thiopental in plasma, bile and liver 
were determined as follows. The drug was extracted 
with an organic solvent and re-extracted into 2-5N 
sodium hydroxide as described by Brodie et al.5. Thio- 
pental concentrations in the extract were assayed using 
an Aminco-Bowman spectrophotofluorometer equipped 
with a sensitive 1P21 phototube. (The use of fluorometry 
for determination of thiopental was suggested previously 
by Udenfriend, S., Duggan, D. E., Vasa, B. M., and 
Brodie, B. B., J. Pharmacol. and Exp. Therap., 120, 
26 (1957).) Details of our procedure will be published 
elsewhere. Neither sulphobromophthalein (BSP) nor the 
contrast media used interfered with the method. 

From the results, the subjects could be divided into 
2 groups (Table 1). In group I (5 subjects) the arterio- 
venous differénce was within the analytical error of the 
method. Hepatic venous concentrations of thiopental 
were 90-100 per cent of those in arterial blood, represent- 
ing less than 10 per cent extraction by the liver. (In 
subject 1, there was no demonstrable extraction of BSP 
or radiogold. The reason is unknown. Retrograde angio- 
graphy did not show intrahepatic shunting between portal 
and hepatic veins. In subjects 2, 3 and 4, the validity of 
hepatic vein sampling is questionable in view of abnor- 
mally high elevations in hepatic vein ammonium concen- 
trations, apparently low extraction of BSP, small trans- 
hepatic arteriovenous oxygen differences and retrograde 
angiography showing fillimg of portal branches without 
interposed sinusoids. Two possible explanations are: 
(1) significant intrahepatic portal-to-hepatic venous 
shunting, with dilution of hepatic vein blood by portal 
blood; and (2) excessively deep placement of catheter 
in the hepatic vein, with disproportionate sampling of 
hepatic arterial blood, as reported by Sapirstein, L. A., 
and Reininger, E. N., Cire. Res., 4, 493 (1956).) In no 
instance were concentrations higher in the hepatic vein 
than in the general circulation. The subjects in group 2 
(6 subjects) showed a significant transhepatic arterio- 
venous difference, with thiopental levels in hepatic vein 
blood ranging from 50 to 90 per cent of those im arterial 
blood, that is, in this group the liver was removing 
10 to 50 per cent of the thiopental being delivered to it. 
(An exception is the earlier of 2 sets of values in subject 7, 
with 8-8 per cent extraction at 1 h, in contrast to 25 per 
cent 0-5 h later.) 

The renal vein was also catheterized in 2 subjects 
(Nos. 10 and 11, Table 1). Concentrations of thiopental 
in the venous outflow from the kidney were the same as or 
equivalent to those in the systemic vessel and consistently 
higher than those in the hepatic vein at the same time. 
The absence of an arteriovenous difference across the 
kidney confirmed the concept of rapid distribution of 
thiopental into the richly perfused visceral compartment®.7. 
It also demonstrated that thiopental was not being 
appreciably metabolized by the kidney; older investiga- 
tions’ had already established that renal excretion of 
thiopental is negligible. 

We had two opportunities to examine portal venous 
blood. In subject 11 (Table 1), there was extensive colla- 
eral circulation through greatly distended abdominal 
ins, Fluoroscopic observation after injection of radi- 
que dye showed that the direction of blood flow was 
n within the abdomen outward, that is, blood in these 
was representative of portal venous blood. A sample 
n abdominal wall vein drawn synchronously with 
ral arterial sample was identical in thiopental 
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Table 2. THIOPENTAL IN BILE 


Thiopental in Bile Total thio- 
Subject Time Plasma Bile collected pental in bile 
(mg/l.) (mg/l.) (ceh) collected (mg) 
18 1 15 0°72 20 001 
2 0:73 0:45 145 0 01 
1 3 0 66 0 45 22°5 001 
14 1 30 11 14 0015 
2 20 077 14 0-01 
3 14 0 48 18 Goi 


The subjects had had drainage tubes surgically inserted into their common 
bile ducts. After administration of thiopental 800 mg intravenously in 3 min, 
bile was collected in 8 consecutive hourly periods The volumes obtained 
represent a major portion of biliary production, 


concentration. with the latter. In another individual 
not included in Table 1, blood was obtained from the portal 
van during abdominal surgery. This patient had received 
650 mg of thiopental intravenously over a l-h period 
which ended 32 min prior to the time of sampling. Thio- 
pental concentrations were identical (1-2 mg/l.) in blood 
samples obtained simultaneously from the portal vein and 
from a forearm vein. (We have earlier unpublished data 
showing that within 2—5 min following thiopental adminis- 
tration plasma concentrations of the drug in the brachial 
artery were indistinguishable from those in a forearm 
vein.) The evidence obtained from these 2 subjects 
suggests that the concentration of thiopental in the portal 
vein blood being delivered to the liver had become 
equilibrated with and identical to that in the systemic 
circulation by the time of the observations reported in 
Table 1. This means that no correction need be applied 
for theoretical extraction by spleen, pancreas, stomach, 
intestines or their associated fat depots. 

The role of biliary excretion as an alternative pathway. 
accounting for the lower thiopental concentrations noted 
in hepatic venous blood was investigated in 2 patients 
(Table 2). Following intravenous thiopental, drug 
concentrations in bile were distinctly lower than those in 
plasma and the total amounts of drug recovered from bile 
were negligible. This preliminary evidence would seem 
to exclude a biliary mechanism in the metabolism or 
excretion of thiopental. 

Direct evidence of thiopental metabolism by human 
liver was obtained in vitro. Biopsy and autopsy (6 h after 
death) samples of this organ were homogenized at 0° C 
(33 per cent w/v in 0:25 M sucrose). Thiopental, 12-30 ug 
in 0-1 M pH 7:4 phosphate buffer, appropriate co-factors® 
and Zwischenferment were added and the mixture was 
incubated in air at 37°C with mild shaking. About 
17 ug/g liver/h of the drug was transformed. In control 
flasks with or without liver homogenate, in which the 
enzyme was denatured, thiopental remained unchanged. 
The concentrations of thiopental added were of the same 
order as those determined in the livers of human beings 
given thiopental. In 3 subjects, when plasma concentra- 
tions of thiopental were 2-2, 0-8 and 0-6 mg/l. respectively, 
the corresponding specimens of liver contained 6:2, 16:1 
and 3-0 ug/g. In view of these results, particularly the 
requirement for co-factors, one can conclude that miero- 
somal enzymes are required for metabolism of thiopental. 

In other studies reported elsewhere® biopsy samples 
of human liver were shown to metabolize substrates such 
as pentobarbital, the azo dye 3-methyl 4-monoethyl- 
aminoazobenzene, the hydrocarbon 3,4 benzpyrene, the 
analgesic phenacetin and the antihistamine triprolidine. 
The rates of metabolism demonstrated with these sub- 
strates ranged from one-tenth to one-half those observed 
with livers obtained from adult rats. 

Creaven and Williams examined aromatic hydroxy- 
lating activity in vitro in samples of 5 human livers obtained 
4.28 h after death. In one case of sudden death they 
showed relatively good hydroxylation of biphenyl to 
4-hydroxybiphenyl and of coumarin to 7-hydroxy- 
coumarin compared with the other 4 who had been 
chronically ill. In a comparative investigation of distribu- 
tionof glutathione S-aryltransferase in various vertebrates, 
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Grover and Sims?! reported specific activity of the enzyme 
high (1-10) ın some species, (for example, rat, dog), 
lower (0-1-1) in others (for example, rabbit, man). One 
of the three human samples they tested was obtained at 
operation, the other two at autopsy. 

In summary, by means of hepatic venous catheteriza- 
tion in human subjects with liver disease, a trans-hepatic 
arteriovenous difference in thiopental concentration was 
demonstrated in man. Dilution by admixture with portal 
venous blood containing a lower concentration of thio- 
pental and bilary excretion of thiopental were excluded as 
alternate pathways resulting in lowered drug-levels in the 
hepatic vein. The arteriovonous difference is therefore 
interpreted to indicate metabolism of thiopental by human 
liver in vivo. Investigations with human liver in vitro 
indicated that thiopental 1s metabolized in man by micro- 
somal enzymes residing in the hver. 
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TL PHENOTYPE, 


SENSITIVITY TO GUINEA-PIG SERUM, AND ORIGIN 
FROM DONOR CELLS 


By Dr. MICHAEL SCHLESINGER,* Dr. EDWARD A. BOYSE and Dr LLOYD J. OLD 


Sloan-Kettering Institute for Cancer Research, Sloan-Kettering Division, Correll Medical College, 
and Department of Pathology, New York University School of Medicire, New York 


HE thymus cells of some strains of mice (TL+ 

strains) contain a distinctive antigen demonstrable 
by their sensitivity in vitro to the cytotoxic activity of 
specific TL antiserum prepared in mice of TL— strains}. 
TL antigen is absent from all other organs, as shown by 
their resistance to TL antisera and their failure to absorb 
TL antibody from such antisera. The TL+ thymic charac- 
ter In normal mice is controlled by a dominant gene in link- 
age group IX, in close proximity to the H-2 locus’. The 
cells of a high proportion of mouse leukaemias also contain 
TL antigen and this is the only circumstance in which 
TL+ cells can be found outside the thymus. TL leuk- 
aemias occur not only in TL-+ mouse strains but also in 
TL— strains}. 

There are two ways in which the gene controlling TL 
phenotype might exert its effect. It might influence the 
properties of the thymus so that the T.L type of the cells 
resident in the thymus would be determined by the genome 
of the thymic stromal cells. Alternatively, the thymus 
might be indifferent in this respect, in which case the 
genome of the cells resident in the thymus would determine 
their TL type. We have approached this question by 
examining the thymus cells of radiation-chimeras formed 
by the intravenous inoculation of bone-marrow or spleen 
cells into lethally irradiated mice, using donors and 
recipients of different TL types. When lethally irradiated 
mice are protected by inoculations of bone-marrow cells, 
the thymus is re-populated by donor cells derived from 
the inoculated marrow®4, 

Male mice (aged 8-12 weeks) of the Ci57BD0/6 (H-2b, 
TL—) and A (H-2a, TL+) strains were irradiated in a 
plastic container, four at a time. The mice received a 
total body exposure of 850 r. at a rate of 91:0 r./min, 
which corresponds to an average absorbed dose of 824 rads 
as measured with ferrous sulphate using a G value of 
14-95. The mice were irradiated with two opposing X-ray 
fields under the following conditions: 180 kV, 25 m.amp, 
half-value layer 0-8 mm copper at 40 cm distance from 
the box. Three hours after irradiation they received an 
intravenous injection of either 20 x 10° washed bone- 
marrow cells or 40 x 10° washed spleen cells from male 
donors, suspended in 1:0 ml. of Medium 199 containing 


*Presenf addreas Department of Experimental Medicine and Cancer 
Research, Hebrew University, Hadassah Medical School, Jerusalem, Israel. 


100 u. penicillin and 100y streptomycin. At various 
intervals after irradiatiœ the mice were killed and their 
thymus, spleen and bon=-marrow cells were examined in 
cytotoxic tests. The technique’ ıs a modification of the 
method of Gorer and OGorman?. The pooled guinea-pig 
serum (GPS) used as tha source of complement was first 
absorbed with washed pecked leukaemic spleen cells until 
all cytotoxic activity against thymus cells had been 
removed. For testing tke sensitivity of cells to the cyto- 
toxic effects of GPS, 25.000 cells suspended in 0-025 ml. 
Medium 199 were added to 0:025 ml. serially diluted 
unabsorbed GPS. 

Table 1 summarizes tie data obtained with irradiated 
mice that received bone-marrow cells. Cytotoxic tests on 
cells of the thymus, sp een and bone-marrow with the 
iso-antisera, H-2b ante H-2a and H-2a anti H-2b indicated 
virtually complete re-population by donor cells within 24 
days. The donor cells that re-populated the thymus 
showed the sensitivity to unabsorbed GPS characteristic 
of thymus cells. (Regardless of their TL type, thymus 
cells of both adult? and enbryonic® mice are distinguished 
from the cells of bone-marrow, spleen and lymph nodes 
by a pronounced sensitivity to lysis by GPS.) On the 
other hand, the spleen and bone-marrow cells of these 
radiation-chimeras, like the spleen and bone-marrow 
cells of normal mice, wers resistant to the cytotoxic effect 
of GPS. 

The TL type of the taymus cells was determined by 
cytotoxic tests with a spzcific TLE antiserum prepared by 
absorbing the antiserum C57BL/6 anti ASD (A strain 
TL+ leukaemia) i vive in normal A strain mice*. In 
all instances the TL type of the chimeras was that of 
the bone-marrow donor. Thus, the bone-marrow of TL — 
mice gave rise to only TL— thymus cells m both TL— 
and Ti+ irradiated mics, and bone-marrow from TL+ 
mice gave rise to only TL+ thymus cells in both TL— 
and TL+ irradiated mice. Irradiation did not demon- 
strably alter the organ distribution of TL+ cells; the 
bone-marrow and spleer of chimeras were uniformly 
TL-—, as in normal mice (Table 1). 

The TL type of the taymus cells of irradiated mice 
protected by the inoculat-on of spleen cells was similarly 
determined by the 7'L type of the donor (Table 2). Because 
of the early mortality and extreme lymphoid atrophy of 
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irradiated mice protected with allogeneic spleen, these to GPS and were TC+; the spleen and bone-marrow 
experiments were confined to F, hybrid spleen —— parental cells were again GPS-resistant and TE—. 

strain chimeras, in which no graft-versus-host reaction Although the bone-marrow and spleen cells of TL+ 
ean occur. The thymus cells of lethally irradiated mice are TL— both in the direct cytotoxic test and by 
C57BL/6 (TL—) mice protected with (C57BL/6 x A)F, absorption}, it is possible that a small number of TL+ 
hybrid spleen cells exhibited the characteristic sensitivity cells might escape detection by these methods. Such 


Table 1. ANALYSIS OF RADIATION-CHIMERAS PRODUCED BY INOCULATION OF BONE-MARROW CELLS 


| 















Strain combination 
Days after Donor cells Host cells TL+ cells Sensitivity to 
So irradiation Test cells ~ %9 (% *) (% *) Control t unabsorbed 
Bone mar- aes GPS} 
row donor Recipient 
14 Thymus 38 69 39 <10 + (1-2) 
A C57 BL[6 Spleen , 59 13 10 <10. _ 
(TL+) (TL—) Bone marrow 84 <10 <10 <10 ~ 
17 Thymus 97 <10 <40 +(1.4) 
Spleen 95 <10 <10 
Bone marrow 92 <10 <10 » 
21 ymus 90 : 13 TT <10 +(1: 2) 
| Spleen 95 <10 <10 <10 = 
Bone marrow 79 <10 <10 <10 - 
34 Thymus 95 90 <10 
Spleen 95 <10 
Bone marrow 95 <10 
32 Thymus 95 <10 78 <10 +(1.4) 
Spleen 98 <10 10 <16 = 
Bone marrow 97 <10 <16 <10 == 
Cb7 BLI6 A 14 Thymus 95 <10 <10 <10 > #(1.4) 
(TL—) (TL+) Spleen 95 <10 <10 <10 ~ 
Bone marrow 95 <10 <10 <10 ~ 
17 Thymus 96 <10 <10 <10 
Spleen 95 <10 «10 <10 
29 Thymus 93 <10 <10 <10 
Spleen 81 <10 <10 <10 
Bone marrow 68 <10 <10 13 
32 ymus 98 <10 <10 <10 +(1 2) 
Spleen 63 <10 <10 18 
44 Thymus 96 <10 <10 <10 +(1 1) 
Spleen 90 <10 <10 10 ~ 
Bone marrow 72 <10 <10 <10 ~ 
> Á 82 Thymus 77 <10 +(1' 2) 
(TL ih (TE +) Spleen <10 
C57BL/6 \—+CE7BL/6 24 Thymus <10 <10 - 
(EL) (TL—} 36 Thymus 


<10 4 <10 


* Based on percentage cells killed in cytotoxic tests with the relevant antisera (see text), diluted 1/10, after correction (ref. 5) for percentage cells dead in 
control tubes containing absorbed GPS but no antiserum. Tissues taken from a single mouse for each tast, 


t Percentage cells dead after incubation with absorbed GPS in the absence of antiserum. 
¢ Plus: 50 per cent cells killed by addition of GPS at dilution shown in parenthesis. Minus: <6 per cent cells killed by addition of GPS diluted 1/2. 


Table 2, ANALYSIS OF RADIATION-OHIMERAS PRODUCED BY INOCULATION OF SPLEEN CELLS 























Strain combination Sensitivity 
— a — — — Days after Test cells to unabsorbed 
Spleen donor Recipient GPSt 
(C57BL/6x AJF, [> C57BLI6 Thymus 

ori + (TL—) Spleen 







Bone marrow 


55 Thymus 
Spleen 
Bone marrow 
eee xA)F, |> A 36 Thymus 
(TL+) (TL+) Spleen 
Bone marrow 
64 = Thymus 
Spleen 
i Bone marrow 
Thymus 












Á —> aA 
(TL+) (Tht) 





*, +, t See footnotes to Table 1. 


Table 8, ANALYSIS OF RADIATION-OHIMERAS PRODUCED BY INOCULATION OF BONE-MARROW CELLS PREVIOUSLY EXPOSED in vitro TO TL ANTISERUM AND 
UNABSORBED GUINEA-PIG SERUM 


- 


Strain combination : | 
— — — Payxys after Donor cells Host cells TL+ cells Sensitivity 
Bone mar- irradiation Test cells (2% (% *} (% *) Control ft to unabsorbed 
row donor Reeipient 

A C57 BL/8 Thymus 13 <10 
(TL +) (TL-) Spleen <10 <10 
Bone marrow <10 <10 
j Thymus 73 <10 
= Spleen <10 <10 
Bone marrow <10 <10 
Thymus 86 <10 
Spleen «10 <10 
= Bone marrow <=10 <10 
A A hymus 67 <10 
Spleen <10 <10 





*, t,t See footnotes to Table 1 
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phenotypically 7+ cells might accumulate selectively in 
the thymus of irradiated mice. 

To test this possibility a suspension of bone-marrow 
cells from TL- mice was exposed to TL antiserum and 
unabsorbed GPS in vitro under conditions where it might 
be anticipated that all GPS-sensitive and phenotypically 
TL+ cells would be lysed. These cells were then washed 
three times and moculated into lethally irradiated TL— 
mice (Table 3). In this experiment exposure of A strain 
bone-marrow to TL antiserum and unabsorbed GPS did 
not prevent re-population of the thymus by TL+ cells 
showing the characteristic sensitivity to GPS. This 
indicates that the cells in strain A bone-marrow that give 
rise to TL+ GP§-sensitive cell populations in the thymus 
of radiation chimeras are themselves TL—. 

It may be that the thymus simply provides the selective 
environment for the multiplication and maturation of 
undifferentiated precursor cells from bone-marrow or 
spleen, and that the appearance of the TL+ GPS- 
sensitive phenotype is not a direct effect of the thymic 
environment. An alternative interpretation of our results 
is that the thymus has the capacity to induce the formation 
of TL antigen in immigrant cells of the appropriate TL 
genotype, in a manner perhaps analogous to the induction 
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of enzyme synthesis in particular strains of bacteria 
carrying the relevant 2>nes. The expression of TE antigen 
in leukaemia cells alsoas subject to environmental influence 
since its formation apparently ceases in immunized hosts 
and is resumed on fucther passage of the leukaemia cells 
in unimmunized hosts’. 
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UPTAKE OF ADENOSINE AND OF ADENOSINE DIPHOSPHATE BY 
HUMAN BLOOD PLATELETS 


By Pror. G. V. R. BORN 


Thrombosis Research Group of the Medical Research Council, Department of Pharmacclagy, Royal College of Surgeons, 
Lincoln’s Inn Fields, London, W.C.2 


DENOSINE diphosphate (ADP) brings about the 

rapid aggregation of the blood platelets of man and 

of other species+~* and this effect of ADP is inhibited 

specifically by its breakdown products, adenosine mono- 

phosphate (AMP) and adenosine?4, as well as by some 
related substances, including 2-chloroadenosine>~’, 

Earlier work?:® showed that the inhibitory effectiveness 
of adenosine, as of AMP and 2-chloroadenosine, increases 
with the length of time between its addition and the 
subsequent addition of ADP. This observation could be 
accounted for by assuming, as proposed by Paton’, that 
the complex formed by an inhibitor and its receptor has 
a low dissociation constant; and it suggested (i) that it 
should be possible to demonstrate the uptake by platelets 
of adenosine with a time-course similar to that of the 
increasing inhibition; and (2) that the uptake of ADP, 
if demonstrable at all, should be small and reach equi- 
librium rapidly. These predictions are supported by the 
experiments reported here; they indicate that human 
platelets take up both ADP and adenosine with the 
expected differences. 

Human platelet-rich plasma containing citrate as anti- 
coagulant was prepared and the concentration of platelets 
determined as already described*. Solutions of radio- 
active ADP and radioactive adenosine were prepared as 
follows: adenosine diphosphate-8-14C (supplied by Schwarz 
Bioresearch, Inc.: specific activity 7:85 mc./mmole) and 
adenosine-8-4C (supplied by the Radiochemical Centre at 
Amersham: specific activity 14-6 me./mmole) were made 
up as 1 x 10-3 M solutions In water. Each of these 
solutions was mixed with 4 vol. of a 1 x 10 M solution 
of the same substance unlabelled. These solutions were 
diluted 1 in 10 with saline to make 1 x 10— M solutions 
of which 0:02 ml. was added to 2-0 ml. samples of plasma 
in small polypropylene centrifuge tubes, supplied for the 
swing-out head (Cat. No. 69102) of the high-speed attach- 
ment for the MSE Major refrigerated centrifuge. There- 
fore, the concentration of added ADP or adenosine in the 
plasma was 1-0 x 10-° M. 


The tubes were incubated in a water-bath at 25° C or 
37° C for increasing times. After incubation each tube 
was cooled in ice-water 39 0° C (this took about 0'5 min) 
and centrifuged at 15,0%Jg for 5 min. The platelet-free 
plasma was decanted end drained from the pellet of 
sedimented platelets by standimg the tube upside-down 
on filter paper for 10 mn. The tube was dried inside 
with filter paper to just aDove the pellet to which 0-2 ml. 
water was added; then the tube was frozen at —20° C 
for 2 h. After thawing, the pellet was suspended in the 
water. The suspension ves pipetted quantitatively on to 
half a filter paper (Whatman No. GF/A, 55 cm in 
diameter) in a screw-cap tial. With the same pipette the 
tube was rinsed with 0-I ml. water which was added to 
the filter paper. Fifteer ml. diotol fluid? was added to 
the vial and its radioachivity was determined by liquid 
scintillation counting in the Packard Tri-carb counter 
(model 315 EX}. The stasistical error of the counts was 
kept below 3 per cent aac they were corrected for the 
counting efficiency. The -adioactivity of the plasma in 
the platelet pellet was dasermined and subtracted from 
the radioactivity of the po letis, From this the uptake of 
ADP or of adenosine was calculated. 

Adenosine radioactivity was taken up by platelets 
immediately (Fig. 1). Ts > rate of uptake was greatest 
at the beginning and dimia:shed until, after about 10 min, 
it became constant. The rate was greater at 37° C than 
at 25° C, and the temperasare coefficient of the constant 
rate was 1-3. 

ADP radioactivity was taken up quite differently 
(Fig. 2). There was also an immediate uptake which 
was small and almost conssant during the first 5 min or 
so. Thereafter the rate cf uptake increased until, after 
about 10 min, it became zonstant. Again this rate was 
greater at 37° C than as 25° C, with a temperature 
coefficient of 1-5. 

Experiments with platel-its from three different healthy 
people gave similar results The constant rates of uptake 
of adenosine and ADP radicéctivities ale shown in Table 1. 
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The results suggest the following interpretation. Added 
ADP is taken up immediately by specific receptors. Since 
ADP is a nucleotide, containing ionized phosphate groups, 
it is unable to penetrate through the surface membrane 
of the platelets. Therefore, these receptors are on the 
surface of the platelets. The immediate uptake of ADP 
radioactivity and its constancy during the first few 
minutes can be accounted for by assuming that the rates 
of association and dissociation between ADP and its 
receptor are both high® and that equilibrium between 
them is established almost immediately. 

Added adenosine is taken up by the same receptors as 
ADP. However, adenosine is a potent antagonist so that 
the dissociation constant of the receptor—adenosine com- 
plex is low’. The initial non-linear uptake of adenosine is, 
therefore, accounted for by its occupation of an increasing 
proportion of the receptors. This explains the observation® 
that, during this time, the aggregating effect of ADP is 
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Fig. 1. Uptake of adenosine radioactivity by human platelets at 25° C 


(@).and at 37° O (QO) from plasma to which radioactive adenosine had 
been added at a concentration of 1x 10 M 
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Fig. 2. Uptake of ADP radioactivity by human platelets at 25° O (@) 
and at 37° C (CO) from plasma to which radioactive ADP had been added 
at a concentration of 1x 102 M 
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Table 1. RATES OF UPTAKE OF ADENOSINE AND ADP RADIVACTIVITIES BY 
HUMAN PLATELETS AFTER INCUBATION FOR 10 MIN 


Initial concentration of radioactive adenosine and of ADP in the plasmas 
was 1 0x10 M 


Uptake (x107? mole/min 10° 
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Concentration 


Exp. of platelets Temperature latelets) of 
No. in plasma of incubation Adenosine ADP 
(x 10%/ml.) (° C) radioactivity radioactivity 
1 9-6 25 08 16 
2 4:8 25 1-3 17 
8 { 64 25 1-1 1:7 
6-4 37 1-7 38-1 


increasingly inhibited. This inhibition is limited by the 
breakdown of adenosine; 2-chloroadenosine, unlike 
adenosine, is not broken down and inhibits more com- 
pletely*®. 

With increasing periods of incubation, increasing pro- 
portions of the added ADP are broken down to products 
which can pass through the surface membrane into the 
platelets; this accounts for the linear increases in radio- 
activity after several minutes of incubation. Added 
adenosine is also taken up into the platelets. This uptake 
is seen by itself after the surface receptors have been 
maximally occupied and accounts for the linear part of 
the adenosine uptake curves. The temperature coefficients 
of the linear increases in radioactivity suggest that they 
represent diffusion. 

Some of the implications of this interpretation are as 
follows: 

(1) Extrapolation of the linear parts of the uptake 
curves of adenosine radioactivity to zero time should 
indicate the concentration of the specific receptors for 
adenosine and ADP on the platelets. In the experiment 
shown in Figs. 1 and 2, this concentration was about 
35 x 10-12 moles/10® platelets, which corresponds to 
about 2 x 105 receptors per platelet. 

(2) Platelet aggregation by ADP comes about through 
a reaction in which each ADP molecule is briefly involved 
to produce an alteration in another component of the 
system, for example, in the receptor or in the protein 
co-factor!:14, without necessarily being alterod itself. 
Other reactions in which the ADP is broken down to 
AMP and to adenosine presumably go on at the same 
time. The formation of these inhibitory substances on or 
close to the receptor sites themselves, explains the diminu- 
tion of the aggregating effectiveness of ADP? but will to 
some extent complicate the further experimental analysis 
of these processes. 

(3) The temperature coefficient of the immediate uptake 
of ADP should be the same as that of the initial rate of 
aggregation by ADP, that is, 1-7 between 25 and 37° C 
(ref. 11). 

(4) The more potent the antagonist, the more prolonged 
should be the onset and the offset of its inhibition®. Some 
evidence of this has been obtained by comparing adenosine 
with 2-chloroadenosine. 

(5) Thrombasthenia** may be due to a deficiency of the 
specific receptors for ADP on the platelets. 

„This investigation was supported in part by Public 
Health Service grant NB-04139 from the National 
Institute of Neurological Diseases and Blindness. I am 
also grateful to the Life Insurance Medical Research Fund 
of the United States for support. 
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DISTRIBUTION OF CHOLINESTERASE IN NORMAL LYMPH NODES AND 
ITS POSSIBLE RELATION TO THE REGULATION OF TISSUE SIZE 


By Dr. B. BALLANTYNE and Dr. R. G. BURWELL 
Department of Anatomy and Department of Surgery, University of Leeds 


ECENT observations on lymph nodes draining grafts 

of fresh allogeneic tissues inserted subcutaneously 
into the rabbit’s ear? have led to the suggestion? that 
transplantation antigens leaving a graft and reaching the 
marginal sinus of the first regional lymph node are seeded 
to multiple sites in its cortex through the agency of 
certain intrinsie blood vessels of the node—namely, the 
sub-marginal capillaries and the post-capillary venules 
(Fig. 1). 

An appraisal of the biological significance of these and 
many other findings then led to the suggestion? that 
lymphoid tissue in the normal mammal! is primarily and 
intrinsically committed to regulating and co-ordinating 
the size of distinctive tissues throughout the body. Such 
a concept implicates lymphoid tissue in the processing of 
hypothetical ‘tissue-coding factors’* (or ‘equilibratory fac- 
tors’*), which, in the case of a lymph node, may normally 
reach it along its afferent lymphatics from the tissue which 
that node drains. Since tissue-coding factors (like trans- 
plantation antigens’ and tissue-specific antigens) could 
be derived, at least in part, from cytoplasmic membranes 
and therefore contain lipid (as well as protein and perhaps 
carbohydrate), a study has been made of the distribution 
of cholinesterase (and non-specific esterase) in lymph nodes 
of the rabbit. The findings reported here concerning 
cholinesterases form part of a more extensive study 
concerning the distribution of several enzymes in normal 
and immunologically activated lymphoid tissues of certain 
mammals’, 

Parotid lymph nodes were removed from ‘Flemish 
Giant’ rabbits and, after overnight fixation in cold 4 per 
cent formaldehyde-saline, were sectioned at —20° C in a 
cryostat at thicknesses from 14 to 30u. These sections 
were incubated in a solution® containing either acetyl- 
thiocholine iodide for specific cholinesterase (SpChE), or 
n-butyryl thiocholine iodide for non-specific or pseudo- 
cholinesterase (PsChE)*. The most precise enzyme 
localization was obtained by using a 0-1 M 2-amino-2- 
(hydroxy-methyl)-propane-1 : 3-diol'0-1 N HCl buffer 
system. The reaction site was revealed by the use of 
fresh, dilute ammonium sulphide. Inhibitor checks for 
enzyme specificity included the use of 1 x 10-° M physo- 
stigmine for both enzymes, 1 x 10 M 62047h di-iodide 
for SpChE™, and 2 x 10-° M N,N-di-isopropylphosphoro- 
diamidic fluoride (‘Mipafox’) for PsChE". The optimum 
substrate pH values and incubation times were respec- 
tively pH 5-7 and 1 h for SpChE, and pH 5-4 and 16 h 
for PsChE. 

Specific cholinesterase (SpChE). SpChE is found in 
high concentration on the inner side of the marginal sinus 
(Figs. 2 and 3). The cells which apparently contain the 
enzyme (Fig. 3) are irregular in outline and have processes, 
some of which extend across the lumen of the sinus 
towards the capsule which is itself devoid of SpChE. 
Many sub-marginal capillaries have SpChE in their walls 
(Figs. 2 and 3), and several post-capillary venules (Fig. 2) 
are SpChE-positive in their outermost parts (that is, 
towards the capsule) ; the deeper parts of the post-capillary 
venules (that is, towards the medulla) are SpChE-negative. 
The diffuse lymphoid tissue of the cortex is largely 
SpChE-negative, but often a network of SpChE-positive 
material is seen in the outermost parts of the cortical 
tissue. Some cortical nodules contain aggregates of 
SpChE-positive cells, usually on the marginal-sinus side 
of the germinal centre (Fig. 2). Other cortical nodules 


are devoid of SpChE-positive elements other than a few 
blood capillaries which cross their substance. The 
medulla (sinuses, trabeculae and vessels), like the deeper 
parts of the diffuse lymphoid tissue of the cortex, is 
entirely devoid of SpChE-positive elements. The control 
sections incubated in physostigmine and 62C47 show a 
marked reduction of SpChE activity in all areas where it is 
normally present. 

Pseudo-cholinesterase (PsChE). PsChE is found in 
similar sites to those of SpChE but in lower concentra- 
tions (Fig. 4). But although PsChE-positive material is 
seen on the inner sice of the marginal sinus, in sub-mar- 
ginal capillaries anc the outer parts of post-capillary 
venules, the diffuse lymphoid tissue of the cortex is 
PsChE-negative. Seme cortical nodules contain aggre- 
gates of PsChE-positive cells, usually on the marginal- 
sinus side of the gerrminal centre (Fig. 4). In the medulla 
the sinuses, trabeculae and vessel walls are PsChE- 
negative, but the peri-arterial plexus of nerve fibres is 
strongly positive (Fig. 5). The control sections incubated 
with ‘Mipafox’ show a marked reduction of PsChE-positive 
activity in all areas where it is normally present. 

Discussion. The findings reported here confirm the 
observations of other workers that cholinesterase is located 
in the marginal sinus of lymph nodes in the rabbit**-"* 
and mouse"; our unoublished observations’® have shown 
its presence in the marginal sinus of hamster, rat, guinea- 
pig and human lymph nodes. Dumont’, however, failed 
to find cholinesterase in the marginal sinus of rat lymph 
nodes. In the cat**:'?, cholinesterase is not present in 
the marginal sinus of lymph nodes, but non-specific 
esterases are located at this site’. 

Our finding of cholinesterase in cortical capillaries, post- 
capillary venules and the cells of certain cortical nodules 
in rabbit lymph nodes (as well as hamster, guinea-pig, 
cat and human lymph nodes") confirms the observations 
of D*Agostini and Ressatti!? who used rabbit, rat and cat 
material, 

It has been suggested'*-" that ‘marginal-sinus cholin- 
esterase’ is located im the reticular fibres which cross the 
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7 Incubation time, 1 h; thickness, 15x 
sinus, but it seems to us that cholinesterase at this site is 
contained most probably in macrophages, the cell bodies 
of which line the inner wall of the sinus and the cell pro- 
cesses of which extend outwards as a thin covering to 
the reticular fibres which cross the sinus*. In the sub- 
marginal capillaries and post-capillary venules, the 
cholinesterase is clearly associated with endothelial cells. 
In cortical nodules, however, the parenchymal cell (or 
cells) in which cholinesterase resides has not yet been 
established; some workers’ are of the opinion that the 
‘carrier cell’ is a lymphocyte; but it might equally be a 
macrophage or primitive reticular cell. 

Gerebtzoff'* has suggested that cholinesterase in lymph 
nodes is derived from the blood-stream—either from the 
plasma (rabbit) or from the platelets (cat). The suggestion 
that endothelial cholinesterase in the rabbit is derived 
from the circulating plasma seems unsatisfactory for two 
reasons: first, the distribution of endothelial cholinesterase 
in this mammal is not general throughout the tissues and 
organs of the body, but is found only in certain sites, such 
as in lymph nodes, Malpighian corpuscles of the spleen, 
hypophysis and certain parts of the central nervous 
system'!:'"; secondly, whereas the predominant cholin- 
esterase in rabbit lymph-node capillaries is SpChE, the 
cholinesterase in rabbit serum is mainly PsChE (ref. 20). 

For similar reasons we feel that marginal-sinus cholin- 
esterase in the rabbit is unlikely to be derived from the 
blood plasma, It is possible, however, that marginal- 
sinus cholinesterase is derived from the lymph flowing 
through it; but little credence can be given to this possi- 
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bility because the cholinesterase content of rabbit's ear 
tissues is low*®. Hence we suggest that marginal-sinus 
cholinesterase is formed in situ by the macrophages which 
line the sinus. According to this view the cholinesterase 
in the sub-marginal capillaries and the outer parts of the 
post-capillary venules might be derived from the cells of 
the marginal sinus; but, equally, endothelial cholinesterase 
could be formed in situ. We are unable to distinguish 
between these two possibilities at the present time. 

At least five mammalian species (rabbit, mouse, ham- 
ster, guinea-pig and man) possess cholinesterase in the 
marginal sinus of the lymph nodes, the pattern being most 
clearly seen in rabbit material. In this species, the cyto- 
plasmic spongework of the marginal sinus clearly provides 
a large surface area to the lymph flowing through it. If 
it is assumed that marginal-sinus cholinesterase is formed 
by macrophagic cells in situ, then the presence of cholin- 
esterase at this site is entirely consistent with the sugges- 
tion®* that in certain mammalian species this enzyme 
plays a part in the breakdown of tissue components 
which may normally reach a lymph node along its afferent 
lymphaties. In those mammals which lack cholinesterase 
in the marginal sinus (for example, the cat), it is possible 
that the breakdown of tissue components at this 
site is a function of non-specific esterases. Non-specific 
esterases are also located in the marginal sinus of rabbit, 
mouse, rat, hamster, guinea-pig and human lymph 
nodes?:1¢,21, 

Clitherow et al.** have suggested that a biological 
function of PsChE is the hydrolysis of the potentially toxic 
ester butyrylcholine at the site of its formation; and it has 
been suggested that such an ester may be released from 
cells into extracellular fluids**. Since there seems to be, in 
many instances, a correlation between the mitotic activity 
of distinctive tissues and their degree of lymphatic drain- 
age*, there may thus be passing into the marginal sinus of 
lymph nodes in certain mammals some potentially 
toxic esters produced as a result of lipid metabolism during 
mitosis of the tissue which the lymph node normally 
drains**, These might include such potentially toxic 
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Fig. 4, Normal —* h node showing the distribution of PsChE. 

Note: (1) the sinuses (MS); (2) post-capillary venules (PCV); 

and (3) the cortionl 3 nodule (CN). pH, 54; incubation time, 16 h; 
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Fig. 5. Medulla of normal lymph node showing a PsChE-positive 


perivascular nerve plexus. Note t 


surrounding medullary trabeculae 
which are PsChE-negative. 


pH, 5-4; incubation time, 16 h; thickness, 
30y ( x 72) 






esters as butyrylcholine*s, propionylcholine*®, imidazole 


acrylylcholine®* and phosphoryleholine?’. All these esters 
would be hydrolysable by cholinesterase (specific and non- 
specific), since it is now recognized that the cholinesterases 
are a group of enzymes capable of hydrolysing a large series 
of choline and non-choline esters with variation in the 
aliphatic and aromatic hydrocarbon moieties?t, as, It is 
thus possible thet in those mammalian species in which 
cholinesterase is located in the marginal sinus, sub-mar- 
ginal capillaries and post-capillary venules, the enzyme 
could be concerned in the inactivation of any potentially 
toxic esters produced during mitosis in the various dis- 
tinctive tissues**, According to this view the cholin- 
esterase located at the periphery of cortical nodules could 
carry out a similar function in those species in relation to 
esters produced in the germinal centres of such nodules. 

However, if the localization of cholinesterase in lymph 
nodes is interpreted in the wider perspective that lymphoid 
tissue normally plays a part in the regulation of tissue 
size*-* (a view which is entirely consistent with present 
knowledge concerning lymphoid tissue), then cholin- 
esterase in lymph nodes would be strategically placed to 
catabolize ‘tissue-coding factors’! (TOF) which, it is 
postulated, normally reach lymph nodes along their 
afferent lymphatics. Cholinesterases and‘or non -specific 
esterases (non-specific esterases are located in the marginal 
sinus, sub-marginal capillaries and post-capillary venules 
of lymph nodes in a wide variety of mammals*:746) could 
‘strip’ the lipid component from the TCF before the 
‘processed-TCF’ is presented to the ‘receptor’ cells‘ of 
the lymphocyte series—-perhaps mainly in the wall of the 
post-capillary venule, which, as Marchesi and Gowans?’ 
have shown, is the site in lymph nodes through which 
small lymphocytes normally enter a node in their con- 
tinuous re-cireulation throughout the body (Fig. 1). 

We thank Mr. R. K. Adkin and Mr. R. H. Nettleton 
for help. We also thank the Wellcome Research Labora- 
tories for a gift of the anticholinesterase 62C047h di-iodide. 
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SIMULATION OF VIRAL SUB-STRUCTURE BY RADIOGRAPHY 
OF MODELS 


By JUNE D. ALMEIDA, Pror. A. P. WATERSON and Dar. E. W. L. FLETCHER 


Departments of Medical Microbiology, and Radiology, St. Thomas’s Hospital, London, $.E.! 


Ta technique of preparing specimens for electron 
microscopy known as negative staining! has led to 
the demonstration of many structures both on and in 
viruses. Its limitation has been that, although these 
structures are well within the range of resolution of the 
microscope, they are displayed as a two-dimensional 
image, and can be interpreted in terms of three-dimen- 
sional organization either with difficulty or not at all. The 
presumed helical arrangement within various animal and 
plant viruses is a case in point. For those plant viruses 
(for example, tobacco mosaic virus) which have been 
crystallized, the supposed arrangement is susceptible to 
verification by X-ray diffraction®. The apparently similar 
component in the large myxoviruses described by Horne 
and Waterson? has, for various reasons, not been verified 
in this manner, and together with certain other viruses, 
& helical arrangement is at present only presumed, 
although Crane has observed: “Any structure which is 
straight or rod-like when seen at ‘low magnification’ is 
probably a structure having repetition along a screw 
axis. At somewhat greater magnification such a structure 
would be expected to reveal a helical, zigzag or beaded 
structure”. 

Using the negative staining technique the flexible rod- 
like components found in the larger myxoviruses and in 
the measles group often give a highly characteristic 
herringbone appearance which has been variously inter- 


preted as a double or a single helix. The corresponding 
component in the rabies virion! has with greater assur- 
ance been interpreted as a double helix, but this has 
not been verified by an independent. technique such as 
X-ray diffraction. It seemed to us that if there were some 
way in which various types of helical models could be 
viewed under conditions similar to those of the electron 
microscope, the resultiag patterns formed by such models 
could be compared wish that formed by virus particles — 
in the electron microscope and a better understanding 
of the original viral form obtained. 

An image is obtainec in the electron microscope purely 
by transmission means’, that is, all the electrons which 
register on the screen or on the photographic plate are 
those which have been able to pass through the specimen. 
Contrast is obtained ky the removal of those electrons 
which have been scattered by the specimen. Ordinary 
light photography of specimens with back lighting 
(that is, with a sources of illumination directed at the 
camera with the object in between) could simulate these 
conditions only with objects so translucent that the 
contrast would be too low to obtain useful pictures, It ` 
was decided, therefore, to try another type of illumination | 
used extensively to obvain transmission pictures, namely 
X-rays, as used for standard diagnostic procedures. 
In so far as the relative positions of illuminating source, — 
object and film are concerned, the arrangement in an. 
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Fig.1,a-d. Ordinary photograph of rubber tubing cut in helical fashion. 
Progressing from (a) to (d) each photograph shows the effect of greater 
degrees of stretching on the belix 


Fig. 2, a-d. The X-ray appearance of the identical pieces of tubing 

shown in Fig. 1, The X-ray patterns of the helix closely approximate to 

the negative stained appearance in the electron microscope of the 
internal component of viruses such as measles and mumps 


X-ray unit duplicates that found in an electron micro- 
scope. The production of the image differs, of course, in 
the two cases, in that one is by scatter and the other by 
adsorption, but for both techniques the intensity of the 
image is related to the thickness and nature of the specimen 
in a similar way*’’. 

It was then necessary to find two suitable materials, 
one X-ray translucent enough to form a framework, and 
the other of high X-ray opacity to represent the viral 
material. We have found that the majority of readily 
obtainable plastics are X-ray translucent, while the type 
of rubber indigenous to most laboratories, commonly 
in the form of tubing, has a very suitable density and 
X-ray opacity. Many firms now use plastic foam as a 
packing material, and this made excellent mounting boards 
and model supports which become completely invisible 
when X-rayed. The rubber helices shown in Figs. 1 and 
2 aro mounted on a slab of this material. 

By making a continuous spiral cut in rubber tubing, 
helices of various types were made. 
the helices were selected by choosing rubber tubing the 
lumen and wall of which had relative dimensions corre- 
sponding to those found in the nucleoproteins of enveloped 
viruses with helical symmetry. ‘To represent the measles 
component, which has a diameter of 175 A and an internal 
lumen of 40 A, rubber tubing was found with an external 
diameter of 180 mm and a lumen of 40 mm diameter. 
A further variation was introduced by cutting the turns 
of the helix either at right angles to the main axis of the 
tube or at an angle of 40° to this. Models of viruses 
with cubic symmetry were also made. These were con- 


structed by attaching capsomeres made from slices of 


rubber tubing on to plastic spheres, or by joining such 
capsomeres by pieces of flexible polythene rod which are 
invisible on X-radiography. 

X-ray pictures were taken on standard non-screen 
Ilford ‘Ilfex’ film with a mobile X-ray unit using a 2-mm 
aluminium filter and a tube to film distance of 36 in. 
(91-5 em). The models were moved with a lead-gloved 
hand under an image intensifier and their behaviour 
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noted on the television screen. After a time we were able 
to dispense with this preliminary screening; but it enabled 
us to appreciate the behaviour of three-dimensional 
objects when viewed on a two-dimonsional sereen, a 
concept implicit in all radiology. The exposure varied 
with the thickness of the material, but all our models 
were dealt with in the range 60 kV, 50 m.amp, 0-5 see, to 
80 kV, 40 m.amp, 1-5 sec, at 36 in. (91-5 em). The films 
were developed for 2 min at 80° C and then fixed for 10 
min in standard solutions. 

When thin sections of tissue are examined in the light 
microscope or in the electron microscope one of the major 
difficulties in interpretation is the judgment of the form 
of a three-dimensional structure from a more or less two- 
dimensional slice of it?®. With negative staining, however, 
the situation is different, for here, as in radiology, we are 
dealing with a two-dimensional projection of a complete 
three-dimensional structure. The latter situation often 
seems more difficult to interpret than the former, as it is 
difficult to envisage which parts of an object will be 
superimposed when they are viewed by transmission 
means, and what the resulting pattern will be. 

The finding that the appearance in the electron micro- 
scope of the nucleoprotein component (NP-antigen) of 
the larger myxoviruses is almost exactly reproduced by a 
single rubber tubing helix when X-rayed is of considerable 
practical interest. Figs. la-d, 2a-d show the visual and 
X-ray appearances of a rubber helix under increasing 
tension. The double rubber helix illustrated in Fig. 3a 
and shown radiologically in Fig. 3b reproduces closely the 
pattern formed by the internal component of rabies 
virus®**, 

Since models are easily made from readily available 
material it is possible to check the transmission pattern 
of any helical arrangements and also of such objects as 
stacked disks (Figs. 4a and b). The method has been 
equally rewarding in the examination of viruses having 
cubic symmetry, and a paper dealing with this aspect of 
virus sub-structure is at present being prepared. Although 
our interest lies mainly in the field of virus fine structure, 
it is obvious that the method we describe here can be 
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3a 3b È 4b 


Fig. 3. a, A photograph of a rubber tubing double helix. In this case 

thin-walled rubber tubing was used in order to duplicate the proportions 

found in the helix of rabies virus; b, the X-ray appearance of this 

double helix is surprisingly complex. Certain areas of the helix show a 

triangular arrangement which is frequently present in electron micro- 
graphs of the rabies helix 


Fig. 4. a, Photograph of rubber disks cut from rubber tubing then slotted 

on to a polythene rod; 6, the X-ray appearance of the disks shows 

clearly how different the projection of a stacked disk structure is from 

that of a helical one, It should also be noted that the X-ray lucent 
polythene rod does not appear In the radiograph 
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applied to any three dimensional structure being examined 
by electron microscopy. 

One of us (A. P. W.) is in receipt of a grant from the 
Medical Research Council. We thank Dr. J. R. Mallard 
for advice about the physical principles involved in this 
work, Dr. J. W. McUaren (head of the Department of 
Radiology) for permission to publish this article, and the 
Photographic Department of the Medical School for their 
assistance. 
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CHANGES IN HUMAN BODY BURD=NS OF 
GAMMA-RADIOACTIVITIES, 1960—64 


By Prcr. N. S. MacDONALD, M. HEPLER, E. JAMES, R. HAMEL, T. DARNELL and A. J. STEEN 


Laboratory of Nuclear Medicine and Radiation Biology, and Department of Radiology, School of Medicine, 
University of California at Los Angeles 


INCE demonstration of the presence of the nuclear 
fission product caesium-137 in human beings m 1955, 
much, effort has been devoted to monitoring world-wide 
population samples'-°. This article presents the results 
of 480 measurements of total body y-radioactivity in 218 
individuals during the years 1960-64. The subjects, all 
more than twenty years of age, were living in or near Los 
Angeles, California, during this period. Measurements 
were made by multi-channel pulse-height analysis of 
signals from four sodium iodide crystal scintillation 
detectors, each 12-5 cm diameter x 10 em thick, inside a 
steel cubicle (2-4 m x 2:4 m x 2:4 m) with 15 cm thick 
walls containing a cot on which the subject reclined for 
30 min. The characteristic peaks (full energy absorption) 
for the primary y-photons from naturally occurring “°K 
and fission product "Cs were prominent in all subjects 
without exception. Calibration for these nuclides was 
accomplished by using an array of 15 plastic sacks, each 
containing 10 lb. of sucrose mixed with 12 g of potas- 
sium in the form of potassium chloride crystals, and a 
hollow, plastic dummy filled with water containing a 
measured amount of dissolved 1*’Cs. Correction was made 
for the contribution of scattered 1:46-MeV SK photons 
to the 0:60-0:72-MeV band for 0-66-MeV 1°’Cs photons. 
Ten individual, independent measurements made on a 
single subject during a two-day period provided an 
estimate of the precision of the counting technique. The 
standard deviation for potassium measurement was 
+ 4 per cent; for 137Cs at the level of 318 ne. in the 
subject’s body the standard deviation was + 16 per cent. 
The accuracy of the method was checked in two subjects 
by administering short-lived ™*Cs and 4*K, the y-emissions 
of which closely match 4°7Cs and “K, respectively. The 
radioactivity measured in the subject’s bodies, plus that 
in their 24-h excreta, agreed with the amounts adminis- 
tered to within +6 per cent. 
The observed concentrations of ’Cs are 
plotted as pe./g of potassium (pce. = 10-7} o.) 
m Fig. 1. No other y-activities were ob- 240 
served in significant amounts, with the 
exception of traces of *Zr-*5Nb found in 16 
individuals counted in 1962. Lacking 


to 
© 
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calibration data to assess the scatter contri- M 
bution of "Zr—-"Nb to the "Cs band, we ¥ 180 
have not included these individuals in Fig. 1. 7 
*Zr-""Nb has been found in the lungs of g 120 


adults and in children’® and could very 
well have been present in many of our 
subjects at a level of less than 7 ne. per 
whole body (estimated on the basis of 40 
counting rate from a calibrated point source 
of **Zr-8=Nb). The data fall conveniently 
into three groups; January 1960—April 


go 
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1961; May 196l-Deeember 1963; and January 1963- 
January 1965. The raw group means, together with 
the associated standerd errors of the means, are 36:3 + 
16, 35:0+ 09 ani 951 4 25 for the respective 
time periods, all in units of pe. Cs/g potassium. 
Although the %’Cs concentrations in terms of potas- 
sium are not signficantly age-dependent after age 
22 (ref. 6), they arə definitely lower in women than 
in men. For oxample, during 1963-65 the mean 
concentration was $8-7 + 3-7 pe./g potassium for 129 
men, compared witk 86:0 + 4:2 pc./g potassium for 64 
women. This difference is significant at the 0:02 prob- 
ability-level by the ‘é’ test and ıs in close accord with 
the male : female faczor of 1-14 observed in a much larger 
sample of a German population’. 

Nine individuals were monitored at frequent intervals, 
four being counted on 6 occasions, three 10 times, and 
two 27 times during the four-year interval. Each subject 
exhibited a relatively constant 137Cs concentration (pe. of 
187Cs/g potassium) f=om 1960 until the last quarter of 
1963, when a signiffant increase was observed. These 
high levels persisted through 1964, by which time they 
were 3-5 times the 1960 values, but began to decline in 
January 1965 for two of the subjects. During the four 
years, the observed values for total body potassium were 
quite constant, the ssandard deviations of the determina- 
tions ranging from — 3-9 to + 8-1 per cent of the mean 
value for each subject. Although large amounts of 1°"Cs 
were released during the American and Russian nuclear 
test series of 1961 ard 1962 and appeared in Los Angeles 
air samples, the most significant increases in human body 
burdens were not observed locally until the autumn of 
1963. This lag of 8-12 months between atmospheric 
injection and appearance in human beings has also been 
noted by other mvestigators!®. There appears to be no 





Fig. 1. Human body trirdens of }*’Cs ın South California 


pe./mi? ac 


Fig 2. Activity in milk and air samples. The solid black hne represents gross £-y activiti 
on 7 consecutive air filters collected daily and counted as single SEE a da te 


50Sr-"°Y standard. 


(ref. 7) 


direct time-correlation between human body burdens of 
137Cs and radioactive contamimation of the ambient air. 
Fig. 2 shows the weekly averages for gross B-y-activity 
in 24-h continuous air samples obtained at our laboratory 
roof site. These air filter samples (and gummed paper 
samples as well) reflected the timing of the major nuclear 
test series. However, human body burdens of 1°’Cs rose 
to their highest values during 1964, by which time local 
air contamination had dwindled to less than 1/20 of the 
peak values of 1963. These air filters contained a number 
of readily identifiable radionuclides. The 4°’Cs contents 
of several 7-day groups of filters were determined by 
y-spectrometric methods and appear in Fig. 2. An upper 
limit for the body burden of "Cs accumulated via in- 
halation was then calculated by assuming an average 
inhalation of 20 m? of air per day continuously con- 
taminated with soluble 7Cs at the level of 0-3 pc./m3, 
which was the highest concentration found in the samples 
of February 1962; 50 per cent absorption in the lungs, 
100 per cent body retention of all absorbed "Cs, and 
130 g of body potassium. Under these extreme conditions, 
which take no account of metabolic loss of 137Cs, the 
highest average body burden after a year might con- 
ceivably reach about 8-4 pe./g potassium, or about 11 per 
cent at the observed mean of 95 pc./g potassium. These 
considerations attest to the importance of the diet, rather 
than inhalation, as the major source of body contamination 
by ‘fall-out’ 130s. The values for "Cs in milk samples 
from the Los Angeles milk supply area’ also appear in 
Fig. 2. The time of attainment of peak values in milk 
coincides roughly with the 1964 peak in body burdens in 
our segment of the local population. However, further 
calculations of the contribution of milk to the body 
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Due to the varying nuclide composition these activities 
cannot be expressed in absolute terms of we. The black dots represent the tg of *’0s/m5 
of alr trapped on weekly packets. Only 24 of these packets were analysed for }°7C's because 
of the tedious nature of the y spectrometric method. The dotted line represents the 
pe. of *"Cs/l mitk as determined by the California State Department of Pabhe Health 
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burdens would be excessively specula- 

tive because of lack of precise informa- 

tion regarding the daily milk mtake 
and other sources of 3*"Cs consumed by 
the subjects. 

The rates of radiation dosage to the 
human body attendant on a constant 
body burden of 95 pe. "Cs/g potas- 
sium and 130 g of potassium can be 
estimated from the formulae of Loevin- 
ger et al, and Bush’. Assuming a 
uniform distribution of +#’Cs and potas- 
sium, a body-weight of 70 kg and a 
body-length of 170 em, the dose rate 
from #°K is 16 mrad/yr of 8 radiation and 
1-6 mr/yr of y; for }°"Cs the values are 0-8 mrad/yr for 8 
and 0-6 mr/yr for y. The totals thus are approximately 
1-4 mrem/yr for 13’Cs and 17:6 mrem/yr for “K. The 
dose rate from the mean ™’Cs contamination in our sub- 
jects during 1964 was therefore about 8 per cent of the 
dose rate from the natural potassium in their bodies. If 
intake of 1°7Cs ceased, the dose rate would decrease in 
accordance with the rate of metabolic loss, that is, by 
approximately 1/2 every 70-140 days. It is noteworthy 
that Swedish Lapp reindeer herdsmen in April 1963 were 
showing an average 4’Cs total body burden of 460 ne., 
which would deliver radiation at a rate of about three 
times that delivered by their body potassium’. The 
highest reported value is 3,000 nc. found in a person 
living in Alaska and consuming large amounts of caribou 
meat??, 

We thank Elizabeth Flynn, Heather Jones and Paul 
Suzuki for their assistance, and Dr. William H. Blahd for 
sharing his 452Cs from the International Atomic Energy 
Commission. This work was supported by the U.S. 
Atomic Energy Commission. 
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A PEPTIDE-MAPPING TECHNIQUE FOR THE ESTIMATION 
OF MOLECULAR SIZE 


By P. R. CARNEGIE* 


Department of Pathology, University of Leeds 


F investigations of the amino-acid sequence of peptides 
from partial hydrolysates of proteins it would be useful 
to separate the peptides on a micro-scale according to 
molecular size. Such separations cannot, in general, be 
obtained by the usual peptide-mapping techniques which 
combine paper electrophoresis with chromatography}. 
This article describes a new peptide-mapping technique 
in which gel-filtration on a micro-scale is coupled with 
paper chromatography. When phenol-acetic acid—water 
is used as solvent for gel-filtration on ‘Sephadex’ cross- 
linked dextran gels, the technique can. be used to estimate 
the molecular size of peptides. 

Gel-filtration on ‘Sephadex’ with aqueous solvents is 
now frequently used ın the separation of peptides from 


* Present address: The Russell Grimwade School of Biochemistry, Uni- 
versity of Melbourne, Parkville N.2, Vietona, Australia. 


partial hydrolysates of proteins. However, several authors 
have commented that peptides are not separated strictly 
according to molecular size (reviewed in refs. 2-4). 
Aromatic amino-acids and peptides containing those 
amino-acids are retarded by adsorption®. Adsorption on 
‘Sephadex’ has been utilized in the isolation of trypto- 
phanyl peptides’. In solvents of low iome strength, basic 
proteins and peptides may be retarded by ion-exchange 
on carboxyl groups in the dextran gel’. 

Methods have been described for the determination of 
molecular weights of proteins by gel-filtration on ‘Sepha- 
dex’s-33, In a preliminary report I have shown that the 
solvent phenol—acetic acid—water can be used-to eliminate 
adsorption of aromatic peptides on ‘Sephadex G-25’ and 
that gel-filtration in this solvent can be used to estimate 
molecular size}4, Phenol—acetic acid~water was intro- 
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duced by Synge and his colleagues as a displacing and dis- 
sociating solvent for the fractionation of naturally 
occurring peptides by electrokinetic ultrafiltration", 
dialysis'® and gel-filtration on ‘Sephadex G'-75’ (ref. 16). 
Synge has recently discussed the advantages of this 
solvent for the isolation of peptides?’, 

Other mixtures of organic solvents have been used for 
the separation of peptides on ‘Sephadex’. Various mix- 
tures of pyridine—acetic acid-~water have been used on 
‘Sephadex G-25’ to fractionate!®*, and estimate the 
approximate molecular weight? of peptide hormones. 
Sodium phenolate was used to mmprove the resolution of 
peptides from a tryptic digest of tobacco mosaic virus?! 

Preliminary reports on the separation of a limited 
number of peptides by thin-layer chromatography on 
‘Sephadex’ have appeared”*?8, Attempts have been made 
to separate peptides in a tryptic digest of haemoglobin by 
a combination of gel-filtration and electrophoresis in thin 
layers of ‘Sephadex’*4, 

The two-dimensional peptide-mapping technique now 
to be described involves gel-filtration m @ narrow plastic 
column as the first stage, followed by transfer of the zones 
from the column to paper for partition chromatograph as 
the second dimension. ‘Sephadex G-25’ (fine beads) was 
allowed to swell for several days in phenol—acetic acid- 
water (P.A.W.) (1: 1:1, w/v/v). It had a solvent re-gain 
of 2-6 g/g dry gel and gave a settled bed of approximately 
5 ml/g dry gel. An 80-cm length of translucent vinyl 
tubing, 3 mm internal diameter (Portland Plastics, Ltd., 
Hythe, No. 6H), plugged at one end with cotton wool, 
was filled by gentle suction with a thick slurry of ‘Sephadex 
G-25’ m P.A.W. A clamp was attached to the foot of the 
column, which was then hung vertically overnight. A 
settled bed of 55-60 cm was usually obtained. Solvent 
was allowed to flow through the column for 1-5-2 h before 
the tubing was cut 4 cm above the top of the gel. The 
sample (10-50 ug) was dissolved in a solution (10 pl.) of 
dinitrophenyl—ethanolamine (visual marker 0-2 mg/ml.) 
and f-alanine (reference standard 0-8 mg/ml.) in P.A.W. 
and was applied to the top of the column. It is important 
to avoid dilution of the sample during application. 
Another piece of tubing was coupled above the column, 
and a head of 15-20 em of P.A.W. was maintained above 
the column for about 4 h at room temperature. In this 
time DNP-ethanolamine usually moved about 21-24 cm 
down the column. The yellow colour was spread over 
approximately 2 cm. The tubing was marked every 2-cm 
from the top of the column, using a ball-point pen. A 
sheet of Whatman No. 3MM paper was marked into 2-em 
divisions along a line 9 cm down from the narrow edge. 
The paper was folded along this line. Each 2-cm zone 
from the column was cut out with a stainless-steel razor 
blade and the contents extruded with the aid of a glass 
rod on to the corresponding division on the paper. Solvent 
and solute from the gel were absorbed on to the paper by 
firmly squeezing the paper between the thumb and fore- 
finger. A sheet of polythene film protected the paper from 
contamination. Zones from the column were applied in 
sequence starting from that from 10-12 ecm. The dry 
‘Sephadex’ was brushed off and after about 0-5-1 h the 
chromatogram was developed overnight with a suitable 
solvent for the peptides. In the examples described here, 
n-butanol-acetic acid~water (4: 1: 5) was used. 

Peptides were located by means of ninhydrin, Ehrlich 
reagent, etc., and the position of maximum intensity of 
colour was determined relative to the top of the column. 

The technique as described does not lead to a quanti- 
tative transfer of solute from the gel to the paper. Should 
this be required, then the segment from the column can 
be placed at right-angles to the paper and the peptides 
eluted with a small volume of P.A.W. while a stream of 
air is directed on to the paper. However, the resolution 
in this procedure would be less efficient. For preparative 
work on a small scale, columns of larger bore could be 
used in conjunction with Whatman No. 17 paper. Separ- 
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Fig 1. Peptrde-map of a tryptic digest of a-chain of haemoglobin. 


First-stage micro-gel-filtration of 1 2 mg peptides in 10 z. on ‘Sephadex 

G-25’ with phenol-acetic acod-water (1.1.1, w/v/v) as solvent. Second- 

stage paper chromatograpny in butanol-acetic acid-water (4:1: 5), 

@, shows area of maxumun colour with ninhydrin. §-alanine included 
as reference marker 


ations can be readily scaled up for large-scale work in 
glass columns. The mizration rates relative to cytochrome 
c on micro- and large-scale columns are very similar. 
P.A.W. can be removed by the addition of water and 
repeated lyophilization or by evaporation in a rotary 
evaporator at 30°. 

Alternatively, zones from the columns may be applied 
to Whatman No. 3MH paper for use in electrophoresis. 
Three-dimensional peptide maps can be prepared by 
applying each zone to a separate sheet of paper for 
separation by a comb-nation of electrophoresis and par- 
tition chromatography. 

The technique will >e illustrated with results of work 
on purified peptides, and peptides from tryptic hydro- 
lysate of the «-chain of haemoglobin. A tryptic digest 
of the «-cham of haemoglobin should theoretically 
contain 13 peptides and free lysine. However, owing 
to incomplete digestion, Guidotti, Hill and Konigsberg*® 
found 16 peptides in a 4-h digest, 12 of which were 
under 2,000 mol. wt. Fig. 1 shows the separation of 
peptides from such a digest by the new peptide-mapping 
technique. Table 1 gives the migration distances of 
the peptides in ‘Sephadex G-25’. Peptides were identi- 
fied from their Ry values in butanol—acetic acid—water**, 
qualitative amino-acid composition, and by reagents for 
arginine, tryptophan and sulphur. When larger amounts 
of digest were fractionated a few fainter spots were 
observed in the high molecular weight region. Table 2 
gives the migration distances of several synthetic peptides 
and purified naturally occurring peptides. 

If the migration dissances given in Tables 1 and 2 are 
plotted on a graph azainst log molecular weight, then 
they are found to lie on a smooth curve which is approx- 
imately linear in the region between 400 and 2,000 mol. 
wt. A similar empirical relationship has been found for 
proteins§-11512, 


Table 1. GEL-FILDTRATION OF PEPTIDES FROM A TRYPTIC DIGEST OF a-CHAIN 
OF HAEMOGLOBIN ON ‘SEPHADEX G—25’ IN PHENOL—ACETIC AOID-WATER 


Spot Peptide Migration Distribution 
No. No Mol. wt distance {em) coefficient Kd 

d Tai 146-2 21 0040 34 074 

B Tal4 287 4 24 90+1°41 0-51 

C 7413 337 4 23-30 + 0 42 059 

D Ta2 397 6 25 7040 82 G 47 

E Ta 460 5 25 4020 70 0 49 

F T a3 5818 26 8540768 0 42 

G Tat. 728 8 31 05 +091 0 26 

H TaQ 817 8 338°25+10 019 

I Fat 1,0713 85 00+0 71 O15 

Ri ? Pad, 5 1,171 3 34 60 + 0-98 016 

K ? Talið 1,252 4 8384 75+0 89 015 

L Tal? 1,529 7 36 70 4 0-93 011 

M Tag „8341 39 7041-14 0 05 

N ‘Care’ 3-000-6,000 40 6041-14 003 


_Peptide No from Table 1 cf Guidotts, Hill and Konigsberg** Migration 
distance, adjusted relative to a migration of 20 cm for f-alanine, results are 
the average of 4 determimat-ons + their standard deviations Mol. wt. 
calculated from the amino-acid sequence’. 
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Table 2, GEL-FILTRATION OF PEPTIDES ON ‘SEPHADEX G-25’ WITH PHENOL- 
ACETIC ACID~WATER AS SOLVENT 


Mol, wt. Migration Distribution 
Peptide from. amino- distance coefficient 

acid sequence (cm) Kd 
Cytochrome e7(horse) 12,400 42 2 (4) 0-00 
Insulin’ ,733 41-0 (4) 0 62 
Glucagone 8,485 40 0 (4) 0-04 
Gastrin Is 3,115 40 6 (1) 0 08 

a-Melanotrophins 1,725 37-8 (7) 0-085 
Bradykinins 1,0602 35-4 (2) 014 
8-Asp*-val’-angiotensin Ie 1,032 340 (6 018 
6-Glycine bradykining 1,030-2 34-6 i 016 
-val-tyr-val-his-pro-phe.O He 7609 312 (6 0 26 
-his-phe-arg-try-gly.OH¢ 701-8 30-8 (4) 0-27 
H-gly-try.0H 261-3 22-8 (3) 0-62 
H-gly-phe.OH 222-3 22 6 (6 0 63 
-Alanine 891 20-9 0 81 
DNP-ethanolgmine 22:7 °2 23°6 8 0°58 
Gramiotdin Sa 1,142 30-2 (6 0°06 


Migration distances were adjusted relative to a migration of 20 cm for 
&-alanine, number of determinations are in penile Approximately 
10-50 ug of each peptide was applied in 10 wl. P.A.W. Source of peptides: 
a, Koch-Light, Ltd.; b, Sigma Ltd.; c, B, Lilly, Inc ; d, Prof. G. W. Kenner; 
e, Dr. H. Zuber; f, Dr. D, F. Elliott; g, Dr. M Bodanszky; 2, Dr. R. L. M. 
Synge, z 

Gel-filtration data are usually expressed in terms of the 
dıstribution coefficient, Kd, which is obtained from 
Ve--V,/V2, where V, is the void volume, Vi the internal 
volume, and Ve the elution volume of the compound’. 
Vz is obtained from WSr, where W is the weight of dry 
gel in the column and Sr is the solvent re-gain®. From the 
results on 10-g columns of ‘Sephadex G-25’ in P.A.W. the 
Kd of 8-alanine was found to be 0-81 (ref. 14). The cal- 
culation of Kd values in Tables 1 and 2 could not be 
obtained directly but was calculated from the migration 
distances relative to $-alanine and from the known Kd 
of this amino-acid. Thus 


( Ve- Vo) 0-81 
(Vala Vo) 
and as the elution volume of a peptide is inversely 


proportional to the distance moved by the zone down the 
column in a given time. Hence: 


Kea = (d,~de) 0-8id 6·Ala 
— (dod pala) de 


where de is the distance moved by the peptide, dg_aia 
that of B-Ala, and d, that of a peptide completely excluded 
from the gel. The migration distance of cytochrome c was 
taken as dą. 

Porath!® has proposed from a theoretical consideration 
of the gel-filtration process that there should be a linear 
relationship between KẸ” and (mol. wt.) for substances 
that are not completely excluded from the gel. The 
results given in Tables 1 and 2 have been calculated 
accordingly and the resulting graph is shown in Fig. 2. 
The points for peptides up to 2,115 mol. wt. are found to 

10 


Kd = 





Q 10 20 30 40 50 60 70 
' (Mol. wt)!/? 
Fig.2. Graph of Kd*/* against (mol. wt)!/* for peptides and amino-acids 
in Tables 1 (@) and 2 (A) (excluding gramicidin S, DNP-ethanolamine 
and cytochrome c). Line Js regression equation for Ka) versus (mol. 
wt.) for peptides up to 2,115 mol. wt. 
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lie close to a straight line, the regression equation of 
which is KE” = 1-111 ~ 0-017 (mol. wt.)#. This equation 
could be used to estimate the molecular weight of open- 
chain peptides in the range 400-2,000 mol. wt. A similar 
relationship has been.demonstrated for dextrans!® and 
for proteins® 4, Squire?” has proposed that there should 
be a linear relationship between (Ve/V,)°—1 and mole- 
cular weight”. However, a graph of the results for the 
foregoing peptides according to Squire’s theory was not 
&s satisfactory as that according to Porath’s. 

Separation of amino-acids, di- and tri-peptides in 
P.A.W. is influenced by a partitioning effect between the 
solvent and, what is presumed to be, water tightly bound 
to the dextran molecules. Separation of amino-acids on 
‘Sephadex’ in P.A.W. was similar to that obtained with 
P.A.W. on Whatman No. 1 paper. Typical Rp values on 
paper were: leucine, 0-89; proline, 0:93; B-alanine, 0:83; 
glycine, 0:65; aspartic acid, 0:54; cystine, 0:40. This 
effect is thought to have caused the peptide B (Leu-Arg) 
to migrate faster than the larger peptide C (Tyr-Arg) 
(Fig. 1). Grassmann and Deffner®* have shown that Rp 
values in phenol—acetic acid—water mixtures increase as 
the length of the peptide chain inc: eases; thus with most 
peptides with molecular weights of more than 400 there 
should be little interference from this partitioning effect. 

Conformational effects will influence the separation of 
peptides on ‘Sephadex’. Gramicidin S, the cyclic deca- 
peptide, has a Kd value which indicates an anomalously 
high molecular weight. Craig®® found from experiments 
on dialysis in acetic acid that it diffused at a rate slower 
than was expected from its molecular weight. He sug- 
gested that it had an extended conformation. Thus, the 
Kd values of cyclic peptides will be more dependent on 
molecular size than molecular weight. Similar effects may 
be encountered when derivatives of peptides are fraction- 
ated on ‘Sephadex’ in P.A.W. 

It is suggested that this peptide-mappimg technique will 
be useful in detecting differences in the composition of 
digests from genetically related proteins. It should also 
be useful in assessing the homogeneity and approximate 
molecular size of naturally occurring peptides. 

I thank Drs. M. Bodanszky, D. F. Elliott, G. W. 
Kenner, R. L. M. Synge and H. Zuber for generous 
samples of peptides, and W. Konigsberg for a sample of 
the «-chain of haemoglobin. I thank Dr. R. L. M. Synge 
for helpful suggestions. This work was carried out during 
the tenure of the Eleanor Brooke research fellowship in 
multiple sclerosis. 

1 Ingram, V M , Biochim. Biophys Acta, 28, 539 (1958). 

? Canfield, R. E , and Anfinsen, © B.,in The Proteins, edit. by Neurath, H , 

1, 311 (Academic Press, Ine., New York, 1963). 
3 Flodin, P., in Dextran Gels and their Applications in Gel-fdiration (Phar- 
macia, Uppsala, 1962). 

t Porath, J., Adv. Protein Chem , 17, 209 (1962) 

3 Porath, J , Biochim. Biophys Acta, 39, 193 (1960). 

° Ambler, R P., Biochem J., 89, 349 (1963). 

7 Glazer, A N., and Wellner, D., Nature, 194, 862 (1962). 

* Whitaker, J. R, Anal. Chem., 35, 1950 (1983). 

° Wieland, T., Duesberg, P., and Determann, H., Bwchem Z., 337, 303 (1963). 
3° Twatsubo, M., and Curdel, A, O.R. Acad. Sci., Paris, 258, 5224 (1963). 
1: Andrews, P , Biochem. J , 91, 222 (1964). 

13 Morris, C. J. O. R., J. Chroma og , 16, 167 (1964). 

13 Sanfelippo, P M, and Surak, J G.,J Chromatog.,18, 148 (1964). 

it Carnegie, P, B , Biochem. J., 95, 9P (1965) 

18 Synge, R. L. M., Biochem. J., 85, 266 (1967). 
is Bagdasarian, M., Matheson, N. A., Synge, R. L. M., and Youngson, M. A. 

Broechem. J., B1, 91 (1964). 

7 Synge, E L. M.. Metabolism, 18, 969 (1964) 

38 Porath, J., Pure and Applied Chem., 6, 233 (1963). 

** Guillemin, B., Metabolism, 13, 1206 (1964). 
2° Schally, A. V., and Bowers, ©. Y , Endocrinology, 76, 608 (1964). 
st — V., Handschuh, D., and Angerer, F, A., Z. NXaturf, 16, B, 626 


22 Determann, H , Experientia, 18, 480 (1962). 

z Johansson, B. G., and Rymo, L., Acta Chem. Scand., 16, 2067 (1962) 

u Fasella, P , Glartosio, A., and Turano, ©., Lhinlayer Chromatography, 205 
(Elsevier, Amsterdam, 1964). 

a5 ———— G.. Hill, R., J., and Konigsberg, W , J. Biol. Chem., 237, 2184 


2$ Hilse, K , and Braunitzer, G , Hoppe-Seyl. Z.. 329, 113 (1962). 
7 qure, P G, Arch Biochem. Biophys., 107, 471 (1964) 

26 Grassmann, W., and Deffner, G , Hoppe-Seyl Z ,203, 89 (19538). 
2° Craig, L. C , Science, 144, 1098 (1964). 


No 4989 June 12, 1965 


NATURE 


113] 


CHEMICAL ENGINEERING OF FOAM SEPARATION 
By P. F. WACE and D. L. BANFIELD 


Chemical Engineering Division, Atomic Energy Research Establishment, Harwell 


r the foam separation process an extended gas/liquid 
interface is contacted with a solution to promote 
interfacial adsorption of solute!*. Positive adsorption of 
an ionic surfactant causes co-adsorption of equivalent 
counter-ions, so that both surfactants and ions not other- 
wise positively adsorbed can be extracted. Some investi- 
gators of the process have used a simple mass balance 
between the feed, foamate and raffinate streams to describe 
the performance of a foam column!-*, and have not 
measured the surface area available for adsorption. 
Deductions about the basic adsorption equilibria in the 
systems thus described cannot be made. Others’'®, 
while noting that foam separation may be treated as a 
two-phase separation process, nevertheless make only 
limited use of extraction theory. Thus, foamate concen- 
trations are used to correlate results and a priori relations 
are proposed’ linking the foamate and bulk solution con- 
centrations. At the same time it is clear that the foamate 
concentration is compounded from two independent 
factors: a surface concentration which is dependent on the 
equilbrium between surface and solution, and an entrain- 
ment ratio which is governed by the hydraulics of the 
apparatus and not the chemical state of the system. So 
far as we are aware, foam extractions have not been 
evaluated in terms of an approach to equilibrium and 
the number of contacting stages required to accomplish 
this ; nor has the existing body of information on two-phase 
flow been brought to bear on the design of foam separation 
apparatus. 

We have measured the foam extraction of the surface- 
active dodecyl benzene sulphonate ion (DBS-), and the 
competitive co-adsorption of a few counter-ions (typically, 
strontium ion). We find the results are quite simply 
correlated in terms of a surface equilibrium. In other 
experiments, observations of the flow régimes occurring 
when gas bubbles pass through a continuous liquid phase 
have given a measure of the specific flow-rates at which 
various types of foam column can be operated. These two 
aspects of the process will be briefly described. 

Extractions were carried out in a foam column made 
from a glass tube 2 ft. high and 1:5 ın. diameter. Feed 
was continuously supplied at a point half-way up this 
column, and pre-saturated air was admitted to the bottom 
through a woven stainless steel wire mesh. Raffinate was 
removed from the bottom. A high liquid/foam interface 
was maintained (about L in. below the top of the column) 
in order to produce a wet foam and minimize bubble 
breakage (reflux) before the foam passed out of the 
apparatus to the foam breaker. Aw was admitted at, 
such a rate that concentration gradients in the pool of 
liquid were undetectable, and the liquid entrained in the 
foam stream was of the same composition as that in the 
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Fig 1 Extraction in a single-stage foam column 


raffinate streem. Under these conditions the apparatus 
could be said to represent a complete mixing stage and also 
to function as an equilibrium stage (unless the adsorption 
was slow). Bubble diameters were measured with a 
Zeiss particle-size counter from enlarged photographs of 
the foam, and 2d*/Xd- taken as the mean diameter for 
surface area, calculations. 

Operating conditione and extraction results for either 
surfactant or counter-ion may be ulustrated by plotting 
surface excess (I`) agains; concentration (C) in the solution, 
as is shown in Fig. 1. In this diagram the mass balance 
1s represented conventionally by an ‘operating line’ such 
as DY, the slope of which is the flow ratio (liquid rate : 
surface rate). DZ is a similar line describing a different 
experiment in which the same raffinate composition (Or) 
is obtained by a different combination of flow-rates and 
feed composition. In all such cases we have obtained, 
within the calculated limits of experimental error, the 
same value (I) of the foam surface excess. It is con- 
cluded that I’, is in equilibrium with C, and that the locus 
of the points X is the equilibrium line for the species 
under the given chemical conditions. Equilibria so far 
determined exhibit the familar general shape OABC, 
ineluding the case of the counter-ion equilibrium when the 
concentration of surfactant in the solution is held con- 
stant. The portion OA Ñi nearly linear; thus for Sr++ ion 
in a 10> M solution of sodium dodecyl benzene sulphonate 
the strontium surface exeoss for strontium concentrations 
between 10-2 and 10-7 Mis given by [gr = 0-167(Cg,)1*™ g 
mol/em*, where the units of C are g mol/c.c. The transi- 
tion region AB occurs over a small concentration range 
(typically x 2) and the portion BC represents surfaco 
saturation (I's). 

Given the equilibrium relationship, the surface excess 
and raffinate concentration to be obtained from any 
combination of extraction stages may be calculated 
simply. The situation is analogous to solvent extraction 
orion exchange, where the extractant has a limited uptake 
of solute. Indeed, so far as counter-ion adsorption is 
concerned, the foam mary be regarded as a mobile ion- 
exchange medium of low exchange capacity (about 10-5 
m.equiv./ml. of foam, assuming a monolayer of surfactant 
on bubbles of 1 mm diameter). 

Hydrodynamic considerations affect foam separation 
processes in two respects. These are foam drainage and 
two-phase flow, each of which requires a separate descrip- 
tion. Foam drainage dictates the entrainment of liquid 
in the outgoing foam and is governed by the exchange of 
thick film for thin, witn its accompanying drainage of 
liquid into the plateau borders. This is the subject of 
recent investigations by Mysels®, Haasi? and Leonard 
and Lemlich!!, Two-phasə flow, on the other hand, occurs 
in the liquid pool of a foam column, in a foam subject to a 
counter-current liquid stream, and probably in the early 
stages of foam drainage. Here, the flow depends on the 
drag characteristics of interacting spheres!" and conse- 
quently the extraction section of the column will be differ- 
ent in configuration from the drainage section. Many 
studies of two-phase flow have been made, chiefly m 
connexion with boiling heat transfer’!»4, though there is 
little on the sub-divisions of the ‘bubbly flow’!* régime 
that is observed in foam columns. 

We have studied flow patterns in a 1-5 in. diameter 
foam column having è 1 ft. depth of liquid pool and a 
feed injection point 1 ft. sbove the foam/liquid interface. 
At given flow-rates, co-existing foam and pool densities 
were measured and flow conditions observed. The results 
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Fig. 2. Diagram of foam phase flow régimes 
have been correlated in terms of the voidage fraction in 
the manner of Wallis!*, but are not yet complete. Of 
great importance to the design of multi-stage foam 
columns is the type of flow encountered in the foam 
phase, and this is illustrated diagrammatically in Fig. 2. 
In general, counter-current liquid flow through a rising 
pseudo-rigid foam is only attainable at low rates, above 
which the foam may be locally carried downwards by the 
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liquid. Counter-current behaviour can be achieved in 
this latter region with bubble-cap type apparatus. At 
still higher rates all the bubbles become separate and 
subject to liquid eddy forces in a régime identical with 
that attainable in the liquid pool. We find that this 
régime can be used as a mixer stage in some foam column 
configurations, provided (as with bubble caps) bubble 
identity is preserved. 
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ORDOVICIAN-DALRADIAN UNCONFORMITY IN TYRONE 
By Dr. E. J. COBBING, P. I. MANNING and A. E. GRIFFITH 


Geological Survey of Northern Ireland, Belfast 


ITH the advent of radiometric techniques of dating 
igneous and metamorphic events a state of contra- 
diction has arisen concerning the age of the Dalradian 
metamorphism. Radiometric ages of 475 m.y. or younger 
have been consistently recorded for Dalradian rocks by 
Gilleti e¢ al.4 and as these are Ordovician ages they suggest 
that the metamorphism of the Dalradian crystalline schists 
of Scotland and Ireland was an Ordovician event. 
However, it has been suggested by Dewey’, on the basis 
of field evidence from Connemara, that the Dalradian 
metamorphism was & pre-Ordovician event. 

The problem of dating the Dalradian metamorphism 
has always been complicated by the fact that relationships 
between the crystalline Dalradian and the Ordovician 
rocks are somewhat obscure, occurring as they do in the 
neighbourhood of the Highland Boundary Fault and where 
also the degree of the Dalradian metamorphism is as low 
as the chlorite grade, which makes ıt difficult to see a real 
difference between, the Dalradian chlorite-schists and the 
cleaved Ordovician slates and volcanics. On the island of 
Arran, for example, cleaved Ordovician rocks rest on 
chlorite-grade Dalradian schists, and it has been suggested 
by Anderson and Pringle? that the metamorphism of both 
the Dalradian and the Ordovician was a single Ordovician 
or Silurian event. 

These difficulties do not apply to Connemara, where a 

large outcrop of Dalradian and Ordovician rocks lies well 
to the south of the Highland Boundary Fault and where 
the highly metamorphosed schists are in strong contrast 
to cleaved Ordovician. 
_ In this region it has been demonstrated by Dewey? j 
who has found pebbles of Connemara Schists in Ordovician 
strata of Arenig age, that the metamorphism of the 
Dalradian strata was completed before the deposition and 
low-grade metamorphism of the Ordovician. 

The demonstrably pre-Arenig Connemara Schists have 
yielded radiometric ages ranging from 490 m.y. to 386 m.y. 
to Fitch, Maller and Brown‘ which are similar to those 
found elsewhere in the Dalradian. Thus, the geological 
and the radiometric evidence are in conflict. 


An attempt has been made by Fitch, Miller and Brown‘ 
to resolve this difficulty by supposing that the recorded. 
radiometric ages are composite ages made up of a pre- 
Ordovician metamorphism on which was superimposed 
a Silurian metamorphism which, together, yielded a 
composite age intermediate between the two events. 

The geological setting in Mid Tyrone is in many respects 
similar to that in Connemara. A metamorphic inlier of 
high-grade schists and gneisses lies to the south of the 
Highland Boundary Fault and is separated from it by a 
broad outcrop of Ordovician Volcanics. The systematic 
position of the Tyrone metamorphics is not known, but 
it has been suggested by Hartley’ and Cobbing® that they 
are Dalradian. 

It will be the purpose of this article _to discuss the 
relationships between the Ordovician Volcanies and the 
metamorphic rocks in the light of recent work by the 
Geological Survey of Northern Ireland. 

The standard work on the area is that of Hartley. 
On his published map an inlier of metamorphic rocks is 
bounded to the north-west by a tract of Ordovician 
volcanic rocks and, on the south-east, by a ‘Crushed 
Complex’ invaded by basic intrusive rocks. He regarded 
the ‘Crushed Complex’ as bemg the metamorphosed 
equivalents of the Ordovician Voleanics, but it is now 
known, from recent work, that the ‘Crushed Complex’ 
consists entirely of gabbroic and doleritic intrusive rocks 
and accordingly the whole tract on the south-east side 
of the inlier is now distinguished on Fig. 1 as the Basic 
Plutonic Complex. For convenience this Complex will 
be referred to in this paper as the ‘gabbroic rocks’. 

Hartley’ considered this tract of gabbroic rocks to be 
essentially equivalent to the Ordovician Voleanics and 
consequently envisaged an inler of metamorphic rocks 
completely surrounded by volcanics. He suggested that 
the contact between the metamorphics and the enveloping 
basic rocks was a flat thrust, the inher bemg a window 
showing through the eroded fault plane. 

It is clear from Hartley’s account that the evidence for 
this thrust is shght; and as, in any case, he regarded the 
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voleanic rocks as being unconformably laid down on 
the crystalline basement, there was no compelling reason 
for him to postulate the thrust. An eroded unconformity 
would have explained the disposition of the rock groups 
equally well. 7 

It has been suggested by Cobbing* that because the 


gabbroic rocks are sporadically altered to high-grade 


schists and because gravity banding shows them to be 
steeply inclined or overturned, the gabbroic rocks should 
be grouped with the metamorphic schists. Accordingly, 
there is no longer any reason to suggest a thrust between. 
the gabbroic rocks and the schists as the junction between 
them is most probably intrusive. Moreover, the main 
outcrop of the Ordovician Volcanics is confined to the 
north-west side of the inlier where they are in contact with 
both the metamorphic schists and the gabbros. 

It is evidently of major importance to establish the 
relationships that the volcanics bear towards the schists 
and gabbroie rocks of the inlier, but exposure is so poor 
that it has not so far been possible to do this conclusively. 
However, the disposition of the rock groups indicated on 
Fig. 1 shows that the volcanics are in some kind of contact 
with both schists and gabbroic rocks. 

In the north-eastern part of their outcrop the volcanics 
are metamorphosed to schists of chlorite grade, but in the 
south-western part where they are unmetamorphosed, 
fresh volcanics are mapped against schist. There is clearly 
no equivalence of metamorphism between the unaltered 
voleanics and the sillimanite-schists and gneisses of the 
inlier. Thus, whatever the nature of the contact, it is 
reasonable to suppose that the schists achieved their high 
metamorphic grade before the volcanics were brought 
into contact with them. 

The voleanic rocks consist of basaltic pillow lavas, 
andesitic tuffs and subordinate rhyolites. At three 
localities a very distinctive red siliceous ironstone has 
been found which is considered to represent a single 
horizon. The three widely dispersed exposures all occur 
near the junction between the volcanics and the inlier 
rocks and lie at a constant distance from it. In our view 
this indicates that the junction between metamorphics 
and volcanics is unlikely to be faulted. It is most probable 
that the ironstone horizon lies near the base of the series 
and that this series rests unconformably on the schists 
and gabbroic rocks. 

On the south-east side of the inlier a number of granites 
have been intruded into the gabbroic rocks. One of these 
bodies, shown by Angus’ to consist of two major members, 
has been found by all previous workers to contain very 
large foundered blocks of basic rocks (Figs. 1 and 2). 
These include representatives both of the volcanic series 
and of the gabbroic rocks which now form the country 
rock of the granites. 

The blocks of the voleanic series are all strongly horn- 
felsed but may nevertheless be readily matched with 
examples of the volcanic suite on the north-west side of 
the inlier ; pillow lavas, andesitic tuffs and, ın particular, 
siliceous ironstones all occur which sre typical represen- 
tatives of the volcanic tract to the north-west. 

It can be seen from Fig. 2 that the greatest concentra- 
tion of voleanic blocks occurs near the summit of Craig- 
ballyharky in the quartz-tonalite. These are all pillow 
lavas with one small area of siliceous ironstone and they 
may all have belonged originally to one large block which 
has been split. This group is closely associated with 
satellite gabbro blocks, but it has proved impossible to 
demonstrate the original relationships between the vol- 
canics and the gabbros for, wherever there is a critical 
exposure, & vein of granite, usually only a foot or two wide, 
is always between them. However, the relative positions 
of the volcanic and gabbroic blocks and, in particular, 
the recurrence of the siliceous ironstone more or less at 
the point of junction between volcanic and gabbro, 
strongly suggest to us that this is a foundered 
contact. - 
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From the occurrence of blocks of volcanic rock in the 
granites it may be inferred that: (T) At the time of the 
intrusion of the granites the volcanic series extended 
across the now intervening schists and gabbroic rocks to a 
position above the granite where it was intruded; (2) parts 
of the voleanic series together with the underlying gabbros 
foundered within the granites to the level where they have 
been exposed by present day erosion; (3) subsequent to 
the intrusion of the granites erosional forces stripped off 
the volcanic series which enveloped the granite at a higher 
level, and exposed as country pock the gabbroic rocks 
from ® lower level. . 

We suggest that if this evidence for the former extension 
of the volcanic series is examined in the light of the infer- 
ence that the siliccovs ironstone forms a marker horizon 
near the base of the voleanic series, then there is a strong 
presumption that the plane of the extension was an 
unconformity. It follows that the gabbroic and volcanic 
blocks within the granite may represent the dispersed 
and broken fragments of a foundered unconformity. 

It has recently been tentatively suggested by Miller® 
that in Connemara the junction between the Ordovician 
and the Dalradian may be a horizon of décollement. 
Tt is clear that such an argument could equally apply to 
the same junction in Tyrone, particularly as Hartley® 


- previously suggested a thrust at the junction with the 


Ordovician. It is accordingly appropriate to examine 
the possibility of a décollement in Tyrone at the local 
Ordovician base. 

We have already noted that there is no strong reason 
for believing that the.thrust postulated by Hartley 
exists: But if a thrust exists it would he mainly between 
the gabbroic rocks and the schists and not at the base of 
the Ordovician Volcanics as understood here. 

The possibility remains, however, that a previously 
unrecognized horizon of décollement lies at the base of 
the Ordovician Volcanics. 

For the Ordovician Volcanics to be the metamorphic 
time equivalents of the inlier schists it would be necessary 
for them to be part of a far-travelled nappe transported 
from part of the tectogene where metamorphism was low 
or non-existent. No suitable area exists to the north-west 
which is in the zone of the Highland metamorphic rocks. 
Tt 1s, however, theoretically possible that the volcanic 
rocks were derived from lower grade rocks lying above the 
Highland metamorphics and that subsequent movement 
along the Highland border has uplifted the Highland 
block with the result that the original hinterland has been 
removed. 

Alternatively, it is possible that the volcanic rocks 
came from the south-east. No comparable area of Ordo- 
vician volcanic rocks is known in Ireland in the required 
direction, but it is arguable that such an area could lie 
to the south-east concealed by Carboniferous sediments. 

In short, it cannot at present be proved that the 
volcanic series did not reach their present position as a 
far-travelled nappe on a very large horizon of décolle- 
mont. 

However, such a structure would be a major tectonic 
feature of the British Caledonides and so far no field 
evidence has been produced to suggest that it exists. 
So far as can be judged the main reason for envisaging 
this structure is a disinclination to accept that Ordovician 
sediments or volcanics rest unconformably on meta- 
morphosed Dalradian schists, with the attendant conclu- 
sion that the Dalradian metamorphism was a pre- 
Ordovician event. 

Our view is that the available evidence, though rather 
indirect, strongly suggests that the Ordovician volcanic 
rocks in Tyrone rest unconformably on the Dalradian 
rocks of the inlier and that the metamorphism of these 
rocks took place before the extrusion of the volcan- 
108. 

This conclusion is in agreement with the evidence found 
in Connemara. It would appear that these two areas of 
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metamorphic rocks in Ireland, which are in a similar 
structural setting on the south side of the Highland 
Boundary Fault, both independently suggest that the 
Dalradian metamorphism was a pre-Ordovician event. 

We thank [the late] Mr. George Barnet of Sixtowns, 
who first showed us two of the deposits of siliceous iron- 
stone, and Dr. N. Angus for his assistance. 
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FUNDAMENTAL EQUATIONS GOVERNING THE HIT PROBABILITIES 
ASSOCIATED WITH THE RELEASE OF A PATTERN OR GROUP OF 
WEAPONS USING A SINGLE AIMPCINT 


By Dr. F. R. TERRY 


Technical Operations Incorporated, Burlington, Massachusstts 


— 


ECENILVA I developed a construct for determmimg 
the probability of exactly m hits with n weapons 
when the distribution of impacts is circular normal and is 
centred at a point h units from the origin of a circular 
target. In this article the more general case, that is, the 
release of a pattern of irregularly distributed weapons on 
an irregularly shaped target, is considered. An analysis 
of this general case not only provides a clear insight into 
the mathematical complexities involved, but it also 
shows that our model 1s equally applicable to analyses 
of a broad spectrum of weapons and weapon systems 
where the pattern or group of weapons are released using 
a single aimpoint. 

That a general theory of releasing patterns or groups of 
weapons using a single aimpoint has not been postulated 
in the past results from several things, not least of which 
has been the anticipation that a comprehensive and exact, 
mathematical analysis would be exceedingly complicated 
and the requisite computations exceedingly tedious. If a 
pattern of weapons released were absolutely ‘rigid’, that 
is, each weapon in the pattern impacted at its intended 
aimpoint, then only two parameters—the number of 
weapons comprising the pattern and the spacing between 
weapons—would be needed to define the pattern. Since 
a weapon rarely umpacts at its intended aimpoint, we 
would soon see the number of parameters begin to mount 
very early in any analysis we may elect to undertake. 

The releasing of a pattern of weapons using a single 
almpoint requires for its description the use of two error 
distributions, each in two components: (1) the aiming 
error associated with the pattern as a whole by which the 
accuracy of the pattern reference point (usually the 
pattern centroid) is determined ; (2) the individual weapon 
ballistic dispersion that describes each weapon in the 
pattern about its Intended point of impact. The com- 
plexities of the problem, as we shall see, arise from the 
fact that these distributions mathematically preserve 
their individuality to the end. With the advent of high- 
speed computers, however, solutions to handle these com- 
plex distributions, as well as the large number of para- 
meters involved in a more general theory, are possible. 

Consider a stationary, irregularly shaped target of area 
A as shown in Fig. 1. Its centroid is at the origin of a 
rectangular co-ordinate system on which an irregular 
pattern of n weapons is to be released. The pattern is 
released with a bivariate normal aiming error measured 
in the target plane and is characterized by standard 
deviations o4, and o4,. 

The aimpoints of the individual weapons comprising 
the pattern are defined in relation to the aimpoint of some 
reference point in the pattern. The pattern reference 
point is that point within the pattern to which the mean 
points of impact of the individual weapons may be related. 
It may or may not be the aimpoint of one of the weapons 
comprising the pattern. The aimpoint of the pattern 


(€4,94) is considered to be the aimpoint of this reference 


pomt. Accordingly, the armmpoint for an imdividual 
weapon is: 

, = ğa + Ax: (1) 
and : 

Jı = ğa + Ay: (2) 


where Az, and Ay; arə the mean separation distances 
between the pattern reference point and the aimpoint of 
the ith weapon. 

The ballistic dispersion is the independent dispersion 
of the individual weapcrs in the pattern. The weapons 
are assumed to be distzibuted about their mean points 
of impact by a bivariate normal distribution also measured 
in the target plane and =haracterized by standard devia- 
tions Gp, and Ogy. The ballistic dispersion ‘of each 


of the weapons in the gettern and the aiming error are 
mutually independent. 

If we ignore for the moment the aiming error and 
consider a pattern of weepons released with the pattern 
reference point placed at (€, y) in the target plane, the 
mean point of impact cf the ith weapon is at a point 
(Z, Yi}, where: 

T, = E + Ax, (3) 
and. 
Jı =q + Ayi (4) 





Pattern of irregularly distributed weapons on a stationary, 
irregularly shaped target 


Fig. 1. 
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Accordingly, the probability that the ith weapon hits the 


target is: 
| - 31) 
I 2 Br, 


Pim) = — i exp | 
CB) lew © 


The probability that the 2th weapon will miss the target is: 


and the probability that all n weapons will miss the 
target is: 





O- piel o) 


The probability thes ae least one weapon hits the target, 
that is, the probability that the target is not missed, is: 


QE) = 1 — a L — pilẽ, M (8) 


The probability given in — (8) is a conditional 
or relative probability—thai of hitting the target with at 
least one weapon when the pattern reference point is 
placed at a particular point in the target plane (&,7). 
The unconditional or absolute probability of at least one 
hit on the target with a pattern of n weapons if the pattern 
reference point is piacon at any point in the target plane is: 


Pa, = Í J fEsn) Q(E,n) dé dy (9) 


where f(&,n) is the ——— density function for determ- 
ining whether the reference point is placed between 
E and ë + dë and y and n + = and is given by: 


(Emn) = exp |- 2 7G — Ay + 
é 12O ]} ag an (10) 


and Q(&,y) is given by equation (8). Note that by defini- 
tion Pn,ı is the expected value of Q(E,n). 

The probability of obtaining exactly m hits on the target 
with a pattern of n weapons (the realization of m of n 
events) is: 


Pinon) = JSE IE U — PEZE) a8 an (14) 


where f(E) is given by equation (10) and Zn(E,n) is a 
combinatorial generating function defined for all values 
of m such that 1 sm s n. If m = 0, then Zač) = L. 
To determine Zm(é,n) for the domain of m, we set: 


Tig A E 





1 
INCA, SAx 


— (12) 
Now we may write: 
Zmlén) = E 1I Iy > (13) 
41 in .. cim 321 
Note that with — so defined, the product: 
Bg [1 — pi(E,n)1 2mm) (14) 


is the sogditonsl ‘probability of hitting the target with 
exactly m of n weapons. The unconditional probability 
of at least k hits on the target with a pattern of n weapons 
(the realization of at least k of n cede is: 


Prag = 1 — Pinoy — — Pink-1) = 
1 -E Pini = È Pini (15) 


The unconditional probability of — m — at least 
k hits on the target with a pattern of n weapons can be 
determined directly by: 


Ptn,m] = JI Hen) Qin,m] dé dy 


Pinay — 7 inal ~ 


(16) 
and: 


Page = $f FEM) Qn AÈ dn (17) 
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where: 


x 3 
Qin,m] = pe Ne l1} -m A Ss, m = 1,2,3,...,% (18) 


[i-l 
Onit = 2 ( = 1y F Z D SY, k = 1,2,3.. n (19) 


sn) = = py, SY” = D Pr Pu ET ie” = 

j j<k 
Pi, Pi, Pis- -Pin (20) 
We note that by 


— Qk = 2G ——R 


lL, tase (21) 


If our pattern is not released with zero spacing between 
weapons, that is, salvoed, where the individual hit prob- 
abilities are the same for each weapon in the pattern’, 
we may wish to determine the unconditional hit probabili- 
ties of the individual weapons. Accordingly, the uncon- 
ditional Poea of the ¿th weapon hitting the target is 
given by: 


ARE : 


gm — 


P; = Í J JEn) pén) dé dy 


where j(E,n) is given by equation (10) and 7,(&,») is given 
by equation (5). It should be noted that if we are inter- 
ested in only cumulative hits we must use equations (11), 
(16) or (17). We cannot cumulate the Prs determined by 
equation (22) since the hit events are not mutually 
exclusive. 

As we can see from equation (5), the spacing between 
weapons in the pattern is contained implicitly in the 
integration over the target area A. This is ordinarily 
true also for the pattern impact geometry relative to the 
target shape as well. However, it can be generally ignored 
for an irregularly shaped target such as ours or even for a 
small point target irrespective of its shape. When the 
hit probabilities are substantial as in the case of larger 
targets, they depend on the target shape and, for a given 
pattern aiming error, are quite sensitive to the spacing 
between weapons and the pattern impact geometry rela- 
tive to the target. An example of this phenomenology can 
be drawn from stick {train) bombing. The results of the 
work of the Applied Mathematics Panel (AMP) of the 
National Defense Research Committee, published at the 
conclusion of the Second World War’, show the depend- 
ence of hit chances against rectangular targets on the 
spacing between weapons and the aircraft approach 
angle to the major axis of the target. However, because 
the AMP investigators assumed that the delivery errors 
were circular normally distributed and because their 
interest was focused only on the miss distribution, that 
is, the probability of inflicting at least one hit, their results 
show that the optimum aircraft approach angle always 
obtains at 90° to the main axis of the target. This is not 
true if the errors are elliptical normally distributed 
and we are interested in multiple hit chances. 

The construct outlined here has been programmed for 
rectangular and infinite line (strip) targets in Fortran for 
the IBM 7090/7094. For these target configurations, 
equation (5) is an integral of close form which after separa- 
tion of variables can be reduced to error function notation. 
Equations (16), (17) and (22) do not admit to integrals of 
closed form but can be evaluated satisfactorily by approxi- 
mate integration, using the Hermite-Gauss quadrature 
formula. Tables and graphs for facilitating quick solu- 
tions of equations (16), (17) and (22) are now being com- 
piled and will be submitted for publication in the near 
future. 

1 Terry, E. R., Nature, 205, 663 (1965). 


2 Summary Tech, Rep. App. Math. Panel, Nat. Def. Res. Comm., 3, Prob- 
ability and Statis cal Studies in Warfare Analysis” (Washington. 
U S, Government Printing Office, 1948). 


(22) 


No 4989 ‘June 12, 1965 


LETTERS TO 


ASTROPHYSICS 


Oscillation Periods of Neutron Stars 


THe recent discovery’~* of celestial X-ray sources 
prompted various authors'~#? to propose possible produc- 
tion mechanisms of these X-rays. In an earlier com- 
munication, one of us?? suggested that some of the X-ray 
emission might be associated with the mechanical energy 
of radial oscillations of neutron stars. To investigate 
such @ possibility, precise knowledge of the oscillation 
periods ıs important. The investigation of the possible 
effect of nuclear forces on such periods is interesting in 
itself. This communication presents some results of such 
work. 

It is well known that general relativity is important in 
such condensed bodies as neutron stars. Therefore, the 
circular frequency for purely radial oscillations in general 
relativity, as given by Chandrasekhar!-15 (the final cor- 
rected expression), was used in our calculations. Three 
types of nuclear forces were chosen for use in the equation 
of state. One, designated ‘Skyrme’, is a three-body 
nuclear potential’®, The other two are neutron—neutron 
potentials derived by Levinger and Simmons?’, and are 
designated Vg and V, potentials. The case of non-inter- 
acting fermions was also considered for comparison. The 
models with zero interactions are designated ‘ideal’ gas 
models, and the others with the three types of nuclear 
forces are called the ‘Skyrme’, Vg and V, type models, 
respectively. The properties of these models are more 
fully described in a thesis!!, and will be published in due 
course. 

The periods for the four kinds of models are shown as 
a function of the stellar gravitational mass in Fig. 1; the 
periods are expressed in milliseconds and the masses are 
expressed in solar mass units. The broad horizontal 
portion of each curve corresponds to a series of stable 
neutron star models. The ‘Skyrme’-type stars have periods 
of 0-2-0-3 msec and the F, type stars have periods of 
0-4-0-5 msec in the stable region. The typical periods of 
the Vg type models are about 0-3 msec when the stars are 
massive, but for less-massive models the periods are about 
1 msec. The periods for ideal gas models vary rapidly 
with mass, decreasing with increasing mass to about 


0-8 msec. Estimates of oscillation periods that can be 
(2) 
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Fig 1. Periods of radial oscillation for neutron stars corresponding to 

four equations of state. The branches marked (1) represent equations of 

state limited so that the pressure does not exceed one third of the proper 

energy density; branches marked (2) are limited so that the pressure does 
not exceed the proper energy density 
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obtained from the c_assical equations (order of msec)!’ 
are especially good for the ideal gas models. However, 
our present results skow that we must resort to calcula- 
tions of the exact general relativistic expressions to obtain 
more detailed quantitative information. 

In a suitable equaticn of state the pressure is not allowed 
to increase without lmit as the density increases, so that 
either the restriction > < e/3 or p < s must be imposed. 
The periods were calculated for both restrictions on the 
equations of state anc are shown in Fig. 1. The curves 
denoted by (1) represent the models with the limit p < ¢/3 
and those by (2) with p < £. The difference is negligible 
over the major portion of the stable region because these 
restrictions become applicable only near the massive end 
of the stability region for some of the equations of state 
used. 

The square of frecuency w? is positive in a stable 
region, becomes zero at the point of instability, and is 
negative in the region of instability*s*, The period 
approaches infinity at the boundaries of the stable region 
(one or both ends of toe curves in Fig. 1). The curve of 
the ‘Skyrme’-type mocels with p < ¢/3, however, fails to 
show this singularity at the massive end. Instead of 
going to infinity (that is, œ? = 0), the period approaches 
a finite value, as infinite central density is approached, 
after a number of damped oscillations. For this particular 
model, instability neve: sets in at the high-density limit. 
All other models chosen for this investigation, however, 
show a singularity at fhe point of the major mass max- 
imum. 

The behaviour on the low-mass side is more com- 
plicated. In order to cbtain more quantitative informa- 
tion in this region we must include electrons in our 
configuration. All present models have a pure neutron 
configuration. Therefore, all curves in Fig. 1 are termin- 
ated near 0:2 solar masses. 

In order to single out the effect of nuclear forces on the 
periods, the following period normalization may be used. 
The normalization factcr, tn, 18 defined as: 

Ta = 2rj On, 
where: 


On? = Aamr-| s1-4-30Me*R-( = r-1)|. (1) 


The formula for w,? ic the expression obtained for a 
homogenous fluid sphere with a constant [ and constant 
energy density, if one expands the formula® for w’, 
subject to the condition 2G¢M/c?h<1. The third term 
in the expression is ther2fore the general relativistic effect 
(this expression is quite general and may be used for any 
range of mass), and the general relativistic effect on the 
periods is accounted for in this way. The factor A is a 
correction which accounts for the departure from homo- 
geneity, and T is the razio of specific heats. 

In Fig. 2, the normalzed periods, t/t, (with F = 5/3 
and A = 1), are plottec versus stellar mass. We note 
that the effects of nuclear forces are shown more clearly 
in this figure. Near ordinary nuclear densities the 
‘Skyrme’-type potential nas the largest attractive term, 
which decreases the pressure at a given density, the V, 
type has an attractive term of intermediate magnitude, 
and the Vg type has the least attractive term. One con- 
clusion to be drawn from Fig. 2 is that an attractive 
force tends to decrease the oscillation periods. 

The calculations presented here are intended only to 
illustrate the importance of nuclear interaction corrections 
to the equation of state. It seems likely that neutron star 
vibration periods will be less than would be calculated 
for a gas of non-interacting particles. If thermal emission 
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Fig 2. Periods of radial oscillation of neutron stars with four equations 
of state relative to the normalization factor rt, defined ın equation 1. The 
branches marked (1) and (2) are as defined for Fig. 1 


in the soft X-ray region should be detected from such 
objects, then it will become desirable to attempt to 
detect and measure vibration periods. With some 
additional indication of the mass or radius of such 
objects, these periods will then give information about 
the nuclear forces in the interiors of neutron stars. 
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Visible Polarization Data of Mars 


For several years the most widely accepted value of 
90 mbar for the surface pressure an Mars had been based 
on visible photometric and polarimetric work, particularly 
by Dollfus! (cf. de Vaucouleurs? for a detailed discussion). 
Recently, however, a value of 25+15 mbar has been 
derived by Kaplan, Minch, and Spinrad’ from a curve- 
of-growth analysis of pressure-broadened carbon-dioxide 
vibration-rotation lines in near infra-red Martian spectra. 
A possible explanation of the discrepancy is that aerosol 
particles in the Martian atmosphere contribute an appre- 
ciable component to the observed brightness and polar- 
ization of Mars. Dollfus assumed that Rayleigh scattering 
by molecules dominates the atmospheric brightness and 
polarization at 4 6100 A and that the aerosol contribution 
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is insignificant. If this is not the case, then certain 
Important deductions may have to be changed. The 
purpose of this communication is to illustrate what these 
changes may be. 

Using four different methods based on polarization and 
brightness measures of Mars, Dollfus! derived for 
4 6100 A a ratio of the atmospheric brightness to the 
surface brightness, Bg/B;=0-028, for the bright areas at 
the centre of the Martian disk at zero phase (opposition). 
Applying the expression for Rayleigh scattering, and 
assuming that the scattering properties of the atmospheric 
gases of Mars and Earth are similar, he arrived at a 
surface pressure of 90 mbar. But if the surface pressure 
were 25 mbar, the ratio B,/B; would be only 0-0078 on the 
basis of molecular scattering. A significant portion of the 
rest of the atmospheric brightness may reasonably be 
attributed to scattering by aerosol particles. We wul 
arbitrarily assume that By/B,= 0-028 and P=25 mbar, 
so that the brightness of the aerosols is 65/25 that of 
the gas. 

The next step in determining the contribution of the 
aerosol component to the total polarization of Mars is to 
examine the polarizations by various compositions, 
shapes, sizes, and size distributions of the particles. 
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.Kuiper* has suggested that spherical ice particles of 


submicron size can explain the ultra-violet polarimetric, 
photometric, and photographic properties of the Martian 
blue haze. For the scattering of visible radiation by 
spherical particles of such sizes, one must resort to Mie 
scattering theory, in which the polarization and brightness 
properties of an atmosphere depend on the parameter 
x=2na/>, where a is the particle radius and à the wave- 
length of observation. Computations of polarization and 
intensity versus phase angle for various distributions of x 
have been carried out by B. M. Herman and are cited by 
Kuiper’. We have selected two of his “balanced” mix- 
tures, A” and B” (neither integral nor helf-integral values 
of x are favoured), which would apply to à 6100 A for 
most frequent diameters of 0-58 and 0-77y respectively 
(Table 1). 

The curves of the polarization versus phase angle for 
these mixtures are shown in Fig. 1b, c. These polarizations 
exhibit a strong negative branch at low phase angles 
and cross-over from negative to positive polarizations 
between, 30° and 40°. This behaviour is quite different 
from that of molecular polarization, Fig. la, which is 
always positive and increases with the phase angle. 

We next computed the total atmospheric polarization 
versus phase angle for these mixtures for a 25 mbar 
atmosphere, Fig. ld, e. This is easily done using the 
formula: 

P pBy -+ P mB m 

Bp + Bm 


where P, is the total atmospheric polarization, Pp the 
polarization by serosol particles, Bp the particle bright- 
ness, Pm the molecular polarization, and Bm the mole- 
cular brightness. Pp and By versus phase angle are given 
by Kuiper*, and Pm and Bm versus phase angle are 
calculated from the well-known expressions for Rayleigh 
scattering. Bp+ Bm is normalized to unity at zero phase 
angle with relative weights of 65 and 25 for Bp and Bm 
respectively. 

To satisfy ourselves that it is reasonable to propose 
that aerosols contribute as much as 65/90 of the 
atmospheric brightness at A 6100 A, we computed the 
required abundances of mixtures A” and B”. With the 
assumption of the similarity of the scattering properties 
of the terrestrial and Martian atmospheric constituents 
the results are about 2x 10° particles em~? for mixture 
A” and about 1x 10° particles cm-* for mixture B”. For 


Pa = 


Table 1. THE WEIGHTING FACTORS FOR THE AEROSOL MIXTURES A” AND B” 


Mixture/# 20 2-5 3°0 3:5 4:0 4°5 50 5-5 
A” 2 7 10 7 2 Q 0 0 
B” 0 0 2 F 16 7 2 0 
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Fig. 1,- The polarization versus. phase angle for: @, a pure molecular 

atmosphere: b, mixture 4” aerosols only ye, 4 molecular plus A” aerosols 

atmosphere with relative brightnesses at ‘opposition of 25 and 65 respec- 

tively; d, mixture B” aerosols only; g; a molecular plus B” aerosols 

atmosphere with relative brightnesses at opposition of 25 and 65 respec- 
tively, A= 6100: 


ice particles: these abundances correspond to about 
2-2 x 107 g cem? a not implausible value. 

The Martian surface polerization, Fig. 26, c, can be 
computed by correcting Dollfus’s observed polarization of 
Mars, Fig. 2a, for the atmospheric polarization: 


Pops(Ba + Bs) - PaBa 
Bs 


where subscripts s and a refer to the surface and atmo- 
sphere respectively. The total brightness (B.+ Be) versus 
phase angle was taken from Dollfus* and refers to the 
sub-solar point on the disk. This introduces a small error 
of about 4 per cent at a phase angle 40° since the observed 
polarizations relate to the sub- Earth point, but this error 
is well within the observational scatter of (Ba + Bs) versus 
phase angle. Since the total brightness versus phase 

angle is known and the atmospheric brightness versus 
phase angle can be calculated, and since Ba Bg i is assumed 
to be 0-028 for the bright areas at. zero phase angle, one 
can calculate the bright area surface brightness and 
polarization versus phase angle for mixtures A” and B”. 
For both atmospheric aerosol. mixtures the surface 
polarization departs appreciably from the polarization of 
pulverized limonite, Fig. 2d, which has been identified by 
Dollfus!= as the best candidate for the surface material 
of the Martian bright areas. Fig. 2 shows that both 
atmospheric aerosol mixtures have the tendency of 
reducing the negative branch and of decreasing the cross- 
over point of the surface polarization from those of 
limonite. This makes possible the consideration of many 
other materials for the surface material, for example, 
augite, red sandstone, brown lavas! *, etc. 

We have used a similar approach in examining the 
change in polarization which occurs at the height of the 
darkening wave. The observation is that the negative 
branch of the polarization curve is enhanced and the 
eross-over point from negative to positive polarization 
- shifts to larger phase angles, Fig. 3a, d+. Previous 


P; = 





those discussed here, & decrease in the surface brightness 
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anelyses have all assumed that the caus3 of this beha 
was a corresponding hange in the polarization prop: 
of the surface material. However, if aerosols are presen 
an alternative explaretion arises since, if the polariza 
properties of the surface and atmosphere are similar 


will cause just the changes observed. 

To demonstrate tms we first calculated the surfac 
polarization curves cf the dark. areas from the observer 
curve assuming Ba,Bs;=0-056.. The resulting surfac 
polarizations were (hon "ised: for a darker surface (Baj 
0-112) in order to calculate the net polarization which. 
would be observed. The values. selected for Ba/B; for 
the normal dark areas are in agreement with an albedo 
which is half that of the bright areas*, Unfortunately, we 
have been unsuccessfal in finding data in the literature on 








the quantitative decrease in the albedo at the height of 
the darkening wave. Since the polarization measurements: 
were then made at northern latitudes greater than 45° 
for late northern spring, while the normal regions were 
in the equatorial amd southern regions during northern 
spring and summer, the relative brightness of the atmo 
sphere is higher by a factor about sec 45°=1-41. It 
seems conservative te assume that the surface albedo also Bae 
decreases by a facter of 1-41, so that the ratio BaBe 
increases by a factor ef 2. The results of the calewlations == 
are shown in Fig. 3b, 2, and should be compared with the € 
observed curve at «he height of the darkening wave. = < 
The agreement is cerzainly not perfect, but the trends are — 
apparent, especially for mixture B”, so that with some | 
alterations of the pareaneters a good fit could certainly bei 
obtained. We regard the results as highly suggestive and o 
believe that an increased contribution by aerosols due to — 
the decrease in the relative surface brightness may well 
be the explanation fer the polarization changes occurring: 
during the darkening wave. 
It should be noted that no other explanation for this. 

phenomenon has been demonstrated. In the literature 
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Fig.2. The polarization versus phase angle for the Martian bright areas. 
a, Observed: b, derived ad the surface material from Fig. 2a with the 
atmosphere of Fi ig. le: c, derived for the surface material from Fig. 2e 
with the atmosphere ot Fig. le; d, pulverized lHimonite. 4=6100 A 
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i. 3. The —— versus phase 


angle for the Martian dark areas. 
, Observed, no 


” wave 


there are no polarization curves which resemble the curve 
which would be derived for the dark areas at the height 
of the darkening wave on subtraction of a Rayleigh 
atmosphere component. The effects of absorption coeffi- 
cient, particle size, and roughness of the surface have been 
considered qualitatively, but no surface has demonstrated 
the requisite properties. The ability of aerosols to 
provide a ready explanation then sppears unique and 
argues strongly for their serious consideration. 

The work presented in this communication is clearly 
preliminary and should not be regarded as being in any 
manner definitive. It is sufficient, however, to indicate 
that aerosols may play an important part in determining 
the observed Martian polarization. To investigate this 
further we are carrying out a detailed and intensive 
programme involving computations of the scattering 
properties of small spheres and laboratory measurements 
of the brightness and polarization of light reflected by 
various surfaces of interest. This work is being carried 
out at various wave-lengths, and the net polarizations 
which result for a wide range of possibilities are being 
compared in detail with the extensive observational data. 

This work was supported by National Aeronautics and 
Space Administration grant NsG 101-61. 


D. G. Rea 
B. T. O'LEARY 
Space Sciences Laboratory, 
University of California, 
Berkeley. 
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PHYSICS 


Debris Particles resulting from the Chinese 
Nuclear Bomb Test 


On October 16, 1964, at 1500 h the Chinese exploded 
a nuclear weapon bomb (Hsinhua News Agency, October 
17, 1964) at a test site near Lop Nor in Takla Makan in 
Sing Kiang. On October 27 the first debris appeared in 
Swedish ground-air samples. Scarcely any detectable 
fission product activity appeared in high-altitude air 
samples'. The background, emanating principally from 
the Russian test series in the autumn 1962, was then 
already very weak and did not interfere. 

By means of autoradiographic methods the strongest 
particles were isolated in a number of ground-level air 
samples taken from a total of 14 tons of air. The strongest 
particles, which appeared unusually weak, were punched 
out with the help of X-ray autoradiograms. The filter 
cores were suspended in syrupy polystyrene solution, which 
was spread over a polythene sheet and left to dry. With 
the help of a new autoradiogram the active particles were 
separated from the rest of the dust, prepared, and made 
identifiable under the microscope by reversal-autoradio- 
graphic techniques*~. 

Forty-three particles were identified and observed, and 
their diameters measured. Their §-activities were determ- 
ined with the help of the spot sizes on the autoradiograms, 
which were calibiated with a few old nuclear-weapon 
debris particles 3-8 c.p.m. strong**. The activities at 
measurement (December 23, 1964—January 21, 1965) are 
recalculated to 100 days with the ¢t-'*!* law to compare 
them with the samples mentioned. 

For comparison, the particle activity is plotted versus 
particle diameter together with a couple of samples from 
the Soviet tests in the autumn of 1961 and an American test 


in June 1961, recalculated to 100 days age. These samples 
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are shown as structured surfaces covering 90 per cent of 
the particles’. As can be seen, the Chinese particles have 
a very low specific activity—about a factor 100 less than 
has been normal for Soviet and American particles. 

The colours and visual appearances show scarcely 
anything peculiar; they are colourless to yellow-red- 
brownish as from the Soviet and American tests. Unlike 
some Soviet samples*? the Chinese samples show no 
differences in the specific activities for hghtly and deeply 
coloured particles. A remarkably large number of the 
particles are perfectly spherical. 

The low specific activity may depend on the Chinese test 
being a near-ground shot and a very large amount of 
mactive material is incorporated in the fire ball}. 

These findings are in good agreement with those 
published by Mamuro et al.*. 

JAN SISEFSKY 

Research Institute of National Defence, 

Stockholm, Sweden. 

Persson, G., F.O.A. Rep., A, 4424 (1965), 

9 Siscfsky, J., Bret. J. App. Phys., 10, 526 (1959). 
° Sisefsky, J., F.O A. 4 Rep , A, 4217 (1961). 
‘ Sisefsky, J., F.O. 4. Rep., 4 A, 4407 (1964). 
5 Sisefsky, J., Scrence, 183, 735 (1961). 
t Sisefsky, J , F.O. A. 4 Rep., A, 4180 (1960), 
* Mamuro, T., ef al , Nature, 196, 529 (1962) 
R Mamuro, T., e al, Ann. Rep Rad. Cent. Osaka Prefecture, 5, 1 (1064) 


Optical Amplification of the Apparent Rate 
of Rotation of a Reflector in @-switching a 
Laser Resonator 


Grant pulses of output radiation are produced by a 
laser when the quality factor (or Q) of the resonant 
rofiecting structure of the laser cavity is suddenly increased 
after establishing a strongly inverted population distribu- 
tion in the laser material. The change in Q may be pro- 
duced by rotating one reflector of the resonant cavity 
rapidly about an axis perpendicular to the emission direc- 
tion, phasing the pumping of the laser medium so that the 
mirror comes into the position giving maxumum Q just 
after maximum inversion has been attained (Fig. 1A). 
The optimum rate of switching depends on the transit 
time of light in the resonant cavity of the laser, and high 
rotational speeds are required. A limit to the maximum 
rotational speed is often set by the practical difficulty 
of driving the mirror, and this limit may be well within the 
ultimate limit at which mechanical distortion and risk of 
failure in the mirror under the rotational forces is incurred. 
The maximum peak power output which may be extracted 





Rotating roof prism 
approaching operating 
posinon 





Fig 1 A, Q-switched ruby laser, B, afocal system amplifying the rate 
of Q-switching, C, afocal system integral with ruby and reflecting prism 
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from the laser as a single pulse will be restricted : (1) if 
the switching is too slew; (2) if the peak power density 
on the reflector may damage it; (3) if an accidental 
resonant -structure exists, dependent of the rotating 
reflector (and possibly with a lower Q), which may dram 
off some or all of the available energy before the rotating 
murror comes into posit on. 

This communication desertbes an optical arrangement 
which helps to extend the possibility of Q switching 
beyond these limits, without mtroducing further optical 
components or increas ng the number of reflecting and 
transmitting surfaces. 

If an afocal systom of magnification m (for example, 
a telescope) is mtroduced between the ruby rod and the 
rotating roof prism of a typical Q-switched laser (Fig. 18), 
the (linear) aperture of she prism filled by the beam will be 
increased by a factor n-, and the rate of angular sweep of 
the reflected beam across the fixed reflector will be in- 
creased by tho same “actor, giving an improvement in 
Q-switching. An increase in the linear dimensions of the 
reflecting prism will be necessary and the rotational forces 
will then be larger by a factor m? if the rotational speed 
remains the same. Ths is the same factor of increase as 
that which would have resulted from speeding up the orig- 
inal reflector m times, so the limit on Q-switchimg speed 
imposed by the risks of distortion and mechanical failure 
is the same. However, when the magnifying system 1s 
used, the rotational speed required 1s much more easily 
obtained, and the intensity of Wlumination on the prism 
is m? times lower. 

In realizing this sckeme, it is not necessary to use a 
separate afocal system. The positive element of a Galilean 
afocal system may be incorporated in a rotating prism 
in the form of a convex curvature on the entrance (refract- 
ing) face of the roof prism, and the negative component 
may take the form of a strongly curved concave surface 
on the end of the laser rod (Fig. 1C). In a trial of the system 
a ruby rod 100 mm Img and 10 mm diam. was given & 
concave end surface vith radius of curvature 21-6 mm, 
and coated to reduce reflexion. The other end of the ruby 
rod was flat and carriad a coating with a reflectivity of 
about 50 per cent. Tke rotating roof prism was of silica 
with an entrance face about 20 mm clear aperture and a 
convex spherical curveture of radius 91mm. This com- 
bination, when the separation is adjusted to the afocal 
condition, has a magnification of about 7-8. The prism 
was mounted directly on the shaft of a 3,000 r.p.m. syn- 
chronous motor, drivea from 50-cycle single-phase mains, 
and the mains wave-form was used to phase the pumping 
flash with the rotation of the prism. The energy in the 
capacitor bank for eam flash was about 1,000 joules, and 
the flash tube, which was 130 mm long, was equipped with 
an. elliptic cylinder redector. The laser output observed 
consisted of typical ‘giant pulse’ spikes of peak powers 
from 0-5 to 0-7 MW and a total duration of about 2 x 10-° 
sec. These results demonstrate that the optical system 
works in practice, and the use of such a relatively slow 
motor emphasizes the advantage. Motors capable of 
operating at many times this speed would, of course, 
normally be used for optimum results. 

In conclusion, the arrangement offers advantages In 
respect of the three limitations hsted above: (1) the 
speed of switching is mcreased ; (2) the peak power 
density ın the reflectimg prism is reduced ; (3) the diver- 
gent form of the lase- rod makes the competing non-Q- 
switched resonant structure much more lossy and less 
likely to sustain oscilation’. 

J. W. GATES 
R. G. N. HALL 
National Physical Lakoratory, 
Teddington, Midclesex. 


1 P R. W., Quantum Electronics III, 2, 1208 (Columbia, New York, - 


2 Fox. A. G., and Tingye Li Quantum Electronics ITI, 2, 1263 (Columbia, 
New York, 1964). 
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Electric Breakdown in n-Hexane 


ALTHOUGH the phenomena of breakdown and conduc- 
tion in liquid msulants have received considerable atten- 
tion, the degree of understanding that has been achieved 
is limited, a fact illustrated by the co-existence of several 
widely differing models for the breakdown process. The 
main reasons for this failure are the absence of a satıs- 
factory theory of the bulk liquid or the metal—hquid 
interface and also the difficulty of the experimental tech- 
niques involved. Some of the hitherto uncontrolled 
experimental variables have only recently been revealed, 
an important one being the oxygen content of the 
liquid}. 

In an attempt to achieve a greater degree of experi- 
mental control we have developed a purification system 
in which previous techniques (distillation, degassing and 
the use of cold filters?) are improved by making the 
apparatus and electrodes bakable under high vacuum 
and dividing the apparatus mto stages which are separable 
by all-metal taps*. In this way the residual gas pressure 
of the system can be reduced to 10-8 torr. Unfortunately, 
besides greatly affecting the breakdown strength, oxygen 
exerts a stabilizing influence, and its absence in the highly 
degassed liquid means that the increased labour of sample 
preparation is rewarded by a marked decrease in the 
number of measurements obtainable from a single liquid 
sample. 

Breakdown tests were performed on n-hexane at a 
hydrostatie pressure of 1 atm. using 1 em diameter nickel 
electrodes. Experimental control was enhanced by the 
use of an automatic test method ın which the stress is 
applied as a linear ramp function of time (100 V sec-*) 
(ref. 4). The mean breakdown strength obtained when the 
liquid was prepared in the unbaked system was 750 kV 
em, but when the liquid was saturated with oxygen 
the strength rose to 1,050 kV cm. Allowing for the 
larger gaps used (200 um and 100 ym respectively) these 
results agree quite well with previous observations? 5, 
When the liquid was prepared in the baked apparatus the 
recorded strength with a gap of 200 um was 540 kV cm-!. 
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Fig. 1. Variation of estimates of the mean and coefficient of variation 
through a breakdown sequence Bo (gap 200 m, temperature 
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Fig 2. Measurements of the mean breakdown strength of samples of 
n-hexane over a range of temperatures. The upper curve was obtained 
by Lewis (ref, 5) with a single sample contaimng oxygen 


The use of a rapid arc-suppression circuit allows several 
hundred measurements to be made on a single sample of 
oxygen-saturated hquid without marked deterioration, 
but in the oxygen-free form this 1s limited to twenty or 
thirty measurements. This introduces the difficulty of 
defining a stable mean breakdown strength and the neces- 
sity to prepare more than one sample to investigate the 
variation of breakdown strength with any experimental 
variable. 

A. smoothed version of the breakdown sequence may be 
obtamed by plotting each point as the mean of ten con- 
secutive measurements (that ıs, plotting the first point 
from measurements 1-10, the second from measurements 
2-11, etc.). The first few results may be high or low, but 
after a ‘conditioning’ period there is almost invariably a 
plateau corresponding to a stable electric strength. 
After twenty or thirty breakdowns a wild variation of the 
strength begins, and this coincides fairly well with the 
appearance of a milky white deposit on the anode. The 
level of the plateau has been taken as a measure of the 
mean breakdown strength, and the extent of the plateau 
is an indication of that part of the sequence which may be 
regarded as being statistically stationary. 

Temperature 1s a parameter which figures largely and 
differently in the various breakdown models, so twelve 
samples were prepared for strength measurements over a 
temperature range of — 60° C to +60° C. The results are 
shown in Fig. 2 compared with those from a test made by 
Lewis on a single sample containing oxygen. In spite of 
the inevitable differences between individual samples 
there is strong evidence that significant variation of 
breakdown strength with temperature is confined to the 
region immediately below the boiling point (69° C), and 
this was confirmed by tests performed at two tempera- 
tures on a single sample. In particular there was no 
marked difference of strength at temperatures above 
and below each of the two transition temperatures which 
mark changes in the structure of the liquid, and it may 
be that these temperatures have figured in previous 
results® through a change in the mobility of the oxygen 
ion. 

It is interesting to note that from a model involving the 
initiation of a streamer by a charged particle arriving at 
the cathode. Sletten’ predicted that there would be little 
variation of electric strength with temperature, and also 
that a small time dependence should be evident. These 
predictions were confirmed by observations made in the 
work recorded here, whereas there was little to substantiate 
other theones such as those involving liquid structure or 
thermal instability. We have made an extensive investiga- 
tion of the statistical nature of liquid breakdown and the 
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effect of variations of experimental method’, and this 
will be reported later. 
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METEOROLOGY 


Tidal Components of Hurricane Development 


BRADLEY? has endeavoured to show that the develop- 
ment of hurricanes is related to the time of syzygy. 

A. year ago [the late] Prof. J. Bartels published his 
method for testing the results of synchronization?. He 
defined a lunar phase in terms of a number n, which is a 
whole number varying from 0 (new moon), to 6 (first 
quarter), to 12 (full moon), to 18 (last quarter), to 24 
{equal 0). This can be determined from Bartels and 
Fanselau’s “Geophysical Moon Tables’’. By means of 
these Tables and the tabulation of Atlantic hurricanes 
(1899-1958) used by Bradley one can determine the 
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Fig, i. Hurricane development distributed over 24 lunar phases ‘folded’ 
into 12 phages. 
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Fig. 3. Hurricane development. M, Real distribution; fı, first 


shaking-test 3 Ma, second shaking-test 


frequency of development of hurricanes for each month 
according to the lunar phase (Fig. 1). 

Three points contradict Bradley’s argument: (1) The 
lack of agreement berween the sıx curves is an objection 
to the possibility of the Moon exerting any influence 
which might be decuced from the average curve M, 
shown in Fig. 2 in a 2ircle diagram. It is, as it ought to 
be, the same diagram as Bradley produces in his com- 
munication, but without any smoothing out. (2) Apply- 
ing the y?-test one finds that the M distribution of 
hurricane development is not significant. (3) Two 
‘shaking-tests’ (developed by Bartels in 1948) demonstrate 
that the Moon does rot exert any real influence. 

To each year of the period 1899-1958 a number of 
chance, m, between D and 11 was assigned by which a 
fictive day could be £xed with new moon. To each lunar 
phase number, n, wes added the number of chance, m, 
of the actual year, and (n+ m) was taken as a new fictive 
lunar phase number of a hurricane development. Thus 
one obtains fictive years and fictive M distributions of 
which two, MI and M2, are given in Fig. 3. Even if 
these distributions by definition are cleared of any lunar 
influence they show similar variations to the original M 
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distribution which (erroneously) is supposed to demon- 
strate lunar influence. 
W. RUDLOFF 
Deutscher Wetterdienst, 
Seewetteramt, 
Hamburg. 
1 Bradley, D A., Nature, 204, 136 (1964). 
* Bartels, J., Nachrichten Akad. Wissenschaft. Goeliangen, TI Math.-~Phys. Ki., 
23, 333 (1963). 


* Bartels, J., and Fanselau, W. W., Geophys Inst. Potsdam, Abhandlungen, 2 
(Springer, Berlin, 1938). 


A SEEMINGLY minor but crucial discrepancy exists 
between Rudloff’s and my distributions of the lunisolar 
angle on the 269 dates. I used true apparent longitudes 
of the Moon and Sun at Greenwich noon given by standard 
ephemerides, rather than cyclical mean values of shortcut- 
table derivation. 

The issue here is whether or not hurricane maturation 
has had a significant preference for the 3, 4 or 5 days 
centred on syzygy. My method, using true Moon-minus- 
Sun values, shows the sharpest demarcation for a 4-day 
period lying athwart new and full moon. Inasmuch as 
gravitational or tidal mechanisms are operatively sinu- 
soidal, and in view of the smallness of the number of 
hurricanes available for study, any analysis of frequencies 
within lesser divisions of time is quite untenable and 
self-defeating. The figures used in my graphs are accurate 
and of course duplicable; they clearly show a significant 
preference for lunisolar alignment. Faulty though it is 
for the reason cited, Rudloff’s M distribution nevertheless 
shows a total of 82 events in the three classes centred on 
syzygy. This incidence is significant at the 5 per cent 
level. ; 

Another analytical approach to the 269 events is to 
array them in day classes with respect to the Greenwich 
civil date of nearest syzygy (although a ‘lunar-calendar 
day’ scheme is not to be recommended for exacting 
research by reason of its innate inefficiencies). This 
tally, which is easily replicable, shows the following 
frequencies per single day and in 5 groups of 3 days each: 


Days to 3-day 
syzygy Oases group 
—7 11 
~ § 9 35 
— 5 15 
— 4 21 
-8 17 58 
~2 20 
=] 25 
0 23 a1 
+1] 23 
+2 14 
+3 16 47 
+4 17 
+5 3 
+ § 14 58 
+7 21 


Application of the y? test for arrays with more than one 
degree of freedom is risky on numerous technical grounds, 
though it can be useful as an indicator when the number 
of classes is small. For the five 3-day totals, y?= 13-77 
which for n=4 is highly significant (P<0-01). As can 
be seen, the variance is accounted for chiefly by the 
tendency of hurricanes to mature at or near syzygy and 
to avoid the days after the Moon’s quarter phases. 

Fragmentation of already sparse data into monthly 
divisions is quite unacceptable in the light of a tidal 
hypothesis, even if the number of cases one has to work 
with were several times greater, since the three dominant 
components of tidal action have cycles of combination 
with large calendar-month variations over periods as 
short as sixty years. Division of the data into two 
halves for cross-correlation, such as into odd and even 
years or odd- and even-numbered Julian Days, is just 
about the limit the statistical traffic can bear when 269 
items are strewn among, say, 5, 8 or 12 categories. 

Consider now Rudloff’s shaking-test curves, and 
assume his ‘real’ distribution M to be correct. Imme- 
diately it is clear that the range difference in curves M, 
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M1 and M2, cannot so easily be dismissed. M’s range 
of a minimum of 15 cases against a maximum of 32, 
compared with the 18-27 spread in M1 and 18~-29in M2, 
would seem to call for tests of the contrast in dispersion. 
The standard deviations for Rudloff’s three curves are 
4-86, 2:87 and 3-82, respectively. M compared with M1 
gives a value of F equal to 2:86, which for 11x11 is 
significant at the 5 per cent level, yet Rudloff appears to 
dismiss the very information he claims to be seeking. It 
seems rather odd that only two shaking tests were made 
when a great many more are required for the estimation 
of a reliability measure, but it may be that the value of 
F for the M to M2 comparison (1:62) was considered too 
insignificant to warrant extending the tests any farther. 

Rudloff provides no quantitative information for his 
‘tests’, butitis plain that his graphs corroborate the work 
that I originally reported. In the light of recent advances 
and discoveries in the atmospheric sciences, it is scarcely 
surprising that hurricane activity 1s found to involve 
tidal factors. It would be much more surprising if this 
were not the case. 
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GEOCHEMISTRY 


Sulphide-sediment Relationships at Mount Isa 


THIS communication summarizes the principal results 
obtained from a detailed petrological, mineragraphic and 
chemical study of the concordant type No. 7 lead—zine 
orebody, Mount Isa, and the host shales which constitute 
the Urquhart Formation, usually referred to as the 
Urquhart shales?. 

The overall mineralogical and textural constitution of 
the sulphide-bearing sediments is microscopically very 
similar to the barren sediments situated inside and 
outside the limits of No. 7 lead~zince orebody, but I have 
not found evidence to support the contentions of Blanchard 
and Hall? that hydrothermal replacement of the sediments 
occurred, accompanied by complete removal of the 
replaced material from the system. 

Using undeformed material, the percentage modal 
composition was determined for a representative range of 
single sulphide-free and sulphide-bearing sedimentary 
layers. The results obtained for the sulphide-bearing 
sediments were recalculated on a sulphide-free basis to 
give @ range of compositions identical to those for the 
barren sediments. This would suggest that the lead—zine 
ores, at least in No. 7 orebody, can be represented as: 


Ore = original sediments + included sulphides 


This compositional study has shown that the sediments 
are essentially composed of variable potash feldspar 
(microcline) and dolomite mixtures which contain quanti- 
tatively unimportant amounts of quartz and muscovite. 
It is also held that the potash feldspar was formed by 
potash enrichment of glassy acid voleanic debris, a 
suggestion based on work on the nature of potash-rich 
vitric tuffs from the Urquhart shales’. 

The mineralogical similarity of the non-sulphide and 
sulphide shales (sulphides excluded) has also been demon- 
strated by comparing bulk chemical compositions of 
unmineralized and mineralized Urquhart shale. Since 
the Urquhart shales are very thinly bedded, several 
hundred feet of drill core taken across the strike should 
provide a representative bulk chemical composition and 
for this work 672 ft. of drill core was used. 

The non-sulphide constituents of the rocks can be 
expressed diagrammatically by the following components: 
(CO,) = dolomite; (SiO,) = SiO, as potash feldspar + 
free quartz; (Al,0,) = Al,O; as potash feldspar. 
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Fig. 1. The relative bulk chemical compositional differences between Fig. 8 The average bulk ckemical compositions of Urquhart shale and 


Urquhart shale (open circles) and No. 7 lead-zine orebody (solid circles). 
The sulphide component is taken into consideration 


The plot of percentage weight (SiO, + Al,O;) against 
percentage weight (CO,) generates two fields (Fig. 1), 
one for barren Urquhart shale (5 separate drill-hole analy- 
ses totalling 302 ft. of core), the other for No. 7 lead—zine 
orebody (10 composite drill-hole analyses totalling 
370 ft.). 

The separation of the two fields might be attributed to: 
(a) the dilution factor of iron, lead and zine sulphides in 
the ore where the original composition of the sediments 
has remained unchanged by the mineralization; (b) the 
composition differences produced by the selective hydro- 
thermal replacement of the sediment. However, if the 
components, quoted as percentage molecular proportions 
CO, Al,O; and SiO, are plotted on a triangular diagram, 
then only one field is generated, as shown in Fig. 2. By 
taking the average of these values, including a further 
25 analyses of undeformed No. 7 lead—zine ore, the marked 
compositional similarity of barren Urquhart shale and 
the non-sulphide (sedimentary) component of the ores is 
best expressed as in Fig. 3. These results, which appear 
to verify the microscopical observations, give rise to 
several interesting considerations. First, if the lead—zinc 
ores can simply be expressed as: ore = sediment + added 
sulphide, then a volume increase between sedimentary 
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Fig. 2 The comparative bulk chemical analyses of sediments from the 
Urquhart shales (open circles) and No. 7 lead~zinc orebody (solid circles), 
The analyses for the ores are plotted on a sulphide-free basis 


1 
No 7 lead~zine orebody. The analyses of the ores are plotted on a 
sulphide-free basis Open circle, average of 5 composite analyses from 
unmineralized Urquhart sheles; solid circle, average of 10 composite 
analyses of No. 7 lead~zinc oresody material, solid triangle, average of 25 
analyses of undeformed No 7 lead-sme orebody maternal 


marker horizons in the cre should exist relative to the same 
markers located along strike in barren shales. The 
observations of Carter* show that such differences do 
exist. Alternatively, it could be argued that a process of 
selective hydrothermal replacement of the sedimentary 
components operated, -vhich resulted in no change in the 
bulk of composition ef the sediment; but this would 
require replacement >? all sedimentary components, 
which obviously has nct happened. If, on the other hand, 
the Urquhart shales d:c. originally have an overall com- 
positional similarity amd selective hydrothermal replace- 
ment did occur witk complete removal of replaced 
material, then coincidence of the fields as shown in Fig. 2 
could not occur. If ths undeformed ores are the original 
sediments plus added suiphides then the highly crenulated, 
deformed lead-zine ores should show no departure from the 
single field (Fig. 2) 1f shese ores constitute recrystallized 
and mobilized undeformed ore material as contended by 
Murray". As the composite analyses from No. 7 orebody 
include deformed ore tüs condition 1s evidently satisfied. 

In conclusion, ıt is suggested that the sedimentary 
hypothesis for lead—zinc ore formation could largely 
account for the compozitional relationships of the ore and - 
non-ore sediments described here. In addition, it may be 
possible to establish similar relationships for highly 
metamorphosed concordant type lead-zine ores such as 
the Broken Hill type (*.8.W.}, assuming that only meta- 
morphie recrystallization has occurred and there has been 
no significant loss of material since the postulated sedi- 
mentary deposition ol these ores. 

N. J. W. Croxrorp 
87 Oban Road, 
Mount Isa, Queenslerd, 
Australia. 
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Search for Diamonds in the Chondrite 
Ghubara 


Ir is generally agresd that meteoritic diamonds are a 
critical key to understanding the pressure history of 
meteorites. They are known to exist in four meteorites, 
one being the crater-forming Canyon Diablo coarse 
octahedrite (iron), anc the others the three known mem- 
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bers of the ureilite class of stony meteorites!*.®, Recent 
papers’ have summarized the arguments for and against 
the formation of diamonds by hydrostatic or shock 
processes. 

From time to time reports have been made of the 
finding of diamonds in representatives of some other 
classes of meteorites, but these have not been confirmed. 
It is the purpose of this communication to report an 
attempted verification of the presence of diamonds in the 
Ghubara black chondrite®. 

The Ghubara meteonte was found in 1954 in Oman, 
Arabia. Vinogradov and Vdovykin found that 0-2065 g 
of it yielded about 1 per cent of some black material 
insoluble in HF, HClO, and HCl. This insoluble fraction 
consisted, in part, of irregularly shaped grains having an 
adamantine lustre and a Mohs hardness value of 9. 
They had a greenish luminescence in the ultra-violet. 
Of the sixteen lines found on X-ray diffraction with iron 
Ka radiation, three occurred at spacings corresponding 
to those of diamond’. These spacings, however, also corres- 
pond to strong lines ın the diffraction pattern of a spinel 
such as chromite (Table 1). Thus in the presence of such a, 
spinel, no unambiguous assignment of these three lines to 
diamond is possible’. 

Through the courtesy of Dr. E. L. Krinov of the Com- 
mittee on Meteorites of the Academy of Sciences of the 
U.S.S.R., I was supplied with fragments of Ghubara 
totalling 3-4 g. Since Dr. Krinov also supplied the samples 
of Ghubara which Vinogradov and Vdovykin examined’, 
tke possibility of sample mix-up could be eliminated at 
the outset. 

I used two methods in the search for diamond in 
Ghubara, the first of which consisted of removing samples 
from 34 areas resembling meteoritic diamonds and 
X-raying them by techniques described previously’. 
I found no diamond in any of these samples. For com- 
parison, I found 10 diamond-containing specimens out of 
30 samples taken from the Dyalpur meteorite in a similar 
investigation’{ Were Ghubara diamonds as abundant 
as those of Dyalpur the probability of this negative 
result would be less than 0-2 per cent. The second method 
Table 1. COMPARISON BETWEEN DIFTRACTION DATA OF GHUBARA INSOLUBLE 

RESIDUE, CHROMITE, GRAPHITE AND DIAMOND 
The diffraction data of the Ghubara residue resemble the data of chromute 


much more closely than ıt does a graphite-diamond mixture. (d, spacing 
between lattice planes , J, relative intensity ; and v.f., very faint.) 


* d-spacings smaller than 0-97 A are not detectable with tron Ka radiation. 


Chromite® Ghubara‘ Graphite® Diamond?® 
d I d I d 7 d r 
577 70 5°50 
4-80 50 479 30 4 85 5 
419 10 
3 43 100 
3 30 100 
3-19 30 
3 03 40 
2°93 60 2 92 50 2 850 20 
2-499 1 2 494 100 2 547 40 
2 390 vf 2311 5 2 238 40 
2 070 70 2 064 106 2 060 100 
1 932 30 
1779 80 1-783 30 
1672 80 
1592 90 1:591 50 
1-461 90 1458 90 1 456 5 
1 398 v.f. 
1350 50 
1 310 20 
1-281 50 1258 80 1:261 27 
1 242 10 
i 1-228 $0 
1 188 30 1-190 20 
1 158 30 1153 $0 
1116 40 
J 107 30 1 103 5 
1 093 80 
1079 60 1:078 80 10754 16 
1050 60 
1 035 30 1-040 5 
1015 
0 9916 60 
0 975 20 * * 
0 958 40 
0 927 30 
0 8916 7 
0 869 36 
© 846 60 
0 8182 15 
0 811 10 
0 801 40 
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was effectively a repetition of that used by Vinogradov 
and Vdovykin except that I dissolved about three times 
more sample (0-6100 g) than they did. Furthermore, L 
used HF, H.SO,, HCl and HNO, since HCIO, might 
possibly have destroyed small diamonds’. After washing 
the residue by centrifugation, I X-rayed it with copper 
Ka radiation so that lines corresponding to d-spacings 
greater than 0-78 A could be observed’. The residue con- 
sisted only of a spinel. The absence of diamond in it was 
shown by the absence of the high-angle diffraction lines 
corresponding to those of diamond. A conservative upper 
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-limit to the diamond content of Ghubara would be 


<0-05 per cent. 

There appear to be two possible explanations for my 
lack of verification of diamond in Ghubara. It may be 
that diamond is present but is distributed rather unevenly 
throughout the meteorite. A much more likely explana- 
tion, however, is that diamond is not present and the coin- 
cidence of the three principal diffraction lines of diamond 
with those of a spinel caused its erroneous identification 
in Ghubara. Indeed, Vdovykin has agreed that his 
residue contained chromite*. Furthermore, Vinogradov 
and Vdovykin’s X-ray data correspond much more closely 
to the data from chromite® rather than to that from a 
mixture of graphite and diamond (Table 1). The residue’s 
hardness and chemical inertness are also properties of 
spinels. Somewhat puzzling, however, is the ultra-violet- 
induced fluorescence of the residue from Ghubara. 
Diamond normally fluoresces with a pale blue colour™ 
rather than with the green colour observed in the residue. 
It is unlikely that this colour is due to the spinel since, 
ın general, the presence of even a little iron should prevent 
any luminescence (I thank Dr. N. Grégler for this sugges- 
tion). Perhaps small amounts of some other meteoritic 
component survived the HF-HCI1O,-HCl treatment and 
caused this fluorescence. 

It thus appears that the Ghubara chondrite contains 
no detectable diamond. There would appear to be no a 
priori reason why some shocked chondrites containing 
graphite should not contain diamonds. Certainly a number 
of them show evidence of rather strong shock which, under 
favourable conditions, could well have formed diamond. 
Tn future searches for meteoritic diamond it would perhaps 
be profitable to examine some of these. 

I thank the U.S. National Science Foundation for a 
postdoctoral fellowship at Bern, and also the Schweizeris- 
cher Nationalfonds (grant N#3045) for financial support. 

MicHaget E. Liresceutz* 
Physikalisches Institut, 
Dniversitat Bern, 
Switzerland 
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CHEMISTRY 


Structure of Metal Alkoxides 


Tue polymeric co-ordination compounds are important 
in inorganic chemistry. Structural studies of these 
compounds have recently revealed the presence of cyclic 
and macromolecular’ structural types, which previously 
were counted as the distmguishing features of organic 
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chemistry. Metal alkoxides are an important set of 
co-ordination compounds synthesized about ten years 
ago. Polymerization and complex formation take place 
in the alkoxides due to the tendency of the metal atom to 
attain maximum covalency. The evidence for polymer- 
ization in the alkoxides has been almost wholly based on 
determination of their molecular weight. The structural 
determination of some Group IV and Group V metal 
alkoxides has been taken upē, and on X-ray evidence it 
has already been conclusively shown® that in case of 
tantalum monoethoxide tetra tertiary butoxide the nature 
of the structural repeat unit is dimeric. I wish to report 
here that titanium tetra isobutoxide with isobutanol of 
addition, zirconium tetra isopropoxide with isopropanol 
of addition and hafnium tetra isopropoxide with isopro- 
panol of addition, have been found to be dimeric, on the 
basis of X-ray crystallographic evidence; they exist as 
two octahedra of oxygens around the metals sharing an 
edge. Thus complex alkoxides of Group IV and the 
alkoxides of Group V behave structurally similarly; they 
illustrate the concept of bondability’ of an atom which is 
replacing the concept of valency. The details of this 
work will be published elsewhere. The significance of this 
work becomes evident in the context of the previous work 
and the recent extensions in the field", 
SYED AHMED Imam* 
Regional Research Laboratory, 
Hyderabad, 9, India. 


* Present address : Division of Biophysics, Central Drug Research Insti- 

tute, Lucknow, India. 

* Emelius, H., J., Proce Chem. Soe , 202 (1959). 

23 Wardlaw, W., J. Chem. Soe , 3569 (1955). 

a Wardlaw, W., J. Chem. Soc., 4004 (1956). 

* Bradley, D. C., Natwe, 182, 1211 (1958). 

t Imam, 8. A., and Rama Rao, B., Naturwiss., 50, 517 (1963) 

€ Imam, 8. A., and Rama Rao, B., Naturwiss., 51, 268 (1964), 
7 Haiduc, I., Uspheki Khim , 1124 (1961). 

* Bains, S. and Bradley, D. C., Canad. J. Chem., 1850 (1962). 
® Bradley, D. ©., and Westlake, A. H., Nature, 191, 273 (1961). 
10 Winter, R. L., and Winter, G., Nature, 197, 687 (1963). 
u Tbers, J. A., Nature, 197, 686 (1963). 


No 4989 


Rectilinear Correlation between -OH Stretching 
Frequency and O .... O Distance in 
Intermolecularly and Intramolecularly Hydrogen 
Bonded Compounds 


A NUMBER of correlations have been made between 
infra-red absorption frequencies and A....B distances in 
A—H....B intermolecular hydrogen bonds!. No similar 
relationship has, however, been published concerning 
intramolecular hydrogen bonds. Nakamoto et al.* have 
shown that the A——H stretching frequency (vam) associ- 
ated with an intramolecular hydrogen bond is generally 
much higher than that associated with an intermolecular 
hydrogen bond with the same A....B distance; they 
considered that this was because the intramolecular 
hydrogen bond was bent. Their observations were, how- 
ever, too few to permit a correlation to be made between 
vag and A....B distance. 

In the course of an mvestigation® of substituent effects 
on the intramolecular hydrogen bond in 2-nitrophenol, ıt 
was noted that the presence of a bulky substituent in the 
3-position. had two important spectral effects. By virtue 
of twisting the nitro group out of the plane of the benzene 
ring, it raised the —-OH stretching frequency and it 
decreased the molar absorptivity of the ultra-violet 
absorption bands. 

Braude and Sondheimer’ have shown that the angle of 
twist 0 of a chromophoric group, such as —-NQO,, subjected 
to steric hindrance on a benzene ring, can be calculated 
approximately from the equation cos? 6 = e/e,, where e is 
the molar absorptivity of the primary ultra-violet absorp- 
tion band of the hindered compound and ¢, is that of the 
unhindered reference compound. The assumption that 
the hindering substituent exerts no significant electronic 
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Fig 1. Correlations of O... O distance with von: ©, data and corre- 

lation of Nakamoto et al. for intermolecular hydrogen bonding; x, data 

of Nakamoto ef al. for intramolecular hydrogen bonding, O, present 
results for mntramolecular hydrogen bonding 
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effect on the molecule is implicit in this equation. Thus, 
usable substituents are -imited to weak auxochromes. 

Hence, if it is assumed that bond lengths are fixed and 
that there is no bending of the C—N bond, it 1s possible 
to estumate from the ultra-violet spectra of 3-substituted 
2-nitrophenols the distance between the oxygen atom of 
the hydroxy group and the nearer oxygen atom of the 
nitro group (QO....O distance). This has been done for 
the 2-nitrophenols listed in Table 1. The estimated O....O 
distances are plotted against the ntramolecularly hydro- 
gen bonded —OH stretching frequencies in Fig. 1, which 
also includes the correlazion of Nakamoto et al. for inter- 
molecularly hydrogen bended compounds (solid line) and 
their data for mtramolecularly hydrogen bonded com- 
pounds. 

The fact that the pomss representing the more sterically 
hindered 2-nitrophenols le close to the curve for inter- 
molecularly hydrogen bonded compounds indicates that 
in these nitrophenols the —NO, group is twisted so much. 
that the O—H....O bends are approximately collinear. 
This suggests that at O. ..O distances greater than about 
2-8 A all ntramolecular O—-H....O hydrogen bonds are 
collinear. Hence, it seems reasonable that a single 
relationship exists between vog and O....QO distance for 
all O—H... O hydrogen bonds, whether intramolecular 
ov intermolecular, longe? than about 2-8 A. 

It will be seen that there is & good rectilinear correlation 
(broken line, significancs > 99:9 per cent) for all the 
intramolecularly bonded compounds and the four inter- 
molecularly bonded compounds with O....O distances 
greater than 2-8 A exammed by Nakamoto et al. This 
correlation exists despit= the facts that the compounds 
investigated by Nakamto et al. were not nitrophenols 
and were examined in the solid state. Table 2 lists the 
data of Nakamoto et al. concerned in this correlation. 


Table 1. LIGHET ABSORPTION IIEASUREMENTS AND CALOULATED O....0 
DISTANOES FOR SOME SUBSTITUTED 2-NITROPHENOLS 
Molar 
absorpt-vity <Angleof O....0 "om at ca. 
Substituent of K-bandin twist of distance 001 molar 
eyclohezane C-N bond. (A) in CCl, 
solution (degrees) (cm-) 
None 7,40C 2 50 3,241 
3-Methoxy- 6,046 26 2-61 3,259 
3,4-Dimethyl- 5,000 35 2°69 3,377 
3-Trifluoromethyl- 3,95 44 2°78 3,340 
3,6-Dichloro- 810 45 279 3,327 
38-Methyl-4,8-di-t-butyl- 3,356 2°83 3,391 
$,4,6-Trichicro- 3,02 51 2°86 3,370 
3,5-Di-d-butyl- 3,00¢ §1 2°86 3,485 
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Table 2, DATA OF NAKAMOTO et — e IN RECTILINEAR CORRELATION 
IN * 
Type of 0O.... 0 
Compound hydrogen bond distance (Å) ronlemi) 

Nickel complex of 

salicylaidoxme Intramolecular 2 45 3,270 
2-Nitroresoreinol Intramolecular 8-50 3,280 
Saheylic acid Intramolecular 2-59 3,225 
Sahcylaldehyde Intramolecular 2 60 3,100 
Methyl salicylate Intramolecular 2 60 3,220 
Catechol Intramolecular 275 3,333 
(COOH),.2H,6 Intermolecular 2 88 3,460 

iOH H,O Intermolecular 2 99 3,570 
Na0H Intermolecular 3 02 3,571 
Ca(OH)s Intermolecular 3-36 3,690 


The change in slope at 2-8-2-9 A of the solid line for 
intermolecularly hydrogen bonded compounds suggests 
that at O....O distances shorter than this some new 
interaction becomes significant. Pauling’ and Coulson 
and Danielsson! have shown that as the O....O distance 
becomes less, the covalent or delocalization contribution 
to the energy of the hydrogen bond becomes greater. On 
this interpretation Fig. 1 suggests that covalent con- 
tributions to hydrogen bonding energies are negligible at 
O....O distances greater than 2-8-2-9 A and also that 
covalent contributions are negligible for most bent (that 
is, intramolecular) hydrogen bonds. This is not unreason- 
able since orbital overlap will be greatly hindered by lack 
of collinearity in the hydrogen bond. Support for this 
view is given by a previous investigation’ of nitro stretch- 
ing frequencies ın 2-nitrophenol, which indicated that the 
intramolecular hydrogen bond in this compound is 
electrostatic in nature. 

Displacement of a point such as that representing 
salicylaldehyde from the broken line towards lower fre- 
quency may indicate some degree of covalency in the 
hydrogen bond in this compound’. 

I thank the following for generous gifts of compounds: 
Dr. W. J. Pyne, Diamond Alkali Co., Painesville, Ohio, 
for 3,6-dichloro-2-nitrophenol and 3,4,6-trichloro-2-nitro- 
phenol; Dr. G. E. P. Smith, jun., Firestone Tire and Rubber 
Co., Akron, Ohio, for 3-methyl-4,6-di-t-butyl-2-nitrophenol ; 
Prof. M. A. Smith, Bucknell University, Lewisburg, Penn- 
sylvania, for 3-tmfluoromethyl-2-nitrophenol; Dr. T. F. 
Wood, Givaudan Corporation, Delawanna, New Jersey, for 
3-methoxy-2-nitrophenol. 
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influence of Ambient Gases on the Rate of 
Evaporation of Water 


In a recent communication, W. W. Mansfield! has des- 
cribed some new experiments on the rate of evaporation of 
water, from which he has concluded that in work on this 
subject by Sechrist? and by Kingdon? the observed effects 
were influenced more by buoyancy than by any other 
factor. Hitherto the evaporation of water from a source 
at fixed temperature, say 50° Ç, in a quiescent, ambient 
gas with the total pressure of about 1 atm., has been 
considered to be principally determined by the rate of 
diffusion of water vapour through the ambient gas, 
although it has been recognized that there must be also a 
hydrodynamic flow of gas and vapour away from the 
evaporating surface (the Stefan flow*), which has its 
origin in the diffusion of the ambient gas under its con- 
centration gradient near the water surface. The Stefan 
flow is the probable reason for the departure of the rate of 


NATURE 


June 12, 1965 


evaporation of water from lnearity with the vapour 
pressure in the comprehensive experiments of Boelter 
et al.. Mansfield’s conclusion would add a gravitation- 
controlled process to these two diffusion-controlled pro- 
cesses. 

Although experiments on the evaporation of drops are 
admittedly subject to several disturbing effects, ıt appears 
that the most careful experiments are ın too close agree- 
ment with diffusion theory to permit the presence of a 
significant gravitational effect. Thus in the very thorough 
work of Langstroth et al." on the evaporation of droplets 
of water (radius about 0-06 em) in air (690 mm mercury) at 
ambient temperatures of 10, 20, and 40° C, the agreement 
with theory was within 5 per cent. The theory included an 
approximate correction for the Stefan flow (maxumum 
about + 1 per cent). The most important disturbing 
effect was the cooling of the drops by evaporation which 
reduced their actual surface temperatures (average of two 
methods) to about —1-0, + 4-5, and + 12-7° C respectively. 

Langstroth et al. also examined the evaporation of 
toluene drops (radius 0-073 cm) into ambient air at 20° C, 
and obtamed agreement with theory within about 1 per 
cent. The actual temperature of the drop was estimated 
at 11-0-11-4° C (two methods). Toluene has a vapour 
pressure of 13 mm at 11°C, and a molecular weight of 
92-1, so that the density of the toluene-air mixture at the 
toluene surface (assuming no effect of air on the toluene 
liquid bonding) would be 1-04 times that of air. Similarly, 
if Mansfield’s water drop was at 10°C in hydrogen at 
20° C. the density of the water-hydrogen mixture at the 
water boundary would be 1-09 times that of hydrogen. 
If Mansfield’s large effects m hydrogen (+70 per cent, 
—50 per cent) were due to a gravitational effect, it 1s 
surprising that no substantial effects from this cause 
comphcated the results of Langstroth et al. with toluene. 

Mansfield’s experiments are described so briefly that any 
suggestion of another cause for his results must be very 
tentative, although variation in heat transfer to the drop 
is a likely candidate. If he worked with a hemispherical 
drop on the end of a glass tube, it seems likely that the 
transfer of heat from the gas to the drop would be sub- 
stantially different in the upright and inverted positions 
of his flask. The importance of convection currents would 
also depend critically on the size of his flask®. 

In view of these considerations it appears that gravita- 
tional buoyancy effects have not been established as a 
major cause for the observed influence of ambient gases on 
the rate of evaporation of water. 

Kennetru H. KINODON 
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Dr. Kinepon considers that generally the evaporation 
of water into a surrounding gas subjected to a minimum of 
external disturbance 1s determined principally by the 
diffusion of water vapour, and suggests that the experi- 
mental results of Boelter, Gordon and Griffin! may be 
imterpreted accordingly. 

Boelter et al. measured the rate of evaporation from a 
water surface placed flush with the floor of an air chamber, 
with the water surface maintained at a known but ad- 
justable temperature greater than that of the surrounding 
air. The density of the air-vapour mixture at the surface 
differed from that found at some distance to an extent 
determined by the differences in temperature and m 
water-vapour content. Boelter et al. considered the 
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influence of the resultant density gradients on the flux 
of water vapour to be analogous to the well-known 
influence of density gradients on the flux of heat from 
a plate surrounded by an externally undisturbed fluid?, 
and were able to demonstrate quantitatively (see their 
Fig. 7) the validity of this analogy. Such a result makes it 
difficult to appreciate Dr. Kingdon’s suggestion. 

Examination of the data tabulated by Boelter eè al. 
reveals the considerable influence of density differences in 
experiments of this type. Thus, other things being equal, 
the rate of evaporation is more than doubled if the density 
of air adjacent to the water surface, relative to air at 
some distance, is decreased from 0-98 to 0-90. Since Dr. 
Kingdon’s experimental arrangement? was similar in form 
to that used by Boelter et al., one may expect similar 
trends, and the strong influence of gas density upon rate of 
evaporation‘ is explicable. 

The effect of convective flow on vapour flux is not 
determined by density differences alone; inter alia, the 
dimensions of the system involved are important. In the 
experiments of Langstroth, Diehl and Winhold® drops of 
liquid were supported at the centre of spherical flasks, the 
walls of which were coated with an adsorbent of the 
vapour. For experiments of this type convective flow is of 
lesser significance the smaller the value of a modified 
Grashof number d‘g/v? (1 — ./pa), where d is the 
diameter of the vessel, g is the gravitational acceleration, 
v is the mean kinematic viscosity of the gas-vapour 
mixture, pa is the gas density at the vessel wall and po 
that at the centre. Thus Langstroth ef al. found the 
influence of convection to be undetectable experimentally 
in flasks of 31 mm diameter or less, but quite significant 
in a flask of 43 mm diameter. In my experiments a conical 
flask of volume 500 ml. was used, and no adsorbent 
coating was applied. Convective flow induced by density 
gradients may be expected to have been important, in line 
with the experimental observations. 

Summarizing, the three experiments®** designed to 
examine the influence of gases on the rate of evaporation. 
of water were carried out under conditions allowing 
considerable free convection for appropriate differences in 
density. 

W. W. MANSFELD 


C.S.I.R.O. Chemical Research Laboratories, 


Melbourne, 
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Photolysis of L-Histidine 


Ir is well known that ultra-violet irradiation of proteins 
can cause changes of physiological importance but, des- 
pite the increasmg number of publications on aspects of 
this problem, httle is known of the primary processes 
which must precede or accompany the destruction of the 
macromolecule. Our interest is in the mechanism of -the 
photolytic degradation of some of the simple amino-acids 
as an aid to a better understanding of the primary photo- 
lytic processes. This communication gives the results of a 
detailed, but qualitative, chemical investigation of the 
products of photolysis of t-histidine as a first step in this 
broader study. 

Irradiations were carried out on 0-032M aqueous 
solutions adjusted to pH 7:4 with 2 N ammonia and kept 
at less than 20°C by a cold finger insert. The incident 
intensity of the light from a polychromatic mercury 
lamp with the major line at 336 mu was about 1 watt/em?. 
The products were identified by paper chromatography. 
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From a 15-h photclysis the following products were 
identified : (a) aspartic, glutamic and y-hydroxyglutamic * 
acids!, serine, «-alanina, B-alanine, glycine and asparagine ; 
(b) hydroxyproline, citrulline, urea*, histamine, 4- 
hydroxymethyl*-, 4-methyl*-, 4-formyl*-, 4-hydroxy- 
ethyl*-, and 4-ethyl*-imidazole and imidazole* itself, 
as well as imidazole acetic, imidazole lactic, urocanie and 
imidazole-4-carboxylic* acids. Oxalie* and glyoxalic* 
acids were recognized. by specific tests’, likewise CO». 
A. positive test’ for 2-hydroxyimidazole was obtained, but 
its validity is questionable under the reaction conditions. 
A. 1-h photolysis under the same conditions gave the same 
pattern of end prodtcts. Quantitative variations in 
yield were apparent betaveen the two parallel experiments, 
for example, histamine. glutamic, y-hydroxyglutamic and 
urocanic acids increased in concentration with the shorter 
period of irradiation, while imidazole and 4-methylimida- 
zole decreased. The differences became more marked as 
the irradiation time was shortened to 30- and to 15-min 
periods. In these last two cases, L-histidine labelled with 
uC at position 2 in tha ring was photolysed, and detect- 
ion of end products was limited to those compounds con- 
taming the label. All the degradation products in group (b) 
were again recognized w-th marked increases in. concentra- 
tion of histamine and urea at 15 min irradiation. Although 
æ quantitative study ıs necessary and is under way, it is 
apparent that initial attack occurs at both the heterocyclic 
ring and the side chain. The side chain, in fact, appears re- 
markably sensitive to what is essentially oxidative photo- 
lysis in marked contrass to our experience in the case of 
tyrosine’. Several workers®~° have reported their findings 
from photolytic degradations of L-histidine under aerobic 
conditions and without sxception their reports appear in- 
complete. Our results are explicable ifin every case of bond 
rupture, the probability exists that hydrogen and hydroxyl 
moieties add to the reactive centres. Subsequent oxidative 
transformations may follow. Such a hypothesis led us to 
predict and confirm the presence of y-hydroxyglutamic 
acid, and most of the other hitherto unobserved end 
products which are marked *. It is interesting to note that 
the majority of the imidazole-contaiming compounds 
identified are known to possess physiological properties 
similar to, but less efficient than, histidine itself*. 

We thank the Anti-Cancer Council of Victoria for 
financial support. 
R. B. JOHNS 
T. JASKEWYCZ 


Department of Organic Chemistry, 
University of Melbcurne, 
Parkville, N.2, 
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--Electrolytically Activated Contractile 
Polymer 


For several years it has been known that certain types of 
polymers, ‘chemical musc-es’, change dimensions depend- 
ing on their chemical environment’. A typical one is that 
prepared as a co-polymer of polyvinyl aleohol (PVA) and 
polyacrylic acid (PAA)*. This polymer swells or shrinks 
osmotically depending or the total ionic concentration 
inside the polymer. This is determined primarily by the 
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degree of ionization of the weak carboxylic acid groups. 
When the external solution is acidic the degree of dis- 
sociation is low and the polymer shrinks. In alkaline 
solution it expands. This has been referred to as the ‘pH. 
muscle”. 

The same effect can be obtained electrolytically, pro- 
vided a conductor is included within the polymer, and it 
is made to have a low overvoltage for evolution of hydro- 
gen and oxygen. This can be accomplished by filling a 
fibre of the polymer with platinum such as by alternate 
treatments with solutions of platinic chloride and sodium 
borohydride. Direct electrical control should be advan- 
tageous in those circumstances where it is desrred to use 
an electrical rather than a mechanical signal for primary 
control. 

A 13 cm length of a PVA-PAA polymer fibre supplied 
by A. Katchalsky (ref. 1) was impregnated as described 
here with platinum by a series of eight treatments. It was 
then placed in the apparatus illustrated in Fig. 1, with a 
3-g weight on the end of the string. A platinum wire 
placed in the 1 per cent sodium chloride solution next to the 
fibre served as the counter-electrode. Fig. 2 shows the 
changes in length versus time as the fibre was made 
negative (5 V, 40 m.amp), positive (5 V, 40 m.amp), and 
then negative. When the fibre is negative, hydrogen is 
evolved, the solution becomes alkaline, and the fibre 
remains near its maximum length. When positive the 
fibre shortens as the solution surrounding and within the 
fibre becomes acidic. 

The changes in length are about the same as those 
observed using dilute (0-01 N) sodium hydroxide and 
hydrochloric acid. As is shown in Fig. 2, the rate of re- 
sponse is low, since it takes more than 10 minutes for the 
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Fig. 2. Fibre-length versus tıme and voltage 
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length changes to be completed. The fibre weighs about 
0-03 g and contains approximately 0-05 m.equrv. of ion 
exchange capacity. The current of 40 m.amp. corresponds 
to 0-025 m.equiv./min, so that there were about five times 
as many protons generated or consumed as were necessary 
for the reaction. 
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Production of a ‘Cytochrome c’ with 
Myoglobin-like Properties by Alkylating 
the Cyanide Complex with Bromoacetate 


Tear the iron atom of cytochrome c is bound by the 
imidazole rings of two histidine residues was first suggested 
by Theorell and Akesson?, An investigation of the effect 
of pH on the equilibria between ferricytochrome c and 
ionic ligands such as CN~ and N~, provided physicochemt1- 
cal evidence for the presence of at least one Fe-histidine 
bond in the oxidized state of the molecule®. If this bond 
is broken, as for example when a complex of ferricyto- 
chrome c with a ligand is formed, the imidazole nitrogen 
liberated from iron co-ordination should become available 
for reactions that do not take place with the native mole- 
cule. Further confirmation of this structure should thus 
be possible by more direct chemical observations. 

The structures of free ferricytochrome c and its cyanide 
complex can be symbolized as follows’: 








Protein: Fettt___—Tmidazole 
(I) 
Imidazole 
Protein. Fettt_CN- 
(IT) 


In the work recorded here, bromoacetate was used as a 
specific alkylating agent for imidazole at neutral pH. It 
was expected that the free haemoprotein (I) would react 
with bromoacetate, if at all, only at those imidazole 
residues that do not bind the iron; whereas the cyanide 
complex (II) should also be alkylated at the imidazole 
residue displaced from iron co-ordination, that 1s: 














Tmidazole 
Protein Fell! CN- + BrCH,COO- —— 
Imidazole-CH,COO- 
Protei Betti CN- + HBr 
(TIT) 


Removal of the cyanide ion by dialysis with the ensuing 
dissociation. of the complex should result in bonding the 
iron to a solvent water molecule, or a residue in the protein 
different from the particular imidazole utilized in native 
cytochrome c. 

The following experiments were performed. A solution 
of bromoacetic acid was divided into two parts; one was 
neutralized with sodium hydroxide and the other with 
sodium cyanide, and both were brought to a final volume 
of 25 ml. with 0-1 M phosphate buffer, pH 7-0, giving a 
final concentration of bromoacetate of 0-16 M. One hun- 
dred mg of ferricytochrome c were dissolved in each 
solution and these mixtures were kept at room temperature. 
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Aliquots taken at different times were dialysed at 2° 
against water; the visible spectra were then recorded at 
various pH values as described below. There were no 
spectral changes in the cytochrome ec that had been in 
contact with the alkylating agent in the absence of CN-, 
but the haemoprotein which had been complexed with 
CN~ durmg the reaction with bromacetate showed striking 
alterations. After 36 h no further changes were observed, 
which suggested that the reaction was complete. 

' Fig. 1 presents the spectra of the oxidized form of the 
modified cytochrome c at pH 4:0 and at ~H’s 6-10-5. 
At pH 4-0 there is a band at 622 my, an imflexion at 550 
my, and a broad band with maximum at 490 my. This type 
of spectrum 1s characteristic of high-spin ferrthaemoprotein 
‘derivatives such as acidic methaemoglobin and metmyo- 
globin‘. The structural implication of this type of spec- 
trum is that the iron atom is co-ordinated to at least one 
weak-field hgand; this can be a water molecule, as all the 
evidence suggests in the case of the oxygen carrymg 
haemoproteins. However, carboxylate’ and phenolate® 
complexes of ferrihaemoproteins have a similar type of 
spectrum, and the possibility that the modified ferricyto- 
chrome c has a closed crevice structure? involving a 
carboxylate or a phenolate protein residue cannot be 
altogether dismissed. 

At pH 6-0 the spectrum of the mod:fied ferricytochrome 
c is that of a parahaematin, showing a single broad band 
with maximum at 528 mu. However, the spectral similarity 
with native cytochrome c is not complete because in the 
modified haemoprotein neither the 695 my peak nor the 
inflexion at 565 mp is present. No further spectral 
changes were observed between »H’s 6-0 and 10-5. In 
structural terms, these results suggest that between pH 
4-0 and pH 6-0 the modified cytochrome c acquires a 
closed crevice structure in co-ordination with a nitrogenous 
base. 

On reduction with solid dithionite, the modified cyto- 
chrome c at pH 4:0 showed a single absorption peak at 
545 my (Fig. 2). This spectrum is typical of high-spin 
ferrohaemoproteins, such as reduced haemoglobin and 
myoglobin, and the structural implications are similar 
to those discussed above for the case of the ferri oxidation 
state. Hence, at pH 4-0 possible structures for the cyto- 
chrome ¢ alkylated with bromoacetate in the presence of 
cyanide can be written as follows : 
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Imidazole-CH,COO- ,—-—Imidazole-CH,COO- 
Protein Fel H,O Protein Feli——— x- 
(IV) (V) 


where X- in structure (V) represents either a carboxylate 
or, less likely, a phenolate ion. 
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In the reduced state the effect of pH on the spectrum 
of the modified cytochrome ¢ was notably different. At 
pH 6-0 the «- and B-bands of a haemochromogen re- 
appeared at 550 mu and 520 my, but, as the pH was 
raised, the intensity of the bands increased, attaining a 
maximum at pH 10-5. At this pH the ratio of the intensity 
of the «-band with respect to the 8-band was also maximal. 
Furthermore, at any pE between 6 and 10 the maximum 
intensity of the haemockromogen bands could be attained 
by the addition of imidezole. Above pH 10, however, the 
addition of imidazole had no effect. The pH dependence of 
these changes, extending over 5 pH units, as well as the 
lack of isosbestic behaviour between the spectral forms 
involved, wndicates that the formation of the haemochro- 
mogen of the modified cytochrome c cannot be interpreted, 
as it was in the case of the parahaematin, m terms of the 
ionization of just one group being involved in the closing of 
the crevice. 

In haemoprotein chemistry, the denaturation of high- 
spin compounds, such as haemoglobin and myoglobin 
under mild conditions results in ther conversion into low- 
spin compounds, with characteristic haemochromogen and 
parahaematin spectra. The reaction described here is 
unusual in this respect, because it allows one to observe the 
properties of a high-spix type of cytochrome c at a pH 
compatible with protein stability, even though in its native 
state cytochrome c is the classical example of a low-spin 
haemoprotein throughou; the entire pH range of 4-11'. 

This investigation was supported by a U.S. Public 
Health Service grant 4M -03187. 
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Narcotic Analgesics : Possibility of 
Broadening the Structural Basis of Analgesics 


MorpPxHine, and its chemical congeners with similar 
pharmacological activity. tend to fall into a common 
structural pattern. They are generally tertiary nitrogen 
bases, —N#,, characterized by the usual sp? tetrahedral 
bonding. The actual bass function is performed by the 
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unshared pair of electrons on the nitrogen. They have a 
centrally located, quaternary carbon atom, and an aryl 
group or groups attached directly to the central carbon 
atom, and the central carbon is separated from the nitro- 
gen. by a two-carbon chain (sp? bonded). 

These generalizations have all suffered some modifica- 
tion in the past few years’. The third, the possession of 
one or more aryl groups, concerns the requirement for 
aromatic character in a morphine-like analgesic, and 
appears to be the most important characteristic. Although 
isolated instances of ‘all-aliphatic’ analgesics have been 
reported in the past*, the reports have not mentioned 
any morphine-like characteristics other than analgesic 
activity. 

We report here two members of a structurally homo- 
geneous group, one member of which is an aralkyl nitrogen 
base, and the other a completely aliphatic analogue. In 
pharmacological activity they are sufficiently similar to 
each other and to morphine to cast doubt on the validity 
of the generalization that such compounds must carry 
an aryl group attached to the central carbon atom. The 
general structure may be written as follows, where F 
represents a phenyl group in compound I, or a cyclohexyl 
group in compound IT. 


CH, O 
R00 0n, om, br 
$ dm, 
CH, 3 
I: R = phenyl, If: R = cyclohexyl. 


The compounds were synthesized by treating methyl 
2-dimethylamino-3;3-dimethyl cyclobutane carboxylate 
with the appropriate Grignard reagent®. Compound I, 
4,4-dimethyl 5-dimethylamino 5-phenyl valerophenone, 
18 a very weak base that refused to form crystalline salts, 
even with perchloric acid. Compound II, 4,4-dimethyl 
5-dimethylamino 1,5-dicyclohexyl pentanone-l, gave a 
satisfactory crystalline citrate. The pharmacological 
work reported here was all done on the racemic form 
of the bases. In accordance with the recommendations 
of Janssen’, the analgesic activities were checked in two 
independent laboratories. 

The results of analgesic tests done by means of the tail- 
flick method! are given in Table 1. Compounds I and I, 
as judged by our results, are generally equivalent to 
codeine phosphate in analgesic activity when administered 
intraperitoneally, although somewhat less active by the 
oral route’. 
the hot-plate method of Eddy’. Dr. Merle Pindell of 
Bristol Laboratories checked these compounds at Syra- 
cuse. He found ITI to be less active than I on intra- 
peritoneal administration; it showed no activity orally. 
The fact that the initial time of measuring analgesia was 
considerably greater than ours may explain the dis- 
crepancy. 


Table 1 
Average total analgesia 
Compound Dose (mg/kg) No animals a 1p. 
Oral Lp. ra Lp (min-sec) (min-sec) 
I 25 25 25 20 23 39 
50 5 10 20 69 48 
75 10 16 20 89 68 
100 2U 10 iG 167 168 
II 25 cg 15 10 38 28 
50 5 25 20 74 30 
75 10 10 1 83 95 
100 14 10 10 149 174 
20 20 193 
Codeine 10 25 50 10 39 50 
phosphate 20 5 320 15 59 88 
45 10 15 15 77 108 
60 14 10 10 117 182 
20 1 229 
Water — — 415 — 4 — 
Saline — —* — 75 — 9 


The acute toxicity of the new compounds as compared 
with codeine phosphate is as follows: 
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LD. (mg/kg) 
Mouse Rat 


VoL 206 


Compound 
I Oral 400 500 
ip. 06 120 
it Oral 750 840 
ip. 80 110 
Codeine phosphate Ora 425 550 
Lp. 80 100 


The analgesic effect of the dicyclohexyl nitrogen base 
was antagonized to the same degree as an equivalent 
amount of codeine phosphate when ‘Nalline’ was admini- 
stered concurrently. However, the administration of 
‘Nalline’ 20 min after the test drug did not appear to cause 
antagonism, whereas significant antagonism was noted 
with codeine phosphate. ‘Nalline’ effectively reversed 
the blood pressure lowering effect and respiratory depres- 
sion induced in an anaesthetized cat by the intravenous 
injection of 10 mg/kg of the dicyclohexyl nitrogen base. 
The same general effect was noticed with I. 
While I and II do not by any means display the analgesic 
potency of morphine, they do nevertheless display the 
general overall pharmacological characteristics of the ner- 
cotic analgesics. We believe that these observations are 
reasonably sound evidence that, while aromatic groups m 
structures possessing the four characteristics listed here 
may lead to analgesia, they are not necessary. Further 
details of this work will be published at a later date. 
We thank Dr. Merle Pindell and his group at Bristol 
Laboratories for checking the activity of the compounds 
mentioned herein. 
Armin WILSON 
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BIOCHEMISTRY 


Distribution of Mucopolysaccharides in the 
Human Vascular Tree 


THREE major groups of mucopolysaccharides—hyal- 
uronic acid, heparitin sulphates, and the chondroitin 
sulphates—-occur in the human aorta, and the proportion 
of hyaluronic acid to chondroitin sulphate has been shown 
to decrease with age’, There has, however, been little 
work on the changes in mucopolysaccharide composition 
in the same individual from one artery to another, and 
one reason for this is the difficulty of adapting existing 
techniques to the examination of small samples of tissue. 
Yet this approach is of interest, because all arteries do 
not behave m the same way with increasing age; some 
regularly develop atheroma, others do not. 

Electrophoretic separation of mucopolysaccharide mix- 
tures on cellulose acetate strips‘ has been shown to give 
very similar results to those obtained by stepwise salt 
elution from columns of strongly basie ion-exchange 
resins’ with the added advantage that very small (less 
than 1 ug) quantities of individual mucopolysaccharides 
can be examined. 

To examine the distribution of mucopolysaccharide in 
the human vascular tree, material was obtained from 6 
(4 males, 2 females) previously healthy individuals 
between. the age of 20 and 30 years, killed suddenly by 
accident. At necropsy, samples were taken from 12 
arterial sites as shown in Table 1. After stripping off the 
fibrous adventitia, the mucopolysaccharides were isolated 
from 100 mg (damp weight) samples of tissue from each 
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Table 1. DISTRIBUTION OF MUCOPOLYSACOHARIDES IN THE VASOULAR TREE 
OF A MAN OF 29, KILLED SUDDENLY BY ACCIDENT 


The abdominal aorta showed a little fatty streaking, HA, hyaluronic acid. 
S, heparitin sulphates. CS, chondroitin sulphates 


Circumference % Total mucopolysaccharides 
(mm) HA 5 Ss 


No. 4989 


Artery H C 
Ascending aorta 55 990 22-4 68°6 
Thoracic aorta 47 12-7 22 3 67 0 
Abdominal aorta 35 47 224 72:9 
Common iHac 21 11-4 25 9 62 7 
External illac 17 187 23°9 57 4 
Common carotid 16 134 211 655 
Brachial 19 222 217 56:1 
Coronary 9 10°4 23 6 661 
Middle cerebra! 7 2-0 28-5 695 
Bastlar 6 36 28-1 68 3 
Radial 6 22 1 27-1 508 
Inferior vena cava 60 27°5 19 6 53 5 


arterial site by papain. digestion, dialysis and lyophiliza- 
tion. Cellulose acetate electrophoresis was carried out at 
pH 9-2 under carefully controlled conditions in a constant- 
temperature room, and the strips were stained in an acidic 
solution of alcian blue. The relative densities of the three 
bands corresponding to hyaluronic acid, heparitin sul- 
phates and chondroitin sulphates were measured in a 
Joyce chromoscan. These procedures are described in 
detail elsewhere’, 

The general pattern that emerged in each case was of 
a rising hyaluronic acid : chondroitin sulphate ratio as 
the anatomical site moved from aorta to peripheral 
arteries, or in other words, the mucopolysaccharide 
pattern became progressively ‘younger’ as the arterial 
tree was descended. There were, however, three notable 
exceptions to this general rule. 

The first was the abdominal aorta, which had a lower 
hyaluronic acid: chondroitin sulphate ratio than the 
rest of the aorta. Next, the coronary artery showed a 
lower hyaluronic acid : chondroitin sulphate ratio than 
peripheral arteries of comparable size. Most striking of 
all, the two intracranial arteries showed a remarkable 


1 2 3 
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Fig 1 Electrophoretic pattern of mucopolysaccharides isolated from 

(a) the basilar artery and (b) the 1adial artery of a female of 20, killed 

suddenly by accident. Peak 1, hyaluronic acid, peak 2, heparitin sul- 
phates; peak 3, chondrojtin sulphates 
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deficiency of hyaluroric acid when compared with any 
other artery (Fig. 1). 

It is interesting to note that these three arterial sites— 
unique in their mucapolysaccharide pattern at an age 
when macroscopic arterial disease is unusual—are the 
three sites that are parzicularly prone to develop atheroma 
at a later age. The size chosen for the abdominal aorta, 
midway between the crigins of the renal arteries and the 
aortic bifurcation, is the region of the aorta that is 
most severely affected by atheroma. The portion of 
the coronary arterial tree chosen for this investigation 
was the proximal 3 erm of the anterior descending branch 
of the left coronary artery, which is the site most com- 
monly affected by atheromatous narrowing and occlusion 
in middle and later life. Similarly, the two intracranial 
arteries examined—ths basilar and middle cerebral— 
frequently develop atheroma in later life. 

Although this apparent association between an unusual 
mucopolysaccharide pattern and a tendency to develop 
atheroma in later life may be explained in a number of 
ways without invoking a causal relationship, the possi- 
bility that such a relationship may exist is worth con- 
sidering. The increase in sulphated mucopolysaccharides 
found in atheromatous arteries by Curran and Crane’ was 
attributed to an inflammatory response to some substance 
such as fibrin, but the andings reported here suggest that 
a mucopolysaccharide elteration may precede the develop- 
ment of atheroma. 

Molecular sieving properties have been attributed to 
chondroitin sulphate—protein complexes®. At a time when 
research into the cause of atheroma is shifting in emphasis 
from abnormalities in blood lipids to platelet-fibrin 
deposition in arteries, the results of this investigation 
may be a reminder of a third possibility—disordered 
handling of lipid by the arterial wall. Such a concept is 
not entirely new. The imbibition theory of atheroma, as 
Aschoff called it, was introduced by Virchow? in 1858. 
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Qualitative Chemical Composition of the 
Calcifying Organic Matrix obtained from 
Cell-free Coccoliths 


BIOLOGIOAI. mineral deposition has been defined as a 
biphasic process comprised of an organic matrix on which 
specific minerals are deposited’. Investigations with the 
euryhaline supralittoral coccolithophorid Hymenomonas 
Mary Parks 156 have shown that this primitive and 
ancient protist fulfils ail the requirements of biological 
calcification in its production of calcitic coccoliths’~. 
The fact that Hymenomonas extrudes a large number of 
its coccoliths as it ages and that simple manipulation of 
the cultures? permits collection of the extra- and intra- 
cellular calcareous bodies makes these organisms excep- 
tional test objects for an mvestigation of the physiclogy 
and intumate chemistry of biological mineral deposition. 

Complete decalcification of coccoliths by a number of 
means invariably resulted in a loss of nitrogen along with 
the minerals. Dialysis of the decalcification liquor 
yielded a Lowry®- and anthrone*-positive material capable 
of recombination with calcium as calci1um-45. Analysis 
of the decalcified organic matrix, complicated by its 
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solubility in only orthophosphoric acid and hydrogen 
iodide, indicated the presence of a similar material. 
Both fractions yielded on hydrolysis with hydrochloric 
acid a number of amino-acids demonstrable by chromato- 
graphy and with a composition shown in Table 1. Pro- 
longed exposure of intact coccoliths to distilled water 
resulted in the liberation of organic as well as inorganic 
materials. Analysis of the organic fraction dissolved 
within the first 3 days of exposure to water resulted in the 
recovery of the same amino-acids, but with the addition 
of hydroxyproline quantitatively determined at 0-4 
per cent. This aqueous fraction moved.as a single peak in 
water and, in 0-9 per cent sodium chloride in the ultra- 
centrifuge at 45,000 r.p.m., moved slightly, as a broad 
band, toward the anode in cellulose acetate electrophoresis 
at pH 8-6, and was not readily digested by proteolytic 
enzymes resembling in this respect the intact and decalci- 
fied coccoliths. This fraction still reacted with anthrone 
reagent and qualitative tests indicate the presence of 
glucose and uronic acid. 


Table 1. QUANTITATIVE AMINO-ACID COMPOSITION OF COCCOLITH EXTRACTS 


HCl HPO, I 
Amino-acid extract extract extract 

Oysteic acid 4°4 18 08 
ethionine sulphone 0:4 08 0-5 
Aspartic acid 51 6-1 6:2 
hreonine 35 53 54 
Serine 55 59 51 
Proline i 4-1 62 § i 
Glutamic acid 10 2 15°7 18 8 
Glycine 51 75 6-8 
Alanine “64 9-8 8-2 
Valine 5 6 64 64 
Isoleucine 46 38 39 
Leucine 80 106 09 
Phenylalanine 46 80 71 
ysine 58 58 42 

Histidine 174 0 Trace 
ginine 53 83 82 
Methionine sulphoxide Trace 0-5 08 
Methionine Trace Neg.” 1-6 
‘Taurine Trace Neg. Neg. 
Ornithine Trace Neg Neg. 
Tryptophan Neg Neg Neg 
Tyrosine Neg. 2-0 2-0 
Asparagine Neg. Neg. Neg. 
Cysteine Neg. 0-4 02 


The —— amino-acid analyses were performed by H. Pazdera, 
Chas. Pfizer and Co., Inc., Brooklyn, New York 


It is of interest and phylogenetic mmportance that this 
protist at the juncture of vegeto—animal cleavage should 
utilize a complex of protein and polysaccharide for 
purposes of mineral deposition. The paucity of sulphydry] 
and aromatic amino-acids and the presence of hydroxy- 
proline in the protein fraction as well as the polysaccharide 
moiety suggest that some of the basic requirements for 
mineral deposition evolved very early in the history of 
life. 

This work was supported by grant DH#-01662-02 from 
the National Institute of Dental Research, U.S. Public 
Health Service. 
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A Radio-enzymatic Assay for Folic Acid 


Many important physiological substances such as some 
of the hormones, vitamins and metabolic substrates are 
present in both animals and humans in minute concentra- 
tion; that is, at levels not detectable by usual physico- 
chemical procedures. This has necessitated the applica- 
tion of perhaps more sensitive, but usually less specific, 
biological assays. The results of such assays are often 
variable from laboratory to laboratory, frequently lack 
specificity, and usually require special technical skills. 

The availability of radioisotopes for labelling these 
substances has spurred the development of radioassay 
procedures based on the principle of competitive inhibi- 
tion of a reaction involving the labelled compound by its 
unlabelled counterpart. The pioneering work of Yalow 
and Berson! in the development of a radioimmunoassay 
for insulin Jaid the foundation for similar assays of other 
protein hormones?. These assays are based on the com- 
petitive inhibition by the unlabelled hormone of the 
binding of hormone labelled with iodine-131 by specific 
antibody. The principle was then extended in this 
laboratory to a radioassay for vitamin B,, (ref. 3). In this 
instance the unlabelled vitamin B,, competed with labelled 
By, (&°CoB,,) for the binding sites of intrinsic factor. 

This communication shows that unlabelled folic acid 
will competitively inhibit the enzymatic reduction of 
tritiated folic acid and therein lies a new approach to the 
assay of minute concentrations of folic acid. Prerequi- 
sites for this system are: first, a well-defined enzymatic 
reaction; secondly, tritiated folic acid of very high specific 
activity; and thirdly, a method of separating the labelled 
reactant from the labelled product. 

The enzymatic reduction of folic acid to tetrahydrofolic 
acid has been demonstrated by several investigators*.>, 
Reduced nicotinamide-adenine dinucleotide (NADPH,) 
is à necessary co-factor. The reaction may be summarized 
as: 


VoL, 206 


Folic acid reductase 
Folate + NADPH, Z 





totrahydrofolate + NADP 


For these experiments the enzyme, folic acid reductase, 
has been extracted from fresh chicken liver by 
Zakrzewski’s method’. Tritiated folic acid is now available 
with a specific activity of 4-45 c.{mM. This permits a 
reduction of the tracer level to approximately 2 mug with 
significant radioactivity detectable using a ém radio- 
chromatogram scanner. The tetrahydrofolate is separated 
from the folate by descending paper chromatography 
using a mixture of glacial acetic acid—butanol—mercapto- 
ethanol as the solvent (84-5:15:0-5). Because the 
small concentration of tritiated folic acid used 1s 
soluble in that solvent, the reaction mixture is applied 
to an area of the paper previously overlaid with stable 
folic acid. The tritiated folic acid mixes with this great 
excess of stable folate and remains at the origin, while 
the tetrahydrofolate, being soluble in the solvent, moves 
with the front. Fig. 1 is a radiochromatogram showing 
the separation of tritiated folic acid from tritiated tetra- 
hydrofolie acid. 

The incubation mixture contains 100 ul. citrate buffer. 
0-02 M, pH 4:8, 10 ul. tritiated folic acid containing 2 mug 
(4:45 x 10-22 moles), 10 ul. NADPH, containing 4-4 x 10-8 
moles, 10 ul. mercaptoethanol containing 2-3 x 10-® moles 
and 100 ul. of the enzyme preparation (always added last). 
The reaction is stopped at the end of the incubation with 
50 wl. of glacial acetic acid. 200 ul. are then applied to the 
area of the paper strips previously overlaid with the stable 
folic acid. Standard quantities of stable folic acid dis- 
solved in the same citrate buffer are then substituted for 
the plain citrate buffer m the incubation mixture to demon- 
strate competitive inhibition. The paper strips are 
chromatographed until the solvent front is about 5 in. 
below the yellow folate band. The papers are air dried 
and the yellow folate region scanned for radioactivity 
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folio acid CEA) from tritiated t tetany dotolc acid (TFA HO. “The dark 

area on the paper strip is the stable folle acid 
using a 4x gas-flow detector. The percentage conversion 
is calculated by subtracting the area representing tritiated 
folic acid radioactivity from a zero conversion standard ; 
that is, an incubation in which no conversion occurs 
because the incubation mixture is acidified with acetic 
acid prior to the addition of the enzyme, This standard is 
similarly chromatographed. 

It is important that the enzyme concentration be 
reduced to a level at which maximum velocity (V max) 
occurs at the tritiated folic acid concentration; otherwise 
competitive inhibition will not be evident until the total 
substrate concentration (labelled and unlabelled) reaches 
a levei at which the reaction proceeds at Vmax. The 
incubation time varies from 24 to 48 h depending on the 
enzyme concentration. Because the enzyme is gradually 
inactivated at 37° C, the reaction is carried out at 10° Č. 
This low temperature, in addition to the low enzyme 
concentration, necessitates the prolonged incubation. 

Fig. 2 is a series of radio-chro representing 
the zero conversion standard, the conversion of the 
tritiated folic acid alone, and the conversion of the same 
amount of tritiated folic acid incubated with three 
different amounts of stable folic acid; 1, 4 and 8 myg. 
lt is clearly evident that the area of radioactivity, which 
here represents unconverted tritiated folic acid, increases 
as the concentration of added stable folic acid increases. 
In Fig. 3 the ratio of the percentage converted to percent- 
ate unconverted tritiated folic acid is plotted as a function 
of the stable folate concentration. By determining the 
inhibition of the reduction of the tritiated folic acid, it 
should be possible to estimate the amount of folie acid in 
an unknown solution by reference to the standard curve. 

It should be appreciated that the specificity of an assay 
such as this depends on the specificity of the enzyme. 
Folic acid reductase has been shown to catalyse the reduc- 
tion of several pteridine compounds with greatest specifi- 
city for dihydrofolie and folic acid, respectively™’, The 
specificity is pH-dependent with both forms reduced at an 
acid pH but only dihydrofolate reduced at a neutral 
pH (ref. 7). It is evident, therefore, that an assay of an 
unknown solution must be interpreted with this know- 
ledge. However, the versatility of an enzymatic assay 
lies in the fact that greater specificity may be attained 
by either a more purified enzyme or variation of the 
incubative environment, particularly pH. This assay is 
now being applied to the determination of folic acid (and 
dihydrofolic acid) in human serum. Most important will 
be the correlation of levels found in various groups of 
subjects (that is, normal, folate deficient, and subjects 
given folic acid) and the quantitative recovery of known 
amounts of folic acid added to serum prior to assay. 
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Besides its potentiel as a direct assay for 
reducible folate compounds, this technique introduces 
basic methodology which can be applied for the assay 
of any substrate for which an enzymatic reaction has been 
defined and for which shere is a radioisotopic labelled form. 
Another potential use of this procedure is the assay of 
low levels of enzyme. For the first time a reaction involv- 
ing as little as 4-45 x 1)-'* moles of folic acid can be moni- 
tored; hence, proport-onally lower levels of the reducing 
enzyme should be desectable. Since the folic acid anta- 
gonists are specific inhibitors of the enzyme, it should also 
be possible to assay minute levels of these compounds 
by setting up appropriate standard inhibitory concentra- 
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Fig. 2. A series of radiochromatograms illustra the inhibitory effect 
of stable folie acid on the reduction of TFA. Thea of radioactivity 
represerts unconverted TFA 


Percentage TFA converted 
Percentage TFA unconverted 
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Fig. 3. Ratio of the percentage converted to percen 


unconverted 
TFA is plotted as a functicn of the quantity of stable folic acid 








tions. Because this enzyme and the folie acid —— 
have an important bearing on the clinical and research 
aspects of acute leukaemia, the development of these 
applications may prove very valuable. 

This work was supported by grant U~-1190 from the 
New York City Health Research Council. I thank 
Dr. Robert Goldstein for his advice, and Miss Carol 
Schreiber for technical assistance. 

SHELDON P, 
Blood Research Laboratory, 
New York Medical College, 
Fifth Avenue and 106th Street, New York. 
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Reduction of Colour Fading in the PNPH 
Test for DNA in Bovine Spermatozoa 


COLORIMETRIC tests are employed routinely for estimat- 
ing the deoxyribonucleic acid (DNA) content of tissues. 
The diphenylamine test, originally deseribed by Dische}, 
or subsequent modifications of it, are the most frequently 
used. Other colorimetric tests include Ceriotti’s indole? 
and the p-nitrophenylhydrazine (PNPH) proposed by 
Webb and Levy®. The latter is the most sensitive, but. 
possesses the disadvantage of rapid colour fading. In 
1963 Brown et al.4 proposed a modification of the PNPH 
test for plant leaf tissue that is more sensitive and stabil- 
izes the colour. This modification, applied to animal tissue, 
does not increase the sensitivity of the original method, 
but it does reduce the colour fading. Essentially this test 
differs from the Webb—Levy technique in the extraction 
procedure since iso-amyl acetate replaces the butyl 
acetate. This is then followed by an extraction of ethy! 
ether to remove residual amyl acetate. Colour is devel- 
oped in n-butyl alcohol made strongly alkaline by the 
addition of anequal volume of 50 percent sodium hydroxide. 

In this procedure nucleoprotem is extracted according 
to Borenfreund et al.. For our purposes we suspend a 
100-mg sample of bovine spermatozoa in a beaker con- 
taining 20 ml. of 0-5 M NaCl-0:005 M Na citrate. 2-Mer- 


captoethanol is then added to a final concentration of 


2 per cent and the mixture incubated at 4° C for 2 h with 
gentle stirring. Trypsin is then added (10 mg) and the 
incubation continued for 1 h at room temperature‘. The 
sample is then centrifuged and the supernatant saved for 
analysis. Incubation with trypsin is repeated twice, 
the supernatants combined, and the nucleoprotein pre- 
cipitated by the addition of two volumes of ethanol. 
The precipitated nucleoprotein is collected with a glass 
rod and dried over calcium chloride. DNA is hydrolysed 
with 5 per cent TCA (trichloroacetic acid) and brought to 
volume with 5 per cent TCA. Colour is developed by the 
method of Brown et al. and absorbanee at 580 mu used 
as an indication of the DNA content. Representative 
comparisons made for reduction of colour between the 
original method and the present modification are shown 
in Table 1. 


Table 1. COMPARISON OF COLOUR STABILITY BETWEEN THE WEBR-LEVY 


AND Brown PNPH COLORIMETRIC TESTS FOR DNA 


Webb-Levy Brown 
Time Loss of Loss of 
Emin) OD. eolour (%) OD. colour (%4) 
0 01871 0} 951871 9 
5 1739 7-06 STI 9 
10 01612 13-84 IST 0 
20 0-1618 18°85 1871 5 
40 018397 2533 1871 0) 
60 {11308 30-09 1871 0 






As indicated in Table 1, the present modification reduces 
the loss of colour, amounting to approximately 30 per 
cent in the Webb—~Levy method, to virtually nil in the 
present modification at the end of Lh. This reduction in 
colour fading adds greater precision to the PNPH method 
for estimating DNA. 

This work was supported in part by a grant from the 
Herman Frasch Foundation. 
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Technicon Autoanalysis of the Ninhydrin- 
positive Phospholipids of Lactobacillus casei 


ANALYSIS Of the phospholipids of Lactobacillus casei by 


thin-layer chromatography has revealed the presence of 


an unidentified ninhydrin-positive compound, accounting 
for 30 per cent of the total phospholipid phosphorus}. 
The identity of this substance and the presence of other 
ninhydrin-positive compounds have now been determined 
using & Technicon autoanalyser by the method of Gaby 
and MeCurley?. 

A 47-5-mg sample of bacterial lipid was prepared as 
described previously! and hydrolysed with 2 ml. 6 N 
hydrochloric acid at 110° C for 24 h in a sealed tube. The 
hydrochloric acid was removed at 100° C with a rotatory 
evaporator; 1 ml. water was added and the sample 
re-dried three times. It was then suspended in 3 ml. 
0-1 N hydrochloric acid and 0-5-ml. aliquots were taken 
for Technicon autoanalysis on a column of Technicon 
‘Chromobeads A’ (17u), using a buffer system with a 
continuous gradient from pH 2-87 to pH 5-0 (ref. 3). The 

results are given in the first column of Table i The 
ar quoted represent the molar quantity of each 
amino-acid as a percentage of the total ninhydrin-positive 
material, neglecting ammonia. The bulk of the material, 
71-3 per cent, was identified as lysine. In addition, 6-9 per 
cent of the amino-acids were alanine and 5-5 per cent 
ornithine. Small quantities of aspartic acid, threonine, 
serine, glutamic acid, glycine, valine, leucine, isoleucine 
and phenylalanine were present. | 

The oceurrence of lysine in the phospholipids of lactic 
acid bacteria has been reported previously by Ikawa', 
and it has also been found in Clostridium welchit® and 
Staphylococcus aureus’. It is suggested by Houtsmuller 
and van Deenen” that the formation of membraneous 
phospholipids containing basic amino-acids may represent 
a response of the organism to the acidity of the surround- 
ing growth medium. 


Table 1. AMING-ACID CONTENT OF THE PHOSPHOLIPIDS OF L, casei 


Extracted Phospholipid washed 
phospholipid with 01 X HC1* 
(molar percentage) (molar percentage) 


Aspartic acid 3 Og 
Threonine 3-0 (7 
Serine 2-4 1-7 
Glutamic acid 13 OS 
abycine 31 16 
Alanine 6-9 9 
Valine 17 +f) 
Tsoleucine 9 T 
Lencine oo 33 
Phenylalanine 1-3 1-4 
Ornithine 55 pü 
Lysine 713 76-3 


* Extracted phospholipid washed by the method of de Koning’. 
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Kodicek and “MeQuillen (unpublished results) have 
demonstrated the incorporation of U-“C-lysine into the 
lipids of L. casei. Chromatography of the total phospho- 
lipids on silicic acid-impregnated paper (a generous gift 
from Prof. E. F. Gale) in diisobutylketone/acetic acid/ 
water, 40 : 20:3 by volume, gave a strong ninhydrin- 
positive spot, Rp 0:30, and a weaker ninhydrin-positive 
spot, Rp 0-42. The stronger spot could be the O-lysine 
ester of phosphatidyl glycerol described by Macfarlane® 
and by Gale and Folkes’. 

During his work with the phospholipids of pilchard, 
de Koning’ found that lysine was attached to the phospho- 
lipid molecule by a salt-like linkage which could be broken 
by washing with O ‘1 N hydrochloric acid. The second 
column in Table 1 shows the amino-acid composition of 
L. casei phospholipid treated in this manner. The lipid 
(14:5 mg) was dissolved in 2 ml. diethyl ether and washed 
with 2 ml. 0-1 N hydrochloric acid. The aqueous layer was 
re-extracted with 2 ml. diethyl ether and the ether extracts 
were combined, evaporated to dryness and hydrolysed as 
described above. After washing, ornithine was no longer 
found, suggesting that it is a contaminant. The levels of 
aspartic acid, threonine, serine, glutamic acid and glycine 
were reduced by washing. From these results it is con- 
cluded that lysine is indeed the major amino-acid of the 
phospholipids of L. casei. 

A small amount of phosphatidyl ethanolamine was 
previously found in the phospholipids of L. casei after 
separation by thin-layer chromatography*. No ethanol- 
amine could be seen after separation on the Technicon 
column, owing to masking by the beginning of the 
ammonia peak. Only large quantities of ethanolamine 
would be detected by this method. 

We are grateful to Dr. E. Kodicek for advice and 
encouragement. 
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Inhibition by Aminoacetonitrile of 
DimethylInitrosamine Metabolism in the 
Rat’s Liver — 


Ir has already been reported that aminoacetonitrile 
(AAN) protects the rat’s liver against the necroses caused 
by carbon tetrachloride!*, allylamine*’, bromobenzene', 
chloroform? or dimethylnitrosamine’, whereas it is 
ineffective against necroses induced by thicacetamide and 
tannic acid’. 

The mechanism through which dimethylnitrosamine 
{DMNA) exerts its damaging action on the parenchymal 
cells of the liver is better known than that of other sub- 
stances the necrotizing effect of which on the rat’s liver is 
inhibited by AAN. Dimethylnitrosamine is therefore the 
most suitable substance to use in studying the mechan- 
ism by which AAN exerts its protective action. 

Dimethylnitrosamine is not toxic in itself, but it is 
transformed by a demethylating microsomal enzyme 
into a very unstable monomethylated compound. This 
breaks down giving an alkylating product, most likely 


biochemical lesion, as well as the cellular necrosis, b 
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diazomethane’?~*, which causes the alkylation of- 
nucleic acids and of she proteins of the liver cel 
mainly at the microsome level? where its formation tak 
place. This alkylation is most probably responsible f 
the biochemical lesions of the liver which lead to celluk 
necrosis. Among the earliest: biochemical changes afte: 
injection of a necrotizing dose of DMNA is the inhibition 
of the synthesis of proteins. It has been observed in 
previous experiments!* that aminoacetonitrile hinders 
this early inhibition of the synthesis of proteins. The: 
observations suggest that AAN may prevent this inibi 











inhibiting the enzymatic demethylation of DMNA, thus 
hindering the formation of the alkylating compound. 

The aim of the present research was to investigate 
whether AAN acts in this way, and the effect of AAN 
on the concentration of dimethylnitrosamine in the rat’s 
liver has been investigated. If the protective action of 
AAN is exercised by inhibiting the demethylation of- 
dimethylnitrosamine, one should find a higher DMNA 
concentration in the liver of rats treated with AAN than 
in the liver of rats whicn did not receive it. 

Male albino rats weighing 200-230 g were used. All 
rats received 10 mg DMNA dissolved in 0-2 ml. water, 
administered by peritoneal injection. One group received 
DMNA alone; in another group 60 mg aminoacetonitrile 
hydrosulphate, dissolvec. in 0-6 ml. water and neutralized 
with NaOH, were given subcutaneously 30 min before 
administration of DMNA 

The rats were killed by decapitation 15 or 90 min after 
DMNA had been admmistered. The concentration of 
DMNA in the liver was determined by the polarographic 
procedure described by Heath and Jarvis". 

The results are shown in Table 1. Dimethylnitros- 
amine concentrations found in the liver of the rats treated 
with AAN are higher than those observed after the same 
period of time in the liver of the rats treated with DMNA 
alone. 

Since excretion of DMNA is negligible in the rat**, the 
fact that the level of DMNA in the rat’s liver is kept higher 
by administration of AAN indicates that AAN prevents 
DMNA metabolism. We can also state that this inhibition 
of DMNA metabolism must take place inside the liver, 
since it has been reported that DMNA is metabolized 
only in this organ’. 

It therefore seems reasonable to state that the results 
are consistent with the hypothesis that AAN prevents 
the liver lesions induced by DMNA by hindering the 
enzymatic demethylation of this compound. One cannot 
state, however, that the entire protective action of AAN 
is due solely to this mechanism. It is impossible to cal- 
culate from our experiments the quantities of DMNA 
which were metabolized or, therefore, the percentage — 
inhibition exerted by AAN on the demethylation of DMNA >- 
(AAN does not completely prevent the appearance of the 
liver necrosis caused by DMNA; it considerably reduces 
the extent of the necrotic areas®). 

The question arises et this point whether AAN, in 
preventing the liver lesions caused by carbon tetra- 
chloride!-*, chloroform‘*, bromobenzene® and allylamine‘, 
acts through a mechanism similar to that to which is 
due, in part at least, the protection afforded against 
the damaging effects of dimethylnitrosamine. In this 
case it may be assumed that these substances require the 
intervention of enzymatic activities to exert their toxic 





Table 1. CONCENTRATIONS oF DMNA IN THE RAT'S LIVER (ug/g WET 
WEIGHT) 
Time after Rats treated Rats treated Significance 
DMNA injection with DMNA with both D 
(min) alone DMNA and AAN difference 
15’ (6) 44-8 +0-97 (6) 49-3 + 1:33 P< 0-02 
wY (12) 357 +0-69 (7) 44-7 +116 P<0-0001 


The number of rats is shown in parenthesis. Pata are given as means 
+standard errors. Significance ef differences between means was estimated 
with Student's ‘t-test. 
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action, and that aminoacetonitrile inhibits the activity 
of these enzymes. 

Further experiments will be made in order to see if this 
assumption can be supported. We intend also to establish 
whether AAN inhibits the demethylation of DMNA in 
vitro. 

L. FIUME 

Institute of General Pathology, 

S5. ROFFIA 
G. Ciamician Institute of Chemistry, 
University of Bologna, 
Italy. 
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Transport of Sodium and Water by Rabbit 
ileum, in vitro and in vivo 


Previous studies from this laboratory’? have indicated 
a deficiency of Nat ion absorption from the gastro- 
intestinal tract in cholera’, and an inhibition of Nat 
transport in the short-circuited frog skin in the presence 
of cholera stool, We are studying animal models to eluci- 
date intestinal mucosal cell function in cholera, A 
difference in function has been noted when Na* ion trans- 
fer in the everted intestinal sac in vitro was compared with 
data from loops of the adult rabbit in vivo. 

Table 1 shows typical data obtained with the everted 
rabbit ileal sac. It is evident that glutamine markedly 
stimulates water transport and increases the unidirec- 
tional and net transport of Nat ion. Although these data 
are from experiments specifically designed to compare 
the in vitro and in vivo preparations, many closely related 
experiments have consistently shown this stimulation in 
the presence of glutamine. The data in Table 1 suggest a 
modest stimulation of net Nat ion and water transport 
when glucose is added; this stimulation by glucose has 
been observed only during the late spring and summer 
months. Repeated efforts during the colder winter 
months failed to demonstrate any stimulation. 

The data in Table 2 clearly show that in the rabbit ileal 
loop in vivo, glucose markedly stimulates water and sodium 
transport, while glutamine does not. Since the failure of 
glutamine to stimulate net water and Nat ion transport 
was so unequivocal, no studies of unidirectional fluxes 
were made in the presence of glutamine. 

It should be noted that the ionic composition of the 
in vitro and in vivo media is not identical. The reason 
for this is that these two experimental models were 
designed in a totally separate manner and the optimal 
conditions foreach were evolved with no original intention 
of comparison. Also, the fact that calcium ion was not 
added to the in vitro system and was presumably supplied 
by the blood to the in vivo system leaves unanswered in 
these experiments the possible rcle of calcium in sodium 
and water transport. 

In comparing the data in vitre and in vivo it appears 
that water transport is greater in the loop than in the sac. 
Glutamine in vitro and glucose in vivo appear to exert 
their action on sodium transport by augmentation of the 
‘mucosa to serosa’ unidirectional flux. It is of some 
interest that the sodium fiux rates from ‘mucosa to serosa’ 





Table 1. SODIUM AND WATER TRANSPORT BY Everrep TLEAL SACS in vitro 
HO transport Sodium transport (moles/cem*/h) 


Added (rmeoies/em*/h) . — — 
substrate Mg M5 S- M Net MÑ 
None (63 0-6 + O07 9240-78 7 + 0-65 OS+0-13 
(Mannitol) . 
Glucose (6) O7tO-21 9-24 0°34 8-0 + O55 1240-09 
Glutamine (6) L24015 1214103 8&9 +090 3240-34 


The serosal and mucosal solutions for the everted sacs of rabbit ileum 
contained the following electrolytes, in m. equiv. I.“ Nat, 163; Ke, 4; 
Mg?+, (7; Ci, 70; HOOy, 17; HPO, 20. Mannitol 30 mM was added 
to adjust the osmolality to 290 milliosmols, The concentration of added 
glucose and glutamine was 26 mM; the control solutions containgd an 
additional 20 mM mannitol. The »H was 8-0 and the gas phase was oxygen. 


The volume of mucosal solution was 25 mh; the serosal solution was about. 


3 ml. Tracer quantities of “Na and “Na were added to the serosal ane 
mucosal solutions respectively. Water movement was determined gravi 
metrically. The sacs were placed in 125-mi. flasks and shaken for 1 hina 
37° water bath. Figures in parentheses indicate the number of different 
animals on which the studies were performed. Studies were done in 
duplicate on each animal. Variations are expressed as standard errors. 
Note that water movement is about 1,000 times greater than that of sodium. 


SODIUM AND WATER TRANSPORT BY IDEAL LOOPS in situ 
H,O transport 


Tabie 2. 


Added (romoles/om*/h) Sodium transport (umole/em*/h) _ 
substrate M->S M->5 S—>M Net MÑ 
None (6) 123 t051 8840-13 4640-15 42+014 
Glucose (6) 19-540:39 12:1+0°17 4°8 + 0-06 7140-10 
Glutamine (4) 11-243°9 — re 4320-16 


The solution introduced into the lumen of loops of rabbit ileum in vive 
contained the following electrolytes, in m.equiv./l.: Nat, 140; K*, 10; 
Cl, 105: HCO, 35. The concentration of added glucose and glutamine 
was 25 mM. The pH of this solution was 8-0. 4-ml. volumes, at 37° Ç, 
were placed in the loops for 15 min. The animal was labelled with zNa 
and tracer quantities of “Na were added to the mucosal fluid. 


are nearly identical for the two preparations. The 
‘serosa. to mucosa’ rate is much lower in the in vivo 
preparation and the net flux is therefore greater, even in 
the absence of added glucose or glutamine. 

The mechanism for this disparity of stimulation by 
added substrates in vivo and in vitro remains unexplained. 
Rabbit ileum vigorously oxidizes carbon-14 labelled 
glutamine to CO, in vitre, but it also converts labelled 
glucose to CO,, although at a lesser rate (unpublished 
data). Therefore, there is no question of limited permea- 
bility to glucose in vitro. Presumably the permeability 
of ileum to glutamine should be at least as adequate 
in vivo as in vitro. 

Although no mechanism has been elucidated, these data 
indicate the necessity for the exercise of considerable 
caution in extrapolating data obtained from the everted 
sac in vitro to the preparation in vivo. 

This study was supported in part by funding under 
Public Law 480, Section 104(c). The opinions and 
assertions contained herein are ours and are not to be 
construed as official or reflecting the views of the Navy 
Department or the Naval Service at large. 

A. H. G, Love 
T. G. MITCHELL 
E. M. NEPTUNE, JUN. 
U.S. Naval Medical Research Unit No. 2, 
Box 14, APO San Francisco. 
‘ Phillips, B. A., Blackwell, R. Q, Wallace, C. K., and Huber, G. S., Fed. 


Proc., 22 (1963). 
? Huber, G. S., and Phillips, R. A., SEATO Conference on Cholera, Dacea 
East Pakistan, 37 (National Institutes of Health, 1962). ú 


PHYSIOLOGY 


High-precision Repetitive Firing in the Insect 
Optic Lobe and a Hypothesis for its 
Function in Object Location 


We have encountered, in the optic lobe of the insect 
Calliphora erythrocephala, a layer of elements firing spon- 
taneously at a very constant rate of about 50 spikes per 
sec. The observed waveform depends on the position of the 
pick-up electrode and on the temperature, bnt in a 
given spike-train the rise-time is constant within 20 usec. 






A photograph of a typical spike is shown in Fig. 1. In. : 
these experiments (more than a hundred), the animals 


were intact except for a small window cut in the back 
of the head, and were able to survive for many hours. 
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Fig. 1. Waveform of a spike 
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Spike repetition rate in relation to the body-temperature, 
measured with a thermocouple in the thorax 


Fig. 2. 


Several different types of electrodes have been used for 
recording, for example, Pt-Ir glass-coated electrodes and 
either KCl-filled or metal-filled pipettes (tip diameter 
10-15u). Both single-ended and differential pre-amplifiers, 
with direct as well as capacitive interstage coupling, were 
used. We used batteries as well as mains-fed power 
supplies. Checks were performed with electrometer tube 
input whereby the grid current was less than 10- amp. 

Specific mention is made of this and of the following 
general characteristics of the phenomenon, since the fact 
that our power-line frequency is 50 c/s is certain to 
arouse suspicions of a spurious effect. We may state very 
definitely that we were aware of the possibility of inter- 
ference and have performed sufficient checks to exclude 
this. 

The repetitive firing in the optic lobe goes on almost as 
long as the insect is alive, which may be as long as 12 h. 
In a dying animal the rate of firing becomes gradually 
higher, with sudden reversals; sometimes it is clear that 
spikes start to be missed from the train. When tho inter- 
spike interval becomes as short as 2-5 msec the spikes dis- 
appear. Bringing the animals under CO, anaesthesia has a 
very similar effect, this being, however, completely revers- 
ible. The spikes actually originate in the optic lobe; this 
was ascertained by doing experiments on isolated heads 
and on animals in which all tissue peripheral to the optic 
lobe was cut through. 

Apart from death, anaesthesia and temperature, with 
which we will deal later, we could find no way of in- 
fluencing the repetition rate of the spikes: mechanical 
stimulation had no effect, nor had various forms of light 
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stimulation. Neither photic nor electric driving could be 
accomplished: light flashes of 10 usec duration from a 
stroboscopic lamp, whēh elicited an electroretinogram 
and came through in the recording three times as large as 
the spikes themselves, failed to bring them into frequency 
and phase even when th» applied frequency was very near 
the repetition rate of the spikes. Similarly, the cells in 
which the spikes originatad were unaffected by an electrical 
current prior to them actually being ‘cooked’ by it. 
Hence, changing the temperature remained the only 
useful way of altering the repetition rate. Values were 
obtained from about 10 spikes per see at low temperatures 
to about 125 spikes per sec at high temperatures. The 
relation between temperature and repetition rate is essen- 
tially linear except at the extreme of the temperature 
range, that is, 6°-36° C body-temperature of the insect 
(Fig. 2). Several constent-temperature experiments were 
analysed. An example cf the distribution of the interspike 
intervals is given in Fig. 3. A least-square fit of a Gaussian 
distribution to these data, taking the possibility of a 
background into account, revealed o = 0:30 msec, tmean = 
10-98 msec and a background of 143-1. An excellent fit 
was obtained. The stamdard deviation of the interspike 
interval was linearly related to this interval and varied in 
different animals from 1-6 to 4 per cent (Fig. 4). The joined 
interval distribution (taat is, the distribution of the 
interspike intervals that are preceded by a given interspike 
interval) revealed a positive correlation between subse- 
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Fig. 3. Histogram of interssike intervals in a constant-temperature 
experiment (110,000 courts). Mean, 10°05 msec; o, 0-30 msec 
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quent interspike intervals. This is in accordance with 
our finding that the standard deviation of the scaled 
intervals (that is, the double, triple, quadruple intervals, 
etc.) is larger than would be expected if there were no 
relationship between subsequent interspike intervals. 

Although the high precision of firing and its mechanism 
make up a remarkable phenomenon (the only case we 
have found in the literature that can be remotely com- 
pared with it was found by Horn! in the cat striate cortex), 
the problem of its function is even more intriguing. The 
idea of a thermometer in the optic lobe does not seem 
attractive to us. 

Though all the detailed work was carried out on Calli- 
phora, some experiments were done on other species of 
insects. The repetitive firing was easy to find in most 
eases. The repetition rate was not always similar to that 
of Calliphora, there being a notable tendency for the slower 
moving insects to have a lower repetition rate: in particu- 
lar there is a marked difference in repetition rate between 
fast-moving and slow-moving species of Syrphidae. It is 
because of this, together with the fact that the spikes 
originate in the optic lobe, that we suppose them to have 
some function as a co-ordinator in the visual system. 

In particular, we reason along the following lines: 
when, in flight, a distinet pattern is viewed, it is seen by 
different clusters of sense cells in succession. Now, if we 
suppose that comparison between different clusters 
seeing the same pattern is timed by the high-precision of 
firing, and that the insect has an intrinsic knowledge of 
its speed of flight, then it should be possible to compute the 
position of the pattern, as the angle between the optical 
axes of the clusters is known. We may write: 

dat sin ĝ 
sin & 

when d = distance between insect and pattern, n = 
number of interspike intervals elapsed between the 
viewing of the pattern by the first and the second cluster, 
v = velocity of insect, t = interspike interval, 8 = angle 
between the optical axis of the first-viewing cluster of 
ommatidia and the direction of flight, « = angle between 
the first- and second-viewing cluster of ommatidia. 
The consequences of this hypothesis will have to be tested 
in behaviour experiments. 

We thank the Netherlands Organization for the Ad- 
vancement of Pure Research (Z.W.O.) for its financial 
support in acquiring the ‘Ampex’ instrumental tape- 
recorder necessary for detailed analysis of the data as 
described here. 

J. W. KUIPER 
J. T. LEUTSCHER-HAZELHOFF 
Department of Biophysics, 
Natuurkundig Laboratorium, 
Westersingel 34, 
University of Groningen, The Netherlands. 
* Horn, G., Nature, 194, 1084 (1962). 


Erythropoietic Effect of Plasma from Mice 
receiving Testosterone 


THE clinical effectiveness of testosterone in some pre- 
viously refractory anaemias'-* has aroused interest in its 
mechanism of action. 

The work of Vollmer et al.‘:5 strongly suggests that 
testosterone may exert a mild erythropoietic stimulating 
effect in rodents, particularly after orchidectomy or hypo- 
physectomy. We have demonstrated that testosterone 
will increase erythropoiesis quite markedly in the poly- 
cythaemic female mouse*. The work recorded here indi- 
cates one mechanism of action of testosterone. 

The animals were 6- to 10-week-old female CBA mice 
obtained from Jackson Laboratories. Testosterone was 
in the form of testosterone propionate in sesame oil in 
a concentration of 50 mg/ml. 
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Testosterone was injected subcutaneously into other- 
wise untreated mice in 2-5 or 5-mg doses and the animals 
were bled 4 days after the first injection. Haematocrits 
were performed on all mice prior to bleeding and mice 
with haematocrits below 41 per cent were discarded. The 
blood was collected and the plasma separated, frozen 
immediately, and kept frozen until used. 

Hypoxia was produced in a chamber with a vacuum 
pump of the type described by Cotes and Bangham’. 
Mice were placed in this chamber at a simulated atmo- 
sphere of 0-6 atm. for 7 h. 

The plasma ‘erythropoietin’ titres were assayed in 
transfusion-induced polycythaemic mice by the method of 
DeGowin et al.* using 0-5 ml. of plasma. 

Fig. 1 shows the results of two experiments in which 
erythropoietin titres were measured in the plasma of 
mice subjected to hypoxia both with and without pre- 
treatment with testosterone. In experiment A the mice 
receiving testosterone were injected with 2-5 mg on days 
l and 2 and were made hypoxic on day 4. The plasma 
was collected immediately after 7 h exposure to the 
hypoxic stimulus. In experiment B the mice received 
5 mg testosterone on day | and were made hypoxic on 
day 4. They were bled immediately after 7 h exposure 
to the hypoxie stimulus. Controls were injected with 
plasma from mice treated with sesame oil in equal volume. 
It is apparent that the plasma of mice collected 4 days 
after treatment with testosterone alone significantly 
stimulates uptake of iron-59 in the assay animal. The 
low-grade hypoxic stimulus also produces a small rise in 
the erythropoietin titre in the plasma. When, however, 
mice are injected with testosterone several days prior to 
being made hypoxic, their erythropoietin titre rises about 
six times as high as that in sesame oil-treated mice sub- 
jected to the same stimulus. 

The investigations reported here indicate that 4 days 
after administration of testosterone the plasma contains 
a substance capable of stimulating erythropoiesis. 
Furthermore, after administration of testosterone, the 
erythropoietic stimulatory activity of plasma from mice 
subjected to hypoxia is six times as great as it is 
without administration of testosterone. 

It is unlikely that this erythropoietic activity is due to 
testosterone itself remaining in the plasma, since this 
would require that almost the entire injected dose of testo- 
sterone remain in the circulation after 4 days. Moreover, 
we have previously demonstrated’ that when testosterone 
is injected only 2 days before iron-59 the erythropoietic 
effect is barely detectable. 

It is possible that the erythropoietic activity is due to 
a metabolic product of testosterone which is slow to be 
formed, reaches high concentrations in the plasma in 4 
days, and is active in much smaller titres than testo- 
sterone alone. This is now being investigated. 
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Fig. 1. Effect of plasma from mice treated with testosterone and 


hypoxia on uptake of iron-59 in polyeythaemic mice 
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We believe it is more likely that testosterone results in 
an increased production of erythropoietin and that this 
is the material responsible for the erythropoietic stimu- 
lating properties of normal plasma 4 days post-testo- 
sterone. Testosterone is known to stimulate kidney 
growth’, and since the kidney has been implicated in 
the production of erythropoietin, perhaps testosterone 
may initiate erythropoietin production. Indeed, if 
erythropoietin is the physiological regulator of erythro- 
_ poiesis, it would not be surprising for any substance 
exerting an erythropoietic effect to do so by initiating 
erythropoietin formation. Cobalt is known to act in this 
manner!®, and we suggest that testosterone also does so, 
although the fundamental mechanisms by which cobalt 
and testosterone stimulate elaboration of erythropoietin 
may be quite different. 
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Visual Pigments in a Fish exposed to 
Different Light-Environments 


Tue poeciliid Belonesox belizanus Kner has a mixture of 
two visual pigments in its retina. One of these is based on 
vitamin A, (Amax = 498 my), the other on vitamin A, 
(Amax = 521 mu)'*. Like the cyprinids Scardinius? and 
Notemigonus? the proportions of these pigments in the 
retina vary throughout the year, there being more of the 
vitamin A,-based pigment in the winter and less in summer". 
As in Notemigonus*, there is considerable variation of 
retinal visual pigment composition among individuals 
of Belonesox caught at the same time and in the same place 
(Bridges, C. D. B., unpublished observations). 

This communication describes the results of an experi- 
ment in which batches of this species were kept in the 
laboratory under different conditions of illumination, 
ranging from complete darkness to an artificial day-length 
of 12 h. In this way the influence of light on the mean 
pigment composition of a population and on the variation 
among its individual members was investigated. 

A large number of Belonesox was seined in the usual loca- 
tion’. Eight of these fish were dark-adapted overnight and 
eight individual retinal extracts were prepared and analysed 
(see refs. 2 and 4 for methods). Meanwhile, the remaining 
fish had been divided into three groups, each group being 
placed in its own 50-gallon tank (containing ‘natural’ water, 
salinity approximately 10 parts per thousand). Two 
tanks were glass-sided and located in light-tight cubicles 
each illuminated by a 100-W tungsten filament lamp 
(illumination at water surface = 80 ft. candles). One 
lamp was automatically switched to give a 24 h cycle of 
6 h light and 18 h darkness, the other to give 12 h light 
and 12 h darkness. The remaining fibreglass-treated 
wooden tank was kept in a darkroom. At the end of 1 
month extracts from 8 individuals in each group and in 
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a fresh group of fish from the natural habitat were pre- 
pared and analysed. Fig. 1 summarizes the analysis of all 
40 extracts from these 5 batches. 

One result is immediately obvious: there is no less 
variation among fish in any one group after they have 
lived for 1 month under identical conditions, whether of 
light or darkness; this supports the view implicitly ex- 
pressed by Bridges‘ that individual variation in paired- 
pigment species is not attributable to local differences of 
environment. In actual fact, as may be seen in Fig. 1, in the 


light tanks a ificant increase in individual variation 
had occurred, paralleling that in the natural habitat over 


the same period (group 8, Fig. 1). Thus in the ‘12 h’ day 
group the variance was five times that of the ‘dark’ group. 

Turning now to the mean pigment composition of the 
various batches examined, it is clear that the fish kept in 
the light tanks had, on the average, higher proportions of 
vitamin A,-based pigmens in their retinae than the initial 
ones or those kept in total darkness. Moreover, this switch 
from vitamin A, pigment to vitamin A, pigment had 
apparently progressed further in the ‘12 h’ fish than in the 
‘6 h’ ones. The ‘dark’ zroup, on the other hand, was 
nearly identical in variance and in mean composition with 
the initial group. At first sight this is surprising, for 
observations on bulked extracts from Scardinius? reveal 
that this species increases its retinal vitamin A, pigment 
in darkness. In the present case, however, the fish were 
collected at the time of their winter vitamin A, maximum 
(February 1964; ref. 1, Fig. 1) and may have reached 
their equilibrium positions. 


1162 


In spite of varying compositions, the average yield of 
pigment per fish in each group was virtually constant, viz. 
in terms of AD max for a 1 cm optical path it was 0-2235 
initially, 0-2242 for the dark fish, 0-2037 for the 6-h fish and 
0-2141 for the 12-h fish. This suggests that whatever 
changes were occurring, they involve the direct con- 
version of one pigment into the other (cf. ref. 3). 

Seasonal changes in the paired-pigment species Scar- 
dinius have been tentatively ascribed to a kind of ‘photo- 
periodic’ effect, where long days would bring about 
conversion of vitamin A,- to vitamin A,-based pigment and 
short days would reverse the process’. The findings recor- 
ded here, however, cannot be accounted for in this simple 
way. Thus, although Belonesox has its lowest proportion of 
vitamin A, pigment in summer when the day-length is 
13-75 h and the highest in winter when the day-length is 
10-5 h, the change observed when winter fish were reduced 
to an artificial 6 h day was in the ‘summer’ direction. 
Although it is difficult to compare laboratory conditions 
with those of the natural habitat, it is likely that the light- 
tank fish experienced much higher light exposure, for the 
tanks were glass-sided and contained filter-clear water. A 
probable explanation of these preliminary findings is that 
light-quantity (as determined by light intensity as well as 
exposure time) is the factor influencing pigment changes 
in this species. 

This work was supported by the U.S. National Science 
Foundation (grant GB 186) and the U.S. National Council 
to Combat Blindness (grants G-268 and G-268(C2)). 
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PATHOLOGY 


Significance of Electrochemical Phenomena 
in Intravascular Thrombosis 


Ir appears increasingly certain that vascular interfacial 
phenomena are critically involved in the development of 
intravascular thrombosis. However, comments on the 
role of the vessel wall in the maintenance of vascular 
homoeostasis are conspicuously absent in discussions of the 
subject. In a recent article by Macfarlane’ it was sug- 
gested that foreign surfaces activate Factor XII, triggering 
the cascade of reactions mvolved in ‘physiologic clotting’. 
A series of experiments in this laboratory, including 
measurement of transmural ion fluxes’, absorption and 
concentration of various important anions and cations by 
vessel wall cells and fibres®4, and measurement of the zeta 
potential in the electric double layer at the blood-intimal 
interface as shown by both electro-osmosis® and streaming 
potential* experiments, indicate that charge on the vessel 
wall is important in vascular homoeostasis. 

A number of correlated findings emphasize the relation- 
ships involved. Among others, Zucker? has pointed out 
that the clot which closes a hole in a cut blood vessel is 
composed almost entirely of agglutinated blood platelets. 
We suggest that this finding can be attributed to local 
electric fields due, at least in part, to the presence of 
oriented ionie charges on the vessel wall. An additional 
confirmatory experiment from our laboratory indicates 
that human and canine erythrocytes, leucocytes, and 
platelets have a determinable precipitation potential of 
0-4 + 0-1 V on platinum, with respect to the normal 
hydrogen electrode®>* (Figs. 1, 2, and 3). These observa- 





tions suggest that the initiation of intravascular throm- 
bosis is primarily biophysical. 

Katchalsky”, Bangham“, and Surgenor” have indi- 
cated that charged biocolloids act as highly polarizable 
particles because of their surrounding electrical atmos- 
phere, and that the thrombotic potential of many of the 
phospholipids and lipoproteins is related to their electro- 
phoretic mobility. A charged surface such as the blood 
vessel wall will, therefore, interact with these particles. 
In addition, perpendicular orientation of cells on 
attachment to the wall is predicted by static electrical 
theory. This has actually been observed in cinemicroscopic 
pictures of induced mural thrombus formation produced 
by small electric fields‘®, Precipitation of blood cells on 
the platinum electrode in electrochemical precipitation 
experiments displays the same phenomenon*:’. 

To test this new concept of the mechanism of intra- 
vascular thrombosis, solid vascular prostheses were con- 
structed of various metallic elements. These metals 
exhibited markedly differing rates of thrombosis when used 
to replace aortic or vena-caval segments, depending pri- 
marily on their position in the electro-motive series". 

We conclude that surface charge of the blood vessel wall, 
as elucidated by findings among a substantial group of 
investigators, must be considered a major homoeostatic 
mechanism, normally preventing abnormal thrombosis. 
Conversely, it may also be a source of vascular thrombosis 
in the event of injury, as well as in the case of metabolic 
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Fig. 1. Human erythrocyte precipitation and separation potentials 
(¥ y) versus pH change. 
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defect. Metabolic defects promoting abnormal thrombosis 
remain to be described. 


Purre N. SAWYER 


Department of Surgery, 
State University of New York, 
Downstate Medical Center, 
Brooklyn 3, 

New York. 
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Humoral Antibodies to Methylcholanthrene 
Sarcomata Detected by a Fluorescent 
Technique 


Spreciric humoral antibodies have been regularly 
detected in mice leukaemias. Attempts to find similar 
antibodies in other neoplastic diseases gave negative 
results*. Only in some experiments with tumours induced 
by carcinogenic substances were antibodies revealed’. 

In experiments described here we tried to reveal humoral 
antibodies to mouse syngeneic sarcomata, induced by 
methylcholanthrene by the technique of fluorescence 
antibodies. 

C57BL10/Sn and CCd57W inbred strains were used. 

These strains were maintained by strict brother x sister 
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mating. According tc Egorov’s results? with skin tri 
plants homozygosity 3€ the strain C57BL/10/Sn is no 
less than 99-8 per cent. The experiments proving th 
homozygosity of the strain CC57W are being continued 
120 skin transplants for 120-180 days were observed. — 
No transplants were rajected during this period. a 

The following tumours were examined: MC-6 
C57BL10/Sn$ and MZ-8 CC57W3—polymorphous cell 
sarcomata induced by methyleholanthrene. We used the 
32nd and 28th generations of these tumours. The first 
of these lost the strain speeificity from generation 34 
and began to grow in tae JR-line. Mice aged two months: 
were immunized with syngeneic tumours. These tumours - 
were cut with scissors into very small fragments and 
treated with X-rays at a dose of 15,000 r. Seven to nine 
inoculations or irradiated suspension were given sub=. 
cutaneously and bilaterally at intervals of 3-6 weeks. — 
Each dose consisted of 0-1-0-2 ml. Thirteen and 35 days 
after the last inoculation blood was collected from the 
retro-orbital sinus of 2-6 mice. The pooled sera were 
stored at — 30° C. 

The rabbit anti-mouse serum was obtained by immuni- 
zation of the rabbits with mouse y-globulin, extracted 
from serum of mice which were inoculated with plasmo- 
eytoma X5563 12-14 days before bleeding. ‘y-Globulin 
fraction of rabbit sera was conjugated with fluorescein 
according to the method of Riggs et al.®. A free dye was 
removed by filtration shrough ‘Sephadex G-25M’. One 
ml. of the conjugated serum is usually absorbed, but one 
lot kept for 1 h at room semporature with 40 m g of acetone 
powder of mouse liver was prepared according to Coons’s 
method?*, 

Cell suspensions were obtained by trypsinization of 
solid sarcomata. For staining the cells we used three 
variations of the indirect technique: (1) Méller’s method! 
developed for the demonstration of mouse isoantigens in 
suspensions of living cells. Our process for staining living 
cells was the same as Mélier’s. Then smears were prepared 
from the cell suspension and included in 50 per cent 
glycerol solution. (2) Staining of tissue sections: they 
were washed with an excess of Ringer’s solution just after 
thawing. (3) Staining ef dead cells as smears: both tissue 
sections and smears wer> afterwards treated with 0-25 ml. 
of test serum and 0-25 ml. fluorescein-con jugated rabbit 
antimouse serum for 1f min and washed three times in 
Ringer’s solution respectively. The following controls 
were used: (1) The mouse antiserum was replaced by nor- 
mal mouse serum. (2) The cells of tumour DBA-C57BL10/ = 
Sn, induced by dibenzanthracene, were treated with the <: 
serum against’ methylckclanthrene-induced tumours. 

The best results were obtained in experiments with 
living cells, In all experanents a green-yellow fluorescence 
of three types was observed: (1) a fluorescence of all the 
dots on the whole cell surface ; (2) a fluorescence of single 
dots ; (3) a fluorescence of vacuoles due to pinocytosis of 
fluorescent dye. 

Living cells pre-treated with mouse antiserum and after- 
wards exposed to the fluorescent rabbit anti-mouse serum 
demonstrated as a rule the fluorescence of the first type 
which was considered as specific (Figs. la, b and c). The 
proportion of fluorescent eells in the experiment was about 
85 per cent. To estimate the results of the experiments 
a fluorescence index wes calculated’. For this 200-300 
cells, except those showing a diffuse fluorescence, were 
counted. Fiuorescence of the first and third type was 
taken to the positive groap, since sometimes it was difficult 
to distinguish the fluorescence of cells due to pinocytosis 
from the specific one. We did not observe the cross- 
reactions with DBA~C&7BL10/Sn sarcoma induced by 
dibenzanthracene (fluorescence index = 0-08). It is 
necessary to note that scme cells of all tumours examined 
had tended to become stained after exposure with normal 
mouse serum. The amount of stained cells was about 
1-7~-18 per cent. Resucts of the experiments are sum- 
marized in Table 1. 
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Fig. 1. a and b, Cells of MC-& CC57W treated with mouse antiserum. 
Dotted fluorescence along the periphery of cells. c, Control: cells of 
MC-8 CC57W treated with normal mouse serum. No fluorescence 


Table 1. FLUORESCENT STAINING OF TARGET CELLS BY RARBIT ANTI 
MOUSE y-GLOBULIN AFTER EXPOSULE TO MOUSE ANTISERA 


Immunization No. of mice 
Designation with syngeneic inocu- bled Target cells Index 

tumour luted on 

days 
275* Undiluted MC-6 C57BL10/Sng 7 13 MC-6 C57BL10/Sn 0-30 
288* * * ` 35 a O21 
Slit ns * 9 - b 0-64 
. ** ” ? Hè ** 58 
$. * hd , t+ 0:27 
pė p. * bė tė tė 047 
a p? * ae » DBA C57BL1i0/Sn 0-02 
* 1:2 * »  MCO-6 C57BL10/Sr 0-40 
- l:4 iá * 8 * 037 
810+ Undiluted MC-8 CC57Wg i . MC-8 COCHTW (42 
S * 4 a ca = 0-38 
— * . = 078 
* ni DBA C57BL10/Sn 0-08 
oh 1332 * * ei MC-8 CC57W 0-52 
* 1:4 * és b Bò 0:29 


* Sera from 2 gg. 
+ Sera from 6 gg and 99. 
MC, methylcholanthrene; DBA, dibenzanthracene. 


The activity of sera produced both in males and in 
females was identical. The antisera tested did not react 


with isologous erythrocytes and those of the A strain of 


mice in Gorer’s haemagglutination test?*. They were not 
cytotoxic to normal lymphocytes of the A strain”. 
However, these data do not exclude the difference in ‘weak’ 
histocompatibility antigens. 
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We are carrying out analogous experiments with 
primarily methylcholanthrene-induced sarcomata now. 
We thank Dr. G. I. Abelev and Z. Krasnobaeva for 
obtaining y-globulin fractions from rabbit and mouse 
serum. We also thank Dr. N. V. Engelgardt for assistance 
in the preparation of conjugated sera. 
Since this communication was submitted for publica- 
tion, Dr. G. Möller has reported similar data™. 
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IMMUNOLOGY 


Evolution of Specific Spectra of Immunological 
Responsiveness 


INVESTIGATIONS are being carried out in this laboratory 
to examine the overall antigenic composition of cells and 
tissues by various immunological techniques. While 
preparing anticellular sera for immunodiffusion experi- 
ments, the following observations were made. 

A group of more than 50 guinea-pigs was hyperimmun- 
zed against established human cell strains with identical 
antigenic composition as determined by immunodiffusion 
tests. Injections were administered intraperitoneally, 
intramuscularly (with Freund’s complete adjuvant) and 
subcutaneously over a period of up to 10 weeks. The dose 
for each injection was one million cells subcutaneous or 
three million cells (intraperitoneal and intramuscular). 
Sera were collected intermittently by cardiac puncture. 
In agar-immunodiffusion tests, individual sera gave rarely 
more than two or three precipitation lines. However, the 
few lines produced by one serum were not necessarily 
identical with those of another one. Therefore, all avail- 
able sera were compared one against another with 
the result that a total of 14 strong non-identical lines 
could be distinguished. At least 12 weaker lines of distinet 
specificity were found in addition. Certain lines, especially 
those which we designated as No. 1 and No. 4, were demon- 
strated quite regularly in many sera. Others were found 
sporadically in only a few or even in a single serum. Sera 
which did not produce certain specific lines possibly lacked 
the corresponding antibodies altogether. In these instances, 
no trace of reactivity was detected by immunodiffusion 
interference’. 

From these observations it is evident that guinea-pigs do 
not respond uniformly to the complex mixture of antigens 
in human cells. It seems rather that animals ‘select’ 
individually a more or less distinct set of antigenic 
components for antibody production. 

The obvious question at this point was whether the 
various antibody response patterns are chance events, 
possibly on the basis of random antigenic competition, or 
whether they are genetically predetermined. With the 
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assistance of G. Silberman, a group of eight in-bred guinea- 
pigs (N.LH. strain 2, kindly provided by Prof. D. W. 
Watson of this Department) was immunized against the 
same human cell antigen preparation as used in the fore- 
going experiments. The results significantly favoured the 
genetic concept: the sera of seven animals gave an en- 
tirely identical reaction pattern. Moreover, the usually 
most frequent line of antigen No. 1 was not present. This 
made the observed pattern quite characteristic and 
distinct. Only serum No. 8 of this experimental group 
deviated slightly with respect to a single antigen compo- 
nent. This seems to indicate a certain degree of genetic 
impurity within the animal group rather than to disprove 
the genetic interpretation of the phenomenon under 
investigation. 

Variability of immune response in individual laboratory 
animals is not unknown to immunologists’-*). However, 
it is usually more understood on a quantitative basis, for 
example, in terms of differences of antibody titres. Even 
if an antibody titre of a particular animal is found to be 
below the starting serum dilution, the basic potential of 
the animal to produce those specific antibodies is not 
explicitly questioned. The recent finding® that guinea-pigs 
differ qualitatively in their responsiveness to haptens 
with poly-u-lysine is fully in line with the observations 
already described here. The fact, however, that the 
phenomenon of specific bmmune response patterns is most 
pronounced with a variety of artigens naturally present 
in biological material like human cells points to its 
generality and possible significance. 

The hypothesis emerges that, with the evolution of a 
species, those individuals have been selected for survival 
which were capable of responding immunologically to 
antigens associated with harmful environmental factors 
such as pathogenic micro-organisms. Considering the 
random response of guinea-pigs to human cell antigens, it 
appears that these antigens exhibited little or no selective 
force during the evolutionary development of this animal 
species. The antigens No. 1 and No. 4 which were recog- 
nized and responded to by a larger number of animals (67 
and 47 per cent respectively) are exceptional in the sense 
that guinea-pigs might have a greater chance to encounter 
these antigens in connexion with adverse environmental 
factors. As a matter of fact, antigen No. 1 was not only 
demonstrated in human cells but also in mouse L cells. 
This finding indicates at least a wider distribution of this 
particular antigen in nature. The same should be pre- 
dictable for antigen No. 4. 

Several possibilities can be discussed to explain the 
mechanism which causes specific immunological unrespon- 
siveness in individual animals. The most straightforward 
hypothesis would propose a primary genetically determined 
deficiency to produce antibodies of particular specificity. 
This might be a secondary situation, however, under the 
assumption that the non-responsive animal contains tissue- 
isoantigens which are identical or similar to such foreign 
antigens. If this holds true, it would mean that the 
selective evolutionary force of adverse foreign antigens 
not only shapes the specific range of immunological 
responsiveness but also the antigenic make-up of a species. 
In other words, individuals having antigens in common 
with lethal environmental factors and which, therefore, 
lack immunological protection would be excluded from 
the population. 

These various aspects are being tested in this laboratory. 
Supporting data for our basic hypothesis were derived 
from stadies on bovine viral diarrhoea carried out as a thesis 
project by R. E. Shope, jun.*. This disease occurs in epi- 
demies apparently triggered by verious forms of stress, 
for example, transportation. During an epidemic, most 
animals survive. Development of neutralizing antibodies 

was demonstrated by use of cell culture systems. In those 
animals which eventually died from the disease in the 
absence of secondary complications, no trace of neutraliz- 
ing antibodies could be detected. Yet these animals were 
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able to produce antibodies against a host of other antigens: — 


encountered by naturel contact or via vaccination prior 
to infection with the bevine diarrhoea virus. Even during. 
the disease, that is one or two weeks before death, these 
animals responded with high antibody titres to various 
antigenic stimuli such as vaccination with brucella antigen. 
It is indicative from these findings that a certain percentage 
of cattle carries a specific deficiency to respond with 
protective antibodies against the antigen(s) of the bovine 
diarrhoea virus. Since certain types of stress have been 
imposed on cattle herds more commonly only in modern 
times, this might explain that the evolutionary selection of 
a population being imraunologically responsive to bovine 
diarrhoea virus is not eccmplete. (Alternative explanations 
for these particular findings are under consideration in 


_ further investigations.) 


The hypothesis propcsed in this communication might 
also extend to probleras of cancer and leukaemia. It 
certainly is evident tkat in these diseases genetically 
determined factors dec:sively contribute to the degree 
of resistance or susceptibility. These factors can be 
manifold. Specific spectra of immunological responsiveness 
possibly associated with specific spectra of isoantigenicity 
may well belong here. 

This work was supported by the American Cancer 
Society, Inc. (H-289-B), snd the U.S. Public Health Service 
(HD-00146-04). 
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RADIOBIOLOGY 


Chromosomal Aberrations in Synchronized 
Mammalian Cells treated with 5-Bromo- 
deoxyuridine and irradiated by Ultra-violet 
Light 

Recentiy 5-bromodeoxyuridine (BUDR) has been 
used extensively in irraciation investigations'*, and its 
radiation-sensitizing action, together with its specific 
site of incorporation, has been used to support the con- 
tention that DNA is the primary site of radiation damage 
in cells! BUDR alone affects chromosomal structure 
after prolonged treatment’, or at comparatively high 
concentrations‘, but in less drastic and in a qualitatively 
different fashion than in sells irradiated with X-rays. 

Since BUDR exerts such a powerful sensitizing action 
on the colony-forming aoility of ultra-violet irradiated 
D988 cells (originally isoleted from human bone marrow®), 
it was of interest to examine the combined effect of these 
two agents on the chromosomal structure of these cells, 
and to see whether the observed changes exceed those 
observed with either agent alone, as it was shown that 
ultra-violet irradiation itself induces chromosomal damage 
in Chinese hamster cells?. Furthermore, by using a 
synchronous culture of cells, our intention was to relate 
observed changes to known phases in the cell cycle. 

Cells were synchronizel by gathering mitotic cells 
according to the methoc of Terasima and Tolmach*. 
Fig. 1 (circles) shows a typical growth curve of these cells 
plated in Medium 199. Incubation of cells with 5 ug 
BUDR and 0:02 ug 5-fiaorodeoxyuridine (FUDR) per 
ml. of medium did not change this pattern. DNA syn- 
thesis in a synchronized culture was followed autoradio- 
graphically, either by puse labelling or by continuous 
labelling with tritiated thrmidine (0-5 ¢./ml., 2-5 ug/ml.) 
as described elsewhere’. Fig. 1 (triangles) shows the 
distinctly discontinuous rature of this process in our 
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synchronized culture. For chromosomal investigations, 
cells were plated on coverslips, and colchicine was added 
22 h after plating and kept for an additional 6 h before 
cells were fixed and stained with aceto-orcein. To analyse 
chromosomes, 35-50 metaphase figures were scored in 
each category of cells. Cells were irradiated with 142 
ergs/mm? (30-W Philips germicidal lamp), either before 
the onset of the synthetic period. that is, 3 h after plating, 
or 20 h after plating, that is, at the end of the synthetic 
period, but before cells started to divide again. When 
cells were treated with BUDR and FUDR, drugs were 
removed before irradiation, and incubation was continued 
in fresh medium supplemented with 5 ug thymidine/ml. 
until fixation. 

Without drug pre-treatment, no aberrant chromosomes 
could be found in any of the cells; in pre-treated cells, 
those irradiated early (3 h after mitosis) did not show 
aberrant chromosomes, but among the cells irradiated 
20 h after mitosis, 14 per cent of metaphase figures were 
found to contain chromatid breaks or translocations. In 
contrast, among 50 metaphase figures from non-irradiated 
cells treated with drugs for 20 h, only one was detected 
with a chromatid break. A much higher frequency of cells 
with aberrant chromosomes was observed when syn- 
chronous cultures were started from mitotic cells already 
containing BUDR, Such mitotic cells were obtained in 
the following manner: an almost confluent layer of cells 
was treated with 0-02 pg FUDR/ml. medium (which 
blocked cells in the DNA synthetic period) for 18 h, and 
were then incubated with BUDR for 8 h, at which time 
mitotic cells were gathered m the usual manner, and 
plated either in BUDR plus FUDR, or thymidine supple- 
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Table 1, PERCENTAGE OF METAPHASE FIGURES CONTAINING ABERRANT 
CHROMOSOMES, IN CULTURES INITIATED FROM BUDR-CONTAINING MITOTIO 


ELLS 
Supplement in medium from time of plating mitotic cells until addition of 
fresh ted medium 


dine-supplemen 
Tc BUDR+FUDR Thymidine 
(h) Unirradiated Irradiated Unirradiated Irradiated 
3 3-3 611 20-0 46-8 
20 25-0 100-0 6-6 36-6 


*7C, Time from plating of mitotic celis until addition of fresh thymidine- 
su pplemented medium. 


mented medium, As can be seen from Table 1, this 
modified BUDR treatment renders chromosomes highly 
vulnerable to ultra-violet irradiation, so that after 20 
additional hours of incubation with BUDR, 100 per cent 
of irradiated cells yielded metaphase figures with aberrant 
chromosomes. However, even without irradiation, 25 
per cent of the metaphase figures had abnormal chromo- 
somes in a parallel culture. Furthermore, when BUDR- 
containing mitotic cells were plated in thymidine, a high 
proportion of metaphase figures in irradiated cells con- 
tained abnormal chromosomes. Fig. 2 shows typical 
aberrant chromosomes, with bicentrics being evident in 
addition to simple chromatid breaks. 

As can be seen from these results, maximal chromo- 
somal is achieved in cells which have passed 
through the DNA replication cycle twice in the presence 
of BUDR, prior to ultra-violet irradiation. However, 
even when cells were irradiated before the onset of the 
second synthetic cycle, that is, without having a second 
round of BUDR incorporation, they show a higher incid- 
ence of chromosomal aberrations than do cells which 
were started from normal mitotic cells and incubated for 
20h with BUDR. Also, there is a difference in aberration 
frequency in BUDR-containing cells irradiated early 
after mitosis, depending on whether cells are incubated 
in BUDR or thymidine; this difference can scarcely be 
accounted for by any difference in the BUDR content of 
these cells; other modes of BUDR action might be in- 
volved, as suggested by Hsu and Somers’. The much 
higher frequency of chromosomal damage in cultures 
initiated from cells containing BUDR could result from 
the fact that all such cells have completed at least one 
round of DNA replication in the presence of BUDR, 
while this may not be true for cells in a culture started 
from normal cells and incubated for 20 h in BUDR, 
although at this time the majority should have had their 
synthetic cycle almost completed. On the other hand, 
cells in a culture initiated from BUDR-containing cells 
and incubated with thymidine for 20 h, should have their 
level of BUDR substitution sufficiently reduced to match 
in this respect cells in a culture started from normal 
mitotic cells and incubated with BUDR for 20 h, yet the 
former show a much higher incidence of chromosomal 
damage than the latter. It appears, therefore, that cell 
division must follow BUDR incorporation before cells 
are irradiated, in order to get noticeable sensitization. 

We thank Mrs. D. Raskovic for performing autoradio- 


graphic work. 
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Bone Autofluorescence and Mineral Content 


WHEN ground bone sections are examined microscopic- 
ally using an ultra-violet light source, some of the osteons 
autofluoresce with less intensity than others. By reference 
to tetracycline-marked osteons, it can be shown that the 
less-fluorescent osteons are those most recently formed. 

Microradiographs of ground bone sections also reveal 
that the more recently formed osteons contain less mineral 
than older ones. 

It seems necessary to correlate these two findings on 
a single specimen of bone before assuming that the weakly 
fluorescent and poorly calcified osteons are the same. 

A thin transverse section from an osteoporotic femur 
was cut unfixed and unembedded. This was ground to 
about 75u thickness between ground-glass plates. A 
contact microradiograph of the specimen was taken 
(3 min exposure at 20 kV 200 pamp). The same specimen 
was then mounted and a photograph of the autofluoresce 
taken (200-amp mercury vapour lamp, Reichert exciter 
filter E 1, dark ground condenser and Sp I absorption 
filter). 


Autofluorescent 
photograph 





Fig. 1 


A comparison of the photographs (Fig. 1 A and B) 
reveals that where the bone is most densely mineralized 
there is maximum autofluorescence. 

However, the difference in intensity of autofluorescence 
within a ground section of bone is not due directly to the 
mineral content, as can be shown by demineralizing it 
in either EDTA or acid, when the autofluorescence 
remains unchanged. 

The intensity of autofluorescence of bone is altered by 
prolonged fixation in formalin so that the ‘new’ osteons 
frequently show more fluorescence than the background 
bone. The foregoing findings do not, therefore, necessarily 
hold true in formalin-fixed tissue. 

I thank Mr. R. V. Ely of the M.R. Research Trust for 
taking the microradiograph. 


A. I. D. PRENTICE 
Black Notley Hospital, 


Braintree, 
Essex. 
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Life-cycle of Cyathostoma lari Blanchard, 1849 
(Nematoca, Strongyloidea) 


AN investigation is at present proceeding into helminth 
parasitism in the herring gull (Larus argentatus Pontopp.) 
population of North Taernarvonshire and Anglesey, 
particularly of the Newkorough Warren Nature Reserve, 
where a scheme to limit the numbers of birds is in opera- 
tion. One parasite that is commonly found, particularly 
among juvenile birds, is Cyathostoma lari Blanchard, 1849, 
a species first described ir. Britain by Burt and Eadie’, and 
more recently recorded by Pemberton?~*. 

Little is known about she life-cycles of members of the 
genus Cyathostoma, but Pemberton? recorded the experi- 
mental infection of a domestic fowl with O. lari; the bird 
became infected only when the nematode larvae were first 
passed through an earmhworm as intermediate host. 
Larval development in “he intermediate host was not 
described. 

Very few arvae of C. lari can be recovered 
from earthworms even where they are fed 
eggs or larvae of the nematode. Further- 
more, very few adult nematodes ever 
develop if infected earthworms are fed to 
herring gulls or domestic chicks. Experi- 
ments on the development of C. lari larvae 
in vitro and in the earthworm were therefore 
undertaken. 

Eggs of C. lari were allowed to develop at 
room temperature (16° C + 2° C). After 5 
days larvae kad developed within the eggs; 
4 days later arvao started to hatch, having 
ecdysed and retained the cast skin of the 
first larval stage as a sheath. These second 
stage larvae moved sluggishly and exhibited 
no migratory movements. These experi- 
ments support the results obtained by 
Pemberton’, although the larvae developed 
and hatched rather more quickly. 

Eggs failed to develop when placed in an 
incubator at =7° C either immediately after 
removal from the female worm or after 
standing in physiological saline at room 
temperature for up to 4 days. However, 
eggs kept at 28° C developed rapidly and 
the first larvae hatched after 7 days, but 
even then many failed to develop. Eggs 
maintained at room temperature (16° C + 
2° C) began te hatch after 9 days and by 
the twentieth cay twice as many larvae had 
emerged than in the case of the eggs kept at 
28°C. Eggs kept at 4° C for 4 days failed to 
develop when later left at mom temperature. It would 
appear, therefore, that a period of development at a 
comparatively low but not freezing temperature is neces- 
sary in the development of tais nematode. 

If, however, the eggs are kept in physiological saline 
containing penicillin and streotomycin (300 units/ml. and 
0-3 mg/ml. respectively) for a minimum period of 17 days 
at room temperature and then placed in an incubator at 
37° C, there is a mass hatching of larvae 1-2 days later and 
these larvae move more aetively than those kept at 
16° Ç. 

Eggs and larvae kept at room temperature for 23 days 
were fed to each of three 15-day-old domestic fowl chicks. 
Twenty-one days later the chicks were killed and C. lari 
were found in all of them. Ir this instance the life-cycle 
from bird to bird has been completed in 44 days, without 
the use of an intermediate host. It would appear therefore, 
that the earthworm may act es a paratenic host, not as a 
true intermediate host, and i> may be that it acts as a 
reservoir of infection for C. lari during the cold weather. 
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A further experiment was performed to determine the 
duration of the life-cycle. Two herring gull chicks were 
fed eggs and larvae which had been developing for 10 days 
in physiological saline at room temperature. Eleven days 
later the chicks were killed and both were found to 
contain specimens of C. lari, the females of which con- 
tained fully-developed eggs. The life-cycle had thus been 
completed from bird to bird in 21 days. The direct life- 
cycle was again demonstrated when three parasite-free 
herring gull chicks were placed on some litter in a pen 
within a small animal house that had previously had 
infected birds on it. One month after being placed on the 
litter all three were heavily infected with numbers similar 
to those found in the wild population. 

Eggs of C. lari were obtained from Larus argentatus 
Pontopp., Larus fuscus L., and Sturnus vulgaris L. and 
used to infect herring gull chicks directly. This species of 
helminth has already been recovered from Larus ridibundus 
L., Corvus frugilegus L., C. monedula Vieill., O. corone L. 
and Tringa totanus (L.) at St. Andrews, Scotland, by Burt 
and Eadie’, and also from Ardea cinerea L., by Pemberton’. 
In the present study a single female specimen was recovered 
from a magpie (Pica pica L.); this constitutes a new host 
record, 

Pemberton? suggested that domestic fowls might be 
susceptible only when they are very young, and this 
seemed to be verified by an experiment which was per- 
formed on four 8-week-old domestic fowl chicks. All were 
given several hundred eggs and larvae that had been 
developing for 20 days. Faecal analyses and later a post- 
mortem failed to show the presence of C. lari. 

Faecal analyses were made, using saturated magnesium 
sulphate solution (sp. gr. 1-3) as a flotation medium. The 
number of eggs recovered rose to a peak after 2-3 weeks 
and then dropped off to a very low level or disappeared 
completely. Fertile eggs were recovered 14 days after 
infecting the birds with eggs and larvae. This period is 
shorter than that described by Romanova*®, who found 
that Cyathostoma sp. in the trachea of the emu reached 
sexual maturity after 21-28 days. 

In the present investigation the earthworms Eisenia 
foetida (Savigny) and Eiseniella tetraedra (Savigny) were 
used as paratenic hosts. Æ. foetida were artificially infected 
whereas the Æ. tetraedra were naturally infected and were 
obtained from Newborough Warren. Both the above 
earthworms and a dung beetle, Aphodius fossor L., 
constitute new paratenic host records. 

Syngamus trachea (Montagu, 1811), a close relative of 
C. lari, has a life-cycle almost identical with that 
described above and indeed C. lari has on rare occasions 
been found in the trachea. One slight difference between 
the two cycles is that an intermediate or paratenic host 
is not necessary in the case of C. lari and transmission is 
quite easy from wild birds to domestic fowl, whereas 
Clapham* found it difficult to transfer S. trachea from 
blackbirds and starlings even when using Hisenia foetida 
(Savigny) as an intermediate host. It would seem that 
C. lari makes use of a wide range of paratenic hosts. 


W. THRELFALL 


Department of Agricultural 
and 
Forest Zoology, 
University College of North Wales, 
Bangor, 
Caernarvonshire. 
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Synaptic Contacts between Neurosecretory 
Fibres and Pituicytes in the Pituitary of 
the Eel 


CELLS described by Bargmann as pituicytes' are present 
in the neural component of the neuro-intermediate lobe of 
the eel pituitary. Recent investigations with the optical 
and electron microscopes reveal a closer relationship 
between these pituicytes and neurosecretory fibres than 
has previously been suspected. 

By means of the Braak technique* it is possible to 
demonstrate in situ that the neurosecretory tracts from 
the preoptic nuclei branch when they reach the pituitary 
to form many digitate or foliate processes, which extend 
throughout the neuro-intermediate lobe. Each of these 
processes contains a central core of pituicytes, surrounded 
by two kinds of Type A neurosecretory fibre? distinguished 
by the size of the vesicles they contain (c. 1700 A and 
c. 1200 A respectively). These fibres —— discharge 
into fine channels, approximately 2000-4000 A in width, 
which separate the neurosecretory processes from the 
intrinsic secretory cells of the neuro-intermediate lobe; 
the majority of the intrinsic cells also release their products 
into these channels (Fig. 1), which appear to drain into the 
blood system and may be termed perivascular. 
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Fig. 1. A diagram to show the relationship between neurosecretory 
fibres, pituicytes and intrinsic secretory cells of the neuro-intermediate 
lobe. The black areas depict regions of neurosecretory fibres 


Many of the pituicytes are grouped round a central 
canal; a few are dispersed more peripherally. Those which 
form a wall around the central canal have many features 
of ependymal cells; cilia and fine finger-like processes 
project into the central canal; the cell base tapers to long 
processes; desmosomes are abundant. There are some 
indications that the central canal may be continuous with 
the ventricles of the brain. 

Under the electron microscope it is possible to discern 
many synaptic contacts between neurosecretory fibres and 
pituicytes. At these points the cytoplasm on either side 
of the area of contact is very electron-dense; and many 
vesicles of synaptic vesicle size-range cluster in the neuro- 
secretory fibre along this electron-dense bar (Fig. 2). 
Mitochondria are present at, or near, this point. A 
fragmentation of elementary neurosecretory vesicles to 
form small electron-dense vesicles may be observed. These 
features are also characteristic of neurosecretory fibre 
terminals adjoining blood spaces in the neuro-intermediate 
lobe, and would seem to be indicative of neurosecretory 
hormone release. 
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Fig. 2. An electron micrograph showing two synapses (S) between two 
neurosecretory fibres (N) and a pituicyte (P). Synaptic vesicles (SV) 
and fragmentation of elementary neurosecretory vesicles (F) may be seen 


The demonstration of synaptic contacts between 
neurosecretory fibres and pituicytes indicates that the 
latter may play some part in the neurosecretory process, 
ither by conduction or secretion, or both. That glial cells 
may conduct impulses has recently been demonstrated‘ 
in the fish retina, and it is perhaps relevant to point out 
that pituicytes with which synaptic contacts are made may 
contain a very considerable number of fine fibrillae in the 
cytoplasm. Endoplasmic reticulum and large electron- 
dense droplets are also present, and the extension of the 
pituicytes to both the central canal and the surrounding 
channel would make it possible for secretory material to be 
discharged either into the cerebrospinal fluid or the blood. 
On purely anatomical considerations, therefore, it is 
possible that the pituicytes in the pituitary of the eel 
might modulate the firing of the neurosecretory axons, or 
they might, by secreting material into the cerebrospinal 
fuid or the blood either provide a feed-back of information 
to the preoptic nucleus or be concerned with the neuro- 
secretory hormones in the bloodstream. It is possible that 
each pituicyte may subserve functions of conduction and 
secretion. A close association of neurosecretory fibres and 
ependymal cells has been described in a bird’. The 
present demonstration of synaptic contacts between 
neurosecretory fibres and pituicytes in the eel pituitary 
lends considerable support to the oft-repeated suggestion 
that pituicytes play an important part in the process of 
neurosecretion. 

FRANCIS KNOWLES 
L. VOLLRATH 
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Comparison of Techniques for the Isolation 
of Root-infecting Fungi 


Many techniques have been devised to study the micro- 
flora of the root-surface. Washing techniques have been 
devised and used by various workers'-? for certain 
specific purposes. A clear demonstration of the effective- 
ness Of the washing techniques was provided only by 
Harley and Waid’. In a study of the root-surface fungal 
population of beech, ther made serial washings in sterile 
water and estimated the degree of completeness of the 
removal of fungi by the di ution plate method. They found 
that most of the detachable fungal units were removed in 
the first 10 washes. A fairly constant number of isolations 
were obtained thereafter by plating 0-5-cm root fragments. 
These isolations were thought to represent the fungal 
population of the root sur?ace living in an active mycelial 
state, 

Stover*:*, in a study of the pathogenic species of 
Fusarium on the roots of banana and tobacco plants, used 
a different technique. He fragmented decayed roots and 
other portions of the plant, with or without surface 
sterilization by mercuric chloride, by using a Waring 
blender. The fragments were then plated out. The use of 
surface sterilizing reagents is not a very satisfactory 
method, as many fungi om fine roots are killed by the 
agents*:!°, 

One of the difficulties I have experienced while working 
with the roots of Calluna viégaris and Vaccinium myrtillus 
is the extreme fineness of she ‘hair roots’. These roots, 
which are less than 1 mm in diameter, were difficult to 
handle by the technique cf Harley and Waid’. After 
washing they were still heavily infected with fungi, and 
only occasionally producec more than one fungus on 
plating out 0-5-cm root pieces. It was therefore necessary, 
with this method, to plate oat very large numbers of root 
pieces to investigate the total fungal population. To 
overcome these difficulties, the following technique, 
similar to Stover’s, was dev sed. 

Roots were washed 12 times in 250-ml. flasks containing 
100 ml. sterile water on a Gr-ffin flask shaker. At the end 
of the washing period, the roots were transferred asepti- 
cally to a Waring blender containing 100 ml. sterile water. 
The material was blended fer 30-60 sec., depending on 
the nature of the roots, and pcured into sterile crystallizing 
dishes. With a sterile Pasteur pipette, one or more drops 
of the blended roots was used to inoculate each Petri dish. 
Cool synthetic acid agar was added to the inoculum, and 
the Petri dish was gently rocated to facilitate dispersal 
of the root fragments. Large numbers of Petri dishes 
could thus be inoculated in a short space of time. On 
incubation for 4-7 days wel -separated colonies arising 
directly from the root fragmen=s could be observed under a 
binocular microscope. 

Results (Table 1), obtained ky both methods in a typical 
experiment with V. myrtillus from Waldridge Fell, 
County Durham, are remarka>ly similar and showed, in 
both cases, that Dark Sterile mycelia (DS forms) pre- 
dominate over the rest of the micro-fungi. Of the other 
fungi, some were isolated from the Harley and Waid plates 
and others occurred on root-macerated plates only. This 


Table 1, FUNGI ISOLATED FROM THE ROOTS or V. myrtillus BY THE HARLEY 
AND WAID AND BY THE MA#ERATING TECHNIQUES 
Percentage of total isolations: 

Fungus H. and W. Macerating 
Mucor microsporus — 12 
Mucor sp. 15 — 
Mortierella sp. 1 — 1:2 
Mortierella sp. 2 1:5 2-4 
Cephalosporium sp. 1-5 — 
Oidiodendron sp. — 2-4 
Penicillium sp. 1 $0 12 
Penicillium sp. 2 5 — 
Penicillium sp. 3 — 12 
Stysanus sp. — 12 
Trichoderma viride 2-0 4:8 
Sterile septate (hyaline) €-0 71 
forms 726 73:8 
Unidentifled species F5 3-6 
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variation, which could be due to the roots having been 
sampled from different plants of the same locality, did not 
affect the overall picture obtained of the fungal population. 
Clarke and Parkinson", in a study of the root mycoflora of 
leek and broad bean, concluded that release of toxic 
material during root macerating was possible. However, 
the fungi isolated by both methods in the present investi- 
gation are so similar, qualitatively and quantitatively, 
that it seems unlikely that root maceration has biased the 
sampling of the mycoflora. The ease with which fine roots 
can be fragmented into short portions to give a vast 
amount of inoculum for plating is the main advantage of 
this macerating technique. Its chief limitation is the 
inability to separate fungi derived from different regions 
of the root. 
I thank Prof. J. H. Burnett for his advice. 
K. G. SINGH 
Department of Botany, 
University of Newcastle upon Tyne. 
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Behavioural Aspects of Emergence in the 
Hydranth of Campanularia flexuosa (Hincks) 


THE development of the hydranth of Campanularia 
flexuosa occurs within a capsule of chitin secreted by the 
hydranth itself*-*. In order to emerge for the first time the 
hydranth must in some way dispose of the lid of the 
capsule. Allman‘ states that the lid is pushed off in this 
species. Kramp’ observed that, though the lid is removed 
in Campanularia, it is wholly or partly retained as an 
operculum in the Campanulinidae. Hammett’ assumed 
that ‘the completely developed hydranth repeatedly 
surging against the cover with great force’ was responsible 
for weakening the lid prior to emergence. He suggested 
that the mechanical properties of the chitin at the junction 
between lid and cup facilitated the clean disposal of the lid. 
Enzymatic digestion and localized differences in thickness 
or quality were proposed as possible factors leading to the 
separation of the lid. Hauschka’ showed that emergence 
was dependent on the possession of basal attachments to 
the diaphragm (shelf) and suggested that: ““Hydroplasmic 
pressure adds inflation to the independent exertions of the 
imprisoned hydranth and may be a contributing factor in 
emergence”. 

Observations were made on freshly collected hydranths 
from the Brancaster Channel and the wreck off Scoult 
Head, Norfolk, which completed their development in the 
iaboratory. In unemerged individuals with mouth and 
hypostome fully developed, the tentacles are extended and 
held in contact with the walls of the cup and terminally 
with the domed lid (Fig. 14.) The hydranth then con- 
tracts down rapidly and the tentacles shorten. This is 
accompanied by a dimpling in of the lid first noticeable at 
the top of the dome but spreading until the whole lid is 
invaginated within the cup (Fig. 1B). The junction 
between the walls of the cup and the lid marks the future 
rim of the cup. The invagination is complete within 10 
sec. A short resting period is followed by an extension of 
the hydranth body and a rapid out-pushing of the lid. 
This cycle of events may be repeated as many as six times. 
The hydranth, after this period of invagination /evagina- 
tion, again contracts down, but subsequent extension is 
not followed by evagination of the lid. Instead the ten- 
tacles extend so that their tips lie in the circular groove 
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Fig. 1 


between the walls of the cup and the invaginated lid and 
point in an anti-clockwise direction as seen from above. 
The tips move round in this direction a short way by 
extension of the hydranth body and tentacles and a slight 
twisting of the body on the fixed base (Fig. 1C). The tips 
come to lie very close to each other and are applied to a 
narrow segment of the junction. The column twists 
further, bends slightly and extends so that the tentacles 
push up perpendicularly through a narrow band of chitin 
at the junction (Fig. 1D). The first tentacle to break 
through elongates and is followed by the others. The 
tentacles extend and are spread in the two whorls charac- 
teristic for this species. In the course of emergence the 
lid loses its clear outline and becomes crumpled so that 
its ultimate fate cannot be followed. The emergence 
process takes a variable time of about 4 h from the first 
invagination. 

The following hypothetical mechanism for the emergence 
of the hydranth is suggested on the basis of the foregoing 
observations: 

(1) Contracting down could reduce the volume of the 
enteron and force fluid out into the coenosare of the 
pedicel. It seems likely that the contracting down process 
reduces the volume of the enteron but the expulsion of 
fluid into the pedicel was not examined. 

(2) A seal between the base of the hydranth and the 
diaphragm could enable a reduction of pressure to take 
place within the capsule when the hydranth contracts 
down. Though experiments have been not made to estab- 
lish whether a seal is present at the base/diaphragm 
junction microscopical examination shows that the base 
is closely applied to the diaphragm. 

(3) The reduction in pressure could be responsible for 
the invagination of the lid. 

(4) The invagination/evagination process could mech- 
anically weaken the lid. 

(5) The tips of the tentacles could exert a pressure on 
a narrow portion of the weakened rim of the lid to break 
through finally. 

Hauschka’s observation that emergence was hindered 
in the absence of basal attachment fits the proposed 
hypothesis. 

The stretching of the lid by tentacular pressure des- 
cribed by Hammett possibly alsowssists in weakening the 
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lid. In Clytia johnstoni, Hale* has proposed that the lid is 
dissolved before emergence. It is possible that in Cam- 
panuaria the mechanical strain put on the lid exposes it 
to the action of destructive enzymes. 

The process of invagination/evagination has been des- 
cribed by Kramp in Cuspidella sp. and Calycella syringa, 
members of the more primitive, operculate Campanulini- 
dae. In these species this process appears to be important 
in forming the joint between the theca and the operculum. 
In Campanularia flexuosa it is possible that the same 
behavioural mechanism has been retained but here assists 
in the separation of the lid from the cup. 


D. P. Knicur 
Department of Zoology, 
Downing Street, Cambridge. 
' Nutting, C.C., American Hydroids, Smithsonian Inst. Spec, Bull. (1913). 
* Berrill, N. J., Quart. J. Micro. Sci., 90, 233 (1949). 
* Agassiz. J. L. E., Contrib. Nat. Hist. U.S.A., 4 (1862). 
* Allman, G. J., Gymnoblastic Hydroids, 71 (1871). 
* Kramp, P. L., Medd. Gr nland., 79, 22 (1932). 
* Hammett, F. S., Growth, 7, 331 (1943). 
* Hauschka, T., Growth, 8, 321 (1944). 
* Hale, L. J., J. Emb. Exp. Morph., 12, 517 (1964). 


VETERINARY SCIENCE 


Hypervitaminosis A and Hyperostosis of the 
Cat 


A NATURALLY occurring, crippling, bone disease of the 
cat has been recognized in Uruguay! and in Queensland, 
Australia*:'*, A feature of the disease is the development of 
exostoses in various parts of the skeleton, particularly 
the cervical vertebrae, forelimbs and the thoracic cage. 
The resultant postural changes and musculo-skeletal 
deformities produce a very characteristic clinical syndrome 
in affected animals. The condition has been diagnosed 
mainly in adult cats, 2-5 years of age, with no history of 
previous traumatic injury or juvenile osteodystrophy. 

Early clinical signs of the disease are a forelimb lame- 
ness, & cutaneous hyperaesthesia of the neck and forelimb, 
or concurrent lameness and hyperaesthesia. Lameness 
appears to result mainly from the ankylosing effects of 
exotoses; while hyperaesthesia has been considered to 
result from the encroachment of osteophytes on spinal 
nerves in inter-vertebral foramina. 

It was noted that, in both Uruguay and Australia, the 
diets of affected animals contained a high proportion of 
raw beef liver. Accordingly, seven newly weaned kittens 
of both sexes, from two litters, were fed a diet of raw beef 
liver with sufficient milk to prevent the development of 
rickets and to maintain growth. After six months on this 
diet, five animals showed clinical or radiographic evidence 
of lesions in the skeleton, and after 12 months all were 
affected. Fig. 1 shows the cervical spine from one of the 
experimental animals. The prominent confluent exostoses 
on the vertebrae with scoliosis also are features charac- 
teristic of the naturally occurring disease. 

A high proportion of bovine liver in the diet was found 
to give rise to skeletal abnormalities and other lesions in 
rats’°, The livers responsible contained abnormally 
high concentrations of vitamin A (up to 600 ug/g) and the 
lesions were shown to be due to hypervitaminosis A. The 
syndromes due to toxic intakes of vitamin A have been 
well described for most laboratory animals”, Further- 
more, the liver of the polar bear, and some other arctic 
animals, had been found to be acutely toxic for man and 
other species due to a high level of vitamin A (8,300 
ug/g) (ref. 1?). 

Chronic intoxication of children due to excessive daily 
intake of vitamin A over a long period was first demon- 
strated by Josephs*. The bone lesions occurring in this 
latter condition were observed to resemble those seen in 
infantile cortical hyperostosis™, while the distribution and 
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Fig. 1. The cervical spinefrom a cat fed a raw bovine liver diet. There 
is massive confluent bossing cf the vertebrae with scoliosis 


nature of the lesions of the Aumbar spine and knee joint 
in a case of hypervitaminosis A in an adult human‘, bore 
a resemblance to the osseous lesions observed in the 
present hyperostosis of the cas. However, the distribution 
of the lesions in the cat is mamly confined to the cervical 
spine and the forelimb. 

To investigate the possibilty of this condition of the 
cat also being a hypervitaminosis A, one of the experi- 
mental cats, a naturally affected cat, and a normal cat 
that had never received liver in its diet, were killed 
and plasma and liver levels of vitamin A and carotenoids 
and liver lipid concentrations were determined (Table 1). 

The plasma vitamin A level in the experimentally 
affected cat was comparable to the highest levels reported 
in hypervitaminosis A of human beings*:’, and the liver 
concentrations found in both the affected cats were greater 
than the highest levels reporsed in mammals'*. The 
liver level found in the control cat was comparable with 
those reported elsewhere for cass’. These results suggest 
that a diet of raw bovine liver ean induce chronic hyper- 
vitaminosis A in the cat, and that naturally occurring 
cases are the results of excessive intake of this vitamin 
over a long period. This represents the first report of 
naturally occurring chronic hypervitaminosis A in a 
domestice animal. 

Both Uruguay and Australia have large beef export 
industries, and the regional prevalence of this disease in 
the cat undoubtedly can be explained by the abundance 
and availability of inexpensive raw bovine liver for use as 
pet food in these countries. In addition, the liver vitamin 
A reserves in beef cattle in Queensland, Australia, tend to 
be higher than those reported by North American workers*, 


Table 1. PLASMA AND LIVER VITAMIN A LEVELS AND LIVER LIPIDS IN 
RELATION TO HYPEROSTOSIS OF THE CAT 
Vitemin A Liver 
Plasma Liver Total in lipid 
Animal (ug/100 ml.) (g/g) liver (g) (% D.M.) 

Unaffected control cat 75 183 0-007 5 
Experimentally affected cat* 1,718 24.688 1:703 28-2 
Naturally affected cat +t 657 28 125 1-969 20-4 


* Containing 52 ug carotenoid/100 ml, plasma, 1-2 wg carotenoid/g liver, 
+ Containing 0-7 we carotenoid/g liver. 
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Presumably the grazing of cattle on pasture throughout 
the vear is inducive to higher reserves. 

Note added in proof. We have now been able to produce 
the bone lesions in cats after six months of feeding meat 
and milk to appetite, and with daily oral dosing of pure 
vitamin A at the rate of 166 ug/g body-weight. These 
are the initial positive results of a larger and long-term 
experiment designed to determine the minimum amounts 
of vitamin A required daily to produce the characteristic 
skeletal lesions in this species. 

A. A. SEAWRIGHT 
P. B. ENGLISH 
Veterinary School, 

University of Queensland. 
R. J. W. GARTNER 

Animal Research Institute, 

Department of Primary Industries, 
Queensland. 
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ENTOMOLOGY 


Far Infra-red Emission and Detection by 
Night-flying Moths 

I HAVE earlier postulated'* a completely new concept 
of the insect environment based on infra-red frequency 
transmission through infra-red atmospheric windows. 
This concept involves the utilization of such transmitted 
frequencies in the life cycle and behaviour of night-flyimg 
moths. I postulated that moths may locate their mates, 
chemical releasers (scents), and host plants by means of 
infra-red frequency detection and that the night-adapted 
eye of nocturnal moths shifts slowly from the short-wave 
visible spectrum of daylight to the longer and longer 
infra-red frequencies as it becomes night-adapted. When 
totally dark-adapted, it attains the configuration of a 
mosaic optic-electromagnetic thermal radiometer for 
night-time detection of infra-red frequencies. I further 
postulated that the antennal spines may be resonant 
cavities for infra-red detection. Laithwaite* has postu- 
lated a similar theory for the assembling of moths. In 
testing the validity that a moth might locate its mate 
by thermal far infra-red, the following experiments were 
performed : 

A Barnes® infra-red bolometer with a focus distance 
of infinity was re-focused by the company to a distance of 
10in. A small 29-gauge hypodermic thermistor probe was 
inserted in the intersegmental membrane between the 
metathorax and the mesothorax of a test moth, and the 
moth mounted on the probe in front of the bolometer 
sensing head. The hypodermic probe was connected 
through a tele-thermometer amplifier to the lower vertical 
display of a dual-beam oscilloscope. The infra-red bolo- 
meter, with a field of view of 0-54 sq. in. at 3° spread, was 
aimed at the test moth’s thorax. The output of the 
bolometer post amplifier was connected to the top vertical 
display of the oscilloscope. In several of the experiments 
an air probe was connected to the bottom display beam for 
a check on the background ambient temperature of the 
laboratory. As the various moths vibrated their wings, their 
internal thoracic temperature was recorded from the therm- 
istor probe on the lower beam and their infra-red emission 
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Table 1, Far INFRA-RED EMISSION (^M) FROM SPECITS OF NOCTUIDAE 
AND SPHINGIDAE 
Temp. Temp. ( C) 
Species Am (° Cp? hypodermic 
bolometer probe 

Noctuidae 
Heliothis wa (Boddic) 56 u 30° 32° 
Pseudaletia unipuncta (Haworth) 

Sphingidae 9-59 u 29° 31 
Epistor lugubris C(L.) 9-10 y 43° 44 
Herse cingulata (¥.) 9-25 u 40° 41° 
A ylophanes tersa (L.) O34 u 37° 38° 
Background lab. temp. O75 p 24° — 


* The temperature for noctuids as measured by the probe was usually 2° C 
higher than the temperature (emission) as registered on the bolometer; there 
was 1° C difference in the sphingids, The ditterences are attributable to the 
fact that the bolometer was focused at 10 in. for a 0-54 sq. in. field of view at 
a 3° spread. At this distance and spread, the noctuids filled only half the 
resolved area and the sphingids 3/4 the resolved area. 


from the bolometer on the upper beam. The thoracic 
temperature for the various species and the Am (far 
infra-red emission) of the moths are given in Table 1. 
The bighest emission was recorded from the sphingid, 
Epistor lugubris (L.). This is a large, thick-bodied, and 
very dark species. The lowest recording was from the 
much smaller noctuid armyworm moth, Pseudaletia 
tnipuncta (Haworth). Since the noctuid species only 
filed half or less than half the resolving power (area) 
of the bolometer sensing head, this result was to be 
expected. 

The emission of the moth, Herse cingulata (F.) above 
the emission of the background temperature is shown in 
Fig. 1, top. The diagram below (Fig. 1, bottom) shows 
that as the bolometer was moved in a circular pattern 
around a moth, the maximum output was obtained from 
the side of the thorax off the ‘shoulder’ of the moth. 
Inasmuch as the bolometer has maximum pick-up for a 
source with an emissivity (£) of one, the high signal 
reecived indicates that moths have an emissivity near 
unity. Calculated frequency (Fig. 1, top) for the sphingid 
moth, Herse cingulata, is 9-25 at 39° C, or 15° C above the 
laboratory temperature of 24° C (9-75y). The laboratory 
temperature is shown as the solid line (24° C) on the oseil- 
loscope as measured by an air probe. The calculated 
onergy for Herse cingulate at 39° C (oscilloscope recording), 


temp. 


Am. 


9.254 — 39°C. 
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Fig. 1, (Top) Far infra-red emission from Herse cingulata. (1 secjem, 

10mViem). The emission drops from a peak at 9. 250 to the background 

emission of #75 (solid line air probe) as the moth is moved fron» in 

front of the bolometer sensing head. (Bottom) maximum radiation from 

a Vibrating moth is aaau 10° off the ‘shoulder’ of the moth’s 
thorax 
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Fig. 2, Landing pattern of 53 corn earworm moths ( Heliothis zea) attrac- 
ted to a black-body radiator (8 to 13) in a 12 by 12 ft. dark room. A, 


Radiation pattern of the black-body; B, visible radiation before the 


mercury arc-argon discharge tube was blacked out by heavy rubber tape 


considering the moth thorax as a l-cm* source with an ¢ 
of 0-95, would be 5 x 10+ watts/em?. 
l km, this value would be equivalent to an incident 
energy signal of 1-6 x 10-'* watts/em*, energy easily 
detectable by a receiver. This frequency is in the middle 
of the 8-13u atmospheric window. 

In order to test the hypothesis that the moths not 
only transmit far infra-red radiation, but are also attracted 
to it, a 12 ft. x 12 ft. room with a controlled temperature 
of 69° F was painted black and sealed from all extraneous 
light. A black-body, consisting of a 4 W mercury arc- 
argon discharge tube, wrapped in black tape, was located 
in the centre of the room. This source emitted between 
8 and 13u. No visible light was detectable. Stickum ® 
was placed on boards on either side of the blackbody as a 
trap for the moths. One hundred corn earworm moths 
(Heliothis zea (Boddie)) were released in the darkroom 
which was kept in continuous darkness during the experi- 
ment. Fifty-two moths were trapped on the Stickum® 
boards at the black-body radiator. The moths were 
trapped in a semicircular pattern along the axis of the 
radiator, indicating that they had oriented to the Am 
of the emitter. No moths were taken on a dummy 
check. The black-body was scanned by the Barnes® 
infra-red bolometer to determine the output pattern. 
Fig. 2 shows the total catch plotted in the characteristic 
landing pattern with a maximum catch along the 4 lobes 
of the emitter. This is good evidence that the moths not 
only fly in total darkness but also can orient to a black- 
body emitting infra-red radiation in the 8-134 region. 
As a further check, to eliminate the possibility that the 
Stickum® was attracting the moths, a 3-ft.-long box was 
constructed with a shelf and a window at either end. 
A silver chloride filter (3-304), with a blackbody emitter 
behind it, was placed at one window. At the opposite 
window was a dummy check. So as to indicate visits to 
either end of the box, a piece of black paper was put on 
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each shelf in front of the opposing windows. The criteria 
for visits were periodic counts taken at various times 
during the dark intervel and also the number of scales 
the moths left behind oa the black paper as they visited 
each end of the cage. This system was used to elimin- 
ate any light that would result from using photoelectric 
counters. The results were overwhelmingiy for the 
end which contained the silver chloride filter with the 
infra-red radiator. No scales remained on the dummy 
check shelf, whereas the shelf with the emitter was com- 
pletely covered with bosh defaecation and scales from 
the visiting earworm mochs. During the week 30 visits 
to the black-body emitter were observed with only one 
to the opposite check. 

These results are put forward as valid proof that night 
flying moths (a) generete considerable far infra-red 
radiation in the 9u regiom, and (b) that they can locate 
minute thermal sources of far infra-red radiation in total 
darkness. Therefore, they are detectable to each other as 
thermal points of far infra-red radiation against the cool 
ambient background of neht-time temperatures, 


P. S. CALLAHAN 


Entomology Researck Division, 
United States Department of Agriculture, 
Agricultural Researen Service, 
Tifton, Georgia 
t — P. S., paper read at the IH Int. Cong. Entomology, 1964 ‘in the 
p > 
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MICROBIOLOGY 


Phage Susceptibility of Encapsulated 
Lactobac.llus casei 


One of the principal factors which determines the 
susceptibility of a given bacterium to attack by bacterio- 
phage is the availability of specific surface receptor sites. 
Numerous investigators have observed that encapsulated 
bacteria are generally phage resistant, and it has been 
assumed that the capsular layer, interposed as a physical 
barrier between receptor and phage, acts as a non-specific 
inhibitor of phage adsorption. In partial confirmation 
of this role, Maxted' showed taat although phage resistant 
group A streptococei possessed a hyaluronic acid capsule, 
treatment with hyaluronidase destroyed the capsule and 
rendered the cells phage-sensit- ve. It is not cleer, however, 
from this and other reports? whether the susceptibility 
of non-encapsulated cells was due to the availability of 
receptor sites permitting increased adsorption or to some 
other factor permitting increased virus penetration and 
lysis of the bacterial cell. This report presents evidence 
that in the related homolact.c organism, L. casei, the 
specific surface receptor sites are present in varying 
amounts on both encapsulated and non-encapsulated 
cells but that the loss of the cepsular material, either by 
mutation or mechanical removal, renders the previously 
resistant cell sensitive to lysis sy phage. 

A series of 68 freshly isolated oral and 26 laboratory 
stock strains of L. casei includ ng L324M (encapsulated) 
and L324NM (non-eneapsulated variant) were examined 
for phage sensitivity. Phage No 316 and the host bacterial 
strain 316 (non-encapsulated) were kindly furnished by 
Profs. J. N. Coetzee and H. C. DeKlerk of the University 
of Pretoria, All strains were maintained in deep tubes 
of ‘Rogosa’ agar (Difco) and were checked microscopically 
for capsules before and after sach exposure to phage 
using the cytoserological methed of Hammond, Rosan 
and Williams’. Phage assay egainst the specific host 
strains was carried out according to the double-layer agar 
method of Adams‘. For adsorption procedures washed 
cell suspensions of 8-12-h cultares of strains L324M, 
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L324NM, 316 and purified cell wall material obtained 
by the method of Ikawa and Snell* were standardized on 
a Klett-Summerson photoelectric colorimeter to a reading 
of 100 using a No. 42 filter (approximately 10? orgs/ml.) 
and each added to an equal volume of titred No. 316 stock 
phage. Each mixture was agitated gently on a rotating 
shaker (80 turns/min) for 13 min, centrifuged and assayed 
in duplicate for un-adsorbed phage. Encapsulated cells 
were decapsulated mechanically by the method of Juni 
and Heym’. ‘Table 1 shows that all phage-susceptible 
strains, whether oral or stock strains, were non-encap- 
sulated; conversely, encapsulated strains were invariably 
phage-resistant. It was also interesting to note that 
resistant colonies developing within plaques were almost 
always extremely mucoid. Thus, it was possible to obtain 
a pure culture of muccid (encapsulated) cells from an 
originally non-mucoid (non-encapsulated) variant by the 
introduction of a small volume cf high-titred phage stock 
108 p.r.u./ml.). When the susceptibility of mucoid and 
non-mucoid variant cells of a single strain (£324) were 
compared (Table 2) it was again observed that gain or loss 
of the capsule by this strain completely reversed the 
capacity of the cell to be lysed by the phage. — 

Phage adsorption by mucoid and non-mucoid cells and 
by an insoluble cell-wail fraction from mucoid cells were 
compared with adsorption by homologous cells. The results 
in Table 3 show that whereas non-encapsulated variant 
cells or mechanically decapsulated (‘stripped’) cells adsorb 
phage 50 per cent better than encapsulated mucoid cells 
the capacity to adsorb a significant number of phage 
particles does exist in the encapsulated cells. The in- 
soluble cell-wall fraction (£324 mucoid) was also capable 
of adsorbing phase, approximately to the same extent 
as the homologous 316 host cells. Such findings indicate 
that receptor sites are present on encapsulated cell surfaces 
even though phage-induced lysis does not occur. In view 
of the chemical similarity of the eapsular polysaccharide 
and the cell wall polysaccharides in this organism’ ® it 
is not surprising that both structures would serve as 
phage receptors. The degree of adsorption may reflect 
the same differences observed in serological studies® which 
presumably are due to the amount of rhamnose in the 
polysaccharides in the two structures. Thus, if the 
amount of rhamnose in cell wall and capsule determines the 
extent to which cross reactions in serologic groups B and 
C oceur®, it may, in similar fashion, determine the adsorb- 
ing capacity of encapsulated cells, non-encapsulated cells 
and cell wall material. It will also be observed that when 
purified capsular material (0-2 mg/ml.) was mixed with 


Table 1. Porage SUSCEPTIBILITY or D. caset STRAINS 


Phage sus- Phage 
ceptible (% resistant (%) 
Human oral Encapsulated 
ae {9 strains) . 0 100 
Non-encapsulated 
{59 — 37 63 
“aboratory stock Eneapsula 
ca nf {G strains) 0 100 
Nor-encapsulated a 
1 strains) 30 70 


Table 2. SUSCEPTIBILITY OF L. casei STRAINS AGAINST NO. 316 PHAGE 


Organisms PEE fmi 
L324M (encapsulated) 0 Not susceptible 
TSIN M k 10* Weakly susceptible 
316 10° Highly susceptible 
p. .T. plaque forming units. 
Table 3 
Adsorbing organism or P.F.V.ml. after . 
coll fraction adsorption Decrease (% 

L324M . 6-2 x 10° 31 
Stripped cells or L324NM 3-6 x 10° 60 
316 2x 108 7 
Cell wall 3 x 10° 66 
Capsular material 7-6 x 108 15 


yp.¥.u. before adsorption, 9-0 x 10"/ml. 





phage, there was a decrease of approximately 15 per cent — 
in plague-forming units on subsequent phage assay 
against the host strain. 

It would therefore appear that the resistance of encap- 
sulated cells to the lytic action of phage is not entirely 
due to the physical blocking of receptor sites and subse- 
quent adsorption but. to the inability of the virus to 


penetrate the cell boundaries through the capsular layer - fig 
and complete the infective process. The relation between =o 


phage resistance and the presence of a capsule is consonant 
with other findings’ which have shown that the capsule 
plays an important part in the survival and maintenance 
of this species in its environment. 

This work was supported in part by a grant DE-01956 
from the National Institute of Dental Research, U.S. 
Public Health Service. 
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Uitrastructure of Pityrosporum ovale and 
Pityrosporum canis 


A RECENT paper on the ultrastructure of Pityrosporum 
orbiculare? prompts us to mention some of our electron 
microscope observations on the structure of various 
isolates of two other species of the Pityrosporum genus of 
yeasts. These are P. ovale and P. canis, which have been 
isolated from human skin and dog ear infections, respec- 
tively. 

Isolates of P. ovale were obtained from the National! 
Collection of Type Cultures, London (Nos. 3073 and 3074) 
and from the Centraalbureau voor. Schimmelcultures, 
Delft (Nos. 1878, 4163, 5332, 5333 and 5334). P. canis 
was obtained from C.B.S., Delft (No. 1879). The isolates 
were grown on Littman ‘Oxgall’ agar at 37° C, collected =~ 
after three days’ growth and fixed with either 4 per cent 
potassium permanganate solution for 4 h at room tem- 
perature, or with Palade’s osmium tetroxide fixative for 
2h at 0° ©. After washing with distilled water, the 
specimens were dehydrated by serial passage through a 
graded ethanol series and embedded in ‘Araldite’. Ultra- 
thin sections, which were obtained with a Porter—-Blum 
MT-1 ultramicrotome fitted with a diamond knife, were 
collected on collodion-covered gold electron microscope. 


grids and scrutinized with a JEA16e electron microscope: = 
Although the permanganate-fixed specimens exhibited |. 
sufficient contrast in the electron microscope, it was 9 
necessary to post-stain some of the osmium-fixed sections © | 


by floating the grids on a solution of 10 per cent dodeca- 
tungstophosphorie acid in 50 per cent ethanol. 

Although our electron microscope observations have not 
demonstrated any significant differences in appearance 
between the various isolates or indeed between the two 
Pityrosporum species, the structure of the organisms is 
certainly interesting.. _ 

Perhaps the most interesting feature of these Pityro- 


sporum species was the presence of a relatively thiek 


(c. O-12u) multi-layered cell wall, the inner surface of. 
which was corrugated (Figs. 1, 2 and 3). In every case 
the protoplasmic membrane was firmly attached to the 
inside of the corrugated cell wall. From sections where 
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the organisms had been cut obliquely (Fig. 1), it was 
evident that the corrugations of the cell wall are con- 
centric with the roughly cylindrical nature of the wall. 
The multi-layered appearance of the cell wall was usually 
well defined near the bud scars (only one bud scar being 
seen for each organism). In the cleft of each bud scar, a 





Fig. 3. Electron micrograph of osmium-fixed P. ovale 


single layer of cell wall was observed, but at the periphery 
of the scars the other ‘broken’ layers of the cell wall were 
seen. 

Mitochondria (about 0-4. long and Olu in diameter) 
P l , ' were observed in the cytoplasm of permanganate-fixed 
ch? * Paa Eee kers pk permanganate ce aa — —— organisms (Figs. 1 and 2), and these were identified by 

material; P, protoplasmic membrane the infoldings of their membranes (cristae). Also in the 
cytoplasm, large electron epaque bodies up to lu in 
diameter were frequently encountered in the osmium- 
fixed material (Fig. 3), and taese we considered to contain 
some unsaturated lipid. In the permanganate-treated 
material, irregularly-shaped electron transparent bodies 
bounded by a single membrane were seen, and these 
were considered to be anaogous to the dense bodies 
encountered in the osmium-fixed material. In an area 
adjacent to these irregular membranes, a permanganate- 
dense area up to 0-3u in diameter was frequently seen 
(Fig. 2), and this has been tentatively identified as being 
of nuclear material. 

Although the cytoplasmic Getail of P. ovale and P. canis 
does not appear to differ from that which has been seen 
in other genera of yeasts*-*, the structure of the cell wall is 
certainly quite different. The present observations, which 
agree closely with those by Barfatani et al.1, who have 
examined P. orbiculare, prompt us to suggest that the 
cell wall structure of these organisms may be a charac- 
teristic feature of the Pityrosporum genus. It is not 
clear, however, whether the unusual structure of the cell 
wall in the Pityrosporum gerus modifies its function in 
this genus. 





J. A. SWIFT 
S. F. DUNBAR 


Unilever Research Laborstory, 
455 London Road, Isleworth, Middlesex. 


i —— M., Munn, R, J., and Schjexie, O. A., J. Invest. Derm., 43, 2 
4). 


* Agar, H. D., and Douglas, H. C., J. Bazt., 70, 427 (1955). 

* Agar, H. D., and Douglas, H. C., J. Bart., 73, 365 (1957). 

t Bartholomew, J. W., and Levin, R., J. @en. Microbiol,,12, 473 (1955° 
* Hashimoto, T., Conti, O. F., and Naylor. H. B., J. Bact.. 77, 344 (1f 
Fig. 2. Electron micrograph of permanganate-fixed P. ovale * Linnane, A. W., Vitols, E., and Nowland, P. G., J. Cell. Biol.,18, 84 
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CYTOLOGY 


New Sex Determining Mechanism in a 
Mammal 


Ont female and two males of the small Indian mongoose 
(Herpestes auropunctatus Hodgson, Viverridae, Carnivora) 
were investigated. The chromosomes were examined in 
acetic orcein squash preparations from bone marrow and 
testis. The chromosome number was found to be 36 in 
the female and 35 in the two males (Table 1). The female 
has two X-chromosomes and the male one (Fig. 1). 
No visible Y-chromosome is present in the malo, 


At male meiosis 16 bivalents and a unique type of 


trivalent are formed. The trivalent consists of the 


Table 1. CHROMOSOME NUMBER AND NUMBER OF SCORED CELLS OF THE 
THREE SPECIMENS OF Herpestes auropunctatus INVESTIGATED 


Animal, eode Chromosome No, Total No. of 


No. and sex 34 35 36 scored cells 
H.a. 13-04 & - — 60 60 
H.a. 15-04 4 2 38 — 40 
H.a. 18-64 3 l 49 — 50 


X-chromosome associated end-to-end to one chromosome 
arm of an autosomal bivalent (Fig. 2). To explain the 
formation of the trivalent it is assumed that a part of the 
original Y-chromosome has become translocated on to an 
antosome. This hypothesis is visualized in Fig. 3. 





z 1. Metaphase chromosomes from bone marrow of Herpestes auro- 

vtatus. a, Cell from a female showing 36 chromosomes; b, cell from a 

' showing 35 chromosomes. -chromosomes marked by arrow, 
Acetic oreein squashes 
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Fig, 2. Meiotie chromosomes in preparations from testis of Herpestes 

nuropunctatus, a, metaphase I showing 16 bivalents and one trivalent; 

h and ¢, two examples of the trivalent at diakinesis. The odd ¥-chromo- 

some is associated end-to-end to one chromosome arm of an autosomal 
bivalent, Acetic oreein squashes 


AA XY AA Xios 


or? 








Fig. 3. Schematic illustration of the hypothetical origin of the trivalent. 
A part of the original F has become translocated on to an autosome 


A full account of the cytological findings as well as a 
discussion of other hypotheses of the origin of the trivalent 
and possible mechanisms for sex determination will be 
published in a forthcoming issue of Hereditas. 

This work was supported by a grant to Prof. A. 5. 
Parkes from the Ford Foundation. I thank Prof. J. D. 
Boyd for facilities at the Department of Anatomy, 
Cambridge. 

KARL FREDGA 

Institute of Genetics, 

University of Lund, 

Sweden. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, June 14 


ROYAL GEOGRAPHICAL Soorery (at 1 Kensington Gore, London, S.W.7), 
at 3 p.m.—Annual General Meeting. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY (in the Main Lecture 
Theatre, Department of Electrical Engineering, Exhibition Road, London, 
S W.7), at 5.30 pm.—Dr. I. Dugdale. ‘Fuel Cells for Traction”. * 


INSTITUTE OF ACTUARIES (at Staple Inn Hall, High Holborn, London, 
W C.1), at 5.30 p.m.—Annual General Meeting. 


Monday, June’ 14—Wednesday, June I6 


PLASTICS INSTITUTE (in association with the Institution of Civil Engmeers, 
the Institution of Structural Engineers, and the Royal Institute of British 
Architects, at the Institution of Electrical Engineers, Savoy Place, London, 
W.C.2), at 930 a m. daily—Conference on “Plastics in Building Structures”. 


Tuesday, June I5 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W 1), at 5 80 p.m — 
Prof R. King “Faraday and the Beginning of Useful Electncity”. (Lecture 
for Fourth Form -boys and girls from Schools in London and the Home 
Counties. To be repeated on June 16, 22 and 23.) 


_ Tuesday, June [5—Wednesday, June 16 


INSTITUTE OF RURAL LIFE AT HOME AND OVERSEAS (at The Ministry of 
Overseas Development, Eland House, Stag Place, London, S.W 1), at 
10.80 a m daily—Conference on “The Human Factor in Rural Change”. 


ZOOLOGICAL SOCIETY OF LONDON fjoint meeting with The World Health 
Organization, in the Meeting Room of the Zoological Society of London, 
Regent's Park, London, N W.i), at 9 am daily—Symposium on “Some 
Recent Developments in Comparative Medicine”, 


Thursday, June 17 


RorvaL Socrety (at Burlington House, Piccadilly, London, W.1) 
430 pm—Prof M Calvin, For.Mem RS. “Chemical Evolution” 
Bakerian Lecture). 


LONDON MATHEMATICAL Soorety (at the Royal Astronomical Society, 
Burlington House, Ficcadilly, London, W 1), at 5 p m —Dr. D W. Scama’ 
“Torsion and Spm’ a Study ın the Physical Interpretation of Differential 
Geometry”. 


ROYAL COLLEGE OF SURGEONS OF ENGLAND (at Lincoln’s Inn Fields, 
London, W.C 2), at 5.15 p.m-~—Prof. E F Luscher (University of Berne) 
— in Haemostasis and Thrombosis” (First Michael Cross Memorial 

ecture). 


BRITISH INSTITUTE OF RADIOLOGY (in the Reid-Knox Hall, Institute House, 
32 Welbeck Street, London, W 1), at 6 pm-—Dr. Gilbert H. Fletcher 
(U.S.A.). “Combination of Radiotherapy and Surgery in Oropharynx 
Cancers’’. ‘ 

ROYAL SOCIETY OF TROPICAL MEDICINE AND HYGIENE (at Manson House. 


26 Portland Place, London, W 1), at 7 30 pm —58th Annual General Meet- 
ing. 8 p m.—Dr. D J Lewis: “Some Entomological Journeys’. 


» at 
{the 


: Friday, June 18 


BIOCHEMICAL Society (at Queen’s College, Dundee)—Colloquium on 
“Recent Advances in the Fractionation and Estimation of Steroids” followed 
by Scientific Papers. 


PHOTOBIOLOGY GROUP (in the Botany Lecture Theatre, University College, 
Gower Street, London, W C.1), at 6 p m —Prof. Melvin Calvin, For.Mem R.S. 
(University of Califorma) ‘The Primary Quantum Conversion Act in 
Photosynthesis” 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before 
the dates mentioned: 

JUNIOR ASSISTANT LIBRARIAN (university graduate, preferably with some 
experience and/or professional qualifications)—-The Librarian, The Univer- 
sity, Keele, Staffa (June 15). 

LECTURER or ASSISTANT LECTURER IN APPLIED MECHANICS IN THE DEPART- 
MENT OF MECHANICAL ENGINEERING—The Secretary, The University. 
Edinburgh (June 16). ` 

CHIEF STOREKEEPER (with experience in the supply and maintenance of 
scientifie or technical laboratories) IN THE DEPARTMENT OF CHEMISTRY— 
Prof. Stanley Peat, Department of Chemistry, University College of North 
Wales, Bangor, Caernarvonshire (June 18) 

JEYES RESEARCH FeLLow (suitably qualified graduate) IN THE BIOLOGY 
DEPARTMENT for research on problems associated with soil fungi—The 
Registrar, The University, Keele, Staffs (June 18). 

LECTURER IN THE DEPARTMENT OF BIOCHEMISTRY—The Dean, St, 
Thomas’s Hospital Medical School, London, S8.E.1 (June 18). 

LECTURER or ASSISTANT LECTURER (with an honours degree in social 
science, and preferably ın sociology, and postgraduate research experience) 
IN INDUSTRIAL Socionoagy-—-The Searetary, Royal College of Advanced 
Technology, Salford, 5, quoting Ref. MS/10 (June 18). 

LECTURER or ASSISTANT LECTURER (with interests in igneous or meta- 
more petzolagy) IN ————— Secretary, The University, Edinburgh 
(June 1 

LECTURER (psychologist or social psychologist with a special Interest in 
communication) IN THE DEPARTMENT OF EDUCATION—The Registrar (Room 
22, O R B.), The University, Reading (June 19). 

RESEARCH STUDENT (honours graduate) IN THE DEPARTMENT OF CHEMIS- 
TRY, for research in the feld of surface and colloid chemistry—Prof. G. Gee, 
pn ai of Chemistry, University of Manchester, Manchester, 13 
(June 21). 7 

HEAD OF THE DEPARTMENT OF ELECTRICAL ENGINEERING—The Principal, 
Lanchester College of Technology, Priory Street, Coventry (June 28). 

f 
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ASSISTANT LECTURER or LECTURER (preferably with’a special interest in 
numerical analysis) IN THE DEPARTMENT OF PURE MATHEMATICS AND 
MATHEMATIOAL STaTIsTICS—The Registrar, University College of South 
Wales and Monmouthshire, Cardiff (June 25). 

READER IN MATHEMATICAL STATISTICS WITHIN THE DEPARTMENT OF 
MATHEMATICS——-The Registrar, The University, Nottingham (June 25). 

SENIOR LECTURER or READER (sociologist capable of carrying out statistical 
and empirical research in the field_of sociology, of teaching in that field, and 
of advising others Interested in research projects) in charge uf the Nuffield 
Heseareh Unit in Sociology—The Registrar, The University, Keele, Staffs 

une 25), 

SENIOR TECHNICIAN (with experience of the use and preparation of 
biological materials for the electron microscope) IN THE DEPARTMENT OF 
ZOOLOGY-—Prof. F, W R Brambell, Department of Zoology, University 
College of North Wales, Bangor, Caernarvonshire (June 25). 

SENIOR RESEARCH ASSOCIATE (with a Ph.D. or equivalent research 
experience in any relevant discipline such as physics, chemical engineering 
or metallurgy) IN THE SCHOOL OF MATHEMATICS AND PHYSICS, to work on 
the properties of liquid metals a- high temperatures and pressures in col- 
laboration with Prof N E. Cusack—The Dean, School of Mathematics and 
ati of East Anglin, Wilberforce Road, Norwich, NOR 77H 

une 26). 

LECTURER or ASSISTANT LECTURER IN CLIMATOLOGY IN THE DEPARTMENT 
OF GROGRAPHY-—The Registrar, The University, Leeds, 2 (June 28). 

SENIOR LECTURERS, LECTURERS or ASSISTANT LECTURERS IN BIOCHEMIS- 
TRY, AGRICULTURAL ZOOLOGY AND PHYSIOLOGY, VETERINARY SOIENCEH, 
AGRICULTURAL MACHINERY, AQRCNOMY OF TROPICAL CROPS, AGRICULTURAL 
BOTANY, BIOMETRICS, FIELD EXFERIMENTS AND RURAL SOCIOLOGY, HUMAN 
NUTRITION AND FARM MANAGEMENT, IN THE FACULTY OF AGRICULTURE, 
University of Ife. Nigeria—The Secretary, Inter-University Council for 
Higher Education Overseas, 33 Bedford Place, London, W.C 1 (June 28). 

ASSISTANT LECTURER or LECTCRER IN CHEMISTRY (the appointment may 
be made in any branch of organ chemistry)—The Registrar, The Univer- 
sity, Sheffield (June 30) 

ASSISTANT (With an appropriata honours degree and experience of statis- 
tical analyses) IN RESEARCH IN COMPUTER PROGRAMMING—The Secretary, 
School of Agnculture, The University, Downing Street, Cambridge (June 30) 

JUNIOR RESHAROH FELLOW; and a TEMPORARY “RESEARCH ASSISTANT 
{for one year only) IN THE DEPARTMENT OF GEOGRAPHY—The Registrar, 
The University, Sheffield (June D) 

LEOTURER IN PSYOHOLOGIOAL “EDICINE—The Secretary of the University 
Court, The University, Glasgow GJune 30) : 

READER IN BOTANY at Queer Mary Uocllege—The Academic Registrar, 
University of London, Senate Hanse, London, W C1 (June 30). 

READER IN THKORETIOAL PHysics at Queen Mary College—The Academic 
Registrar, University of London, Senate House, London, W.C.1 (June 30). 

UNIVERSITY DEMONSTRATORS with an appropriate. honours degree and 
postgraduate teaching and research experience) IN AGRICULTURAL BOTANY, 
AGRICULTURAL ENTOMOLOGY, AND PLANT PAaTHOLOGY—The Secretary, 
School of Agriculture, The University, Downing Street, Cambridge (June 30). 

LECTURER IN CLINICAL PSYCEOLOGY IN THE DEPARTMENT OF MENTAL 
HEALTH-—The Registrar, University of Bristol, Bristol (July 2). 

TUTOR IN MEDICINE to give irstruction ın clinical medicine and to take 
part m the clinical and research zctivities of the Department of Medicine- 
The Registrar, The University, Manchester, 13, quoting Ref 120/65 (July 3). 

LECTURERS or ASSISTANT PROFESSORS (3) IN MECHANICAL ENGINEERING; 
and ASSISTANT or ASSOCIATE PROFESSORS (2) IN CIVIL ENGINEERING at 
Haile Selassie I University, Echiopia—The Secretary, Inter-University 
pounce for Higher Education Orerseas, 33 Bedford Place, London, W.C 1 

uly 6). 

READER fwith a wide and therough training in general pathology and 
research methods, and preferably special mterests in experimental pathology 
or {mmunopathology) IN PATHOLOGY at the Institute of Ophthalmology— 
The Academic Registrar, University of London, Senate House, London, 
W.C 1 (July 5). - : 

RESEARCH ASSISTANTS (graductes in chemistry or biochemistry or with 
equivalent qualifications, or with. postgraduate training in biochemistry) IN 
THE DEPARTMENT OF BOTANY—The Registrar, University College of Swansea, 
Singleton Park, Swansea (July 18). 

LECTURER IN BIOLOGY at tke University of Sydney, Australia--The 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pali Mall, London, 8.W.1 (Australia and London, July 12). 

LECTURER/SENIOR LECTURER IN AGRICULTURAL ENTOMOLOGY IN THE 
DEPARTMENT OF AGRICULTURE University of Sydney, Australia-~The 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, S.W 1 (Australia and London, July 15). 

PROFESSOR OF PURE MATHEM,TICS at the University of New England, 
Armidale, New South Wales, Australia—The Association of Commonwealth 
Universities (Branch Office), Mar-borough House, Pall Mall, London, S.W 1 
(Australa and London, July 30). 

LECTURER IN PHYSIOS; and an ASSISTANT LECTURER IN PHYSICS at the 
University of Canterbury, Christchurch, New Zealand—The Association of 
Commonwealth Universities (Bsanch Office), Marlborough House, Pall 
Mall, London, 8.W.1 (New Zealand and London, July 31). 

ASSISTANT LECTURER (with a@ degree ın physiology, pharmacology or 
pharmacy) IN THE DEPARTMENT OF OPHTHALMIC OPTICS—The Academic 
Registrar, Northampton College >f Advanced Technology, St, John Street. 
London, E.0.1. 

ASSISTANT TRIALS OFFICER (with training in botany or agriculture, and a 
recognized degree or National D:ploma) at one of the Institute’s Regional 
Trials Centres for work on small seale field trials of new varieties of farm 
crops-——The Secretary, National kostitute of Agricultural Botany, Hunting- 
don Road. Cambridge 

CHIEF TECHNICIAN (with experience of general technician duties in-a 
university department, and the Higher National Certificate or equivalent 
qualification) IN THE DEPARTMEXT OF BOTANY—The Secretary, University 
Aanby , Old College, South Budge, Edinburgh, 8, quoting Ref. No. 

ENTOMOLOGIST (national of tae United Kingdom or the Republic of 
Treland, with a degree in natural science, preferably with second-class 
honours, of which zoology shouid be a principal subject) in Malawi, to 
supervise phytosanitary services including exports and imports; to 
out systematic work in the museum; to identify pests and advise on control 
measures; and to carry out some entomological research—The Appoint- 
ments Officer, Ministry of Overseas Development, Room 301, Eland House, 
Stag Place, London, S.W.1, quoting Ref. RC 213/134/05. 

GRADUATE MASTER (temporary or permanent} to teach Chemistry up to 
“A” level—-The Headmaster, Skiplake College, Henley-on-Thames, 

LECTURERS and ASSISTANT LECTURERS IN PSYCHOLOGY AND SOCIOLOGY —— 
ie —— Ref. 105Y/E, Bradford Institute of Technology, Bradford, 7 
(July 5). 5 
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PHYSICIST or ELECTRONIC ENGINEER IN THE DEPARTMENT OF PHYSICS 
for development work on a large Heavy Ion Linear Accelerator--The 
Assistant Director, Linear Accelerator Laboratories, The University, Oxford 
Road, Manchester, 13. 

PROFESSOR OF ENGINRERING—College Secretary and Clerk to the Governing 
Body, Welsh College of Advanced Technology, Cathays Park, Cardiff. 

PROGRAMMERS (preferably with a knowledge of statistics) IN THE STATIS- 
TICS DEPARTMENT, to work on the development of computer techniques 
applicable fo agricultural and other biological research—The Secretary, 
Rothamsted Experimental Station, Harpenden, Herts. 

Brave (with high academic qualifications and ability tc conduct and 
supervise -research) IN AIRCRAFT STRUCTURES OR AERODYNAMICS IN THE 
DEPARTMENT OF AERONAUTICS AND SPACE TECHNOLOGY—The Academic 
Registrar, Northampton College of Advanced Technology, St. John Street, 
London, E.C.1, quoting Ref. A/T. 

SOLENTIFIC OFFICER or SENIOR SOIENTIFIC OFFICER (honours graduate in 
science, veterinary science or agricultural science, with training in physiology) 
IN THE FEEDING AND METABOLISM DEPARTMENT, to work on the nutrition 
of ruminants, including the factors affecting the voluntary intake of food 
by cattle—The Secretary, National Institute for Research ın Dairying 
(University of pagent Shinfleld, Reading, quoting Ref. 65/N/6. 

SOIENTIFIO OFFICER (with a B.Sc degree or equivalent degree of a univer- 
sity of the United Kingdom in appropriate subjects) for Interesting laboratory 
work—The Administrative Officer, Regional Blood Transfusion Centre, 
Churchill Hospital, Headington. Oxford. 


REPORTS and other PUBLICATIONS 
(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Philosophical Transactions of the Royal Society of London. Series A: 
Mathematical and Physical Sciences. o. 1083, Vol. 257 (25 March 1965): 
The Lattico Thermal Conductivity of Silver Alloys between 0'3 and 4° K., 
By M. H. Jericho. Pp. 385-407. 9s.; 1 35 dollars. No. 1084, Vol. 257 (25 
March 1965): Smgularities Associated with Separating Boundary Layers. By 
Susan N. Brown. Pp. 409-444. 133.-6d.; 2 dollars. (London: The Royal 
Society, 1965.) {253 

Report of the Rugby School Natural History Society for the year 1964 
(Ninety-Eighth Issue). Pp. 24+1 plate. (Rugby’ Rugby School Natural 
History Society, 1965.) . [313 

The Gardeners’ Sunday Organization. Gardens to Visit 1965. . 48. 
(Dorking: Mrs. K. Collett, Gardeners’ Sunday Organization, White Witches, 
Ulaygate Road, 1965.) 1s. [318 

University of Cambridge. Report of the Observatories Syndicate for the 
: ya ane 1964 September 30. Pp. 6. (Cambridge: The Umiyan 
1965. 

The Institution of Electrical Engineers. List of Members, Part 1: Members, 
Associate Members, Companions. Pp. 345. (London: The Institution of 
Electrical Engineers, 1965.) . 318 

University of Oxford., Seventy-Sixth Report of the Delegates of the 
University Museum and First Report of the Delogares of the Science Area 
(for the year ending 31 July, 1964.) (Supplement No. 4 to the University 
Gazette, March 1965.) Pp. 183. (Oxford: The University, 1965.) 10s. [313 

Electronics Letters, Vol, 1, No. 1 (March, 1965). Pp. 1-28. Published 
monthly. Annual subscription 50s. Single issues 5s. (London: The Insti- 
tution of Electrical Engineers, 1965.) [318 

Rentokil Laboratories, Ltd. Coloured Wall Chart on Woodworm (Anotium 
punctatum). (East Grinstead, Sussex: Educational Department, Rentokil 
Laboratories, Ltd., 1965.) (318 

Experimental Agriculture, Vol. 1, No. 1 (January, 1965). Edited by Prof. 
J. P. Hudson. Pp. 1-80+2 plates. Annual subscription 75s. net (U.S A. 
13.50 dollars). Single part 25s. net (U.S ‘A 4 50 dollars). (London and New 
York: Cambridge University Press, 1965.) 1 

— hig otoy Newsletter, No. 1 (March 1965). Pp. 8. 
Shell Centre, . 2 

The Royal Institute of Chemistry. Index to Chemistry Films: a Comprehen- 
sive List of Films and shee inet pe on Chemistry and Related Topics. ourth 
sai Pp. xii+ 268. (London: The Royal Institute of Chemistry, 1205 } 
7s. 6d. 

University of London. University College Annual Report, 1963-1964. 
Pp. 109. (London: University College, 1965.) [24 

Ambassade de France, Service de Presse et d'Information. Sport in 
France. Pp. 13, so Ambassade de France, Service de Presse i 
d'Information, 1965. 

N.E.R.C. Review, Vol. 1, No. 1 (January 1985). Edited by Graham D. 
Clifford. (A quarterly review of progress in electronics research.) p. 
1-20 +iv. (London: National Electronics Research Council, 1965.) 108. [54 

Notes for Introductory Courses ın Genetics By Charlotte Auerbach. 
Fourth edition. Pp. 42. (Edinburgh and London. Oliver and Boyd, — 


1965.) 38. 6d. 
—E of Reaction Kinetics. By Prof. P. G. Ashmore (Royal Insti- 
—— 


4 
(London 
24 


tute of Chemistry Monographs for Teachers, No. 9.) Pp: 78. 
Royal Institute of Chemistry, 1965.) 78. 6d. — 
Imperial College of Science and Technology (University of London). 
Postgraduate Courses and Research, 1965-66. Pp. iv+183. Shorter 
Postgraduate Courses, Summer Term, Session 1964-65. Pp. 10. (London: 
Imperial College of Science and Technology, 1965.) 74 
Wool Industries Research Association. port of the Director of Research 
for 1964. Pp. 44. (Publication No, 224.) (Leeds: Wool Industries Research 
Association, 1966.) 74 
University of Oxford. Annual Reports, 1963-64. Pp. 50. (Supplement 
ee 2 me University Gazette, March 1965.) (Oxford: The vavan 
1965, 8. Od. 
The Zoological Society of London. Annual Report 1964. Pp. 56+10 
plates. (London: The Zoological Society of London, 1965.) 74 
Qusen, Mary College (University of London). Annual Report, Session 
1963-64. Pp. 131. (London. Queen Mary College, 1965.) [74 
The Radiochemical Centre. The Stability of Labelled Organic Compounds. 
Pp. 14. Selected References to Tracer Techniques. Revised edition. Pp. 12. 
Radioactive Isotope Dilution Analysis. Second edition. Pp. 12. (Amer- 
sham: Radiochemical Centre, 1965 } [va 
Science Research Council. Radio Astronomy: Report of the Committe 
appointed by the Lord President of the Council under the chairmanship 
of Lord ee ——— Pp. iv+60. (London: H.M. Stationery Ont 
1965.) 48. 6d. net. 
The Institute of Fuel. Report of the Council and Statement of Accounts 
for the year 1964. Pp. 18. (London’ The Institute of Fuel, 1965.) [74 


NATURE 


June 12, 1965 


Other Countries 


Studia Forestalia Suecica. Nr. 18: Studies of Cross-Country Transport 
Distances and Road Net Extension. By Gustaf von Segebaden. (Studier 
över Terrdngtransportens Längd och Vignatets Utbyggnad.) Pp. 70. 10 
Sw. kr. Nr. 19: Studier over Klimatet i Norrland, Dalarna och Värmland. 
Av Bengt H:son Ager. (Studies of fhe Climate in North and Central Sweden.) 
Pp. 105+ 2 plates 20 Sw. kr. Nr, 21: The Use of Decayed Wood from some 
Conifers and Broadleaf Trees for Chemical Pulping Purposes. By Erik 
Bjorkman, Lars-Henrik Forssblad, Erik Malm, Sixten Olof Regestad, Erik 
Ringstrom and Sven Rydholm. (Anvindbarheten av Rdtskadad Barr- och 
Lovved för Framstilining av Kemisk Massa.) Pp. 66+2 plates. 20 Sw. kr. 
Nr. 22; Indersokningar over Sorkskador på Barrtridsplantor i Syd- och 
Mellansverige Av Gösta Notini. (Untersuchungen fiber Erdmausschaden an 
Nadelholzpflanzen in Sud und Mittelschweden ) p. 112. 12 Sw. kr. (Stock-: 
holm: Svenska Skogsvardsforeningen, Box 16316, 1964 ) [313 

Institut des Recherches sur le Caoutchouc au Cambodge. Rapport Annuel 
1968. Pp. viii 92. (Kompong-Cham, Cambodge. Institut des Recherches 
sur le Caoutchouc au Cambodge, 1964.) [813 
Vol. 1, 


VOL, 206 


Transactions of the Royal Society of New Zealand. General. 
No. 9 (February 10, 1965): Imaginative Thought and the Byes. By W, H. 
Ward. Pp. 105-111. Geolo Vol. 2, No. 12 (February 10, 1965)" The 
Geology of the Middle and Lower Taylor Valley of South Victoria Land, 
Antarctica. By T.R Haskell, J. P. Kennett, W. M. Prebble, G. Smith and. 
I. A. G. Willis. Pp. 169-186 + geological map. Vol 3, No. 1 (February 10, 
1965): Sedimentary Cycles, Correlation, and Stratigraphic Classification. 
By Paul Vella. Pp. 1-9. Zoology. Vol. 5, No 11 (February 10, 1965): 
Leptocephali of the Nemichthyidae, Serrivomeridae, Synaphobranchidae and. 
Nettastomidae in Australasian Waters. By P. H. J. Castle. Pp. 131-146. 
Vol. 5, No. 12 (February 10, 1965): Larvae of Petrocheles spinosus Miers, 
1876 (Crustacea, Decapoda, Anomura) with Keys to New Zealand Por- 
cellanid Larvae. By Robert G. Wear. Pp. 147-168. Vol. 5, No. 12 (February 
10, 1965): Breeding Oycles and Pre-zoea Larva of Petrolsthes elongatus 
(Milne Edwards, 1837). (Grustacea, Decapoda.) By Robert G. Wear. Pp. 
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EDUCATIONAL USES OF TELEVISION 


fd bare debate on the broadeasting services m the House 
of Lords on January 20 took place almost three 
months before the Postmaster-General announced in the 
House of Commons that the Government proposed to 
increase the combined sound—television licence to £5 and 
the radio licence to £1 5s. as from August 1. The debate 
had been opened by Lord Willis in order to direct atten- 
tion to the latest reports of the British Broadcasting 
Corporation and the Independent Television Authority, 
It was scarcely surprising, therefore, that several speakers 
supported Lord Wills in urging that the licence fee 
should be increased to enable the B.B.C. to extend its 
service effectively. Lord Willis put this as the first step 
towards raising the quahty of television, and fully sup- 
ported the idea of a £6 fee for television which the B.B.C. 
itself had urged. On this point, the Bishop of Worcester, 
the Earl of Iddesleigh, Lord 
Aberdare and Lord Francis- 
Williams concurred—though 
Lord Francis-Williams did 
not commit himself to a 
figure, merely insisting that 
the B.B.C. should receive 
adequate funds and be en- 
tirely independent of adver- 
tising for its revenue. Speak- 
ing for the Government, Lord 
Hobson and Lord Snow were 
then naturally non-committal 
as to the extent of any in- 
crease, but, in stating that the 
increase was still under con- 
sideration, admitted that some imcrease in “financial 
resources, without affecting the Corporation’s independ- 
ence, was essential. Only the Earl of Bessborough chal- 
lenged any increase in the licence fee, though he too 
rejected the idea of any dependence on advertising. 

Lord Willis urged that the next step towards improve- 
ment should be a much greater development of regional 
production, with the Independent Television Authority as 
well as with the B.B.C. Like other speakers, he was 
critical of some of the output on television, stressing the 
importance of creative work, and of giving creative people 
the freedom essential for such work. It was in original 
drama that new techniques could be explored and new 
writers developed, resulting in illumination of the great 
problems of our time. Allied with this was more attention 
to minorities, and he suggested that the Corporation 
should be given authority to set up a dozen local radio 
stations in association with local authorities and univer- 
sities. Greater financial resources would also enable the 
Corporation to use its large backlog of educational and 
other material. 

Lord Willis also emphasized the responsibility of tele- 
vision. Here, like some subsequent speakers, he ques- 
tioned whether sufficient weight was being given to this 
when serious writers were allowed to express themselves 
freely about the society in which they lived. Such freedom 
was absolutely right, but it must be exercised responsibly, 
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and too much writing was, in fact, purely destructive. 
This lay at the root of similar criticisms of television 
plays, and he pleaded that television should use its great 
influence to speak for pcsitive values. Lord Hobson gave 
Lord Willis guarded support on this question of responsi- 
bility, but he was sup >orted much more strongly and 
unreservedly by Lord Ferrier, Lord Peddie and Lord 
Snow. While Lord Snow believed that, on the whole, 
television had had a strongly beneficial influence on the 
community and was sceptical about some of the claims 
as to the extent of its influence, he pointed out that the 
influence on children could be negligible or very great 
and some serious sociclogical and psychological exam- 
ination was desirable. ; 
Lord Snow also welcomed Lord Aberdare’s reference to 
the value and importanze Op the B.B.C.’s external broad- 
casts, but on regional broad- 
casting he thought that more 
enquiry was needed. It was 
possible that proper use of 
the regions would be very 
valuable, and the difficult 
administrative arrangements 
involved were being actively 
examined. It was likely to be 
some time before a decision 
could be taken about the 
- fourth channel Early in the 
debate, Lord Willis, supported 
by the Bishop of Worcester, 
suggested that the B.B.C. and 
the Independent Television 
Authority might help tc meet the desperate need for youth 
leaders by appropriate appeals on television. The Earl of 
Bessborough, besides asking for the establishment of 
entirely educational stations as well as independent 
stations, referred to tke useful part a local educational 
television service could play in industrial training and 
re-training. He was also the first speaker to refer to the 
proposal for a ‘univers ty of the air’, and Lord Snow, in 
his reply on the debats, said that the Government was 
committed to a serious educational channel, or at least a 
serious source of eduzational material. It was now 
generally agreed that television could make a very serious 
contribution to education, whether or not it was called a 
‘university of the air’ or a contribution comparable with 
that made by university correspondence courses early in 
this century. This eduwational use of television had high 
priority, but whether it meant immediately giving the 
fourth channel to such.a purpose was for discussion. 
This question was sp2cifically discussed in the House of 
Commons on April 2, when a motion of Mr. R. Buchanan 
was adopted; but befcre considering that debate it is as 
well to note some relevant points in the annual report of 
the British Broadcasting Corporation and a booklet, 
School Broadcasting ani the Newsom Report*, based on a 
talk given by Mr. J. Ssupham to members of the School 


* School Broadcasting and tkz Newsom Repoit. Pp. 16. (London: B.B.C., 
: — i for the S«hool Broadcasting Council for the United 
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Broadcasting Council for the United Kingdom and now 
published with a foreword by Mr. C. F. Carter, chairman 
of that Council. First, it should be noted that, although 
the annual report was criticized in the debate, the 
Governors of the B.B.C. stressed in it their concern for 
maintaining standards and for recognizing their responsi- 
bility to viewers and listeners to see that the limits of 
tolerance are not overstepped. They welcomed the interest 
expressed in local broadcasting in an earlier debate in 
January, 1964, and the B.B.C. has already instituted a 
survey in several centres to look into the problem of how 
the essential co-operation with local authorities and 
educational bodies might be organized. The Corporation 
has already undertaken sixteen closed-circuit experiments 
and is willing to undertake a broadcast experiment at 
any time it is asked to do so. It might also be added 
here that the Corporation’s contacts with the scientific 
world have been extended by the establishment of an 
informed consultative group under the chairmanship of 
Prof. A. Haddow, including representatives of academic 
science and applied science and technology. 

In his introduction to Mr. Scupham’s booklet, Mr. 
Carter points out that broadcasting and television open up 
possibilities in education which are as exciting as anything 
since the arrival of the cheap printed book, and especially 
important for children below average intelligence or non- 
academic. We do not yet appreciate how much can be 
done with these new media of communication, not only to 
support familiar types of learning, but also to develop in 
children valuable qualities in which they are not below 
average. Mr. Scupham begins by pointing out that the 
Newsom Report was the first major report on education 
in Britain to treat the revolution in communications— 
and broadcasting is no less—as a new educational force, 
and not simply as a new educational tool. It is intended 
to create a new climate of opinion, and therefore a new 
context within which school broadcasting must operate. 
“The culture provided by all the mass media, but par- 
ticularly by film and television, represents the most sig- 
nificant environmental factor that teachers have to take 
into account.” 

The Report dwells on the special value of the powers of 
presentation of broadeasting in terms of the actual, the 
concrete and the sharply individual, for children who may 
never move easily among abstractions, and from all this 
evaluation of the medium the Newsom Report makes 
three recommendations. All schools with pupils in this 
group should be equipped as a matter of course with radio 
and television receivers. Training colleges and depart- 
ments of education should take account, in their work 
with students, of broadcasting both as an environmental 
factor and as a teaching tool. Teachers should try to 
develop in their pupils the habit of critical appreciation 
of the mass media and particularly the visual media. It 
is a necessary corollary that those who provide school 
broadcasts, especially television broadcasts, should direct 
special attention to their potentialities for this group of 
older pupils. 

In his foreword to the Newsom Report, Sir Edward 
Boyle wrote: “The essential point is that all children 
should have an equal chance of acquiring intelligence and 
of developing their talents and abilities to the full”. Mr. 
Scupham maintains that we are not developing the full 
potential of half the school population for three main 
reasons. We are not keeping them at school long enough ; 
we are not giving them the right material circumstances; 
and we are not using the best approaches or the best teach- 
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ing methods. He recognizes that there are differences 
between sound broadcasting and television and that 
television has limits as a means of communication in so 
far as what children perceive and understand is determined 
by the experience, the habits of thought and the conceptual 
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. apparatus that they bring to the contemplation of a 


television programme. The verbal component must have 
regard to such limitations, but nevertheless Mr. Scupham, 
surveying the opportunities in vocational interests, in 
concrete approaches to learning, in moral and aesthetic 
education and in language, is convinced that broadcasting 
can be used to extend the range of experience, and to 
enable every child to share in our common heritage. The 
new ways have perhaps most of all to offer to those who 
understand life best in concrete terms and will never 
follow the academic path, especially when they are ready 
for the complex new world beyond the classroom. 

That needs to be remembered in any discussion on a 
‘university of the air’; however, it attracted little atten- 
tion in the debate in the House of Commons on April 2. 
The resolution moved by Mr. R. Buchanan, and adopted by , 
the House, expressed acute awareness of the need both 
for further education and also to give the fullest possible 
assistance to the teacher in the classroom. Moreover, it 
urged the Government—considering an educational tele- 
vision and radio service would help to mitigate the con- 
tinuing shortage of teachers—to encourage the establish- 
ment of a ‘university of the air’ in television and sound 
radio and, in the field of formal education, to sponsor a 
suitable television and radio service. Mr. Buchanan 
stressed the need to raise the general level of under- 
standing in a technological society, but put much weight 
on the contribution of the proposal towards increasing 
the supply of teachers. He thought that such a system 
would be highly beneficial:—it could provide refresher 
courses for professional people of all types due to the 
greater facilities that it would make available; it could 
also assist those in industry and commerce to obtain 
competence in new techniques; and it could help people 
generally to broaden the basis of their general education 
and to increase their range of cultural interests. Finally, 
he would place any educational television service in the 
hands of the educational authorities. 

Mr. W. Hannan, who followed, thought that a national 
educational television authority should be established to 
control the means of broadcasting and to give permission 
to broadeast. He thought that a coherent national policy 
was now urgently needed to co-ordinate the growing 
number of local efforts. While there was no suggestion 
of competition with. the B.B.C. or the Independent 
Television Authority in the production and distribution 
of popular science or art programmes, a comprehensive 
service was needed with a definite purpose; the recent 
project of the University of Strathclyde was intended to 
fill a gap which was unlikely otherwise to be filled. From 
what Mr. Hannan said in the debate, the educational 
television service contemplated by the University of 
Strathclyde, which will have within its range almost a 
third of the population of Scotland, goes far to meet the 
ideas expressed by Mr. H. Wilson. in his speech in Glasgow 
on September 8, 1963. It has the advantage of being able 
to draw on some experimental work in this field for which 
the Independent Television Authority and the National 
Extension College, an adult teaching unit associated with 
the Advisory Centre for Education, have since been 
responsible. Mr. G. J. Smith, who pointed out that the 
Pilkington Committee had taken the opposite view that 
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the educational purpose of broadcasting was much more 
likely to be realized by a fourth comprehensive service, 
also argued strongly against this view and pressed for 
some effective action in extension of what was already 
being done in educational broadcasting by both the 
B.B.C. and the Independent Television Authority. 

Mr. S. Mills saw no basic conflict between the aims of 
the educational type of programme and the aims of pro- 
grammes that were intended to be educative; they could 
be complementary. Whether we used an entirely separate 
channel for educational television, as was originally sug- 
gested by the Prime Minister, or the closed-circuit or 
microwave television! on a local basis, any service to be 
used effectively must be organized on a local basis. 
Moreover, this type of programme should be run and 
conducted by educationalists—teachers in schools and 
universities or in adult education. There was also general 
agreement as to the importance of developing a national 
Educational Television Centre. On these points, Mr. A. 
Blenkinsop was in complete agreement, but added that 
those in charge of the programmes needed the advice 
of those who were expert in presentation. He also urged 
that the general educational or enrichment programmes 
should be encouraged and developed in every possible 
way; we should equally make the fullest possible use of 
television and sound broadcasting in schools and colleges 
in the normal way; and he thought that both national 
and local television could exploit the possibilities in 
developing long-term courses of the highest standard 
which could lead to university qualifications of one kind 
or another. J 

Sir John Langford-Holt urged the importance of main- 
taining even higher standards than seeking to capture 
the widest audience, and Mr. C. Chataway, while wel- 
coming much that had been said in the debate, stressed 
the limitations of a central authority in educational broad- 
casting and thought that the locally controlled educational 
` television station had many important advantages. He 
hoped to see a fairly rapid extension of local closed-circuit 
systems, but was doubtful as to the value of a “‘properly 
planned university of the air with all the resources of 
television and radio and State-sponsored correspondence 
courses’: if the case for devoting the fourth channel to 
education rested on this idea, the case was weak. He urged 
continued expansion of educational programmes on the 
existing channels and thought thet the fourth channel 
could be used more effectively for other purposes. A 
national television centre with responsibilities for co- 
‘ordination and for information was greatly needed, and 
television should be harnessed more comprehensively to 
the needs of the schools. 

In replying on the debate, the Joint Under-Secretary 
of State for Education and Science, Miss J. Lee, said that 
we were falling behind other countries in the use of tele- 
vision and radio, and less than 25 per cent of our schools 
had television sets, The Government wished to encourage 
every school to. have a first-rate receiving set for both 
radio and television. Experiments in closed-circuit tele- 
vision had commenced, and 24 universities, 34 colleges of 
technology and technical colleges and 19 colleges of 
education were using closed circuits, but only 9 secondary 
schools, although the last position would change drastic- 
ally when the (asgo and other experiments got under 
way. 

Miss Lee said she fully supported the Prime Minister’s 
idea of a ‘university of the air’, but explained that this 
proposal did not mèan opening up a separate channel to 
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undertake all educaticnal broadcasting. While liberal 
courses and refresher leztures on the general broadcasting 
programmes should be encouraged, if we were to mount 
courses leading to a degree the hours of listening must be 
determined on educaticnal grounds. Her approach to the 
question was not to take over what was already being 
done but to extend tie opportunities which television 
afforded in Britain’s tradition of adult education. In 
this connexion she stressed the importance of people 
being able to study in peace and quietness. The public 
libraries might sometimes be able to make a contribution 
here, but this should >e the subject of one of the pre- 
liminary enquiries whica.she was making. Feasibility tests 
were already being made on the hours available, the cost 
and the whole technica. structure, and she reiterated that 
what we were really seeking to do was to add a new 
dimension to the tradifional adult education courses. 
Apart from Miss Lee’s reference to cost, finance was 
scarcely mentioned in the debate, though it is obviously 
an important consideration. It is facile to insist that 
all schools should be provided with efficient receiving sets 
and that both schools and universities should make full 
use of the possibilities of closed-circuit television, for 
example, in their ordinary teaching. These possibilities 
are being examined ard there should be no question as 
to the provision of acequate finance for these purposes 
from public funds if mecessary. It is, however, another 
matter altogether to propose another television channel of 
specialized interest without full and careful enquiry both 
as to the cost, the probable use to be made of it, the 


_precise purpose to be served and the return which the 


nation is likely to rece.ve from such an investment. 

Miss Lee did well tc bring the idea of a ‘university of 
the air’ nearer to the ground, and the factual enquiries 
she is pursuing should. help to develop practical projects 
in due course. Mearwhile, the Government’s decision 
that the whole questicn of broadcasting finance requires 
further study is manifestly right and, as Mr. Wedgwood 
Benn announced in the House of Commons on April 14, 
the British Broadcast-ng Corporation has been asked to 
co-operate in this review. The review is to be seen as part 
of the wider review 2f broadcasting policy which the 
Government is undertaking and which includes the 
development of educational broadcasting, the allocation 
of the fourth channel end local broadcasting. The belated 
increases in the licence fees for sound broadcasting and 
for sound and televisMn should not necessarily preclude 
æ subsequent increase in the combined licence fee to the 
£6 which the B.B.C. requested. However, it at least indi- 
cates that the Government has realized that the develop- 
ment of what is largely an amenity cannot be indefinitely 
subsidized but must bə paid for by those who wish to 
enjoy it. 

Neither Miss Lee moc other speakers in the debate, 
however, referred to the more modest plans for a National 
Centre for Broadcast Adult Education which have been 
worked, out by the Universities’ Council for Adult Educa- 
tion and submitted to the Department of Educational 
Science, the B.B.C. and the Independent Television 
Authority. It is claimed that the scheme could be operated 
in unused air time on the present channels, and that a 
pilot scheme could be launched this autumn. It is pro- 
posed that the Department of Education and Science 
should finance the Centre, and the scheme indicates the 
extent to which the rcot idea of university courses on the 
aid is being taken seriously by responsible people in the 
academic world. 
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MULTIVARIATE BIOLOGY 


Multivariate Statistical Analysis for Biologists 


By Hilary L. Seal. Pp. xi+207. (London: Methuen and 
Co., Ltd., 1964.) 45s. 


TATISTICAL theory applicable to records that 
consist of many different measurements made on each 
member of a sample has been widely investigated for many 
years. Regression and correlation analysis, introduced 
early in the century, were followed by generalizations of 
analysis of variance, canonical and principal component 
analysis, and many forms of factor analysis. Although all 
these techniques have been applied in biology, until 
recently the magnitude of the arithmetical tasks involved 
has limited their use to analyses of relatively small 
numbers of different characters. The computer revolution 
has removed this barrier, and no scientist need now be 
intimidated by an analysis that involves inversion of a 
large matrix or determination of its eigenvalues. 

This new-found freedom properly leads to an urge to 
explore and exploit multivariate analyses. In its tram may 
come some excesses of enthusiasm, for example, perform- 
ance of a canonical analysis when examination of each 
variate separately would better serve the aims of an 
enquiry. Until greater experience is obtained, statisticians 
cannot judge how far some of these techniques will 
prove biologically enlightening. 

Dr. Seal writes for biologists, in a style that is always 
interesting and enthusiastic: he aims to present a wide 
range of multivariate methods with a minimal requirement 
of knowledge of other statistical theory and practice. He 
rightly emphasizes that a biologist should understand the 
logical structure of a method before subjecting his data 
to the appropriate computer programme. Whether he is 
wise to develop his theme without dependence on greater 
knowledge of standard statistical practice is- questionable; 
a balanced judgment of the role of component or factor 
analyses in particular biological problems is unlikely to be 
formed by anyone ignorant of analysis of variance and 
allied topics. Unfortunately, a determination to avoid 
dependence on standard analysis of variance makes un- 
realistic Dr. Seal’s accounts of trivial numerical examples 
in his early chapters. Several analyses of measurements 
made at irregular intervals of time on the same plots or 
animals are discussed, although non-homogeneous cor- 
relations almost certainly make analysis of so few measure- 
menis useless. A reviewer who finds the analysis of vari- 
ance and its ramifications the most valuable single 
instrument for examination of multiply-classified measure- 
ments can scarcely be sympathetic to a presentation that 
somewhat self-consciously avoids it and in consequence 
uses inappropriate models. Will any reader whose ex- 
perience makes him adequate to judge share the author’s 
preference? When he turns to multiple regression, Dr. 
Seal’s presentation is far more effective. He rightly 
stresses the importance to the biologist of easy handling 
of matrix operations, How surprising, then, to find him 
twice implying that the standard method for computing 
solutions of sets of linear equations is from ratios of 
determinants. 

The second half of the book will attract greater attention 
as the first account of methods for the simultaneous 
analysis of several dependent variates directed at wide use 
in biology. The numerical description of a multiple linear 
model is particularly clear, though marred by data which 
fail to distinguish between measurements on different men 
and repeated measurements on the same man. For the 
reader familiar with simple matrix notation, the chapter 
on principal components will also be of great value. The 
fundamental problem of changes of scales of measurement 
receives comment, but scarcely sufficient discussion; the 
implication that difficulties disappear if all variates have 
been measured in the same units will not meet the needs 
of records including, say, height and skin thickness of men 
(both measured in millimetres)! 
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The two final chapters, on canonical and factor analyses, 
are more difficult. The job has been well done, but whether 
the time has yet come for popularizing these techniques in 
biology is questionable. The need for their trial under 
expert critical guidance is evident; despite his own 
thorough study, Dr. Seal finds himself unable to state 
the 6xact part they should play in the interpretation 
of data. However desirable a full multivariate analysis 
may be, undiscriminating calculations by those not able 
to combine familiarity with theory and appreciation of 
biology may be more misleading than unsophisticated 
analysis of single variables. It is surprising that relatively 
little emphasis is placed on classical discriminant analysis 
and its extensions, a field in which both justification and 
practical use are clearer than elsewhere. Less surprising 
is the very brief consideration of statistical taxonomy, for 
this subject, despite the present great interest, needs much 
development before it can be clearly expounded. 

This book merits criticism on details of presentation and 
purpose. It should be widely studied: it is refreshingly 
different in plan, and it will force both biologists and 
statisticians to think anew about the aims of quantitative 
research. D. J. FINNEY 
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A PANORAMA OF GROWTH 


The Growth Process in Animals 
By Dr. A. E. Needham. Pp. xiv+522. (London: Sir 
Isaac Pitman and Sons, Ltd., 1964.) 70s. net. 


R. NEEDHAM has displayed considerable courage in 

undertaking the task of writing this book, which 
represents no less than an attempt to assess our present 
knowledge of the processes of growth in animals. His 
success in achieving this, within the limits of a book of this 
size, is a testimonial to the breadth of his knowledge (more 
than sixteen hundred references are listed) and to his 
ability to synthesize and correlate information from 
different branches of biology. 

The difficulties inherent in reducing a great number of 
disparate facts into an orderly and mentally digestible 
sequence have been eased by sensible overall planning of 
the text. The book is divided into two parts: in the first, the 
actual processes involved m growth are discussed, begin- 
ning with those which are manifest in the organism as a 
whole, such as rate of growth and its temporal and spatial 
patterns, then dealing successively with aspects of growth 
at the diminishing levels of organs, tissues, individual cells 
and intracellular structures. This first section concludes. 
with chapters on the biosynthesis of proteins and of 
nucleic acids, as being the most important constituents of 
living matter. 

In the second part of the book, attention is directed to 
the more controversial question of the mechanisms where- 
by the processes of growth are controlled. Here the 
sequence adopted in the earlier chapters is reversed; after 
an initial discussion of the raw materials required, con- 
sideration is given to the controlling influence of nucleic 
acids and intracellular structures and to the relationship 
of mitosis to growth regulation. Then follow chapters on 
the control of growth in tissues and organs and at the 
systemic level, the role of genetic factors, and the effect 
of the environment on the organism. The last chapters 
deal with the most problematical aspects, that is, the 
question of the overall control of growth, and the relation- 
ships between growth and differentiation. 

I do not consider myself competent to assess the accu- 
racy of all the statements made in the book, but a few 
were noted as potentially misleading. Thus, on p. 96, the 
definition of teratomata as ‘neoplasms of the gonads” 
would scarcely satisfy a pathologist. Again, the statement 
(p. 90) that it is difficult to induce growth of cells in vitro 
in the complete absence of embryo extract is certainly 
unacceptable. In the chapter on protein biosynthesis, 
antibody synthesis 1s described as occurring in plasma 
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cells, which are referred to as ‘mobile cells which circulate 
in the blood stream’ (p. 216)—scarcely a normal state of 
affairs. On the same page the possibility of inducing antı- 
body formation ab initio in cultures of lymphoid tissue is 
denied, in spite of published evidence to the contrary. 
Finally, on p. 219, the impression 1s given that antigens 
are foreign proteins which are necessarily ‘dangerous’ to 
the host, a proposition which is certainly arguable. | 

A work such as this can only crystallize the facts and 
theories relating to growth as they present themselves to 
the author at the time of writing. Speculations will 
continue to appear, particularly apropos the most in- 
triguing question of the overall regulation of growth; in 
this context it is regretted that Dr. Needham was not able 
to describe and evaluate the suggestions which have been 
put forward recently by Burwell and Burch m ther 
publications on ‘morphostasis’. However, even if no 
further editions of this book were to appear for some years 
to come, the present volume would provide a starting 
point for anyone requiring a bird’s-eye view of growth in 
all its aspects. 


The ulustrations, both photographs and line drawings, 


are large and clear. The style is readable, though not 
improved by the frequent use of abbreviations; ıb 1s 
difficult to see why they should be necessary ın a publica- 
tion of this kind. 

This is not a book to be recommended to students early 
in their biological training, but it will be extremely useful 
to final-year honours students, and to teachers and re- 
search workers in zoology or the medical sciences. It 1s 
the kind of book which one hopes will appear more 
frequently, embracing as it does all aspects of a topic from 
the morphological to the biochemical via physiology and 
cytology. Unfortunately, as the barriers between the 
various biological disciplines inevitably (and rightly) 
become blurred, so will ıt become increasingly difficult to 
find individuals capable of succeeding, as Dr. Needham 
has done, in presenting the whole picture. 

J. A. SHARP 


HUMAN DIVERSITY 


Human Diversity 

The Nature and Significance of Differences Among Men. 
By Prof. Kenneth Mather. Pp. vi+ 126. (Edinburgh and 
London: Oliver and Boyd, Ltd., 1964.) 21s. 


N 1960 Prof. Kenneth Mather delivered the Ballard- 

Matthews Lectures m the University College of North 
Wales. In Human Diversity, which is based on those 
lectures, he has set himself the task of presenting a study 
of the causes of human diversity ‘to all who are seeking a 
better understanding of human differences and their 
importance for our populations and societies’. 

He has done so under eight headings: the study of 
diversity; causes of diversity: the environment; genes 
and diversity; mutation and selection: radiation and 
medicine; polymorphisms: blood characters; continuous 
variation: intelligence; social transmission and social 
evolution; the interplay of genetical differences and 
social development. There are sixteen figures, a bibho- 
graphy with thirty-five references and a short index. 

In developing his ideas on a complex subject, an author 
is entitled to follow paths familiar to him for as long as 
they serve their purpose. It is not surprising, therefore, to 
find that the approach in this book is predominantly a 
genetical one, with illustrations drawn on one hand 
from conditions caused by a few gene differences of major 
effect and continuous variation on the other. 

The resultant discussions are valuable for their own 
sake, quite apart from the purpose of the book as a whole. 
The examples chosen include achondroplasiac dwarfism, 
haemophilia, and phenyl-ketonuria with its associated 
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mental deficiency, differing from the normal only in single 
genes as compared wish polygenic systerns composed of 
numbers of genes sonmtimes balancing one another out 
and sometimes supplementing one another to produce large 
differences, often with the effects further modified by the 
environment. 

The causes of humar diversity are accepted as environ- 
mental, genetical and social, and the comments on upset- 
ting and re-striking tho balance could, with profit, have 
been extended, inclucing the mfluence of preventive 
medicine in raising the general standards of health. Even 
so, the warnings are clearly expressed in that ‘we can raise 
the number of afflicted people in later generations but not 
lower ıt” and, equally significantly, ‘the genetically less 
well endowed may be enabled to survive and multiply 
more rapidly and effectively by the activities of the 
genetically better endowed, who under a simpler system 
would be their compet-tors’’. 

The final conclusion is that society is the end-product of 
biological development and that the study of society must 
play its part in the greater biology. The importance of 
education, in its broadest sense as covering the trans- 
mission of informatior, ideas, forms of behaviour and 
beliefs of all kinds, 1s emphasized. 

The book is well-wristen and the question ‘for whom 
is it intended ?’ scarce.y arises. Prof. Mather has pre- 
sented the picture as he sees it with the aim of stimulating 
an appreciation on the part of the general reader, as well 
as the professional biolcgist, of the need for further efforts 
to understand ourselves and our destiny. 

A. LESLIE BANKS 


SOURCES OF RADIATION 


Radiation Sources 
Edited by Prof. A. Charlesby. Pp. vii+268. (London 
and New York: Pergarcon Press, 1964.) 80s. nei. 


N his book, Radiation Sources, Prof. Charlesby has 
collected a great deal of useful material for anyone 
wishing to make use Df radiation sources in physics, 
chemistry or biology. Eotential users would be in a good 
position to choose appropriate apparatus after reading 
the book thoroughly. However, an introductory chapter 
reviewing the salient points of the various sources of 
radiation would have beən useful. The type of treatment 
given by the contributors varies widely throughout the 
book, and in particular tns style ranges from the tradition- 
ally scientific to that associated with commercial market- 
ing. 

The chapter on nuclear reactors surveys the field 
adequately and considers the usefulness of various types 
of reactor for y-radiation, and slow and fast neutron work. 
In another chapter isotopic sources of radiation power are 
fully covered, from small experimental sources up to 
large industrial irradiators. The position on available 
sources in respect of pric3 and specific activity has already 
changed in some instances since the writers obtained their 
information. 

The chapter on Van ce Graaff accelerators displays an 
intimate knowledge of tke historical development of these 
devices and deals with the subject in detail. 

Cylindrical electrostat c generators are introduced in a 
somewhat philosophical manner, and the chapter gives no 
references to the hteratare. JResonant-transformer elec- 
tron-beam generators are described in a concise and 
straightforward way. Lear accelerator sources are also 
described in a lucid style and the variations in design 
are brought out clearly The costing figures, however, 
assume that a single irstallation is adequate for com- 
mercial purposes. 

The treatment of radistion protection aspects of design 
and operation of radiation facilities brings out, among 
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other things, the salient points of the regulations which 
have recently come into force in the United Kingdom. 
The subject of shielding is well covered and, by the use of 
many graphs, can be applied to the reader's specific 
problem. The chapter on neutron flux and energy moas- 
urements is rather brief, which may be appropriate since 
the majority of potential users of radiation sources are 
unlikely to be concerned. Even so, the use of fission 
detectors for neutron measurements should have been 
mentioned. 

The book can be recommended as the most detailed 
collection of descriptive matter pertaining to radiation 
sources that has been published so far, and should certainly 
be included in all scientific reference libraries. 

S. JEFFERSON 


BRITISH RESEARCH IN THE 
ANTARCTIC 


Antarctic Research 

A Review of British Scientific Achievement in Antarctica. 
Edited by Sir Raymond Priestley, Raymond J. Adie and 
Dr. G. de Q. Robin. Pp. xi+360+ 36-plates. (London: 
Butterworth and Co. (Publishers), Ltd., 1964.) 210s. net. 


HIS volume may be regarded as a progress report in 

popular form on the British contribution to research 
in the Antarctic regions both on land, on and beneath the 
sea, and in the air. 

This contribution began with the early voyages of 
British sealers, who first saw the outlying islands, and 
with that of the brig Welkams under Captain Edward 
Bransfield, who first sighted the Aniarctic continent, m the 
twenties of the last century. Since those early days it has 
always been the seas around Antarctica which have been 
of major interest to Britain as a source of wealth and 
commerce on account of the whales and seals which 
inhabit them, but it has been the great 1cebound land mass 
itself, the Terra Austraha Incognita, which has been the 
challenge to our curiosity and love of adventure. 

Early voyages and discoveries of British ships among 
the outlying islands and along the coastal fringe of the 
continent in the western region of the Antarctic south of 
South America led the British Government to lay claim, 
as long ago as 1843, to the islands and to a wide sector of 
the continent itself between longitudes 20° and 80° west. 
This sector became known as the Dependencies of the 
Falkland Islands and there was an implied primary 
British interest in, though naturally no actual claim to, 
the surrounding seas with their rich harvest of whales. 
Since the Second World War this claim has been disputed 
by both the Argentine and Chile, and several other nations 
have staked claims in other sectors of the Antarctic. It ıs 
with the results of research in the Falkland Islands Depen- 
dencies that this volume chiefly deals in support of the 
British claim, though there are references to work in other 
sectors, notably that of the British Trans-Antarctic 
Expedition, 1955-58, under the leadership of Sir Vivian 
Fuchs. 

British research in the Falkland Sector of the Antarctic 
really dates from 1917 when the Colonial Office set up an 
Inter-Departmental Committee on Research and Develop- 
ment in the Falkland Islands Dependencies. This became 
the Discovery Committee under whose auspices was carried 
out, from the year 1925 until the outbreak of the Second 
World War, the most intensive and widespread oceano- 
graphic investigation ever undertaken. It was concerned 
mainly with whaling and, using the three famous research 
ships, Discovery, Discovery II and Wiliam Scoresby, 
embraced Antarctic seas around the continent. These 
investigations were suspended during the Second World 
War but, as a result of claims by the Argentine, a survey 
party, known as ‘Operation Tabarin’, was landed at Port 
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Lockroy in 1944. There, in nearly 65° south, a small 
survey base was established. In succeeding years this 
base grew into a kind of permanent Antarctic research 
service known as the Falkland Islands Dependencies 
Survey with its own ship and several other bases among 
the bays and islands of the sector. In 1962 its name was 
changed to British Antarctic Survey and there are now 
fourteen British bases scattered about on offshore and 
outlying islands and on the coast of the Grahamland 
peninsula. 

The articles in this beautifully produced volume, llus- 
trated by excellent coloured plates and many black-and- 
white photographs, deal in a readable manner mainly with 
the results of work carried out at these bases, but also on 
major overland expeditions, such as the British Trans- 
Antarctic Expedition, and on board the ships of the 
Discovery Committee. Each article has been written by a 
distinguished expert who has himself worked in the field 
on land or at sea in the Antarctic, and a wide range of 
subjects ıs covered. Not only are the fauna, flora, geologi- 
cal structure and climate of the Antarctic dealt with but 
also such diverse subjects as the technique of overland 
travel m polar regions, polar ships and navigation and the 
effect of the Antarctic environment on man himself and on 
the dogs he uses. There is a foreword by H.R.H. The Duke 
of Edinburgh, and Sir Raymond Priestley contributes a 
concise history of Antarctic research which forms a fitting 
background. 

Nowadays the Antarctic may be said to be tamed. 
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. Modern science and techniques have reduced its challenge. 


Man’s outlet for fulfilment and adventure has been 
transferred to outer space and soon, presumably, the Moon 
will occupy the position m man’s regard that the Antarctic 
occupied fifty years ago. By the Antarctic Treaty of 1959 
rival nations have agreed not to press their clams in the 
region for at least thirty years. So now we may hope that 
in an atmosphere free of scoops, stunts, journalistic 
stories and political alarms British scientists, such as those 
whose work is recorded here, will be able to continue their 
patient researches, in co-operation with those of many 
other nations. F. D. OMMANNEY 


NUCLEAR SPECTRA: A SYMPOSIUM 


Alpha-, Beta- and Gamma-Ray Spectroscopy 

Edited by Prof. Kai Siegbahn. Vol. 1: Pp. xxxviii + 1-862. 
Vol. 2: Pp. xxxrx + 863-1742. (Amsterdam: North-Holland 
Publishing Company, 1965.) 360s. the two volumes. 


HE title of this work does not truly reflect the breadth 
of material contained m its two volumes. AH aspects 
of nuclear spectra are thoroughly covered with a good 
balance between theory and practice. Alpha-, Beta- and 
Gamma-Ray Spectroscopy is an extended and rewritten new 
edition of Seigbahn’s Beta and Gamma Ray Spectroscopy, 
which originally appeared some ten years ago; the non- 
conservation of parity m weak interactions, the use of 
multi-channel pulse height analysers and the Mossbauer 
effect are among the topics now included. Some text 
references are as recent as late 1963 (the preface is dated 
March 1964) so that the new edition has been brought well 
up to date. Volume 1 is mainly concerned with general 
nuclear spectroscopy including decay schemes and also 
nuclear models, while Volume 2 covers such topics as 
transition rates, angular correlations, beta mteractions, 
etc. There are, in all, 26 chapters and 9 appendixes; a 
helpful feature is that each main chapter opens with a 
brief summary of the material contamed thereim. 
Volume 1 opens with a discussion of the mteractions of 
alpha particles, electrons and gamma-rays with matter 
followed by a survey of the theory and practical design of 
alpha- and beta-spectrometers. A brief review of gamma- 
crystal spectrometers is followed by an exposition of the 
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scintillation method largely as applied to gamma-spectro- 
scopy. Particle detectors are then covered, chiefly 
proportional and Geiger~Muller counters, together with 
special techniques of low background and 4x geometry 
counting. A short section briefly mentions the recently 
developed semiconductor detectors. A highly practical 
section on experimental methods deals with window and 
sample techniques, photographic intensity determinations, 
the use of multi-channel pulse-height analysers and meas- 
urement of source strengths. Much further practical 
information follows in a section discussing methods for 
investigating disintegration schemes, the subsections 
dealing with scintillation spectra analyses and coincidence 
techniques being especially worthy of note. Nuclear 
models are considered, the shell and unified model to- 
gether with a section on collective nuclear motion. Alpha- 
decay is then reviewed mn a chapter dealing not only with 
the decay process but also the shape of alpha-spectra. 
Volume 1 is concluded by three chapters dealing with the 
gamma, radiation arising from charged particle bombard- 
ment, neutron capture, and from fission. Hore again many 
experimental and practical data are presentod. 

The second volume opens with two short chapters 
devoted to the theory of multipole radiation and of internal 
conversion. An excellent section on coincidence tech- 
niques, with much experimental detail, is followed by 
consideration of experiments on internal conversion and 
transition rates. A well-balanced section deals with the 
angular distribution of radiation again with many ex- 
perimental data. The remaining chapters are rather more 
theoretical in nature although much experimental evı- 
dence is presented. Topics covered include the Méssbauer 
effoct, theory of beta-decay, conservation laws in beta- 
decay, the shape of beta-spectra and mternal effects in 
nuclear decay (internal Compton interaction, internal 
bremsstrahlung, internal pair production). 

The general impression conveyed is that this work is 
a valuable contribution to nucleonic literature and is to 
be recommended as a useful reference book. The volumes 
are profusely illustrated and both text and illustrations 
are well printed, the standard of proof reading has been 
high and there are very few discernible errors although a 
humorous misprint refers to a critical ‘angel’ in a section 
on angular correlation. It is rather strange to find the 
German abbreviations ‘tg.’ and ‘ctg.’ used in formulae in 
a book written in English and, in one curious exception, 
‘cot.’ and ‘tg.’ occur in the same expression. The appen- 
dixes are sometimes set in very small type, and one case, 
apparently due to photographie reproduction, borders on 
illegibility. These are, however, but trivial blemishes in an 
excellent work. G. L. REED 
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A MODERN TREATISE ON SUNSPOTS 


Sunspots 

By R. J. Bray and R. E. Loughhead. (The International 
Astrophysics Series, Vol. 7.) Pp. xvi+303+39 plates. 
(London: Chapman and Hall, Ltd., 1964.) 84s. net. 


OLAR research and especially solar physics have 

developed enormously during the past two decades and 
are progressing with an ever-increasing speed. This special 
field of astronomy has now widened to such an extent 
that even for an expert ıt is scarcely possible to master 
the whole subject. Indeed, it is quite significant that a 
book of some 300 pages could have been written which is 
limited to sunspot phenomena only. Sunspots is the 
seventh volume of the valuable international astrophysical 
series edited by Sir Bernard Lovell and Prof. Z. Kopal, 
both of the Umversity of Manchester. Here we have been 
presented with the first comprehensive modern treatise 
on sunspots. Its two authors are both working at the 
National Standards Laboratory at Sydney, Australia, 
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where active solar research has been going on for a con- 
siderable time; both of them have taken an active part 
in th:s research. 

The, book starts with a short, but concise and well- 
written, historical introduction. The next chapter deals 
with new methods of observing the surface of the Sun by 
special techniques, including aijir-borne photography, 
which have recently achieved a high standard in spatial 
resolution on the surface of the Sun, and have produced 
much new knowledge about sunspots, which recently has 
been confirmed by high-resolution spectroscopy. The 
authors give lucid descriptions of these techniques and of 
the results obtained so far, accompanied by typical 
photographs and diagrams of the special instrument and 
technique which they themselves have used so successfully 
at Sydney. The chapters that follow form the monograph 
‘proper’ dealing with the observational facts and physical 
conditions of individual sunspots. They, too, are illustrated 
by a large number of mest instructive half-tone reproduc- 
tions, selected from the authors’ own extensive observa- 
tions. A general survey of the physical conditions m 
sunspots provides a good cross-section of the rather 
difficult and complex studies related to the theory of the 
solar atmosphere. It has been known for more than half 
a century that all sunspots are associated with relatively 
large magnetic fields; only in the past 20 years, however, 
have great efforts of research work been directed towards 
the detailed study of the obviously very involved magnetic 
conditions in the Sun’s atmosphere. The fifth and the 
eighth chapters of the book deal with the magnetic field 
of individual sunspots and with modern magneto-hydro- 
dynamic theories of the Sun. They are both well written 
and certainly represent one of the most comprehensive 
surveys of our present knowledge of the magnetic con- 
ditions on the Sun. Thay are carefully documented by 
references to the large and widespread modern literature 
on this subject. These chapters again show clearly how 
complicated the sunspot phenomena are, and how little 
we yet understand the reasons which cause a large region, 
which is considerably cooler than its neighbourhood and 
which is associated with extensive magnetic fields over its 
whole area, to develop and to exist for days and weeks 
within the surrounding much hotter atmosphere of the 
Sun. Two further chapters are devoted to sunspot groups 
and to the relation of spots to the so-called ‘active’ regions 
of the Sun. While these chapters seem to be somewhat 
short, one must nevertheless bear in mind that certain 
restrictions within these large fields were necessary and 
that, on the other hand, for example, for the important 
phenomena of solar flares, so closely connected with 
sunspots, we already possess a good book by H. I. and 
P. S. Smith. ' 

The wide field of solar terrestrial relationships, as well as 
the recently discovered properties of sunspots in the radio- 
frequency spectrum, have been intentionally excluded 
from this book. Though these are admittedly extensive 
fields in their own right, it might nevertheless be advisable 
to corporate in a future edition an additional chapter 
these interesting and important subjects. 

The arrangement of the book under review is attractive; 
some cross-references and repetitions are scarcely avoid- 
able, due to the imterwoven structure of the subject. I 
found the short introductions at the beginning of each 
chapter most helpful. It is characteristic that in a book on 
such a restricted subject about 500 publications (mostly 
modern) could be quoted. These references, together with 
the numerous instructive illustrations, accompanied by 
good captions, and the well-arranged index, make the book 
most valuable and recommendable not only to the pro- 
fessional worker, but also to readers in the adjacent fields 
of research, such as ionospheric problems, meteorology or 
geophysics. In general the book does not make excessive 
specialized demands in physics and mathematics, and it 
can therefore also be rezommended to the advanced 
amateur. H. von KLÚBER 
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Crystalline Olefin Polymers 

Part 2. Edited by R. A. V. Raff and K. W. Doak. (High 
Polymers: a Series of Monographs on the Chemistry, 
Physics and Technology of High Polymeric Substances, 
Vol. 20.) Pp. xiv+675. (New York and London: Inter- 
science Publishers, a Division of John Wiley and Sons, Ine., 
1964.) 169s. 


OLUME 20 of the well-known series on High Polymers 

supersedes Volume 11 which dealt only with poly- 
ethylene. The development of other crystalline olefine 
polymers, notably isotactic polypropylene, has led to a 
widening of scope and the division of Volume 20 into two 
parts. Part 1 will review the preparation and structure of 
crystalline polyolefines. Part 2, which has appeared first, 
deals with their technology and technological properties 
and is therefore largely concerned with polyethylenes and 
isotactic polypropylene since other crystalline polyolefines 
are not of great commercial importance. 

Each chapter is contributed by a different author or 
authors. Five chapters are concerned with properties and 
deal successfully with brittleness, stress-cracking, electrical 
properties, permeability and miscellaneous properties and 
tests. A further five chapters deal with technology under 
the headings of “Chemical Modification”, “Changes in 
Properties on Irradiation”, ““Degradation and Stabiliza- 
tion”, ‘“Processing” and “Applications”. A brief statistical 
summary gives some statistics of production and use, pro- 
ducers of polyolefines and a list of trade names. In a short 
final chapter past and present uses are reviewed and sugges- 
tions made regarding research and development problems. 

Fundamental concepts are emphasized throughout and 
each chapter is generally clear and authoritative with ample 
illustrative tables and diagrams. There is a good account 
of stress-cracking. The chapter on processing is detailed, 
occupying 151 pages. References are generally provided. 
up to the end of 1962. Some more recent developments, 
such as the use of nucleating agents, do not seem to be 
mentioned, but these may be included in Part 1. The treat- 
ment of copolymers with other monomers in the chapter on 
chemical modification is somewhat brief and much of it 
is concerned with olefine-sulphur dioxide copolymers. 
Highly oriented structures are only briefly considered. 
Such shortcomimegs detract little, however, from the value 
of a book which provides a wealth of information for both 
the scientist and the technologist concerned with the 
properties and processing of crystalline polyolefine plastics 
and films. W. R. Moore 


Annual Review of Medicine 
Vol. 15. Edited by Arthur C. Degraff. Pp. 476. (Palo Alto, 
California: Annual Reviews, Inc., 1964.) 8.50 dollars. 


OLUME 15 of Annual Review of Medicine contains 25 

thorough reviews by experts on very varied topics 
which impinge on the practice of medicine; many deal with 
the present growing points of research. Articles are 
presented on the lymphocyte, embryological development 
of the immune mechanism, and immunology of experi- 
mental tumours, and describe much recently acquired 
knowledge of the physiology and experimental pathology of 
the immune response. An article on ‘‘Production, Secre- 
tion and Availability of Insulin”? encompasses and brings 
some order into a very difficult subject, and relates some of 
the findings to diabetes, while ““Thromboplastin Forma- 
tion attempts a similar task in a specialized branch of 
haematology. Reviews of atmosphere pollutants and 
geographical aspects of atherosclerosis indicate some ways 
in. which the environmental factors in disease are being 
investigated. 

There are also thorough surveys of the pathogenesis of 
disease entities such as rheumatoid arthritis, Graves’s 
disease, acute and chronic pancreatitis and virilizing 
syndromes. The present-day interest in genetics is re- 
flected in an article entitled “Familial Aspects of Diffuse 
Renal Diseases” and a catalogue of ‘Chromosome Abnor- 
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malities’. There are interesting accounts of the aetiologi- 
cal mechanisms behind clinical phenomena such as ascites, 
pruritus and growth retardation. The new diagnostic 
techniques of visceral arteriography and lymphography 
and their use are described. 

The recent advances in pharmacology and therapy 
which are reviewed range from the thiazide diuretics, and 
chemical psychoses (induced with p-lysergic acid diethyl- 
amide and other drugs) by way of the new penicillins and 
cephalasporins to the control of reproductive capacity, 
particularly by means of mixtures of progestins and 
oestrogens. 

A reading of these and a few other articles could help a 
physician or medical scientist to keep up to date, or 
provide useful guides to the hterature. Most of them can 
be understood by the non-specialist reader, but most 
readers will want to dip into the book—TI tried to read it 
from cover to cover and failed. D. A. J. TYRRELS. 
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Semiconductor Thermoelectric Devices 

By A. I. Burshteyn. Translated from the Russian by 
A. Tybulewicz. Edited by S. Chomet. (A Heywood 
Book.) Pp. 131. (London: Temple Press Books, Ltd., 
1964.) 35s. net. 


HE title of this book ıs rather misleading. It really 

has very little to do with semiconductors. In fact, 
the brief discussion of thermoelectric effects in semi- 
conductors, in the introductory chapter, is quite unhelpful. 
It is really concerned with the solution of the steady-state 
heat flow equation for thermocouples in which the usual 
simplifying approximations are invalid. It is demonstrated 
that much better approximations can be made in some 
specific cases. Thus, the book 1s of some value to those 
engineers who are concerned with the design of thermo- 
electric modules for cooling or generation. Probably, 
however, most of these potential readers would prefer to 
obtain more exact solutions of the heat flow equation using 
a computer. In any event, the number of such readers 
must be so limited that one must question the wisdom of 
the publishers in having gone to the trouble of having the 
work translated; though the translation is very well done. 

H. J. GoLpsmrp 


Nuclear Techniques in Analytical Chemistry 

By A. J. Moses. (International Series of Monographs on 
Analytical Chemistry, Vol. 2.) Pp. vii+ 142. (Oxford, 
London and New York: Pergamon Press, 1964.) 45s. 


HIS recent volume of the International Series of 

Monographs on Analytical Chemistry is devoted 
exclusively to radiochemical techniques. It not only 
deals effectively with the general methods of activation by 
neutrons, positive ions or y-rays, but it also covers in much 
detail the determination of the naturally occurring 
radionuclides. The textual approach is one which will 
prove palatable both to the novice and to the expert. 

The application of the isotope dilution method is 
lucidly illustrated; the powerful methods of tracer in- 
vestigations are clearly described, and the value of 
exchange reactions and radiometric measurements are 
demonstrated by reference to unique examples. 

Much attention is directed to the outlining of the tenets 
appertaining to radioactive safety precautions. Counting 
equipment, including the use of the y-spectrometer, 
receives ample coverage; and the general theoretical 
principles are succinctly outlined. The diagrammatic 
illustrations are excellent and the useful General Electric 
Co. chart of the radionuclides forms part of the book. 
The appendixes provide a wealth of useful activation data, 
together with a list of the monographs on individual 
elements available from the U.S. Department of Commerce. 

This publication is a most comprehensive practical 
handbook, but it also possesses considerable didactic value 
and will indoubtedly be welcomed by many teachers of 
radio-chemistry. D. T. Lewis 
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MATHEMATICAL MODELS AND PHYSICAL TOYS*\ ~. 


By Pror. J. M. ZIMAN 
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Department of Theoretical Physics, University of Bristal ——— 


HILOSOPHERS, so it is said, spend much time and 
effort discussing the relationship between analytic 
and synthetic propositions—or, as we might put it more 
crudely, between theory and experiment. Most scientists, 
fortunately for their peace of mind, do not worry too much 
about such questions, or if they do they satisfy themselves 
with some handy piece of conventional wisdom and go on 
their way. But, as a so-called ‘theoretical’ physicist 
(although I should much prefer to be called simply a 
mathematical physicist, without any suggestion that 
theories are not the business of those who make observa- 
tions and experiments), one cannot remain quite indifferent 
to this problem in one particular aspect——the relationship 
between mathematics and physics. For us this is not an 
abstract philosophical question; it ıs our dæly task to put 
numbers into Nature—or to find them there or to invent 
them, or to put Nature through our mathematical sieve, 
or cut it down to fit our Prosrustean bed, or whatever itis 
we are doing. I wish to discuss how this is done in practice, 
and to make some comments, as a professional player, on 
the rules of the game. 

I shall try to make the examples on which I buld my 
argument as simple as possible; 1f I fail, I trust that the 
abominable sophistication of the subject, which it takes 
so many weary years to learn, will be blamed, rather than 
that I, and my colleagues with me, be accused of deliber- 
ately speaking above the heads of ordinary people. It 
would be nice to be a real philosopher; then I could use 
everyday objects, ike tables, or spoons, to illustrate my 
argument; unfortunately, even so simple an object as a 
table is not easily described mathematically; so we have 
to talk about electrons, which we know more about. 

The tasks of the theoretical physicist are set by the 
expenmenters. “‘Tell us”, they ask, ‘why we got this value 
for our measurement” or “What answer shall we get 1f 
we do such-and-such an experiment?’ Sometimes, of 
course, we try to tell the expermmenter what he should do 
before he even asks us, and if it comes out right they give 
us & Nobel Prize or something; but that is unusual—and ıt 
does not really alter the job that we have to do. 

But before we sharpen our pencil, hang our jacket 
behind the door, and sit down quietly before a block of 
clean white paper, we ourselves must ask a few questions. 
For example, we might ask the experimenters what they 
thought they had measured. What was the apparatus 
made of? Did it work well? Was the sample pure? Was 
the magnetic field uniform ?—and so on. This enquiry, 
so often taken for granted and so often unwisely neglected, 
is needed because the laws of physics are only clearly 
stated for ideal solutions—situations qualified by phrases 
such as ‘in the absence of other forces’ or ‘for a perfect 
crystal or ‘assuming that all processes are reversible’. 
A. good experimenter knows these rules, and tries to get as 
near the ideal as possible. 

One must truly admire the extraordinary skill of the 
modern experimental physicist. He can detect neutrinos, 
which weigh almost nothing and are so difficult to catch 
that they can travel through the thickness of the whole 
Earth without noticing ıt; he can measure some quantities 
to an accuracy of one part in ten thousand million, which 
is less than an inch in a distance from the Earth to the 
Moon. His command of technique is astounding. If we 
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train him properly ho should have sufficient grasp of the 
theory to have anticipated most of our objections. One 
can only regret the snobbery that makes the experimental 
physicist a sort of hancmaiden to the theoretician; that 
idea ought to have gone out with the Greeks. The experi- 
enced observer of Nature often perceives what is going 
on in some new phenomenon, and gives an interpretation 
—a ‘theory’—long before the arm-chair scientist can 
dream up a mathematical analysis to bolster the explana- 
tion. 

Yet even when the experimenter has done his best, 
we may still be entitled to remark: “Your system is very 
complex. What can we safely ignore?” We may have 
to enter into a long discussion trying to judge whether the 
deviations from the ideal really matter, before we even 
begin our calculation. 

For example, suppose that I am asked to calculate the 
boilng-point of water. Can I assume that it consists 
only of molecules of H.O? The experimenter tells me 
that his samples do, indeed, contam small traces of 
various 1mpurities, but that he has found that changing 
the amount of impurity does not make much difference. 
Of course, 1t does make some difference, and he stores 
that up for another question to be answered one day. 
Anyway, we decide that this is irrelevant. 

Now at this stage, in many fields of physics, we may try 
to answer the tiresome experimenter by saying, blandly: 
“The followmg is the physical set-up of the problem. 
It is governed by such-and-such Laws of Nature. The 
answer you want is therefore just the solution of the follow- 
ing equations”. 

For example: “Your system. consists of about a millon 
million million million molecules of H,O, each of which is 
shaped rather lke a boomerang. The molecules attract 
one another with forces varying with distance, as follows” : 
(here show a lantern slide of a complicated graph). “We 
may assume the laws of classical statistical mechanics. 
Therefore, all you need to do this 1s to minimize the free 
energy, which is just the following formula” (here you 
write it on the blackboard, but take care to erase it before 
they ask what it means), “and Bob’s your unele”. 

This answer 1s two things, one of which is practically 
useless. It is, first of all, a solution ‘in principle’. That 
is, it tells us that a man, or a machine, who could do 
mathematical computations a million mihon million 
million times would eventually get the number we are 
looking for. Perhaps this is true—but it is not a proposi- 
tion that can readily be decided. In fact, the only way 
I can imagine of deciding it is to make an analogous 
system, obeying the same laws, and then to see how it 
behaved—put another pint of water in another saucepan. 
and bring ıt to the boul. 

But this ‘solution’, however impracticable, 1s also an 
essential step, for it constitutes a mathematical formula- 
tion of the problem. We have brought our system, our 
pint of water, out of the intuitive realm, and under the 
rule of mathematics. It has been abstracted and symbol- 
wed. Itis no longer an assembly of empirical observations, 
but an object, or a subject, for theory. 

My guess is that this 1s the step which interests the 
philosophers. But for the practising mathematical 
physicist it 1s not the most difficult step in the argument ; 
it is not the point where his particular skill or artistry 
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shows itself best. The real problem for him is to reduce 
these equations, so multifarious and complex, with so 
many variables all linked with one another, to a form 
in which they can actually be solved. 

It is well to remember that the range of mathematically 
soluble equations is extremely limited. Even with the aid 
of a powerful computer one can only handle 3 or 4 variables 
at once. The number of operations that need to be per- 
formed for an exact solution of a set of equations in, say, 
a dozen variables is enormous. Suppose, for example, 
that we give only ten different values to each variable— 
much too coarse a grid for any sort of accuracy-—then 
we might have a million million -possible sets of values 
to investigate, which would take a million seconds if 
we looked at each one only for a microsecond—and that 
is about 300 hours at machine time. It would take a very 
large and expensive project—say, the design of an aircraft, 
or a nuclear power station—to justify such expenditure. 
Yet this is the complexity that our mathematical formula- 
tion would imply if we were in the process of solving 
exactly the problem of just five objects moving under 
each other’s mutual attraction in space and we were told 
to sum some mathematical quantity over all their possible 
configurations. - 

So we must make approximations—drastic approxima- 
tions. We must somewhow reduce our innumerable 
equations, with all their interacting variables, to a few 
simple ones, the solution of which we can compute: and 
we must do this in such a way, with such care and skill, 
as not to lose the answer to our problem—for remember 
that we are eventually wanting to say that the boiling- 
point of water, under ordinary conditions, is about 
100°C. Not only do we want a good answor, but we want 
some assurance that ıt is a good answer, that we have not 
made serious errors in our calculation, just as we insist 
that the experimenter should make his measurements 
accurately. : 

There seem to be two different ways of constructing 
approximations in applied mathematics and theoretical 
physics. The first method leans on pure mathematics, 
where we often represent the answer to a problem by a 
convergent infinite series. That is to say, we construct 
the solution as the sum of an infinite sequence of separate 
terms, each of which we can calculate exactly; the terms 
get smaller and smaller as we go on, and we can get an 
answer as close as we like to the true answer by working 
out a sufficient number of terms. If, for practical reasons, 
we have to stop after, say, the 20th term, then we have 
got an approximate solution, as we should say, ‘to the 
20th order’. 

What we do, therefore, is to look at the equations of our 
mathematical formulation, and -try to see whether they 
can be cast into a form that will yield such a series solu- 
tion. In particular, we may look at all the equations 
and try to decide which terms and equations are least 
important. We drop these for the moment, and see if 
the remaining terms and remaining equations are simple 
enough to be solved exactly. Then we see what the effect 
would be of adding in the next largest terms, and so on. 

An obvious example of such @ procedure is provided by 
the most famous problem of theoretical physics—the 
motion of the planets about the Sun. In principle this is a 
set of equations for many more than 5 bodies, all moving 
under their mutual gravitational attractions; yet it was 
solved very exactly indeed, long before the days of com- 
puters, with the help of tables of common logarithms. 
The key to the solution was, of course, that much the 
largest terms in the equations are those corresponding to 
the force exacted by the Sun on each planet. If we drop 
all the other terms, we are left with some very simple 
equations; each planet just goes round the Sun in an 
elliptical orbit. Then we can treat the interplanetary 
forces as causing small ‘perturbations’ which slightly 
change the shape and orientation of each orbit, but which 
ean be calculated quite accurately. From these new 
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orbits we can recalculate the perturbations more exactly— 
and so on. 

Such a mathematical approximation 1s valuable because 
its accuracy can often be checked internally. Thus, we 
may be able to show that the procedure we have used to 
get a fair approximation may be repeated again and again, 
to give a sequence of closer approximations to the true 
answer. This is equivalent to constructing & series solu- 
tion to the problem, and hence we can use some of the 
methods of pure mathematics to estimate the margin of 
error that we might have made, or to show that our 
procedure really could, as we say, ‘converge’ on the true 
answer. In principle, we should not then have made any 
approximation at all; it is a rule of pure mathematics, 
hallowed by centuries of usage, and justified by the 
mysteries known to undergraduates as ‘epsilontics’, that 
a convergent series is as good as a simple finite algabraic 
expression for a solution—which is just as well, because 
almost every expression that appears in any formula in 
physics, such as a cosine, or a logarithm, is itself only 
definable algebraically as the sum'of an infinite series. 
In practice, of course, the mere existence of a convergent 
series solution is not enough; it must converge rapidy 
enough so that we can get a good idea of the total from 
the sum. of the first few terms. 

If pure mathematics alone may not always give & clue 
to a good approximate solution, we may sometimes discover 
such clues in the physical phenomena themselves. An 
example suggests itself in meteorology, where a complete 
solution to the motion of large masses of air subject to 
dynamical and thermodynamical forces is of great practical 
importance. ‘This is a problem that looks very intractable 
if we simply write down all the equstions and try to 
cerebrate a scheme of approximations. But observation 
has shown that certain structures—‘depressions’ and 
‘anticyclones’—tend to persist, and move more or less as 
permanent entities. ' These structures are, of course, 
gigantic whirlpools or ‘vortices’ in the atmosphere, and 
are characterized, mathematically, by a quantity called 
the ‘circulation’ or ‘vorticity’. This suggests that the 
equations of motion should be cast into a form in which 
this vorticity appears explicitly—and it turns out that a 
scheme of approximations can be constructed with this 
circulation equation as a starting point. 

It'is interesting to note that if we had been looking for 
a, different physical phenomenon, such as sound waves in 
the atmosphere, we could have produced quite & different 
scheme of approximations for the same original equation 
and found just what we had been, looking for. Of course, 
this phenomenon occurs on & different scale, and under 
different conditions, from the phenomena of large-scale 
turbulence that we call the weather—but both types of 
behaviour are implicit in the same equations. There is an 
extraordinary richness concealed in some mathematical 
formulae—a richness that often surpasses our power of 
analysis and prediction. Only too often the experimenters 
discover whole new régimes of behaviour that were simply 
not suspected by the applied mathematicians. The 
fascination of the physics of plasmas, which are only 
rarefied gases made conducting and carrying electric 
currents, is that they make us look again and again at a 
set of equations that any undergraduate physicist can 
easily understand, and make us see the marvellous 
complexity and contrarimess of behaviour that they can 
represent. 

Nevertheless, this procedure of looking for mathematical 
approximations is only one of the ways of finding a work-. 
able solution. The other way, more typically that of the 
theoretical physicist rather than of the applied mathe- 
matician, is to look for what I shall call a physical approxi- 
mation. By this I mean that one carries further -the 
process of idealization that has already been used in pro- 
ducing the mathematical formulation of the problem. 
That is, we deliberately drop some features of the set-up 
—features that might well be important, if only we could 
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see our way completely through the problem—in order to 
simplify the equations. For example, in our original 
problem of trying to calculate the boiling-point of water 
we might drop the boomerang shape of the molecules, 
with all the geometrical complications that this leads to, 
and simply treat each molecule as a hard sphere. 

I propose to call such a simplified system a ‘mathemati- 
cal model’, and to distinguish it, in principle, from the 
‘mathematical formulation’ which we were previously 
considering. The essential property of a mathematical 
model is that it should be sufficiently simple for an exact 
solution to be found for the equations describing its 
behaviour. We do not guarantee that this solution is an 
accurate prediction of the behaviour of the original 
physical system that it was designed to represent; we 
may have had to throw away too much cargo when we 
lightened the ship to get it over the rocks. We may not 
even be able to show that the equations for the model are 
approximations to the equations that we wrote downin 
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-our original mathematical formulation, for it may be 


extremely difficult to estimate the errors that have arisen 
in the process of idealization. 

This sounds very unsatisfactory, and vague, yet the 
real art of the theoretical physicist may lie in his skill 
at devismg models that are mathematically soluble 


_and that still contain the key to the behaviour of the 


system that he is studying. The justification of a model is 
not that it is an approximate solution of the equations—a 
solution that is internally self-consistent, convergent, 
etc.—but that it provides qualitative or semiquantitative 
results that are in agreement with observation. It pro- 
vides explanations and insights; ıb can tell us what is 
going on, even though it cannot be anything like as 
complicated as events in the real world. 

To return again to our example—the boiling of water. 
The fact is that this is a singularly difficult problem of 
theoretical physics, however familiar it is in everyday 
life. The interesting question is not really to calculate 
the precise temperature at which this occurs—for suppose 
we have done this for water, then why not for alcohol, or 
benzene, or mercury, or any of an endless list of different 
liquids ? The problem ıs to understand why this happens 
so sharply at a definite temperature—why, for example, 
the liquid does not just expand and expand, as it is made 
hotter, until it has become a gas. If we could find a 
solution to the equations for the very simplest hquid, 
such as our assembly of hard spheres, that showed this 
striking mathematical property, then we should be well 
on the way. But even that still eludes us. All our models 
either expand continuously, and do not really boul, or they 
are so abstract, and unlike a liquid at all (for example, 
they may have no mechanism for flowing freely), that we 
do not feel convinced that they have any relevance to the 
problem. 

Recognition of the logical status of models 1s very impor- 
tant. There seem to be two major patterns to which good 
work in theoretical physics must conform. It must 
either be a valid mathematical approximation to a calcula- 
tion of the properties of the system, derived from the 
mathematical formulation; or it must be an exact solution 
for the properties of a model. If we choose to work from 
the original equations of the formulation, we must not, 
arbitrarily, without mathematical justification, throw 
away Inconvenient terms, but we need not explore all 
the deeps of possible behaviour before settling on a 
scheme of approximation that seems appropriate to the 
phenomenon that we are trying to analyse. For example, 
in our investigation of the motion of the planets, we need 
not seriously consider what would happen if the orbit of 
the Earth passed quite close to Jupiter, where it might be 
captured as a satellite; we can use a scheme in which the 
attraction of the Sun is always dominant because that is 
what happens in Nature. (Of course, we are entitled to 
examine other cases if we like, as little exercises, or as 
examination questions, just to test our mathematical 


NATURE 


1189 


skill, but we are then escaping from the realm of physics 
as & Science.) 

On the other hand, if we use a model that is already 
rather divorced from reality, we shall have to do our 
mathematics very carefully, to show that it does have 
precisely the qualitative features of the system that ıt 
represents. In particular, we must be very careful that 
we do not construct some closed system of logic, in which 
the model has been defmed at the start to have just the 
properties that we are going to deduce; and we must 
also be careful not to try to justify an approximate solution 
of the equations for the model by an appeal again, to the 
phenomenon which we are looking for. This sounds rather 
stupid—but it often turas out that this is just what lots 
of people do when they work away, unthinkingly, at some 
systems of models in theoretical physics. I could give 
some examples of this, in the context of our question 
about the boiling of water-—-but perhaps it might become 
too technical, and again might not do justice to the efforts 
of many very intelligent people to solve a most intractable 
problem. 

Consider some of the models in which theoretical 
physics abounds, so as tc make the argument more con- 
crete. For example, there :s the idea of a gas as an assembly 
of point particles—-that is, of molecules having mass, 
velocity, energy, momentam, and position but no signifi- 
cant size—which was the 2lue to our understanding of the 
laws of behaviour of gases, such as Boyle’s Law. It is 
interesting that nearly two hundred years passed between 
the discovory of this empirical law and its interpretation— 
yet the mathematics of the atomic model are trivial, and 
would certainly have been easily intelligible to Newton 
and his contemporaries. Making good models is not 
easy; 1t takes insight. 

A more recent subject fı model-making is the atomic 
nucleus, which can be thought of as a little cloud of par- 
ticles—neutrons and protons—moving under each other’s 
mutual attraction. In fact there are two models of the 
nucleus. One is called, fcr technical reasons, the ‘shell 
model’. In this model the perticles are thought of as moving 
nearly independently of eacn other, as if the forces between 
them were smeared out into some sort of average field of 
attraction which keeps them all together. This field is 
supposed to be strong enough to dominate the motion of 
each particle, just as the zravitational field of the Sun 
dominates the motion of the planets—and so we can solve 
the equations by much the same scheme of approxima- 
tion as we use for the solar system. Of course, these are 
quantum mechanical equations, not the classical equations 
of Newton, so they do not have quite the same sort of 
solutions, but the general pūnciple is the same. 

The other model of the nacleus is called the ‘collective 
model’, or the ‘uquid drop mcdel’. In this model we assume 
that each particle in the nucleus has a well-defined size, 
and that the particles tend to pack themselves togother, 
like molecules in a liquid, st a nearly uniform density. 
A nucleus ıs then to be thought of as a drop of ‘nuclear 
matter’, subject to the ecuations of hydrodynamics. 
Such a drop is capable of oscillating in various ways, and 
is also liable to divide in two if it is too big—hence the 
phenomenon of nuclear fission. Again the mathematics 
of this model is relatively simple, having been originally 
developed by the astrophysicists to discuss the stability of 
stars. 

These two models are interesting because they are 
mutually inconsistent. In = liquid the forces between 
neighbouring molecules are the dominant ones—for 
example, they are the means by which the material resists 
compression and passes on waves. In & gas, as assumed 
in the shell model, the particles are nearly independent 
of one another, and are supposed to collide only occa- 
sionally. It is a flat contrad-ction to suppose that such 
collisions are infrequent and yet that each particle is 
very much aware of the pushes and pulls from its immediate 
neighbours. 
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Such inconsistencies are typical of really difficult and 
interesting problems. What we have done, in fact, is to 
use different models, different physical approximations, to 
explain different properties. It turns out that some of 
the properties of nuclei—for example, the stability 
of certain nuclei containing special ‘magic’ numbers of 
particles—are features of the shell model, while others, 
such as nuclear fission, are explicable from the collective 
model. We cannot get, say, the magic numbers out of & 
liquid drop model, nor can we predict fission from the 
shell model. What we must hope for, of course, is to 
think of a new model, or a scheme of approximations that 
will embrace both models, and give both sets of pheno- 
mena at once. They say that such a scheme is making its 
trial runs—but we must wait and see whether it will 
come up to its design specifications when it is in regular 
service. l 

Let us give another example of mathematical models, 
right outside physics. In modern economic theory we 
encounter many attempts to put real mathematics into 
the system, and to calculate the behaviour of markets, 
etc. Perhaps the most interesting such attempt was made 
by von Neumann, a theoretical physicist of towering 
eminence, who invented the theory of games. He and his 
successors investigated the mathematical properties of 
certain types of elementary ‘game’, with idealized players 
and rules, and showed that these could show, in a schema- 
tic way, some of the behaviour of economic systems. 
However meagre may have been the results so far (and 
however misleading may be the work of those who have 
assiduously applied this technique to the analysis of 
military situations), this model is valuable. It shows that 
one might make progress, here as in theoretical physics, 
by examining the behaviour of very simple, but very 
precisely defined systems, quite abstracted from the real 
world yet still having the one or two essential features 
which really dominate the phenomena. 

It looks much more like real applied mathematics than 
those dreary attempts to represent economic situations by 
systems of innumerable differential equations relating 
unknown functions of imponderable variables. These are 
not so much mathematics as graphical demonstrations 
of verbal relations like ‘more’ or ‘less’, and they prove 
very little because one can never feel any confidence in 
any of the terms which went into the equations in the first 
place. 

What is one to think of another development of mathe- 
matical economics—the theory of input—output analysis ? 
Is this a model, or is it a scheme of mathematical approxi- 
mations? From the outside it looks like a brilliant 
exploitation of a mathematical property of accounting 
schemes—that they must balance. A great deal can be 
deduced from this rule alone just as many ‘problems of 
physics can be solved by inspired application of the Law 
of Conservation of Energy (and much can be deduced 
about the behaviour of motor -traffic from the law of 
conservation of vehicles !). 

Input—output analysis is, perhaps, a model in a different 
sense, a ‘scale model’, or a ‘working model’, or an 
‘analogue’. One can demonstrate some pretty tricks with 
gyroscopes, magnets, inclined planes, etc. These devices 
do indeed have tremendous value, as guides to thought, 
and sometimes as ‘analogue computers’ which do the 
arithmetic for us, without thinking, because they obey 
just the same equations as those of the system we are 
investigating. Input-output analysis gives us a small- 
scale model summarizing all the items which appear in 
bank accounts, stock inventories, warehouse receipts, and 
so on throughout the nation. We do experiments on it, 
and test its properties, just as we might test the properties 
of a new ship by experimenting on a model in the big 
tank at the National Physical Laboratory. 

A mathematical model, as I conceive it here, is rather 
more abstract than this. It is a mathematical construe- 
tion obeying its own idealized laws, not the rough-and- 
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tumble laws of actual circumstances. A mathematical 
model of a ship, for example, would not have the graceful 
curves of marine architecture; it would, as likely as not, 
be the bowl of the Three Wise Men of Gotham—or even, 
as in one famous calculation by Newton, more like a sieve 
than anything else. 

On the other hand, one ought not to use the word 
‘model’ to mean, just an abstract theory. It does, I think, 
denote some sort of mechanism. or interaction, or articula- 
tion of bits of theory. It is fashionable nowadays, in 
sociology, or psychology, to talk in terms of models— 
‘Freud’s model of the unconscious as the field of action 
of the id, the ego and the super ego’, or something like 
that. In many cases this is objectionable, because one 
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‘does not like the sense of the word ‘model’ diluted until 


it becomes synonymous with ‘theory’. There ought at 
least to be a remnant, a reminder of the idea of a mechan- 
ically interacting system, and at least a suggestion that 
the system is amenable to mathematical analysis. Perhaps 
this depends on the intellectual sophistication of the 
speaker and his audience. I picked up a book on the 
philosophy of science the other day, where the author 
objected to the idea of curved four-dimensional space 
time as a ‘model’ in the theory of gravitation because he 
found it difficult to picture. All I can say to that is that, 
having lived with this notion for fifteen years or s0, one 
can begin to feel at home with it, and tolerate it, and even 
take it for granted, just as some of us no longer feel 
completely bamboozled by Picasso’s paintings. 

That was meant as a warning against very vague, or 
perhaps against very formal, models only characterized 
by their equations. But even precisely defined models, 
easily pictured, have their dangers, for they may take our 
interest away from physics. We come to see the simplified 
abstracted model as if it were real. An example is the 
system known as classical hydrodynamics—that is, the 
motion of a fluid without viscosity—the elegant mathe- 
matics of which has been the basis of many a tricky 
question in the old Cambridge Mathematical Tripos. 
Unfortunately almost no real system behaves like this. 
There is a well-known theorem of classical hydrodynamics 
that there should be no resistance to the motion of a 
sphere through such a fluid, which would be delightful 
for the aircraft manufacturers if it were the case—but 
it isnot. There are other cases in contemporary theoreti- 
cal physics of too much concentration on the mathe- 
matical properties of over-simplified models which lack 
significant features of the systems they are supposed to 
portray. Thus, many papers are published on ‘one- 
dimensional crystals’, or ‘one-dimensional liquids’— 
that is, a row of atoms strung in a chain—with the pretence 
that the results obtained are necessarily applicable to real 
solid three-dimensional systems. 

Well now, suppose we have made our calculations, and 
they do not work, and give incorrect predictions: what 
then? We must cast about for reasons, and try to do 
better. We might discover, for example, that our mathe- 
matical techniques are too crude, although sound in 
principle. They tell me that it is only recently that it has 
been shown how the wind raises waves on the sea, although 
surely here all the separate equations have been known 
correctly for a very long time. Evidently this was a case 
of finding a better scheme of mathematical approxima- 
tions, and not throwing away some important terms. 

Or it may be that our model is too crude. An example 
-—~perhaps rather a technical one—is the so-called Einstein 
model for the heat motion of atoms in a crystal. Einstein 
proposed to treat each atom as if it oscillated in the average 
field of force of its neighbours. This leads to a very simple 
theory of some of the thermal properties of the solid. 
But the formula that one gets is not quite correct, and 
Debye showed that one could improve the answer greatly 
(especially at low temperatures) by taking account of 
the way in which the motion of each atom affects the 
motion of its neighbours—in fact, just as if there were 
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sound waves travelling about ın all directions through the 
crystal lattice. Debye was still using only a model, for he 
did not attempt to set up an exact formulation of the 
system, such as we might use nowadays with all the forces 
between the atoms; yet he got answers that are quite 
good enough for many practical purposes. 

But there is always the lurking fear—or ıs it a hope ?—- 
that the formulation itself is unsound, and that we need 
to make some change in our assumed laws of Nature. 
Even in the best regulated of sciences this occasionally is 
forced upon us. For example, it was found, about sixty 
years ago, to be quite impossible to explain the structure 
of atoms by classical models; they were all hopelessly 
unstable; they tended to radiate away all their energy 
and then vanish, presumably in a puff of smoke, in a 
fraction of a second. 

How does a new law arise ? Here again we poach on the 
preserves of the historians and the philosophers of 
science. This is one of their favourite enquiries, to which 
they have bred up a number of answers. Far be it from 
me to try to bag any of these flighty creatures—especially 
the more ornate ones hatched from the eggs of psycho- 
analysis, and of Marxist sociology. Without prejudice 
against all such sport, let me suggest that what the 
inventor does is to look at a sumple mathematical model 
with the known. laws—-and then he modifies the laws to see 
what happens. Just what leads him to think of doing such 
a thing is, of course, the subtle question in each case, 
but I think that is a fair and plain description of it from 
the outside. We might say that the inventor or discoverer 
or creator of a new law of physics ‘toys’ with the idea 
before he can demonstrate its validity. To make a shame- 
less pun, let me call a model which contams new hypo- 
theses, or new variations of old laws, a ‘physical toy’. 

There are some very simple examples of physical toys 
in the early history of the quantum theory. Max Planck 
was trying to explain the colour of the light that you see 
when you look inside a hot oven——-what is mysteriously 
called ‘Black-Body Radiation’. He found that he got a 
very good answer if he assumed—dquite arbitrarily— 
that the energy in the radiation could only be produced in 
finite lumps, and was not divisible into smaller and smaller 
quantities. This was the ‘quantum hypothesis’, which he 
embodied in his ‘toy’, or as we should now call it, the 
‘model’ from which he calculated the spectrum. 

Another famous example is Bohr’s theory of the hydro- 
gen atom, which is a model, based on the solar system, 
containing an extension of Planck’s ideas in the form of a 
hypothesis that angular momentum also had to be 
‘quantized’. Here is a ‘physical toy’ at its purest—very 
well defined mathematically, easy to analyse, and having 
just the properties that had long been known from 
spectroscopy. There is a robust realism about this 
model that makes it very appealing; and even though 
it has been superseded as a ‘fundamental’ interpretation, 
it is still useful as a ‘picture’ of the atom. 

We might look at another well-known case, such as the 
wave theory of hght which was developed at the beginning 
of the nineteenth century. The new hypothesis was 
‘ight is wave-like, not particle-hke’. There existed a 
good theory of waves in elastic solids, so it was not too 
difficult to write down the mathematics of such waves 
as if for light, and to get out some consequences, such as 
the slight bending of light round corners, and other 
observable diffraction phenomena. The point is that this 
was, in the first instance, only a ‘toy’. Nobody knew 
what the waves were ‘of’, nor why they should be so. It 
took another sixty years before Clerk Maxwell showed 
that they were waves of electric and magnetic force, and 
brought them under more complete control. 

Nevertheless, the toy had served its purpose, for with 
its aid a vast range of optical phenomena had been 
predicted, described, or explained. Indeed, it worked so 
satisfactorily that it became too realistic. We recall 
Lord Kelvin suggesting that if the waves were elastic 
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waves in a solid ‘ether’, then this must be enormously 
more rigid than steel—yet solid bodies seemed to pass 
through it without hindrance. Because the only sort of 
waves which were easily visualizable to the nineteenth- 
century physicists were waves in elastic solids, they could 
not help worrying about all the other properties that 
seemed to be implied by the theory—they forgot that it 
was Only an analogy, o>, as we should call it, a model. 

This sort of misinterpretation, ridiculous as it sometimes 
appears, is valuable if 15 does indeed bring out the contra- 
dictions in the model cr toy that we are using. It may 
show clearly that it is only ‘phenomenological’ or ‘heuris- 
tic’—very valuable words, these, that one can use either 
as knock-down weapons of offence, or as a shield against 
being accused of makirg inflated claims; I highly recom- 
mend them to any writer of dissertations, theses, scientific 
papers, referees reports, book reviews, etc. They mean 
that it is specially designed to demonstrate certain 
phenomena, but is not aniversally valid. In fact, all toys, 
all models, all mathematical formulations in theoretical 
physics are ultimately “only phenomenological’, so one is 
quite safe to assert it af any particular theory. 

We can see the status of the ‘wave hypothesis of light’ 
quite clearly, because.we can look backwards to it, and 
then see where it led, and how it eventually was incor- 
porated into a larger theory. But m our own day, in the 
theory of elementary particles, we see toy-making in its 
initial stages. There .s a great deal of excitement this 
year about a theory thet started off under the name of the 
‘8-Fold Way’, and thea became ‘SU,’ and is now either 
‘SU,’ or ‘SU, by SU,’ er U12, or some such incantation. 
As everybody knows, this is a scheme of classification of 
many of the particles which have been seen in high-energy 
physics—a scheme reniniscent of Mendeleev’s Periodic 
Table of the Elements, but rather more subtle. 

The heart of this scheme is that it depends on assuming 
that there are several different ‘operators’ (that 1s very 
big magic) that have mathematical properties closely 
akin to the properties of quantum mechanical spin. It 
follows (I mean that is what the theoreticians deduce from 
the axioms that they >rescribe for these operators) that 
they only have two, or four, or eight, or ten, or whatever 
it is different quantum numbers, one for each particle. 
When one has made tre proper identification of particles 
in this scheme, one can predict their masses, the way in 
which they transform into one another, and so on, just as 
Mendeleev was able to predict the chemical properties of 
missing elements from his Table. 

But, like Mendeleev, we do not know the meaning of the 
scheme. .We do not know what the operators signify—— 
we call them quaint names like ‘strangeness’ or ‘baryon 
number’ or ‘isotopic spin’. We do not really understand 
what they operate on, just as we did not know what was 
‘undulating’ in the ‘laminiferous ether’. Perhaps one 
day we shall solve this puzzle, and our toy will have 
become no more than s model. 

A physical toy may, indeed, be just an equation, such 
as the famous wave equation of Schrodinger, which even 
chemists find they havs to know. This is an equation for 
something—we call it the ‘wave function’ or simply label 
it by the Greek letter )—which is related in a very curious 
way to the presence >or absence of an electron in the 
neighbourhood. But what Schrodinger himself showed 
was that the solutions of this equation agreed with the 
energy-levels of a hydrogen atom and that was enough 
to build a whole thecry. It was only later suggested 
that the square of the wave function was really a probabil- 
ity density. Schrödinger could, so to speak, toy with the 
equation, and believe that it had some physical signifi- 
cance, before he had any clear idea of what the variables 
meant, or how the equation was to be derived from more 
abstract laws. 

From these examples it would be rash to draw any con- 
clusions about the ‘pattern of discovery’ in theoretical 
physics. But we can say something about the role of 
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pure mathematics itself in this mysterious process. It is 
obvious that we want to make our models, and the laws 
that we assume for them, as general and abstract as 
possible, so that the process of looking for alternative 
laws, or of modifying the model in some significant 
respect, can be kept under control. We want a system- 
atic procedure, or at least a rational scheme of procedures 
for our research. Pure mathematics does just this. It 
tells us exactly what the minimum rules are if we are to 
achieve a certain result: It is a study, not only of models 
that we have already formulated out of physics, but of 
hypothetical models in which some’of our assumed rules 
have been relaxed. 

The best-known example of this is the geometry of space. 
As everyone knows, Euclidean geometry depends on 
Euclid’s axioms. ‘Relax one of these—the parallel axiom 
—~and we get either ‘of two special sorts of geometry— 
hyperbolic geometry or' elliptical geometry. Relax 
another axiom or so, and we get Riemannian geometry. 
Relax some more rules, and we get affine geometry. This 
is as far as my knowledge carries me-—but no doubt there 
are still simpler, more general geometries of which the hst 
of axioms is even. shorter. 

Now Einstein, in his search for & more general theory of 
relativity, needed to get away from Euclidean geometry, 
which did not seem consistent with physics; he had 
already available, in this branch of pure mathematics, 
many theorems of Riemannian geometry, which, in fact, 
gave him the model he needed for his theory of gravi- 
tation. 

From this famous episode, also, we can draw another 
lesson: It will be remembered that the theory of gravita- 
tion was preceded by an earlier theory called the special 
theory of relativity, which explained some of the facts 
that had been discovered about the way light was propa- 
gated, and what happened when. physical objects travelled 
nearly as fast as light. Shortly after this theory was 
formulated (I do not propose to argue whether Hinstein 
did more or less than others in this) Minkowski showed 
that it could be derived mathematically, in a particularly 
simple way. He pointed out that it ought to be con- 
sidered as a problem in four dimensions, rather than in 
three-dimensional space plus one-dimensional time. 
Minkowski did not add anything to the physics; all the 
results that he derived by his method were already known. 
from Einstein’s arguments. He was only looking at the 
same model through slightly different mathematical 
spectacles. Nevertheless, this way of doing the 
mathematics turned out to be very powerful, and could 
easily be generalized as it was by several people, until 
eventually Einstein took the next step of incorporating 
it into his gravitational theory. 

Here we see the role of the ‘formalist’—the type of 
theoretical physicist who spends his days trying to 
simplify, axiomatize, or otherwise regularize, the models 
invented by other people. In spirit he is something of 
a pure mathematician, for rigour is essential to his out- 
look, and he may really care nothing about the physical 
system of which his axioms and theorems are supposed 
to be a model. We must be careful not to despise the 
formalist, for his work is not always sterile: the clarifica- 
tions that he achieves, the simplifications of technique, 
of notation, of formulation, may be necessary prerequisites 
for the next leap forward. 

There is a striking example of this on the very highest 
plane. The great modern theories of quantum mechanics, 
the work of Schrödinger and Heisenberg, sprang up, at 
Gottingen where Courant and Hilbert had just published 
a book called The Methods of Mathematical Physics. 
This book contains most of the mathematical theory which 
is needed in quantum mechanics; it is still one of the best 
texts on the subject. Yet it was meant to be a formal 
study of mathematical physics as it then existed—that 
is, of the mathematics of classical physics, such as elastic 
waves, optical diffraction, and so on. It was, if you like, 
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what a couple of pure mathematicians made of the brilliant 
and immensely inventive work of Lord Rayleigh, who, 
forty or fifty years previously, had used elegant, effective, 
but rather specialized arguments, based on simple models, 

to explain a wealth of phenomena about the propagation 
of sound. But the book was written with such generality, 
with such insight, with such simplicity, that it provided 
the mathematical schemata for a wholly new departure 
in theoretical physics. It is a very nice point whether 
it was just good fortune that the right sort of mathematics 
happened to be available’ when quantum theory was 
striving to come to birth or whether it was inevitable that 
such a beautiful and all-encompassing mathematical 
theory must transform our vision of the state of things 
into its own lkeness. ; 

The moral of this is that a training in proper pure 
mathematics of some sort is essential to the good theoreti- 
cal physicist. It is not merely a matter of knowing all 
the formulae for solving a particular equation; it is the - 
ability to see, or experience in seeing, a given model, or a 
set of laws, as one of a whole class of models, of more 
general and abstract properties. It is the ability to 
see into the fourth dimension, to recognize the properties 
that are invariant, to watch for the still centre in a kaleido- 
scope of transformations. 

This ability, or this training, must be balanced with 
‘physical intuition’; which is experience of the properties 
of all sorts of models, a feeling for the way they will 
behave, and readiness to construct or adapt a model or a 
toy to suit the problem on hand. This quality is much 
less definable than the first, which is essentially that of the 
pure mathematician; but it is the heart of the matter. 
I suppose it has to do with imagination, or ‘divergence’ of 
personality or something. There is, indeed, a tension 
between the ‘formalist’ and the ‘intuitionist’ which may 
be essential. It may not be possible for a single person- 
ality to contain the qualities needed for the invention of 
models, on one hand, and for the rigorous investigation of 
their properties on the other. 

Nevertheless, the disciplines of mathematics and of 
physics must somehow be combined to produce what we 
need. It is no accident that the titles ‘theoretical physi- 
cist’, ‘applied mathematician’, and ‘mathematical physi- 
cist’ are so confounded and that the persons who bear 
them do not know in which camp to pitch their tents. 
But that is a problem of academic tidiness, which is surely 
the antithesis of philosophy. 

To show that there are other views on the proper ways 
of looking at the world, let me quote from the autobio- 
graphy of a famous eighteenth-century Italian historian, 
Giambattista Vico, who says of himself: 

. . When he had discovered that the whole secret of 
the geometric method comes to this: first to define the 
terms one has to reason with; then to set up certain 
common maxims agreed to by one’s companion in argu- 
ment; finally, at need, to dsk discreetly for such conces- 
sions as the nature of things permits, in order to supply 
a basis for arguments, which without some such assump- 
tion would not reach their conclusions; and with these 
principles to proceed step by step in one’s demonstrations 
from simpler to more complex truths, and never to attain 
the complex truths without first examining singly their 
component parts—-he thought the only advantage of 
having learned how geometricians proceed in their reason- 
ing was that if he ever had occasion to reason in that 
manner he would know how.” 

So much for mathematics and logic: and in another 
place he says: 

“A. short time after this he learned of the growing 
prestige of experimental physics, for which the name of 
Robert Boyle was on everyone’s lips; but profitable as 
he thought it for medicine and spagyric, he decided to 
have nothing to do with this science. For it contributed 
nothing to the arene ae of man and had to be expounded 
in barbarous formulas. . 
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NUFFIELD INSTITUTE OF COMPARATIVE MEDICINE 
By Dr. L. G. GOODWIN 


Director, Nuffield Institute of Comparative Medicine, 
Zoological Society of London, Regent's Park, London, N.YV.| 


HE inauguration of the Nuffield Institute of Com- 

parative Medicine on April 29 by H.R.H. the Duke 
of Edinburgh, president of the Zoological Society of 
London, is an important new landmark in the develop- 
ment of the potential for comparative investigations 
which is provided by the unrivalled collection of animal 
species in Regent’s Park. 

The Zoological Society was formed in 1826 for “the 
advancement of zoology and animal physiology’’, and the 
Regent's Park Gardens were opened two years later. The 
collection of animals, housed in buildings designed by 
Decimus Burton and other prominent architects of the 
Victorian era, has always been one of the major attractions 
for London visitors. Through the energy and foresi ght of 
the present secretary, Sir Solly Zuckerman, an extensive 
rebuilding programme has added some excellent new 
buildings and constructions to the Gardens. Burton's 
original giraffe house has been renovated and extended 
to a plan by F. Stengelhofen, and the canal bank has been 
developed into the attractive Cotton Terraces where 
giraffe, zebra and antelopes may be seen without the 
intrusion of bars. The new elephant and rhinoceros 
pavilion designed by Sir Hugh Casson was opened recently, 
a new aviary designed by Lord Snowdon will shortly be 
occupied, and a start will soon be made on the rehousing 
of the collection of mammals. 

The Zoological Society was formed primarily as a 
scientific institution, and throughout the years has made 
valuable contributions to research. Many books and 
scientific papers have been contributed by members of 
the staff and by visiting workers in the fields of anatomy, 
taxonomy, ecology and animal behaviour, and of the 
treatment, surgery and pathology of animal disease. The 
publications of the Society, including symposia, the Zoo- 
logical Record and the Transactions and the Proceedings of 
the Zoological Society of London, have formed a central body 
of reference literature in zoology for many years. The 
Proceedings will shortly take on a ‘new look’ and an 
xtended range under the more appropriate title of the 
. Journal of Zoology. The International Zoo Yearbook forms 
_ an important link between collections of wild animals 
_ throughout the world, and a recent gift to the Society 
< from the Wolfson Foundation will enable it to house a 
` centre for wild-life conservation societies. Educational 
_ facilities are available for all—schoolchildren are provided 
- with lectures, films and escorted tours, and meetings are 
held monthly for the presentation of scientific papers. 

. The collection of animal species in Regent’s Park is 
~ the most comprehensive in the world; more than 1,500 
` species of animals, birds and reptiles are represented, 
together with a wide variety of insects and aquatic 
animals. It clearly forms an important source of material 
for scientific work. In May 1964 the Wellcome Institute 
of Comparative Physiology was opened by Sir Henry 
Dale, and a major step forward was taken in providing 
facilities for the investigation of the biology of repro- 
- duction. The work of the Institute, directed by Dr. I. W. 
- Rowlands, will increase our knowledge of the physio- 
- logical, physical and psychological factors affecting the 
- capacity of animals to breed in captivity and may have 
important repercussions on human reproductive and 
: population investigations. The building was constructed 
< with the aid of a grant from the Welleome Trust, and 
-research fellowships are supported by an endowment 
< fund of 640,000 dollars provided by the Ford Foundation. 









The Nuffield Institute of Comparative Medicine (Fig. 1) 
will make possible the extension of scientific investi gations 
in the fields of patholegy, biochemistry and infectious 
disease. The building, which also houses attractive new 
meeting rooms for the Seciety, was completed in February 
1965 at a total cost of about £300,000, and it was made 
possible by a generous gift of £140,000 from the Nuffield 
Foundation. The architacts, Llewellyn Davies and W eeks, 
with J. Musgrove, have rade a special study of laboratory 
and hospital design. 

Space within the Zoo's thirty-six acres is extremely 
limited, and the building was sited to span a tunnel which 
links the two sides of the Zoo. It is designed as a bridge 
with the laboratories om the first and second floors, 
spanning between ‘hollow legs’ which contain the meeting 
halls on one side and the seminar room and other accom. 
modation on the other. 

The construction is of exposed reinforced concrete 
throughout, clad on the first floor with grey flint-faced 
panels. 

The entrance to the Nuffield Institute of Comparative 
Medicine is at the west end of the building, and is reached 
by a pedestrian ramp which spans the tunnel approach. 
The entrance floor contzins a general office and a seminar 
room planned on an irregular shape, conducive to group 
discussion rather than te a formal lecture. The first base- 
ment on this side of the sunnel contains workshops for the 
laboratories, and the lower basement contains the heating 
and ventilating plant. 

The laboratory floors which provide 24,200 sq. ft. of 
laboratory space, were p anned on the basis of the research 
errried out by the Nuffield Foundation Division for Archi- 
tectural Studies; valuable assistance was provided by a 
scientific advisory committee under the chairmanship of 
Sir Roy Cameron. There are eighteen laboratories, an 
X-ray suite, an operating theatre, an electron miero- 
scope department, animal rooms and offices. 

A system of demountable partitions and services pro- 
vides an opportunity for the modification of the size and 
shape of laboratory unizs to accord with future require- 
ments. The double cerridors of the laboratory floors 
enclose a ‘dark centre’ containing hot, cold and dark- 
rooms and stores; the maximum possible window area is 
thus available for the laboratories. 

A sum of £200,000 has now been collected for scientific 
equipment and the financing of research projects for the 
coming two or three years. Half of this sum has been 
spent on laboratory ‘herdware’ which will enable us to 
approach our problems with modern techniques. A 
generous gift of £30,00@ from Messrs. Heinz, Ltd., has 
provided apparatus for the biochemical laboratories; 
another of £25,000 from the Wellcome Trust has fitted 
out a radiological suite which is probably unmatched in 
any other British reseasch laboratory. A gift of £20,000 
from the Sembal Trust has purchased an electron micro- 
scope and accessories. Financial support on covenant 
provided by other organizations has greatly helped with 
the present costs. Efforts are now being made to obtain 
& permanent endowment in order to ensure an estimated 
annual budget of about £50,000. 

The Institute comprises Departments of Pathology, 
Biochemistry and Infecsious Diseases, each headed by a 
senior research worker. Mr. R. N. Fiennes, pathologist. 
to the Zoological Societ, who has been involved with the 
planning of the Institute from its earliest stage, is in 
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Fig. 1. Nuffield Institute of Comparative Medicine, Zoological Society of London 


charge of the Pathology Department. Mr. G. R. Smith 
is in charge of the Infectious Diseases Department, and 
Dr. M. A. Crawford, who will join the staff in July, will 
head the Department of Biochemistry. 

The Radiological Unit will be supervised by Dr. G. 
du Boulay, and surgical investigations by Mr. O. Graham- 
Jones, the veterinary officer to the Society. The technical 
staff will total about twenty, and there will be accom- 
modation for at least twelve postgraduate workers, 
students and visitors supported by outside grants; six of 
these are already working at the Institute. 

Work on cardiovascular disease has always been in the 
forefront of the research plans of the Institutet, and a 
three-year grant from the British Heart Foundation has 
enablod us to begin two important projects. A survey of 
arterial and cardiac lesions in animals which died in 
captivity has been made by Dr. R. Finlayson and Dr. 
C. Symons in collaboration with Mr. R. N. Fiennes; 
parallel observations are now being made on animals in 
the wild by Miss 8. K. Sikes, who is at present in East 
Africa. Information will be collected on the ecological 
conditions and food supply of the animals from which 
specimens are obtained so that any correlation which may 
exist between disease and habitat may be detected. Little 
is known of platelet aggregation, clotting factors or the 
fibrinolytic mechanisms of animals; Miss C. M. Hawkey 
is now investigating these processes in the blood of a wide 
variety of species. 

With a grant from the Medical Research Council, Dr. 
A. Voller is examining immune processes in malaria 
infections of man and monkeys and is in West Africa 
collecting material. These investigations will be associated 
with a survey of malaria antibodies in the sera of a sample 
of the population of an area in northern Nigeria, to be 
carriod out in collaboration with the World Health 
Organization. A second grant from the Medical Research 
Council supports investigations by Dr. P. A. J. Ball on 
immunity in hookworm disease. and a grant from the 


Ministry of Overseas Development supports an investiga- 
tion by Mr. P. F. L. Boreham of the pharmacologically 
active substances produced in the tissues of the host in 
trypanosomiasis. 

Dr. G. R. Smith and Mr. D. Bidwell have begun 
observations on bacterial and virus infections, and Mr. 
R. N. Fiennos is continuing his investigations of osteo- 
dystrophies in monkeys. 

When the Biochemical Department gets under way later 
in the year, comparative metabolic and nutritional work 
will begin. 

A symposium on “Some Recent Developments in 
Comparative Medicine”, organized jointly on behalf of 
the World Health Organization and the Zoological Society 
of London, was held at the Institute during June 15-16. 
Subjects discussed included the use of primates in medical 
research with special reference to cardiovascular disease 
and oncology, and the role of viruses in the aetiology of 
leukaemia in man and other animals. 

There is clearly no shortage of problems. The Institute 
has new opportunities provided by its association with a 
large collection of animal species, many of which have 
been studied inadequately or not at all. There is un- 
limited opportunity for investigation in all fields of com- 
parative pathology, and the post-mortem records accumu- 
lated at the London Zoo over the past fifty years will 
form a valuable source of reference. Carcinogenesis, 
arthritic disease, the process of ageing, and metabolic 
variations (especially with regard to medicinal substances) 
are only a few of the additional problems which would 
repay study in a wider range of species than the usual 
‘laboratory’ animals. Much of the work of the Institute 
will be carried out in close collaboration with medical and 
veterinary departments of the universities; it should 
lead to a better understanding of disease, not only in 
captive wild animals, but also in domestic animals and 
man. 

! Cameron, R., 


and Fiennts, R. N, T. W., Nature, 193, 217 (1962). 
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© Dr. S. Williams 
Tue death of Dr. Samuel Williams on April 5 at the 
age of sixty-seven, following a short illness, came only 
six months after he had left the staff of the Department 
of Botany, University of Glasgow, for though his official 
retirement was in 1962 (Nature, 194, 728; 1962) he 


agreed to continue, for two further years in view of other: 


changes of staff. He had served for forty-one years as 
lecturer and senior lecturer in the Department, and for 
most of this period he played a prominent and very 
effective part in teaching at all levels and in adminis- 
tration. 

Wiliams attended the University of Manchester, where 
he gained the bachelor’s degree with first-class honours in 
botany in 1920, and there came under the influence of 
W. H. Lang and R. 8. Adamson. After research leading 
to the M.Sc. degree, Williams was made assistant lecturer 


in the Manchester Department in 1921. His appointment _ 


in 1923 to Glasgow, where botany was under the aegis of 
F. O. Bower, was one of a number of exchanges which 
have occurred between the two Departments. Williams 
was & most competent morphologist, and was the author 
of some twenty papers, mostly relating to the morphology 
and anatomy of ferns and other Pteridophytes. On the 
basis of these investigations he was awarded the Ph.D. 
degree by the University of Glasgow and the D.Sc. by 
Manchester. Among other high qualities his papers are 
distinguished by excellent line-drawings and photographs 
—Williams was expert in many branches of photography. 
He took justifiable pride in his erudite chapter on the 
experimental morphology of the pteridophytes in Ver- 
doorn’s Manual of Pieridology (1938), while the investi- 
gations which gave him most pleasure included that on 
the control by auxins of the behaviour of the angle- 
meristem in Selaginella (1937)—-work which yielded some 
of the first evidence of hormone action in the Pteridophyta 
—and also his very competent study of the first material 
of the saprophytic liverwort Cryptothallus mirabilis to be 
found in Britain (1950). His excellence as a morphologist 
is perhaps best illustrated by his paper describing the 
extremely complex structure of Isoetes australis (1943). 
Williams’s first publication. (1920, with T. Eden) actually 
dealt with the ecology of the sand dunes of Flanders, and 
was based on first-hand observations made towards the 
end of the First World War, when he served with the 
Royal Naval Air Service. This interest in ecology re- 
mained, and I have pleasant memories of my introduction 
to the botany of the Lake District at the expert hands of 
Dr. and Mrs. Williams. 

During his earlier years in Glasgow, Williams did 
valuable work with extra-mural classes, and later assisted 
for many years in the work of the Scottish Universities 
Entrance Board, while for a time he was a secretary of 
Section K (Botany) of the British Association for the 
Advancement of Science. He devoted much time to col- 
laborating in the preparation of the fourth edition of 
Brimble’s Intermediate Botany, and to drafting the 
morphological sections of Practical Botany. He had 
begun work on a general text-book on plant morphology 
and planned to complete it during his retirement. That 
Williams, despite his many excellent qualities and good 
standing in his subject, did not gain appointment to a 
senior position elsewhere is doubtless to be attributed in 
the main to the circumstance that in the period critical 
for him plant morphology was awaiting now techniques 
and was a relatively unpopular discipline. 

Williams, who was most -happily married (to another 
Manchester botanist), is survived by his widow and a son. 


NATURE 


and generosity. 


1195 


OBITUARIES 


He will be remembered with affection by those who knew 
him for his sincerity and modesty, his unfailing kindliness 
G. Bonp 


AFTER graduating from University, it was my good 
fortune to be appoicted lecturer in plant physiology in 
the University of Gisgow. I arrived there, rather shy 
and green (a Sassenazh up in Scotland), to join an excel- 
lent staff under Prof. Montague Drummond (‘‘Montie’’} 
(Nature, 205, 1262; 1965). The great F. O. Bower had 
just retired from the chair. 

Claude Wardlaw (now professor of botany in the . 
University of Manchsster) and F. W. Sansome (now pro- 
fessor of botany in ths Ahmadu Bello University, Northern 
Nigeria) were then my young colleagues. There were 
others also, such as Dr. Isobel Case, who after forty-one 
years service is about to retire. 

But “Sammy” Wiliams had been there before all the 
rest of us, and, with his cunning sense of humour, looked 
after us. In an intargible way, “Sammy” contributed to 
the progress of scienc in general and botany in particular, 
by guiding us all—bhe was just that bit older and cert- 
ainly wiser. L. J. F. BRIMBLE 


Frof, P. S. Hench ` 


Pror. PHILIP SHGWALTER Henow, a member of the 
staff of the Mayo Clinic during 1923-57, well known for 
his work on arthritis, and pioneer in the clinical use of 
cortisone and joint wmnner of the Nobel Prize in Physiology 
and Medicins in 19&€0 for his work with that hormone, 
died at Saint Ann’s Bay, Jamaica, on March 30. 

Dr. Hench was bern in Pittsburgh, Pennsylvania, on 
February 28, 1896, she son of Jacob Bixler Hench and 
Clara John Showalte> Hench. His father, Dr. J. B. Hench, 
was a classics scholar, a well-known preparatory-school 
teacher and an ecucational leader in western Penn- 
sylvania. 

Dr. Hench received his preparatory-school education 
at the Shadyside Academy and at the University School, 
both of Pittsburgh He was granted the degree of 
bachelor of arts from Lafayette College, Easton, Penn- 
sylvania, in 1916, aad the degree of doctor of medicine 
from the University Df Pittsburgh in 1920. After a year’s 
internship at Saint Francis Hospital in Pittsburgh he 
became, in October 1921, a fellow in medicine ın the 
Mayo Graduate School of Medicine of the University of 
Minnesota. In 1923 he became a first assistant and a 
member of the staff cf the Mayo Clinic. He was appointed 
an associate in 1925. and in 1926 became a consultant in 
the Division. of Medicine and head of the new Section on 
Rheumatic Diseases of the Mayo Clinic. In 1953 he 
became a senior corsultant of the Mayo Clinic, and he 
retired from the Mayo Clinic and Mayo -Graduate School 
of Medicine on July 1, 1967. 

Dr. Hench studied abroad during October 1928—-May 
1929, being chiefly with Dr. Ludwig Aschoff at the 
University of Friesburg, Germany, and with Friedrich 
Von Miller at tae Ludwig-Maximilians-Universitat, 
Munich. 

In the Mayo Gracuate School of Medicine, University 
of Minnesota, at Rochester, Dr. Hench was instructor 
during 1928-32, assstant professor during 1932-85 and 
associate professor during 1935-47. From 1947 until 
1957 he was a full professor of medicine in the school. 

For many years Dr. Hench wes one of the leaders im 
the study of rheumetism in the United States, being one 
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of the founders of the American Rheumatism Association, 
of which he was president during 1940-41. He did some 
early work on the treatment of gout by means of uric-acid 
diuretic agents, and was the author of almost two hundred 
papers, chapters in books and other works. 

As the culmination of many years of clinical investiga- 
tions of the treatment of rheumatoid arthritis, Dr. Hench 
in 1948 introduced into clinical medicine the steroid 
hormone, cortisone, developed after a long period of 
laboratory investigation by Dr. Edward C. Kendall, of 
the Mayo Clinic. The two men had worked together on 
the problem, one from the clinical pomt of view and the 
other from the biochemical and physiological aspects. In 
1950 Dr. Hench and Dr. Kendall, with Dr. Tadeus 
Reichstein, of Basle, Switzerland, were awarded the 
Nobel Prize in Physiology and Medicine “for their dis- 
coveries relating to adrenal cortical hormones, their 
structure and biological effects”. 

During 1932-48 Dr. Hench was the chief editor of the 
American Rheumatism Association’s annual Rheumatism 
Reviews, and he had been associate editor of the Annals 
of Rheumatic Diseases (London). He also had been chair- 
man. of the American Committee of the Ligue Inter- 
nationale contre le rhoumatisme. He was chairman of 
the Arthritis and Rheumatism Study Section of the 
National Institutes of Health, U.S. Publici Health Service, 
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in 1949 and 1950, and was a member of the Advisory 
Council of the National Institute of Arthritis and Meta- 
bolic Diseases, National Institutes of Health, U.S. Public 
Health Service. He also was titulate to the Central Com- 
mittee of the Pan-American League against Rheumatism, 
a member of the Advisory Commuttee of the U.S. National 
Research Council and a member of the Medical and 
Scientific Committee of the Arthritis and Rheumatism 
Foundation. In 1962 he was appointed a member of the 
Commission on Drug Safety for advancement of the 
predictability of the action of new pharmaceuticals in the 
human being. 

He was an honorary member of societies and academies 
in many countries. His hobbies were tennis, opera, photo- 
graphy and the writings of Sir Arthur Conan Doyle, and 
he published original investigations on medical history, 
being considered an authority on the conquest of yellow 
fever. In 1958 he contributed an essay on “Of Violence 
at Meiringen’’, describing the escape of Sherlock Holmes 
in 1891 from death at the hands of Prof. Moriarty at the 
Reichenbach Falls, and telling how Hench and others 
combined to put up a plaque at the site in 1957 to mark 
the scene of the incident. This essay was printed in the 
volume, Exploring Sherlock Holmes, issued in 1958 by the 
Norwegian Explorers’ Club of Minneapolis. 

E. H. RyNEARSON 
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Mechanical Engineering in University College, Swansea: 
Prof. R. H. Macmillan 


Pror. R. H. MAOMILLAN has recently resigned his chair 
of mechanical engineering at the University College of 
Swansea to become the new director of the Motor Industry 
Research Association establishment at Lindley near Nun- 
eaton. Prof. Macmillan graduated in mechanical sciences 
at Cambridge in 1941 and became an engineering officer in 
the Royal Air Force. At the end of the Second World War 
he returned to Cambridge and became successively, 
assistant lecturer and lecturer in the Department of 
Engineering. In October, 1957, he was appointed to the 
first chair of mechanical engineering at the University 
College of Swansea in the University of Wales. One of 
Prof. Macmillan’s major interests has been the theory and 
practice of automatic control. His interest and knowledge 
in. this field were further stimulated by his secondment to 
the Massachusetts Institute of Technology where he was 
able to carry out teaching and research in the field of 
automatic control. Throughout his stay ın Swansea he 
was concerned with teaching and research in control. 
In particular he directed his attention to the automatic 
gearbox used in motor-cars and contributed towards the 
design of such systems. In this study he determined the 
relationship between special types of automatic gearboxes 
and extended the knowledge of gearboxes themselves. 
This work was particularly fruitful as he was able to com- 
bine his interest in automobile automatic control and 
theory of mechanisms. While at Swansea, Prof. Macmillan 
helped to plan a large new Department of Engineering and 
took his full share in the administration of the Depart- 
ment, having been its chairman for three years. His 
resignation is a great loss to the Department and the 
College, but his experience should fit him well for his new 
post at Lindley. Since taking up his new position he has 
been appointed to the associate professorship in engineer- 
ing science at the new University of Warwick. 


Prof. F. R. Barwell 


= Dr.- F. R. BARWELL, formerly director of electrical 
research, British Railways Board, has been appointed to 


succeed Prof. R. H. Macmillan as professor of mechanical 
engineering in the University College of Swansea as from 
May 1. Dr. Barwell was born in Bromley, Kent, where 
he received his secondary education at the County School 
before beginning his training as a Premium, Apprentice 
in the Chief Mechanical Engineer’s Department of the 
Great Western Railway at Swindon in 1927, In 1939 he 
left the railways and joined the scientific staff of the 
National Physical Laboratory, and in 1948 he was 
appointed head of the Lubrication and Wear Division, of 
the newly formed Mechanical Engineering Research 
Organization, bemg responsible for a series of researches 
ranging from the properties of surfaces to high-speed 
bearings. In 1958 he returned to the railways on his 
appointment as electric traction engineer (research) in the 
Electrical Engineering Department of the British Trans- 
port Commission. His early training on the railways 
covered work in the test house and drawing office at 
Swindon. Dr. Barwell then studied motive power engin- 
eering at the City and Guilds College (Imperial College), 
during the tenure of a Whitworth Scholarship. He was 
awarded a Robert Blair fellowship which enabled him to 
spend a year studying electric and Diesel railway traction 
in Europe and North America. Dr. Barwell became the 
first chairman of the newly formed Railway Engineering 
Group of the Institution of Mechanical Engineers in 1961, 
and was awarded the George Stephenson Prize for the 
inaugural lecture. He received the Thomas Hawksley 
Gold Medal for a paper to the same Institution, entitled 
“Surface Contact in Theory and Practice’. Dr. Barwell 
was chairman of the Junior Instituton of Engineers 
during their 1963-64 session, and is honorary treasurer of 
the Whitworth Society. 


Electrical Engineering Science in the University of 
Warwick : Prof. J. L. Douce 


Dr. J. L. Dovon, who has boen appointed to the chair 
of electrical engineering science m the University of 
Warwick, became interested in electronics and control as 
a final-year physics student at the University of Man- 
chester, where a course of such a nature offered by the 
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Electrical Engineering Department was one of several 
options. He graduated with honours at the age of twenty 
and commenced research in automatic control. It would be 
more truthful to say that he continued with work he had 
already started as an undergraduate. He took an M.Sc. 
degree at twenty-one and a Ph.D. at twenty-three, 
followed by a Turner and Newall fellowship which allowed 
him time to develop his work on techniques for handhng 
the frequency response analysis of essentially non-linear 
control systems. His first teaching appointment was a 
lectureship ın control in the Electrical Hngineermg 
Department at Queen’s University, Belfast. This gave 
opportunity for the development of his latent skill in 
lecturing, his love of explaining the difficult in simple 
terms and, his ability to demonstrate the most profound 
principles in feed-back theory using model trains and 
‘Meccano’. His research work led into the fields of 
statistical processes and to self-adapting systems. Most 
of his work has been published in the Proceedings of the 
Institution of Electrical Engineers and on several occasions 
that body has awarded him prizes for his papers. He is an 
inventor with many patents to his credit, and his most 
recent work, a combmation of invention and scientific 
research, is the self-adaptive analogue computer. Given 
some initial conditions and a goal, this computer will 
optimize the design of a control system and cut down 
man time on design by trial and error. This device opens 
up @ new way of thought for the control engineer. 
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Biological Chemistry in the University of Manchester : 
Prof. G. R. Barker 


Dr. G. R. BARKER, formerly reader in biological chemis- 
try in the University of Manchester, has been appointed to 
a newly-established chair of biological chemistry at that 
University. Dr. Barker was educated at Nottingham 
High School from 1932 until 1936 and at University 
College, Nottingham, from 1936 until 1939. He was awar- 
ded a B.Sc.(London) in 1939 and from 19389 until 1942 he 
continued his studies at University College, Nottingham, 
as a research student under (the late) Prof. J. Masson 
Gulland, being awarded a Ph.D.(London) in 1944. He 
was appointed assistant lecturer in chemistry at University 
College, Nottingham, in 1942 and was promoted lecturer 
in 1946. In the same year he was appointed lecturer in 
chemistry in the University of Manchester where he 
was promoted to senior lecturer in biological chemistry 
in 1959 and to reader in biological chemistry in 1963. 
In 1951-52 Dr. Barker worked in the United States as a 
Rockefeller Foundation Fellow at the Sloane Kettering 
Institute for Cancer Research, New York, and in 1962 
he was awarded the degree of D.Sc.(Manchester) in 
recognition of his research work in chemistry and bio- 
logical chemistry. Dr. Barker is the author or co-author of 
a large number of articles on topics in chemistry and 
biological chemistry which have been published in a wide 
range of scientific journals. Since 1949 he has also been a 
regular contributor to the Annual Report of the British 
Empire Cancer Campaign. His present research interests 
are in the field of nucleic acids in relation to growth and 
genetic characteristics in micro-organisms, plants, ascites 
tumour cells and animal cells in tissue culture. 


Student Grants p 


In a written answer in the House of Commons on 
May 24, the Secretary of State for Education and Science, 
Mr. A. Crosland, stated that he had received the report 
of the Standing Advisory Committee on Grants to Students 
and the necessary regulations would be laid before the 
House in due course to enable the standard value of 
awards to be increased as from September 1. The standard 
maintenance allowances in awards for first degree and 
comparable courses would be increased to £370 per annum 
for students m college, hall, hostel or lodgings at the 
Universities of Oxford, Cambridge and London and 
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further establishments in the London area, and to £275 
for those living at home. For students at other univer- 
sities the increases would be to £340 per annum and £275 
per annum, respectively. A recognized student in England 
and Wales resident in a college of education or approved 
lodgings would receiv> a grant of £156 per annum and 
such students living in their parental or husband’s home 
would receive a grant of £295, or £370 for a student living 
in a home he maintains himself (£400 in London). In 
Scotland a college of education student would continue 
to receive the same award as @ university student. The 
grant for students attending a university or establishment 
of further education cbroad would be increased to £370 
a year. Payments in respect of periods outside the normal 
yearly attendance would be increased to 17s. 6d. a day 
for a student living away from home and to 10s. a day 
for a student living et home, and would apply to those 
undertaking a recommended course of vacation study 
under guidance. Allowances for dependants, ete., would 


‘be increased to £190 for the spouse or other adult depen- 


dant; £80 for the first dependent child; £60 for the second, 
and £55 for each further dependent child. The “Two- 
Homes” grant would be £65 and for mature students the 
grant for each year of age over twenty-five would be £20, 
up to a maximum of £100. Veterinary students would 
receive the additional £15 for necessary expenditure on 
instruments already received by medical students; the 
travel element in the grants would be increased to £12 
and that for books, instruments, stationery, etc., to £35 
(£27 at colleges of education). 


Use of Scientific Mar power 


In reply to questicns in the House of Commons on 
May 25 the Prime Minister said that the terms of reference 
of the new Committee on Manpower Resources for Science 
and Technology had been widened to include consideration 
of the use made of existing scientists and technologists. 
The reconstituted Committee reports to the Secretary of 
State for Education and Science and the Minister of 
Technology jointly, but all decisions are the responsibility 
of the Cabinet as a whole. While in the past the Com- 
mittee had tended to limit itself to statistical surveys of 
the estimated need fr scientists and technologists in 
relation to the training programme and education, he 
thought that in the naw situation the use now made of 
Britain’s scientists and technologists in the application 
of their discoveries in Industry was of at least equal 1mpor- 
tance, and that was the function of the Ministry of 
Technology. 


Grants for Scottish Agricultural Colleges and Institutes 


In a written answer in the House of Commons on 
May 26, the Secretary of State for Scotland, Mr. W. Ross, 
stated that grants for agricultural colleges in Scotland 
from the Department of Agriculture and Fisheries in 
Scotland had risen from £886,000 in 1960-61 to £997,000 
in 1963-64 and £1,082,000 in 1964-65. For research 
institutes, the corresponding figures were £1,239,000; 
£1,390,000; and £1,614,000. These figures include both 
maintenance and capiczal grants and for the colleges are 
based on an approximate division between teaching and 
advisory functions. 


The Carnegie Trust for the Universities of Scotland 


THe sixty-third annual report of the Carnegie Trust 
for the Universities of Scotland covers the year 1963—64 
(Pp. 64. Edimburgh, 1965) in which grants to universities 
and other institutions and expenditure on the research 
scheme totalled £135,248, and awards to students for 
fees, vacation scholarships for students of exceptional 
merit, and the exchange scheme for selected medical 
students, totalled £11,330. Progress with schemes previ- 
ously approved for capital grant was slow and only 
£67,820 was utilized in 1963-64, but the pace should 
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quicken in the latter part of the quinquenntum. The 
report expresses confidence that the Universities will 
continue to need capital grants from the Trust, and so far 
as the Scottish universities are concerned the Trust should 
be able to provide some timely assistance in what is 
likely to be a period of stringency. There was a decrease 
in the number of fellowships and senor scholarships 
awarded, but this was largely counterbalanced by an 
increase from £12,540 to £18,597 in general grants 
in aid of research, and by an increase of £2,000 ın the 
block travel grant allocated to universities. Assistance 
to students remained at about the same level as in the 
previous year, fee payments to students decreasing to 
£7,662 while merit awards increased slightly and awards 
made under the exchange scheme for selected medical 
students totalled £372. Repayments of fees in 1963-64 
amounted to £4,324, or more than double the annual sum 
received in the past 10 years. Besides summarizing the 
eleventh quinquennial distribution 1962-67, the report 
includes brief accounts of the work of fellows, senior 
scholars and scholars, and details of the research grants 
made during the year. 


Teaching of Mechanics 


Tue Mathematical Association has now published the 
report which was adopted by the Teaching Committee 
of the Association on March 31, 1964, prepared by a sub- 
committees appointed in 1958 (4 Second Report on the 
Teaching of Mechanics on Schools. Pp. 130. London: 
G. Bell and Sons, Ltd., 1965). The report is a revision of 
that published in 1929 under the title The Teaching of 
Mechanics. It is intended to be a guide to principles 
and not a text-book, and is addressed to teachers, not to 
pupils. A very strong plea is made for the retention 
of mechanics in the mathematics course. Mechanics, 
lying on the border-lne between the experimental and the 
mathematical subjects, is sometimes taught as a part of 
the science curriculum and sometimes as a part of mathe- 
matics. Herein lies the difficulty, because the emphasis 
in recent years has been to give too much weight to the 
mathematical side in so-called ‘applied mathematics’. 
Scientific approaches have changed, and the physical 
world, with its up-to-date problems, is now too well 
known to the majority of pupils to be ignored. Therefore, 
too much abstraction may kill the interest in mechanics. 
Emphasis on simplicity and clarity, acknowledgment of 
the limitations of experimental determination, and the 
cultivation in the pupils of the ability to express the 
essential features of the mechanical problem in mathe- 
matical terms, should be the aims of the course. The 
main body of the report consists of five chapters, dealing 
with informal mechanics before the course leading to the 
Ordinary-level examination for the General Certificate of 
Education; mechanics at the fifth-form level; sixth-form 
mechanics up to the Advanced-level standard in applied 
mathematics; further work at the sixth-form level and 
pre-university level; and finally, a historical sketch of 
problems and methods in mechanics, written mainly by 
Dr. J. R. Ravetz. Three appendixes contain accounts 
of D’Alembert’s principle; topics for further discussion, 
that is, topics on which the members of the sub-committee 
held widely different opinions; and a list of experiments 
and everyday applications of mechanics. 


The National Oceanographic Council 


Tam most recent annual report of the National Oceano- 
graphic Council covers the work of the National Institute 
of Oceanography for the year April 1, 1963 March 31, 1964 
—a period during which the new R.R.S. Discovery made 
her first scientific cruises (Pp. 66+7 plates. Cambridge: 
At the University Press, 1965. 6s. net). After a short 
trip in the North Atlantic, the Discovery sailed on June 1, 
1963, for the first of three cruises forming a contribution 
to the International Indian Ocean Expedition, which 
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oceupied the ship until September 1964. In the first of 
these, she was operating off the south-east coast of 
Arabia, during the south-west monsoon when intensive 
upwelling occurs in this area. Measurements of currents, 
nutrient salts and biological productivity were made. 
The second cruise, in which scientists from the Geodesy 
and Geophysics Department, University of Cambridge, 
took part, was spent mainly on geological and geophysical 
work ın the north-west Indian Ocean. During the third 
cruise a survey of the equatorial current system was 
carried out by working north~south sections across the 
equator. Although the work for the International Indian 
Ocean Expedition was probably the most spectacular 
feature of the year’s activities, research was actively 
pursued in a number of other fields. A new ‘clover-leaf’ 
buoy was tested durmg the North Atlantic cruise, and 
was found to record the directional properties of waves 
successfully. Other topics of research included long waves 
and surges, sand waves and turbidity currents. Biological 
activities included research on whales and whaling and 
work on collection of phytoplankton and zooplankton 
from the Indian Ocean and other cruises. In the intro- 
duction to the report, 1t is emphasized that the National 
Institute of Oceanography has consistently adopted a 
liberal scientific approach to its task and this policy has 
led to valuable practical_results. There are increasing 
demands for the Institute’s services, and in order to meet 
these, as well as to continue basic research, the facilities 
at its disposal need to be strengthened appreciably in the 
future. 
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Indian Science Abstracts 


Tux first issue of Indian Science Abstracts was published 
in January 1965 by the Indian National Scientific 
Documentation Centre to ensure effective bibliographical 
coverage of current Indian scientific literature (1, No. 1; 
January 1965. Pp. vi+1-126. Published monthly. 
Annual subscription: Rs. 50.00; 200s.; 30 dollars. 
Delhi: Indian National Scientific Documentation Centre. 
1965). This first issue includes 963 abstracts, covering 666 
articles in 99 Indian periodicals received during October 
1964, 21 articles by Indian scientists published overseas, 
221 patents, 28 standards, 4 annual reports, 1 thesis, 
18 conference papers and 4 miscellaneous publications. 
The abstracts are arranged according to the universal 
decimal classification and there are author and subject 
indexes. 


Welsh Scenery 


A. DELIGHTFUL collection of photographs has been 
prepared by the National Museum of Wales to explain the 
nature and origin of scenery in Wales (Welsh Scenery, 
Illustrated and Explained. Pp. 34. Cardiff: National 
Museum of Wales, 1964. 2s. 6d.). Most of the photographs 
illustrate commonplace features rather than famous 
beauty spots and can be matched in character if not m 
detail in many parts of Wales. They include inclined 
strata rising to the surface at Clydach, near Abergavenny, 
alabaster in Triassic marls in a cliff near Penarth, joints 
and stratification in a ‘slab’ quarry at Berwyn near 
Llangollen, folded strata near Southerndown, relics of 
ancient voleanoes at Snowdon, a ‘glaciated pavement’ at 
Llanberis, and stalactites and stalagmites at Penderyn, 
near Aberdare. 


The Milton Plan 


Tae Institute of Personnel Management has issued an 
account by A. Fox of an exercise in manpower planning 
and the transfer of production, put into effect when the 
British Aluminium Co., Ltd., decided to close down its 
rolling-mill plant at Milton, near Stoke-on-Trent, and 
transfer production to Rheola in the Vale of Neath (Pp. 66. 
London: Institute of Personnel Management, 1965. 
7s. 6d.). The plan envisaged a lengthy period of building 
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and re-organization at Rheola, followed by a period 
during which Rheola’s production would be stepped up 
and Milton’s run down to the point of complete closure— 
the run-down being phased and controlled so as to syn- 
chronize with a gradual expansion of Rheola. A careful 
timetable was worked out for the announcement of the 
closure, and a National Industrial Officer of the union 
principally affected was invited to a meeting at the head 
office. The operation was helped by the reputation of the 
general manager of personnel, but much depended on a 
small group of senior executives being able to work closely 
together as a team and maintain complete secrecy towards 
their colleagues while doing so. When eventually revealed, 
the arrangement evoked surprisingly little emotional 
reaction from colleagues who were excluded. An impor- 
tant feature of the planning was that the personnel 
function was brought in at an earlier stage. A notable 
feature was the manner in which general management at 


„head office and operating management ‘at plant-level 


accepted the need for careful and considered policies 
in the field of personnel and public relations, and co-oper- 
ated readily when necessary in applying them. The 
period of negotiations was the most searching for the 
personnel division, and the foundations of the plan were 
tested to the full. They withstood that test because the 
unions were already confident of finding accessibility 
and flexibility, realism, sincerity and good faith. The 
strain was held with equal resilience at the plant-level, 
where relations of mutual respect had long prevailed. 
This background was also of crucial importance during 
the period of redundancy and run-down, key factors in 
the creation of this tough and resilient framework of 
plant relations being the character and authority of the 
convener and the good sense and insight of the managers 
with whom he had to deal. This sort of industrial situa- 
tion, which makes it possible to cope successfully with 
great change or great trouble, cannot be built up over- 
night. 


Films on Chemistry and Related Sciences 


A. COMPREHENSIVE list of films and filmstrips on chemis- 
try and related topics is once again available under the 
title Index of Chemistry Films: a Comprehensive Inst 
of Films and Filmstrips on Chemistry and Related Topics 
(Fourth edition. Pp. xii+268. London: the Royal 
Institute of Chemistry, 1965. 7s. 6d.). This new edition 
contains up-to-date details of about 1,400 films and 400 


filmstrips on chemistry and related subjects, fully classi- 


fied in each category, together with the addresses of the 
various distributors concerned, list of titles, date of 
production, details of nature of film: black-and-white or 
colour, with sound-track or silent, running time, gauge, 
freo loan or hire, etc.; in the case of filmstrips much the 
same information is given, but it is pointed out that many 


are available only for sale, although a majority of distribu-. 


tors offer a preview service to prospective purchasers. 
In the case of films, not the least valuable part of this 
catalogue is the brief synopsis of the subject-matter under 
each title; filmstrips are regarded as a formal teaching aid 
and no description of contents is given since the titles 
themselves are usually sufficient to convey such informa- 
tion; in this Index the scope of filmstrips listed is confined. 
to the more strictly chemical material. In an appendix 
there is a useful alphabetical list of titles for quick refer- 
ence which includes both films and filmstrips mentioned 
in the text. In asimilar context another catalogue of films 
has recently been published (Films on Science and Mathe- 
matics available on loan from the O. D. O. D. Film Library 
(Science Section). Pp. 54. Paris: Organization -for 
Economic Co-operation and Development, 1965). 
includes 463 titles, classified under headings: Physics- 
Chemistry; Mathematics; Biology; General Science. A 
separate section lists 117 titles of cartridge-loaded 8-mm 
silent films, suitable for showing on the Technicolor 800 
projector only. Most of the other films are 16 mm. 
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Summary details of the nature of each film are included, 
but no synopsis of contents. 


Rehabilitation of Schizcphrenic Patients 


At the present time about three-quarters of the patients 
in mental hospitals in England and Wales have been 
resident for two years or more. Most of them are suffering 
from a form of schizoprrenia. Many of them are com- 
paratively young and ecme have only a relatively mild, 
residual form of illness, but this is incapacitating enough. 
to make ordinary life dificult both for the patients and 
for those associating with them. The problem of re- 
habitation is formidable. In The Industrial Rehabilitation 
of Leng-siay Schizophrenic Patients (Medical Research 
Council Memorandum No. 42. London: H.M.S.O., 1964. 
4s. 6d.). Drs. J. K. Wing, D. H. Bennett and J. Denham 
describe a project in which they explored the extent 
to which a representat-ve group of moderately disabled 
schizophrenic men under the age of 60 could be resettled 
outside hospital in satisfactory employment, with the 
help of a course at an Industrial Rehabilitation Unit, 
and intensive after-cars. These men were carefully 
observed both during zheir course and afterwards, and 
their behaviour and achievements compared with those 
of a non-schizophrenic control group. The results are on 
the whole encouraging: of the 45 patients studied just” 
less than half were working satisfactorily one year after 
discharge from the Incustrial Rehabilitation Unit, 10 
of them in sheltered enployment. <A few others were 
working but their adjustment was precarious. The 
study pinpoints a numer of matters of practical impor- 
tancein rehabilitation. Foremost is the fact that after-care 
of a particularly thorough kind is required if both the 
individual concerned and his relatives are to be sustained 
through periods of difficulty. More opportunities for 
sheltered employment are also required, and perhaps 
more places in Industrial Rehabilitation Units, though 
here, in particular, it is obviously important that there 
should not be too high a Droportion of mentally ill patients 
since the beneficial effeczs of the new environment might 
thus be lessened. There is finally the problem of lodgings: 
in this study the men concerned had greater difficulty in 
living than in working outside hospital. If, however, 
adequate arrangements sre made to cater for these various 
needs, there seems to Dp every reason to expect that a 
small selected group oZ long-stay schizophrenic patients 
can be successfully resastled in work. 


Clinical Pharmacology Awards 


THREE medical schools in the United States will each 
receive a $100,000 dollars award to support a Section of 
Clinical Pharmacology under grants now announced by 
the Burroughs Wellcome Fund of Tuckahoe, New York. 
These awards, which run for five years, are given to support 
a ‘““Burroughs Wellcome Scholar in Clinical Pharmacology” 
in each medical school. This year’s recipients are South- 
western Medical School of the University of Texas on 
behalf of Dr. J. Richard Crout, the College of Medicine 
of the State University of Iowa on behalf of Dr. William R. 
Wilson and the School cf Medicine of Vanderbilt Univer- 
sity on behalf of Dr. John A. Oates. These three awards 
bring the number of Burroughs Wellcome Scholars in 
Clinical Pharmacology to nine since the programme was 
started in 1959. The purpose of the Clinical Pharmacology 
Awards is “‘to assist medical schools in providing laborator- 
ies and clinics where students may learn under a first-class 
scientist and teacher to apply basic scientific knowledge 
and techniques to the study of clinical pharmacology, 
and to develop thereby clinical investigators who are 
capable of evaluating critically the therapeutic efficacy 
and mechanisms of acticns of drugs”. 


Postgraduate Course in Ecology 


A. NEW, one-year possgraduate course in ecology, leading 
to the M.Sc. degree, is being offered by the University of 
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Aberdeen, beginning in October. This course is intended 
to play a part in the expansion of postgraduate studies 
envisaged by the Robbins Report, and to help satisfy the 


growing demand for short postgraduate instructional. 


courses to equip graduates with the technical and 
theoretical training necessary for posts demanding a broad 
ecological approach. In addition to the facilities available 
within the University, there are close links with the 
Macaulay Institute for Soil Research, the Rowett Research 
Institute, the Marine Laboratory of the Department of 
Agriculture and Fisheries for Scotland, the Torry Research 
Station and the North Scotland College of Agriculture. 
Applicants should have, or expect to obtain before joining 
the course, a degree with first or upper second-class 
honours in biology, botany, forestry or zoology (or equiva- 
lent qualification). Candidates with first or upper second- 
class honours in other subjects, for example, geography, 
geology, soil science, will also be considered if they have 
& supporting qualification in a biological subject at a 
sufficiently advanced level. Further formation can be 
obtained from the Secretary to the University of Aberdeen, 
Marischal College, Aberdeen. 


University and College News: Birmingham 


TEE report of the Council of the University of Birming- 
ham for the year ended December 31, 1964, records a 
full-time academic staff at the beginning of the 1964-65 
session of 797, including 90 professors, 41 readers, 131 
senior lecturers and 408 lecturers (Pp. 32. Birmingham: 
The University, 1965). It is pointed out in the report of 
the Vice-Chancellor and Principal that this gives a staff 
ratio of 1 to every 8-4 full-time students, but that the 
actual ratio for the Science Faculty gives a weighted ratio 
of l to 12:7 (Pp. 43. Birmingham: The University, 1965). 
This compares unfavourably with the ratio of 1 to 10:4 
provisionally given by the University Grants Committee 
for all universities other than Oxford and Cambridge in 
1961-62. In undergraduate admissions in October 1964, 
404 places in science were filled agamst 374 available and 
in applied science 706, instead of the 675 places available. 
The University admitted in October 536 new graduate 
students, in addition to 248 graduates taking teacher 
training courses and, of the 5,333 full-time students, 552 
came from overseas, of whom 323 were graduates. In 
1963-64, 2,505 were in science, 659 in medicine and 210 
were part-time; 615 full-time students were in halls of 
residence, 3,499 in lodgings and 868 at home. The 
Vice-Chancellor comments on the adverse effect on 
university policy of the uncertainties arising out of 
Government policy in regard to the Robbins Report, the 
rearrangements of the research councils, etc. 


Liverpool 


Tue University of Liverpool has received a grant of 
£23,030 from the Department of Scientific and Industrial 
Research, to support engineering design research under 
the supervision of Mr. K. Ball. The grant, which will 
run. until December 31, 1967, is an implementation of the 
report of the Feilden Committee on Engineering Design, 
which emphasized the need to raise the status of British 
engineering and to improve engineering design. It will 
‘be used to form a design group which will permit the 
academic staff of the University to work in close associa- 
tion with industry and will give designers from mdustry 
an opportunity to experience the scientific and academic 
approach of the University. 


State University of New York at Stony Brook 


Dr. H. Benrtey Grass has been appointed academic 
vice-president and professor of biology as from September 
Il. Dr. J. 8. Toll, at present chairman of the Department 
of Physics and Astronomy at the University of Maryland, 
has -been appointed president of the University as from 
September 1. 
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Announcements 


Dr. P. HERGET, professor and director of the University 
of Cincinnati Observatory, has been awarded the James 
Craig Watson Medal of the National Academy of Sciences 
for outstanding astronomical research, particularly for his 
contributions to the field of celestial mechanics, and his 
application of electronic-computer techniques to calcu- 
lations of the orbits of comets, Earth satellites, and 
asteroids. 


Dr. Oscar Menis has recently been appointed chief of 
the Quantitative Separations Section of the Analytical 
Chemistry Division in the U.S. National Bureau of 
Standards Institute for Materials Research. Dr. Menis 
joins the Bureau from the Nuclear Materials and Equip- 
ment Corporation in Apollo, Pennsylvania, where he was 
Supervisor of Chemical Services at the Advanced Materials 
Center. 


Pror. E. S. Pearson will retire at the end of 1965 
from the editorship of Biometrika, a pest which he has 
held since 1936. He will be succeeded by Prof. D. R. 
Cox of Birkbeck College, University of London. Bio- 
metrika was founded by Francis Galton, Karl Pearson 
and W. F. R. Weldon in 1901. It is a general statistical 
journal with a bias towards papers with a practical 
application, which are thus connected with the usefulness 
of statistics In some particular field, including biometry. 


THe 1965 session of the Ecole d’été de Physique 
Théorique, an institute of the University of Grenoble 
supported in part by the North Atlantic Treaty Organiza- 
tion Advanced Study Institute Programme, on “High 
Energy Physics’’, will be held in Les Houches, Haute 
Savoie, during July 1-August 25. Further information 
can be obtained from Ecole d'été de Physique Théori- 
que, 46 Avenue Felix Viallet, Grenoble, Isère. 


THe second interdisciplinary conference on “Electro- 
magnetic Scattering’, sponsored by the University of 
Massachusetts and the Air Force Cambridge Research 
Laboratories, will be held at the University during June 
28-30. Further information can be obtained from R. §. 
Stein, University of Massachusetts, Ambherst, Massa- 
chusetts. 


A symposium on “Modern Techniques of Polymer 
Characterization”? will be held in the Welsh College of 
Advanced Technology on June 25. Further information 
can be obtained from D. R. Hub, Welsh College of 
Advanced Technology, Cathays Park, Cardiff. 


THE second micropalaeontological colloquium on. ‘‘The 
Mesozoic-Cenozoic Sedimentary Basins of West Africa” 
will be held in the University of Ibadan during June 25-30. 
Further information can be obtained from the Department 
of Geology, University of Ibadan, Nigeria. 


A CONFERENCE on “The Physies of Quantum Elec- 
tronics’, sponsored by the Office of Naval Research, will 
be held in San Juan, Puerto Rico, during June 28-30. 
Further information can be obtained from Dr. P. L. 
Kelley, Massachusetts Institute of Technology, Lexington, 
Massachusetts. 


THE third mternational Vacuum Congress will be held 
in Stuttgart during June 28-July 2. Further informa- 
tion can be obtained from Dr. H. Adam, Wissenschaft- 
liches Komite des Dritten Internationalen Vakuum- 
Kongresses, 5 Koln-Bayental, Postfach 195, West 
Germany. 


Tue third Wool Textile Research Conference, organized 
by the Institut Textile de France, will be held in Paris 
during June 28—July 9. Further information can be 
obtained from the Institut Textile de France, 59 rue de 
la Faisanderie, Paris 16. 
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THE STUDLEY EXPERIMENT 


AN EXPERIMENT IN TEACHING HIGH-SCHOOL PHYSICS 


LENGTHY period of study by the Science and 

Education Committee of the Science Masters’ 
Association (S.M.A.) and the Association of Women 
Science Teachers (A.W.S.T.), now the Association for 
Science Education, led to the publication in 1961 of the 
Policy Statement and the associated syllabuses in biology, 
chemistry and physics for grammar schools*. As one 
of the preliminary discussions by which the Association 
took the opinion of interested bodies, a conference was 
held at Studley College, Warwickshire, ın December 
1960, of representatives of the S.M.A. and A.W.S.T. 
and of the Science Panel of the Secondary Schools’ 
Examimation Council (S.S.E.C.), together with representa- 
tives of the Ministry of Education. The subject of dis- 
cussion was the syllabuses in physics and chemistry 
prepared by the Association. The intermediate physics 
gave rise to extended discussion and the following proposi- 
tion was carried: “That a group of schools should be 
invited to undertake an experiment into ways and means 
of conducting General Certificate of Education (Ordinary 
Level) courses based on part 1 of the syllabus and that one 
or two of the examining boards should be invited to 
associate themselves with the experiment. The confer- 
ence was of the opinion, that it would be better if meanwhile 
the examining boards outside the experiment did not 
include in any revised syllabus material relating to 
section 7:2—7-6 of part 1 of the physics syllabus”. It was 
also agreed that “‘the two Associations, working in collabor- 
ation with the Science Panel of the S8.S.E.C., would take 
responsibility for designing and launching the experiment” 
and that “‘the next step towards the experiment should be 
taken by the Associations”. 

Initiation of the project. In the Association’s view there 
were two aspects of the new course. First, the method 
of teaching which is based on the belief that physics is a 
necessary part .of a liberal education, and secondly, 
new syllabuses intended to bring the subject into the 
twentieth century. The first of these was the more 
important and, to a large extent, the pilot scheme was 
concerned to discover whether the two aspects were 
compatible with each other. 

An invitation to participate was sent to all grammar- 
type schools in England and Wales in February 1961. 
Some 240 schools returned positive replies, but only 
30 could be accepted. Three examining boards (Univer- 
sity of Cambridge Local Examinations Syndicate, North- 
em Universities Joint Matriculation Board, Oxford and 
Cambridge Schools Examination Board) were approached, 
and all agreed to help. Ten schools taking examinations 
of each Board were then selected. Meanwhile, an A.S.E.- 
sponsored team was mvestigating methods of teachmg 
and supply of apparatus for the modern physics part of 
the new syllabus. Manufacturers were encouraged to 
produce needed apparatus at reasonable prices, and short 
courses in its use were arranged. For the purchase of 
apparatus a special grant of £400 from Industrial Fund 
sources was made to all independent and direct grant 
pilot schools, while local education authorities provided 
simular amounts for maintamed schools. 

Visits to schools. Durmg 1963 each pilot school was 
visited by a team of two, one a H.M. inspector, the other 
an Association representative. An interim report was 
published in the 4.S.E. Bulletin of April 1964. During 
1964, 25 of the schools taking part were visited by one 
of the earlier team 

* Seience and Education (John Murray, 1961). 


Any assessment had to make allowances for the follow- 
ing factors: 

(a) The modern physics element, at least in 1963, had 
to be added to a traditional course. 

(b) The schools volunteered and it was reasonable to 
suppose that the teachers would approach the new 
work with marked interest and energy. 

(c) The action of the ‘novelty’ effect. The good effects 
of any reform tend to be exaggerated in the early stages 
because of initial enthusiasm which may wane. 

(d) The proportion of independent schools and direct- 
grant schools was greuter than the national proportion, 
though fair in the view of the examining boards concerned. 

(e) Apparatus was short in 1963, but was more plentiful 
and of the right kind in 1964. 

(f) In both years, some of the teachers appeared not 
to have been fully briefed on the educational aspects of 
the course. 

(g) In 1963 there was a bias towards choosing the top 
physics set for the experiment; nm 1964 this bias was not 
so marked. 

The best teaching revealed intellectual integrity of high 
order and was planned to encourage the pupils to adopt a 
critical attitude of mind. Other teachers seemed solely 
concerned, to ensure that their pupils learned the subject 
matter—-an objective praiseworthy, but insufficient. By 
1964 in some schools a sense of added confidence and 
skill was detected, and m two schools there were encourag- 
ing signs of experiments beyond the confines of the 
interim report of modern physics. The external examina- 
tion still cast its shadow. and in two schools a decline was 
noted from teaching which stimulated enquiry to some- 
thing close to cramming. 

Enough was seen in 1963 and 1964 to give evidence that 
boys and girls of 15-16 within the range of ability repre- 
sented in the pilot classes were able and willing to under- 
stand and to think critically about this part of physics. 
Boys and girls said that they liked this work, that they 
thought ıt modern and relevant and more iteresting 
than some of the traditional parts of the subject. They 
sometimes lacked the necessary background knowledge 
such as the nature of wave motion, the point of a control 
experiment, the relevent mathematics and even the 
elements of photography. The significance of Milhkan’s 
work on electronic charge was not always grasped by 
teachers and pupils, and the connexion between static 
electricity and electric current was sometimes assumed 
without any evidence being given. 

The teachers were unanimously in favour of the experi- 
ment. Most of them expressed concern about shortage 
of time which, they claumed, prevented.them from 
approaching the topics as they wished. More than one 
said he saw the need to revise his physics course, and several 
expressed a revival of irterest in, the art of demonstration 
and in the teaching of electrostatics. Some claimed that 
the new work had encouraged them to read more 
widely. 

The trials have thrown into sharp relief the extreme 
difficulty of devising a satisfactory physics course for 
examination at Ordinary Level in schools which boys 
enter at the age of thirteen. There appeared no evidence 
that girls are less perceptive physicists than boys. 

Pilot examination at ordinary level. The results of the 
examination shown in Table 1 enable comparisons to be 
made between the percentage passing out of the total 
entry from all schools for normal physics in 1963, the 
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percentage passing the pilot-scheme physics in 1963, and 
the percentages from pilot-scheme schools passing normal 
physics in the previous year, 1962. 

These results suggested that significantly more schools 
had been penalized by taking the experimental papers 
than had been favoured. In consequence, a meeting 
between members of the 8.S.E.C. Science Panel, repre- 
sentatives of the Pilot Committee and of the three exam- 


Table 1 


Normal physics Normal physics 
- % passing Pilot scheme pilot scheme 
out of physics % schools % 
total entry passing ass 
1963 1983 1962 
Cambridge 57°9 68-9 68 3 
Joint Matriculation Board 544 58-1 §2°5 
Oxford and Cambridge Board 56 52 Not applicable 


ining boards exammed the position and from the discus- 
sion the following points emerged: 

(a) The boards had clearly attempted to set and mark 
papers in the spirit of the A.S.E. Policy Statement. 

(b) Candidates’ performance was much the same on 
the modern physics as on questions covering other parts 
of the syllabus. It appeared that sufficient allowance 
may not have been made for the unfamiliar nature of 
some of the questions. 

(c) The boards suggested that a longer period might 
be required in 1964 for standardization. More extensive 
comparisons between. the scripts of pilot candidates and 

normal candidates would be necessary. 

‘ In 1964 the same three Examining: Boards set papers 
and the results are shown in Table 2. 


Table 2 
7 Pilot Normal physics Pilot 
Normal scheme pilot scheme scheme 
physics % physics % schools % physics % 
passing passing passing passing 
1964 1964 1963 1963 
Cambridge 60-0 58 1 579 68 9 
Joint Matricula- 
tion Board 51-7 68 6 54-1 58 1 
Oxford and Cam- 
bridge Board. 57 9 643 56 0 520 


Other information suggested that some schools entered 
rather weaker candidates for the Cambridge examination 
than in the previous year; also it can be assumed that, 
after the intensive enquiry into 1963 results, all three 
boards exerted even greater efforts to ensure that there 
was no unfairness in the treatment of pilot scheme candi- 
dates. From the report of the examining boards it seems 
that papers can be set and marked on the new syllabus 
as well as on syllabuses accepted for many years. It 
remains true that the questions which proved most 
difficult to set and to answer were those in which an 
attempt was made to test the appreciation and under- 
standing of concepts. Pupils need to be made familiar 
with this type of question in class work and home work. 
It was gratifying to note that one examiner stated that 
many candidates showed a philosophical study of the 
subject, showing understanding rather than mere ‘know- 
how’. 

The boards have agreed to make similar papers available 
in 1965. 

Conclusions. (1) It seems likely that greater interest 
and understanding and consequently a more careful study 
of physics may be achieved, if the enthusiasm evident in 
the pilot schools can be passed on to other schools. 

(2) Questions in sympathy with the A.S.E. proposals 
are more difficult to prepare than traditional questions; 
they require a greater measure of invention. It is impor- 
tant that examiners should guard against slipping back 
into setting the more traditional type of questions. For 
all this, examiners have shown that suitable papers can 
be set. Criticisms were invited from the schools, and it is 
not surprising that the new questions elicited more than 
normal criticism. It would appear advisable for the 
boards to allow more time for the design, analysis and 
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revision of question papers if the quality is to be main- 
tained. 

(3) One step taken in the A.S.E. syllabus was the 
inclusion of new work, the parts associated with atomic 
physics. The immediate purpose of the experiment was 
to see whether this could be understood by boys and girls 
at the fifth-form stage. Fears were expressed that the 
change might lead to a falling-off in the quality of the 
teaching, which might decay into mere telling, especially 
as there seemed at the time small hope of an adequate 
practical course to substantiate the theoretical ideas to 
be introduced. The considerable success of the A.S.E. 
Modern Physics Committee and the apparatus makers 
in providing suitable apparatus has improved the situa- 
tion during the period of the experiment. In the pilot 
schools commendable efforts have been made to introduce 
this practical work. Such efforts would be common if 
the new work were to be introduced into all schools 
provided that the examinations include questions which 
assume acquaintance with the apparatus. The question 
papers in the pilot examinations of 1963 and 1964 set 
some questions of this kind, but scarcely enough to make 
the point. It may even be desirable, for a strictly limited 
period, for the examining boards to draw up and issue a 
list of apparatus with which the candidates can be sup- 
posed to be familiar and on which the examiners can base 
a variety of questions. 

(4) Many examination questions, particularly in relation 
to the new work in the syllabus, invite the candidates to 
explain a physical fact in terms of a theory accepted at 
present, as though the theory were more substantial than 
the fact. It would be better in keeping with A.S.E. policy 
if questions were phrased to emphasize the provisional 
nature of all theories. 

(5) There are certain parts of the syllabus which only 
admit of instruction in the prevalent theory, with little 
opportunity for critical assessment by the pupils at this 
stage. Tho notable example ıs the section on nuclear 
energy. The film aids so far produced help to make the 
theory intelligible; but the element of remoteness remains. 
Such work, for all its intrinsic interest, should be included 
in the teaching syllabus only if the teacher makes it plain 
to his class that as he cannot substantiate his statements 
they must be accepted with reservations. The particular 
section should not appear in an examination syllabus. 
It is considered that questions so far set on nuclear trans- 
formations, in which candidates must complete mass 
numbers, atomic numbers and so on, encourage drill in 
simple rules and are of comparatively small value. 

(6) There are a number of able teachers who do not wish 
to teach the work at this level, although they may be 
ready enough to include it in advanced courses, because 
they feel that what can be done before the age of sixteen, 
at least with some of their pupils, is too shallow to be 
comparable with the work done in other parts of physics. 
It is believed that at least for a number of years there 
should either be alternative papers at Ordinary Level, or 
else sufficient variety in the questions which may be 
selected by the candidate for a student to be able to omit 
the new work without handicapping himself. 

(7) To make room for the new work in the syllabus a 
number of long-established topics were omitted or reduced 
in content. No complaints have been received from the 
pilot schools about the disappearance of these parts. 
Many of the teachers are still oppressed by the bulk of 
work to be covered. 

(8) The need remains urgent for teachers, and exam- 
iners, to meet in discussions of the principles underlying 
the A.S.E. statements and the consequences in teaching 
methods. 

(9) On a balance of considerations the committee recom- 
mends that the Science Panel of the Schools’ Council 
approves the inclusion, with the one exception given, of 
the new material in the Ordinary Level physics examina - 
tion syllabuses. 


VOL. 206 


a? 


June 19, 1965 


No 4990 


NATURE 


1203 


INSTITUTT FOR ATOMENERGI, KJELLER 


HE Institutt for Atomenergi, Kjeller, Norway, is an 
independent foundation governed by a board of six 
members, consisting of two each appointed by the Nor- 
wegian Government, the firm Norsk Hydro, and the Royal 
Norwegian Council for Scientific and Industrial Research. 
The report of the activities of the Institute during 
1963* states that special attention was directed to the 
development of a reactor for marine propulsion. The 
Rederiaiom ship reactor study project, completed at the 
begining of 1963, showed that the direct cycle, boning 
hght-water type of reactor justified further investigation. 
The new study project involves the development of a 
ship reactor for a 65,000-ton bulk carrier. To reduce the 
capital cost, the machinery has been greatly simplified 
and carbon steel utilized for the reactor pressure vessel, 
piping and other structural components. The Swedish 
A. B. Atomenerg: has expressed interest in the project 
and an agreement has been reached under which the 
development work is to be carried out at Kjeller as a 
joint Norwegian—Swedish project. The work is supported 
by industry and shipping firms in both countries and the 
budget for the four-year period covered by the agreement 
is about 2 millon dollars, of which Norway and Sweden 
each contribute 1 million dollars. Corrosion, contamina- 
tion, reactor physics, hydraulics and control and instru- 
mentation, constitute some of the major problems to be 
solved. At the end of the project, in 1966, it ıs expected 
that the results will enable a decision to be taken on 
whether the building and initial operation of a nuclear- 
powered ship are justified. 

The operation of the Organization for Economic Co- 
operation and Development’s Halden reactor has mainly 
been concentrated on investigations of the dynamic 
behaviour, at power-levels up to 20 MW, of boiling-water 
reactors, and the results of the experiments are being 
incorporated in a mathematical model describing the 
behaviour. New in-core instruments for measurements 
of flow velocities, steam volume and temperature distribu- 
tion have been developed. On December 20, 1963, 
steam was delivered for the first time to the Saugbrugs- 
foreningen paper and pulp factory. The original agree- 
ment creating the international Halden project expired 
at the end of 1962, but the agreement was extended until 
the summer of 1964. A new agreement for the period 
1964-66 was signed in October 1963. This will involve an 


*Institutt fo Atomenergi, Kjeller, Norway. Survey of Activities 1963 
Pp. 29. (Kjeller, Norway Institutt for Atomenergi, 1964 ) 


expenditure of about 3-6 million dollars and the pro- 
gramme will include lang-term radiation tests of fuel 
elements of simplified design and tests of elements at 
high specific loads, in addition to various chemical, 
dynamic and static investigations. 

The Nora project, which ıs a joint undertaking of the 
Institute and of the International Atomic Energy Agency, 
provides reliable reactor physics data for water-moderated 
reactors. The Nora zero-energy reactor at Kjeller, 
commissioned in 1961, is well suited, because of its 
flexible design, for such research. The recent programme 
has comprised extensive measurements on D,O/H,O 
moderated systems using the 3 per cent enriched uranium 
dioxide fuel charge supplied by the U.S. Atomic Energy 
Commission. The 400-xW reactor Jeep has continued 
routine operation throughout the year under review 
and provided a neutron source for the production of 
radioisotopes and for nautron physics work. The new 
research reactor, Jeep Il, which is being bwlt at Kjeller, 
is due to come into oparation this year, and then will 
take over the work dane by the other reactor. The 
maximum output ıs to bə 2 MW (thermal) at a maximum 
thermal neutron flux of 2-7 x 104% neutrons cem s7}, 
and the reactor will have 19 fuel elements of 3-5 per cent 
enriched uranium dioxide in clusters of 11 stringers. 
The moderator is heavy water. 

New methods for inelastic neutron scattering experi- 
ments have been tried amd investigations on spin waves 
have shown that polarized neutron beams can be used. 
with advantage. Unpolarized beams have been used for 
the investigation of excitations ın magnetic metals and 
measurements on iron have shown that the magnetic 
moments attached to respectively 3d and 4d electrons have 
opposite orientations. The demand for radioisotopes 
increased and the total deliveries from Kjeller during 1963 
were 3,200, some 20 per cent greater than the figure for 
1962. Methods for labeling biological compounds were 
developed, and the labellsd compounds were widely used 
in medical investigations 

The Netherlands~Norwegian Reactor School arranged, 
during the summer of 1963, a two-week international 
course on corrosion and water chemistry problems con- 
nected with water-coole¢ power reactors, followed by a 
course on nuclear physics with thermal neutrons. A 
nine-week course on resctor engineering fundamentals 
and a one-week course on the utilization of analogue 
computers were also held. S. WEINTROUB 


EFFECTS OF LIGHTNING ON HYDROMETEORS 
By Dr. GUY G. GOYER 


National Center for Atmospheric Research, Boulder, Coloraco 


HROUGH the ages reports have been published on 

meteorological observations attributed to shock 
waves or sonic waves transmitted through the air. In 
the Middle Ages, church bells were often rung to reduce 
the damage due to heavy storms. During the First and 
Second World Wars, several reports indicated the occur- 
rence of heavy rains immediately after ferocious artillery 
battles. To-day explosive charges are used to generate 
shock waves in clouds in an effort to reduce crop damage 
from hail, mostly in Italy, Austria, South Africa and 
France. Despite the continuous recurrence of such reports 


in the literature, so far as L know, no fundamental system- 
atic investigation of suck effects has been carried out. 
The development of modern technology makes new tools 
and new methods available for such research. Shock 
tubes and explosive technology permit the generation of 
shock waves of known strength and duration applicable 
to the examination, in thə laboratory, of their effect on 
hydrometeors. 

Such laboratory and field experiments would contribute 
to a better understanding of lightning discharges, considered 
as shock-wave generators, and of their effects on the life- 
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cycle of thunderstorms. Lightning discharges are natural 
generators of shock waves and as such should have some 
effect on hailstones, super-cooled water droplets, large 
cloud droplets, and possibly ice crystals. Indications of 
such effects have been reported in the hterature from 
time to time. Through such investigations, in a long- 
neglected area of atmospheric physics, ıt is hoped to 
determine the threshold parameters of the shock wave 
necessary to trigger the expected effects and to evaluate 
the large-scale effects of lightning in the growth, precipita- 
tion, and dissipation of a cloud. 

The frequency and the length of lightning discharges 
are such that, even if their radius of action is very small, 
their total effect could be quite spectacular?. The length 
of lightning flashes from, cloud to ground or within clouds 
has been measured at 1,000-9,000 ft. with an average of 
around 5,000 ft. The frequency of lightning in thunder- 
storms is very great. Viemeister! reports that Daniel 
Fuquay in 1958 counted an average of 870 lightning 
discharges per storm as an average over three storms. 
On the basis of these figures, it can easily be seen that the 
total volume of cloud affected by weak shock waves 
generated by lightning discharges would be quite appreci- 
able. 

It- is realized that the lightning discharge produces also 
chemical, electrical, and thermal phenomena. The 
generation. of nitrogen oxides and ozone, the redistribution 
of electrical charges and fields, and the redistribution of 
liquid water through evaporation and condensation, in 
the immediate vicinity of the lightning channel, pre- 
sumably are all of significance in the coalescence process. 
However, at this time, we will limit our discussion to 
considering the lightning discharge as a shock-wave 
generator and then reviewing the possible effects of such 
shock waves on hailstones, super-cooled water (opleti; 
and large cloud droplets. 


Lightning as a Shock-wave Generator 


Practically no experimental measurements of the 
shock-wave pressure from lightning discharges have been 
made. Moreover, pressure damage from lightning dis- 
charges is very seldom reported. These two observations 
would lead one to believe that the shock wave generated 
by lightning is very small. However, the literature 
describes a few instances where intense pressure damage 
resulted from lightning discharges. In one instance, the 
north wall of a house was completely blasted out by a 
strong lightning discharge’. Ceiling and window damage 
over an area of several city blocks has also been reported 
in the literature and attributed to the shock-wave over- 
pressure from a nearby lightning discharge. Finally, 
pilots’ reports on the occurrence of lightning on aircraft? 
indicate very vividly the pressure effects of lightning, and 
are clearly summarized as follows: ©“ . the explosive 
expansion wave of the thunder released in close proximity 
of the airplane produces a concussion where the intense 
sound wave strikes any resisting object. That is, the 
sudden pressure wave, by impinging on the nearest airplane 
parts with considerable force, causes a sensation of being 
jarred or of experiencing a severe bump. The eardrums 
and other parts of the body are affected in a similar 
manner, except that the intensity of the pressure wave 
falls off rapidly with distance from the discharge channel, 
so that no harmful effects on the hearing have been 
reported as yet from this cause. Where the quantity of 
electricity which passes through the discharge channel is 
relatively great and the wave front of the current is of 
considerable steepness, the optical and acoustical pheno- 
mena associated with the discharge are bound to be of 
high intensity. The concussion, in conjunction with the 
other phenomena, may, under these unusually severe 
conditions, produce on the pilot a sensation of being 
stunned. This is quickly overcome as he realizes the 
situation and commences to resume control of his aircraft’’. 
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The reason for the rare occurrence of severe pressure 
damage to aircraft may rest in the characteristics of the 
shock waves generated by lightning. 

The threshold intensity and the duration of shock 
waves generated by detonations for damaging structures 
are well known’. Shock waves of similar intensities 
generated by lightning discharges might not severely 
damage structures because of their widely different 
characteristics. Most of the energy in the sound waves 
generated by the detonation of 10-120 lb. of military 
explosives and measured at 3,000 ft. 1s distributed at 
frequencies ranging from 11 to 28 c/s (ref. 3). The 
frequency distribution is not greatly dependent on the 
mass of explosives. On the other hand, the maximum 
energy in the sound waves generated by lightning and 
measured at the same distance 1s in the much lower 
frequency-range of 0:25-2 c/s (ref. 4). This major 
difference in frequency, admittedly determined in the 
sonic field, nevertheless indicates a major difference in 
the characteristics of the shock waves generated by an 
explosive or a lightning discharge. Since the pressure 
damage of a structure is a function not only of the shock- 
wave intensity and duration but also of the resonance 
frequency of the structure’, it is to be expected that the 
severity of the damage produced by two shock waves of 
equal intensities should be different if their durations are 
widely different. The resonance frequency of elements 
of structure varies from 15 to 80 c/s, that is, at much 
higher frequencies than that of thunder. Consequently, 
the rare occurrence of severe pressure damage cannot be 
taken as a measure of the weakness of the shock waves 
generated by lightning discharges. 

Experimental determinations’of the shock-wave pressure 
of lightning as a function of distance are practically 
non-existent. However, several estimates of the pressure 
in the lightning channel have been reported in the litera- 
ture. From his spectroscopic analysis of lightning dis- 
charges, Uman’ determined the following parameters 
for an average lightning discharge: temperature, 6,000- 
30,000° K ; pressure in the channel, 20-100 atm. ; diameter 
of the channel, 5-900 cm. A precise spectroscopic analysis 
of a lightning discharge by Uman et al.” yielded a channel 
pressure of 38.atm. Arabadzhi‘, on the basis of electrical 
measurements {q = 1 coulomb, r = 1 cm), estimates the 
pressure in the channel at about 200 atm. Zhivlyuk 
and Mandelshtam? estimated channel pressures of 10 
and 100 atm. corresponding to an average current growth 
of 300 and 3,000 amp/usec, respectively. A similar order 
of magnitude is obtained if the pressure is calculated 
from the ideal gas law, assuming instantaneous tempera- 
ture equilibrium. Thermal equilibrium, according to 
Mandelshtam? and Dolgow and Mandelshtam’, is 
established in spark discharges at 40,000? K in less than 
10-7 sec. Consequently, in a I-ft. long, 3-in. diameter 
column of air instantaneously heated to a temperature of 
25,000° C, the gas expansion is negligible, and the resulting 
instantaneous pressure in. the channel is around 100 atm. 
in order of magnitude agreement with the channel pres- 
sures calculated by other methods. 

The pressure decay curve of a shock wave generated 
by a lightning discharge was estimated by several methods. 
Lightning of a 3-in. core diameter and 25,000°C was 
assumed as a working model. First, the internal energy, 
3kT/2, of the gas within the core instantly heated to 
the assumed temperature was calculated and assimilated 
to that of a charge of TNT. The explosion energy of TNT 
is 1-2 kcal/g. A 4-lb. charge of TNT occupies a volume 
of 1,140 c.c. corresponding to a volume_of a cylinder 
3 in. in diameter by 9-85 in. in height. The instantaneous 
internal energy, 3nkT/2 (where n is the number of moles 
of air), generated in a cylinder of air of the same volume 
(containing 0-05 moles of air) elevated to a temperature 
of 25,000° C by the lightning discharge is 3-72 kcal. In 
terms of energy instantaneously released, this volume of. 
lightning channel then corresponds to 0-007 Ib. TNT. 
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The pressure decay characteristics of the shock wave 
generated by a 4-lb. cylindrical charge of TNT have been 
experimentally determined and expressed in an empirical 
equation by Stoner and Bleakney"!; the scaling laws for 
the calculation of shock-wave parameters as a function 
of the mass of the charge are also well established??. 
Consequently, the pressure decay of the shock wave 
generated by the expansion of the 0:05 moles of air (0-007 
Ib. TNT) suddenly heated to 25,000° C can be calculated. 
Since the data for the 4-lb. TNT charge were obtained 
experimentally, the contribution of the internal energy to 
dissociation is implicit in the resulting decay curve. 
Curve 1 in Fig. 1 is described by the equation: 
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where z = $/10 M1. & is the distance in feet and M is 
calculated from the relation M = 0-292 x 10-8 T where 
T 1s the channel temperature in degrees C. It is interesting 
to note that the pressure decay curve estimated for 
hghtning is. very sunilar to that of the shock wave gener- 
ated by 40-grain ‘Primacord’. Finally, if one considers 
the 4-lb. TNT charge as a point source as compared with 
a lightning channel several thousand feet long, the pressure 
decay curve of the latter should be shifted toward stronger 
pressures because of the impossibility of the finite volume 
of the lightning channel, considered in this analysis, to 
expand longitudinally. The TNT charge shock wave 
expands almost spherically whereas the lightning shock 
wave expands cylindrically. The internal energy of the 
lightning core decreases, of course, with increasing 
altitude because of the decreasing air density. The 
results, shown, in curve 1 of Fig. 1, apply to sea-level 
only. This curve, based on an empirical equation, covers 
the whole range from strong shocks at close distances to 
weak shocks at very large distances from the lightning 
discharge. 


Over-pressure (Ib /in.?) 





Distance (ft.) 


Fig. 1. Calculated lightning shock wave decay with distance. Curve I 

from detonation model; curve 2 from sonic boom approximation, curve 8 

from strong shock approximation; +, from Zhivlyuk, (7, measured 
pressure from Arabadzhi 


The pressure decay curve was also estimated by the 
use of an empirical equation derived from the decay 
of the sonic boom. This equation applies only to weak 
shocks. It can be shown that the sonic boom decays as an 
inverse function of the three-quarters power of the 
distance’: 


Ap = gaia (2) 


where C is a constant, pọ the initial over-pressure 1n atmo- 
spheres at the aircraft, and d the distance in feet from the 
aircraft. This empirical equation was derived from meas- 
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Fig. 2. Calculated hightning shock wave decay with distance and altitude 


urements of the sonic boom over-pressures at the ground 
as a function of the altitude of the supersonic aircraft. 
Consequently, in spite of the fact that the sonic boom 
is a comcal shock wave, this equation describes the decay 
of a plane wave generated at the aircraft in its travel to 
ground, and applies to this analysis. Assuming an 
initial over-pressure of 1€0 atm. at the channel the decay 
curve 2, Fig. 1, 1s obtained from this equation. As 
expected, the results show an order of magnitude agree- 
ment with the over-presstres estimated by the detonation 
calculation m the region of weak shocks. Finally, the 
pressure-distance curve was also calculated from an 
approximate equation: 


—— (3) 


applicable to strong shocks generated by spherical charges. 
In this event, the order of magnitude agreement 1s appar- 
ent for the strong shocks, but the discrepancies are large 
in the weak shock region. In fact, this expression yields 
a lower limit for the hghtaing shock-wave over-pressures 
m the strong shock region simce it applies strictly to 
spherical charges and not to cylindrical charges of lengths 
comparable with that of lightning. The calculated points 
of Zhivlyuk and Mandelshtam! are also plotted in Fig. 1. 
Moreover, the pressure measured by Arabadzhi‘ at a 
distance of 3,000 ft. is also shown in Fig. 1. The order of 
magnitude agreement bet7veen all these results is very 
striking. As expected, tha sonic boom equation agrees 
in the weak shock-wave interval whereas the strong 
shock-wave equation agrees with the over-pressures 
estimated at very close distances from the lightning 
discharge. The over-pressures either calculated or 
measured by the Russian scientists agree fairly closely 
in spite of the fact that they are derived from electrical 
or spectroscopic data. I an thus quite confident in the 
reality of this order of maznitude estimate of the over- 
pressure decay from an average lightning discharge. Of 
course, it must be realized that lightning intensity varies 
over wide limits? and consequently the over-pressure 
decay curve will be shifted along the ordinate depending 
on the intensity of the lightning discharge itself. As 
already mentioned here, the over-pressure decay curve 
will also vary with altitude because of the increase in air 
density. The decay curves as a function of altitude between 
sea-level and 40,000 ft. are shown in Fig. 2. These have 
been estimated from the sea-level curve by taking into 
account density and temperature changes with altitude. 
This analysis applies to a un form atmosphere. However, 
the focusing effects of azmospheric inhomogeneities, 
especially in well-developed cumulus clouds, may increase 
the range of action of lightning, and play an important 
part in its effects on hydrome-eors. In an effort to determ- 
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Fig. 3. Volume of cloud frozen by lightning as a function of altitude, 
Ordinate, volume (m°); abscissa, altitude (ft.) 


ine the shock-wave decay parameters of lightning with 
more accuracy, a computational programme will soon be 
launched at this Center. It is hoped that such computa- 
tions will help to estimate the shock-wave over-pressure 
decay as a function of initial channel pressures. 

The volume of cloud affected by the shock wave gener- 
ated by a single lightning discharge, 5,000 ft. long, can 
also be calculated if the threshold pressure intensity 
for triggering the freezing of super-cooled water droplets 
suggested in the literature is assumed. Maurin and 
Médard?! determined a threshold pressure of 0-3 lb./in.? 
for the triggering of freezing of super-cooled water droplets 
in a natural fog at —1:5° C. Fig. 3 shows, as an example, 
the volume affected by the shock wave versus altitude for 
the triggering of freezing. In spite of the rapid decay of 
the shock wave, enormous volumes of clouds could be 
affected by lightning. Considering the large number of 
lightning discharges, their effect on the further develop- 
ment of clouds might be much greater than. anticipated. 
On the basis of these calculations, the triggéring of 
freezing of super-cooled cloud droplets could be produced 
by a single lightning stroke 5,000 ft. long in a volume 
ranging from 2 x 10‘to 7 x 10° m? depending on altitude. 


Effects on Hailstones 


For 15 years Italian farmers in the Po Valley have been 
using anti-hail rockets to reduce crop damage from hail- 
storms. The rockets carry a 1-kg charge of TNT which is 
detonated at altitudes of 1,000-1,500 m. The observations 
indicate that the hailstones are softened and as a result 
shatter on impact with the ground. This effect is claimed 
to be very localized in space and time. Vittori!’ suggested 
that the triggering by the shock wave of cavitation within 
the liquid water cavities inside the hailstones is the main 
mechanism for the softenimg of hailstones. This theory 
was challenged by Roneali!*, who claimed from a theoretical 
and an experimental point of view that no effects could be 
triggered in hailstone models by the shock waves generated 
by strong detonations. His views were recently supported 
by List”. Goyer and Favreau?* determined a shock-wave 
threshold intensity of 1-1 1b.fin.* for the triggering of 
cavitation within the liquid pockets in crude hailstone 
models. Moreover, they observed a 30 per cent decrease 
in impact strength in ice cubes exposed to such shock 
waves. The theoretical analysis showed that shock waves 
generated by the detonation of 40-3,000 grains of high 
explosives can give rise to an oscillating pressure field 
in cubes of hailstone dimensions, of frequencies similar 
to those of ultrasonic fields used to examine cavitation 
in bulk water. Consequently, the feasibility of cavitation 
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under such conditions has been firmly established theoreti- 
cally. 

Shock-tube experiments have, however, failed to repro- 
duce these observations. Bubbles and cracks have been 
observed as a result of the re-freezing of the liquid phase 
within hailstone models even in the absence of shock 
waves. However, because of the major difference between 
the experimental conditions in the two sets of experi- 
ments, no firm conclusions can be reached now. This 
investigation is continuing with major emphasis on the 
determination of the effect of the shock wave on the 
strength of the hailstone models in the laboratory and of 
natural hailstones in the field. 

Theory indicates that shock waves can trigger cavitation 
within the liquid phase of hailstone models and lead to 
some modification of the ice structure. However, this 
effect alone is too small to result in the major reduction 
in impact strength of hailstones claimed by the Italian 
farmers. Vittori!® suggests the following mechanism: 
cavitation, triggered by the shock wave, forces some of 
the liquid water within the hailstone through the ice 
structure to the surface layer of the stone; then the 
difference in aerodynamic pressure between the top 
and bottom of the hailstone falling at terminal velocity 
is sufficient to propagate this newly exposed liquid water 
further into the ice structure, thus increasing the softening 
effect of the cavitation mechanism. 

Indeed, McDonald? has shown that differences in sur- 
face pressure as large as 957 dynes/em? (0-015 1b./in.?) can 
exist along the surface of a 6-mm diameter water drop 
falling at a velocity of 8 m.p.s. Differential pressures of 
that order of magnitude also exist around the surface of 
hailstones and may lead to the further penetration of 
the liquid into the ice structure. However, the magnitude 
of this softening effect cannot be estimated very accur- 
ately. 

Tf the shock wave can trigger the freezing of super-cooled 
droplets, as discussed later, lightning discharges would 
further affect the growth of hailstones. Anti-hail rockets 
would produce this effect only if the generated shock wave 
propagates above the freezing-level with a sufficient 
intensity. Their maximum flight altitude of 5,000 ft. 
makes this assumption unlikely in most cases. 

First the shock wave would decrease the rate of growth 
of hailstones because of the smaller collection efficiency 
of ice crystals. Moreover, the accretion of ice crystals 
would coat the original stone with a layer of mushy 
snow which would reduce its density and speed, and 
would cushion the impact by absorbing much of the 
impact energy. Each individual effect and its contribu- 
tions to the impact energy of a hailstone enrobed in a 
layer of soft snow are estimated. The growth parameters 
of a 0-:2-cm radius hailstone growing in a super-cooled 
cloud and also in an ice crystal cloud are evaluated. 
Hosler and Hallgren”? have shown conclusively the feasibil- 
ity of some degree of aggregation of ice crystals for temper- 
atures as low as — 25°C. The hailstone is assumed to fall 
10,000 ft. through a concentration of 200 droplets of 
10u radius per c.c., that is, a liquid water content of about 
1 g/m’. Assuming an accretion efficiency of 17 per cent 
for ice crystals*! the hailstone grows to a graupel of 0:265 
radius, mass of 0-0384 g, and density of 0-5 g/c.c. On the 
other hand, assuming an accretion efficiency of 80 per 
cent with super-cooled droplets?? the hailstone grows to a 
final size of 0:243-cm radius, mass of 0:0598, and density 
of 1. The growth parameters are shown in Table 1. The 
decrease in kinetic energy of the hailstone reaching the 
ground is about 60 per cent. 

Some of the impact energy is absorbed by the soft 
graupel structure layer coating the hydrometeor grown in 
the ice crystal cloud. Very few data are available on the 
strength of snow compared with that of ice. On the basis 
of hardness tests on tamped and untamped snow reported 
by Dorsey?’ it can be estimated that the hardness of 
untamped snow is 75 per cent less than that of tamped 
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Table 1. GROWTH OF HAIL IN WATER AND IN IoE CLOUDS 
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Final haitatone grown in 

i Orıgınal Super-cooled Ice 

{ hailstone cloud cloud 
Radius (em) | 6-2 0 243 0-265 
Density (g/c.c) | 10 1-0 0-5 - 
Mass (g) 0-034 0 0598 0 0384 
Accretion efficlency (per cent) 80 17 
Terminal velocity (cm/sec) i 1,040 1,150 880 
Kinetic energy (ergs) 18-4 x 167 39 5x 105 15-1 x 10° 


snow. Consequently, about 75 per cent of the impact 
energy is assumed to be absorbed in tamping the soft 
graupel shell surrounding the hydrometeors grown in the 
ice crystal cloud. Consequently, the combination of all 
these effects calculated theoretically can lead to about 
an 80 per cent decrease in the impact energy of hailstones 
exposed to shock waves if these shock waves can trigger 
the freezing of super-cooled water droplets. The results 
of recent Russian investigations**:*5 on the effect of seeding 
super-cooled clouds with large quantities of silver iodide 
or other nuclei indicate that the growth of hailstones is 
appreciably and beneficially affected by the freezing of 
super-cooled water droplets. A greater number of smaller 
hailstones is thus produced. The foregoing calculation 
assumes a complete conversion, of the cloud to ice crystals. 
The results of List? indicate that little effect would be 
accomplished if the whole cloud were not converted 
to ice crystals because of the penetration of the liquid 
water into the loose structure of the graupel. It is realized 
that the effects under these conditions might not be so 
drastic as indicated by these calculations. It is suggested, 
however, that the growth and hardness of the hailstones 
would be modified by, the conversion of some of the 
super-cooled water droplets to ice crystals. Is damage 
to crops due to hail in any way related to the frequency 
and intensity of hghtning discharges ? Are the biggest 
hailstones usually produced by cumulo-nimbus clouds of 
little electrical activity ? Such data are essential to evalu- 
ate the feasibility of the proposed mechanism. 


Effects, on Rain-drops 


Blanchard?’ observed in wind-tunnel experiments that 
large water droplets could be shattered into many frag- 
ments by very small velocity disturbances in the air flow. 
In his experiments a water droplet about 3-5 mm in 
diameter was suspended in an air-stream at terminal 
velocity. The droplet broke naturally into 2 or 3 frag- 
ments. However, if the air flow was suddenly interrupted 
and reinstated, the droplet broke into 5-20 small frag- 
monts. Blanchard states: “Large drops, that 1s, drops 8 
mm or more in diameter in a constant velocity air stream, 
exhibit very little of the explosive-like tendency to fly 
apart into a dozen or more smaller drops as is so commonly 
characteristic of drops subject to shock break-up. If 
sudden velocity changes are applied to the air stream, 
& drop will break up into fragments which may number 
from 5 to 20 depending on the degree of shock”. It is 
thus seen that an extremely small shock leads to drop 
break-up at large diameters. Smaller droplets should 
also be expected to break under much more violent shocks 
such as those generated by lightning discharges. On the 
basis of Blanchard’s observations, a threshold pressure- 
wave intensity of 0-33 Ib./in.? can be estimated for the 
shattering of a 3-5-mm diameter droplet. 


Table 2, CRITICAL AIR VELOCITIFS AND OVER-PRESSURES FOR THE SHATTER 
ING OF WATER DROPLETS 


Diameter {u) Air velocity (ft /sec) Over-pressure (Ib./in *) 
100 249 5-2 
500 111 21 
1,000 78 7 15 
5.000 35:3 0:65 


t 
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This threshold intensity is in very good agreement with 
the data of Hanson?! which relate the critical.air velocity 
to the diameter of tke water droplet by the following 
equation: 

UED = 6:21 x 10° (4) 


where U, is the air velccity in ft./sec and D is the droplet. 
diameter in microns. Representative values are given in 
Table 2. 

On the basis of thesə data, and of the pressure decay 
curve of the lightning shock wave, all milhmetre-size 
droplets within a radius of 20 ft. from the channel should. 
be expected to shatter. The shattering would result 
in suddenly injecting in the cloud a great number of large 
cloud droplets if each raindrop is shattered into 5-20: 
fragments. 

The shattering of rair.-drops by lightning could have a 
substantial effect on the further development of a cloud. 
This effect could contrikute to the increase in the rate of 
precipitation immediately followmg a thunderbolt. By 
breaking the rain-drops. into many large cloud droplets 
capable of growing by aczretion the lightning stroke would. 
increase the number of càain reactions proposed by Lang- 
muir to explain the triggering of precipitation in clouds. 
Indeed, the smaller fragrments would be re-cycled through 
the cloud by the updraft, grow by accretion to the point 
where they would start tleir fall downward, shatter again, 
ete. 


Effects on Suser-cooled Droplets 


The triggering of freezing of bulk super-cooled water 
by impact, by shock, or by ultrasonics was reported as 
early as 1913 (refs. 29-3"). More recently, Prof. Bruce 
Chalmers*®* of Harvard University reported the following: 
“The other way in whick nucleation can be effected at 
temperatures close to the freezing-pomt is by dynamic 
stimulation. An example of dynamic stimulation is the 
use of cavitation. It has been shown by Walker that 
nucleation occurs in supez-cooled water when it is sub- 
jected to ultrasonic vibrations of sufficient intensity to 
cause cavitation. The prozess by which cavitation causes 
nucleation is not completety understood”. The triggering 
of freezing of bulk super-cooled water by the cavitation 
mechanism was also discussed by Wylie®® and is thus 
fairly well established. 

The blowing of an automobile horn and the firing of a 
revolver were observed by Ives’? to trigger the freezing 
of super-cooled fog dropless. Freezing was detected by 
optical effects and the sampling of ice crystals under the 
fog banks. ‘The triggerinz of freezing of super-cooled 
water droplets by shock waves was measured by Maurin 
and Médard! with a fair dezree of success. By measuring 
the riming rate of samples in the presence or absence of 
shock waves, they were able to determine a threshold 
shock-wave intensity of 0-£0 lb./in.? for the triggering of 
the freezing of droplets 20u in diameter at a temperature 
of —1-5° C. These results were obtamed in a natural fog 
at the Mont Lachat Observatory. Swinbank*‘ confirmed 
this finding by triggering the freezing of super-cooled 
10-u radius water droplets with ultrasonic irradiation. 

Tests which I conducted in the plume of ‘Old Faithful’ 
Geyser at Yellowstone Nat:onal Park in the winters of 
1964 and 1965 yielded conchisive evidence to that effect. 
These results are discussec. in a later communication 
(Nature, in the press). 

Shock tube experiments have confirmed the effect of 
shock waves on super-cooled bulk samples of the order 
of 0-25-0-5 c.c. Goyer, Bhadra and Gitlin"! have shown 
that a shock wave 1:1 lb./m.* and of 2 msec duration 
can trigger the freezing of super-cooled water kept in 
glass or plastic containers at a temperature 2 degrees 
warmer than the natural freezing temperature oft he 
samples. Turner and Van Hook?! observed that low- 
frequency sonic waves (8-2) ke/s) trigger the freezing 
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whereas high frequency (190 ke/s) delays it. Polotski 
and Levin?” triggered the crystallization of super-cooled 
melts of salol by irradiation with ultrasounds of relatively 
low frequency, 22 ke/s. These observations of the effect 
of the sound frequency on the triggering of freezing 
suggest the great efficiency of the lightning discharge in 
triggering the freezing of the surrounding super-cooled 
droplets. Indeed, as discussed here the energy of the 
sonic waves generated by hghtnimg is distributed through- 
out a range of very low frequencies, 0-2-2 c/s. Further 
work is being done in the hope of clarifying the basic 
mechanism, involved in the process. Preliminary work on 
free droplets suspended from capillaries or on spider web 
screens has been initiated. If the freezing mechanism 
depends on transfer of energy, the threshold pressure for 
the crystallization of super-cooled droplets should be an 
inverse function of the surface area of the droplet and its 
degree of super-cooling. Indeed, the results obtained by 
Young and Van Sicklen®* show a decrease of 0-026 lb./ 
in.*/ deg C. In fact, the liquid structure becomes increas- 
ingly similar to that of solid ice as the temperature 
decreases and the energy necessary to trigger the phase 
change should decrease with decreasing temperature. 
Moreover, the energy transmitted to the droplet by the 
shock wave is a function of the surface area of the droplet. 
Consequently, the larger the droplet, the larger is the 
energy absorbed and the smaller the threshold pressure. 
On the other hand, if cavitation 1s the main freezing 
mechanism, the threshold pressure for the triggering of 
the freezing of super-cooled droplets should be inde- 
pendent of the size but not independent of the degree of 
super-cooling. 

Several additive effects of the lightning discharge on 
cloud droplets and rain-drops can be invoked to explain 
the rain gushes immediately following lightning in super- 
cooled clouds recently measured quantitatively by Venne- 
gut et al28 and Mueller et al.**, The hghtning discharge 
produces round its channel a shock wave, a strong radial 
air flow and a high concentration of electrical charges. 
The radial air flow and the shattering of miulimetre-size 
droplets both result ın an increase in the rate of collision; 
the triggering of freezing by the shock wave and the pro- 
duction of electrical charges both result ın an increase in 
collision efficiency. The following overall mechanism of 
the lightning interaction with hydrometeors surrounding 
the channel is then proposed. 

Expanding radially from the lightning channel the 
shock wave triggers the freezing of super-cooled cloud 
droplets and the mr flow shatters the millimetre-size 
raindrops. The rate of collision in the horizontal direction 
between droplets of different sizes is increased as a result 
of their characteristic responses to the mechanical effect 
of the shock and of the radial outward flow surrounding 
the channel, In addition, the fragments of the shattered 
rain-droplets are propelled vertically by the updraught 
through the cloud of unshattered but freezing cloud 
droplets. The relative droplet displacements thus pro- 
duced by the radial flow and its shattermg effect appreci- 
ably increase the rate of collision. Swinbank* observed 
that the collision efficiency of super-cooled droplets m 
the process of freezing is greater than that of the liquid 
or of the totally frozen crystal. Maurin has shown 
that a period of 0-2 sec is necessary for completely freezing 
a 14- droplet at a temperature of —0-5° C. An extension 
of his calculations yields the results shown m Table 3. 


Table 3. TIME OF FREBZING (SEC) OF SUPER-COOLED WATER DROPLETS 


~ 


Droplet Ambient temperature 
diameter (x) -05° C -50°C -10° C 

10 0 08 001 0 007 
20 0-33 0-05 0-016 
30 0 74 012 0 028 
40 1-32 021 0 044 
50 2°06 0 33 0 064 
60 297 0-78 0 086 
70 4 04 0-65 011 
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‘These show that the larger droplets, at the warmer temper- 
ature at the base of the clouds, will experience the largest 
growth because the increase in their collision efficiency lasts 
over a longer freezing tame. Of great importance, with 
respect to rain gushes, 1s the fact that only the first light- 
ning discharge produces this increase in collision efficiency 
due to freezing, in a given volume of cloud. The following 
discharges, a few seconds later, would occur in an all-ice 
environment. Finally, as proposed by Vonnegut*’, the 
large ion concentration generated by the lightning dis- 
charge, and absorbed by the droplets according to their 
sizes, results in a wide droplet charge distribution which 
equally contributes to the increased collision efficiency. 
It is interesting to note that the mereased rate of collision 
due to shattering and the increased collision efficiency 
due to freezing are maximum for the large droplets, that 1s, 
are most active at the base of the clouds. Consequently, 
it should be expected that the rain gushes originate at the 
lower levels of the clouds. Thus the short periods so 
often reported between the lightning and the gush can be 
explained. Overall, these two enhanced parameters, 
collision rate and collision efficiency, may very well 
explain the very rapid growth of super-cooled droplets 
round a lightning discharge in a time-interval compatible 
with observations. 

Consequently, the lightning discharge, first step of a 
chain reaction, is proposed as the primary triggering 
mechanism of precipitation in thunderstorms, observed 
by Mueller®*, and as the reason for the widely different 
precipitation characteristics of rate®**! and of rain-drop 
size distribution’? in the presence and in the absence of 
thunder. 
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Conclusions 


I have discussed three effects of shock waves on hydro- 
meteors; these effects, reported in the literature, are 
possibly of major importance in the life-cycle of cloud 
systems and need to be confirmed in laboratory investiga- 
tions and 1n large-scale field investigations. An mdication 
of their probable magnitude may be gathered from the 
large volume of clouds affected by lightning discharges. 

If lightning discharges have important effects on clouds, 
through the generation of weak shock waves, man-made 
shock waves generated in cloud systems should have 
similar effects. Detonations of explosive materials can 
be tailored to sweep large volumes of clouds with strong 
shock waves. The development of the supersonic aircraft 
with its associated sonic boom opens up the possibility 
of sweeping enormous volumes of clouds with shock waves 
of low intensity. Some indications of a possible effect 
of shock waves on hydrometeors have already been 
suggested by K. E. Wilk* of the National Severe Storm 
Project. On occasions, rapidly growing radar echoes 
have been observed in the trail of supersonic aircraft 
penetrating a cloud at supersonic speed. It is suggested 
that either the shock wave or the exhaust gases trigger 
the freezing of super-cooled water droplets in the path of 
the supersonic aircraft. If similar passes at velocities 
below supersonic speed do not give rise to such radar 
echoes, the production of the radar echo at supersonic 
speeds is obviously an effect of the sonic boom. Shock 
waves can also cause condensation in near satmated air, 
and Nilsestuen and Edelstein* report cases of a transient 
fog bank following the wake of an aircraft ın supersonic 
flight. Further work along these lines would be very 
useful to determine the threshold shock wave intensity for 
triggering these effects in natural clouds. 

This discussion suggests the importance of an area of 
research which may lead to results essential for the better 
understanding of the life-cycle of a cloud system. It is 
fully realized that this mechanical energy, corresponding 
to the detonation of about 20 tons of TNT per storm, 
is negligible compared with the overall energy of the 
thunderstorm. Nevertheless, the former is supplied as 
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mechanical energy which is absorbed by the hydrometeors, 
whereas the latter 1s flow energy, very little of which 1s 
transmitted to the hydrometeors. A thorough and com- 
plete understanding of the thunderstorm warrants the 
investigation of the effects of such energies. 

I thank my staff, Mrs. Sonia Gitln, Dr. T. C. Bhadra, 
and Mr. Robert Watson, for their advice. 
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SEISMOMAGNETIC EFFECT—LIMIT OF OBSERVABILITY 
IMPOSED BY LOCAL VARIATIONS IN 
GEOMAGNETIC DISTURBANCES 


By Dr. F. D. STACEY* and P. WESTCOTT 


Meteorological Office Research Unit, Cambridge 


AXPERIMENTS proposed, or in progress, to observe 
the seismomagnetic effect are inspired by the hope 
that it may precede earthquakes by a sufficient interval 
to give a useful pre-indication. The existence of the 
effect follows necessanly from the fact that rocks are 
piezomagnetic!-* but, except ın very favourable areas 
with highly magnetic rocks, its magnitude must be small, 
of the order a few y*-§. Reliable observations can there- 
fore only be made by an instrumental network which 
discriminates strongly against those geomagnetic dis- 
turbances the causes of which are external to the Earth. 
A suitable network was set up in East Angha during the 
period March-July 1964 to examine the statistical be- 
haviour of field differences between stations about 30 km 
apart and thus to provide an assessment of the unavoidable 
background ‘noise’ against which any seismomagnetic 
effects would have to be observed. 

Three digitally recording, vectorized proton magneto- 
meters, which operate on principles described by All- 
dredge’, were set up on a straight line with equal spacing 
as nearly as could be arranged. Each magnetometer was 
controlled by a crystal clock so that corresponding read- 
ings on the three instruments could be synchronized 
within 1 sec. It was convenient to avoid man-made 
disturbances by using remote parts of three airfields, 
where the only interference was caused by occasional 
mowing of the grass. They were at Mildenhall (52° 22’ N., 
0° 28’ H.), Oakington (52° 16’ N., 0° 4’ E.) and Cardington 
(52° 6’ N., 0° 25’ W.), and are referred to as stations A, B 
and C. The separations of the instruments (A-B), (B-C) 
(A-C) were 25 km, 35 km and 60 km, respectively. A 
spacing close to 30 km was chosen because energy calcula- 
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tions! suggest that this is an approximate scale distance 
for the stress fields of large earthquakes and therefore 
the strongest relative seismomagnetic signals are expected 
at stations separated by akout this distance. Tho straight 
hne with roughly equal spacing was used because it was 
expected® that second differences 3(2B-A-C) would 
eliminate extra-terrestrial disturbances more completely 
than simple differences (A~B) or (B-C) in magnetometer 
readings. 

Although vector information was available, the analysis 
reported here was restricted to total field data because 
only total field instruments have any prospect of wide- 
spread adoption for seismcmagnetic work. The analysis 
was also limited to those times when all three instruments 
were operating satisfactory, this being an initial trial 
period for new instrumente which required a number of 
adjustments and minor mocifications. The instrumental 
cycle is 36 sec and one tota field reading from each cycle 
was used, giving a total cf about 33,000 sets of three 
synchronized total field readings. All the results were 
produced as punched paper-tape and were processed by 
computer. 

The period of observation was generally magnetically 
quiet, being at sunspot manimum, which was not an 
advantage. The greatest daly range in total field was less 
than 150y. However, local variations in magnetic dis- 
turbances were found to be directly related to the magni- 
tudes of the disturbances, so that ıt is possible to infer 
what the local variations would be for stronger disturb- 
ances. A histogram of total Äeld variations at A is shown 
in Fig. 1, using 5-y intervals. The mean field for the period 
was 47673-ly and the standard deviation about this 
mean was 12-8y (it 13 not plied that the distribution 
is gaussian). 


1210 


Histograms of differences between simultaneous indivi- 
dual readings (A—B) are shown in Fig. 2a. The standard 
deviation about the mean is 0-85y, much of which must 
be due to the instrumental uncertainty of about 0-5y. 
Although the distribution of differences is about 15 times 
narrower than the distribution of total field readings at a 


single station, it has a significant, non-gaussian tail, 


with an appreciable number of values departing by up 
to 3y from the mean. The significance of these values is 
confirmed by the fact that the field difference was more 
variable on days of greater geomagnetic activity. Super- 
ficially the distribution of difference field values over the 
60-km. baseline (A-C) appeared to be very little wider, 
presumably because experimental errors were independent 
of the spacing. 92-0 per cent of the (A-C) differences 
fell within the central 3-y intervals, but the tails of the 
‘distribution were about 50 per cent wider than for the 
(A-B) differences. 


Fraction of total data 





700 


660 680 
Total feld (y) 
Fig. 1. Histogram of total field values at station A, obtained during the 


period March-July 1964. Each interval is 5y. Values are spread over a 
range of 200y but are mainly concentrated in a range of about 50y 
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The histogram of second differences, 4(2B~A-C), was 
found to differ only insignificantly from the first differ- 
ences (A-B), showing that the (A-B) and (B-C) variations 
were not appreciably correlated. This result, which was 
contrary to our expectation®, shows that, for the purpose of 
seismomagnetic observations, there is nothing whatever 
to be gained by taking second differences. Itis a consider- 
able practical advantage to consider only simple differ- 
ences between magnetometer readings, because all 
readings can be referred to a single (but reasonably close) 
base station, as in conventional magnetic surveying. 
Evidently the field differences observed by our array were 
produced by induced currents or by magnetic induction 
in the ground on a scale no bigger than the spacing of the 
instruments, the upper mantle having no major con- 
ductivity anomaly in the region of East Anglia. Our 
conclusion regarding second differences could therefore 
have been different had the instruments been set up in 
another area, particularly close to deep oceans’. 

The histogram of total field differences is progressively 
narrowed by taking averages of magnetometer readings 
over increasing intervals, Histograms of 10 value (6 min) 
and 100 value (1 h) means are shown in Figs. 2b and c. 
The distribution is narrowed only slightly by taking 6-mm 
means, but more noticeably reduced by taking 1-h means. 
Evidently a large fraction of the disturbances responsible 
for the observed field differences had durations between 
6 min and 1 h. The 24-h (4—B) means embrace a total 
range of 0-83y with a standard deviation of 0-:2ly about 
their mean. For (A-C) differences the range of 24 h 
means is 30 per cent greater. Thus it appears that if the 
time-scale of seismomagnetic effects is greater than 1 h, 
their observability is considerably increased by taking 
averages of magnetometer readings over periods of about 
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1 h, but there is little advantage in taking averages over 
a few minutes of more frequent readings. 

An experiment similar to ours but using analogue data, 
from proton, magnetometers, was carried out near to the 
auroral zone in Canada by Whitham and Niblett?®, with 
quite different results. Their work was carried out during 
a geomagnetically active period in September 1959 and 
was concerned with the problem of correcting magnetic 
survey data by reference to the record of a base station. 
They observed local differences in geomagnetic variations 
as great as 60y over 37 km. It is more likely that this was 
caused by proximity to the auroral zone than by a striking 
anomaly in ground conductivity. There is little prospect 
of making useful seismomagnetic observations in condi- 
tions such as that. At least initially it will be necessary 
to avoid completely auroral zones, where ionospheric 
currents are highly variable and strong gradients occur 
in geomagnetic disturbances. 
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Fig 2. Histograms of total field differences between stations A and B, 
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Under the conditions of our experiment, seismomagnetic 
effects of magnitude a few y, which last more than a few 
minutes, are unambiguously observable by taking differ- 
ences between readings of magnetometers separated by a 
few tens of kilometres. If the seismomagnetic changes are 
to be observed. over a period of a day or more (which it 
seems reasonable to expect for large earthquakes, although 
Breiner’ observed a much shorter time-scale for a small 
shock in Nevada), then further substantial improvement 
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in signal-to-noise ratio 1s obtained by taking hourly 
means of magnetometer readings. We were working close 
to the limit mmposed by instrumental errors, so that in a 
similar environment seismomagnetic effects of a few y 
should still be observable under the noisier conditions of 
sunspot maximum. This may not be true ın regions 
where more complex geological structures have variable 
: conductivities, in particular where the distance to the 
nearest deep water is comparable with the spacing of the 
instruments. It will be ımportant to know whether our 
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observations can be repeated in a seismically active area. - 


The proton vector magnetometers have now been 
installed at the magnetic observatories, Lerwick, Eskdale- 


RADIOACTIVE CONTAMINATION OF 
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muir and Herstmonceux, which lie roughly on a north- 
south line with 500-kim spacing. It is intended to repeat 
the analysis with this much more extended base-line. 
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Alamos, New Mexico, and Department of Chemistry, 
University of Chicago, Illinois 


JFFICULTIES in obtaining materials with no con- 
tammant radioactivity! for the construction of 
low-level detection equipment have renewed interest in 
the nature and origin of this activity’. Low-level 
counters are needed in investigations of fall-out, nuclear 
reactor waste disposal, cosmic ray-induced activities in 
meteorites, radioactive dating, medical tracer diagnosis 
and dose level, as well as in many other experiments. 
Since the levels of measurement are often. far below the 
concentrations of natural radioactivity in most materials, 
measurement is difficult and instruments with exception- 
ally low backgrounds are required. The following investi- 
gation was undertaken in co-operation with the National 
Academy of Sciences—National Research Council Sub- 
committee on Low-Level Contamination of Materials and 
Reagents to determine the nature of the contamination 
of lead and the possible commercial availabilty of non- 
radioactive lead for shielding sensitive y-counters. 

Virgin pig-lead from representative commercial pro- 
duction sources, domestic and foreign, was collected and 
processed by J. A. Stone (Division Lead Co., Summit, 
Illinois) and sent to the Los Alamos Scientific Laboratory 
(LASL). After being measured, these samples were 
returned, cold-rolled into smaller sizes, and sent to 
Franklin and Marshall College (FM) and to the University 
of Chicago (UC). Two ‘aged’ samples were also measured: 
sample M, the so-called ‘Merrimac’ or ‘Civil War’ lead 
made available by the U.S. Atomic Energy Commission 
several years ago; and sample P, ‘Holland Salvage’ lead 
from an old shipwreck. 

The y-radiation counting system at FM consisted of a 
5-in. diameter by 2-in. thick thallum-activated sodium 
iodide crystal scintillator with a single-channel pulse- 
height analyser and a scaler. Gross counts were measured 
in the energy range 50-2,000 keV. Four inches of low- 
level lead surrounded the scintillator-photomultiplier— 
preamplifier assembly, resulting in an average background 
count of 830 counts per min (c.p.m.). Samples were 5 in. 
in diameter by 0-25 in. thick. 

The LASL specimens were 6 in. x 6 in. x 1 in. in size. 
These were measured on a 7-5 in. diameter by 4 in. thick 
sodium iodide (T]) crystal contained in a lead shield 4 im. 
m thickness. A j-in. ‘Lucite’ shield was placed between 


the crystal and sample to protect the crystal agamst 
impact and contaminaticn. A multichannel analyser was 
used for spectrum analys.s, and gross counting for quan- 
titation in the energy imterval 50-110 keV resulted in 
an average background cf 125 e.p.m. 

The UC counting system was similar to the preceding 
in that a multichannel analyser was also used, but the 
energy range measured here was 50-150 keV. The gross 
background found was 21 ¢c.p.m. Three-in. diameter by 
l-in. thick samples were measured with a 3-in. diameter 
by 3-in. thick sodium iod de (Tl) crystal in a 4-in. lead 
shield. 

Counting times ranged from 10 to 20 h per sample, 
and in all cases the counting statistical error was less than 
0-5 per cent of background. However, the actual errors, 
as judged by consistency, were 1~2 per cent of back- 
ground. The limit was ses by small variations in back- 
ground counting rate. 

Identification of the -vzadioactive contaminant was 
accomplished by comparison of the y-spectra of the more 
active samples with stendards prepared at LASL*. 
Fig. 1 (upper portion) skows the spectra obtained by 
evaporating 21°Pb or ?2°Ra solutions on thin sheets of lead 
foil (0:001—0:010 in. thick) and assembling the sheets into 
separate mockups of the semple 0-09 in. thick to approx- 
imate uniform activity distmbution. (This thickness is 
about 5 mean free paths for the Pb X-ray.) In the case 
of 220Ra, the edges of the sheets were welded and radon 
allowed to equilibrate. Lead-210 (21-4-year RaD) itself 
has no radiation detectable ın the counter used (it emits 
15- and 61-keV betas and 4°-keV gammas). The observed 
spectrum ıs due to the 1-16meV betas of #1°Bi (its 5-day 
daughter), which produce bremsstrahlung and strongly 
excite the lead X-ray. Fig. 1 (lower portion) shows the 
spectrum of the contaminated sample 7 (circles) and that 
of the ‘clean’ sample P (trisngles). The main features of 
the contaminated spectrum agree well with the lead X-ray 
at 74-keV and the bremsstrahlung continuum peaking at 
about 170 keV, which are siso the main features of the 
219Pb spectrum. There is nc indication of the promment 
22€Re daughter lines at 610- and 360-keV. The ‘structure’ 
in the contaminated spectrum at about 160- and 210-keV 
is probably an artefact produred by a slight shift in energy 
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calibration. Measurement of the low-energy portion of 
the spectrum with a thin crystal at UC resolved the 
47-keV y-line of ?"Pb from the lead X-ray. 

Evidence that the contaminant is identical in the four 
most active samples is provided by the data on spectral 
shape given ın Table 1, which reports the net y inten- 
sity in three spectral bands relative to that observed 
for the lead X-ray region. The energy range 110-410 
keV covers the bremsstrahlung band. The next band, 
410-700 keV, encompasses the most prominent structure 
of the radium daughter spectrum. The last band, 50-960 
keV, is the total energy spectrum measured. These data 
are quite sensitive to slight shifts in the energy calibration 
of the system, and the small (4-10 per cent) differences 
recorded for sample 8 are probably within this error. 


500 
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Pb-210 


300 


200 


@ SAMPLE 7 
A SAMPLE P 


Net y-activity (c.p.m./10 keV) 





04 0-6 0-8 1:0 


y-Ray energy (MeV) 
Fig. 1. Net y-ray spectra of lead mockups and samples obtained with a 
7-5 x 4-in. sodium iodide (TI) crystal spectrometer. (Above) Mockups 


with Pb and ***Ra, and (below) contaminated sample 7 (circles) and 
‘clean’ sample P, Holland Salvage (triangles) 


0 0:2 


In addition, measurements of B- and «-activity in all 
samples were made at FM and UC. All correlation 
coefficients between alpha, beta and gamma data were 
greater than 0-94. The internal consistency of all the data 
strongly suggests that the contaminant 1s a single radio- 
nuclide, 21°Pb, in equilibrium with its daughter products, 
2108] and 3#°Po. Such contamination can be expected in 
lead derived from ores associated with uranium, since 
210Pb is a member of the ?38U series. Neither the thorium 
nor the actinium series has long-lived lead isotopes; there- 
fore, no contamination should result from them. 

An absolute calibration based on the LASL 7°Pb 
standard already described here resulted in a calibration 
factor of 0-84 nanocurie per kilogram per count per min 
(ne./kg per c.p.m.) for the 6 in. x 6in. x 1 in. samples on 
the 7-5in. x 4in. crystal in the energy band 50-110 keV. 
Factors of 0-72 nc./kg per c.p.m. for the FM system and 
2-77 for the UC system were calculated using the three 
most active samples as secondary calibration standards, 


Table 1 RELATIVE INTENSITIES* IN DIFFERENT ENERGY BANDS IN THE 
y-SPEOTRA OF LEAD SAMPLES 


Sample Energy range (keV) 
No. 110-410 410-700 50-960 
2 214 0 45 3°81 
3 218 0-49 3°96 
7 216 0-45 8°85 
8 2-05 0-42 3-70 


* Lead X-ray intensity = 100 (60-100 keV). 
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Table 2. NATURAL y-AOTIVITY OF LEAD 


VOL. 206 


Sample *10Pb concentration (nc./kg) 
No. LASL FM UC 
2 38 38 37 
3 27 33 26 
7 26 22 27 
S {a) l4 18 
8 11 17 14 
6 4 4 6 
4 1 4 2 
4B {a} 6 i 
P 3 4 1 
1 1 1 3 
M 3 (a) 1 
5 (b) (b) (b) 


(a) Sample not measured, 
b) Sample used as reference. 


derived from the LASL primary calibration. These 
results do not constitute independent absolute determina- 
tions but can be considered independent measurements 
of relative activity-levels following reprocessing. 

Table 2 is a composite of the measured y-activities 
expressed in nanocuries of *4°Pb/kg lead. The first five 
samples are clearly contaminated, while the rest are not 
significantly different from background. The majority of 
the samples represent conventional production; samples 
7 and 8 were refined electrolytically. It is significant that 
the latter two are among the more contaminated samples. 

Correlation coefficients between laboratories were: 
LASL/FM, 0-97 (9 samples); LASL/UC, 0-99 (10 samples); 
and FM/UC, 0-96 (11 samples). This agreement indicates 
that the samples were homogeneous and not contaminated 
by the cold-roll reprocessing. It further shows the internal 
consistency of the counting methods used. 

The contamination-level of tens of nanocuries per kilo- 
gram. observed is of the same order of magnitude as that 
found by European investigators’. It is two orders of 
magnitude higher than the 10Ru and }°*Ru levels which 
have proved so annoying in steel’. However, low efficiency 
of bremsstrahlung production and the high self-absorption 
of the soft ‘y-radiation in lead reduce the observed net 
counting rates to comparable magnitudes. It is estimated 
that a shield constructed of the sample 2 lead would 
increase the background of a large sodium iodide (Tl) 
crystal by a factor of nearly 6 at 74-keV, by a factor of 
about 2-5 at 200 keV, and by a very small amount over 
that obtainable with a shield of ‘clean’ lead above 400 keV. 

The low activity of aged lead reported in the literature'-? 
and the suggestion (frequently made but not conclusively 
documented) that the contaminant is 21-4-year 74°Pb has 
been positively confirmed in the work described here. 
However, the equivalence of the best commercial samples 
examined and the two old leads indicates that the less 
expensive and more convenient commercial product can 
be utilized. In view of the variability of lead samples and 
the lack of standard specifications and methods of analysis 
applicable at these very low levels of contamination, it is 
not possible to ensure a priori the quality of a given 
source. For any critical use where the ultimate shielding 
quality is required, it continues to be essential that specific 
batches be individually monitored regardless of the source 
of the lead. 

The work performed at Franklin and Marshall College 
was supported by U.S. Public Health Service Research 
grant OH 00131-02 from the Division of Occupational 
Health. The Los Alamos and University of Chicago work 
was carried out under the auspices of the U.S. Atomic 
Energy Commission. 
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UPTAKE OF CAESIUM-137, DUE TO NUCLEAR WEAPON FALL-OUT, 
IN SUBJECTS FROM WEST CUMBERLAND 


By R. HESP 
Health and Safety Department, United Kingdom Atomic Energy Authority, Wiadscale and Calder Works 


EASUREMENTS of the amount of fall-out caesium- 

137 in the body have been made on a small group of 

adult subjects by means of the Windscale whole-body 

counter!. The subjects, who are residents of West 

Cumberland, are employed by the Atomic Energy Author- 

ity on work which does not involve contact with radio- 

active material. Caesium-137 enters their bodies via the 

diet, and smee milk is considered to be one of the mam 

sources’, the relationship between 1°7Cs in muk, and that 
measured in the body, has been investigated. 

As a result of nuclear weapon fall-out, the long-lved 
fission product }°’Cs has been detectable m human beings 
since 1955 (ref. 3). 

The amounts of 1°7Cs detected ın humans are sometimes 
expressed as picocuries per gram. of potassium (pce./gK) 
in order to give an indication of the concentration of 
187C3 in muscular tissue; but the most useful parameter 
for radiation dose calculations is picocumes per kilogram 
of body-weight (pe./kg). The data for adult male subjects 
from West Cumberland are presented in Table 1. Note 
that the two ratios, pe./gK and pe./kg, differ by a factor 
of about 2. 

From its minimum value during the first quarter of 
1962, the mean amount of }47Cs in the body increased by a 
factor of about 6 by early 1964. A similar variation was 
reported for 1370s in subjects from Berkshire and Oxford- 
shire, measured at the Atomic Energy Research Estab- 
lishment, Harwell’. The range of }°’Cs values during any 
quarter (Table 1) covers a factor of about 3 from highest 
to lowest, as might be expected from variations in diet, 
and from the fact that the effective half-time for retention 
of 87Cg in the body varies between about 70 and 140 
days'-", 

The results in Table 1 refer to measurements made on 
14 subjects with ages in the range 20-40 years. Although 
the number of subjects measured 1s quite small, inter- 
comparison of quarterly results would seem fair, and the 
observed variations, and mean amounts of 7Cs in the 
body might be expected to be typical of the general adult 
male population of West Cumberland. 

During the second quarter of 1964, 6 female adults 
were measured, in order that their *’Cs-levels might be 
compared with the amounts of 1°"Cs detected ın male 
adults durmg the same quarter (Table 2). 

A survey in Germany’ showed that on average females 
had lower body-contents of °’Cs than males. A similar 
situation exists in West Cumberland (Table 2). Caesium 
is chemically sumilar to potassium, and both are similarly 
distributed in the human body’. On average, females 


Table 1. FALL-OUT !!"O8S IN ADULT MALE SUBJECTS FROM WEST CUMBERLAND 


Quar- No. of ne, 870s pe *Cs/eK pe 'Cs/kg 

Year ter subjects Mean Range Mean Range Mean Range 
1961 2 7 93 42-14 4 62 32- 98 124 60-193 
4 6 81 46-147 61 31-112 110 60-228 
1962 1 7 6-1 0- 99 42 21- 66 86 42~148 
2 8 71 35-108 48 26- 78 107 64-157 
3 8 101 72-131 88 48- 90 146 92-197 
4 6 14-0 = 7-0-21-2 92 59-149 200 94-320 
1963 1 6 I51 67-218 107 53-164 215 90-332 
2 4 196 124-288 138 88-210 289 166-435 
3 7 285 15 2-458 198 117-325 408 1938-704 
4 8 363 222-550 249 187—427 500 282-845 
i964 1 11 35:3 22 2-595 255 172-430 485 281-910 
2 8 37-0 25 2-50 5 256 179-446 629 319-800 
i 3 9 39-1 2868-608 272 197-432 589 333-910 





Table 2 Fatt-our “70s IN MALÐ AND FEMALE ADULTS FROM WEST 
CUMBERLAND DURING THE SECOND QUARTER OF 1964 
x female 

Ratio == found 
8 6 female mal 

Males fF emales Ratio of values male in Praa ny* 

Mean ne. 37°0 209 0 57 — 
Mean pe./gK 256 214 0 84 0 88 
Mean pe./kg 529 372 0:70 0-67 


contain less potassium than males?®, so 1b is reasonable to 
expect the amounts of BCs (expressed as ne./and pe./kg) 
to be lower in females than males. On this basis, the 
difference in amounts of 1°’Cs expressed as pe./gK should 
be less marked between the sexes (Table 2). The differ- 
ence, although small, is significant and could be due to 
differences m diet, haf-tımes for body retention or 
uptake of #°’Cs by the body. 

The mean amount of 7Cs nm adult males from West 
Cumberland is approximately double that in adult males 
from Berkshire and Ox-ordshire*, presumably owing to 
different amounts of fallout 4*"Cs in diet in the respective 
areas. During the twelv2 months ending December 1963, 
the meán amount of 1°’C3 in milk from south, south-east 
and mid-western Englard was about 95 pe./l. (ref. 2). 
These values are to be compared with a mean value of 
290 pe./l. in milk from five farms situated between one 
and five miles from Windscale and Calder Works. Larger 
amounts of 1*’Cs have been found in milk from other parts 
of Cumberland, Scotland and Wales?. 

The mean quarterly amounts of °’Cs in milk from the 
five local farms (Fig. 1) aave increased since 1961, with 
maxima during the third quarters of 1962 and 1963 and 
minima during the winter months. Similar variations have 
been reported? for °’Cs m milk from other parts of the 
United Kingdom. A sessonal variation for *’Cs in air 
was observed!! during the period 1953-1960, and was 
believed to be due to the-mode of transfer of radioactive 
material from the stratosphere. 

The relationship between 4°’Cs in adult males and daily 
mtake of milk was studied during 1962 and 1963. For 
each quarter, except the third quarter of 1962 and the 
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Fig. 1. Mean amounts of fall-out Cs in milk from five farms in West 
Cuncberland 
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Fig. 2. Relationship between '*7Cs in the body during the last quarter of 
1963, and daily milk intake 
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Fig. 3. Relative contributions from milk intake (m) and remainder of 
diet (c) to "Cs in the body 


second quarter of 1963, when measurements of body 
137s did not extend over subjects with a sufficient range 
of milk intakes, an expression of the form: 


y = me +e (1) 


was found to given an approximate fit to 
the experimental points. Here y = "Cs 
(ne.) in the subject; « = milk intake (pints 
a day). 300 

Owing to the variations in diet, source of 
milk, effective half-time for retention of 
137Cs in the body, and the accuracy with 
which milk intake could be assessed, a con- 
siderable spread of experimental pomts was 
to be expected (Fig. 2). 

In expression (1), m represents 187Cs (nc.) 
in the body of a subject drinking one pint 100 
of milk a day, and ¢ represents the mean 
amount of ##7Cs in the body which has 
resulted from the remainder of the diet 
(Fig. 3). Both contributions increased 0 
during 1962 and 1963 as expected, and the 
results indicate that contributions from 
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milk and remainder of diet were equal in a subject from 
this group who drank about 0-67 pints of milk a day. 

Correlations between milk intake and body **’Cs have 
been observed at the Atomic Energy Research Estab- 
lishment, Harwell!*, and in Canada}5. 

An assessment of the amount of 4’Cs m the average 
British diet? indicated that mulk contributed 0:32 and 
meat 0-39 of the 4%7Cs in the total diet in 1963. The 
mean daily intake of milk was assumed to be 0-74 pints. 

On average, 0-74 pints of milk a day consumed in West 
Cumberland would, from the data in Fig. 3, have contri- 
buted 0-56 of the dietary '*7Cs. 

The effective half-time for retention of 1°7Cs in the body 
is known to be in the range of about 70-140 days for 
adults®-?. It was to be expected, therefore, that the 
amount of 18’Cs in subjects with identical diets would 
differ by a factor of about 2 from highest to lowest. The 
amounts of *’Cs in two male subjects (R. H. and E. T.), 
who had similar diets and who each consumed an estimated 
1-5 pints of milk per day, were observed to differ by about 
25 per cent, possibly owing to different effective half- 
times for body retention of 157Cs. 

The body contents of “’Cs of both subjects were cal- 
culated for 1962, assuming that the values of c for 1962 
(Fig. 3) represented the average amount of 7Cs in the 
body, which had arisen from the remainder of the diet, 
and that the average amounts of %7Cs in milk (Fig. 4) 
applied to the 1:5 pints of milk consumed daily by the two 
subjects. The fraction (f) of "Cs m milk, which was 
retained in the body, was assumed to be 0-87 (ref. 6). 
The best fit of calculated and measured amounts of 
137Cs in the bodies of R. H. and E. F. occurred when 
effective half-times of 115 days and 70 days respectively 
were used (Fig. 5). 

In order to simplify calculation, the results presented in 
Fig. 4 were described by three linear relationships, ex- 
pressed in terms of F(t), °’Cs ne. per 1-5 pints of milk 
consumed per day. 

F(t) = 0-03, 0 < ż < 90 days (2) 

F(t) = 0-03 + 0-00098 (¢ — 90), 90 < ż < 263 days (3) 


` F(t) = 0-20 — 0-00137 (t — 263), 263 < t < 350 days (4) 


The body content of "Cs arising from milk intake was 
given by: 


dq _ _ 
a aq + fF (t) (5) 
_ 0-693 P 


Teff = effective half-time (days) for the retention of 
137Cs in the body; f = 0:87, the retained fractions; 
q = body content of Cs18? (nc.); F(t) 1s given by equations 
(2), (3) and (4); 4 = days measured from January 1, 1962. 

Integration of equation (5) gave the variation of body 
content of 137Cs throughout 1962, arising from milk intake. 
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Fig. 4. Mean amounts of ?**Cs in milk from five farms in West Cumberland during 1962 
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Summation of contributions from milk and 
remainder of diet gave the calculated varia- 
tion. of 187Cs in the body (Fig. 5). 

Since 1961, the general trend in amounts 
of 187Cg in adult male subjects from West 
Cumberland has been similar to that for 
subjects from Berkshire and Oxfordshire, 
both of which have reflected the variation of 
37Cs in fall-out from nuclear weapon testing. 
On average, more than half the #°7Cs in adult 
males from West Cumberland seems to 
arise from the daily milk intake. 

The calculated amount of fall-out 7Cs 
in two West Cumberland male subjects have 
been shown to be consistent with the 
experimental values, when effective half- 
times for body retention of 115 and 70 days 
were used. These half-times are within the range of 
reported values, therefore it may be claimed that the 
assumptions used in the calculations have been justified. 
Values significantly outside the range 70-140 days would 
have indicated that the assumptions were unreasonable. 
Owing to the nature of the calculations, a standard error 
of about +20 days is to be expected on the calculated 
values of effective half-time for *7Cs retention. 

The following expression, derived from the International 
Commission on Radiological Protection data’, was used 
to calculate the mean radiation dose rates to the whole 
body. 
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= q millirads a year (6) 

W = body-weight (Kg); g = body content of 3°’Cs (nc.). 

For the ‘standard man’®*, W equals 70 kg, so expres- 
sion (6) reduces to: 

D = 0-186 g milhrads a year (7) 

The dose rates associated with the average amounts of 

1370s in the body (Table 1) are given in Table 3. During 

1961, 1962 and 1963, the mean whole-body radiation 

doses received by male adults in West Cumberland were 

1-4, ]-5 and 3:9 millirads respectively, and almost 6-0 

millirads in 1964. 


Table 3, AVERAGE RADIATION DOSE RATES TO THE BODY, FROM FALL-OUT 
3703 IN ADULT MALES FROM WEST CUMBERLAND 


Year Quarter Milliradsa year 
1961 Second 1-5 
Fourth 13 
1962 First 10 
Second 11 
Third 16 
Fourth 272 
1968 First 24 
Second 3-1 
Third 44 
Fourth 55 
1964 irst 55 
Second 58 
Third 6-1 
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Fig 5 Theoretical and experimental values for the amount of *’Cs in subject R.H. during 
1962. ©, Experimental results; —, calculated values, - - - , calculated contribution from 
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The mean weight of «dult females was 56 kg (Table 2) 
and the mean amount of }°7Cs ın thew bodies was 0:57 of 
the mean amount in male subjects. The average radiation 
dose (D!) received by adult females, expressed as a fraction 
of that (D) received by adult males, 1s given by: 


D En Ga) o 
= = 0-71 (9) 


On average, the radiation doses received by adult 
females from West Cumberland were about 29 per cent 
less than the doses recsived by adult males from the 
same area. 

The radiation doses t> the body, from "Cs in adult 
males from West Cumberland, represented about 1-2 per 
cent during 1961 and 1952, 4 per cent during 1963, and 
almost 6 per cent durimg 1964, of the radiation doses 
received from natural sources™. 

I thank Mr. H. Longley for the data on +*’Cs content 
of milk, and Mr. E. H. Tucker for assisting in the measure- 
ment of body radioactivity. 
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ABILITY OF COUNTERFLOW SYSTEMS TO CONCENTRATE 


ie two recent papers’? Dr. G. G. Pinter and Dr. J. L. 
Shohet have discussed a model of the renal medulla. 
The central feature of this model is that even though the 
counter current multiplier action of Henle’s loop 1s restric- 
ted to the thick segment of the ascending limb, that 1s to 
the outer zone of the medulla, interstitial sodium concen- 
tration can increase to the papilla. This effect 1s achieved 
by including the vas rectum in the analysis. In a recent 
review? pre-dating the second paper, Dr. Carl Gottschalk 
has correctly reported that I found errors in the first 
paper. These were not completely cleared up by the second 
paper. This communication briefly comments on these two 


papers. Its main purpose, rowever, is to demonstrate that 
a system of this kind will mot concentrate or dilute in the 
usual sense of a counter current multiplier, that is, 1t will 
not produce a concentration greater or less respectively 
than the maximum or min.mum entering concentrations. 
The system under discussion 1s shown ın Fig. 1, where 
A is the region of active sodium transport, B is the region 
of passive exchange. The equations given without 
derivation in the first article! for region A were: 


de ee 
a5 = t(] — c) (1) 
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dc’ . p 
an =K- ©’) (2) 
dc , 
T = Kn(j — Cn) (3) 
Oc,” 
ae = (4) 


93 . ; . 
= = k(e — j) + k(c’ — 9) + kren — j) + krer (5) 


where c is the concentration of sodium in the descending 
limb of the vas rectum, ce’ the concentration in the ascend- 
ing limb, ca is the concentration in the descending limb of 
Henle’s loop, and cz’ is the concentration in the ascending 
limb; J 1s the interstitial concentration, and k, kn, kn’ 
are ‘catchall’ membrane coefficients. The equations given 
for region B were identical except for (4) and (5) which 
were : 5 
Cr’ : 
Bae = Bald — en’) (6) 
0j i ; ; i 
a = k(c — j) + k(e’ — j) + halon — 9) + krer =j) 0) 
In the second paper? the correct time-dependent equa- 
tions for the system were derived. By setting the time 
derivatives of the various concentrations equal to zero 
one can obtain the correct steady-state equations. This 
exercise is not carried out in detail in the second paper, but 
if this is done, the following system is obtained for 
region A : 





F = klj — 0) (8) 
— = oh (j — 0) (9) 
at = hlj- on) (10) 
— = In’ on’ (11) 
S(e — j) + 8c’ — J) + Salen — J) + Sn’ cn’ = 0 (12) 


For region B, the equations are again the same except for 
(11) and (12) which become: - 





dea 
* = — ka(j — tn’) (13) 
Sle — j) + B(c’ — j) + Balen — j) + Salon’ ~J) =O (14) 


In these equations the notation is the same with the 
following differences : 8, 3, and 5,’ are actual membrane 
transfer coefficients. Thus the efflux of sodium from a 
segment Aw of the descending limb of the vas rectum 
in time Aż is 5 ¢ Az At, ete. Equations (12) and (14) 
express the fact that in the steady state the net flux of 
sodium into an element of interstitial space is zero. The 
‘catchall’ coefficients also can be defined from the second 
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Fig. 1. Diagram of two-loop counter-flow system 
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paper: they are k = 8/(UA) where U is the scalar 
velocity of flow in the vas rectum and A is the cross- 
sectional area. Correspondingly k» = 8:/(UnAn) and 
ken’ = òr (UnAn). 

Comparing the two systems one notes the sign errors 
in equations (2) and (6) of the original paper. These were 
effectively corrected by the second paper, and since the 
equations of the second paper rather than of the first were 
the actual ones utilized in the initial work they would 
not have affected the results. There remains, however, an 
unresolved difficulty in the equations for the interstitial 
concentration. If equations (12) and (14) are solved for the 
interstitial concentration j, we obtain from (12) : 


* 1 7 la li 

J = 35 + Sn [de 4 dc + On Ca + on Cr | (15) 
and from: (14) : 

* 1 Fa é 

J = 2 + Sn) [3c -+ dc + OnCh + Sncn | (16) 


These equations are not equivalent to (5) and (7). This 
can be seen either by comparing equation (12) of the second 
paper with equation (7) of the first, or one can substitute 
from (1), (2), (3) and (4) above into (5). This leads to the 
equation. : 

< ag @ 

-Z = a [e t oc ton t on] (17) 
which is not equation (15) differentiated on both sides. 

Equations (15) and (16) are the correct equations for 
the interstitial concentration. The system is solved by 
substituting from (15) or (16) into the remaining equations 
and solving those with the boundary conditions that the 
tubal concentrations are continuous across the boundary 
between the two regions and match at the turn-around 
point. In addition the entering concentrations in the 
descending limbs are fixed. No conditions are placed on 
the interstitial concentration or the various derivatives. 
The interstitial concentration is computed from (15) and 
(16). When, this is done, with any ordinary selection of 
membrane coefficients 8, ôa, and $n’, @ jump discontinuity 
invariably appears in j at the boundary between the two 
regions. This occurs because the concentrations c, c’, cr, 
and c,’ are continuous at the boundary, and J, given by 
(15) and (16), is a different linear combination of them 
on the two sides of the boundary. Its occurrence reflects 
the assumption in this model of no longitudinal diffusion. 
This discontinuity appears in none of the curves published 
in the first paper of Pinter and Shohet, and it is not 
commented on in either paper. Its absence implies some 
difficulty in the details of the computation. 

The foregoing criticism of some of the details of these 
two papers does not, however, exclude the possibility that 
the model suggested by Pinter and Shohet might be able 
to act as a concentrating or diluting device. Detailed 
analysis of the system shows, however, that the interstitial 
concentration (and all other concentrations) throughout 
region B lie between the maximum and minimum 
concentrations entering region B. The system does not 
therefore act as a counter current multiplier. A proof 
of this statement follows : The first step is to solve the 
system of equations in region B. For later convenience 
we reflect the system in the vertical axis (Fig. 2) and drop 


the superfluous partial derivative notation. This leads 
to the system of equations : 
E = = Mj — o) (18) 
E = hj — 0’) (19) 
Gt = — kalj — en) (20) 
ph Balj — on) (21) 


j = we + we’ + wren + Wren’ (22) 
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Fig. 2. Two-loop counter-flow system reflected left to right 


where we have introduced the abbreviations : 

5 Sh 

w= AS + Sn) Wh = O85 + Sn) 
It will be noted that all constants appearing in the fore- 
going equations are positive definite and that 7 is the 
weighted mean of the various tubal concentrations, 
that is : 
2w + 2wr = 1 

The solution of the foregoing system, hitherto unpublished, 
is simplifed by introducing the new variables : 


























Yy S=e= e | Yy=ce+e 
Yg = Ch — Ch’ Ya = Ch + Cn’ 
This substitution leads to the equivalent system : 
d: 
SA = Qkwa(ys — Ya) (23) 
d 
an = ky (24) 
d 
Ta = — koly, — ya) (25) 
dy 
an = krya (26) 
Í = Wy, + Wha (27) 
This system has the solution in hyperbolic functions : 
2w 
yi(%) = (28) 
2w ak 
y(x) = S yi0) 
2 — 
— ro — y,(0)] cosh a (29) 
Ys (30) 
2wkn? — 
yal) = —S~ y,(0) 
aus 
— ZARR tys(0) — ya(0) cosh ax] (31) 
where : 
= (wrk? + wkn?) (32) 


That these are — can easily be verified by direct 
substitution into the differential equations. Observe 


that : 
Ya — Ya = [ya(0) — y,(0)] cosh ax 

The solution for the interstitial concentration is obtained 
by substituting (29) and (31) into (27) and is : 

. whe? Wrk? 

j = E Y0) + r y,(0) 

2w wrk?  2wrwkpr? 
p AE Bae] fyal0) — ya(0)] cosh aw (33) 


4 
f 
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Solutions for the various tubal concentrations are 
obtained from (28), (39), (31), and (32). These are : 















































a= Yı = Yı t Ya 
= 2s (0) + See onf) 

+ [e(0) - ca(O) Ee cosh «x + eda sinh wx | (34) 

calx) = Yo ws 
— — ae * 

-ſc(o) —cn(0)] [ want cosh ox * sinh wa | (35) 

= — (0) + = cn(0) ” 

+ [e(0) —e¢,(0)] Ee 6b sh ax sinh aa | (36) 

and : l 
2 si (0) + aus : 
—[e(0) —en(0)] ES ae er — sinh aa | (37) 


In the foregoing equations the fact has — utilized that 
at the turn-around point c(0) = c’(0) and cr(0) = ex'(0) ; 
consequently y,(0) = 2:0) and y,(0) = 2c,(0). 

From the foregoing solutions it follows directly that all 
concentrations in region B lie between (6) and ca(8). 
For the most part this is a straightforward exercise in 
algebra, so we will only outline the proof. First we note 
that c(z) and ca(x) are monotone functions of 2, increasing 
or decreasing depending on the sign of c(0) — c,(0). For 
the sake of argument we will assume that c(0) > cp(0). 
Because of the symmetry of the equations the argument 
remains identical in form for ca(0) > ¢(0). ‘In the special 
case ¢(0) = c,(0), all concentrations are constant and 
equal throughout region B. It also is true that if c(z) = 
Ca{x) at any point it fo.lows that e(0) = ca(O). In the 
general case when ¢(0) > ¢n(0), c(x) is a monotonic increas- 
ing function and calx) is a monotonic decreasing function 
from (34) and (35). At any point 2, also, all concentrations 
are bounded above by ex) and below by ca(z). This 
follows from various inequalities. From (34) and (35) 
we have for all a, c(t) > ¢n(z), from (28) c(v) > and 
from (30) ea(x) < ¢,’(x). If then e(x) > cr'(x) and e’(a) > 
c,(2), all tubal concentrasions lie between e(z) and c,{x). 
We first prove that e(x) > ¢n’(x) : 

Subtracting (37) from (34) yields : 


[CP — 





c—er = [e(0) — e(O) + mu cosh ar 


Q0,K _ 2 





sinh a | (38) 


From (32) and the fact that 2w + — = ], we see that « 
lies between k and kr. If knr > a, (or if k = ka = a), 
dividing both sides by the positive factor [e(0) — en(0)], 
we rewrite (38) in the form : 
tC-_ Cr’ k k P | 
6(0) — en(0) =: 2wy, [= cosh ax + > sinh ow 
Ip? 

+ 2w | aosh ae — = sinh ar | (39) 

The first term on the righs-hand side of (39) is obviously 
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positive, that the second is positive follows immediately 
from the fact that cosh ox > sinh av > 0 and kaja > 1. 
Ifkn< «, we rewrite (38) in the form : 


C — Cn’ Qwik. 2wky . 
(0) en (0) = C08 aw + — sinh aw — sinh aw (40) 





a 
Since k,/a < 1 and 2w < 1, we have: 


2wky, 
eA 





sinh ax < sinh ax 
hence: 


— Cn’ ‘ 2wrk , 
c(0) — cpi0) > [cosh aa—sinh ax] + — sinh aw>O0 (41) 


The proof that c’ — en > 0 is identical in form. 

Thus we have shown that at any point æ in region B all 
tubal concentrations are bounded above by c(#) and below 
by ¢,(z). The interstitial concentration j also lies between 
c(x) and er(x). This can be shown algebraically from (33), 
(34) and (35). It can also be shown from (18) and (19). 
Thus from (18) we have de/dz = — k(j — c) > 0, from 
which it follows that c > j. Likewise from (19) we have 
J > cy. It also follows from (22) that c > j > en, because 
the weighted mean of any number of positive quantities 
lies between the greatest and least of them. 

In summary then of the foregoing proof we have shown 
that at any point w in region B, c(x) is the upper bound 
of all other concentrations and cn(z) is the lower bound 
of all other concentrations. In turn c(a) < c(8) and 
ca(x) > ¢x(8); therefore all concentrations in region B 
are bounded above by c(8) and below by c;(6), the entering 
concentrations in the two descending limbs. If we had 
assumed c,(8) > c(8) we would have shown by an argu- 
ment identical in form that ca() becomes the upper 
bound and c(8) the lower bound. 

From a logical point of view this completes the dis- 
cussion. It is interesting, however, to consider the 
behaviour of the solutions in the active region as well. 
Here, the analytical solutions, although they can be 
written down, are very cumbersome and will not be given. 
A note on the solution procedure is in order, however, 
because it applies equally well to computed solutions. 
If Kg is the matrix of the coefficients of the system of 
differential equations in region B (see ref. 4, pp. 116-125), 
the foregoing solutions can be written : 


c(x) = Es? e(0) (42) 
where e{x) is the column matrix with entries c{x), c’(x), 
n(x), cn’(x), and e(0) is the corresponding initial column 
matrix with entries c(0), c(0), ca(0), ca(0), where again we 
have utilized the boundary conditions c(0) = c’(0) and 
cr(0) = ¢,,’(0). Correspondingly in region A we have : 

(ax) = eXa-8) €(8) (43) 
If we impose the boundary condition that the tubal 
concentrations are continuous at x = ĝ we can substitute 
from (42) for e(8) and obtain : 


c(x) = eE) oF 28 (0) (44) 

If c(0) and ¢,(0) were known the solution of the system 
would be given by (44). In practice the concentration 
in the descending limbs at the cortico-medullary border 
is fixed, that is c(Z) and c,(Z) are fixed ; therefore, ¢(0) 


in (44) is chosen so that these boundary values are satisfied. _ 


This can be done either by solving (44) analytically for 
c(0) and ca(0) in terms of c(L) and cra( L), or some type of 
convergent iterative method can be used for numerical 
solutions. Such a solution which used programmes 
SAAM 21 is shown in Fig. 3. This solution illustrates the 
jump discontinuity in the interstitial concentration and 
the other properties of the solution mentioned above. 
It also illustrates another property, which is that, at some 
point &m in region A, the interstitial concentration j(%m) 
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is greater than all concentrations in region B (less in a 
diluting system). We will now prove this statement 
(for simplicity we will continue the previous convention 
that ¢(8) > e:(8)): If because of the jump discontinuity 
in J at B, we have j(§8 + 0) > c(8) there is nothing to be 
proved. If, however, j(8 + 0) < e(ß), since the equation 
for c(x) in region A remains the same : 
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de 7 


Tp = kle — j) (45) 


de ; ; 
we have [ — > 0. Certainly, also, in a concen- 


trating system c(8) > c(Z), because otherwise all con- 
centrations in region B would be less than c(Z). Therefore 
in region A, c(z) — c(@) must have at least one maximum 


value such that T = 0. We will consider the first such 
to the right of 8, say at am. From (45) we have : 


k[c(tm) — j(%m)] = 0 (46) 
from which we obtain : 
C(Em) = j(@m) > el) (47) 


Thus j(#m) is greater than all concentrations in region B. 

This completes the analysis of the two-loop system. 
The analytical treatment is very complicated in similar 
systems having more than two loops and we have not 
found it profitable. However, by an extension® of the 
qualitative arguments one can prove identical results 
for systems with any number of flow tubes. Namely, 
the concentrations in the passive region all lie between 
the maximum and minimum entering concentrations in 
the passive region, and all are greater or less depending 
on whether one is considering a diluting or concentrating 
system than the minimum or maximum interstitial con- 
centrations in the active region. ‘Therefore, although 
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Fig.3. Sample computed concentration curves in two-loop system. Arrowed 
lines give concentration (in arbitrary units) in loop of Henle and vas rectum. 
Arrows indicate direction of flow. Solid line gives interstitial concentration. 
Boundary conditions are that the entering concentrations (at s= L) in the 
descending limbs are 1'0, and that the concentrations in ascending and 
descending limbs match at the turn-around point (=O). Note the exponen- 
tial decrease in region “A” of the concentration in the ascending limb of 
Henle's loop because of active sodium ort out of it. Note also the jump 
discontinuity in the interstitial concentration and that all concentrations In 
region “B” He between the concentrations in the descending limbs. Here 
¢,(B)>c(B). See text for discussion of c(B) > e (P) 





ach — show some very -o behaviour they 
cannot account for the sodium concentration profile in 
the renal medulla. 

I thank Drs. Robert Berliner, John Z. Hearon, Jose 
Gonzales-Fernandez, Mones Berman, and Carl Gottschalk 
for their helpful discussion. 
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THE discrepancy between our results and thos 
Stephenson arises fram our assumption that in the m 
there is continuity of interstitial fluid concentrat 
through site beta. This assumption appeared both natu 
and necessary at the time but, as Dr. Stephenson ha 
pointed out, does nct follow from other features of th: 
model. However, it seems unlikely that any physical 
system would exhibis the interstitial fluid concentration. 
profile described by Pr. Stephenson, At the present. im 
we are investigating the conditions under which, in 
purview of physical reality, pump discontinuity of in 
stitial fluid concentretion may be eliminated. — 

GABRIEL G. 





PINTER ; 
Department of Physiology, J 
School of Medicine, 
University of Maryland, 
Baltimore. 





FAILURE OF HEXACHLOROBENZENE TO CONTROL COMMON 
. = BUNT OF WHEAT 


By J. KUIPER 


Merrindale Research Station, imperial Chemical Industries of Australia and New Zealand, Ltd., Croydon, Victoria, Australia 


EXACHLOROBENZENE, the active constituent of 

several seed-dressing products, i is generally accepted 

in Australia as well as elsewhere to be one of the most 

effective fungicides for control of common bunt. (Tilletia 
caries (DC.) Tul. and T. foetida (Wallr.) liro) of wheat}~, 

Hexachlorobenzene and organically combined mercury 
were included as reference treatments in wheat seed- 
dressing trials in the 1964-65 season in South Australia 
and Victoria in which a number of chemicals were tested 
for their ability to control seed- and soil-borne bunt. For 
the seed-borne bunt trials wheat seed (var. ‘Olympic’) was 
inoculated by ball-milling it for 20 min in glass jars with 
0-5 per cent by weight of teliospores of 7’. caries and T. 
joetida. Inoculated and non-inoculated (soil-borne bunt) 
wheat was dressed in the same way with the treatments 
at the rates given in Table 1. The ‘No-Bunt’, being a 
slurry, had to be diluted with the same amount of water 
to obtain satisfactory coverage. 

The Northfield, Sydenham, Corop and Natimuk trials 
were laid down with a commercial combine. Each of these 
trials consisted of two randomized blocks with single-row 
plots about four chains long. A sample of 1,000 heads 
was taken from the total collected harvest of each of the 
plots and assessed for bunt. At Silvan, sowing was done 
by hand to 12-ft. long row-plots.in a four-times replicated 
randomized block trial for each seed- and soil-borne bunt. 
The complete yield per plot—about 200 heads—was 
assessed for bunt. The results of the trials for seed-borne 
bunt are given in Table 1 and those of the trial for soil- 
borne bunt in Table 2. Pe 

‘The ineffectiveness of hexachlorobenzeno i in these trials 
was most unexpected, and in connexion with this the 
following facts are relevant: 

(1) Since three different. proprietary products of hexa- 
chlorobenzene were used, the popet iiy of a faulty batch 
can be excluded. 

(2) The trial in South Australia was organized by an 
independent co-operator. Furthermore, the aliquots of 
seed for each of the Victorian trials were prepared separ- 
ately. Thus, the chance that an inaccuracy in experi- 
mental procedure has been carried es the six 
different trials can be ruled out. > 

(3) Hexachlorobenzene was included as a reference 

treatment in one trial only in 1963-64, when it was quite 
inferior to ‘Ceresan’. This was then thought to be a 
chance result. In this trial ‘Insignia’ wheat was used. 


(4) The inoculum eriginated from a naturally infected... 
wheat crop (var. ‘Insignia’) near Quambatook (Vic.) and ~ 
was procured in 1963. It carried about 900 spores of” 
T. foetida per grain only and. was. therefore inoculated. =: 
with teliospores of T. caries at 0-5 per cent of the weight 
of the seed for use in the 1963-64 trials. The bunted ears’. 
of these trials were saved and were used to inoculate the 
seed wheat of the 1934-65 trials. 

(5) The history o” the Quambatook crop could be 
traced and it appeared that the seed wheat for it had 
been treated with #0 per cent hexachlorobenzene at 
1 oz./bushel. 

(6) Information from various sources indicates that 
during the 1964-65 season especially, bunt has become 
troublesome in certain areas of Australia and it has 
appeared more difficalt to control. Three farmers who 
had bunted crops that season advised that their seed 
wheat had been wel pickled with hexachlorobenzene. 

One of them had appled it at double the standard dosage, = = 
since his crop was kunted the previous season despite. 
dressing with hexach orobenzene. a 

(7) Excellent results with hexachlorobenzene as Hox : 
cebunt’ at 2 oz./bu. were obtained in the 1964-65 trials- 
conducted by the Department of Agriculture of Victoria. — 












Table. 1 RESULTS OF TRIALS FOR CONTROL OF SEED-BORNE BUNT aT 
Five DIFFERENT Locations ae 


Mean percentage bunted heads a 
Silvan*,. 


Northfield, Sydenham, Corop, Natimuk, 
Treatment S.A. Victoria Victoria Victoria  Vietotia 
Control 52-05 77:30 5365 54-20 786 ` 
‘Ceresan’ T 0-60 0:35 O15 0-15 0-48 
HCBt 39°15 24-10 11-75 17-96 3:13 


* The low take of the disease was probably due to sowing late in the: 
séason when the soil temperature would have been above optimum during 
the infection period. l 

f En the Northfield trial, LC.1.’s ‘Ceresan’ (1-5 per cent Hg as phenyl. —: 
mercuric acetate) was used at 1-5 oz./bu.; in the other four trials it was — 
applied at 2 oz./bu. ue 

t The wheat in the Nortafield trial was dressed with Union Carbide’s ` 
‘Hexcebunt’ (30 per cent, HCB) at 1 oz./bu.; in the Silvan trials, ICIANZ’s ` 
‘Buntosan G’ (30 per cent HEB) was used at 2 oz./bu.; and in the remaining | 
pater mals ina was done with Chipman’s ‘N o-Bunt? (40 per cent HCB) - 
at i 02. bU 


Table 2. RESULTS OF THE SILVAN TRIAL FOR CONTROL OF BOM-BORNE BUNT 
Treatment Mean percentage bunted heads 
Control 34-21 
‘Ceresar” * 20-00 
HCB* 16-24 


* For dressing rates see footnotes to Table 1. 


In these trials, Olympic wheat was moculated at 0-5 per 
cent with T. foetida spores from bunt balls collected from 
a naturally infected wheat crop near Underbool, Vic. 
Departmental officers believe that this wheat was bunted 
because seed treatment had been omitted; this opinion 
awaits confirmation. Underboo] is 110 miles from Quam- 
batook as the crow flies. 

Microscopic examination of the teliospores collected 
from each of the commercial crops and of those from the 
hexachlorobenzene treatments in the trials showed the 
presence of T'. foetida, whereas both T. caries and T. foetida 
had infected the samples from the control plots. Initial 
comparisons failed to reveal substantial morphological 
differences between the teliospores of T. foetida from the 
Departmental trials in which hexachlorobenzene was 
effective and those from the crops and trial treatments in 
which hexachlorobenzene was ineffective. 

Under controlled conditions artificial adaptation of 
fungi to fungicides has been demonstrated*-?; but we 
have seen no convincing evidence that tolerance towards 
fungicides has been found in fungi attacking growing 
crops. Nevertheless, the foregoing results strongly suggest 
that a race of T. foetida with a very high level of field 
tolerance towards hexachlorobenzene has developed in 
Australia. This appears to be present in at least the 
following districts of Victoria: southern Mallee, northern 
and eastern Wimmera and the western part of the 
Northern District. 
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It has been suggested’ that a specific fungicide may 
give rise to resistance more readily than a non-specific 
one. Hexachlorobenzene is the most specific commercial 
fungicide known, and the finding reported here seems to 
fit this suggestion. The apparent novelty of the dis- 
covery necessitates adequate research into the nature of 
the race. 

The capability of T. foetida and T. caries to produce new 
races is well known®!°; new races which adapt them- 
selves to varieties bred for resistance do develop rapidly”. 
It has also been found that races of bunt varied in their 
response to low dosages of seed-dressing in laboratory 
experiments, but this could not be confirmed in the field’. 

I thank Mr. H. Hannaford, seed-dressing contractor, 
for organizing the Northfield trial, and Mr. L. Jones, of 
the Department of Agriculture of Victoria, for making 
his trial results available. 
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MORPHOLOGICAL, BIOCHEMICAL AND FUNCTIONAL CHANGES IN THE 
SYMPATHETIC NERVOUS SYSTEM OF RATS TREATED WITH 
NERVE GROWTH FACTOR-ANTISERUM 


By Pror. ELEANOR ZAIMIS and LUCIENNE BERK* 


Department of Pharmacology, Royal Free Hospital School of Medicine, London 
AND 


Dr. B. A. CALLINGHAM 


Department of Pharmacology, University of Cambridge 


REVIOUS investigations have demonstrated that in 

rats treated at birth with the antiserum to Levi- 
Montaleini’s “nerve growth factor’ (NGF)! there is an 
almost complete absence of peripheral sympathetic 
innervation in organs supplied by the paravertebral 
ganglia. The reduction in volume and in nerve cell 
density of these ganglia is greater than 90 per cent; 
moreover, the few surviving cells are, as a rule, reduced 
in size and they do not stam with basic dyes as deeply 
as those of the control rats*. In the same 
treated animals the pressor as well as 
the positive inotropic responses to in- 
jected adrenaline and noradrenaline are 
significantly greater and more prolonged. 
These results correlate well with the 
almost complete absence of noradrenaline 
from the heart and the loss of its capacity 
to take up noradrenaline’. 

In the present experiments an attempt 
was made to determine the degree of 
atrophy in the coeliac and mesonteric 
ganglia, and also to correlate the morpho- 
logical with the functional and biochemical 
changes. In the rat the least (lowest) 
splanchnic nerve from the third or fourth 
lumbar ganglion curves around the aorta 
and meets the nerve from the opposite 
side at the bifurcation of the aorta in 
a ganglion from which a pair of nerves 


Fig. 1. 


* Supported with a Medical Research Council grant, 





emerge and continue with the inferior mesenteric artery 
to the pelvic viscera‘, 

Wistar and hooded rats were treated for the first five 
days after birth with saline solution or with NGF-anti- 
serum (generously supplied by Profs. R. Levi-Montalcini 
and P. Angeletti). Area measurements were made in six 
coeliac and four mesenteric ganglia removed from four 
contro] rats and five treated with NGF-antiserum. After 
the sectioning of the whole ganglion, each serial section 





Mounts from (1) cervical, (2) coeliac and (3) mesenteric ganglia removed from 


control (C) and treated (T) rats 
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Fig.2 A comparison between the noradrenaline content (black columns) 
and the uptake of tritiated noradrenaline (white columns) in rats treated 
with NGF-antiserum 


was projected with the help of the camera lucida, and the 
contour of the section drawn on paper. The sections from 
each ganglion were then weighed separately. Table 1 
gives the age, sex ənd weight of control and treated 
animals, together with the results obtained. Since the 
weight of the total number of sections is proportional to 
the volume of the ganglion, the figures indicate that the 
mesenteric ganglia removed from the treated rats were 
not different from the controls; in contrast, the coeliac 
gengha were reduced by about 75 per cent. Moreover, 
the cell density in the coehac ganglia of the treated 
animals was about 20 per cent lower than that of the 
controls. The nerve cells, however, in both coeliac 
mesenteric ganglia, appeared almost normal and did not 
show any of the major changes found in the few remaining 
ganglion cells of the paravertebral ganglia. Mounts of the 
cervical, coeliac and mesenteric ganglia removed from 
treated and control rats also illustrate these differences 
(Fig. 1). 
Table 1 


Controls Treated Toa NOP an nacruni 


Rat Mean 5 Mean 


2 1 
Age (mths.) 4 4 9 7 4 5 9 25 tt 
Sex F M M M M F M M 
Weight (g) 145 290 235 205 220 310 
0 


Coeliac * 18 0 32 244 60 25 101 6 2 
Mesenteric* 1:2 1-6 14 10 15 18 


* Total measurement of each ganghon computed as indicated in the text. 
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Table 2. UPTAKE OF TRITIATED NORADRENALINE 


Control Treated uptake 
Tissue ng/g tissue + S.E. Treated as % of control 
Heart 8-6 + 0:67 0 644013 76 
Spleen 1+4+0 26 0:144+0°09 9-7 
Lung 0714026 0 09 +0 03 12-6 
Kidney 05 +012 0 09 +002 138 
Submaxillary (M) 49 1-52 32-4 
gland (BF) GER 0i 10-2 
Stomach lG +014 061+0-14 57-5 
Duodenum * 1z44017 064+012 516 
Small intestine O*7 +015 01940 03 28°3 
Caecum * 1-234019 0 134003 11:5 
Colon * 0.04014 0-18 +0 01 36 0 
Rectum * 9 12014 O42+011 691 
Skeletal muscle 0 =5+0 05 0 02+001 80 
Vas deferens 2 54 4 79 214 
Uterus osz 0 25 109 
ng/pair of glands 
Adrenal glands 0 .8* +0 02 0-23 +0 07 128 


All others where standard 
Values without standard errors are frorn 3 


* These groups were compcsed of 4 animals. 
errors are quoted are groups o” 6. 
animals, 


There was good correlation between the morphological 
findings, the catecholamine content of the tissues, and 
their ability to take up circulating tritiated noradrenaline 
(Fig. 2). The catecholamine content of the heart, spleen, 
small intestine and vas deferens was assayed fluorimetric- 
ally after extraction ard ion-exchange purification®.*. The 
results obtained showed that the noradrenaline content 
of the heart and spleen was almost zero, that of the small 
intestine was about 2& per cent, while the noradrenaline 
content of the vas deferens was 65 per cent of that of 
the controls. For the uptake experiments both control 
and treated animals were killed 3 h after the intra- 
venous administration of 5 ue. (0:7 ug as base) of pi-*H- 
noradrenaline (pL-noracirenaline-7-T hydrochloride: Amer- 
sham). Unchanged *H-noradrenaline from the various 
tissues was extracted and purified according to the pro- 
cedure indicated previously and then assayed by liquid 
scintillation counting. Table 2 shows the results obtained. 
The uptake of *H-noradrenaline was less than 14 per cent 
in the heart, skeletal muscle, spleen, caecum, lungs and 
kidney; about 30 pe cent in the small intestine and 
colon, about 50 per cent in the duodenum, stomach and 
rectum, unchanged in the uterus and more than 200 per 
cent in the vas deferens. The great increase in the uptake 
of tritiated noradrenaLne by the vas deferens may be the 
result of more persistent blood levels resulting from the 
defective uptake by ths other tissues. Similar results have 
been obtained by Iversen, Glowinski and Axelrod’. 

It has been previously reported that the pressor as well 
as the positive inotropic responses to injected adrenaline 
and noradrenaline were significantly greater and more 
prolonged in the NG=>-antiserum-treated rats?. In the 
present experiments the sensitivity of the intestine to 
injected adrenaline wes examined and it was found to be 
significantly greater than that of the controls. Fig. 3 
illustrates these differances. 

Thus, it appears thst the administration of NGF-anti- 
serum in new-born rats results in almost complete 


[Na — 
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Fig. 3. Anaesthetized rats. Effect of adrenaline (ADR) on bigog —— and intestinal motility, loth recorded with the aid of Statham 
ransducers 
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destruction of the paravertebral ganglia, a severe atrophy 
of the coeliac ganghon but a very limited effect on the 
mesenteric ganglion. Moreover, in the treated animals 
there is a correlation between the degree of destruction of 
their sympathetic ganglia and the biochemical and func- 
tional changes in tissues supplied with adrenergic neurones 
by these ganglia. 

In general, therefore, the present results agree with 
those reported by Vogt in suggesting that, in the rat, 
the paravertebral and prevertebral gangla are not 
equally affected by the NGF-antiserum. Nevertheless, in 
our experimental animals the ¢oeliac ganglion was 
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severely affected, though not to the extent of the para- 
vertebral gangha. 

My thanks are due to the Palissade Foundation, Inc., of 
New York, for partially financmg this research. 
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REDUCED UPTAKE OF TRITIATED NORADRENALINE IN TISSUES OF 
IMMUNOSYMPATHECTOMIZED ANIMALS 


By Drs LESLIE L. IVERSEN, JACQUES GLOWINSKI and JULIUS AXELROD 


Laboratory of Clinical Science, National Institute of Mental Health, National Institutes of Health, Bethesda, Maryland 


HVI-MONTALCINI and Booker? have demonstrated 
that there ıs a marked reduction in the size and 
number of neurones in the spinal sympathetic gangha of 
adult rats and mice which were treated shortly after birth 
with an antiserum to the sympathetic nerve growth 
factor. In addition to the morphological changes there is 
also a marked reduction in the noradrenaline content of 
the heart, spleen and lungs in these animals?. 

Sympathetic nerves have been shown to be the site of 
uptake of circulating noradrenaline**. The uptake of 
radioactive noradrenaline can therefore serve as a useful 
tool to measure the extent of sympathetic innervation in 
peripheral tissues. This report describes the uptake of 
SH-noradrenaliné in various tissues of rats and mice 
which were treated with an antiserum to the nerve growth 
factor soon after birth. 

Three-day-old rats were given a subcutaneous injection 
of 150 ul. of bovine antiserum to the nerve growth factor 
(68,000 antiserum units/ml., kindly supplied by Dr. R. K. 
Richards, of Abbott Laboratories); these animals recerved 
a second similar dose of the antiserum the following day. 
Mice were treated with a single subcutaneous dose of 
50 ul. of the antiserum preparation on the third day after 
birth. Treated animals and untreated controls were 
reared together. When the animals were five weeks old, 
puL-*H-noradrenaline (New England Nuclear Corp., Boston, 
Mass., specific activity 4:96 c./mM) was administered as a 
subcutaneous injection of 0-5 uc. and 1-0 we./g body-weight 
to rats and mice, respectively. The animals were killed 30 
min later, and the heart, spleen, salivary glands and small 
intestine were removed from rats, and the heart and 
spleen from mice. The *H-noradrensline content of these 
tissues was then assayed by a method previously de- 
scribed’. In the immunosympathectomized animals there 
was a marked reduction in the *H-noradrenaline accumu- 
lation in the rat and mouse heart and in the rat spleen 
and salivary glands. Although there was also a con- 
siderable reduction in the accumulation of *H-nor- 
adrenaline in the rat intestine and mouse spleen, this 


Table 1, UPTAKE OF *>H-NORADRENALINE IN THE TISSUES OF NORMAL AND 
NOSYMPATHECTOMIZED RATS AND MICE 


Y% Decrease in 


Animal Tissue *H-Noradrenaline content immunosympath- 
-mae jg+ S.E.M. ectomized tissues 
ormal Treated 

Rat Heart 668-0 + 21-0 218+ 28 96 8 

Rat Spleen 995+ 60 92+ 12 908 

Rat Submaxillary 316064340 860+ 39 88 6 

Rat Jejunum 59:5+1486 23°3 + 2-9 607 

Mouse Heart 1,475 0+65 5 39 8+15-1 97°3 

Mouse Spleen 982+ 77 44-54 75 548 


*H-noradrenaline was administered 30 min before the animals were killed, 
details of dosage and antiserum treatment are given in text. Each value 18 
the mean of a group of 6 normal rats, 8 treated rats, 5 normal muče or 6 
treated mice + standard error of the mean, 


reduction amounted to only 50-60 per cent as compared 
with 90-98 per cent reduction in the other tissues 
examined, Similar differences in the effect of immuno- 
sympathectomy on the uptake of *H-noradrenaline in 
various tissues of the rat have been found in an inde- 
pendent investigation by Zaimis, Callingham and Berk’. 
The negligible amounts of *H-noradrenaline found in 
the hearts of immunosympathectomized animals, when 
compared with normal controls, indicate the almost 
complete absence of sympathetic innervation im this 
organ in the treated animals. This finding is in agree- 
ment with histological evidence which shows a striking 
reduction in the cell population of spinal sympathetic 
ganglia in immunosympathectomized animails!; and with 
biochemical observations which have shown that endo- 
genous noradrenaline is virtually absent in the hearts of 
Immunosympathectomized animals?:*. In the isolated 
perfused hearts of immunosympathectomized rats it has 
been found that the uptake of °%H-noradrenaline is 
markedly reduced”. However, despite the antiserum 
treatment, other tissues, such as the mouse spleen and 
rat intestine, retained the ability to accumulate relatively 
large amounts of *H-noradrenaline. These observations 
suggest that the antiserum treatment affects certain 
areas of the sympathetic nervous system more than 
others. Recently, Vogt?® in a histological investigation 
of the sympathetic gangha of immunosympathectomized 
rats has shown that while there was a marked reduction 
in the size and cell density of spinal sympathetic ganglia, 
the coeliac and mesenteric ganglia appeared normal. 
Since the latter ganglia innervate the intestine and 
spleen, this finding may explain the smaller effects on 
noradrenaline uptake observed in these tissues. 
Levi-Montalcini and Cohen" have demonstrated that 
the antiserum to the nerve growth factor is most effective 
if administered soon after birth. The development of 
the ability of the rat heart to accumulate *H-noradrenaline 
has been examined in this laboratory. It was found that 
the uptake of labelled noradrenaline in the hearts of one- 
to six-day-old animals was considerably less than in 
adults; however, between the sixth and fifteenth day of 
life there was a rapid development of the ability to 
accumulate %H-noradrenaline??. These observations 
indicate that the sympathetic innervation of the 
heart is incomplete in new-born rats, but develops 
rapidly in the early postnatal period. The action of the 
antiserum may depend on the stage of development of 
the sympathetic nerves at the time of administration of 
the antiserum. The almost complete effectiveness of the 
antiserum treatment in the heart, at a time when the 
sympathetic innervation to this organ remains un- 
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developed, suggests that the antiserum acts most potently 
at a time when the sympathetic nerves are beginning to 
grow or ate already in a phase of rapid development. The 
reduced actions of the antiserum in certain other tissues 
such as the intestine and spleen might be related to the 
inappropriate state of development of the sympathetic 
innervation to these organs at the time of adminis- 
tration of the antiserum. It is possible, for example, that 
in new-born rats and mice the prevertebral sympathetic 
ganglia are already fully developed?®; alternatively, these 
ganglia may be specifically resistant to the actions of the 
antiserum at all stages of development. 

1 ei R., and Booker, B., Proc. U.S. Nat. Acad. Sei., 46, 373 
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USE OF NUCLEAR AND ELECTRONIC RESONANCE SCATTERING IN 
CRYSTALLOGRAPHY 


By Dr. P. J. BLACK 


Department of Physics, University of Birmingham 


HE scattering of radiation by an atom changes in 

amplitude and phase as the frequency of the radiation 
is varied in the vicinity of a resonance of the scattering 
system. -Such variations of frequency will therefore 
cause changes in the intensities of the diffraction spectra 
from a crystal contaiming the resonant atom, and these 
changes can provide additional information which may 
help in the problem of determining the crystal structure 
from. the diffraction intensities. 

Effects of this type can be found in the nuclear resonance 
scattering of y-rays by the Mossbauer effect, and it has 
been. suggested? that the Mossbauer effect could be used 
to assist in crystal structure determination. Similar 
effects can also be found in the scattering of X-rays 
by atomic electrons and these effects have been exploited 
by crystallographers. 

The purpose of this article is to explain a method by 
which nuclear resonance effects could be used to achieve 
a considerable simplification in the problem of structure 
determination. It will also be shown that the same 
method can be applied for electronic resonances and that 
it ıs an extension of methods already developed and used 
with these resonances. The nuclear and electronic tech- 
niques will then be compared in order to determine which 
is more likely to be useful in practice. 

Nuclear and electronic resonance scattering. Nuclear 
resonance excitation by the Mossbauer effect gives a 
scattering mechanism which is coherent and which can 
therefore give rise to diffraction effects: a direct observa- 
tion of such effects has been reported by Black and 
Duerdoth’. This scattering mechanism differs from that 
normally involved in X-ray diffraction in that the life- 
time (t) of the intermediate state is much longer (10-7 see 
compared with 10-18 sec) and, correspondingly, the half- 
width of the resonance 1s very much smaller. (The way 
in which the difference in the life-time affects the nature 
of the Debye-Waller factor has been discussed else- 
where*>.) The scattermg length for a resonant oscillator 
can be regarded as composed of real [#(w)] and imaginary 
[{(@)] components which vary with frequency (w) in the 
manner shown in Fig. la (ref. 6). The curves are asym- 
metric, but for the Méssbauer case where w/k (where k is a 
damping constant equal to 1/7) is of the order of 101? the 
asymmetric effects are negligible, the non-zero asymptotic 
value of 2(w) for large œ ıs also negligible and the scatter- 
ing length can be represented by a simple formula as 
used in equation (1) here. 

The electronic scattering of X-rays is also a resonance 
scattering, but in this case w/k is about 10° and the single 
oscillator level of the nucleus is replaced by a continuous 


distribution of oscillator levels the oscillator strength of 
which is represented Dy a density function g{), where, 
if wz is the frequency of an absorption edge, g(w) = 0 
for œw < wx, while, for » > wr, g(œ) decreases monotonic- 
ally from a large initicl value at o = ox. 

The in-phase and out-of-phase components of Fig. la 
have to be integrated over this contmuum to give the net 


R(w) 





Ilw) 
59g (c) Tg 


w/w, 





05 096 


T fusja, 


Fig 1 Real and imaginary components of the response. (a) of a single 
oscillator—the asymptotic tormulae are given 1m brackets on each curve; 
(b) of typical oscillators ic a contmuum with natural frequencies all 
greater than wz; (c) of an 2lectron shell—formed by mtegrating over a 
continuum of type (b). g 1& the total oscillator strength of the level from 
which transitions are excited. , 1s the resonance frequency for the single 
level of (a), wx the smalless resonance frequency of the continuum for 
(b) and (e). In (a) and (0), 4/; has been taken as 1/8 to exaggerate the 
asymmetry effects: in (e) &/m is taken as 10°—a typieal value for 
electronic resonances 
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effect of scattering from a single electron shell, as shown in 
Fig. 1b and e. The out-of-phase part dies away very 
rapidly for œ < œp and more slowly for œ > wx. The 
In-phase part has an asymptotic value for large w which 
would only be 1 in 10* of the peak response for a single 
level but which after integration over the continuum has 
æ value of the order of 1 in 6 of the peak response. It is 
this asymptotic value which gives the ‘normal X-ray 
scattering far from resonance. Appreciable deviations 
from this normal value are found for all values of œ 
smaller than about 2a,. The curves of Fig. le cannot 
be accurately represented by a simple analytic formula. 

Phase determination: nuclear resonances. Nuclear 
resonance scattering from atomic systems cannot be 
observed in isolation because the incident radiation is also 
scattered by the electrons. The two scattering mechan- 
isms are coherent with one another and the amplitude 
scattered by an atom is given by?: 

N 
A+ y; (1) 
where A is the electronic scattering length (for the purpose 
of this section, it will be assumed that w is far from any 
electronic resonance frequency so that A is real), N the 
peak value of the nuclear scattering length and S = 
h(w — s) zI, where T is the full width at half height of 
the resonance curve (in energy units). The intensity per 
atom J(S) is therefore: 
Ne 2NAS 


T(S) = A? + OFS) + a+ 8%) (2) 


The last term gives rise to an asymmetry in I(S) about 
S = 0 and represents interference between the two types 
of scattering. Detailed discussions of the interference 
effect and experimental observations of I(S) have been 
published*:7.8§, For scattering from a crystal, equation (2) 
has to be modified to allow for the effects of the change in 
absorption coefficient around resonance, for the presence 
of various types of disorder which affect the division of 
intensity between diffraction peaks and background, for 
the range of frequencies present in the Mossbauer source 
line and for the non-ideal widths of the source and scat- 
terer lines. These modifications have been discussed ın 
the references quoted‘ *, and it will be assumed here that 
T(S) can be corrected for the variation in absorption with 
S and that all other modifications can be incorporated by 
modifying the values of A, N and T, and by replacing the 
factor 2 in equation (2) by a numerical factor p, the value 
of which can be calculated from measurements of the 
source and scatterer resonance. 

For a diffraction spectrum ((hkl) represented by H) 
from a crystal containing both resonant and non-resonant 
atoms, equation (2) can be modified by replacing both 
A and N by the corresponding values for the scattering 
per cell, An and Nyy. If the phase cf the contribution of 
the electronic scattering of the resonant atoms is taken 
as the reference direction of phase for this spectrum, then 
Nu/(S — i) correctly represents the resonant scattering 
length and Ng is by definition positive and real; Ay 
can be written Ay exp (iby) where Ay is positive by defini- 
tion and By is the phase angle between Ay and the refer- 
ence direction. Then (2) becomes: 


(Ny + pNy Au sin ba) 
(1 + 8?) 
pNyAxy S cos by 9 
(1 + 8?) (3) 
The size and sign of the interference asymmetry depend 


on Bp: a reversal of sign in this-effect between different 
spectra has been observed in the scattering from potas- 


Ig(S) = Ag + 


* Although R(w) for w > œp is negative (Fig. 1c) fb is conventional to 
represent the atomic scattering factor (J) as positive and also to represent 
resonant effects in electronic scattering by terms of the form +74f" where 
áf” corresponds to Iw). The form of the term in N and the positive sign 
for A have been chosen to conform with these conventions: a strict adherence 
to the forms illustrated ın Fig. 1 would not alter either of the equations (2) (3), 
for seattered intensity. 
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sium ferrocyanide®. It is easy experimentally to vary S, 
and in particular to make it much greater than unity so 
that Iq(co) = Ag can be measured. It is then possible 
to plot (fg(S) — Iq(o)) (1 + 8?) as a function of S, 
which should give a straight line the slope and intercept 
of which are pNyAy cos By and Ng + pNyAn sin By, 
respectively. These two parameters can thus be determ- 
ined from a minimum of three readings (Iy(S8) at S = œ 
and at two other values of S); if Ny < Ap so that NA 
ean be neglected they determine Ny and fy unambigu- 
ously. For a centrosymmetric crystal, sin By = 0, cos 
Bu = + 1 and the two parameters again determine Ny 
and By unambiguously. However, in the general non- 
centrosymmetric case J(S) for the inverse spectrum 
(hkl = H) must also be measured: Ig(S) obeys equation 
(3) except that By is replaced by (-Bix), so that the data 
can yield a value for (Nq — pNyAp sin $y). Then fx 
and Ny are completely determined. 

The relative phases of the different diffraction spectra 
are not determined by these results. However, the values 
of Ny can be used, for example, in a Patterson map, to 
determine the structural arrangement of the resonant 
atoms. From this structure the relative phases of the 
resonant atom contributions can be computed which, 
together with the measurements of the By values, serve 
to determine the phases of all the spectra. Thus the 
problem of determining the structure as a whole is reduced 
to the problem of determining the positions of the resonant 
atoms. 

Electronic resonances. The essential features of the fore- 
going method do not depend on the specific properties of 
nuclear resonances, and a similar treatment can be 
developed for the electronic case. The simple expression 


N 
for the resonance anomaly, — , has to be replaced. 


by an expression of the form (Afa + tAfa)on, where 
Afo and Afo are the in-phase and out-of-phase com- 
ponents, respectively, of the so-called anomalous scatter- 
ing for frequency w, and og is a geometrical structure 
factor arising from summation over the resonant atoms 
in a unit cell; it is here assumed that all these atoms 
are of the same atomic species. With the same definitions 
of phase reference equation (3) is replaced by: 


L(@i)y = (An cos By + Afo ay)? + (du sin Ba + 
Afo ag)? (4) 
A. similar equation is derived for I(m!)g@ by replacing 
B by {—f) and hence: 
Al, = Hoa — I(o1)H] = 2Ayoy sin Bo Afo 
and: f 


Hlor + Hoa] = AÅ + of[(Afe,)? + (Afo 
+ 2Ang cos Ba Afo (6) 


If measurements are then made at another frequency 
Wa, then: 


A 
I(o2)a— Al; we = Alt oft [(Afoa)® + (Afo)*] + 
2A ay cos ByA fos (7) 
A. similar equation can be written down for a third 
frequency @,, and from this and equations (6) and (7) 
Af On and 2Anoy cos Ba can be found. These, with 
equation (5), determine oy and By without ambiguity. 
As in the section ‘‘Nuclear Resonances’’, four independent 
measurements give a complete solution in principle and it 
-is easy to show from (5), (6) and (7) that three suffice in 
the centrosymmetric case, and also m the acentric case 
if the term in og in (6) and (7) is negligibly small. Substi- 
tution of the appropriate special forms for Af, and 
Afo in (5), (6) and (7) gives the results for nuclear 
resonances. The results for ag and Gy can be used to 
determine a structure by the method described here for 
Ny and bg. 
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Equation (5) is the basis of the well-known method for 
determining the absolute configuration of structures!’ 1 
while the solution of simultaneous equations of type 
(6) and (7) is the basis of the isomorphous replacement 
method. Several authors'*-" have pointed out that a 
combination of these two techmques can resolve the 
ambiguity in the value of 8 given by (5) when used alone, 
if the anomalous atom positions are known. The result 
stated here is implicit in this previous work, but it has 
not been stated explicitly that measurements of In and 
Iñ at one frequency combmed with measurements of 
Ig at two other frequencies can be used to determine 
amplitudes which can yield a Patterson of the resonant 
atoms alone, and to determine phases if this Patterson 
ean be solved; moreover, this method does not appear to 
have been used in practice. It is nowhere necessary to 
assume for the method that the anomalous scatterer is a 
heavy atom. Ingenious ways of using limited data such 
as those of equation (5), which are inadequate for the 
complete solution presented here, have been developed 
and applied’4-15, Hazell: has given the present solution in 
explicit form for the centrosymmetric case together with 
an example of its use to solve a structure. 

In the general case, (wt) and T(%) must be measured 
at a frequency greater than the absorption edge frequency, 
but œ, and ws can be any frequencies. In the centro- 
symmetric case none of the measurements needs be made at 
frequencies greater than the absorption edge frequency. 
For many spectra the solutions of the equations may be 
very inaccurate since they may depend on small differences 
of intensity, but significant results may nevertheless be 
derived from the cumulative effects of data on many 
spectra, particularly if suitable weighting functions can 
be used?’. 

Choice of technique. The nuclear technique is limited to 
nuclides for which the Mossbauer effect can easily be 
observed and for which the resonance wave-length gives 
crystal diffraction spectra at convenient angles. It 
appears that “Fe and 42°Sn, and perhaps "Dy and 
169T'm, satisfy these conditions'*. Electronic resonances 
can be found at suitable wave-lengths for all atoms, 
except that for those of atomic number lower than about 
16 the absorption edge wave-lengths are too long. 

Lhe frequency vanation required for the nuclear effect 
1s obtained by applying a small relative velocity between 
the source and the scatterer, and the change in frequency 
is so small that the scattermg lengths of all the non- 
resonant atoms in a structure can be treated as constant. 
For the electronic case the wave-length variation required 
18 much larger and the resonance effects from the different 
electron shells overlap so that it may be difficult to change 
the scattering factor of one type of atom in a structure 
without making significant changes for the other atoms 
alsol’. If the X-ray frequencies to be used were limited 
to those of characteristic spectra from conventional 
targets, this could be a serious limitation. However, the 
optimum frequencies to use with the electronic effect 
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are those within a limited range, 1:2 > * > 0:8 (where 


x is the frequency of the absorption edge concerned), 
because in this region the largest rate of change of Af’ and 
Af” with frequency can be found so that the relative 
effect of the changes for one type of atom is enhanced. 
To work in the optimum frequency range it might be 
necessary to use the white radiation from an X-ray 
generator and select appropriate frequencies with a mono- 
chromator. 

The magnitudes of the effects which have to be measured 
depend on the ratios of Af’ and Af”, or their equivalents 
in the nuclear case, to the normal atomic scattering 
factor f. The data for the K-absorption edge in iron and 
for the Mossbauer resonance in *’Fe are compared in 
Table 1. The ratios are functions of scattering angle in 
both cases, mainly because of the angular dependence of 
Jf. For the nuclear parameter, allowance has been made 
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Table 1. ROLATIVE CHANGES IN MEAN SOATTERING LENGTH FoR IRON 
ATOMS NEAR RESONANCE, AT 40° SCATTERING ANGLE 


Nuclear resonance 
28% 


Exectronic 22% 100 VA 100% 
Teonance ‘Fe s7Fe 8 57T'e 
unsplit unsplit eplit* split * 
Out-of-phase component} 4.9 0°3 6 009 %1 
J 
Max. change in in-phase 
a a 0-6 0-5 17 0-3 1-0 
Absorption cross-section 
on ene 55 6 250 21 50 


Absorption cross-section 
far from resopvance 


* As in pure iron. 


} For the nuclear case = AEI NS E wherey= PI. t Dall + Dyn Tany y, 


En is the peak value for the — resonant absorption cross-section, ze the 
electronic absorption cross-section, L, and I's are the effective line-widths of 
the source and scatterer respectively, (See ref. 4) 


ł For the nuclear case = a/ 2 N ay = 


For these figures values af J’".=20, [a=IJ', and of 0-7 for the nuclear 
Debye-Waller factor have teen assumed (ref. 8). 


for the effect of broedened lines as derived by O’Connor 
and Black‘. The size of the nuclear effects is reduced if 
internal fields cause splitting of the nuclear levels, but in 
the absence of such effects natural iron, which contains 
2-2 per cent *’Fe, gives ratios which are comparable to the 
electronic values, and larger ratios can be obtained if 
isotopically enriched iron can be used. Electronic effects 
of the size indicated in Table 1 can only be obtained if the 
optimum frequency ~ange, as specified here, can be used. 
Much larger electrome effects can be obtained for reson- 
ances involving the cuter electronic shells because of their 
greater oscillator strsngths. 

The size and diseribution of the net effects in the 
diffraction data will also depend on the numbers and 
structural arrangements of the resonant atoms: some 
features of this dependence have been examined by 
Parthasarathy and Szmivasan?®, 

The treatment of the measured data in the nuclear 
case is simplified by the simple form for the variation of 
I with S. In the electronic case, the theoretical calcula- 
tions?®»*1-23 do not fellow any simple form and have not 
been given satisfactcry’ experimental confirmation. The 
original systematic ettempts to check the Hénl theory® 
show large discrepameies between themselves and need 
to be revised because, for the scaling operations and 
for the ‘normal’ valies of f, the f-curves used differed 
appreciably from those obtained in recent calculations. 
Thus, the older publ shed results on Af’ and Af” can be 
changed by about 25 per cent, by recalculation on the 
basis of recent f-curvzes, but such recalculation does not 
reduce the discrepancies of the order of 100 per cent 
between them and the best theoretical values. A few 
more recent isolated measurements*‘~?? have not signifi- 
cantly altered this situation. Thus, quantitative interpre- 
tation of effects, particularly of changes occurring within 
a narrow range of frequency near an edge, would be based 
almost entirely on th2oretical calculations which have not 
been confirmed to ths necessary accuracy by experiment. 

In both techniques the varying absorption coefficient 
of the specimen introduces a possible source of systematic 
error, and. also tends to reduce the changes which are being 
measured in so far as these depend on Af”. Some, but not 
all, of the electronic effects can be measured for œ < wx 
where the absorption is not affected by the resonance. 

Measurements in the electronic case are necessarily 
made with sources of different intensity, and absolute 
scaling is necessary in principle for all the measurements. 
Caticha-Ellis** and Eazell}* have discussed a method tor 
using data which are not on an absolute scale. 

Suitably strong radioactive sources for resonant y-rays 
are expensive and dezay with time. For example, in the 
ease of the !"Fe resonance, a source which costs as much 
as an X-ray generacsor will give a counting rate on a 
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crystal diffraction spectrum which is at least 50 times 
smaller than the rate obtainable using as a source the 
radiation selected by a monochromator from the white 
spectrum of an X-ray tube—as required here. Further- 
more, such a source decays with a half-life of 237 days. 

Conclusions. It appears that electronic resonance 
effects will be more useful than nuclear ones even where 
nuclides showing suitable nuclear resonances are involved. 
However, the full exploitation of electronic resonance 
effects depends both on the provision of more accurate 
experimental data on the variation of scattering factors 
near an absorption edge and on the provision of experi- 
mental facilities for the selection of incident X-rays of 
any desired frequency. 

Other mechanisms which give an out-of-phase com- 
ponent in scattering lengths have not been considered 
here. Resonance effects m neutron diffraction have been 
measured by Peterson and Smith?*. They also list the 
nuchdes for which sufficiently large effects can be ob- 
tained: there are only six such nuclides, but the hst does 
include "Li and YB which are outside the useful range for 
electronic resonances. Parthasarathy®® has discussed 
the use of out-of-phase effects im electron diffraction. 
Buckingham*! has shown theoretically that application of 
a strong electrostatic field can change Af’, but the effect 
appears to be too small to be of practical use. 

I thank Prof. P. B. Moon and Dr. T. R. Lomer for their 
advice. 
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THE AUTOMATIC ASSAY OF 


GROUPS OF ENZYMES 
By Dr. D. B. ROODYN 


Department of Biochemistry, University College, London 


HE Technicon autoanalyser system is being used in 

this department to help in the investigation of the 
mechanism of growth and replication of the mitochon- 
drion. Previous examinations of the labelling of mito- 
chondrial proteins and sub-mitochondrial fractions! 
called for a considerable number of enzyme determina- 
tions, particularly when purified mitochondrial enzymes 
were isolated. If these assays were automated, the scope 
of new experiments would be greatly increased. 

In applying the standard autoanalyser equipment to 
this problem the possibility of examining groups of 
enzymes, rather than single enzymes, was investigated. 
Provided that there is a common factor in the assay 
procedure for each enzyme of the group, it is possible to 
develop a scheme for what may be conveniently termed 
‘multiple enzyme analysis’. The principles of multiple 
enzyme analysis are shown in Fig. 1. The enzyme mixture, 
buffer, and any co-factors common to all the enzymes in 
the group, flow continuously through the analyser, and 
the trace obtained constitutes the ‘base-line’ or ‘no- 
substrate blank’. (If the enzyme mixture is a crude tissue 
preparation, it will also be a measure of any endogenous 
substrate.) Different substrates are then introduced from 
the automatic sampler, and sequential analysis of the 
various enzymes attacking these substrates is obtained. 
Any special co-factors which are needed for the reaction 
of the enzyme with a given substrate may be mixed with 
the substrate in the sample cup on the sampler table. In 
this way, it would be theoretically possible to assay 40 
different enzymes using one sampler table (which contains 
40 cups). By repeating the arrangement of the groups of 
substrates on the sampler table, and allowing the sampler 
to re-cycle freely, repeated groups of assays could be 


carried out. For example, during enzyme purification on 
columns, if ten different substrates are placed in four 
sequential groups on the sampler table and effluent from 
the column was passed through the system at a rate of 
0-1 ml./min, ten different enzyme determinations could 
be carried out on every ml. of effluent. 

The assay methods of several groups of enzymes may 
be readily adapted to this system and are being investi- 


Substrates 
on sampler 
table 


Buffer 
and 
cofactors 










Heating bath 
Colorimeter 
Recorder, etc. 


Waste 


Fig 1. Generalized manifold illustrating principles of multiple enzyme 

analysis. Flow tubing 1s represented by straight lines, aad mixing coils by 

MAMMA, ‘The proportioning pump drives fluid and air from right to 

left, Airis used to create a segmented fluid stream as in the standard 
Technicon system 
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Fig. 2. Manifold for assay of NAD-linked dehydrogenases. Proportioning pump drives fluid from ene to left. Numbers refer to flow rate 


in ml./min. The sample line is continuously washed by 0 $2 ml./min of 


gated in this laboratory. For example, the common factor 
in many phosphatase assays is the release of inorganic 
phosphate, which is easily estimated in the Technicon 
system. NAD or NADP linked dehydrogenases are fol- 
lowed by measurement of absorption at 340 mu during 
pyridine nucleotide reduction; enzymes involved in the 
reduction. of cytochrome c by measurement of the «-band 
at 550 my; specific oxidases, and tissue respiration in 
general, by measurement of oxygen uptake with the 
oxygen electrode; decarboxylases by measurement of 
release of carbon dioxide for which an automatic assay is 
available; and finally, esterases may be followed by 
release of H+ in the medium, using a continuous flow 
glass electrode. 

The detailed technique of multiple enzyme analysis is 
illustrated by work on NAD-linked dehydrogenases. A 
manifold suitable for examining these enzymes is given 
in Fig. 2. Substrates, in cups on the sample table, are 
aspirated at suitable intervals by the sampler crook and 
flow into a continuous stream formed by mixing buffer, 


0-4 
o3 
0-2 
2 | c— 
— 
G1 
B — 
ao Chart distance ſin) 
i 2 3 4 5 6 7 8 9 
0 10 20 80 
Time (min) 


Fig. 3. Autoanalyser trace during study of effect of substrate concen- 
tration. Conditions of assay and enzyme preparations were as in Tabie 1. 
The sampler table contained 4 cups with mereasing concentrations of 
sodium malate pH 9-9 so as to give final concentration of 0°4, 2 2, 4 4 and 
88 mM. Introducing the enzyme preparation causes the Æa, to rise to 
A, because of turbidity. The NAD+ is then mtroduced, and the Bag, 
rises to a steady level B, probably due to endogenous substrates in the 
yeast. Introducing the samples of substrate gives a further increase (for 
example, for sample 1, a value of Ae The enzyme activity is taken as 


ufer (w) 


NAD+ and the enzyme preparation. Enzyme and sub- 
strate react during flow through a time-delay coil in a 
heating bath at 25°. The increase in extinction at 340 my 
caused by the addition of substrate (C—B, Fig. 3) is then 
measured using a continuous flow phototube colorimeter. 
(The sample line is under continuous wash in this manifold. 
Also the mixture of enzymes, usually as a preparation of 
cell particles, is kept in an ice bath and gently stirred by 
a magnetic stirrer througnout the experiment in order to 
avoid errors due to sedimentation of particles.) The assay 
conditions are based on the malate dehydrogenase assay 
used previously”? and depend on using a high pH of 9-9 
in order to alter the equilibrium of NAD+ reduction in a 
favourable way, that is: 


Malate + NAD+ + OH-=oxaloacetate + NADH + H,O 


Using this system with a preparation of disrupted yeast 
cells 2 number of substrates were tested and it was found 
that reduction of NAD+ was mostly actively carried out 
by malate dehydrogenase and alcohol dehydrogenase 
(which also oxidized propanol and butanol). Enzymes 
catalysing the reduction of NAD* by several amino-acids, 
carboxylic acids and sugars were relatively inactive under 
these conditions (Table 1} The wealth of information 
which may be rapidly cbtained by such automated 
procedures is illustrated in Table 2, where the experiment 
in Table 1 was repeated >n four sub-cellular fractions 
isolated from yeast. Each fraction was analysed in 
26 min, so that in about 2 h a detailed picture of the 
sub-cellular distribution of anzyme attacking 13 different 


Table 1. MULTIPLE ENZYME ANATYSIS OF DEHYDROGENASES IN YEAST 
Reduction of NAD* 


Substrate at pH 9-9 (Es) 
Malate 0-814 
Aspartate 0014 
Glutamate 0 028 
Alanine 0-040 
Lactate 0 049 
Glycerol 0 009 
Methanol 6018 
Ethanol 1 289 
Propanol 1 039 
Butanol 0 989 
Fructose 0 040 
Glucose 0 001 
Sucrose 6 006 


Manifold in Fig, 2. used with 0 1 M glycine pH 9 9 as buffer, and 1 1 mg/m), 
NAD*. Preparation of disrupted Saccaaromyces cerevisiae was used as source 
of enzymes. Disruption was carried out by shaking 30 ml. of a suspension of 
yeast in 0 3 M mannitol— EDTA oH 7-0 with 30 ml, of No 12 Ballotin 
in a Braun shaker for 1 min at 4°. ‘Lhe suspension was sedimented at 500g 
for 10 min to remove glass beads, cel.s and large aggregates of cell debris. 
Substrates (0 15 M) were sampled so shat the effective — was 
30/h. ‘The time taken for the enzyme substrate mixture to flow through the 
heating coil was 19 min. 


1228 


Table 2. MULTIPLE ENZYME ANALYSIS OF DEHYDROGENASES IN SUB- 


CELLULAR FRACTIONS OF YEAST 
Reduction of NAD+ at pH 99 (Eso 


Substrate Fraction I Fraction U Fraction III Fraction IV 
Malate 0 186 0-086 0 080 0°417 
Aspartate 096 0-0 0 603 0 014 
Glutamate 00 00 0-003 0 005 
Alanine 00 00 0 001 0 602 
Lactate 0 008 0 009 0011 0-011 
Glycerol 00 0 003 0-001 00 
Methanol 00 0:001 00 0 015 
Ethanol 0 379 0-082 0-088 4942 
Propanol 0 274 0 041 0-058 1:262 
Butanol 0 243 0-034 0 052 1102 
Fructose 6 033 0 039 0 039 0 041 
Glucose 0 0 00 0 003 
Sucrose 0 008 0 010 0-010 0 008 


Conditions of assay asin Table 1. Disrupted yeast preparation prepared as 
in Table 1 was centrifuged at 2,000g for 5 min (sediment is Fraction I) 10,000g 
for 10 min (sediment is Fraction II), 105,000g for 60 min (sediment is 
Fraction III and supernatant is Fraction LY). 


substrates was obtained. In this particular experiment it 
was clear that most of the activity was recovered in the 
soluble fraction. 

The precision of the method of aspirating samples of 
substrate into a continuously flowing stream of buffer plus 
enzyme was studied by placing increasing concentrations 
of malate in the sample cups and measuring malate 
dehydrogenase in a suspension of disrupted yeast cells 
(Fig. 4). A direct plot of Es, agamst substrate concen- 
tration showed that the points lay in a continuous curve 
with very little scatter. In addition the reciprocal of the 
E, was proportional to the reciprocal of the substrate 
concentration, showing that the method is suitable 
for the determination of Michaelis constants, and other 
investigations in enzyme kinetics. 

The foregoing method of multiple enzyme analysis 
seems to have some promising advantages and could be 
used for any problem that demanded the analysis of groups 
of enzymes. At present, in this laboratory, the method 
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Fig. 4. Effect of substrate concentration on Eso. @, Direct plot of 

substrate concentration against Esu, x, Plot of reciprocal of substrate 

concentration against reciprocal of Es. Conditions of assay and enzyme 

preparations were as in Table 2. Increasing concentrations of sodium 
malate, pH 9-9 in sample cups 
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is being applied to the detailed analysis of the enzymatic 
properties of sub-cellular particles separated by differen- 
tial and density gradient centrifuging, and in the charge- 
terization of respiratory mutants of yeast. 

I thank the Medical Research Council for a grant for 
the purchase of the autoanalyser, and Dr. D. Wilkie 
and Miss P. Horn for supplying cultures of S. cerevisiae. 
 Roodyn, D. B., Biochem. J., 85, 177 (1962). 
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LATENT PERIOD OF VESICULAR STOMATITIS VIRUS 
IN CHICK EMBRYO CELLS 


By DAVID PITTMAN, RALPH C. St. JOHN, and Pror. ISAAC L. SHECHMEISTER 


Microbiology Department, Southern Illinois University, Carbondale, Hlinois 


ESICULAR stomatitis virus is an RNA containing! 
rod-shaped animal virus? having a relatively broad 
in vivo and in vitro host range*. Growth curve experi- 
ments‘-* on the virus propagated in tissue cell monolayers 
indicate that its latent period is relatively short for an 
animal virus, being less than 2 h in chick fibroblast, 
monkey and swine kidney, HeLa and E cells. In the 
foregoing experiments emphasis was placed on character- 
izing the general shape of growth curves for extracellular 
virus rather than the latent period of intracellular virus 
development. This article describes the latent period and 
eclipse phase of the virus in chick embryo cells, a com- 
monly used laboratory host for vesicular stomatitis virus 
strains. Attention was directed to the tıme sequence of 
virus development in cells maintained in suspension 
rather than as monolayers, since the former condition 
permits one to carry out experiments which require 
repeated sampling of the same population of virus-cell 
complexes. Procedures were therefore developed whereby 
complexes could be shaken in suspension and samples 
withdrawn at prescribed time-intervals during the latent 
period in much the same manner that one samples bacterio- 
phage-bacterial cell complexes. 

The strain of vesicular stomatitis virus employed was 
the Ogden isolate of New Jersey serotype. Stock virus 
was grown in chick fibroblast monolayers as described 
elsewhere’. The virus-supporting growth medium was a 
modified lactalbumin—Earle salts (LE) medium‘; the 
buffer in all cases was Dulbecco’s phosphate buffered 


saline’. Virus preparations containing about 2 x 10° 
p.¥.v./ml. of culture were clarified by low speed centrifuga- 
tion and stored at 4° C for experimental work and at 
— 60° C for stock purposes. For titrations both free virus 
and complexes were diluted in chilled LE. Infectivity was 
assayed by the plaque technique® using 24-36-h-old 
chick fibroblast ‘monolayers’ contained ın 1l-oz. or 3-oz. 
prescription bottles. Monolayers were washed twice 
with 2 ml. of buffer, drained of excess fluid, and inoculeted 
in quintuplet with 0-05 ml. or 0-1 ml. of samples diluted 
to give from 10 to 30 plaques per bottle. Adsorption. was 
carried out at room temperature for 60 min. Monolayers 
were then overlaid with nutrient agar* and incubated at 
37° C for 48 h, after which time plaques were counted. 

The procedures used to determine the growth curve of 
the virus propagated in tissue cell monolayers are given 
elsewhere’. In the preparation of complexes using cell 
suspensions, the multiplicity of infection was kept low 
so that most, if not all, complexes represented singly 
infected cells. For most experiments, the multiplicity of 
infection was 0-01, as calculated from the input virus titre 
and from results which indicate that about 45 per cent of 
the cells in suspension are infectable. To neutralize 
unadsorbed virus in cell suspensions, rabbit antiserum 
was used at a final concentration sufficient to neutralize 
105 virus particles/ml. after 6 min at 37° C. 

Preparation of chick embryo cell suspensions. Twelve 
10-ll-day-old chick embryos, stripped of head and 
appendages, were squirted through a syringe into 100 ml. 


ay 
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of buffer. The tissue was washed twice with buffer and 
added to 100 ml. of 0:25 per cent trypsin in buffer. The 
suspension was incubated for 30 min at room temperature 
in a trypsinizing flask containing a rapidly twirling mag- 
netic stirrer. Following trypsinization, the material was 
strained through 4-ply surgical gauze and centrifuged 
for 8 min at 1,500 r.p.m. The sediment was washed twice 
by centrifugation with 30 ml. of LE and twice with 30 ml. 
of buffer; the final pellet was then dispersed in 20 ml. of 
buffer and the suspension twice filtered through 8-ply 
surgical gauze. This suspension, containing 85-90 per 
cent single cells, was adjusted with buffer to 5-6 x 10° 
total cells/ml. as determined by haemocytometer counts. 

Preparation of complexes. 2 mil. of a virus sample, 
containing 10° p.r.u./ml., were added to 18 ml. of the 
foregoing cell suspension to give a multiplicity of infection 
of about 0-01. The suspension, contained in a 250-ml. 
Erlenmeyer flask, was incubated at 36° C on a Dubnoff 
metabolic shaker at 30 cycles/min for the desired adsorp- 
tion time, usually 60 min. Unadsorbed virus was then 
neutralized by addition of 0-2 ml. of undiluted virus rabbit 
antiserum to the suspension. After 5 min at 37° C the 
suspension was centrifuged at 1,500 r.p.m. for 8 min and 
the pellet of cells dispersed in 20 ml. of chilled LE medium 
or buffer. The efficiency of virus adsorption was determ- 
ined by assaying the supernatant and resuspended pellet of 
spun cell suspensions to which antiserum had been added. 
Maximum absorption was obtained after incubation for 
60 min. This time was reduced to 5 min in the examina- 
tion of complexes formed early in the adsorption period. 
Approximately 6 per cent and 25 per cent of the input 
virus became attached with adsorption times of 5 min 
and 60 min, respectively. Such complexes washed twice 
with buffer or LE showed no desorption of virus and were 
stable in buffer for 2 h at 4° C or 36°C. Active multiplica- 
tion and release of virus was obtamed by incubating com- 
plexes at 36° C in LE. 

Microscopic examination and haemocytometer counts 
were made on cell suspensions during the periods of virus 
adsorption in buffer and during intracellular virus develop- 
ment in LE. Under the conditions described, the con- 
centration of cells maintained in either medium did not 
change over the time-intervals used. Moreover, serial 
dilution of cell suspensions with buffer or LE served 
simply to dilute serially the number of cells. As such, 
these preparations exhibited greater stability than 
trypsinized monolayers suspended in buffer, LE or EDTA. 
It should be noted, however, that failure to wash trypsin- 
ized cells with both LE and buffer and failure to strain the 
preparations result in considerable aggregation and lysis 
of cells during incubation in buffer or LE. Aggregation 
and lysis also occur if suspensions are incubated at 37-5° C 
rather than 36° C during the adsorption period. 

Trapping of complexes. Free virus particles added to 
monolayers attach to the cells and, with appropriate 
nutrient supply, the infected cells release new virus 
particles which in turn infect neighbouring cells to produce 
eventually a visible plaque. In contrast, complexes 
added to monolayers are trapped by the cell sheet. Virus 
released by the trapped complex infect surrounding cells, 
and the progeny released by these cells in turn infect 
neighbouring cells to produce a visible plaque or infectious 
centre. Plaques produced by complexes and free viruses 
are phenotypically indistinguishable. The efficiency of 
virus adsorption on to monolayers is approximately 90 
per cent of the input virus. To determine the efficiency 
with which monolayers trap complexes, each of three 
monolayers was inoculated with 0-1 ml. of cell suspension 
containing 107 cells/ml. and 2-5 x 10° complexes/ml. The 
inocula were evenly distributed over the monolayers and 
the bottles incubated for the l-h adsorption period. 
Haemocytometer counts of the fluid of each bottle after this 
time revealed that 98 per cent of the added cells had been 
trapped by the monolayers. About 10° cells became 
detached from monolayers by addition of 0-1 ml. of buffer 
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or LE only, thus making the foregoing percentage trapping 
a minimum estimate. We conclude, therefore, that 
virtually all complexes added to the monolayers are 
trapped. This conclusion was further supported by 
overlaying inoculated monolayers with a nutrient agar 
mesh? containing 107 cells/ml. No statistical difference 
was found in the numbers of plaques arising under the 
agar mesh and under standard overlay agar. That 
monolayers trap complexes is not surprising since the cell 
sheet in question. is multilayer rather than single layer. 

As found with free virust, complexes show a serial 
dilution effect for infestious centres by plaque assay. 
Plaque counts of 0-1 mL aliquots of seeded material also 
total twice the counts dbtained with 0-05 ml. aliquots. 
From these results we infer that a single complex only 1s 
required to produce an infectious centre. 

Determination of the latent period. Suspensions of 
complexes prepared in buffer and freed of unadsorbed 
virus were centrifuged and resuspended in 20 ml. of 
chilled LE. The suspension, contained in a 250-ml. 
Erlenmeyer flask, was incubated at 36° C on a Dubnoff 
metabolice shaker (30 cycles/min). At specified intervals, 
2-ml. samples were witkdrawn and centrifuged at 1,500 
r.p.m. for 5 min. The supernatant was taken off and the 
pellet of cells lysed in 3 ml. of distilled water. This mən- 
strum has no effect on meture virus particles and serves to 
disrupt 99 per cent of the cells, producing a highly particu- 
late lysate. Titrations were made on each sample prior 
to centrifugation, on the supernatant of the spun sample, 
and on the lysate. Ths time-interval after addition of 
LE during which no plaque-forming entities were found 
in lysed preparations is dsfined as the eclipse period. 

The latent period. Tha relatively short latent period 
of the virus when propagated in chick fibroblast mono- 
layers is depicted by the growth curve in Fig. 1. This 
curve represents extracellular virus and is characteristic 
of similar growth curves of the virus in several cell lines*-*. 
After a latent period of about 1 h, as inferred by the 
extrapolated line, the viras multiplies rapidly to reach a 
maximum, titre of 2-4 x 108 P.F.U./ml. of culture fluid at 
12h. The intracellular virus titre is one log or more lower 
than the extracellular viris titre throughout most of the 
growth period and contributes little to the total virus 
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layers contained in 3-02. preacripfon bottles. 
{wice with buffer and inoculated with 500 P.F.U. per monolayer. After 
a 60-min adsorption period at room temperature, free virus (10 per cent 
of input titre} was removed from monolayers by three washings with 
buffer. Monolayers were then covered with 3 ml. of growth medium 
and incubated at 37° C for 48 k, during which time samples of the 
growth medium were removed and tibred on chick fibroblast monolayers 


Monolayers were washed 
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Fig. 2. The latent period for intracellular development of vesicular 
stomatitis virus In chick embryo cells maintained in suspension. Virus 
was adsorbed on to cells shaken in buffer and free virus was later 
removed by antiserum and centrifugation of cells. The resulting com- 

lexes were shaken in lactalbumin Earle salts (LE) medium at 36° C, 

amples were withdrawn at the time-intervals designated by the abscis- 
sae, Exp. 1 depicts the results obtained with complexes formed using 
an adsorption time of 60 in buffer: curve æ, Infectious centres of 
complexes plated directly; curve b, extracellular virus of spun com- 
plexes; curve ec, intracell virus released by lysing complexes in 
distilled water; curve d, infectious centres of complexes incubated in 
puffer rather than LE. Exp. 2 (curve e) depicts the infectious centres 
of camplexes formed with an adsorption time of 5 min in buffer and 

incubated in LE for the designated time-intervals 


present at any sampling. The corresponding latent period 
of the virus in chick embryo cells shaken in suspension is 
shown in Fig. 2. Complexes prepared with an adsorption 
period of 60 min fail to show an increase in titre (curve a) 
over the first 60 min of incubation in LE. During this 
period, free virus is not detected in either the supernatant 
of the cell suspension (curve b) or lysed cell preparations 
{curve c). At 90 min an increase in titre occurs and virus 
is present in both the supernatant and lysed cell prepara- 
tions. In contrast, equivalent samples of complexes in 
buffer for 120 min show no increase in virus titre (curve 
d), demonstrating that active multiplication and release 
of virus require some factor(s) in the LE growth medium. 
From curves a and b we conclude that the latent period 
of the virus is approximately 60 min and that an exogenous 
nutrient supply is required for virus multiplication and 
release. The concomitant appearance of extracellular 
and intracellular virus indicates that the eclipse and 
latent periods are of similar duration and corroborates 
previous work* showing that virus particles are released 
shortly (3-5 min) after maturation. 

It should be noted that the extracellular and intra- 
cellular virus titres at the end of latency do not necessarily 
sum to the observed increase in titre of complexes plated 
directly. This discrepancy may reflect the release of 
particles by intact complexes during the adsorption period 
on monolayers or the failure of particles in the growth 
fluid or lysate to absorb efficiently on to cell monolayers. 
Estimating of the latent period by the appearance of extra- 
cellular, virus precludes any bias in time by post-plating 
phenomena associated with intact complexes; In any 
event, this bias is of a small magnitude since the latent 
period is approximately the same when determined from 
the data on intact complexes (curve a) or extracellular 
virus (curve b). : 

As shown in Fig. 2 (curve e) the latent period in com- 
plexes formed with a 5-min adsorption time is extended 
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by about 30 min over that for complexes prepared with a 
60-min adsorption time. This finding suggests that virus 
development progresses to some extent in complexes 
formed with the longer adsorption period. The develop- 
ment, however, must fall short of maturation and release 
of particles since complexes incubated in buffer for 120 
min (Fig. 2, curve d) fail to show a measurable increase in 
titre. Other techniques for investigating the eclipse 
phase of virus development may yield information on 
the extent to which the virus particle undergoes a change 
in complexes incubated in buffer. 

It may be argued that, although the multiplicity of 
infection was low in the preparation of complexes, the 
latent period reflects virus development in multiply- 
infected cells rather than singly infected cells or mono- 
complexes. That this is not the case is supported by 
comparative ultra-violet inactivation kinetics of free virus 
and complexes. As shown in Fig. 3, both free virus and 
complexes irradiated immediately after addition of LE 
are inactivated exponentially although at different rates. 
The capacity of chick embryo cells to support plaque 
formation is not affected by those doses used to inactivate 
complexes; hence, the observed ultra-violet sensitivity of 
complexes cannot be ascribed solely to radiosensitive 
targets of the host cell. The decreased sensitivity of com- 
plexes of ultra-violet radiation is reminiscent of the results 
one obtains on ultra-violet irradiation of free phage and 
phage monocomplexes. 

From the work recorded here we conclude that a single 
particle of vesicular stomatitis virus forms a stable 
virus-cell complex when adsorbed on to a chick embryo 
cell in an inorganic buffer. If this complex is suspended 
in an appropriate organic nutrient medium (LE), the 
virus undergoes multiplication and new progeny are 
released after about 60 min. During this latent period, 
intracellular (free) virus is not recovered from the complex 
following lysis by water. Intracellular virus can be de- 
tected at the same time a virus is released from the intact 
complex, demonstrating that release of virus occurs soon 
after maturation’. At least some phase of virus develop- 
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Fig. 3. Ultra-violet inactivation of vesicular stomatitis virus and of 


vesicular stomatitis virus—chick embryo cell complexes In each case 

the suspending medium was lactalbumin Earle salts. The upper curve 

depicts the capacity of irradiated cells to permit plaque formation by 

non-irradiated virus. The radiation (90 per cent 2537A) was administered 

at a dose rate of 7 ergs/mm*/sec, as measured at the surface of the 

suspension, Suspensions were 3 mm in depth and continuously stirred 
with a small magnetic bar during irradiation and sampling 
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ment depends on an exogenous organic nutrient supply, 
since complexes maintained in an inorganic medium for an 
extended period fail to show maturation and release of 
virus particles. The short latent period of the virus, 
rapid release of virus after maturation, the dependence on 
an exogenous organic nutrient supply for virus multiplica- 
tion, and the stability of complexes are highly desirable 
characteristics for ; genetic studies of this virus. In 
addition, the stability of complexes suspended in buffer 
and in nutrient medium should make it possible to 
characterize the eclipse and latent periods of the virus in 
terms of viral nucleic acid and protein synthesis. 

Based on growth ‘curves‘~* similar to that depicted in 
Fig. 1, we may infer that the virus also has a short latent 
period in HeLa and Z cells. These established cell lines 
offer several technical advantages over chick embryo 
cells in the preparation of complexes in suspension. 
In the work described here, use of chick embryo cells 
was dictated largely by the fact that these cells offer a 
non-selective host for certain ultra-violet-derived mutants 
of the virus which have an altered host range for HeLa 
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and L cells. In many laboratories, however, chick embryo 
cells remain the sole or principal in vitro host for animal 
viruses; consequently, the procedures described herein 
may be of utility in experiments which employ these cells 
and which are desigred to take advantage of repeated 
sampling of virus-cell complexes in suspension. 

This work was supported by grants AI 05120 and 
T1-AI-155 from the U.S. National Institutes of Health 
and by contract Nonr 3127 from the U.S. Office of Naval 
Research. 
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EFFECT OF MITOMYCIN C ON PROTEIN SYNTHESIS IN HUMAN 
NEOPLASTIC CELL LINES 


By Dr. M. I. LERMAN 


Institute of Biological and Medical Chemistry 
s AND 


| Dr. M. S. BENYUMOVICH 
institute of Experimental and Clinical Oncology, Academy of Medical Sciences of the U.S.S.R., Moscow, U.S.S.R 


ITOMYCIN C (MC), a toxic antibiotic with high 

anti-neoplastic potency, was discovered by Hata 

et al.1. Its chemical structure has recently been reported 
by Webb et al.?. 

As previously shown by others’, the preferential 
inhibition of DNA synthesis by MC, accompanied by 
progressive and extensive break-down of DNA, occurs 
both in bacterial and mammalian cells. A recent paper by 
Iyer and Szybalski® has established a molecular mechan- 
ism of MC action in the susceptible cell. It is clear that 
metabolically-activated MC attacks the DNA and this 
results in covalent linking of the complementary DNA 
strands. The exact chemical nature of the cross-links is 
unknown. These links imposed by MC arrested DNA 
replication, but did not affect RNA and protein formation. 
However, at high antibiotic concentrations the synthesis 
of RNA and vaccinia-induced synthesis of thymidine 
kinase in L cells may also be affected’. 

In this article the effect of high doses of MC on protein 
synthesis in two human cultured cell lines will be presented. 
The data show that the synthesis of protein in the cells 
of these lines is completely and irreversibly inhibited by 
MC. The degree of inhibition depends on the period of 
pretreatment of cells with MC and on the antibiotic con- 
centration. The kinetics of the inhibition of protein 
synthesis by MC is compared with the kinetics of inhibition 
of protein synthesis by actinomycin C and puromycin. 

Two human neoplastic cell lines were used. The 15-MA 
IT cell line obtained from depigmented human melanoma 
by Ponomareva and Balasheva®® continuously produced 


melanin in monolayer cultures and DAPT obtained from 


human astrocytoma. 

Protein synthesis was measured by the uptake of 
uC- (algal protein hydrolysate and synthetic C) amino- 
acids in TCA-insoluble material. Details of the procedures 
employed have been given previously™!. In brief, equal 
groups of cells were planted on the bottom of penicillin 
bottles (standard square). Sixteen to twenty hours after 


planting (2-3 x 10° cells/bottle) the cells adhering to the. 


bottom surface were exposed ‘for several periods to anti- 
biotic, then rinsed free of the agent and transferred to 
clear medium, containing 4C-algal protein hydrolysate 
(1 ue./ml.) or one of several 4C-amino-acids (1 ue./ml.). 
No cell division (or cell detachment) occurs in the period 
between planting and after exposure to antibiotics. The 
following amino-acids are employed: pu-tyrosine-1-140 
(30 me./g), Du-alanine2-“C (8 me./g); px-lysine-1-“4C 
(33 me./g). The labeling of the cells was stopped after 
80 min by adding 50 per cont TCA to the cell suspension in 
0:02 per cent versene as a final concentration of 10 per 
cent. Then the fixed ceLs were filtered through ‘Millipore’ 
filters (24 mm; 0-6—0-9) and washed several times with 
5 per cont TCA (100 ml.j. The radioactivity was counted. 
in a Geiger-Miuller courter (window thickness less than 
1-5 mg/cm’). 

The effect of various concentrations of MC and several 
periods of pretreatment with 50 ug/ml. of MC on protein 
synthesis in melanoma cells (15-Mh II) are presented in 
Table 1. 

As can be seen from the data summarized in Table 1, 


MC drastically and irreversibly inhibited protein synthesis 
Table 1. INHIBITION OF PROTEIN SYNTHESIS IN MYTOMYOIN-C-rREATED 
HUMAN MELASOMA CELIS (15-Mth TT) 
Groups of cella were treated with various concentrations of MC, and after 
distinct periods of pretreatment exposed to DL-tyrosine-1-"C (80 min). After 
appropriate extractions to remove acid-soluble label radioactivity was 
counted using-a Geiger-Muller counter 
Concentration Period of pre-reat- 


sain ea ment with mito- C.p.m. per 2°5 Percentage 
g 


mycin C (min) 10° cells inhibition 

0 805 — — 
1 814 0 
5 742 8 
10 180 666 ” 17 
20 387 : 58 
30 377 54 
40 248 89 
50 229 72 
(E 962 — 
964 
10 724 25 
50 40 507 48 
60 510 48 
80 278 72 
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Fig. 1. Kinetics of inhibition of protein synthesis m melanoma cells 
(15-MR IT) by actinomycin C (15 ug/ml.), puromyem (48 5 ug/ml ) and 
mitomycin C i00 #gjml.). Groups of cells were treated with 100 ug/ml of 
mitomycin C from 30 min to 630 min, or with 15 wg/ml. of actinomycin C 
during 30 min, or with 48°5 ug/ml. puromycin from 30 mm to 390 min 
After exposure to actinomycin C for 30 min, the cells were transferred to 
actinomycin-free medium where they remamed for the periods of time 

iven along the abscissa (irreversible nature of actinomycin action). 

ince puromycin inhibition is not irreversible, the 48-5 ug/ml concentra- 
tion was maintained in the isotope-containing media. After distinct 
periods of pretreatment the cells were exposed to pi-tyrosine 1~4C 
{1 uejmi ), or O-algal protein hydrolysate (1 ue/ml.) for 80 min, rinsed, 
fixed, and counted as described in the text. ,Achnomycn C;——~—, 
puromycin, ----, mitomyeim C, all exposed to DL-tyrosine ...., 

Mitomycin C, exposed to 'C-algal protein hydrolysate 


720 





in melanoma cells; the degree of inhibition depends on 
the period of pretreatment of cells with MC and antibiotic 
concentration. After 180 min pretreatment with various 
concentrations of MC, 50 per cent inhibition occurs with 
20 ug/ml.; the same degree of inhibition occurs with 50 
mg/ml. after 40 min pretreatment with MC. Similar results 
were obtained in the experiments with the cell-line DAPT. 

The present theory of protein synthesis (that protein 
synthesis is carried out by ribosomes linked together by 
messenger RNA in aggregates called polysomes) suggests 
two possible sites at which several agents can act. One 
step is the transcription which produced the complemen- 
tary RNA. copies which serve as the genetic messages. 
The other would be where the genetic messages are 
translated into the protein molecules. 

To elucidate the step at which MC acts, the kinetics of 
the inhibition of protein synthesis by MC has been 
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investigated and compared with the kinetics of the 
inhibition of protem synthesis by actinomycin C (acting 
at the step of transcription) and puromycin (acting at the 
step of translation). 

The results with pu-tyrosine-1-"4C and “C-algal protein 
hydrolysate are indicated in Fig. 1. 

As can be seen in Fig. 1 the inhibition of protein syn- 
thesis by MC is rapid and the kineties of inhibition are 
similar to the kinetics of inhibition by puromycin. 
Similar results were obtained in the experiments with the 
cell line DAPT. In contrast, the inhibition of protein 
synthesis by actinomycin C follows a lmear time course. 
Franklin and Baltimore!? have published essentially 
similar data showing the effect of actmomycin Ð on 
protein synthesis in L cells. 

The results support the conclusion that DNA is not the 
*only principal target of MC action; MC also affects the 
protein-synthesizing system at the translating step. 

Further work on the mechanism of MC action at the 
translating step in protein synthesis is needed. 

Note added in proof: After this work was completed 
H. Kersten and W. Kersten’s paper appeared, m which 
evidence that MC activates a RNase in Æ. colt was 
presented!*. These results are in agreement with ours. 

We thank Prof. S. R. Mardashev and Prof. A. D. 
Timofeevsky for their interest and support, Prof. G. F. 
Gauze for a gift of puromycin; and Dr. V. N. Ponomareva 
for a gift of 15-Mh II cells. 
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CHROMOSOME INVESTIGATIONS OF A SMALL ISOLATED HUMAN POPULA- 
TION: CHROMOSOME ABNORMALITIES AND DISTRIBUTION OF 
CHROMOSOME COUNTS ACCORDING TO AGE AND SEX 
AMONG THE POPULATION OF TRISTAN DA CUNHA 


By J. L. HAMERTON, ANGELA I. TAYLOR, ROSLYN ANGELL and Y. MARY McGUIRE 


Paediatric Research Unit, Guy’s Hospital Medical School, London, S.E.I 


HERE have been several reports that the proportion 

of aneuploid cells in cultures of human lymphocytes 
increases with imereasing age'-*, These have all been 
based on samples of the normal population, either consist- 
ing of volunteers, hospital patients or parents of patients 
with a chromosome abnormality! ; or based on a random 
sample of the general population taken from general 
practitioners’ lists in the Edinburgh district’. 

The arrival in Great Britain ın 1961 of the population 
of Tristan da Cunha has enabled chromosome investiga- 
tions to be carried out on a population of 200-300 indi- 
viduals of both sexes and of all ages. The history and 
origin of this population has been described’, and a com- 


plete clinical and genetic investigation was carried out 
while the population was in Britain. 

The objects of the work recorded here were three-fold; 
first, to determine whether the high level of congenital 
malformation’ could be related to a specific chromosome 
abnormality or perhaps to varying degrees of chromosome 
imbalance; secondly, to use the material to examine the 
relation between increasing age and increase in the number 
of aneuploid cells m lymphocyte cultures; thirdly, to 
examine variations in chromosome morphology in tke 
population and to compare it with a sample of the general 
population in this country. Results of the first and second 
of these investigations are reported here. 
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Lymphocyte cultures from peripheral blood were 
prepared by the technique of Moorhead et al.* from 208 
of the Islanders (total population 268). Seven cultures 
(four male, three female) failed to give chromosome 
results, Forty-seven individuals (32 males and 15 females) 
were not examined at all and 13 children had only buccal 
smears taken for sex chromatin analysis. This report is 
therefore based on à sample of 201 Islanders (93 male, 
108 female). The population was sampled in batches of 
between 40 and 60 people on March 4, April 30, May 10 
and June 21, 1963. | 

We found no specific chromosome structural abnormali- 
ties in the population, and with the exception of one male, 
sex chromatin investigations were concordant with 
phenotypic sex. The chromosome number was consist- 
ently 46 throughout, and the analysis identical with other 
human populations which have been examined. One 
male was chromatm positive and was found to have 47 
chromosomes and XXY sex chromosomes. 

Data on chromosome counts are available for 4,910 
cells from 200 individuals varying in age from 1 to 81 
years (the XXY male described here is excluded). The 
distribution of total chromosome counts is given in Table 
1. Selection of cells for counting was made under the low 
power of the microscope, and obviously broken cells were 
excluded. Once the decision to count a particular cell 
was reached and the cell examined under the high power 
of the microscope, the result was recorded, irrespective 
of whether the cell was afterwards rejected for reasons 
given below. 

Hypodiploid cells. Examination of Table 1 shows that 
the proportion of aneuploid cells (expressed per total 
count) increases with!increasing age, but that the rate 
increases faster in females than in males. The regression 
coefficients for men and women are both significant 
{females P < 0-001; males P < 0-05) and differ signi- 
ficantly from each other (0-02 > P > 0:01). The results 
recorded here support the suggestion of Jacobs et al.? that 
the female data would give a better fit to a cubic curve 
rather than a linear regression. Females show a low rate 
of increase of aneuploid cells under the age of 45 years, 
& high rate between the ages of 45 and 64 years, and a 
low one again over the age of 65 years, while males 
show a more constant rate of merease with age, which 
is satisfactorily accounted for by a linear regression. 

Clearly, it is of considerable interest to know which 
chromosomes are lost from the cells having hypomodal 
counts. The chromosomes of each cell were therefore 
analysed and the missing chromosome allocated to one 
of the following groups: 


Group (Patau’) Chromosomes (Denver*) 


Dry Qh 
co 
= 


All cells, where this procedure was possible, were said 
to be fully analysed and only these were included in the 
subsequent analyses, all other cells being excluded. 
Cells with counts of less than 44 chromosomes|and more 
than 48 chromosomes were also rejected, as in the first 
case these are likely to be due to artefactual rupture of the 
cell during preparation, and in the second case to poly- 
ploidy or broken polyploid cells. Cells with dicentric 
chromosomes and other structural changes except simple 
chromatid breaks were also rejected. 

Examination of Table 2, in which the distribution of 
chromosome counts in the cells remaining after removal 
of the rejects are given, shows that in females, the propor- 
tion of hypodiploid cells still gives a significant regression 
with age (P < 0-001). However, in males, inspection of 
the data, showed that there was no longer any increase in 
the proportion of aneuploid cells with age after exclusion 
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Table 1, DISTRIBUTION OF CHROMOSOME COUNTS BY AGE AND CHROMO- 


SOMAL SEX 
J No, of No. of cells Expressed as propor- 
Age sub- Mean No.of with count tion total cells (y) 
group jects aget cells 0 > 46 
(vr ) (æ) <46 46 >48 <48 >46 (pooled 
XX 0-4 2 166 30 1 29 0033 — ata) 
-14 21 9 95 407 29 444 4 0061 0008 (<35) 
15-24 25 19°96 S31 25 554 2 0048 0009 0006 
25-34 17 3035 a6 i17 345 3 0047 0009 
85-44 16 39094 479 24 448 7 0050 0018 
45-54 9 4908 255 18 239 8 0068 0033 (> 35) 
55-64 11 6019 396 56 337 3 0141 0008 0016 
85-74 6 67°20 152 22 126 4 0145 0032 
75+ 1 8100 51 7 44 — 0137 — 
All ages 108 3412 2,796 1992,566 31 0071 ©0012 
AY 4 3 3°60 7 4 68 1 0055 0014 (<85) 
6-14 156 1097 362 18 339 5 0050 0614 90010 
15-24 15 1838 317 305 3 0028 0009 
25-34 12 3059 247 11 235 1 0046 0004 
35-44 18 3945 370 19 348 3 6045 0004 
45-54 11 £5004 245 19 225 1 0078 0-004 (>35) 
56-64 14 59°25 379 20 353 6 0053 0016 0009 
— 66 49 121 11 110 — 0092 — 
-+ — pees — — — — — 
Allages 92 3547 2,124 1111,983 20 0053 0009 
Regression on age of proportion of (1) hypodiploid cells—{X.X) y =0 00157 -+ 
0020, (2) Hypodiploid cells—(YY) y=0-0004922+0 036. Both regression 


coefficients differ mgnificantiy fiom zero, (1) P<0 001; (2) P<0 05. 
Hyperdiploid cells. inspection.of data suggests: (XX) a much slighter slope; 
(XY) No regression with age. Significance not tested. Grounna of data 
shows a significant increase above 35 m XX but notin XY cells (z°=68-531 
062 >P >001). 
* Walghed for number of cells counted. 
of the rejected cells. Inspection of this data suggested 
that females more frequently lost a C group chromosome 
and males a chromosome of the G group. Table 3 gives the 
numbers of XX cells with only C group chromosome 
missing, and XY cells wish G group chromosomes missing ; 
and it is clear that the proportion of XX cells with a C 


Table 2, DISTRIBUTION OF CHROMOSOME COUNTS BY SEX AND AGE AFTER 
EXCLUSION OF REJECTED ANEUPLOLD CELLS 
No of cells Expressed as proportion 
Age group with counts of of total celis 
(yr.) < 46 > 46 < 46 > 46 > 46 
XX o4 1 o 0 033 ER (pooled data) 
5-14 17 o 037 0 006 (< 35) 
15-24 19 2 0-033 0 004. 0 0086 
25-34 10 3 0-028 0 008 
35—44 20 6 0 042 0 013 
45-54 10 5 0 039 0-020 (> 35) 
55-64 42 3 0-110 0 008 0-014 
65-74 16 4 0110 0 033 
754+ 0 0-120 0-000 
All ages 141 26 0 052 0 608 
AY 0- 4 3 1 0 042 0'013 
5-14 12 4 0:034 O-O11 (<35) 
15-24 7 3 0022 0-003 0-008 
25-34 3 1 0 013 0 004 
35—44 13 1 0 036 0 003 
45-54 9 1 0 638 0-004 (> 35) 
55-64 16 6 0:027 0 016 0 007 
65-74 6 0 0 052 0 000 
75+ — _ — — 
All ages 63 17 0-030 0-008 


Regression on age of proportion of (1) hypodiploid cells (XX) y= 0 00182 + 
0008. Regression coefficient significant (P <0 001); (XY) Inspection shows 
no regression with age. (2) Hyperdiploid cells (XX); pooled data suggests 
that there may be some increase with age; (XY) no age effect. 


Table 3. DISTRIBUTION OF HYFODIPLOID CELLS LACKING CHROMOSOMES 
or 0 on G GROUPS ONLY 
AGE AND CHROMOSOMAL SEX 
Cells lacking C group 
Age groups chromosomes only 

{yr } No. Prop. total 
AX 0- 4 1 0 033 
5-14 5 0-010 
15-24 5 0 009 
25-84 3 0-008 
35—44 10 0-021 
45-54 10 0:038 
55-84 23 0:058 
65-74 15 0-089 
75+ 5 0:098 
All ages 77 0:027 
Cells lacking G group 

chromosomes onl 

- XY 0- 4 1 0-014 
5-14 4 0011 
15-24 1 6 008 
25-84 1 0-004 
35—44 2 0 005 
45-54 3 0:012 
55-84 5 0-913 
65-74 3 0 026 
75 + — — 
All ages 20 0-010 


Regression on sge of proportion. 

(1) XX cells. y=0 001182—0 0132. 

Regression, coefficient differs significantly from zero (P <0 001). 

(2) XY cells: regression is not significant though shght rise with age is 
apparent on inspection. 


1234 


Table 4. FYPERDIPLOID CELLS-—-NUMBER OF OELLS GAINING G AND C 
GROUP —— BY CHROMOSOMAL SEX AT ALL AGES 


go: of cells Total P 
G group pe tOUS cells x* (1 DF.) 
AX 5 18 26 13°39 <0 O01 
AY 10 4 17 35°30 <0 001 


group chromosome missing increases with age and that, 
the regression coefficient is highly significant (P < 0-001); 
furthermore, exclusion of these cells leaves the remaining 
hypodiploid counts showing no regression, with age. The 
XY cells show a slight increase with age in numbers of 
cells with a G group chromosome missing. The numbers, 
however, are too small to draw any valid conclusions. 

Hyperdiploid ceils. Table 1 suggests that the numbers 
of XX hyperdiploid cells increases with age, though 
again because of the small numbers, it is difficult to draw 
any reasonable conclusions; if, however, the data are 
pooled and the number of hyperdiploid cells compared 
for ages below and above 35 years (the division was placed 
arbitrarily at 35 years, as this age approximated to the 
median age of the population) we find that the proportion 
rises from 0-0062 {< 35) to 0-0162 (> 35) an increase 
which is significant (y? = 6:531 0-02 > P > 0-01). In- 
spection of the data in Table 4 suggests that in females 
over all ages, more hyperdiploid cells acquire a O group 
chromosome than might be expected by chance if chromo- 
somes were lost with equal probability from each group 
(18/26 y? = 13-39 P < 0-001). XY cells, on the other 
hand, show no evidence of any regression of hyperdiploid 
cells with age, even when the data are pooled (Table 1) 
although over all ages (Table 4) more cells appear to 
gain a G group chromosome than would be expected by 
chance (10/17 x? = 35-30 P < 0-001). 

Jacobs et al? suggest that their results may be open 
to criticism on the grounds that they do not represent a 
random sample of the general population. The results 
‘reported here cannot be subjected to the same criticism. 
78 per cent of the Tristan population was examined 
without any active selection of subjects on our part (the 

` remaining 22 per cent were either unwilling to co-operate 
or were away from home at the time the investigation was 
carried out). Roberts? has made a recent examination 
of the demography and genetic structure of this population 
and does not find it to be highly inbred at the present time; 
the average inbreeding coefficient being approximately 
0:04. We may thus consider this isolate to be a sample 
of the normal human population which originated from a 
mixture of north European, American, Italian and coloured 
racos. 

The results are similar to those obtained by Jacobs 
et al.t-3 in Edinburgh. Both investigations show that in 
cultures of lymphocytes, aneuploid cells increase with 
increasing age. In females, this results from loss (or to a 
much lesser extent gain) of a.chromosome in the X-6-7 
range of the O group. This is confirmed by an examina- 
tion of -karyotypes of hypomodal and hypermodal cells 
in some of these women, and it seems reasonable to 

_ suggest that this chromosome is an X chromosome. In 
males, the results on this population are much less con- 
clusive; nevertheless, there seems to be preferential loss 
of a G group chromosome-which may be the Y chromo- 
some. We feel it likely that the rather less conclusive 
results for XY cells found in.this population as compared 
with previous studies*? can be explained. by the counting 
and analysis of fewer cells among the males and hence the 
lowering of the significance of the results rather than to a 
real biological difference between the two groups. 

It is perhaps significant that the increase in aneuploidy 
with age appears to be agsociated with loss or gain of an 
X. chromosome in females, and less certainly with a Y in 
males. We know that cells can survive the loss of one 
sex chromosome whether it be the X or the Y (ref. 10), 
whereas the loss of an autosome invariably acts as a cell 
lethal in mamnials. We also know that one of the normal 
X chromosomes is genetically inactive! !*, It is therefore 
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reasonable to postulate that one of the effects of ageing 
18 & generalized lowering of mitotic efficiency, leading to 
lagging of chromosomes or to non-disjunction which 
results either in loss of the affected chromosome, or more 
rarely, its inclusion in the wrong daughter nucleus. 
If the chromosome involved is an autosome, the result 
would be lethal and the affected cell would fail to survive. 
If, however, it is one X chromosome which is lost, then, 
if it is the inactive X the cell would survive and continue 
to divide to form a clone of cells with 45 chromosomes, 
which, would be chromatin negative and lack a ‘hot’ X 
chromosome when labelled with tritiated thymidine. Tf, 
however, the active X chromosome is lost then there are 
two possibilities: (1) that the loss of the active X would 
be lethal to the cell; (2) the genetic inactivation of one 
X chromosome is reversible so that in the event of loss 
of the active X, the inactive X would become genetically 
active and cease to form sex chromatin or replicate late 
in the S period of the cell cycle, and take over the functions 
of the missing genetically active X. 

If it is accepted that a similar effect occurs in males, 
we know that cells can survive without the presence of the 
Y chromosome”, and further than the Y chromosome can 
vary in size and morphology without any demonstrable 
phenotypic effect!*. We may therefore postulate that 
it is largely genetically inactive, and that its loss would 
have little effect on cell survival. 

The significance of the differently shaped curves apply- 
ing to males and females is not clear; Jacobs et al.? have 
suggested that the increase in rate of formation of 

-aneuploid cells, and particularly in those lacking a C 
chromosome between the ages of 45 and 64 years in females 
might be due to the sharp decline of sexual activity 
occurring in women during this period while in males, no 
such change occurs, giving a more constant rate of in- 
crease. 

To conclude, therefore, it is now clear from an examina- 
tion of two unrelated populations that the number of 
aneuploid cells found in lymphocyte cultures tends to 
increase with the age of the subject. Furthermore, the 
evidence suggests that the X chromosomes are involved.in 
females and the Y in males. We have suggested that the 
mechanism might well be a generalized lowering of mitotic 
efficiency leading to loss (or rarely gain) of any chromosome 
in the complement, but that loss of any other chromosome 
but the genetically inactive X or the Y leads to death 
of the cell due to chromosome imbalance, so that only 
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cells in which these particular chromosomes are missing | 
4 


will survive. 
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FUNCTIONAL ROLE OF MUSCLE RECEPTOR ORGANS IN CRAYFISH 
By HOWARD L. FIELDS* and Pror. DONALD KENNEDY 


Department of Biological Sciences and Neurological Sciences Program, Stanford University, California 


HE abdominal stretch receptors of decapod crusta- 
ceans, originally described by Alexandrowicz}, have 

been extensively analysed as to mechanisms of trans- 
duction and of excitatory and inhibitory control?-’. Each 
organ consists of a sensory neurone, with its dendrites 
embedded in a small muscle which is in parallel with the 
adjacent extensor musculature. A pair of organs is found 
on each side of each segment of the abdomen. The 
members of each pair differ grossly in that the lateral 
muscle (RM) is thinner and more taut than the medial 
muscle (RM); moreover, the sensory neurone of RM, has 
& lower discharge threshold when stretched, and adapts 
more slowly to maintained tension®?. Each organ receives 


_ & complex efferent nerve supply: its receptor muscle is in- 


nervated by motor axons, and an inhibitory nerve runs to 
the dendrites and soma of the sensory neurone itself*®*, 

Despite the thoroughness with which this organ has 
been examined as a receptor, little is known of its reflex 
function or of its central connexions. In fact, its only 
conclusively demonstrated central action 1s that of self- 
inhibition?®, 

Two types of experiments have been performed to 
elucidate the function of this proprioceptor in the reflex 
control of abdominal muscles in the crayfish (Procambarus 
clarkiv). The first approach was to determine the innerva- 
tion pattern of the extensor musculature. Glass micro- 
electrodes were used to record junctional events in muscle 
fibres while the nerve trunk to the extensors was electric- 


ally stimulated with brief pulses of graded intensity. In. 


most of these experiments microelectrodes were inserted 
into fibres of two different muscles. As the intensity of 
the stimulus was gradually mereased, junctional potentials 
appeared at a threshold intensity value which would be 
identical for members of any pair of muscle fibres inner- 
vated by the same motor axon. 

This technique revealed that the extensor muscles are 
divided into two distinct groups: (1) the deep extensors, 
which are fast muscles that respond to a single moto- 
neurone impulse with a twitch (ef. ref. 11), exhibit no 
spontaneous junctional potentials, and only rarely respond 
to natural stimuli; (2) the superficial extensors, which are 
slow muscles that show graded contractions in response to 
repetitive motoneurone impulses, are spontaneously 
active, and are activated by various natural stimuli, 
The deep extensors share innervation with each other and 
with RM, a finding which is not surprising ın view of the 
fact that the anterior part of RM, is often embedded in 
the lateral deep extensor. The superficial extensors share 
innervation with each other but never with the deep 
extensors; HM, occasionally shares a motoneurone with 
a superficial muscle fibre. 

Kuffler? has shown that RM, 18 a slow muscle, similar 
to the superficial extensors, and Florey and Florey? have 
provided histological evidence that RM, shares innerva- 
tion with adjacent extensor muscle fibres. Attempts at 
in situ penetration of RM, were generally unsuccessful, 
and an indirect approach was therefore used to determine 
its motoneurone-sharing pattern. After the dorsal nerve 
was cut centrally to prevent reflex effects, stimulating 
and recording electrodes of fine platinum wire were 
hooked under the branch containing stretch receptor 
afferents and motor fibres to the RMs and adjacent exter- 
sors. A microelectrode was inserted into a nearby extensor 
fibre. As the stimulus intensity was gradually increased, 

* Pre-doctoral Fellow of the U.S. Public Health Service. 


the appearance of junczional potentials in slow muscles 
was consistently attended, at a given intensity, by an 
increased discharge frequency in the slowly adapting 
receptor. In ths way it was shown that RM, shares 
one or two, but not all. of the excitatory motoneurones 
supplying the slow superficial extensor muscles. 

The organization. of the extensor system is thus remark- 
ably similar to that found in certain amphibian 
muscles!?-4, The division into distinct twitch and slow 
muscle fibres with separate innervation is common to 
both groups, and in both, motor axons which supply 
twitch fibres branch to supply the twitch receptor muscle 
and those supplying slow fibres branch to supply the slow 
receptor muscle. Thus, in contrast to mammalian muscle 
(where intra-fusal and extra-fusal fibres are for the most 
part independently mnervated) the neural activation of 
receptor muscles in botn Crustacea and Amphibia is 
linked to that of non-receptor muscles. The crustacean 
and amphibian systems differ from one another in that 
the former possesses sepsrate receptor neurones associ- 
ated with twitch and slow muscle groups, and exhibits 
anatomically distinct receptor muscles (for a more thorough 
discussion see ref. 13). 

A more directly functional approach involved analysis 
of the central effects of stretch receptor output with all 
neural connexions intact. In these experiments, receptor 
discharge was monitored with a fine platinum wire hooked 
under the dorsal nerve. Motoneurone discharge was 
simultaneously followed by monitoring junctional poten- 
tials in other extensor muscle fibres with an intracellular 
microelectrode.. It was observed that when the RMs 
were stretched, depolarizing junctional potentials appeared 
In superficial extensor muscle fibres. To determine 
whether this central effect (which is analogous to the 
mammalan myotatic reflex) summated with other known 
excitatory inputs, the superficial branch of the dorsal 
nerve—which contains tactile afferents known to be 
strongly excitatory to superficial extensor motoneurones 
——was electrically stimulated at an intensity just below 
threshold for motoneurone activation. When the RMs 
were stretched, junctional potentials appeared in response 
to each stimulus. 

By separately stretching 2M, and RM, with a micro- 
manipulated fine-wire hook 1t was found that input dis- 
charge from the slow recepter alone 1s sufficient to evoke 
firing of ipsilateral slow extensor motoneurones of the 
same segment (Fig. 1) and summates dramatically with 
tactile input (Fig. 2). The relationship of firing fre- 
quencies in the sensory and motor axons is plotted in 
Fig. 3. Receptor discharge is about 1/10 this effective in 
exciting ipsilateral motoneurones in adjacent segments. 
and has a negligible effect on contralateral motoneurones. 
Deep extensor motoneurones are not demonstrably affected 
by slow receptor discharge. 

Discharge of the fast stretch receptor, even at frequen- 
cles exceeding those which, in the slow receptor, are 
sufficient to evoke motoneurone firmg, produces no 
observable activation of either superficial or deep 
extensor motoneurones. It seems hkely that the pre- 
dominant central effects of the fast receptor are associated 
with activation of the fast muscle system, such as occurs 
during the escape reflex. The fast muscles are incapable 
of the finely graded contractions required for intermit- 
tent slow changes ın tail position; and, in contrast to the 
superficial extensors, they do not show the tonic activity 
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Fig. 1. Activation of slow motoneurones by discharge in the slowly 
adapting stretch receptor. The muscle of the fast receptor was cut and 
the muscle of the slow receptor was then gradually stretched and released. 
Upper trace, continuous eee of activity in the intact dorsal nerve, 
the large spike is from the stretch receptor axon, the small spike, finng 
in pairs (for example, arrows), 1s from the accessory nerve, Lower trace, 
intracellular recording in an adjacent slow muscle fibre Hach junctional 
potential results from an impulse in a slow motoneurone 


required for maintenance of a set position of the tail. 
As yet, no reliable method of centrally activating fast 
extensors has been found, and as a result the role of the 
fast receptor in tail movements has not been established. 

The slow receptor, on the other hand, seems clearly 
involved with co-ordination of slow abdominal move- 
ments and maintenance of set tail position. It provides 
the central nervous sytem with information on two inter- 
related variables: tail position, and level of motor discharge 
to the slow extensors. 

When the slow extensor motoneurones in a given seg- 
ment are activated, for example, by tactile input, the 
muscle of the slow receptor contracts and the receptor 
discharge increases; this in turn feeds back as excitation 
to the same motoneurones. As the extensor muscles 
shorten, tension in RAL, decreases, resulting in a decreased 
frequency of firing in the sensory neurone. This postu- 
lated sequence is verified by recordings (Fig. 5) showing 
that tactile input causes first an increase and then a 
decrease in slow receptor output accompanying discharge of 
slow extensor motoneurones. Since the frequency of stretch 
receptor output is a linear function of tension, which is 
in. turn directly related to the initial length of the receptor 
musclet, the magnitude of the sensory discharge fed back 
ın response to motor impulses will depend on the initial 
length of RM.. 

The magnitude of the change in stretch receptor activity 
under nearly isometric conditions, shown in Fig. 4, demon- 
strates that the simple view of this organ as a length- 
measuring proprioceptor is inadequate; the powerful 
effect of efferent activity must be taken into account. 
In fact, if there is sufficient efferent activity in slow 
extensor motoneurones the stretch receptor will discharge 
even near full extension when receptor muscle length is 
minimal. On the other hand, full flexion often evokes 
only a low discharge frequency in the slow 
receptor. 

In order to examine the preparation in 
a more completely intact state, holes 
were made in the dorsal exoskeleton of 
the abdominal segment under study and 
small pin electrodes, insulated except at 
the tip, were implanted. The animal 
was suspended in a carapace clamp, and 
was otherwise free to move abdomen and 
legs. Under these conditions, recordings 
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Fig. 2. Central interaction of tactile and stretch receptor input to slow 
motoneurones. Nerve containing only tactile afferent fibres was elec- 
trically stimulated at constant mtensity. The muscle of the slow receptor 
was gradually stretched. Upper and lower traces as in Fig.4. The larger 
spike is from the slow receptor, the smaller from the accessory nerve 


Motoneurone discharge (impulses/sec) 
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Receptor discharge (impulses/sec) 


Fig 3. Plot ofthe relationship between discharge frequency In the slowly 
adapting stretch receptor and in an ipsilateral slow extensor moto- 
neurone of the same segment 


100 


could be made of electrical activity in the extensor muscles 
and the slow stretch receptor axon in an unrestrained, 
undissected animal. 

It was repeatedly observed that if one manually flexes 
the crayfish’s abdomen from any set initial position 1b 
will usually return to the initial position with remarkable 
precision. The slow stretch receptor discharge increases 
when the tail is manually flexed, and is progressively 
silenced as the initial position is re-approached. 

It may thus be postulated that the slow stretch receptor 
functions as part of a negative feedback servo system 
(cf. refs. 16, 17) which bears some resemblance to that 
described by Bush for Carcinus limb muscles#*. Presynap- 
tic drive produces a motor burst to superficial extensor 
muscles which initiates extension, and may (if the proper 
efferent neurones are involved) evoke an increase in the 
frequency of receptor discharge (for example, Fig. 5). 


UL 


50 mY 


` 200 ms 


Fig. 4. Variability of stretch receptor discharge frequency under isometric conditions. The 
largest spike in the upper trace 1s from the slow receptor. The lower trace 18 an intracellular 
record from an ipsilateral slow extensor muscle fibre in the same segment The abdomen was 
pinned ın a flexed position, and tactile hairs in the telson region were stimulated with a needle 
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Fig. 5. Feedback excitation of slow motoneurones in response to 
electrical stimulation of nerve containing tactile afferents; segments 
from a continuous record. Constant stretch was ** to both receptor 
muscles. The records from above downward are in order of increasing 
stimulus intensity. The upper trace records stretch receptor output; the 
slow receptor is the third ees (for example, arrows), the s 
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The magnitude of the increase is a function of the initial 
degree of tail flexion. As the extensors contract, the 
stretch receptor is unloaded and excitation of extensor 
motoneurones decreases. The power and rate of tail 
movement in response to sensory input thus depends on 
the intensity of presynaptic input to extensor moto- 
neurones and also on initial tail position. 

Presynaptic drive to slow extensor motoneurones 
determines the set point. Tail position (output) repre- 
sents the balance between the activity of slow extensor 
motoneurones, which tend to shorten the segment, and 
the opposing forces of gravity, flexor tone and contraction 
of extensors in adjacent segments which tend to lengthen 
the segment. The stretch receptor detects differences 
between the set point (at which its discharge frequency 
is zero) and the actual tail position. This difference may 
be thought of as the error; its magnitude is coded by the 
frequency of impulses in the stretch receptor neurone. 
Excitation of superficial extensor motoneurones results in 
shortening of the segment, and thus in reduction of the 
error. Adjustment of presynaptic drive to motoneurones 
which supply the slow stretch receptor muscle changes 
the set point and allows postural maintenance via the 
stretch receptor servo to operate over a wide range 
of tail positions. Motor control of proprioceptor sensi- 
tivity has been analysed in the myochordotonal organ of 
crustacean limbs, and might function similarly to main- 
tain a set position’. 

Such a system would provide the crayfish with a rela- 
tively simple and efficient mechanism for adjusting the 
force of slow extensor contraction to a level that just 
overcomes opposing forces during extension and for main- 
taining a set position. It bears a close resemblance to 
the amphibian system, where Katz’? observed that when 
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motoneurones innerveting both intrafusal and extrafusal 
fibres were stimulatec, spindle discharge was diminished 
if there was no load Sut increased if sufficient load was 
placed on the muscle 

Evidence supporting this concept of stretch receptor 
function was obtained in the following manner. The 
superficial branch of the dorsal nerve was stimulated 
electrically at a gradually increasing intensity, activating 
tactile afferent fibres*. This provided an easily controlled 
source of presynaptic excitatory drive to slow extensor 
motoneurones. Junct onal potentials in superficial exten- 
sor muscles and streteh receptor output were monitored 
as already described. Fig. 5 demonstrates that while 
the initial motoneurone burst is a function of stimulus 
intensity, subsequent motoneurone activity depends 
primarily on the frequency and duration of stretch 
receptor discharge fed back in response to the initial 
efferent burst. 

The role of inhibitory control of stretch receptor output 
via the accessory nerve is not yet clear. Eckert*® showed 
that a centrally originating burst in the accessory nerve, 
which does not require input from the stretch receptors, is 
prominent during act.ve flexion. By damping stretch 
receptor output during flexion, reflex excitation of exten- 
sors by the stretch receptor would be diminished and 
flexion thereby made more efficient. 

The reflex inhibition of stretch receptors takes on added 
significance when it is considered at the intersegmental 
level. We have observed that discharges in the accessory 
nerve occur at the termination of receptor discharges that 
are effective in producing reflex activation of extensor 
motoneurones. Similar discharges must simultaneously 
occur in the accessory rerves of adjacent segments, for the 
magnitued of inhibition due to stretch receptor discharge 
is at least as great in adjacent segments as it is in the 
reference segments*®. We find that reflex excitation of 
motoneurones is only L/10 as great in adjacent segments ; 
thus a given stretch receptor inhibits its neighbours 
strongly via the accessory norve reflex, but only excites 
them weakly via its action on shared slow extensor 
motoneurones. In the sbsence of inhibition, contraction of 
the superficial extensors would increase the tension on 
slow receptor muscles in adjacent segments, and this 
in turn would tend to produce activation of superficial 
extensors in these segments. Their contraction would 
both oppose shortening of the reference segment, and cause 
extension of adjacent Dosterior segments. The spread of 
reflex inhibition may fanction to prevent such coupling 
of contractions occurring in adjacent segments, and would 
thus contribute to abdominal flexibility. 
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Scientific Research (grant AF-AFOSR 334-63), the U.S. 
Public Health Service {grant B-2944) and the Epilepsy 
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Morrell and Kimihisa Takeda for their advice. 
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A QUASI-TRADITIONAL SPECTROSCOPIC RADIAL VELOCITY TECHNIQUE 
APPLIED TO THE ROTATION OF VENUS 
By Dr. ROBERT L. WILDEY 


Mount Wilson and Palomar Observatories, Carnegie Institution of Washington, California Institute of Technology, and Division 
of Geological Sciences, California Institute of Technology 


“NPECTROSCOPIC measurements of the rotation of 
kJ Venus have been previously carried out by Slipher? 
in 1903, by St. John and Nicholson? in 1923, and by 
Richardson’ in 1956. There are two main properties which 
are common to all these measurements. First, the tech- 
nique is a traditional one in which a photographic spectro- 
gram is taken at two opposite limbs of the planet. The 
line wave-lengths are then determined with a precision- 
screw measuring engine, the line centres being estimated 
by eye, and the wave-length differences due to the dif- 
ferential Doppler effects between the two limbs are 
extracted. Secondly, the signal-to-noise ratio of the 
traditional method has never been high enough to yield 
an unambiguous detection of the rotation of Venus. 
When the distribution functions of such sets of measure- 
ments are determined, their values at zero radial velocity 
are always a fairly large fraction of their peak values. 

In 1962 I conceived of a variation of the spectroscopic 
method, using photo-electrie techniques, which appeared 
to imply an increase in the precision, by a large factor, 
with which the differential radial velocities on Venus 
could be measured. Shortly thereafter the first radar 
results for the rotation cf Venus were disclosed by 
Goldstein and Carpenter’. Original doubts regarding the 
interpretation of the widening of the frequency spectrum 
of the reflected radar signal over the transmitted signal as 
being due to the rotation of Venus in a calculable way, 
were dispelled when the distribution over time of the 
return signal was also analysed and a connexion between 
the spectral distribution of signal and its distribution over 
the Cytherean disk was thus established. It nevertheless 
seemed profitable to try my quasi-traditional spectro- 
scopic method on Venus to determine its precision and to 
see whether the radar results would be incompatible, 
though the latter eventuality seemed incomprehensible. Tt 
was also envisioned that some future state of development 
of the technique might allow the detection of any large- 
scale rapid wind systems prevailing on Venus. 

The technique uses the high-resolution photoelectric 
spectrum scanner mounted at the focus of the 114-in. 
Coudé spectrograph camera of the 100-in. telescope. One 
may scan approximately 55 A of spectrum at a time. The 
central wave-length of the scan is varied by altering the 
angle of tilt of the grating. The grating used in this case is 
46 B (900 lines/mm) which yields a reciprocal dispersion 
in the second order in the region of 4600 A of 2:8 A/mm. 
On the morning of December 29, 1964, the entrance and 
exit slits were set at 80u and 50u, respectively, yielding a 
wave-length resolution of about 0-14 A. On the following 
morning the slit-widths were halved. | 

The attainment of high resolution requires an entrance 
slit much narrower than the diameter of the seeing- 
tremor-disk. The scanner avoids registering the variations 
in total light due to seeing by forming the ratio of the 
photoelectric signal obtained through the exit slit to the 
signal admitted in two 5-A bandpasses immediately to 
either side of the wave-length region being scanned. The 
Coudé scanner has been described in greater detail 
elsewhere®-’, 

In the work recorded here the scanner was first used in 


fisa” 


values of d7z/dà (J, is the Cytherean specific intensity’, 
and ean be thought of as measured in inehes on the 


ordinate of the strip chart for present purposes). Selecting 
a wave-length on the side of a steep line, the exit slit was 
returned to that wave-length and halted. The quantity: 

— 

K =J, Vaa a 
was evaluated at the wave-length in question for later 
use in the reductions. Separate lines were used on each 
night, yielding values of K of 1-69 Å- on December 29 
and 3-12 A-t on December 30. The slit-length was about 
one-quarter the diameter of Venus’s image. The image 
rotator maintained the slit in a north-south direction. 
With the wave-length fixed, the slit was alternated from 
east limb to west limb and vice versa as the recorder pen 
passed l-min time-marks on the strip chart. The Doppler 
shift of the line relative to the exit slit thus results in a 
change in the recorded value of J): 


= = KAD (2) 


The differential radial velocity signal is thus a 0-5-cyele/ 
min square wave for which the fundamental datum is the 
amplitude of one full wavel form. The sources of noise are 
primarily the shot noise of the dark current of the LP21’s, 
and secondarily a residual seeing noise due both to dif- 
ferences in responsivity distributions over the two photo- 
cathodes and very slight differences between the electronic 
time constants of the scanning channel and the monitor 
ehannel. The signal-to-noise ratio of the Doppler measure- 
ment is thus nearly proportional to the surface brightness 
of the planet and can be increased by integration over 
time. From each 2 min of chart record the quantity 
2 (lag — lw Ug + Jaw) was extracted by planimetry 
of the area between the signal trace and the zero level. 
Equation (2) then yielded AX. Following this, Richard- 
son's? equation (1) yielded the equivalent rotation. 


(day?) 





Adz07A 3 


l4 15 
U.T. Ch) 
Fig. 1. Spectroscopic radial velocities, reduced to equivalent reciprocal 
Cytherean periods of rotation, collected on the mornings of December 20 | 
and 30, 1964 
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The results of the investigation are shown in Fig. 1. 
This manner of display is necessary because the Coudé 
scanner is sensitive to atmospheric dispersion at large 
zenith angles, as has been briefly discussed by Mihalass, 
and also because of its sensitivity to total-light gradients 
across the slit produced by lmb-darkening. It was not 
possible to carry out the observations later than about 
10 min before sunrise due to sky level. Venus was thus 
quite low. The abscissa of Fig. 1 is the Universal Trme for 
December 29, but has a zero point adjustment for Decem- 
ber 30 in order to represent Venus at the same zenith 
angles (=z) for both days. The figure shows clearly that 
the Doppler shift decreases as Venus rises and also as the 
wave-length resolution is narrowed. The latter effect 
takes place in the scan channel and is due to a change ın 
the gradient of integrated intensity across the slit. Duf- 
ferent parts of the slit image the same wave-length at 
different positions in the focal plane of the spectrograph 
camera, hence a change in the gradient will alter the 
weighting of light across the slt and produce a slight shift 
in the position, say, of a spectral line. This effect would 
not be found on spectrograms where the slit is placed 
across the Cytherean. diameter in search of line tilt, because 
the limb darkening is then along the slit length—per- 
pendicular to the dispersion. An effect of atmospheric 
dispersion which is independent of slit width is the 
variation in proportion of blue and red light and its effect 
on the two monitor channel levels. This effect is cancelled 
if the photoelectric responsivity at the two wave-lengths 
of the monitor channel is the same, an eventuality which 
did not grace the present observations. 

In order to render the ‘true’ from the ‘apparent’ 
rotational velocity plotted as the ordinate, the following 
procedure was adopted. The best straight line was fitted 
by eye to the plot for December 29 (slit width = Ad, = 
0-14 A). A straight line was chosen as sufficient since the 
observations are spread over a relatively short time. For 
the plot where the slit width was 0-07 A a best fit straight 
line was also drawn. The two low-lying points were 
rejected from the fit since their residuals were greater than 
3-5 times the average, and they were collected during poor 
guiding. In order to avoid errors of extrapolation, the 
curves should be read at times near abscissae of data 
Reading at v.T.= 1432 we obtain values ofp 
of 1-95 and 0:88; at u.t.= 1437 we obtain 1-82 and 0-75, 
and at 1,442, 1-70 and 0-62. At any given v.7., the value 


points. 


—1 
of 7 Should consist of æ term dependent on the slit 


width and two constant terms, one from atmospheric 
dispersion and the other from real rotation. Furthermore, 
of these latter two terms, only the true rotation will be 
independent of u.t. Since the wave-length shift which 
depends on slit width is not an effect of atmospheric 
dispersion, 1t should not vary with time. This conclusion 
is supported by the data in that the two lines in Fig. 1 are 
very nearly parallel. 

By assuming a first-order approxumation to be sufficient 
for such small slit-widths, the reciprocal period can be 


linearly extrapolated to zero width. At the foregoing - 


three times this procedure yields 0-19, 0-34 and 0-47 day-1 
retrograde. The values of tan z, to which the residual 
apparent reciprocal period should be linearly related, 
corresponding to these numbers are 4°50, 4-21 and 3-98. 
A linear extrapolation to tan z = 0 then yields a result of 
— 2:84 day-1, hence a rotational period of 8 h 26 min 
retrograde. This result is to be rejected since it would 
have been detected by previous spectroscopic techniques, 
but we are obliged to ascertain why it has been derived. 

Having been forced into a rather cireumlocutory 
procedure, we see the error analysis is not complete with 
the determination of the residuals of individual line shifts. 
The final answer results from the equation: 


To = T~ — «Ar, — B tanz (3) 
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The probable error af a smgle measurement of T-', 
obtained from the residuals of points from the mean lines 
in Fig. 1, 1s 0-050. This is the smallest source of error by 
far. The precision with which the slits were adjusted 
suggest that (Az) might be as large as 0-01 A at most, 
and «is about 15. The error in B represents the allowable 
range of slopes of the Enes fitted in Fig. 1, and should be 
well under 0-057. An average value of tan z1s 4:2. These 
combined effects contmbute a maximum error of 0-28 
day-' which is insufficient to explain the discrepancy. 

Evidently a first-order theory ıs insufficient to desenbe 
the systematic errors of this procedure. In order to take 
full advantage of this method a comprehensive set of 
observations of Venus over a large range in zenith angles 
is needed. If the understanding of the error component 
dependent on slit-widtk. 1s correct, 1t can be elimmated by 
rotating the slit perpendicular to the adjacent limb, m 
lieu of many observations of different slit-widths. This 
confuses the rotational velocity represented by the enter- 
ing photons, but the gain in error elimination more than 
compensates. In the proper development of this technique, 
the only significant source of error in the result should be 
the scatter of T- itseif about the characteristic curves. 

The present observations were collected under very poor 
conditions. The declination of Venus was —22° and its 
elongation such that between pick-up at the hour-angle 
limit of the 100-in. telescope and the rising of the sky back- 
ground to an inadmissible level, only about 30 min trans- 
pired, In addition, the seemg*® was between. 1 and 2 while 
the Cytherean angular diameter was only 11-4 sec of arc. 
A final effect which increases the scatter in Fig. 1 is 
related to proper phasing in the cycling of the telescope 
between the east and wast limb. It was necessary to be in 
constant monitor of essentially three aspects of the 
operation. (1) The image of Venus had to be watched 
through the guiding eyepiece to ensure proper slit place- 
ment on the limb. Guiding ıs a more active procedure near 
the horizon. where atmospheric refraction changes rapidly. 
(2) The voltage signals on the individual amplifiers had to 
be watched. Slit creep towards the disk centre might 
result in overload, while slit creep too close to the image 
edge might result in voltages too low for a clean ratio 
independent of small zero drift to be taken. (3) The 
recorder pen position an the chart had to be watched in 
order that the telescope could be cycled with the slow- 
motion buttons at the proper times. Sloppiness in timing 
of the third step contr. butes to some scatter in Fig. 1. 

It ıs useful to compare the scatter in Fig. 1 with that 
from traditional spectroscopic methods. 

Richardson’s paper tists spectroscopic radial velocities 
(Table 116) for Venus using the same telescope, dispersion, 
resolution and spectrograph camera as used in the present 
study, but with a photographie plate replacing the spec- 
trum scanner. Thirteer plates are listed and each spectro- 
scopic velocity results from the measurement of thirteen 
lines. In order to obtain a fair comparison the same factor 
relating velocity to reciprocal period was used as applies 
in the present study. One thus obtains as the probable 
error of a single plate tne value 0-156 day~1. The average 
exposure of the plates is 6 min., for which time the 
quasi-traditional methcad (on one line) yields a probable 
error of 0:0288 day-1, a gain by a factor of 5-4. As pointed 
out earlier, this gain would be higher were the present 
observations of Venus collected ın similar average circum- 
stances. It is concluded that further fruitful efforts may 
be exerted in exploiting the quasi-traditional technique. 

This work was supported in part by the U.S. National 
Aeronautics and Space Admunistration. 
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LETTERS TO 


ASTROPHYSICS 


A Radar Determination of the Rotation 
of the Planet Mercury 


Dvurina the recent inferior conjunction of the planet 
Mercury in Apri, 1965, radar observations were obtained 
by the Arecibo Ionospheric Observatory in Puerto Rico 
(operated by Cornell University with the support of the 
Advanced Research Projects Agency under a Research 
Contract with the Air Force Office of Scientific Research). 
The system operated at a frequency of 430 Mc/s, with an 
antenna gain of 56 dB and a transmitted power of 2 MW. 
The resulting sensitivity was sufficient to obtain significant 
echoes not only from the nearest part of the planetary 
disk but also from more distant regions, removed by up 
to 0-06 of the planet’s radius. BY using short transmitted 
pulses of 500 usec duration, it was possible to isolate the 
echo power from these more distant regions, and to carry 
out a Fourier analysis of their spectral composition. 

Since the source of the delayed echoes can quite reliably 
be associated with a known area of the planetary surface, 
the magnitude of the apparent planetary rotation can be 
inferred from the measured spectral dispersion through 
a simple geometrical relationship. The apparent rotation 
is the vector sum of an intrinsic rotation and a contribution 
arising from the relative motion of the observer and the 
target planet. Since the latter is quite accurately caleul- 
able from the known orbital motions of the Earth and 
Mercury and the known rotation of the Earth, a constraint 
is set on the allowable vector magnitude and position 
assigned to the intrinsic planetary rotation. 

By carrying out observations spread over a period of 
time it is possible to solve for both the magnitude and 
~ direction of the planetary rotation. In the present series 
of observations, data have been obtained for April 6, 10, 
12 and 25, 1965. On most of these days it was possible to 
check the results by comparing the inferred angular 
rotation obtained from data at various delays measured 
with respect to the earliest (and strongest) echo compon- 
ent. From this comparison a degree of confidence could be 
established, and an estimate obtained of the measurement 
error. 

The data were used to compute a most likely value of 
intrinsic planetary rotation with a procedure developed 
by Dr. Irwin Shapiro of the Lincoln Laboratory, Massa- 
chusetis Institute of Technology. Fig. 1 shows the 


MERCURY ROTATION 1968 
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Fig. 1. Piot of the apparent rotational angular velocity of the planet 
Mercury versus date for several values of rotation dumng the inferlor 
conjunction of April 1965. The values inferred from the measurements 
are shown with their estimated errors 
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measurements together with the best fit curve. The curve 
for a retrograde rotation which would be permitted on the 
basis of the data of April 6, 10 and 12 alone is also included, 
as is the behaviour that would be expected on the assump- 
tion of rotation which 1s synchronous with the orbital 
period. As shown in Fig. 1, the rotation 1s direct with a 
sidereal period of 59 + 5 days. The direction of the pole 
is not well-determined from these limited data, but is 
approxumately normal to the planetary orbit. . 

The finding of a value for the rotational period of Mer- 
cury which differs from the orbital period 1s unexpected 
and has interesting theoretical implications. It indicates 
either that the planet has not been in its present orbit 
for the full period of geological time or that the tidal 
forces acting to slow the initial rotation have not been 
correctly treated previously, as suggested in the following 
communication. 

We thank the staff of the Arecibo Ionospheric Observa- 
tory for their assistance in carrying out the measurements. 

G. H. PETTENGILL 
R. B. DYCE 
Cornell-Sydney University Astronomy Center, 
Arecibo Lonospheric Observatory, 
Arecibo, Puerto Rico. 


Rotation of the Planet Mercury 


SOLAR tidal friction must be an intense effect for Mer- 
cury, and it must be expected that the planet’s spin 
would have relaxed from any original value to one that is 
under the control of this effect ın a time short compared 
with the age of the solar system. The retarding torque 
exerted by the Sun on a planet is proportional to 1/r® 
(where r 1s the distance Sun-planet), a factor which is some 
300 times greater for Mercury than for the Earth. For a 
planet on a circular orbit the final condition would then 
ba one of synchronous rotation like the motion of the Moon 
with respect to the Earth. Mercury’s motion around the 
Sun takes 88 days and for synchronous rotation the side- 
real period would thus be 88 days also. The observed 
value of 59 + 5 days differs markedly from this (see 
preceding communication). 

For a planet with substantial orbital eccentricity the 
condition is different, however, and synchronous rotation 
with the orbital period need not then be expected. With 
the l/r? dependence the tidal torque at perihelion will 
exceed that at other times, and the angular velocity of 
the planet will thus settle at a value greater than the 
mean orbital angular velocity, but not quite as great as 
the orbital angular velocity at perihelion. For Mercury, 
where the eccentricity is 0-2, 2x times the reciprocal of 
the orbital angular velocity at perihelion is 56-6 days. 
A spin with a sidereal period lyıng between 56 and 88 
days thus must be expected. 

A. more precise calculation may be made based on the 
consideration that the final angular velocity of the planet 
will be such that the time average of the tidal torque 
around the orbit is zero. No further change in the planet’s 
spin will then occur except on the much longer time scale 
on which other orbital elements can be influenced by 
tidal friction, effects which probably are unimportant in 
the age of the solar system. The precise calculation of the 
angular velocity to fit this condition can be made without 
@ quantitative description of the dissipation properties 
of the planet, but involving certain assumptions. The 
tidal phase lag has to be assumed to be a small angle only, 
and one may make the calculation with Q bemg dependent 
on amplitude and frequency in a variety of ways (1/@ 1s the 
specific dissipation function!). If Q is assumed to be inde- 
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pendent of amplitude and inversely proportional to fre- 
quency, then the condition will yield a period of 71 days. 
If Q is assumed independent of amplitude and of frequency 
the result is 65 days. Any additional effect of amplitude 
dependence would go in the sense of increasing the dissi- 
pation near perihelion where the amplitudes are greatest 
and therefore decreasing the period still further. It thus 
seems likely that Mercury is indeed in its final state of 
spin, and that 1ts present rotation therefore reflects very 
accurately certain characteristics of the dissipation process. 

The condition discussed here 1s based on the supposition 
that the solar torque exerted on the tidal bulge exceeds 
that exerted on any permanent deformation from axial 
symmetry. In the converse case a period of 88 days for 
the rotation would mdeed result. This may imply that 
Mercury has not much permanent rigidity. The high sur- 
face temperature may be partly responsible for this. 
The solar system has thus provided us with an example 
of each of the two final states of rotation that tidal fric- 
tion can bring about: the Moon, which has locked into 
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~xthe synchronous rotation, and Mercury, which has come 
f to the rotation that is enforced in the absence of any 
a permanent asymmetry of the body. 


y 


S. J. PEALE 
T. GOLD 
Cornell-Sydney Unıversity Astronomy Center, 
Cornell University, Ithaca, New York. 
1 MacDonald, G F, J., Rev. Geophys , 2, No. 3 (1964). 


RADIOPHYSICS 


Flux Density of the Radio Source CTA 102 


OBSERVATIONS at 920 Me/s by Sholomitsky!* suggest that 
the flux density of the radio source CTA 102 exhibits 
large variations with a period of about 100 days. 

Observations of OTA 102 were made at Cambridge dur- 
ing 1964 in the preparation of the 4C catalogue? of radio 
sources. The 178-Mc/s interferometer** and a pencil 
beam system of similar resolution’ were used simultan- 
eously for transit observations of regions of sky approxi- 
mately 6° wide in declination, centred at declination 09° 
during July 11-August 13, and at declination 13° during 
September 11-October 7. 

The central dates of the surveys at 09° and 13° differ by 
only a few days from the minimum and maximum respec- 
tively of the variation suggested by Sholomitsky (extra- 
polating his curve by a quarter of a cycle). If the curve 
given by Sholomitsky also represents the behaviour of 
CTA 102 at 178 Me/s the flux density of the source should 
be considerably greater during the 13° survey than 
during the survey at 09°. 

When smoothed over the periods of observation the 


predicted ratio of flux densities is 57 = 1:55. The 
observed ratios for the two instruments are as follows : 
Interferometer system: a = 0°86 + 0-12 (r.m.s.) 
Pencil beam system: — = 113 + 0-15 (r.m.s.) 
(09°) 


Neither of these ratios differs significantly from unity 
and we conclude that any variation of the type proposed 
by Sholomitsky is either much smaller or absent at 
178 Mc/s. 

J. L. CASWELL 
D. Wurs 
Mullard Radıo Astronomy Observatory, 
Cavendish Laboratory, Cambridge 


` 3? Sholomitsky, G. B., Intern. Astro. Union (Comm. 27) Information Bull, No. 


83 (1965). 
* Gower, J. F. R. (in preparation). 
* Ryle, M , J. Inst. Elec. Eng., 6, 14 (1960). 
: —— ae Ryle, M., and Hewish, A., Mon. Not, Rey Asho. Soc,,122, 95 
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Lack of Effect of lo on Jovian 3:75-cm 
Emission 


A RECENT investigation by Bigg! has shown that the 
recording of decametər wave-length radiation from 
Jupiter depends not ony on the Jovian longitude which 
faces the Earth but alco on the relative position of the 
satelhte lo in its orbit. Since the decameter bursts are 
probably associated with the magnetic field of the planet, 
I decided to see if Io had any effect on the synchrotron 
emission generated with.n the radiation belts in Jupiter’s 
magnetosphere. 

The position of Io was plotted against the results of 
observations at 3:75 em which were taken with a polari- 
meter on the 85-ft. telescope at the University of Michigan. 
The original data were taken in 1963 (refs. 2 and 3). 
Variations observed in dagree of polarization, flux density 
and position angle of the polarized radiation from 
Jupiter can be attributed to the rotation of the planet; 
no correlation was detected between the position of Io 
and the variations of she polarized emission. Fig. 1 
illustrates the lack of ccrrelation of the degree of polar- 
ization with the position of Io. In contrast, Fig. 2 shows 
the relation between the variation of the degree of polar- 
ization and the Jovian longitude. 

The ratio of the degrees of polarization at a given longi- 
tude to the mean. value Zor the whole planet (5:8 per cent) 
can be used as a correction factor to remove from the 
data the effect of the change in degree of polarization 
with Jovian longitude. Division of each observed point 
by the correction factor leaves any residual variation to 
other causes. Fig. 3 is a diagram like Fig. 1 but with the 
foregomg correction for Jovian longitude applied to the 
points. The random scaster of points in Fig. 3 confirms 
the lack of correlation of the position. of Io and the degree 
of polarization of the Jovian radiation. 

The results for flux density and position angle of the 
polarized radiation show a similar lack of correlation with 
the position of Io. 


Degree of polarization (per cent) 
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Fig. 1. Lack of effect of Io or the degree of polarization of Jovian 
radiation at a wave-length of 3°75 cm 
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Fig. 2. Longitude dependence of the degree of polarization of Jovian radi- 
ation at a wa7e-length of 3-75 cm 
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Fig. 3. Lack of correlation of the degree of polarization of Jovian radia- 
tion with the position of Io after correction of the measured degree of 
polarization for the rotation of Jupiter 


Therefore, while lo is observed to have an effect on the 
localized regions responsible for the decameter bursts, ıt 
does not influence the over-all structure of the Jovian 
magnetosphere, which is responsible for the non-thermal 
emission at centimetre wave-lengths. 

Jonn R. Dicken 

University of Ilinois Observatory, 

Urbana, Illinois. 


! Bigg, E K., Nature, 203, 1008 (1964), 
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GEOPHYSICS 


‘Winter Anomaly’ in lonospheric Absorption 
and Stratospheric Warmings 


It has long been known that in middle latitudes tho 
ionospheric absorption of radio waves shows a distinct 
‘winter anomaly’. This takes the form of a very marked 
day-to-day variability coupled, on many days, with an 
excessively large absorption to the extent that on days 
of ‘winter anomaly’ the absorption 1s often considerably 
larger than that found on a normal summer day. It has 
beon established that this abnormal winter absorption 18 
due to certain changes in the lower ionosphere—in the 
D and lower # region—but the precise cause of this 
phenomenon has not yet been identified. Investigations 
of the winter anomaly have established certain facts, such 
as that it is only weakly correlated with solar or magnetic 
activity and that it occurs more or less simultaneously 
over large areas. At the same time there appears to be a 
peculiar inverse relationship between its incidence in 
different longitudes in that a period of marked winter 
anomaly in one longitude zone seems to be associated 
with an absence of the phenomenon in another longitude 
sector. In a recent paper, Bossolasco and Elena? have 
produced evidence for a correlation between the winter 
anomaly in ionospheric absorption and temperature in 
the upper stratosphere. 

From their analysis Bossolasco and Elena stated that 
for the limited data examined the change in ionospheric 
absorption generally preceded that ın stratospheric 
temperatures and concluded that this observation con- 
firmed the suggestion for a common extra-terrestrial origin 
for the two phenomena. As part of an extended inves- 
tigation at Aberystwyth of this correlation between 
stratospheric warmings and the winter anomaly in 
ionospheric absorption, we have examined temperature 
data for the 10-mB level at Berlin and ionospheric absorp- 
tion data for Lindau (some 280 km south-west of Berlin). 
For the winter months of the years 1959-64 there were 
14 distinct periods each of a few days during which the 
temperature at the J]0-mB level exceeded the seasonal 
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norm by between 10° and 30° K. Using the days of 
maximum temperature as ‘zero’ days, we carried out a 
superposed epoch analysis of both the 10-mB temperature 
and the daily values of the ionospheric absorption. The 
ionospheric index A’ is that for a frequency of 1 Me/s 
incident normally on the ionosphere corrected to a sunspot 
number R=100. The resulting curves are shown in Fig. 1 
and establish very clearly the positive association between 
the two phenomena. It would appear that for these 
fourteen moderate stratospheric warmings an increase of 
about 18° K in the temperature at the 10-mB level 
(~30 km) was accompamed by a 25 per cent increase in 
the vertical incidence ionospheric absorption for a fre- 
quency of | Mc/s. The 1onospheric data used in this 
analysis would certainly refer to days in the ‘winter 
anomaly’ class, and these results clearly establish a bnk 
between conditions in the stratosphere and the lower 
1onosphere at such times. 

As @ further check on the association between the two 
phenomena we have divided the 14 examples included 
in Fig. 1 into two groups and repeated the superposed 
analysis. The two groups referred to cases in which the 
deviations of the 10-mB stratospheric temperature (AT) 
were respectively greater or less than 20° K. The super- 
posed epoch absorption curves for these two groups are 
shown in Fig. 2. It will be seen that despite the neces- 
sarily limited amount of data there 1s remarkable agree- 
ment between the two curves. Both curves show sub- 
sidiary maxima some 7 or 8 days before and after the 
‘zero’ epoch day, but such maxima do not occur in the 
temperature data and no special significance can be 
attached to these in relation to the stratospheric warmings. 
A study of the day-to-day variation in 1onospheric 
absorption shows that there is frequently a tendency for 
maxima to recur at intervals of about 5-8 days, and in 
the present limited sample of data it so happens that 
this recurrence tendency averaged out at exactly 7 days 
to produce these symmetncally placed secondary maxima. 

These results show that, on the average, the absorption 
and the temperature peak on or about the same day and 
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both phenomena also show a similar asymmetry about 
the zero day, with the anomaly m absorption being of 
somewhat shorter duration than that in stratospheric 
temperature. It is to be emphasized that these are 
average results and that mdividual cases show significant 
differences. A lack of continuity m the daly 10 mB 


.data and the variability in absorption data make it 


difficult to be certain about any systematic phase difference 
between the two phenomena. In the present data there 
was some uncertainty about the exact day to be selected 
as zero day, and an examumation of each of the 14 individual 
periods shows that in about half the cases the absorption 
maxima occur on the selected zero day and in the re- 
mainder they may differ by two or three days either way. 

We have attempted to obtain some further information 
on a possible phase difference between the stratospheric 
and ionospheric phenomena by examining the times of 
the onset and disappearance durmg the winter season. 
In the winter of 1961-2 the first days of anomalous winter 
absorption (around November 5) were not accompanied 
by eny obvious abnormalty m the 10-mB temperature 
although there might, of course, have been a temperature 
change at some greater altitude. The second onset (near 
November 25) was followed some three days later by a 
significant increase in the stratospheric temperature. In 
the same season the conclusion of the winter anomaly 
period in absorption clearly occurred near February 28 
and the stratospheric temperature was back to normal 
about 5 days later. In the data for the winter of 1960- 
61 the imtial onset and final disappearance of the winter 
angqmaly are not very well defined and provide no useful 
information, on this point. 

Some of the available stratospheric temperature data 
certainly provide evidence for an apparent downward 
progression in. the warmings at least at lower mesospheric 
levels. Thus an examination of synoptic maps of tem- 
perature at the 10-mB level for the period January— 
February 1963 has provided tbe example shown in Fig. 3 
of a warming which appeared to move downward at some 
4-6 km per day over the height range 31-16 km. The 
progressive shift mto the denser atmosphere was accom- 


` panied, as might be expected, by a corresponding decrease 


~ 


Tonospheric absorption index A’ (dB) 


in magnitude. A similar downward progression from 45 
to 20 km ın 4 days was observed by Jones et al.* in @ 
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Fig. 3. Stratospheric temperatures near 75° N., 90° W , during January— 
Fenruary, 1963 


series of rocket flights in. the winter of 1958. The major 
stratospheric warmings can sometimes be tracked over 
very great distances, and it ıs clear that horizontal 
movements of several hundreds of kilometres a day occur. 
Furthermore, on a given day the core of a warming may 
he along an inclined axs so that a warming which is 
observed to be at the 10-mB level over one station may 
appear at the 30-mB or even 100-mB level at another 
station some hundreds of kilometres away. The apparent 
downward movement of a warming over a hrwted height 
range is thus only one facet of a large-scale atmospheric 
circulation involving considerable horizontal motion and 
extending over a much greater range of heights than is 
covered by present synopzic observations. 

The association between the ionospheric winter anomaly 
and the stratospheric warming arises from this atmospheric 
circulation process, and a fuller understanding of the link 
must await more meteorobgical data at levels about 35 km 
together with precise cata on electron density and 
collisional frequency in the ionosphere below about 
100 km. 

A. H. SHAPLEY 
W. J. G. Brynon 
Department of Physizs, 
University College of Wales, 
Aberystwyth. 
1 Bossolasco, M., and Elena, A., C.R. Acad. Set. Paris, 256, 4491 (1963). 


2 Jones, L. M., Peterson, J W , Schaefer, B. J., and Schulte, H. F., J. 
Geophys. Res., 84, No. 12, 1331 (1959). 


Seasonal Variations in the Lower and Upper 
Atmosphere 


ALTHOUGH the main temporal variations in the iono- 
sphere show a very large measure of solar control, it has 
long been recognized thas some ionospheric phenomena 
have features which strongly suggest a non-solar origin 
or control. One such example is the ‘winter anomaly’ in 
ionospheric absorption. Thus a recent survey? shows 
that this phenomenon seems to have a definite regional 
character in that althougk on any one day 1t may extend 
over areas of at least LŒ km? its enhancement in one 
longitude zone appeared to correspond to a diminution 
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in its intensity m another longitude zone. Recently 
there has been clear evidence that at least part of this 
‘winter anomaly’ 1s to be associated with abnormal 
warmings in the stratosphere at levels of about 30 km. 
Convincing evidence for such a relationship has been 
found in some recent work by Shapley and Beynon at 
Aberystwyth (preceding communication). As part of a 
broader consideration of this problem we have examined 
the seasonal variation in various parameters at different 
levels in the atmosphere and these are briefly reported 
below. 

Fig. 1 shows the mean seasonal variation in vertical 
incidence absorption on 2:0 Me/s and 2-6 Mc/s for three 
temperate latitude stations (two in the northern hemi- 
sphere and one in the southern). The data for Slough 
and Falkland Islands are the monthly averages over 
& period of ten years, reduced to a common sunspot 
number of R=100. The data for Aberystwyth refer to 
measurements made in a single vear, 1964, for which the 
mean sunspot number is about 10. In theory these 
logarithmic plots of absorption against the cosine of the 
solar zenith angle should yield a straight line. It will be 
seon that in no case do we get a straight line, but in all 
three places the progression in the absorption from month 
to month follows an identical pattern. Over the local 
summer months there is asymmetry in the variation in 
that the spring values are below those for the autumn 
and maximum summer absorption 1s delayed a little after 
the local summer solstice. In the local winter months 
the values are all larger than would be expected—this is 
the well-known winter anomaly already referred to. In 
particular the late winter values (January—February 
northern hemisphere and July—August southern hemi- 
sphere) are also larger than those for the earlier months 
of the winter. In each case the net result of these changes 
is to produce a ‘figure-of-eight’ diagram. We have found 
that this same pattern is repeated in the data for a 
number of other temperate latitude stations, and there 
can. be little doubt that this type of seasonal variation of 
ionospheric absorption with solar zemth angle y is quite 
characteristic of temperate latitudes. 
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Experimental data on seasonal variations in the upper 
stratosphere and mesosphere are, as yet, rather limited, 
but we have examined such data as are available to us 
and these are shown in Fig. 2. In each case we show the 
experimental values as a function of cos y. (There may 
not, of course, always be sound theoretical reasons for 
plotting the data m this way, but our purpose here is 
simply to compare the seasonal variations in various 
parameters at different levels in the atmosphere.) The 
ionospheric absorption data shown in Fig. 1 must clearly 
reflect seasonal changes in the D and lower E regions of 
the ionosphere. The results shown in Fig. 2 refer to 
levels of 26 km and 70-75 km. 

Hig. 2a shows temperature at the 20-mB level (~ 26 km) 
—mean values for a period of ten years observations at 
Berlin (53° N). We have examined temperature data at 
different levels up to the 20-mB level and it appears 
that this ‘figure-of-eight’ pattern ıs a distinctive feature 
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Fig 2. Seasonal variation in monthly means. (a) Temperature at 20 mB 

(26 km), Berlin, 1951-9; (0) density at 70 km; (c) temperature at 70 km; 

(d) collision frequency at 70 km (deduced from (@) and (c)}; (e) phase 
height of reflexion on 16 kejs. 
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at levels clear of the tropopause, that is, in the upper 
stratosphere. à 

Figs. 2b and c respectively show density and temperature 
of tho atmosphere at 70 km. The density data are 
based on the average of 23 firings over a two-year period 
at Fort Churchill (59° N). The temperature data are 
those given by Groves? for 65° N, again based on an 
analysis of many rocket firings. Since the mean electron 
collisional frequency (v) is proportional to the product of 
density and temperature, these data enable us to estimate 
the seasonal variation in v at 70 km and this is shown in 
Fig. 2d. The collisional frequency m the lower 1onosphere 
generally (from about 70 to 95 km) will largely determine 
the absorption of radio waves on frequencies near 2 Mejs. 
Finally, in Fig. 2e we show data for latitude 51° N on the 
daytime phase height of 16 ke/s radio signals reflected 
from @ height of about 70-75 km (ref. 3). If the phase 
heights for the months March-October are regarded as 
normal then it would appear that those for the winter 
months November—February are about 3 km too low. 
The seasonal variation ın density at 70 km is based on 
results published by Spencer et a@l.4. The rocket flights 
concerned only extended over a two-year period and in 
estimating the month-to-month variation some inter- 
polation has been necessary. Fig. 2b should therefore 
only be regarded as tentative pending the availability of 
further experimental results. 

The sinularity between the seasonal variations in these 
various data is very clear and suggests some common 
influence. The anomalous behaviour in the late winter 
months (January—February) is particularly striking, and 
the most obvious suggestion here is that the effects of 
stratospheric warmings, which are a feature of these 
months, extend up to, and probably well beyond, 80 km. 
Furthermore, it seems that such an influence of the 
lower atmosphere on the lower ionosphere is present to 
some extent at all seasons. 

At E and F layer heights the overall solar control on 
seasonal changes ın ionospheric parameters is obviously 
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strong and tends to mask any effects coming from the 
lower atmosphere, but we have found that there is some 
evidence for the influence of winter stratospheric warmings 
on the E layer and possibly even on the electron density 
at the #2 layer peak. Im Fig. 3 we show superposed epoch 
diagrams for periods oi marked stratospheric warmings 
in Europe. Fig. 3a shcws the mean variation in WE at 
Aberystwyth and Fig. £b the temperature at the 10-mB 
level for ten warmings n the winter months of 1962-64. 
The h’H data used here were obtamed from special 
expanded scale ionograms which readily permitted heights 
to be measured to +2 km. It will be seen that there 
appears to be an increase in WE of about 3-4 km at the 
tıme of the stratospheric warming. This elevation in WE 
may be due to an increase in the true height of the Æ 
layer or/and ıt may be due to increased group retardation 
effects consequent on an mcrease in electron density at a 
lower level. It has been known for many years that on 
‘winter anomaly’ days tne group height of reflexion on 
frequencies of the order of 2 Mc/s is often substantially 
less than normal——80-9C km instead of the usual 100- 
110 km (refs. 5 and 6). Some recent rocket flights have 
also shown ledges of ionization at these heights on winter 
days. If, as now seems probable, such days are also days 
of stratospheric warming, then the above result for WE 
might arise from increased group retardation in this lower 
stratum. In Fig. 3c we also show a superposed epoch 
diagram for foF2 at Lindau over the period of thirteen 
stratospheric warmings at Berlin. These thirteen strato- 
spheric warmings at Berlin include most of those for 
Aberystwyth mentioned above and the temperature 
variation over the periods concerned is essentially the 
same for the two sets of data. Although there is con- 
siderable vanability in the foF2 data there is evidence 
for some slight enhancement ın the F2 peak electron 
density near the time of stratospheric warmings. Further 
analysis with many more data will be required before this 
apparent increase in electron density can be established 
with certainty. 
W. J. G. BEYNON 
E. 5. O. JONES 
-Department of Physics, 
University College of Wales, 
Aberystwyth. 
‘Thomas, L, J Atmos. Terr Phys, 23, 301 (1962). 
2 Groves, G. V., Rep. COSPAR, Wersaw (1963) 
3 Nertney, N., J Atmos Terr Phy~ , 3, 92 (1953) . 
$ Spencer, N. W., Boggess, R. L , and Taeusch, D. R , J. Geophys. Res., 69, 
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Effect of lonizatian Transport on the 
Equatorial F-Region 


WE were interested to read the communication of 
Moffett and Hanson? describing calculations of electron 
density distributions in tre equatonal F-region of the 
ionosphere. Following our earher work’, which treated 
the effect of electromagnetic drift 9s a perturbation only, 
we have also carried out celculations including a drift of 
arbitrary magnitude, in exectly the same way as Moffett 
and Hanson. Our results, which will be deserrbed in detail 
elsewhere, are almost identical to theirs, differing only in 
shght variations of the parameters. They show the 
main features of the daytime equatonal anomaly, includ- 
ing the approximate field-alignment, ın the topside 
ionosphere only, of the latitudinal maxima of electron 
density at fixed heights. 

It is noteworthy that electromagnetic drift speeds of 
only a few m/see are requirsd to produce an anomaly of 
the magnitude actually observed. According to the 
current dynamo theory of the production of the electric 
fields which give rise to this drift, such values of the drift 


1246 


speed can easily occur?. It seems likely that diurnal 

variations in the electric field, and hence the drift speed, 

may be significant in determining the marked diurnal 

variation of the equatorial anomaly. 

E. N. BRAMLEY 

s M. PEART 

Radio and Space Research Station, 
Slough, Buckinghamshire. 

1 Moffett, R. J., and Hanson, W. B., Nature, 206, 705 (1965). 

? Bramley, B. N , and Peart, M., J. Geophys. Res., 69, 4609 (1964). 

? Maeda, H., Proc. Camb, Conf., Physical Society, 187 (1963). 


PHYSICS 
Tensile Properties of Glassy Carbon to 2,900° C 


GLASSY carbon is a turbostratic form of carbon which: 


is produced by carbonizing a polymer under carefully 
controlled conditions of temperature and pressure. It has 
a density of 1-5 g/em® and is reported to have a very low 
gas permeability!. Tensile properties of two grades of 
glassy carbon, which the manufacturer (Tokai Electrode 
Manufacturing Co.) calls “GC 20° and ‘GC 30’, have been 
measured from room temperature to 2,900° C. These 
grades are reported to have been heat-treated at 2,000° 
and 3,000° C, respectively. 

Specimens were machined from flat plates approx- 
imately 4in. x 41n. by 1/8 in. in thickness. The specimen 
gauge cross-section was 0-08 in. x 0-10 in. with a 0-75-in. 
gauge-length. The specimens were heated in an inert 
atmosphere to test temperature by means of an external 
graphite heater and held for 10-20 min prior to pulling to 
fracture. Details of the testing equipment can be found 
elsewhere??, 

Tensile results are given in Table 1. It is seen that the 
ultimate tensile strengths for these two grades are not 
markedly different. At room temperature the strength 
is approximately 6,000 Ib./in.?.. The strength increases to 
a maximum of 20,000-25,000 Ib./in.? at 2,500° C and then 
decreases as the test temperature is increased to 2,900° C. 
Over the temperature range investigated, glassy carbon 
is stronger than pitch-coke graphite, but it is not as 
strong as pyrolytic graphite measured parallel to the sub- 
strate. It is likely that the increase in strength with 
temperature for glassy carbon, as with pitch-coke 
graphite, is due to an increase in ductility and plastic 
flow allowing for relief of stress concentrations. 

The fracture elongation, on the other hand, at 2,500° C 
and above is markedly greater for ‘GC 20’ than for ‘GO 30’. 
At 2,700° C, maximum elongations of 33-1 per cent for 
‘QC 20° and 5:4 per cent for ‘GC 30’ were measured. It 
was postulated that the difference in the fracture elonga- 
tion for these two grades was due to the cyclic heat treat- 
ment given the ‘GC 30° grade, that is, heating to 3,000° C 
followed by cooling at room temperature. To check this, 
several ‘GC 20’ specimens were heated to 3,000° C at this 
laboratory and cooled to room temperature prior to 
testing at 2,500° C and above. The tensile data for these 
tests were not appreciably different from the ‘GC 30° 
data (Table 1). 


Table 1. TENSILE PROPERTIES OF GLASSY CARBON 


Ultimate Fracture Ultimate Fracture 
Test strength elongation strength elongation 
temp Ob jin. a A (ī1b./in.$) % 
(°C) ‘GC 20° ‘GC 30’ 
1,600 8,100 05 8,100 07 
1,600 6,700 02 6 400 0-6 
1,900 13,800 1-2 11,800 131 
1,900 18,100 25 10,100 1-4 
2,200 17,600 24 12,100 11 
2,200 16,800 28 14,800 37 
2,500 20 400 13-3 20,800 Bd 
2,500 20,100 79 25,300 39 
2,700 16,300 28-2 20,800 54 
2,700 17,800 33-1 16,400 19 
2,900 10,600 12-4 15,500 39 
2,900 12,700 23-6 16,600 4°83 


Crosshead speed 0 009 in./min 
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Fig. 1. Strength (2,500° C) to density ratio versus specific gravity: 
‘dO’, glassy carbon ‘GC 20’ and ‘GC 30’, PG H, pyrolytic graphite; 


parailel to substrate; PG he, sain: perpendicular to substrate; RG | 
ot-pressed recrystallized ZTA graphite with grain; RG 1, same, — 
grain; G, conventional graphite 


An important characteristic of materials for many high- 
temperature applications is the strength to density ratio. 
Such data at 2,500° C for glassy carbon-and several 
graphite materials are shown in Fig. 1. When compared 


in this manner, glassy carbon is seen to be as strong as - 


pyrolytic graphite parallel to the substrate and approx- 
imately twice as strong as the conventional graphites. 
The hot-pressed recrystallized ZT'A graphite and pyro- 
lytic graphite show an appreciable anisotropy in their 
strength. The structure of glassy carbon shows no aniso- 
tropy and therefore no anisotropy in strength would be 
expected. 

The tensile properties of carbons and graphites are 
closely associated with their structures and the processing 
which produced these structures. An investigation into 


nw 


the structural changes accompanying deformation and - 


heat treatment of glassy carbon. can be of an invaluable 
aid in understanding its tensile behaviour. For example, 
the bulk density for ‘GC 20’ decreased from 1-50 g/em? to 
1-29 g/cm? after 33-1 per cent deformation and the true 
density as measured in kerosene increased from 1-68 g/em* 
to 1-82 g/em® for the same amount of deformation. The 
decrease in bulk density means that void formation 
accompanies deformation; the increase in true density 
means that voids open to penetration by kerosene are 
formed as well as the opening of existing pores to the 
surface. X-ray results on glassy carbon and the effects of 
heat treatment on crystallite growth are in good agree- 
ment with recent published data’. 

On heat treatment, ‘GC 20’ showed a growth in crystal- 
hte diameter from an initisl value of ~40 A to ~ 50 A after 
heating at 2,900° C for 35 min, and to ~ 75 A after heating’ 
at 3,200° C for 20 min. The crystallite diameter of . 
‘GC 30° increased from an initial value of 65 A to 90 A after 
the 3,200° C heat treatment. If deformation accompanies 
the heat treatment (> 10 per cent), the crystallite growth 
for “GC 20’ was greater at a given temperature than that 


a 
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observed for heating. alone. The unit cell height of 
‘GC 20 decreased with heat treatment from an initial value 
of ~7-0 A to 6-84 A after heating at 3,200° C. This latter 
value was the same as measured for ‘GC 30 regardless of 
treatment. The changes in crystallite diameter were 
qualitatively confirmed by magnetic susceptibility meas- 
urements®, which also revealed a pronounced anisotropy 
in the highly deformed ‘GC 20°. This indicates that some 
alignment of basal planes parallel to the stress direction 
accompanied the deformation. These results suggest that 
the non-graphitizing? behaviour and strong cross-link 
bonding? give glassy carbon its good strength properties. 

We thank D. B. Fischbach of this laboratory for his 
advice as well as for providing structural data on glassy 
carbon. 

This work was carried out under contract. NAS7-—100, 
sponsored by the U.S. National Aeronautics and Space 
Administration. 
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Dielectric Breakdown in Thin Mica Crystals 


AN investigation is being carried out in this Laboratory 
of the electrical and optical properties of lamellar insula- 
tors and semiconductors. There is particular interest. in 
the conduction and breakdown properties of these mater- 
ials in high electrie fields, and in the correlation of these 
properties with optical absorption measurements, photo- 
conductivity and erystal lattice defects. 

This communication is concerned with the high field 
d.e. conductivity and breakdown of optical quality mus- 
covite mica at room temperature and at liquid nitrogen 
temperature. Thin crystal layers were cleaved which are of 
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The d.c. breakdown strength of muscovite mica at room tem- 
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Fig. 2, The dic, conduetivity of muscovite mica (1100 A thick) as a 
function of field strength, # room temperature and at 100° E 


fairly large area and whica lie in the thickness range 300- 
3000 A. A series of electrical measurements have been 
made as a function of errstal thickness, and the effect of 
introducing damage into the crystal by irradiation with 
fission fragments has also been examined. 

The crystals were meunted on vacuum-evaporated 
films of gold on glass cower-slides. The gold substrate 
was the anode, and the cathode was a gold wire of diameter 
25 um which rested on she top surface of the crystal. 
Conductivity measurements were made with the probe 
resting on gold films of crea 104 um? evaporated under 
vacuum on to the top surface of the erystal. The thickness 
of the cathode films was about 500 A. A slowly increasing 
d.c. voltage was applied st a rate of about 2 V/sec across 
the crystal layers until electric breakdown occurred. The 
voltage was measured directly, and the mean value of a 
number of measurements was taken as the breakdown 
voltage. Breakdown measurements were made in a 
vacuum of 10-° torr to avoid spark-over in the ambient 
medium. The crystal thickness was measured after break- 
down by an optical interference method using multiple- 
beam Fizeau fringes'. “he accuracy of the thickness 
measurement was +40 A. f : 

The d.c. electric breakcown strength of mica at room 
temperature is plotted as a function. of crystal thickness 
in Fig. 1. With a gold wire as cathode, the breakdown 
strength increased from 11-5x 10° V/em at 3000 A to 
15-0 x 105 V/em at 300 A. With an evaporated gold film 
as cathode, lower breakdown voltages were obtained, and 
there was also an increase in breakdown strength with 
decreasing crystal thickness. 

The effect of cooling the specimens below room tera- 
perature was to increases significantly the breakdown 
voltage above the room temperature value. At liquid 
nitrogen temperature, tke breakdown voltage was 30 
per cent greater than at: room temperature for crystals 
in the thickness range €00-3000 A. The conductivity 
of the specimens just before breakdown increased on 
cooling. For example, the conductivity at breakdown 
of a erystal 650 A thick was 1-5 x 10-* obm- em~ at room 
temperature, compared with 17:0 10-® obm em~ at 
77° K. The conductivity as a function of field strength 
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Fig. 3. Electron micrograph of electrica! breakdown sites in muscovite 
mica ated with fission fragments 


is plotted for a erystal 1100 A thick, at 290° K and at 
100° K, in Fig. 2. 

Crystals irradiated with fission fragments (track density 
10" tracks/em*) were also investigated. This treatment 
lowered the breakdown voltage of the mica; and a similar 
temperature effect of an increased breakdown voltage, on 
cooling below room temperature, was observed for the 
irradiated mica. Some of the crystals were examined by 
transmission electron microscopy before and after break- 
down. Very few dislocations had been introduced during 
cleavage. Most were located at the periphery of the cryst- 
als, and occasional basal dislocations crossed the erystals. 
Indications are that these dislocations do not alter appre- 
ciably the breakdown strength of the crystals. Fig. 3 is an 
electron micrograph of breakdown sites in irradiated mica. 
The opaque regions surrounding the breakdown sites 
produced no additional spots or rings in the electron 
diffraction pattern. 

The structure of mica is relatively complex, and 
the electrical conductivity across the layers will depend 
on both electronic and ionic processes. An increase in 
breakdown strength at reduced thicknesses is predicted 
by theories of avalanche and thermal breakdown®, and a 
thickness dependence in the breakdown strength of mica 
has been reported*:*. Thus Austen and Whitehead found 
that the d.c. strength of clear ruby muscovite increased 
from 11-5x 10° V/em at 6000 A to 15-0 10° V/em at 
2000 A. The measurements recorded here have extended 
the thickness range down to 200 A, and the large increase 
in breakdown strength indicated by previous workers 
below thicknesses of 2000 A in mica has not been found. 

Austen and Whitehead reported slowly decreasing values 
of breakdown strength below temperatures of about 
320° K for mica crystals in the thickness range 10-50 um. 
The Fröhlich theory? suggests that there is a transition 
temperature, above which the strength decreases, and 
below which the strength increases with increasing 
temperature. The present work falls in the low-temperature 
classification, but the breakdown strength was found to 
increase by 3-0 x 10° V/em on cooling to 77° K. A similar 
temperature effect was reported by Lomer* in anodized 
aluminium oxide films. A transition temperature also 
occurs in the alkali halides and the value depends on the 
purity of the dielectric. Impurity bands were found in 
the near infra-red absorption spectra of the mica used in 
this work ; but it is unlikely that the concentration of 
impurity was sufficient to influence the results to any 
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marked degree. There is therefore a discrepancy between 
this work and that of Austen and Whitehead. However, 
the crystals used in these experiments are much thinner 
than those of Austen and Whitehead, and there is the 
possibility that the inversion temperature moves to a 
value below 77° K for very thin crystals. 

There are two theories of electric breakdown which 
predict a decrease of breakdown strength with increasing 
ternperature: thermal breakdown, which is thought to be 
the breakdown mechanism in mica at high temperatures’, 
and the Fröhlich theory for ‘amorphous’ dielectrics. At 
this stage it is difficult to say which of the theories applies 
in this case. 

The reduced electric strength of mica on irradiation 
with fission fragments is consistent with breakdown in the 
high temperature region. Fission fragment irradiation 
should produce interstitial atoms and increase the num- 
ber of electron trapping centres. Increasing the disorder 
is equivalent to raising the temperature and hence to 
lowering the breakdown voltage, in agreement with the 
experimental observations. 

The dependence on temperature of the electric break- 
down strength of thin mica crystals shows discrepancies 
from results published for thicker crystals. An inversion 
temperature was not found on cooling the crystals from 
room temperature to liquid nitrogen temperature. The 
effect of heating and d ing the mica was to reduce 
the breakdown strength of the matorial. The d.c. break- 
down strength of the mica was slightly dependent on 
thickness over the range 200-3000 A at room temperature, 
but was dependent on the method of contact. 

fe thank the Department of Scientific and Industrial 
Research for a grant to the Laboratory. 
A. T. DAVIDSON 
A. D. YOFFE 
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Temperature Dependence of the Intrinsic 
Electric Strength of Polythene 


THE temperature dependence of the intrinsic electric 
strength is important in determining the mechanism of 
intrinsic dielectric breakdown, which is still not fully 
understood. This dependence has been measured over the 
temperature range 20°-85° C with a new type of speci- 
men developed by McKeown!'. 
tin. diam. steel spheres 


Polythene disk 









‘Perspex’ 
disk 
Epoxide resin 
(a) 
Vacuum deposited 
aluminium — 
Recessed 
polythene disk 
(b) 


Fig. 1. Intrinsic electric strength specimens. a, The McKeown specimen; 
: b, the Nonm. specimen 
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His technique consists of encapsulating a thin film of 
polythene between two polished steel spheres in a cured 
thermosetting epoxide resin (Fig. la). Using this tech- 
nique McKeown reported a markéd merease over earher 
values for the ‘intrinsic’ electric strength of polythene at 
room temperature. Values in excess of 8 MV/cm were 
quoted, whereas the conventional recessed specimen 
(Fig. 16) yields values around 6 MV/cm (refs. 2—4). 

The results are shown graphically in Fig. 2, along with 
the curve obtained with recessed specimens. Also shown 
in Fig. 2 1s a curve representing the mean results of four 
earlier investigations using recessed specimens of (prob- 
ably purer) polythene. The low results given by the ‘re- 
cessed’ technique are not therefore confined either to the 
present work, or to the present sample of polythene. 
They are attributed partly to thermal failure and partly 
to electromechanical deformation. The latter 1s prevented, 
and the onset of the former postponed to higher tempera- 
tures, by the rigidity and good thermal conductivity of 
the McKeown arrangement. The polythene used in both 
cases was a low-density (0:919 g/cm?) material of melt 
flow index 7 and Vicat softening point 86°C. The speci- 
mens varied in thickness from 20 to 60u. 

Tests were carried out using a linearly rising direct 
voltage and breakdowns occurred in about 20 sec. The 
voltage was measured with a micro-ammeter in series with 
a 200-MQ resistor. 

The epoxide resin in the McKeown specimens was cured 
at a temperature higher than that selected for testing, 
but not less than 70° C. When the cure was complete the 
specimens were transferred quickly to a constant tem- 
perature o1l-bath, where the thickness was measured using 
a dial gauge micrometer and where they were afterwards 
tested. A blank specimen containing no polythene was 
made with each batch of specimens and used to obtain 
a zero setting on the micrometer. 

I have carried out subsidiary experiments, which show 
that the increase ın electric strength, which appears at all 
temperatures from 20°C to 85°C, ıs not attributable 
to changes in the polythene introduced during specimen 
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OCEAN OGRAPHY 


Rip Currents on a Cornish Beach 


Rie currents have been measured at Holywell in West 
Cornwall, where a sandy beach 1s open to waves and 
swells from the Atlantic. A rip current 1s a narrow streak 
of water which flows seawards from the beach; it carries 
the return flow of the general shorewards transport of 
water produced by the breaking of waves. Such currents 
cause many bathing fatalities each year. 

The currents were measured by observing the speed of 
floating objects, or of foam on the surface, by means of a 
theodolite mounted on an adjacent promontory. Speeds 
of almost 5 knots were observed when the incoming swell 
reached about 10 ft. in height and when there was a 
shght on-shore wind blowmg. The rips were observed to 
travel out from the shore for as far as 900 ft.; it is quite 
possible that they travelled farther, but the situation of 
the observation post made greater distances difficult to 
measure. 

Results under heavy swell were as follows; the measure- 
ments were of the mean speed over | min. 

In the surf zone. Aversge of 7 measurements: 276 ft./ 
min (maximum: 330 ft./min, minimum 209 ft./min). 

Seaward of the surf zone. Average of 6 measurements: 

143 ft./min (maximum: 209 ft./min, minimum 113 ft./ 
min). 
Holywell beach is probably typical of many beaches on 
the Atlantic coasts of Western Europe, so that it can 
reasonably be expected that rip currents of this magnitude 
will occur in many such places. 

We thank the members of the Holywell Bay Surf Life- 
Saving Club for their assistance. 


L. DRAPER 
National Institute of Oceanography, 
Wormley, Godalming, 
Surrey. 
P. J. DOBSON 
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METALLURGY 


Reduction in Ductility of Austenitic Stainless 
Steel after Irradiation 


RECENTLY 1t has been established that the reduction in. 
ductility of austenitic stainless steel ın the temperature 
range 650°-850° © after neutron irradiation is caused 
primarily by the thermal neutrons'*, The decrease in 
ductility occurs in the non-uniform portion of the stress— 
strain curves and the fracture is intergranular*>. The 
elevated temperature ductility cannot be recovered even 
by annealing for 0-5 h at temperatures above 1,000° C 
(refs. 4 and 6). Furthermore, the magnitude of the effect- 
is associated with the boron-10 content of the steel’. It 
appears most probable, therefore, that one or both of the 
products of boron-10 (na) lithium-7 transmutation are 
responsible for this effect. A mechanism, based on the 
presence of heltum at the grain boundaries, has been 
suggested? recently to explain the decrease in ductility 
and the tendency to intergranular fracture, and after some 
conditions of irradiation helium bubbles have been 
observed at the gram boundaries’, using transmission 
electron microscope techmiques. However, neither the 
relative nor additive effects on the elevated temperature 
ductility is known for such small amounts of helm and 
lithium as those formed by the thermal neutron trans- 
formation of the boron-19 isotope present in the steel. 

We have irradiated 20 per cent chromium, 25 per cent. 
nickel : niobium stabilized steel foils with «-particles and 
lithium ions respectively and determined the relative offect 
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on the ductility at 750° C. The analysis of the steel used 
is given in Table 1. 


Table 1. ANALYSIS Or THE STEEL 
Element C Cr Ni Mo Nb 
(wt.%) 0 025 20-7 24 85 0 013 07 
Element Tı Cu Sn Mun As 
(wt.%) 0 008 0 003 0 0025 0 87 0001 
Element P 8 B Pb Ta 
(wt. %) 0 003 0-01 o 0005 6 0015 G 03 
Element N 
(wt.%) 0 008 


Tensile specimens with a parallel gauge length of 0-75 in. 
were die stamped from 0 001-m. thick strip and annealed 
at 750° C for 15 mm in a vacuum of better than 10-' mm 
mercury. Individual specimens were irradiated from both 
sides m a Van de Graaff accelerator with «-particles and 
lithium tons respectively to give a maximum penetration 
depth of about 0-0004 ın. Afterwards the specimens were 
tested at 750° C in purified argon at a stram rate of 3 x 10-4 
sec} in a hard beam autographically recording dynamo- 
meter tensile machine. Some preliminary results are given 
in. Table 2. 


Table 2. TENSILE PROPERTIES aT 750° C 
% Atomic 
Irradiating concentration 02% Ultimate % 
particle of incident, proof stress tensile Elongation 
particle (Ib. /1n.?)} stress 
— — 15,480 22,400 54-5 
Lit 10-7 17,950 21,380 451 
Lit 10 19,450 22,410 37 4 
Tait 10 18,700 23,270 31-5 
‘He 10 16,650 20,300 261 
‘He 10-* 16,450 20,300 148 


The concentration has been calculated assuming a 
uniform distribution ın the specimen. It is probable, 
however, that the meident particles come to rest in a 
narrow band and that locally the atomic concentrations 
will exceed these figures. 

The irradiations have produced slight mereases in the 
0-2 per cent proof stresses, but there has been no significant 
change ın the ultimate tensile stress; however, the ductili- 
ties to fracture have been significantly reduced. The 
ductility is affected to a larger extent by the presence of 
helium than by a similar concentration of hthrum. Tt 
would appear that to obtain the same ductility loss the 
lithium concentration must be at least two orders of 
magnitude greater than that of helium. 

Previous work}? has shown that the product of the 
thermal neutron transmutation of the boron-10 isotope 
present in steel 1s associated with the low ductility observed 
at elevated temperatures after neutron irradiation. In 
the work reported here we have shown that a greater 
reduction in ductility is obtained due to the presence of 
helium than with the same amount of lithium. Therefore, 
it seems most likely that helium is responsible primarily 
for the low ductility at elevated temperatures of neutron 
irradiated steel. 

Further work is in progress to determine the effects of 
different helium and lithium distributions (obtained by 
using a range of accelerating voltages) after irradiation on 
the mechanical properties of steel. 


P. R. B. HIGGINS 
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Harwell, Berkshire. 
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A Phase Diagram for the Barium Oxide— 
Carbon Dioxide System in the Eutectic Region 


THE barium oxide—carbon dioxide system has been 
examined at pressures of carbon dioxide up to 450 atm.: 
and is similar in many respects to that of calcrum oxide 
and carbon dioxide*. To bring out the salient features in 
the eutectic region the section of the diagram shown in 
Fig. 1 has been restricted to pressures up to 1 atm. 
Schematic portions are shown as broken lines. 

The surface ABCD, which actually curves back slightly 
with increasing temperature, represents equilibrium 
between. the two solid phases below the eutectic tempera- 
ture. Above this temperature, the system can be con- 
sidered in terms of two uni-directionally parallel surfaces 
EFGH and HFJILE. The lines MN and MOI formed 
by the intersection of these surfaces with the all-liquid 
surface MOIPP,N give the compositions of melts in 
equilibrium with their respective solid phases. If the 
diagram could be viewed from the right, the pressure- 
temperature relation for the melt regions! would be repre- 
sented by the dashed lines HH and EKL, which are the 
projections of the melt-solid equilibrium hnes (MN and 
MOI). The surfaces DCQR and ABVUS give the varia- 
tion ın composition of the solid solutions with pressure 
and temperature. The eutectic composition (M) 1s BaCO, 
64 mole per cent, BaO 36 mole per cent, at a pressure and 
temperature of 0:00661 atm. and 1,060° C, respectively. 
These parameters agree fairly well with those of previous 
authors*’4, 

The surfaces of the solid solution and melt regions were 
resolved from thermogravimetric determmations of the 
compositions lying on isobars such as NWXYZT. Al- 
though points such as W and X are drawn as having equal 
temperatures, suggestive of a sharp solid-to-liquid change, 
in practice this change was usually poorly defined. 

Compositions of the solid solutions of the carbonate in 
the oxide (for example, along T'Z) were determined recently 
as follows : The oxide was heated in argon to a tempera- 
ture (T) and the equilibrium mixture of argon and. carbon 
dioxide was passed in. The oxide was then cooled slowly 
over a period of 2 h and the weight gains recorded. The 
lne BZV, which represents the compositions of solid solu- 
tions in equilibrium with the melts, could not be determ- 
ined accurately owing to lack of sharpness of the solid-to- 
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Fig.1. Phase diagram for the eutectic region of the barium oxide-carbon 
dioxide system s 
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liquid change and to attack of the platinum contamer in 
the region where melt formation takes place. In a previous 
publication, the solubility of the carbonate ın the solid 
oxide was considered insignificant, but the last determ- 
inations suggest that about 5 moles per cent of carbonate 
are in solid solution in equilibrrum with the melts in the 
temperature range 1,100°-1,400° C. The solid solubility 
of the carbonate in the oxide, and the shape of the corres- 
ponding surface below the eutectic temperature, are un- 
certain. 

At the point O, which lies at approximately 0-6 atm. 
and 1,770° C, the hne giving equilibrium between the melts 
and the oxide-rich phase turns back and intersects the 
melting point of barium oxide (J, 1,925° C) at a very low 
pressure. With pressures above 0-6 atm., equilibrium 
between. melt and the oxide-rich phase is not possible, and 
the melt region remains continuous with increasing 
temperature and pressure. The vapour pressure of barium. 
oxide becomes appreciable above its melting point, but 
for simplicity this 1s not considered m the diagram. 

In the diagram of the calcium carbonate system’, the 
oxide-melt equilibrium line should likewise turn back at 
some stage. Unfortunately, the temperature where this 
occurs is believed to be around 2,000°C at a pressure 
somewhere above 300 atm. This would be difficult to 
determine because ıt lies above the range ın which plati- 
num-—alloy furnaces can operate in high-pressure carbon 
dioxide. A similar argument and difficulty will apply 
to the strontium carbonate system. 

This work was supported by the Department of Scien- 
tific and Industrial Research. 
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Phase Studies Within the System ZrO2-MgO 


THE phase diagram for the system, ZrO,-MgO, was 
re-investigated by means of the quenching technique and a 
ribbon element diffractometer furnace. Duwez et al. had 
first established a tentative phase diagram for this system. 
Recently, Hinz and Dietzel’ tried to determine the phase 
boundaries of the cubic solid solution field. They claimed 
that 7 moles per cent of MgO 1s the lowest limit for the 
formation of single phase cubic solid solutions between 
1,800° C and the melting point. Similar results were 
obtained by Stdécker®. However, it is very probable that 
in their experiments the specimens contaming less than 
7 moles per cent MgO had at least partly converted to the 
monoclinic phase during the quenching. 

The limits of the cubic solid solution field in this 
system were determined in the following way. The starting 
materials were co-precipitated gels. ZrOCl,.8H,O and 
Meg(NO;)2.6H.0 were dissolved in methanol and then co- 
precipitated with NH,OH. After drying, the gels were 
heated at 500° C for 2 days to remove excess ammonium 
chloride. The gels were then heated in a small Pt-40 Rh 
crucible In a quench furnace with Pt-40 Rh windings. 
The tıme of heating varied from 5 h at 1,800° C to 50 h 
at 1,400° C, The solid solutions were quenched by free 
fall into water. An X-ray diffractometer and a petro- 
graphic microscope were then used to determine the 
phases present. A few determinations at very hgh tem- 
peratures were made by using a ribbon element drffracto- 
meter furnace. D. K. Smith and C. F. Cline! investigated 
phase transitions of ZrO, by means of a tungsten ribbon 
element diffractometer furnace. According to these 
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authors, the cubic ZrQ, 1s the stable phase above 2,285 + 
50° C. The new value recently redetermimed is 2,372 + 
50° C (Snuth, D. K., personal communication). Our doped 
specimens investigated with the same technique gave the 
following temperatures for the tetragonal to cubic phase 
inversion. (Fig. 1, solid circles): 98 moles per cent ZrO, + 
2 moles per cent MgO 2,843 + 2° C, 94:5 moles per cent 
ZrO, + 5:5 moles per cert MgO 2,280 + 90° ©. These 
temperatures are averages of two or three values, 
respectively. All temperatures should be regarded as 
+ 50° © accurate; for purposes of comparison they are 
meaningful to + 10° C. 

The phase boundary between the field of the cubic 
solid solution and the field of the cubic sold solution plus 
MgO 1s at 26 moles per cent MgO at 1,750° C as determined 
by the precise measurements of the unit cell dimensions 
of the cubic solid solutions. Bussem et al.5 found that the 
phase boundary at 1,460° C was at 25 moles per cent 
MgO at 1,460° C. A thorcugh investigation of the X-ray 
powder photographs of the cubic solid solutions containing 
15, 20, 25 moles per cens MgO heated at temperatures 
between 1,400° and 1,550° C for up to 100 h revealed 
several very weak diffraction lines inconsistent with the 
cubic symmetry. It is be4eved that they are due to the 
ordering of the defects and impurities. 


Table 1. DIFFRACTION LINES FOR THE SPECINEN 25 MOLES PER CENT 
MgO~-75 PER CENT ZrO 


hkl * ï a 
vw 3 0258 
111 VS 29817 
200 8 25376 
w 2 3283 
vw 2 2720 
vw 1 9597 
230 S 1 7962 
VYW 1 5755 
311 8 1:5782 
222 m 1 4662 
w 1:4275 
400 m 1 2708 
vw 1 2193 


* Akl indices are given for the pure face centred cubic phase. 
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The X-ray diffraction lines observed with the solid 
solution containing 25 moles per cent MgO heated at 
1,400° for 100 h are given in Table 1. 

We thank Dr. D. Smith and Dr. I. Borg, of the Lawrence 
Radiation Laboratory of the University of California, for 
running several of our samples on their tungsten ribbon 
diffractometer furnace. 

This work was supported by the General Electric 
Fellowship Foundation. 
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Mass Spectrometric Investigation of Barium 
lodide and Caesium lodide Vaporizations 


A mass spectrometer (radius, 3 ım. 45° sector) was used 
to examine Knudsen cell effusates!. Cylindrical graphite 
cells had orifice-to-evaporant surface area ratios of 
approximately 0-03 and were heated by conduction from a 
resistance furnace and by radiation from a grid above the 
furnace. The grid was necessary for maintaining axial 
temperature uniformity in the absence of radiation 
shielding’. Temperature was measured with a thermo- 
couple attached to the cell base. A movable defining slit 
between the grid and water-cooled 10on-source base made 
background correction of the ion signals possible; an 

- electron multiplier followed the collector slit. Ionizing 
electron energies ranged from 7 to 20 eV. Repellers were 
kept at block potential and spectra were magnetically 
scanned. Vapour-pressure data (ion signals) were taken 
at random with respect to temperature; isotopic correc- 
tions of ion signals were made when necessary. Each 
experiment involved a fresh sample. 

In some cases, cells contained the salt with a reference 
metal in a separate reservoir to prevent direct contact 
between their condensed phases. These metals served as 
vapour-pressure standards by simultaneous vaporization 
with the salt. The presence of both salt and reference 
vapours in cells showed low-level interaction, as may be 
seen in the spectra given here. However, vaporization 
enthalpies for the salts were unchanged within experi- 
mental error. This was established by comparing experi- 
ments involving the presence and absence of reference 
metals. The dissociation enthalpies obtained for reference 
metal dimers, which are reported here, agree reasonably 
well with published values. ‘This also implies that salt- 
reference interactions were negligible. 

Vaporization enthalpies with corresponding standard 
deviations were obtained by applying the least-squares 
method to experimental vapour-pressure data (ion-signal, 
absolute-temperature product: reciprocal absolute tem- 
perature). Monatomic reference-metal vapour pressures 
were taken from Stull and Sinke’. Ionization cross- 
sections were approximated (the relative value of 50-3 was 
used for Bi(g))* and multiplier efficiencies were estimated®. 
In calculating free energies from experimentally determ- 
ined pressures, an uncertainty in pressure of a factor of 
three was used. 

Barium iodide was prepared in the laboratory and 
metallic silver was used as the reference. With silver 
present, major ions in order of importance were Balt, 
Bal,*, Agt, Bat, Agi+, and Ag". For three experiments 
{28 points over 1,019°—1,278° K), the Bat : Balt : BaI,* 
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ratio was constant within 7 per cent. With Hg+ as the 
standard, appearance potentials of these ions were 12:8, 
9:6, and 8-1 (+1) eV, respectively. Spectra showed no 
evidence of barium iodide polymers. The vaporization 
of Ba(g), Bal(g), and BaI,(g) from barium iodide would be 
expected to yield substantially different enthalpies. It is 
concluded that Bat and Bal+ resulted from dissociative or 
fragmentary processes in the ion source and that the 
important vaporization was Bal,(/) = Bal,(g). With 
reference to 1,150° K, AH”, AF”, and AS® were 54 + 4 
kcal mole-!, 28 +4 kcal mole, and 23 +6 e.u., respec- 
tively. These values compared reasonably well with 
published estimates‘. 

Commercial, single-crystal caesium 10dide was used with 
metallic bismuth as the reference. With bismuth present, 
major ions in order of importance were Cst, CsI*, Cs,I*, 
Bi,*, Bit, and Bil+. With reference to Hgt, appearance 
potentials of Cst, CsI+ and Cs.I* were 7:3, 7-3, and 10-7 
(+1) eV, respectively. Signals attributed to Cs,I,* and 
Cs,I.+ were noted, but were too small for meaningful 
measurements. No evidence of polymers higher than the 
trimer was observed. Although Cs* evidently resulted 
from a precursor other than Cs(g), a decision about the 
gaseous precursors of Cst and CsI* is difficult. The Cst: 
OsI+ : Cs,I+ ratio was constant over the temperature- 
interval. Mass spectrometric investigations with other 
alkali metal halides show that the MX(g) species is pre- 
dominant’, except in the case of lithium iodide*. For this 
work, it is assumed that Cst and CsI+ resulted entirely 
from CsI(g) and that Cs,I+ resulted entirely from Cs,I,(g). 
The temperature interval was 705°-882° K. (3 experiments, 
20 points). With reference to 794° K, AH”, AF”, and AS”, 
for vaporization of CsI(g) from CsI(s), were 39 +42, 
19 +3, and 25 +5 (units as foregoing). For vaporization 
of Cs,I,(g) from 2 CsI(s), these values were 40 +1, 26 +3, 
and 18 +4. These data compare well with reported 
estimates’. 

The results also yielded the dissociation enthalpies 
(Table 1), which are compared with literature values: 


Table 1 
D? (eV), T DT (eV), m 
Species Present study (°K) Literature CK) Ref. 
Ags 21+0 2 0 18403 0 10 
Bi; 18+0 2 0 20 0 10 
VF 0 11 
Csala 17403 794 1 35+6 004 787 12 


Valuable criticisms were made by 8. Langer, J. Norman, 
and L. Zumwalt, of General Atomic, and A. Searcy, ~ 
University of California, Berkeley. 
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Double Molecules in Gases 


WE have observed double molecules, for example 
(CO,)., in carbon dioxide, nitrous oxide, nitrogen, oxygen, 
argon and xenon. It is believed that these double molecules 
exist in all gases at temperatures where the attractive 
Van der Waals interaction is of importance, and where the 
pressure is sufficiently, high to produce a significant frac- 
tion of three-body collisions. Their existence has been 
predicted for many years!. 

A mass spectrometer was used to examine the spectra 
of the various gases in which these species were observed. 
Gas from a reservoir at pressures up to 200 torr passed 
through a narrow orifice (diameter and length <2 x 10-4 
em) directly into the ionizing electron beam of the spectro- 
meter. As the mean free path of the molecules in the gas 
was comparable to, or greater than, the orifice diameter, 
the flow was of molecular type, and so the double molecules 
could not be formed by the adiabatic cooling of the gas*. 
There is substantial evidence that the observed double 
molecules are not the products of ion-molecule or excited 
state reactions in the mass spectrometer. For example, 
it was found that the measured concentrations at constant 
pressure were almost independent of the variations in 
gas flow resulting from altering the orifice diameter. The 
energy of the electron beam was chosen to eliminate the 
possibility of apparent double-mass ions caused by charge 
exchange between doubly charged ions and molecules’. 

For argon and xenon, the concentration of double 
molecules, and their variation with temperature over a 
range of 180°-800° K, agree reasonably well with the 
values computed by Stogryn and Hirschfelder’ for the 
Lennard-Jones (6-12) interaction potential. As an 
example, the concentration of Ar, in argon at 300° K 
and 100 torr was about [0-*. In the case of the polyatomic 
molecules, the measured concentration is much less than 
predicted. This is associated with an instability of the 
double molecules in their flight from the reservoir to the 
electron beam. 

This observation of double molecules in gases provides 
direct experimental evidence for the physical reality to 
be accorded the concept of. ‘clusters’ in the statistical 
mechanical treatment of imperfect gases. These dimers 
account for a, major fraction of the second virial coefficient 
in gases below their Boyle temperature, and can be regar- 
ded as the first condensation embryos which are always 
present in a gas, even in its unsaturated state. 

We thank the Smethurst High-Light Co., who supplied 
us with the small orifices, and also the management 
of the Reactor Group, U.K. Atomic Energy Authority, 
for their support of this work. 

E. J. ROBBINS 
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Reactor Engineering Laboratory, 
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Risley, Warrington. 
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BIOCHEMISTRY 


Rapid Separation of Mucopolysaccharides by 
Salt-gradient lon-exchange Paper Chromato- 
graphy 

EXCELLENT separation!of acid mucopolysaccharides can 
be obtained by elution from columns of “Dowex 1 
Chloride’! or ‘DEAE Sephadex’? with sodium chloride 
solutions of increasing molarity. The mucopolysaccharides 
are detected in the column effluents by uronic acid or 
hexosamine assays. Relatively large (5-10 mg) samples 


NATURE 


1253 


of individual mucopolysaccharides are, however, required 
for these methods. 

Much smaller (10-20 ug) samples may easily be separ- 
ated on ion-exchange peper using ascending chromato- 
graphy with a sodium chloride solution of steadily 
increasing molarity, and subsequent detection of the 
samples with alcian blue. 

The apparatus is similar to that used by Marsden and 
Kent’ for the separation of mucopolysaccharide—cetyl- 
pyridinium chloride complexes on paper. A Petri dish 
(15 em diam.) containing 50 ml. water and a magnetic 
stirrer is placed in a chromatography tank (40 cm x 
20 cm x 20 cm). Samples of mucopolysaccharides 
(10-20 yg) are applied as spots to an ‘origin’ line drawn 
2 cm from the lower end of a 10 em x 30 cm strip of 
‘Amberlite SB 2’ ion-exchange paper. The lower end of 
the paper is dipped into the Petri dish, and the magnetic 
stirrer is switched on. Ai the same time, a 4-M solution 
of sodium chloride in water is delivered into the Petri 
dish at a rate of 60 ml./h by means of a micropump (Dis- 
tillers Company Series IT) and a fine polythene catheter 
which passes through the lid of the chromatography tank 
into the Petri dish. Ascending chromatography is allowed 
to proceed for 1-5 h. The ion-exchange paper is then dried 
in a current of warm air, stained with a 1 per cent 
solution of alcian blue (G. T. Gurr) in 2 per cent acetic acid 
(15 min) and washed in briskly running tap water (30 min). 

In a typical run under these conditions, in which the 
solvent front moved 28:3 em, hyaluronic acid (human 
aorta) migrated 18 cm from the origin (Ry 0-63), heparitin 
sulphate (human aorta) migrated 14 cm (Rp 0-49), chon- 
droitin sulphate O (human aorta) migrated 9 em (Rp 0-32) 
and heparin (Evans Medical, Ltd.) migrated 7 cm (Ry 
0:24). The disadvantages of the method are that the 
paper is easily overloaded with mucopolysaccharide, with 
consequent upward tailing of the spots, and chondroitin 
sulphates A, B and Ọ cannot be separated from each 
other. 

The method of choice for the separation of very small 
quantities of mucopolysaccharides is probably electro- 
phoresis on cellulose acetats membrane*, but the method 
described here provides useful additional information 
when mucopolysaccharide samples are too small to allow 

conventional chemical characterization of their com- 


ponents. G.M 
Nuffield Department of Clinical Biochemistry, 
Radcliffe Infirmary, Oxford. 
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Enzymatic Synthesis of Cyclo propane Fatty 


Aldehydes 


Farry aldehydes containing a cyclopropane ring have 
been isolated after acid methanolysis of the phospholipids 
obtained from Clostridium butyricum. 36 per cent by 
weight of the fatty aldehydes contained a cyclopropane 
ring!?, Zalkin et al.” and Chung and Law‘ have shown 
that cyclopropane fatty actis are formed by the addition 
of a methyl group from S-adenosylmethionine to an un- 
saturated fatty acid moiety of phosphatidylethanolamine. 
An enzyme which catalyses this addition has been purified 
from extracts of O. butyricum4®. The vinyl ether-linked, 
aldehydogenic chains in O. butyricum plasmalogens can 
be derived from exogenous fatty acids and fatty acid 
precursors, presumably by way of the normal pathways 
for fatty acid synthesis*. 

The formation of cyclopropane aldehydogenic moieties 
could occur by at least two pathways: (1) conversion of 
a cyclopropane fatty acid moiety to an aldehydogenic 
moiety by reduction of eithar the free acid to an aldehyde 
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or an ester bond to a vinyl ether bond; (2) addition of a 
methyl group to an unsaturated aldehydogenic moiety of 
æ plasmalogen in analogy with the formation of cyclo- 
propane fatty acids?-5. We present here evidence for the 
latter pathway. ; 

A mixture of ethanolamine and N-metbylethanolamine 
phosphatides was obtamed from log-phase cells of C. 
butyricum by column chromatography, first on silicic acid, 
then on diethylaminoethy! cellulose-acetate*. The diacyl 
phosphatides were removed from the mixture by treat- 
ment with dilute sodium hydroxide at 23°. Any plasma- 
logens converted to lysophosphatides by this procedure 
were removed by silicic acid chromatography’. The 
material thus obtained was mainly N-methylethanolamine 
plasmalogen with some ethanolamine plasmalogen?. 
It had 0-75 wmoles vinyl ether per umole phosphorus’. 
The preparation was converted to a water-clear micellar 
dispersion by the method of Fleischer and Rlouwens. 
Enzymes were purified as described by Chung and Law’. 

On incubation of purified plasmalogen with either crude 
extract of C. butyricum (Table 1) or purified cyclopropane 
fatty acid synthetase (Table 2), incorporation of the 
methyl group of carbon-14 (methyl) S-adenosylmethionine 
into lipid was observed. In all experiments with plasmal- 
ogen substrate approximately 60 per cent of the carbon-14 
was found in aldehyde chains and 40 per cent in fatty acid 
chains. When phosphatidylethanolamine was used as 
substrate, all the carbon-14 was found in the fatty acid 
fraction on acid methanolysis. With both crude and 
purified enzyme, phosphatidylethanolamine was a better 
substrate for methyl transfer than plasmalogen at 
equivalent concentrations of phospholipid. It is clear from 
the results in Tables 1 and 2 that the concentration of 
plasmalogen substrate required to saturate the enzyme 
is higher than that for phosphatidylethanolamine. Another 
preparation of plasmalogen was as effective as phos- 
phatidylethanolamine in accepting methyl groups from 
S-adenosylmethionine in the reaction catalysed by crude 
enzyme. Unfortunately, there was not enough of this 


Table 1, FORMATION Or CUC OPROPANE ALDEHYDES CATALYSED BY GRUDE 


TRAO? OF CO. butyricum 


u0 incorpor- Distribution of *C 
ated into Aldehydes Fatty acids 
lipid (d.o.m.) (%) (%) 
Purified plasmalogen, 0°52 umole P 4,520 59 41 


Purifled plasmalogen, 1 2 umole P 9,880 62 - 88 
Purified plasmalogen, 0°52 umole P 


with boled enzyme 220 — — 
Phosphatidylethanolamine, 0-52 

umole P 53,200 <1 09 + 
Phosphatidylethanolamine, 1:0 

umole 50,500 <1 99 + 
Purified plasmalogen, 0°52 zmole P 

+ phosphatidylethanolamine, 

0:52 umole P 49,300 17 98 


Each tube contained in addition to the substrates listed: ¢rishydroxy- 
methylaminomethane-hydrochloric acid, 1 M, pH 7:0, 0-1 ml.; sodium lauryl 
sulphate, 0-01 M, 0 04 ml.; 10 (methyl) S-adenosylmethionine, 40 muzmoles, 
110,000 d.p.m.; crude, dialysed, lyophilized and redissolved extract of 
Clostridium butyricum, 2'8 mg protein. Final volume of 1-0 ml. 

After 1 h at 30° the reaction was stopped by addition of 19 ml. of chloro- 
form-methanol 2 :; 1 and the lipid was extracted and washed’, An aliquot of 
the lipid was subjected to acid methanolysis, An aliquot of the total fatty 
acid methyl esters plus aldehyde dimethylacetals obtained was counted, and 
the remainder was saponified in order to separate the fatty acids from the 
dimethylacetals'-?5, 


Table 2. FORMATION OF CycloPROPANE ALDEHYDES BY PURIFIED Cyclo- 
PROPANE Fatty Aom SYNTHETASE OF C. butyricum 


uC incorpor- Distribution of O 
ated In Aldehydes Fatty acids 
lipid (d.p,m1.) (%) (%) 
Purified plasmalogen, 0-48 zmole P 2,270 58 42 
Purified plasmalogen, 0-96 mole P 5,740 66 36 
Purifled plasmalogen, 192 mole P* 7,150 62 38 


Purified plasmalogen, 0 96 yzmols P 


with boned enzymes 189 — — 
Phosphatidylethanolamine 0-47 
moles P 84,900 — — 


Each tube contained in addition to substrate: trishydroxymethylamino- 
methane~hydrochloric acid, 1:0 M, pH 7-0, 0-1 ml.; sodium lauryl sulphate, 
001 M, 0-04 ml.; “C (methyl) S-adenosylmethionine, 40 mmoles, 110,000 
dp.m.; approximately 40-fold purified cyclopropane fatty acid synthetase 
from O. butyricum, 0 22 mg protein, adenosylhomocysteine hydrolase’, 0-27 
mg protein tn a final volume of 1-0 ml. 

After 1 h at 34° the lipids were extracted and subjected to methanolysis as 
described in Table 1. 

* Final volume 1°12 ml. 
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preparation for assay with purified cyclopropane fatty 
acid synthetase. Variability in acceptor ability from one 
preparation to another has been noted with pure phos- 
phatidylethanolamine**. 

When the radioactive lipid, obtained by incubation of 
plasmalogen with carbon-14 (methyl) S-adenosylmethion- 
ine and purified enzymes, was chromatographed on 
a thin layer of a silica gel G in chloroform—methanol- 
7 N ammonium hydroxide (60: 35: 5), 94 per cent of the 
carbon-14 was found in the plasmalogen spot and 6 per 
cent in the neutral lipid spot at the solvent front. 

The aldehyde dimethylacetals obtained by acid methano- 
lysis of the radioactive lipid recovered from incubations 
with crude or purified enzymes were separated by gas- 
liquid chromatography*. Almost all the carbon-14 was 
found to emerge coincident with the cyclopropane aldehyde 
dimethylacetals. The results with the purified enzyme 
were as follows: 17:cyclopropane, 53 per cent; 19:ceyclo- 
propane, 35 per cent; 16:0, 5 per cent; 16:1, 2 per cent; 
18:0, 3 per cent; 18:1, 3 per cent. (The number before 
the colon represents the number of carbon atoms in the 
aldehyde chain and the number after the colon represents 
the number of double bonds. Recoveries are given in 
terms of thé carbon-14 in a given peak as per cent of the 
carbon-14 in all the peaks designated. Some carbon-14 
emerged when no mass peak was detected, but in no case 
did any of these collections exceed 7 per cent of the total 
carbon-14.) 

The addition of methyl groups to unsaturated alde- 
hydogenic chains of plasmalogens to form cyclopropane 
Tings seems to be analogous to the reaction observed 
with diacylphosphatides**. Further enzyme purification 
will be required to decide whether the formation of cyclo- 
propane aldehydes is catalysed by the same or different 
enzyme(s) from those responsible for the synthe- 
sis of cyclopropane fatty acids. While the evidence 
presented supports the second pathway for the formation 
of cyclopropane aldehydes discussed here, it does not 
exclude the first. ; 

This work was supported by grants from the National 
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and from the U.S. Nations! Science Foundation, GB-952, 


to Dr. J. H. Law. 
ALBERT E. CHUNG * 


VoL. 206 


Department. of Chemistry, 
Harvard University, 
Cambridge, Massachusetts. 
HOWARD GOLDFINE 
Department of Bacteriology and Immunology, 
Harvard Medical School, 
Boston 15, Massachusetts. 
* Present address: University of Colorado, Department of Biochemistry, 
School of Medicine, Denver, Colorado.’ 
1 Goldfine, H., J. Biol. Chem., 239, 2180 (1964). 


a Pa N., Hagen, P-O., and Goldfine, H., J. Biol. Chem., 240, 1559 


§ Zalkin, H., Law, J. H., and Goldfine, H., J. Biol. Chem., 288, 1242 (19638). 
(mung, A. W., and Law, J. H., Biochemistry, 3, 967 (1964). 

*’ Ohung, A. E., and Law, J. H., Biochemistry, 3, 1989 (1964). 

o Renkonen, O., Acta Chem, Scand.,17, 634 (1963), 


? Williams, jun., J. N., Anderson, C. E., and Jasik, A. D., J. Lipid Res., 3, 
378 (1962). 


8 Mielen, 8., and Klouwen, H., Biochem. Biophys. Res. Comm., 5, 378 
1 š 


b eee at Lees, M., and Sloane-Stanley, G. H., J. Biol. Chem., 226, 407 


3? Farquhar, J. W., J. Lipid Res., 8, 21 (1962). 


Conversion of Carotenoids to 3-Dehydroretinol 
(Vitamin A2) in the Mouse 


CAROTENOIDS with at least one 3,4-dehydro-8-ionone 
ring are known to display vitamin A activity in the rat 
growth test’-°. We have recently shown that one such 
compound, 3’-hydroxy-3,4-dehydro-8-carotene (anhydro- 
lutein), also supports growth in the vitamin A-doficient 
chick* and, when supplied in sufficient amount, it is 
converted to vitamin A,, which is stored in the liver’. This, 
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to our knowledge, constituted the first demonstration of 
the formation of vitamin A, from a carotenoid by a ter- 
restrial animal. Previously, §-carotene had been reported 
to form both vitamins A, and A, in certain species of 
fresh-water fish®’. 

We have now been able to show that mice, too, convert 
anhydrolutein to vitamin A, Furthermore, several other 
derivatives of 3,4-dehydro-8-carotene were also tested in 
mice and found to act as precursors of vitamin A, The 
choice of the mouse as a test animal not only provided 
an example of mammalian vitamin A, formation, but its 
small size also made this animal particularly suitable for 
studying relatively small amounts of substances. 

The following carotenoids were tested: anhydrolutein, 
prepared from alfalfa lipids by treatment with toluene-p- 
sulphonic acid, as described previously’ ®; 3,4,3’-4’-bes- 
dehydro-f-carotene, prepared by reacting §-carotene with 
N-bromosuccinimide in carbon tetrachloride®; 4’-keto- 
3,4-dehydro-8-carotene, obtained by the same reaction, but 
in chloroform solution containing 1 per cent ethanol?; 
and, 3,4-dehydro-8§-carotene (Hoffmann-La Roche, Basle). 
In one experiment, f-carotene (synthetic all trans, Sigma 
Chemical Co., St. Louis, Mo.) was also administered. 

New-born albino mice of both sexes, together with their 
mothers, were put on a sorghum-soya diet supplemented 
with the usual minerals and vitamins, except vitamin A. 
After weaning, the animals were kept on this diet until 
they reached the age of 6-10 weeks. Their growth 
appeared normal, and at the end of this period, their 
liver lipids gave, at most, a barely perceptible Carr—Price 
response. The test carotenoids, dissolved in a little 
aqueous “Cween-80’, were mixed with the vitamin A- 
deficient feed, so that each mouse received about 10 g feed 
containing up to 4 mg carotenoid. Once the test portions 
had been consumed, the mice were killed and the liver 
lipids were extracted by grinding with anhydrous sodium 
sulphate and shaking with ether®. The absorbancies of 
the liver lipids in antimony trichloride—chloroform solu- 
tion were measured at 693 and 620 my in a Bausch and 
Lomb Spectronic 20 colorimeter. The results are given 
in Table 1. 

The presence of vitamin A, is indicated by the values 
found for the ratio of absorbancies at 693 and 620 mu. 
For pure 3-dehydro-retinol, this ratio has been determined 
by different authors to be 2-38 (rof. 10) or 2:45 (ref. 11). 
The reason for the higher values found for three of the 
carotenoids tested is not clear, but may be due to the 


-= fact that the reaction was carried out with the crude liver 


lipids. ß-Carotene yielded a ratio of 0-03; the value re- 
ported in the literature for pure retinol is 0-01 (ref. 10). 
3,4-Dehydro-f-carotene yielded an intermediate ratio of 
0-55, corresponding to an approximately equimolecular 
mixture of vitamins A; and A,. The antimony trichloride 
reaction product of the liver lipids resulting from feeding 
the 4-keto compound was examined in a rapid-recording 
Cary spectrophotometer: a single maximum at 690 mu 
was found, confirming the presence of vitamin A,. The 
levels of vitamins A, and A, found in the livers of the 
various test groups ranged from 10 to 60 ug per liver. 
The figures are not included in Table 1, since the tests 
were not designed for quantitative evaluation of conversion 
and storage. 

Further evidence for the presence of vitamin A, in the 
livers was provided by the absorption spectra of the 


Table 1. ABSORBANOY RATIOS OF THE ANTIMONY TRICHLORIDE REACTION 


PRODUCTS OBTAINED WITH THH LIPIDS FROM MIOB GIVEN DIFFERENT 
CAROTENOIDS 
No. of Amount 
Carotenoid mice supplied per Mean 
tested mouse (mg) Em] Esn 
Anbydrolutein * 4 1:6 27 
Anhydrolutein 2 4-0 80 
4’-Keto-3,4-dehydro-f-carotene 2 4:0 28 
3,4,3’,4’-Bis-dehydro-f-carotene 1 1:8 2°6 
3,4-Dehydro-f-carotene 2 4-0 0 55 
8-Carotene * 3 16 0-03 


* Dissolved in refined soya bean oil. 
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Fig. 1. Absorption spectra of the vıtamin A ester fractions from the 
liver lipids of mice receiving the fallowing —— anhydre- 
luten; — —— 4’-keto-3,4-dehydro-f-carotene, ------ 8,4,8,4 -bis- 


dehydro-f- -carotene; and — — — 3.4-dehydro-f-carotens. The spectrom 
obtained by feeding anhydroluteix was obtained with the crude lipids, 
without chromatography. H2=ckman DU spectrophotometer 


vitamin A ester fractions obtained by chromatography 
of the liver lipids on the water-weakened alumina. 
Previous work® had shown such ester fractions to be 
relatively free from interfering absorption, so that the 
type of vitamin A present can be readily recognized from 
the ultra-violet spectrum. Fig. 1 shows four of the 
spectra obtained. 

Typical vitamin A, curves with a broad maximum at 
350-352 mu and smaller peaks at 287-8 and 278 mu were 
obtained from the livers of animals receiving anhydro- 
lutein and the keto- and 6bzs-dehydro-carotenoids. It 
should be noted that the spectrum obtained from the 
anhydrolutein-fed animals is that of the crude liver lipids 
which were not chromatographed; background absorp- 
tion causes some distortion at shorter wave-lengths in 
this case. 3,4-Dehydro-8-carotene yields @ vitamin 
spectrum with a maximum at 330 my and a slight hump 
at 288 my, similar to the absorption curve of an equi- 
molecular mixture of vitamins A, and A,. The absorption 
spectrum (not shown here) obtained from 8-carotene-fed 
animals had a maximum at 326 my and was nearly identi- 
cal with the curve of synthatic vitamin A palmitate. 

Our observations lead to the conclusions that: (a) 
formation and storage of vitamin A, may occur in different 
animal species, provided a suitable carotenoid precursor 
is present in the diet; (b) a sufficient condition for pro- 
vitamin A, activity is the presence, in the carotenoid 
molecule, of at least one 3,4-dehydro-f-ionone ring. 

Quantitative aspects of the conversion, and the possible 
natural occurrence of provitamins A,, are being explored. 
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Behaviour of Polyethylene Glycol on Dialysis 
and Gel-filtration 


POLYETHYLENE glycol is now widely used for concen- 
trating protem solutions by dialysis. We have used the 
material of molecular weight 15,000 (L. Light and Co., 
Ltd., Colnbrook, England) and have found that it pene- 
trates dialysis sacs to an appreciable extent. 

100 ml. distilled water was dialysed against polyethylene 
glycol in a sac of 24/32” “Visking’ tubing until the sac 
was apparently empty. The contents of the sac were 
rinsed out with distilled water and a residue of 27 mg 
was obtained on freeze-drying. 

Although it seemed likely that this material must be 
of low molecular weight and would therefore separate 
from proteins on gel-filtration on ‘Sephadex G-100° 
(Pharmacia, Uppsala, Sweden), this turns out not to be 
so. Fig. 1 shows the elution curves obtained with 50 mg 
polyethylene glycol (mol. wt. 15,000) and of 27 mg of the 
material which passed into the dialysis sac above. The 
column was prepared and eluted with 0-02 M-phosphate 
buffer pH. 6-9, and the volume in which the sample 
was applied was 5 ml. in each case. The polyethylene 
glycol in the effluent was estimated by heating 1-ml. 
samples, diluted if necessary, for 30 min at 100° with 
1-0 ml. 0-2 N KMnO, and 1-0 ml. 2 N H,SO, and titrating 
with thiosulphate the iodine liberated on addition of 
excess KI to the cooled reaction mixtures. A standard 
curve was prepared relating decrease of the thiosulphate 
titre to weight of polyethylene glycol. The recovery of 
polyethylene glycol from both columns appeared to be 
110 per cent. 

Fig. 1 also shows the elution curves obtained in 
separate experiments on the same column for about 
18 mg human haemoglobin (mol. wt. 68,000) run in 0-02 M 
phosphate buffer, pH 6-9, and applied in 2 ml. of the 
same buffer, and for about 30 mg pepsin C (= para- 
pepsin II, mol. wt. 40,700 (ref. 1)), run in 0-1 M acetate, 
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Fig 1 Gel filtration on ‘Sephadex G-100'. Column 23 cm x 40 cm. 


Upper, unfractionated polyethylene glycol; muddle, polyethylene glycol 
from dialysis sac, lower, haemoglobin O and pepsin C © 
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pH 5-6, and appled in 20 ml. of the same buffer. The 
haemoglobin in the effluent was estimated by its extinc- 
tion at 540 my and the pepsin C by its proteolytic activity 
against haemoglobin. 

It is seen that the fraction of the polyethylene glycol 
which passed the dialysis membrane has emerged in a 
slightly larger elution volume than the whole poly- 
ethylene glycol, indicating that it is a fraction of slightly 
smaller molecular size. 

Both samples of the polyethylene glycol, however, have 
emerged in a volume considerably smaller than that at 
which the protein of molecular weight 40,700 is found and 
at about the same volume as the protein of molecular 
weight 68,000. 

It is possible that polyethylene glycol exists in aqueous 
solution as a random coil and thus exhibits a larger 
effective molecular size than a protein of greater molecular 
weight in gel filtration, but this leaves unexplained the 
passage of the material through the dialysis membrane. 
Whatever the explanation of the phenomenon, it is 
apparent that gel-filtration is not necessarily a suitable 
means of separating polyethylene glycol from proteins of 
moderate molecular weight. JIon-exchange chromato- 
graphy may be used for this purpose—we have found 
that, as expected, polyethylene glycol is not retarded on 
columns of diethylaminoethyl- or carboxymethyl-cellulose 
at pH 6-9. 
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Onuphic Acid—A Sugar Phosphate Polymer 
from the Tube of Hyalinoecia tubicola 


ALTHOUGH sugar phosphate polymers are present in 
bacterial cell walls} and phosphorylated polysaccharides 
are produced by certain yeasts’, reports of macromole- 
cules composed of carbohydrate and phosphate in higher 
animals have been confined to the ribose phosphate back- 
bone of the nucleic acids. During an investigation of the 
nature of skeletal structures in the invertebrates, however, 
it has been observed? that in the tubes of the marme worm 
Hyalinoecia tubicola the phosphate 1s not present as 
inorganic salt but is closely associated with carbohydrates. 

H. tubicolu lives inside a tough, portable, quill-lke tube 
made of a light, translucent substance which contains 
appreciable quantities of magnesium, calcium and phos- 
phorus. In 1882, Schmiedeberg* analysed the tubes of 
Onuphis (now Hyalinoecia) tubicola and found ash 37:5, 
Mg 5:9, Ca 2-4 and P 9-5 per cent. He suggested that the 
tube consisted of a carbohydrate substance ‘onuphin’, 
albuminoid and the acid phosphates of calcium and 
magnesium, and he commented that it was difficult to 
prepare onuphin free from phosphate without degrading 
it. Later, in a survey of inorganic deposits in the inverte- 
brates, Clarke and Wheeler’ reported quantities of 
magnesium, calcium and phosphorus in H. artifex similar 
to those found from H. tubicola, and they explamed the 
discrepancies in the proportions of bases to acid by 
assuming that the phosphate might be present as meta- 
phosphate or polyphosphate. 

Our analyses for ash (37-2 per cent) and for phosphorus 
(9:3 per cent) in the washed and dried tubes of H. tubicola 
agree closely with those of Schmiedeberg, but we have been 
unable to establish the presence of any orthophosphate, 
metaphosphate or polyphosphate in the supernatant after 
acid demineralization. The X-ray diffraction pattern of 
whole tubes contains two broad diffuse rings only; no 
well-defined, oriented or continuous reflexions suggesting 
crystalline salts have been observed. 

After demineralization in 1 N HCl, the tube swells to 
a gelatinous mass in which, after washing, only a small 
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proportion of the phosphate is present. Free phosphate is 
detectable in the acid extracts only after calcining or after 
hydrolysis by severe methods (for example, by perchloric 
acid/sulphuric acid mixtures). The whole of the phosphate 
extracted by 1 N HCl is non-dialysable, the phosphate 
macromolecule comprising 70 per cent of the weight of 
the parent tube. The polymer removed by acid contains 
13-5 per cent P and less than 0-5 per cent N. After hydro- 
lysis, aldohexose (Rgtncose = 1) and aldohexose phos- 
phate have been found in chromatograms; no uronic 
acids or glucosamine have been detected. 

A solution of the acid-extracted polymer, purified by 
precipitation with ethanol after dialysis against ion-free 
water, sediments as a single sharp boundary in the 
ultracentrifuge. The sedimentation rate increases 
markedly, both with increasing ionic strength of the 
solution (suggesting a strong primary charge effect), and 
with decreasing concentration (suggesting a pronounced 
intermolecular interaction). The plot of I/s against c 
for a solution in 0-2 M KCl (Ogston*) appears to be linear 
and extrapolates to a sedimentation coefficient Sy, of 21-8 
Svedbergs. A determination by the approach to equili- 
brium method (Klainer and Kegeles’) gives a molecular 
weight of the order of 10° at the concentrations 5-10 
mg/ml. 

The acid-extracted, non-dialysable substance from the 
tubes of H. tubicola appears to be a stable compound of 
hexose sugar and phosphate, of high molecular weight, 
containing a small amount of nitrogenous material. We 
propose to call this substance onuphic acid, and details 
of its structure and physical properties will be published 
in due course. 

This work is part of @ programme supported by grant 
DH-01346—-03 from the U.S. National Institutes of Health. 
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; PHYSIOLOGY 


i Glutaminase Activity and Neocortical 
k Excitability 


| THE work recorded here was carried out in order to 
' ascertain whether glutaminase I activity in the neocortex 
l of the cat plays a part in the glutamate-glutamine system 
i changes induced by the appearance and development of 
„ an epileptogenic focus produced by application of 
mescalmet. 

The experiments were performed on 24 cats immobilized 
| by injection of gallamine triethiodide and artificially 
' respired. The surgery was performed under local anaesthe- 
| sia with I per cent novocaine. The cats were divided mto 
|, four groups—the first a control group, and the other three in 

i which an epileptogenic focus was produced in the left 
ectosylvian gyrus by topical application of a 3 per cent 
i solution of mescaline hydrochloride. The appearance and 

7; development of the epileptogenic focus were recorded 
» electroencephalographically. 

' Sampling of the cerebral ‘cortical tissue from the left 
Lectosylvian gyrus (with convulsive focus) and from the 
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Fig. 1. Activity of glutaminase in the ectosylvian gyri of the cat during 
the development of an epile ga ee focus induced by topical application 
of mescaline. Lines start from mean values of control samples and are 
drawn through mean values of the samples from each group of mescaline 
treated cats, S.E.M. are indicated by vertical bars. 1 ml. brain homo- 
genate (containing 60 mg wet cerebral tissue) prepared ina suspension 
medium containing 0'14 M veronal-acetate buffer, 0-12 M phosphate 
buffer, 28 uM glutamine, pa 8. Incubation time 1 h. Temp. 37°. 
, Ectosylvian gyrus (with — -+, ectosylvian gyrus (contra- 
er 





right (contralateral) ectosy:vian gyrus lasted 20-30 sec 
and was carried out at different time-intervals following 
application of mescaline: 2 min for the first, 10 min for 
the second and. 30 min for the third group. 

For determination of glutamimase activity Errera and 
Greenstein’s method’, slightly modified for cerebral tissue 
by Pintilie et al.8, was used. The resulting ammonia was 
determined by vacuum microdistillation in a Parnas- 
Heller apparatus and subsequent nesslerization. 

Two min after application of mescaline, a generalized 
short-lasting desynchronization of the electroencephalo- 
gram was observed, immediately followed, only in the 
left ectosylvian gyrus, by mescalinic epileptical discharges 
characterized by ample biphasic spikes. Ten min after 
application of mescaline the electroencephalogram showed 
& normal background activity and, in the epileptical 
focus, frequent spikes. At 30 min, spikes occurred in 
bursts in the focus, while anew general aac 
was noted. 

Glutaminase activity in the cortex of the ectosylvian 
gyri in the control group was 12 + 0-84 ug ammonia 
nitrogen/mg protein/fh. Two min after application of 
mescaline glutaminase, activity was significantly increased 
only in the focus. At 10 min, activity returned to the initial 
level and at 30 min a new significant increase was noted 
in both ectosylvian gyri (Fig. 1). 

In vitro addition of different amounts of mescaline 
hydrochloride, that is, 150 ug (the amount used for pro- 
ducing the neocortical epileptogenic focus), 300 ug and, 
sometimes, 1,000 ug, to the reaction mixture did not change 
glutaminase activity significantly in the brain homogenates 
of different species (pigeon, rat and cat) (Table 1). 

It seems that the increase m activity of glutaminase I 
corresponded in the same cortical areas, and at the same 
time, to the significant decrease in glutamine described in 
previous experiments (Mison-Crighel et al.1). These 
changes occurred at 2 and. 3D min after application of 
mescaline when a general elecsroencephalographic desyn- 
chronization was noted. No changes in glutaminase 


Table 1. EFFECT OF MESCALINE HYDROCHLORIDE ON ACTIVITY OF BRAIN 
GLUTAMINASE OF DIFFERENT ANIMALS 
{Direct addition to the incubation mixture) 


Mescaline 
Animal Control 150 ug 300 ug 1,000 ug 
Pigeon 1441°29* 16+1°7 17 0+2°8 13 +2 
Rat 14545 19+5 2145 —* 
Cat 2641 2041 20 +2 coos 


Each value represents the mean of 4-5 2 ot 
* S.E.M. P>0-05. Difference not sigai 
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activity were noticed at 10 min when the EEG showed a 
well-organized and sharply delimited epuileptical focus 
but no generalized alteration of cortical excitability. 
Activity of glutaminase I was also normal when the EEG 
showed spontaneous long-lasting epileptical discharges. 

The inability of mescaline to effect cerebral glutaminase, 
as shown by im vitro experiments, suggests that the 
enzyme is activated, not directly, but through the neo- 
cortical excitability changes, as demonstrated in the work 
recorded here. This points to a correlation between 
cortical excitability and glutaminase activity. This 
assumption is supported by the fact that activity of glut- 
aminase I is enhanced by increased oxygen pressure‘ 
which also induces a cerebral hyperexcitability leading to 
the convulsive state. 

In physiological concentrations of glutamine, glutamic 
acid and phosphate in brain, activity of glutaminase I 
first mentioned by Krebs® seems to be dormant’. We 
estimated ATP and inorganic phosphate in the same corti- 
cal areas and in the same conditions (unpublished data) 
and found a slight decrease in concentration of ATP and 
a normal level of inorganic phosphate. It can be supposed 
that in the brain also, activators other than phosphate 
may intervene, as has been suggested by Sayre and 
Roberts? for kidney glutaminase. Yet we are inclined to 
consider the normal level of inorganic phosphate in the 
presence of decreased ATP values as the result of a 
possible attachment of the liberated phosphate to a 
cationic site of glutaminase, thus enhancing the latter’s 
activity. 

NELLA Mison-CRIGHEL 
C. PNTE 
E. CRIGHEL 


Institute of Neurology, 
Academy of the Rumanian People’s Republic, 
Bucharest. 
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lodine Effects on Thyroid Function in 
Sporadic Goitrous Cretinism 


We have found that the short-term administration of 
pharmacological doses of thyroactive substances (90 mg 
triiodothyroacetic acid or equivalent amounts of desic- 
cated thyroid within 9 days) produced in three sibs with 
sporadic goitrous cretinism prolonged clinical remissions 
with normalization of thyroid function persisting in two 
patients for 8-10 months and in the third for so far 
5 years and 9 months'-*. The primary purpose of the 
investigation recorded here was to determine whether in 
the conditions of our ‘stosstherapy’ thyroid hormone 
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acted as a whole, or whether it merely served as a vehicle 
for iodine as suggested by Saunders and Stark’ and 
Galton and Ingbar’, 

Inorganic iodine in equivalent amounts to those present 
in the ‘thyroid stoss’ (this is a total of 65-5 mg in the 
form of potassium iodide) was therefore given within 9 
days to two of the cretins during a relapse. As a result, 
both showed a prompt regression of the myxoedematous 
symptoms and signs as well as a disappearance (patient A) 
or respectively a marked decrease (patient B) of the goitre. 
Despite discontinuance of all specific therapy, these remis- 
sions persisted for up to 9 months. They were associated 
with profound changes in thyroid function (Tables 1 and 
2): thyroidal uptake, which prior to therapy had consist- 
ently shown high initial values steadily dropping there- 
after to sub-normal levels, demonstrated progressively 
rising curves which in patient A were in the normal range 
and in patient B were even above normal. The other 
parameters of thyroid function also showed in patient A 
a return to normal, and in patient B a trend towards 
hyperactivity. 

There was no reason for assuming that iodine ‘stoss- 
therapy’ had acted in the manner of conventional replace- 
ment therapy: that is, by supplying an iodine-deficient 
organism with sufficient amounts of iodine. The cretins 
resided with the rest of their family at the seaside in a 
goitre-free region of Israel. The thyroid function patterns 
obtained in the majority of the healthy family members 
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were incompatible with simple iodine deficiency®". More- ` 


over, inorganic iodine is rapidly eliminated from the 
organism, even prolonged administration of excessive 
amounts causing, as a rule, only transient changes in 
thyroid function", 

Both the length and the quality of the clinical remis- 


sions as well as the patterns of thyroid function produced 


by iodine and thyroid ‘stosstherapy’ were strikingly alike 
in both patients. It follows that the triggering effect of 
‘stosstherapy’ is not bound to the end-product of thyroid 
secretion, thyroid hormone(s), but may also be obtained 
with its starting material, iodine. 

This stimulative effect of iodine on thyroid function 18 
diametrically opposed to its well-established suppressive 
effect in hyperthyroid and euthyroid individuals. In the 
latter, iodine-induced suppression of thyroid function, as 
& rule, is a short-lived phenomenon. Yet in exceptional 
cases, presumably those with a latent metabolic defect in 
thyroid hormonogenesis, iodine may have longer-lasting 


effects and may even produce clinically manifest goitre ^ 


and myxoedema?*-!¥, 


The question therefore arose as to how iodine would’- ’ 


affect thyroid function in our cretins during a remission. 
Iodine was therefore administered in the dosage and 
manner already mentioned to patient B during an iodine- 
induced remission with associated functional hyperactivity 
of the gland. As a result, a transient but profound depres- 
sion of all parameters of thyroid function without any 
changes in the clinical condition was noted (Table 2). In 
other words, at this stage the patient’s thyroid gland 
behaved in a normal manner. 


Table 1. PATIENT A 


































og iodine in $ days 








erum. oyo es of 2 | Urinary excretion| Total plasma 1I |} Piasma PBT 
: (% of dose dose) of 111 (% of dose) (% of dose/l.) (% of dose/l.) 
Goitre (mag? / — Peel ia Caan 
00 ml.) 2h 24h 24h 48h 24h 48 h 48h 
Before therapy Myxoedematous | Large 2-06 62:9 25-4 69 2 92 0-5 
4 months after 90 mg Euthyroid Absent 5-6 27:9 498 88 4 48 015 0-16 0:07 
ARIS in 9 days 
Relap: Mvyxoedematous | Large 1-7 *43-0 15-0 48-0 (7) | 16-0 065 
5 dats acter 65 5 mg Huthyroid Negligible 5-8 #220 42 0 25 0 (7) 30 0-18 
iodine in 9 days 
5 months after 655 Kuthyroid Absent 6-4 *30 0 35-0 13-0 (?) 4-0 009 0-12 007 
mg dine in 9 days } 
4 months after econ | Euthyroli Absent — (4 h) 60-0 30-0 — 0-21 
administration of 65°6 34 0 










































































* For these tracer studies a dose of 50 ue. I was administered by mouth, while in all other Investigations 50 zc. 1I was given by the same route. 
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PATIENT B 






























Before — Myxoedematous | Large 1:8 
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mg iodine in 9 daya 

6 days after 65°5 mg | EHuthyroid Small 


icdine administered 
during remission 
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The bi-phasic action of iodine emerging from these 
observations appears to be causally related to the func- 
tional state of the gland. In the hypo-active state iodine 
caused a resumption of normal function, while at the 
stage of normal function it had suppressive effects. Since 
sporadic goitrous cretinism is acknowledged to result 
from an inborn enzymatic block in the biosynthesis of 
thyroid hormone, it is tempting to conclude that iodine 
acted as a regulator of thyroid function at an intracellular 
level, that is, by activating or inactivating intrathyroidal 
enzymes concerned with hormonogenesis. It is worthy 
of note that a similar dualistic effect of iodine is also 
evident in hyperthyroidism in which iodine may cause a 
clinical remission by promoting colloid storage in a gland 
the storing capacity of which is severely reduced. If, 
however, iodine administration is continued after the 
restoration of colloid storage, an exaggeration of the rate 
of release with deterioration of the clinical condition may 
ensue!4s7, 

It goes without saying that this regulatory effect of 
iodine is postulated only with regard to the thyroid 
gland, and that this thesis cannot be unreservedly applied 
to the peripheral tissues. 


HERMANN ZONDEK 
Hannan E, LESZYNSKY 


Department of Internal Medicine, 
Bicur Cholim Hospital, 
Jerusalem, Israel. 


i —— Leszynsky, H. E., and Zondek, G. W., Acta Endocrinol., 28, 47 
a Zondok, E., Leszynsky, H. E., and Zondek, G. W., Brit. Med. J ,1, 340 
: Zondel, H, Leszynsky, H. E., and Zondek, G. W., Arch. Intern. Med ,106, 


1 Zondek, H. ——— H. E., and Stein, J. A., Nature, 187, 515 (1960). 


a ia H., Leszynsky, H. E., Zondek, G. W., Stein, J. A., and Guttmann,» 
8., — J., i, 97 (1961 : 


è Zonak Leszynsky, H. B., and Zondek, G. W., Brit. Med. J., i, 678 
). 

? Saunders, B. C., and Stark, B. P., Tetrakedron, 4, 169 (1958). 

ê Galton, V. A., and Ingbar, 8. H., Endocrinology, 70, 622 (1962). 


een dels H., Leszynsky, H. B., Zondek, G. W., Stein, J. A., and Guttmann, 
8. rit, Med. J.,1, 99 (1961 Y. 


aa —— E. E.. Acta Endocrinol., 46, 103 (1964) 

11 ae J. T; a Ch. P., and Nickerson, N, F., Arch. Iniern. Med., 
12 Hurxthal, L. M., Lahey Clin. Bull., 4, 73 (1945). 

2? Morgans, M. E., and Trotter, W. R., Lancet, 1i, 1335 (1958). 

% Vanderlaan, W. P. M., Metabolism, 5, 640 (1956). 


16 Mornex, R., Peyrin, J. O , Pommateau, E., Berger, M., and Riffat, G., Ann. 
Endocrin.,21, 704 (1960). 


18 Breitner, B , Wien. klin, Wekschr., 34 (1928). 
17 Zondek, H , Klin. Wehsehr., 9, 637 (1930). 


Passage of Bovine Serum Albumin from the 
Uterine Lumen into the Human Foetus 


Tax intrauterine transfer of macromolecules from the 
mother to the foetus has been well established in several 
species of animals, including the monkey. However, 
except for antibody transfer, there is little information 
on the human placenta in this respect. We report here 
the results of some experiments on near-term human 
mothers using a non-antibody protein. 


Serum Thyroidal uptake of ™I | Urinary exccetion| Total — 27 | Plasma PBMY 
Chnical PBI (% of dose) of 221 (% ofdose)| (% df dose/I.) (% of dose/l.) 
state Goitre (mug/ — — — — ESRC 
100 mi.) 2h 48h 24h c8h 24h 48h 24h | 48h 





















14 0 51-0 2-0 
640 0-17 


112 46-5 4-5 0:9 
22°2 0-16 


62-1 0-82 






23-7 





Bovine serum albumin (BSA) (Fraction V of Armour 
Laboratories, Chicago) was dissolved in saline and 
sterilized by Seitz filtration. The protein content, 
estimated by the biuret reaction, was 85 mg/ml. This 
solution was used for raisng antisera in monkeys and for 
skin tests on, and injection of, the experimental subjects. 
The anti-BSA antiserum was tested and found free of 
cross-reactions with normal human serum, normal 
amniotic fluid and normal new-born (cord) serum. Titres 
of samples of maternal serum, cord serum and amniotic 
fluid obtained from the experiments were determined by 
the interfacial precipitin ring test. Two lots of anti- 
serum, with sensitivities of 2 and 4 ug/ml., have been 
used in these tests, as indicated in Tables 1 and 2. 

Near-term (36-40 weeks) patients with a normal ob- 
stetric history were chosen: from the wards of the Govern- 
ment Hospital for Womer. and Children, Madras. They 
were of mixed diet habit. Each patient was screened by 
an intradermal skin test using 0-1 ml. of the BSA solution 
and 0:1 ml. of normal human serum as control; those 
who showed a sensitivity reaction, even a doubtful one, 
were rejected. The subjects finally used were all multi- 
parous women, ranging in age from 18 to 37 years. 

In three cases, 5 ml. each of the BSA solution was 
introduced into the amniotic cavity. These mothers were 
tapped through the abdcminal and uterine walls for 
obstetric reasons, and after 5-10 ml. of amniotic fluid 
was withdrawn, the BSA sclution was introduced through 
the same needle. In one case, labour pains started 0-5 b 
after and delivery occurred 3h 45 min after the injection. 
Induction of labour by rapturing the membranes was 
attempted in the other tw> cases and delivery oceurred 
37 h 30 min and 61 h after njection. Samples of amniotic 
fluid were collected befone injection, at induction of 
labour and at delivery. Immediately after the cord was 
ligated at birth, a section of the cord was tied off and 
washed well and a sample o7 cord blood was obtained. In 
all three cases, the cord serum, the maternal serum and the 
sample of amniotic fluid taken before injection were 
negative when tested with the antiserum. Samples of 
amniotic fluid obtained at induction and delivery showed 
the titres as given in Table 1. 

Since there was no eviderce for the passage of injected 
protein from the amniotic compartment into the foetal 
circulation, a different procedure was tried in the next 
six cases. Two fingers were inserted through the cervix 
between the membranes end the uterine wall and a 
polyethylene tube of 2:5-3 mm diameter was introduced 
into the space between the fingers. The tube was then 
sent in for several inches snd the protein solution was 
delivered by a syringe attached to the tube. In early 
trials, it was found that the open end of the tube often 
nicked the membranes causing a flow of amniotic fluid 


Takhle 1 
H and min between Reciprocal of titre in amniotic fluid 
Patient injection of protein and Before At At 
Induction Delivery injection Induction Delivery 
Ka 3-45 Neg. 128 
Mu 49- 0 l- 0 Neg 82 $2 
Sa 25-30 37-30 Ner 84 16 


Sensitivity of antiserum used : 4 pg/ml. 
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Table 2 
H and min Reciprocal of titre m 
ml. of BSA between otic 
Patient solution injection and Cord. Maternal fluid at 
given delivery serum serum delivery 
By 5 5-15 Neg. Neg. 16 
En 3 6-~- 0 32 Neg. 16 
* Àn 5 17-45 256 16 64 
Dh 3 25-380 4 4 8 
Ku 5 26-30 512 Neg. 16 
Ch 10 288~ 0 4. 4 29 


* Caesarean delivery. ' 
Sensitivity of antiserum used n the first case: 4 pg/ml. In all other cases 
an antiserum with a sensitivity of 2 ug/ml. was used, 


which washed out some of the injected protein. Therefore, 
the end of the tube was heat-sealed and moulded into a 
smooth cone and a sub-terminal hole was made near the 
tip. This modification prevented any rupture of the 
membranes. Great care was taken to avoid inserting the 
tube into the placenta, and any case which showed signs 
of haemorrhage was rejected. The titres obtained are 
given. in Table 2. 

There was only one case in which the cord serum was 
negative, a patient who delivered 5 h 15 min after 
injection. Also, the antiserum used in this case was 
capable of detecting only 4 pg/ml. and this cord serum 
could have had a lower concentration of BSA. 

Precipitin activity was not detectable in the cord serum 
after BSA was introduced into the amniotic cavity, sug- 
gesting that passage from the amniotic fluid into the 
foetal circulation does not occur in man. This is in 
agreement with the finding of Dancis et al.?, who used 
homologous tetanus antiserum. Our results also show that 
when BSA. is introduced. into the uterine lumen, BSA-like 
precipitin activity can be detected in the cord serum and 
amniotic fluid. Dancis et al.? found that radioiodinated 
human serum albumin and human y-globulin passed in 
small amounts from the maternal to the foetal circulation. 
Experience of the past concerning the route of passage in 
the rabbit, and the present indication of passage from the 
_ uterine lumen into the foetal circulation, raise anew the 
question about the exact route(s) taken by proteins 
passing from the mother to the human foetus. Admittedly, 
a yolk sac circulation, which is present in the rabbit 
foetus, is absent in the near-term human foetus. But, if 
passage of proteins in the human is restricted to direct 
exchange between maternal and foetal blood in the chorio- 
allantoic placenta, why then should protein deposited 
over the extraplacental chorion (uterine lumen) appear in 
the foetal circulation ? 
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PHARMACOLOGY 


Urinary Excretion of Methylamphetamine 
in Man 


Ir has been reported that, after the administration of 
N-methylamphetamine in man, substantial amotints of 
the unchanged drug and some amphetamine are oxcreted 
in the urine, but detailed results have not been presented. 

This communication deals with the results obtained 
under various conditions of urinary pH ; both methyl- 
amphetamine enantiomorphs were used. The analytical 
method for methylamphetamine and amphetamine was 
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based on the gas-liquid chromatography method previously 
reported?. Only male subjects were used and a dose of 
11-0 mg methylamphetamine (13-7 mg hydrochloride salt) 
was used throughout. 

The excretion rate of methylamphetamine (and of 
amphetamine resulting from N-demethylation of the 
parent drug), whether administered as the (+) or (—)- 
isomer, varied markedly throughout the day (Fig. 1) 
in, all subjects when the pH of the urine was not controlled. 
In 48 h, 27—55 per cent of the unchanged drug and 6-10 
per cent amphetamine were obtained after a dose of {+)- 
methylamphetamine to the various subjects, while the 
(—)-isomer yielded 36-67 per cent unchanged drug and 
3—4 per cent amphetamine. The fluctuations in the 
excretion rate of the parent drug and its metabolite were 
shown to be related to the pattern of changes in the urinary 
pH (Fig. 1), in a manner analogous to that already 
reported for amphetamine’. 

Large differences in the excretion rate of the drug 
((+)-form), and its metabolite, were observed under 
conditions where the urine was rendered acidic (about 
pt 5-0) by giving ammonium chloride orally, and alkaline 
(about pH 8-0) by oral administration of sodium bicar- 
bonate (Fig. 2). In 16 h, under acid conditions, 55—70 
per cent unchanged drug was excreted and 6-7 per cent of 
its metabolite, amphetamine, whereas under alkaline 
conditions, only 0-6-2-0 per cent of methylamphetamine 
was excreted in the urine. 

The foregoing further emphasizes the importance of pH 
of urine in the excretion of some basic drugs, and also 
indicates that the biological activity of methylamphetamine 
probably resides in the compound itself, rather than in 
its metabolite, amphetamine. The similarity of the pattern 
of the urinary excretion of methylamphetamine, in both its 
enantiomorphic forms, and also for its metabolite, amphet- 
amine, indicates the passive rather than the active nature 
of reabsorption of these compounds in the kidney tubules. 
The significance of these results further indicates*-> the 
importance of recording pH changes of urine in excretion 
studies of bases and in the evaluation of dosage forms of 
basic drugs. 


to 


Urine output 
(ml. min) 
pi 


Rate of net excretion (ug base/min) 





Time (h) 


Fig. 1. Effect of urinary pH and urine output on the urinary excretion 

of methylamphetamine (and its metabolite) ın man, after oral adminis- 

tration of 11 0 mg (+)-methylamphetamine. (—)-Methylamphetamine 
gave similar results 
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Fig 2. Cumulative urmary exeretion of methylamphetamine in man 
{subject M.R ) under varying conditions of urinary pH, after oral admimn- 
istration of 11 0 mg (+ )-methylamphetamine 
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Pharmacology of Experimental Tremor 


TREMORINE (1-4 dipyrolidine-2-butyn (T)) has stimu- 
lated an interest in an experimental pharmacology because 
1t 18 the first substance which can definitely produce rest 
tremor, rigor and akinesia, that is, the symptoms of 
Parkinson’s disease. Further, the symptoms produced in 
tremorine-induced tremor (TT) can be relieved with all 
known anti-Parkinson substances and drugs inhibiting 
the cholinergic nervous system. Recently, Cho and 
Jenden? found that symptoms produced with (T) or with 
oxotremorin (oxo-T), an active principle of T, can be 
removed with an analogue of T, 1-4-b1s(N-hexamethy]- 
enimino)-2-butyn (anti-T). T itself is the most specific 
substance. Everett! states that among many sumilar 
derivatives only T produces tremor. 

Tremor can also be produced by other substances, for 
example, harmin’, arecolin‘, ]-1-3-triphenyl-3-amino-pro- 
panol-l-ol (AO)®, LSD-525 (ref. 6). Moreover, we have 
worked out a method of producing tremor with diethyl- 
cystamine (DEC)‘. It was interesting to examine whether 
anti-T acts also on other types of tremor besides the 
tremor induced by T and oxo-T in order to establish the 
specificity of the substanco as related to tho structuro 
of T. 

Mice weighing 20-30 g were used. All the substances 
were given intraperitoneally 15 min after the appheation 
of anti-T which was also given intraperitoneally in a dose 
of 25 mg/kg. The animals were observed up to 60 min 
after the application of' the substance whether they 
exhibited rest tremor or not. Since we have already found 
that T activates choline-acetylase, it was also interest- 
ing to examine the action of antı-T on this enzyme, because 
theoretically ıt can be expected as an antagonist of 
choline-acetylase®®. We examined the action of cholme- 
acetylase in the brain of rat by the method of Bull, Hebb, 
and Ratkovié!®. The animals received 25 mg/kg anti-T 
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Table 1 


Effect 15 min after the 
application of anti-T 


Tremor did not develop 
Tremor did not develop 
Tremor was greatly weakened 
4 Tremor did not weaken 


Substances which Dose 
produce tremor (mg/kg) 


Tremorin 25 

Oxotremorin 10 

Arecolin 20 
SD 


AO 30 Tremor did not weaken 
DEC 50 Tremor did not weaken 
Harmin 30 Tremor did not weaken 


intraperitoneally (we thank Dr. Jenden, of Los Angeles, 
for the supply of anti-T), and after 30 min they were killed; 
the brain was removed immediately, cleaned of blood and 
freed from its outer layer. The control groups did not 
recoive onti-T, 
It was thus shown that anti-T does not inubit choline- 
acetylase in the rat’s bram. 
Table 1 shows that anti-T acts on T and oxo-T as dcs- 
eribed by Cho and Jenden? and it also acts on arecolin. 
Tt has no effect on LSD, DEC and AO. Since arecolin 
stimulates mamly muscarme receptors it is suggested that 
it is due to the central anvi-muscarine effect and not the 
antagonistic action of choline-acetylase. Its effect 1s most 
probably in connexion with the block of central muscarme 
receptors. These findings at the same time show that 
tremor produced with AO, harmin, LSD and DEC is not 
of a cholinergic nature which can be seen to confirm the 
fact that tremor produced by them does not allow either 
atropine or other anti-Parkinson substances to accumu- 
late. Consequently, our fmdings accord with the work of 
Cho and Jenden? showing that anti-T is an anticholinergic 
with a central action. 
P. STERN 
N. RADOVIĆ 
S. BULJUBAŠIĆ 
Department of Pharmacology, 
Medical Faculty, 
Sarajevo, 
Yugoslavia, 
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Dimethylnitrosamine ; its Hepatotoxic 
Effect in Sheep and its Occurrence in 
Toxic Batches of Herring Meal 


Durine the years 1961 ard 1962 there were in Norway 
outbreaks of toxic hepatosis in rummants, giving rather 
characteristic symptoms and liver lesions. Experi- 
ments indicated a possible connexion between the disease 
and the feeding of meal made from herring preserved with 
sodium nitrite®. As the hepatotoxic properties of dimethyl- 
nitrosamine have been established for several species‘ ®, 
we decided to investigate the toxicity of this compound to 
sheep, and its possible occurrence in herring meal. 

Toxicity experiments were performed with 7 mature 
ewes of two breeds. The ammals were fed hay and con- 
centrates ad libitum. Dimethylnitrosamime (supplied 
by Eastman Organic Chemicals, Rochester, N.Y.) was 
diluted with water and administered by stomach tube. 
Hepatic tests were carried aut as previously described’. 
Gross pathological and histological examinations were 
performed as ın ref. 2. The dosages given to each animal 
are listed in Table 1, together with the time which elapsed 
from the beginning of each experiment until appearance 
of symptoms and until deatk. 
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Table 1. DOSAGES AND TIME ace ELAPSED BEFORE SYMPTOMS AND 
EATH 


Dosage (mg Interval between begin- Survival time 
dumethylnitrosamine ning of experiment after beginning 
Sheep per kg body and appearance of of experiment 
weight) symptoms (days) (days) 
i 5 4 8 
(Twice, 2 days m- 
terval) 
2 5 8 li 
(Once) 
3 No symptoms 18 
(Once) (Killed) 
4 25 92 95 
(6 times, intervals 
of 20, 40, 14 and15 
days) 
0-5 20 - 28 
(Daily for 12 days) 
5 f 18 57 
(Daly for 25 days) (Symptoms moder- (Killed) 
7 eee a and ary mene š 
: o symptoms 7 
(Dally for 25 days) (Killed) 


Dimethylnitrosamine seems to be somewhat more toxic 
for sheep than for laboratory animals. A single dose of 
5 mg per kg body-weight as well as 12 daily doses of 0-5 mg 
per kg, may be lethal. The most prevalent clinical symp- 
toms were anorexia, absence of ruminal movements, 
duliness, ataxia of the hind limbs, recumbency, and 
frequent and sometimes snoring respiration. 

The plasma activity of glutamic oxaloacetic transamin- 
ase (GOT) increased ın all animals except in sheep 3 and 
7. The increase was observed 1-6 days before the clinical 
symptoms were detectable. The plasma glutamic pyruvic 
transaminase (GPT) activity was normal in all animals 
with the exception of a moderate increase in sheep 2, 4 
and 5 just before death occurred. Increased plasma 
ornithine carbamyl transferase (OCT) activity was 
observed in the same animals and about the same time as 
was seen for the plasma GOT activity. The plasma OCT 
activity was, however, subject to greater variations, as 
both normal and pathological values were recorded in 
the individual animals. Hyperbilirubinaemia was seen 
in sheep 1, 2, 4 and 5 simultaneously with the clinical 
symptoms. A retarded elimination of bromsulphothalein 
(BSP) from plasma was observed in all animals except one. 

Post-mortem examination of sheep 1, 2, 4 and 5 revealed 
haemorrhages beneath the endocardium and the periton- 
eum, haemorrhagic fluid in the body cavities and varying 
‘degrees of jaundice. There were observed haemorrhage 
of the contents of the abomasum and the intestines, and 
oedema of tho abomasal mucosa and of the omentum. 
The liver became enlarged and darkly coloured, occasion- 
ally with lighter spots or stripes. 

Histological examinations of the same animals revealed 
extensive hepatic necrosis, haemorrhages and vascular 
changes. The necrosis seemed to be of centrolobular 
origin. In sheep 1 the liver lesions were of a yery acute 
character. In sheep 2, 4 and 5 there could be seen pro- 
-ductive vascular changes: sub-endothehial proliferation of 
fibroblasts, thickening of the wall and narrowing of the 
lumen of the central and sub-lobular veins. These changes 
were most prominent in sheep 4. 

In sheep 3 no gross pathological changes were noted. 
Histopathologically there were slight changes ın the 
-central areas of some lobules, with proliferation of con- 
nective tissue. The liver of sheep 6 was slightly yellow- 
ish, otherwise no gross pathological changes could be seen. 
Ehstological examination revealed a moderate non-portal 
‘fibrosis and productive vascular changes. In sheep 7 
‘no macroscopic or histopathological changes were 
observed. 

Samples of herring meal with and without known toxic 
properties were examined for dimethyl- and diethyl- 
nitrosamine by a method where the final detection and 
somiquantitative determination were obtained by thm- 
layer chromatography. Six samples from batches known 
to have produced toxic hepatosis in ruminants all con- 
tained dimethylnitrosamine in concentrations ranging 
-from 30 to 100 p.p.m. after prolonged storage at 2°-4° C. 
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Of three samples suspected of toxic properties, two con- 
tained approximately 15 and 40 p.p.m. dimethylnitros- 
amine and one apparently contained none. In six samples 
from alleged non-toxic production batches of herring 
meal, dimethylnitrosamme could not be detected by the 
method employed (detection limit 10-15 p.p.m.). Diethyl- 
nitrosamine was not found in any of the samples examined, 
but other unidentified nitroso compounds were observed. 
m a few samples. 

The toxic effect of dimethylnitrosamine bore some 
resemblance to the hepatic injury caused by toxic herring 
meal. Among the similarities may be mentioned the 
very rapid course in acute cases, the slow regenerating 
power of the liver in sub-acute and chronic cases, the 
retarded BSP elimination in both sub-clinical and chronic 
cases and the post-mortem findings, especially the changes 
of the hepatic vascular system. These observations, com- 
bined with the detection of dimethylnitrosamine in samples 
from herring meal known to be toxic, seem to indicate a, 
connexion between dimethylnitrosamine and the toxic 
hepatosis in ruminants caused by some batches of herring 
meal. It must be emphasized, however, that our experi- 
ments are not sufficiently extensive to allow definite con- 
clusions to be drawn. Further investigations ought to be 
carried out. It also seems justified to examine whether 
formation of dimethylnitrosamine can take place in other 
food- or feed-stuffs where sodium nitrite is used for 
preservation. 
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Conjugation of Aldosterone by Bovine and 
Mouse Liver and Kidney 


PREVIOUS in vivo experiments in man have shown that 
the formation of water-soluble conjugates of aldosterone 
is à very important part ofits metabolism!. These investi- 
gators have also demonstrated the presence of a urinary 
conjugate of aldosterone which is split by mild acid 
hydrolysis and which has been designated the ‘3-oxo- 
conjugate’?. In addition, the discovery of urinary 
tetrahydro aldosterone and glucuronide conjugates of 
this compound reveals that glucuronides of aldosterone 
are of great importance in the metabolism of this com- 
pound?-+, 

The major organ of aldosterone inactivation appears 
to be the liver’, as is the case with other corticosteroids‘, 
The route of catabolism in the liver is via the reduction. of 
the A‘-3-ketone in ring A and the subsequent formation of 
tetrahydro aldosterone glucuronide®®. Sandor and 
Lanthier? have reported that human liver slices formed 
tetrahydro aldosterone glucuronide and that human 
kidney slices formed acid-labile conjugates as well as 
conjugates of aldosterone, in small amounts, hydrolysable 
by 6-glucuronidase. Furthermore, they reported that the 
ring A reduction of aldosterone by the kidney was neglig- 
ible’. Similar results have been observed in studies of 
the metabolism of other steroids by liver and kidney® 8, 
The purpose of this investigation was to determine the 
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extent of inactivation of aldosterone by mouse and bovine 
liver and kidney. 

The tissues used were taken from male CBA mice, on 
fresh bovine tissue obtained from an abattoir. The mice 
were maintained in a temperature-controlled environment. 
and were given water and ‘Purina’ laboratory chow ad 
libitum. The mice were killed by cervical dislocation. 
The liver and kidneys were unmediately removed and 
placed in iced buffer. The tissues were finely minced 
with a razor blade; 1 g tissue was placed in a 125-ml. 
Erlenmeyer flask to which 3-16 pc. chromatographically 
pure p-aldosterone 1,2-°H had been added following the 
addition of 20 ml. 0-1 M phosphate buffer (gH 7-4). 

The flasks were incubated at 37° + 035° C for 3h. The 
reaction was stopped by adding 20 ml. acetone to each 
flask. A control was prepared by adding acetone after 
the addition of the minced tissues and the mixture was 
incubated as indicated here (zero control). The steroids 
were extracted from the incubation medium by methods 
described previously’. Similar procedures followed with 
the bovine tissues. 

The average results for the conjugation of aldosterone 
are shown in Tables 1 and 2. Both bovine and mouse liver 
exhibited greater capacity for the conjugation of aldo- 
sterone than their zero controls (P < © 01). Conjugation 
by kidneys of both species of animals was in trace amounts 
and was statistically non-significant {P > 0-5). 

The metabolic transformation. of aldosterone by liver 
and kidney tissue preparations from various animal 
species has been studied in several laboratories>°, The 
principal metabolites found in liver tissue incubations 
were ring-A reduced. substances, as observed in the 
metabolism of other adrenocortical hormones in vitro 
and in vivo®, The ring-A reduced metabolites of cortical 
steroids are found as water-soluble conjugates, primarily 
with glucuronic acid®:*. Other investigators have shown 
that this general rule also holds true for aldosterone 
both in vivo and in vitro’. The data presented here also 
indicate that aldosterone is conjugated primarily by the 
liver (Tables 1 and 2). A smaller amount of conjugated 
aldosterone was found in kidney incubations as was the 
case in the studies performed by Sandor and Lanthier’. 
However, these fauthors state that very little ring-A 
reduced steroid was found in kidney incubations”. Similar 
results have been reported for other steroid hormones*™. 
It has been reported by Cohn et al.“ that in vivo experi- 
ments demonstrated that the dog kidney could conjugate 
_ 17-ketosteroids (etiocholanolane, androsterone) with glucu- 

ronie acid. However, in this laboratory experiments with 
dog kidneys im vitro have shown no significant conjugation 
of testosterone, oestradiol or oestrone. 

It is of interest that the reticulo-endothelial cell of the 
liver is responsible for the reduction of the A*-3-ketone 
in ring A of corticosteroids. Histologically, the kidney 
contains few reticulo-endothelial cells. However, the 


parenchymal cell of the liver and kidney is capable of 


conjugating ring-A reduced steroids’. Since aldosterone 
is a A‘.3-ketosteroid this may explain the small amount 
of aldosterone conjugated in these experiments. 

It therefore appears that aldosterone is conjugated 
in the liver of both mouse and ox, and that little if any 
inactivation of aldosterone via reduction of the As. 3. 


Table 1. CONITGATION OF ALDOSTERONE BY MOUSE Kipsry AND LIVER 


_ Tissue No, %, Steroid 
incubated incubated unconjugated P 
Zero control 7 97°46 4 2-4 >05 

Cidney 18 95:53 + G8 
Zero control 8 97-91 + 24) < O01 
Liver 8 TL29Ł415 
Table 2. CONIUGATION OF ALDOSTERONE BY BOVINE KIDNEY AND LIVER 
Tissue _ No. % Steroid 
incubated incubated unconjugated P 
Zero control 8 9747 + 311 0-5 
Kidney R 96-54 tet 
Zero Contre 6 06-67 + 1% 0-01 
Liver 6 69-05 + 1-4 
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ketone is performed by the kidney in vitro. This suggests 
the possibility that the sonjugated metabolite of aldo- 
sterone has very little biological activity as a mineralo- 
corticosteroid and that the primary compound having 
biological activity at the kidney level is unconjugated 
aldosterone. 
N. M. PANAGIOTIS 
D. L. BERLINER 
Department of Anatomy’, 
University of Utah, 
Salt Lake City. 
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HAEMATOLOGY 


A Mechanism to Limit Platelet Aggregation 

in vivo 

INTRAVASCULAR injectien of adenosine diphosphate 
(ADP) in several species. including man?’ and rabbit* 
induces platelet clumping with concomitant fall in cir- 
culating platelet count. It is well established that follow- 
ing vascular injury white thrombi form at the site of 
insult?, The first stage ir white thrombus formation is 
the adhesion of platelets to the endothelium followed by 
the development of a platelet aggregate by the cohesion 
of discrete platelets. The forces binding the aggregate 
appear strong; but, if the thrombus is not stabilized by 
the deposition of fibrin, thea a process of platelet dispersal 
commences. Platelets whith have dispersed from aggre- 
gates have been shown to retain their propensity for ADP- 
induced eohesion. 

Hovig! has demonstrated that when platelets aggregate 
in the presence of collagen this is mediated by the release 
of intrinsic platelet ADP. 

Following in vitro investigations, Kerby and Taylor’ 
suggest that if local concentration of ADP is raised by 
injury or exogenous addition, the resultant platelet 
aggregation is prevented from escalation by the presence 
of enzyme mechanisms that will alter the ADP/AMP 
ratio in favour of AMP. The AMP rises to a level which 
inhibits further aggregation by ADP at that concentration 
and both AMP and ADP are then removed at rates that 
maintain the AMP in ascendancy. 

In experiments to investigate the in vivo effect of ADP 
on differential leucocyte counts we observed that the 
reversal of platelet aggregation commenced during the 
injection of ADP. This ebservation suggested that it 
may prove profitable to examine the effect of continuous 
infusion of exogenous ADP im vivo. 

Male New Zealand White rabbits, weighing 2—3 kg, were 
anaesthetized with a halothane-oxygen mixture. 
were splenectomized prior te these experiments, to preven 
alteration of the circulating cell counts by splenic con 
traction. Cannulae were “introduced into the carotid 
artery for blood sampling and into the jugular vein for 
infusion. Heparin, 500 unts in 1-0 ml. of physiological 


They 










saline, was administered prior to commencing the experi- 
ment., 

f ADP was infused at a concentration of 10-8 M (0-3 ml./ 
-o min). Blood samples were taken immediately before 
_ infusion and at intervals during infusion. At the twenty- 

_ fifth minute of infusion an additional single dose of ADP 
(1-0 ml. of 10-? M) was injected. A typical result is shown 
in Fig. 1. The platelet count fell a few seconds after 
beginning the infusion, and a second fall occurred a few 
seconds after the single injection. 

The marked but transient fall of circulating platelet 
count during the first minute of the infusion was investi- 
gated by further experiments in which platelet counts 
were made at 5-sec intervals (Fig. 2). 

During the foregoing experiments a number of 0-5-ml. 
blood samples were taken in a short period of time. In 
=: order to investigate the effect of this blood loss on the 

system the experiment was repsated with saline substi- 
tuted for ADP. Platelet counts and leucocyte counts 
are illustrated in Fig. 3. The repeated sampling had no 
significant effect on circulating platelet count. 

These experiments demonstrated that on the addition 
of ADP platelets undergo aggregation which is rapidly 
followed by disaggregation, though ADP-levels are main- 
tained (Figs. 1 and 2). 

The platelet count returns to approximately the pre- 
treatment level, suggesting that the platelets are refractory 
to that level of ADP. On injection of a much higher con- 
centration of ADP the platelets undergo transient aggrega- 
tion again. 

I suggest that these findings lend some support to the 
existence of the enzyme mechanism proposed by Kerby 
and Taylor for the rapid establishment of nucleotide ratios 
which will antagonize ADP aggregation. 

Sharp* stated in a recent review that “there is a limit 
to the size of platelet clumps in any given experimental 
system, but this is widely variable’. Might this be 
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explained if platelet aggregation were to reach this lumiting 
size immediately prior to the AMP/ADP ratio reaching 4 
magnitude in favour of clump dissolution ? 
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PATHOLOGY 


Foot and Mouth Disease Virus RNA as an 
Antigenic Factor in the Complement- 7 
fixation Reaction Applied to the Examination 
of Human Tumours — 


Serra, Guarini et al.) suggested in 1958 a peculiar 
complement-fixation test as a very selective serological: 
technique for identifying the blood sera of carriers of malig- 
nant tumours. a 

Bovine foot and mouth disease (FMD) virus, more = 
exactly O virus, derived from an artificially infected, not. 
inactivated buffered extract of bovine lingual epithelium, ~~ 
was used as antigenic factor; sheep erythrocytes and rabbit 
haemolytic serum were used as the haemolytic system. . 

Further investigations showed that complement fixation == 
occurs also in the presence of FMD virus RNA-—acting: 
as antigen-—isolated by the phenol method suggested: by 
Gierer and Schramm’, as well as from cultured O virus, 
also. from artificially infected bovine lingual epithelium. 
and from guinea-pig plantar epithelium, after intradermal 
introduction of FMD virus. RNA has the following 
characteristics: infecting power on guinea-pigs 10-53: 











nant tumour, and sera from healthy individuals. 
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ID,,/c.c.; biuret negative; diphenylamine negative; ultra- 
violet absorption at 260 my; ribonuclease sensitive. 

Therefore, if RNA as antigenie component in the com- 
plement fixation test is substituted for FMD virus, blood 
sera from normal and healthy-looking individuals can be 
differentiated from blood sera from carriers of malignant 
tumour. Furthermore, a higher selectivity can be obtained 
than previously noticed using the complete FMD virus as 
antigenic factor. 

The fresh human blood serum, not inactivated, de- 
velops, in fact, in the presence of RNA as antigen, a 
negative serological reaction with more or less intense 
haemolysis in carriers of malignant tumour and a positive 
serological reaction, without haemolysis, in the non- 
carriers of tumour. 

Blood serum; drawn, while fasting, not inactivated by 
heat; without haemolysis; diluted into 1 : 10 physiological 
solution. oo 

Haemolytic mixture: 2 per cent sheep erythrocytes and 
sheep anti-erythrocytes rabbit haemolytic serum; pre- 
viously diluted and titrated in the presence of sheep 
erythrocyte 2 per cent suspension. 0-5 ml. of the mixture 
is used for each reaction and control test-tube. 

Determination of the serum complement titre: 0-5 ml. of 
haemolytic mixture is added to the 1 : 10 diluted serum, in 
progressive quantities from 0-2 to 0-5 ml.; reading after 
30 min at 37° C; the titre of complement corresponds to the 


- minimum of serum which can develop complete haemo- 


lysis. Generally 0:4 ml. is enough to develop complete 
haemolysis, both in the case of sera from carriers of malig- 
The 
reaction in the presence of RNA antigen is developed using 
0-8 ml. of 1: 10 serum, equivalent to two units of human 
complement. In fact, human blood serum is at the 
same time tested serum and source of complement for 
the fixation reaction. No guinea-pig complement is used. 

Preparation of FMD virus RNA solution: 

(a) From virus culture: culture fluid is directly extracted 
after filtering. 

(b) From infected bovine lingual epithelium: one portion 
out of three is homogenized in twice-distilled water, cen- 
trifuged for 20 min at 6,500 r.p.m. and the supernatant 
used for extraction. 

(c) From infected guinea-pig plantar epithelium: the 
epithelium of each vesicle is homogenized with 2 ml. of 
twice-distilled water, centrifugation as above, supernatant 
used for the extraction. 

The extraction of RNA is performed by the phenol 
method at low temperature, suggested by Gierer and 


© Sehramn, modified in its last stage, in order to obtain an 


_ RNA solution into veronal buffer, applicable to serological 
=- purposes; the final RNA water solution is treated with a 
_ double volume of 99-2 per cent ethanol with 2 per cent 
sodium acetate; after shaking, it is kept at 5° © during 
= 8-10 h; a white flocculent precipitate is obtained, re- 
- covered through centrifugation and dissolved into veronal 
.. buffer pH 7-2 in order to obtain a final solution, corre- 
sponding to the initial quantity treated with ethanol. 
The solution, further centrifuged, perfectly clear, is parted 
> Into 5 ml. portions and kept at — 40° ©. 


After testing biologically its infecting power on guinea- 


< pigs and mice — (10-*-4) and controlling its physicochemical 
< characteristics, the RNA solution is directly tested with 
= human blood sera from carriers of malignant tumour and 
< with blood sera from healthy individuals, in order to 
determine the titre at which it can be used. The latter 
corresponds to the minimum of RNA sclution which, in 
> the presence of serum of carriers of malignant tumour and 
of healthy individuals, gives haemolysis with the former 


‘and no haemolysis with the latter. 


Generally the minimum is 0-3-0-5 ml. 
Scheme of the reaction: 1: 10 diluted blood serum 0-8 ml. 


< +RNA solution 0-3 ml.; 30 min at 37° C; + haemolytic 





: mixture 0-5 ml. ; 30 min at 37° C; reading. 








Control: 1:10 diluted blood serum 0-4 ml. + veron 
buffer 0-3 ml.; 30 min at 37° C; + haemolytic mixture 0: 
ml. ; 30 min at 37° C; reading. : = 

Haemolysis= negative serological reaction; no haemo- 
lysis = positive serologieal reaction. ee 

The results achieved using the old method with virus 
were exact in 97 per cent of healthy and normal-looking 
individuals; in about 82 per cent of individuals affected 
with various diseases and in 70 per cent of the carriers of 
malignant tumours of epithelial nature. 


Following the technique of the modified reaction des- 
cribed here the results were: — 
A negative serological reaction with more or less inten- 


sive haemolysis in 170 cases (85 per cent) from 200 sera of 
carriers of malignant tumcur while for the other 30 cases 
(15 per cent) the reaction was positive without haemo- 
lysis (negative false cases). A positive serological reaction 
without haemolysis was shown by 194 young, and normal 
people out of 200 cases (97 per cent)—-only 6 were 
positive false cases (3 per eent). 

Of more than 200 cases of non-carriers of malignant 
tumour but affected by other various non-tumour diseases, 
167 showed a positive sero-ogical reaction (83-5 per cent) 
and 33 a negative serological reaction (16-5 per cent). 


Table 1 
Malignant tumoars Non-tumours Normal subjects 
Total No, %  TYotalNe. Total No. % 
Positive reaction 30 18 167 83-5 194 97 
Negative reaction 170 BE 33 165 6 3 


RNA, isolated by an identical method from healthy 
bovine lingual epitheliura and from various animal and 
human, normal and neoplastic tissues (brain, stomach, 
intestine, mammary gland, ascitic tumour of the rat, 
sarcoma 180 of the mouse} is clearly differentiated in its 
serological behaviour——as antigenic factor of the reaction 
—from FMD virus RNA, inasmuch as it does not induce 
fixation of the complement. 

These results suggest thas a peculiar factor developing 
a reaction not only to foot and mouth disease virus, but 
also to its RNA, may be gemerally deficient or inactive in 
carriers of malignant tumours. The same factor, on the 
contrary, is active in healthy individuals. Furthermore, 
it develops its reaction only to FMD virus and not to 
Newcastle disease, yellow fever, influenza (A, B and C), 
or parotitis viruses. 

The factor reacting to FMD virus RNA could be related 
to the peculiar anti-ribonucleic acid antibodies described 
by Barbu and Dandeu?. 

In the majority of cases (83-5 per cent) this factor may 
be evident also in the blood serum of individuals who are 
affected by various non-tumour diseases as well as in a 
minority (15 per cent) of carriers of malignant tumour. 
But it is not evident in a significant percentage of cases of 
carriers of malignant tumour (85 per cent) and in a small 
percentage of non-carriers affected by various diseases 
(16-5 per cent). 

An electrophoretic fractionation on agar gel in sodium 
veronal buffer at pH 8-4 of serologically positive sera was 
performed in order to elucidate which serum protein 
fraction is reactive to FMD virus RNA. Seven fractions 
were obtained, corresponding to albumins (1), «, and «, 
(2 and 3), 6-globulins (4 and 5), y-globulins (6 and 7)*-*. 
The eluate of each fraction was brought to pH 7-2. 
Moreover, the solution was made isotonic by adding 
sodium chloride, in order to avoid interference with 
haemolysis during the reaction of complement fixation. 

It was noticed that only fraction 5 contains the reacting 
factor. It contains also y-I[A-globulin, 6-macroglobulin 
and highly motile y-globulins. Since fractions 6 and 7 
also contain y-globulin, it is searcely likely that the serum 
factor is y-globulin; this factor may be either one of the 
two other immuno-globulins, or a still undefined serum 
protein. 
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None of the fractions obtained by analogous electro- 
phoretic separation from serologically negative blood sera 
specimen showed serological reactivity to FMD virus RNA. 

In conclusion, FMD virus RNA as an antigenic factor 
in the complement fixation reaction applied to the differ- 
entiation of blood sera of carriers of malignant tumour, 
allows a considerably higher discrimination than whole 


virus as antigenic factor. The specificity of the reaction of 
FMD virus RNA, and on the contrary the absence of 


reactivity of RNA from other sources, to a serum protein 
of the group of §-globulins, suggest an immunological 
reaction. 
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Autoradiographic Evaluation of the 
Distribution of N,N’-bis(Thiazole)-2,7- 
fluorene-disulphonamide-**S in Organs of Rats 


DETERMINATION of the diagnostic value of N,N’-bis 
(thiazole )-2,7-fluorene-disulphonamide-*S8 (TFDS-35) re- 
vealed some differences in its distribution in the tissues 
of rats bearing Walker carcinosarcoma as compared with 
tumour-free animals, regarding the TFDS8-35 level in red 
blood cells, blood plasma, liver, spleen, kidneys and 
urine’. Furthermore, the tumour tissue showed a relatively 
high concentration of the disulphonamide. The present 
investigation was aimed at explaining these differences by 
histological and autoradiographic examination of selected 
organs and tumour tissue of rats. 

Histological slides were prepared from liver, spleen, 
kidney and tumour tissue from young male Wistar rats of 
three groups: experimental, comparative and control. A 
dose of 12 mg TFDS-35 per rat (specific activity 0-13 
uc./myg) dissolved in 0-05 N NaOH was administered by 
the tail vein to four experimental rats bearing Walker 
carcinosarcoma (transplanted subcutaneously two weeks 
before treatment), and to six rats of the comparative 
group. The animals were killed 6 h after the injection. 
The control group of six animals was given the same dose 
of non-radioactive N,N’ - bis(thiazole) - 2,7 - ffiuorene- 
disulphonamide. Two animals of the latter group were 
killed 6 h after the injection, two rats after 48 h and two 
rats after 10 days. Tissue samples after 2 h treatment in 
Carnoy’s fixative were embedded in paraffin. The micro- 
scopical sections were covered with Ilford K-2 emulsion 
(stripping film), and after being exposed for 3-5 months 
were treated with Kodak D-19-b developer and Kodak 
acid fixer. The autoradiograms were then stained with 
haematoxylin-eosin and mounted in Canada balsam. 
Histological preparations of the control group were also 
stained in haematoxylin-eosin. 

Youtine histological examination showed no changes in 
the organs of rats of the comparative and control groups. 
In the experimental group (tumour-bearing rats) con- 
siderable proliferation of the cells of the reticulo-endo- 
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thelial system was observed, particularly in the spleen 
and liver. 

Liver. Autoradiograms of the comparative group 
showed activity in sinusoids content (blood plasma) and 
their outline within the larger blood vessels and also in 
the cytoplasm of liver cells. Some of the liver cell nuclei 
were more active than the surrounding cytoplasm; they 
were larger than the non-radioactive nuclei. Distribution 
of radioactivity in the experimental group was topo- 
graphically similar to the comparative group. The only 
difference lay in an increased accumulation of radio- 
activity in the reticulo-endothelial system. The tumour 
metastatic cells visible in the sinusoids were not moro 
strongly radioactive than the near Browiez-Kupffer and 
liver cells. 

Spleen. In the comparative group autoradiograms 
showed considerable uptake of radioactive material 
selectively by some Malpighian follicles (Fig. la). The 
red pulp and cell nuclei were not radioactive at all. 
Spleen of the experimental animals showed a considerable 
xccumulation of TFDS-35 diffused in the red and white 
pulp (Fig. 1b). This was in agreement with the striking 
proliferation of the reticulo-endothelial system in this 
group. Some nuclei of the red pulp showed greater 
activity than their surroundings. 

Kidney. Autoradiograms prepared for the comparative 
group showed a diffuse uptake of radioactive substance, 
suggesting localization in the Bowman capsule, within 
the tortuous tubules and their epithelial cells, within the 
Henle loop, in the blood vessels and in the renal pelves. 
An appreciable amount of radioactivity was found in 
most nuclei of the cells of the medulla. In the experi- 
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Autoradiograms (x15) of spleen. 


a, Comparative group; 
h, experimental group 
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Fig. 2. 


Autoradiogram ( x 240) of tumour 


mental group the autoradiograms were in general similar 
to those of the comparative group, except for greater 
intensity of radiation due to the proliferation of reticulo- 
endothelial-like cells. 

Tumour. Autoradiography showed a considerable 
deposit of radioactive compound in the tumour cells and 
especially in their nuclei (Fig. 2). 

Results of the autoradiographie evaluation of histo- 
logical sections prepared from the liver, spleen, kidney 
and tumour were conformable to the measurements of 
radiation intensity for TFDS-35 in these organs'. In the 
tumour-bearing rats the compound examined was accumu- 
lated in the liver and spleen to a greater extent than in 
the same organs of tumour-free animals. This was par- 
ticularly apparent for the spleen, where the ratio between 
TFDS-35 concentration in tumour-free animals and 
tumour-bearers was 0-49. Previous results on the affected 
function of the reticulo-endothelial system in the presence 
of tumour in animals are availablo*-*. The use of N,N’- 
bis(naphthalene)-2,7-fluorene-disulphonamide-“S as a 
factor determining the function of the reticulo-endothelial 
system showed decreased uptake by the liver and spleen 
in the presence of tumour*-*, and also in other experi- 
mental situations; in partial hepatectomy, pregnancy 
and ingestion of the carcinogen’. Autoradiograms of 

aliver and spleen of mice bearing a transplanted Barret 
mammary adenocarcinoma obtained for the naphthalene 
derivative? as compared with autoradiograms for TFDS-35 
of the same organs of rats bearing Walker carcinosarcoma 
showed an analogy in accumulation of these two com- 
pounds in the liver (Browicez-Kupffer cells) but not in 
the spleen. While the naphthalene derivative was de- 
posited in the red pulp outlining the Malpighian follicles, 
the thiazole derivative was accumulated within the latter 
(comparative rats) or in the red pulp region within the 
spread reticulo-endothelial cells (experimental group). 
The increased uptake of TFDS-35 by the spleen of tumour- 
bearers may well result from the proliferation of the 
reticulo-endothelial system caused by the presence of 
tumour in the animals. 

Kidneys of rats with transplanted Walker carcino- 
sarcoma showed a higher uptake of the labelled compound 
than tumour-free animals; the TFDS-35 concentration 
ratio between non-tumour animals and tumour-bearers 
was 0-61, probably also as a result of the obvious spread 
of reticulo-endothelial-like cells in the interstitial region. 

The TFDS-35 concentration in neoplasm was 35 ug/g 

* tissue, being the highest percentage—8 per cent of the 
administered dose of TFDS-35—in tumour! as compared 
with previously tested compounds. The latter data are 
in good agreement with the autoradiograms showing an 
appreciable deposition of S-labelled substanee in the 
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tumour cells. The great nimber of silver grains observed 
over the tumour cell nuelei, and above several nuclei of 
the liver, kidney and spleen cells, seems to be related to 
a presumable affinity of TFDS-35 to DNA-proteids. 
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BIOLOGY 


In vitro Culture of Amphibian Lenses 


Becavse the lens is an organ which lacks both blood 
and nerve supplies it has long been felt that it could be 
cultured with relative ease. Consequently, many attempts 
have been made in this direction, primarily with material 
of mammalian origin. Much of this work is reviewed by 
Schwartz! and Bito*. Harding, Rothstein and Newman? 
have demonstrated that the epithelial cells of rabbit lenses 
maintained in systems perfused with combinations of 
various tissue culture media are caused to undergo DNA 
synthesis and cell division at varying periods of time 
following isolation, the specific interval depending on the 
composition of the perfusate. This ‘activation’ of DNA 
synthesis is of interest inasmuch as large numbers of 
cells are synchronized in a stage of the nuclear cycle the 
characteristics of which ome would like to be able to 
elucidate. The fact that the activation is occurring in vitro 
naturally makes the whole system much more amenable to 
biochemical dissection than would ordinarily be the case. 

For such investigations tissue of poikilothermic origin 
would appear to be superior in certain respects to that of 
homoiotherms. For example, with the former it might 
be possible to establish in vitro cultures more conveniently. 
And if these cultures proved successful it should be an 
easy matter to compare the effects of temperature varia- 
tions in in vivo and in vitro systems. 

As shown by Harding ef al.*, DNA synthesis can be 
stimulated in the epithelial cells of rabbit lenses in vivo 
by simple mechanical injury. We have shown that this is 
true also for the lenses of the sea bass’ and bullfrog*:’. 
The possibility of investigating such injury reactions in 
isolated systems represents still another reason for 
attempting to devise a method for sustaining amphibian 
(bullfrog) lenses in vitro. With an extremely simple 
system this attempt has met with some success, at least 
up to periods of seven days. And it is anticipated that 
this interval can be considerably extended. 

Bullfrog lenses were incubated in several ways. In a 
number of experiments they were completely isolated 
from the eye except for a small portion of the ciliary body, 
according to procedures used previously for rabbit lenses*. 
In other studies the materia. was incubated with a great 
deal of the adjoining ocular tissue still attached (‘half- 
eves’). Immediately after preparation of the tissue, it was 
transferred to sterile specimen jars (afterwards sealed 
with silicone rubber stoppers) or Erlenmeyer flasks (with 
screw caps) containing 45 c.e. and 50 c.c. respectively of 
tissue culture medium. Twe types of media were tried. 
The first was Morgan, Morten and Parker’s Medium 199 
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Fig. 1. Autoradiogram of activated bullfrog lens epithelium; the lens 
was cultured for 45-5 h in supplemented medium and then incubated in 
similar medium with tritiated thymidine for an additional 2-5 h ( x o. 30) 


(ref. 8) diluted with sterile triple-distilled water so as to be 
usable with amphibian tissue. The second kind of fluid 


was one which has recently been used successfully by Wolf 


and Quimby’ for maintaining tongue fibroblasts of Rana 
catesbeiana in culture. This medium was prepared for us 
commercially (Grand Island Biological Co., Grand Island, 
New York) and has the following composition: 25 per 
cent sodium chloride-free Karle’s balanced 
salt solution, 10 per cent foetal bovine 
serum, 55 per cent Eagie’s minimal essen- 
tial medium, 10 per cent whole egg ultra- 
filtrate, 200 units penicillin/ml., 200 ug 
streptomycin/ml. and 50 ug nystatin/ml. 

After a variety of intervals in culture 
lenses were exposed to tritiated thymidine 
(spec. act. 6-6 c.mM; conc. 10 ue./ml.) 
(2-5 h for isolated lenses, 4-5 h for ‘half 
eyes’) and were then either fixed immedi- 
ately or placed once again in non-radio- 
active culture medium for additional 
periods of time. The experiments were 
conducted at three different temperatures: 
16° C, 24° C and 30° C. Fixation was with 
Carnoy’s fluid and whole-mount prepara- 
tions of the lens epithelium were made in 
accord with the technique of Howard". 
Preparations from ‘half eyes’ were exposed 
for 28 days and those from isolated lenses 
for 12-15 days. 

Of the systems used, only that involving 
isolated lenses and culture medium con- 
taining serum and whole egg ultrafiltrate 
could support DNA synthesis and mitosis. 
Thus the epithelial cells of lenses cultured 
together with much of the adnexa showed 
no such activity regardless of culture 
medium. Isolated lenses cultured m un- 
supplemented Medium 199 were likewise 
inactive. There were some rare exceptions; 
but generally in these two systems neither 
thymidine uptake nor cell division could 
be detected after a day in culture. Quite 
in contrast, the epithelial cells in the 
germinative zone of isolated lenses main- 
tained in media supplemented by serum 
and ultrafiltrate incorporate thymidine 
and undergo mitosis in vitro. This activity 
is normally associated with the germin- 


Fig. 2. 
medium, exposed to tritiated thymidine for 2:5 h and returned to cold medium for an 


NATURE 


additional 48 h. 


June 19, 1965 


VOL. 206 
ative zone in vivo. After 48 h in culture, cells located 
in the central, non-germinative area begin to undergo 
intensive DNA synthesis (Fig. 1), and these cells do 
not ordinarily engage in synthesis in vivo. This activa- 
tion or synchronization of cells in DNA synthesis is 
similar in many ways to what has been observed in rabbit 
Approximately 72 h after isolation one first 
begins to detect mitotic activity, and we have proved 
that this activity is a direct outcome of the DNA. synthesis 
which preceded it. 

In several experiments, lenses were cultured for five 
days and then transferred to incubation medium contain- 
ing tritiated thymidine. After an exposure time of some 
2-5 h, they were replaced in cold medium and at the end 
of an additional 24 or 48 h they were fixed and prepared 
for autoradiography. An autoradiogram from this series 
of experiments is shown in Fig. 2. It can easily be seen 
that in addition to large, heavily labelled nuclei, there are 
a'so smaller more lightly labelled nuclei and radioactive 
division figures in evidenco. This observation may be 
taken to mean that the cells which were labelled with 
radioactive precursor 48 h earlier must have proceeded 
into the ensuing phases of the nuclear cycle while in 
culture. Hence, it may be concluded that the entire cell 
cycle can be traversed by lens epithelial cells of the bull- 
frog under the conditions used here. 

The onset of the activation response was investigated at 
three different temperatures, as indicated here, At 16°, 
24° and 30° C both DNA synthesis and cell division occur 
in vitro in the germinative zone. Whaet is more, activation 
also occurs at these three temperatures, but the time at 
which it begins differs. At both 24° and 30° C intensive 
uptake of thymidine commences approximately 2 days 
after isolation. At 16° C it takes 5 days before the same 


lenses. 


Autoradiogram of the epithelium of a lens cultured for 5 days in supplemented 


Note the 2 radioactive mitotic figurea. (x e. 310) 


ea 
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stage is attained. Hence, we have the somewhat enigmatic 
finding that the higher temperature (30°) does not acceler- 
ate those processes which are responsible for activation 
but the lower one (16°) can decelerate them. (It may be 
noted that the transparency of the lenses was quite good 
in the majority of experiments.) : 
Experiments made possible through culture of amphibian 
lenses according to the methods outlined in the foregoing 
discussion should prove highly informative. During 
activation one has, in effect, a population of cells which 
have been synchronized in DNA synthesis and which will 
go on to divide under the conditions of culture utilized. 
That this is occurring under in vitro conditions makes it 
possible to examine not only the chemical events on which 
DNA synthesis and cell division are predicated, but those 
which arouse them. Moreover, temperature work is 
quite feasible, as our preliminary results demonstrate. 
This work was supported by U.S. Public Health 
Service research grant NB-04358-02 from the National 
Institute of Neurological Diseases and Blindness. 
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A Model of Specific De-repression within 
Interphase Chromatin 


RECENT investigations have revealed! that the ratio of 
total histones to DNA is not significantly different within 
either the repressed or active chromatin fractions isolated 
from interphase calf thymus lymphocytes?. In addition, 
the relative proportions of each of the distinct types of 
xhistones are similar within both forms of chromatin?. 
These results confirm a similar constancy of the types 
and quantities of histones found previously within 
animal cells varymg widely in their tissue of origin?, 
age’, rate of RNA synthesis‘, or neoplastic character®*, 
Although histones are potent repressors of the template 
function. of DNA in vitro”, this constancy of histone type 
and quantity suggests that they are a necessary, but not 
sufficient, mechanism for effecting the differential rates of 
RNA synthesis observed within the nuclei of these animal 
cells*>*. 

By contrast, active chromatin does contain an excess 
of such nuclear polyanions as RNA, phosphoproteins, 
phospholipids, and non-histone residual proteins'. Steroid 
hormones appear to bind to components of active chroma- 
tin during hormone stimulation of nuclear RNA. synthe- 
sis), When added to incubations of isolated repressed 
chromatin, these nuclear polyanions are each capable of 
increasing the rate of RNA synthesis within repressed 
chromatin to the basal level found within isolated active 
chromatin, but they have no effect on meubations of 
isolated active chromatin!. A species of nuclear RNA 
‘is particularly effective in such de-repression of chromatin 
RNA. synthesis}. 

These results suggest that the DNA within both active 
and repressed chromatin 1s in an electrostatic complex 
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with repressor histones, and that it is nuclear polyanions 
which effect a de-repression of RNA synthesis by antagon- 
izing the DNA-histone interaction within active chroma- 
tin}, Smee RNAs isolated from diverse sources have the 
same phosphorus content and polyanionic character’, 
the greater effectiveness of a species of nuclear RNA in 
chromatin de-repression suggests that either the specific 
nucleotide base sequence or the secondary structure of 
de-repressor RNA plays a part beyond that of the poly- 
anionic character in suck de-repression, when compared 
with other RNAs tested'. The resistance of active 
chromatin to further de-repression by added RNA! also 
suggests that specific sites on the DNA genome are already 
occupied by specific de-repressor RNA. 

A species of nuclear RNA has recently been isolated 
from rat liver which is characterized by a base composition 
similar to that of DNA, but with sedimentation and meta- 
bolie properties which distinguish it from messenger 
RNA, It is known that durmg RNA synthesis, only 
ons strand of the DNA, double helix is transeribed**-). 
The remaining complementary DNA strand has no known 
function during RNA synthesis!*. Tmtium exchange 
investigations have demonstrated a constant opening and 
closing of the DNA double helix”. The magnitude of 
hyperchromicity observed on heating DNA while it is 
within active chromatin is less than that observed on 
heating the same DNA after its isolation from active 
chromatin, or on heating DNA. while withm repressed 
chromatin (Fig. 1, ref. 1). Such reduced thermal hyper- 
chromicity indicates that a part of the DNA within active 
chromatin is in the singls-stranded state, and that this 
partially single-stranded DNA reverts to the double- 
stranded state as the histones and polyanions of active 
chromatin are removed during DNA isolation. 

These results suggest that within active chromatin, 
repressor histones are partially displaced from portions 
of the DNA genome by nuclear polyanions (Fig. 1). 
Such displacement of histones may allow specific de- 
repressor RNA to hydridize with a single strand of DNA, 
freeing the complementary DNA strand for the synthesis 
of specific messenger RNA. f 

This work was performed during the tenure of a research 
carecr development award (CA-17857) from the U.S. 
Public Health Service. I thank Drs. A. E. Mirsky, V. G. 
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Fig 1 Model of specific de-repression of RNA synthesis within active 

chromatin Polyeationic histone repressors (dark blocks) f{nhrbit the 

function of DNA as a template for RNA synthesis Nuclear polyanions 

partially displace histones from a portion of the DNA genome, allowmg 

specific de-repressor RNA. to hybridize with one strand of specific DNA, 

and freeing the complementary DIa strand for specific messenger RNA 
synthesis 
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Alligator Weed in indian Lakes 


Alternanthera philoxeroides (Mart.) Griseb., a South 
American weed of the family Amaranthaceae, has been 
found in the lakes and water pools in the eastern parts of 
India, namely, West Bengal and Bihar. This species was 
introduced long ago in the tropics of the Old World, but 
its introduction into India has taken place during late 
years. In 1875, Otto Kuntze found this species growing 
in the vicinity of Java, where it has now become estab- 
hshed in stagnant or slow-moving water!*, In the Cal- 
cutta Herbarium there is a specimen from Victoria Lake 
in Rangoon district, Burma, collected in 1932 by C. E. 
Parkinson. This note is probably the first record of its 
occurrence on the Asiatic mainland. Apparently the 
species has made further ingress in Eastern India. Like 
several other American weeds, it seems probable that a 
few viable seeds of this species might have reached India 
along with some packing material during the Second 
World War. This is conceivable in view of the fact that 
this species was collected for the first time in India near 
an, aerodrome at Calcutta. During recent years, a large 
number of neotropical weeds have been found to naturalize 
on Indian soil and spread hke wildfire’. Further, in this 
species reproduction takes place vegetatively by means of 
subterranean shoots, and thus under favourable conditions 
it spreads rapidly, forming dense masses. 

It has been observed that an organism often multiples 
rapidly when carried to a new environment. Water hyacinth 
(Eichhornia crassipes) in S.E. Asia, the Nile and Congo, 
Lantana in India, prickly pears (Opuntia) in Australia 
and India, Noogoora burr (Xanthium pungens) in Queens- 
land, and rabbits in Australia are familiar examples*:*. In 
North Carobna, U.S.A., alligator weed has already become 
a troublesome aquatic pestë. It is possible that, in time, 
this weed may also become another powerful aquatic pest 
in Indian lakes, ponds, puddles and waterways. It would 
be worth while to watch the spread of this weed in other 
parts of the country. The correct nomenclature and 
synonymy of this species is as follows: Alternanthera 
philoxeroides (Mart.) Griseb. in Abh. Ges. Wiss. Goett. 
24: 36. 1879; Kuntze, Rev. Gen. Pl. 2: 540. 1891; Schinz 
in Engl. and Prantl, Nat. Pfam. 3. la: 115. 1893; Backer 
in FI. Males. Ser. I. 4(2): 93. 1948: Hardin in Castanea 
24: 22. 1959; Duke in Ann. Miss. Bot. Gdn. 48(4): 43. 
1961; Backer and Brink, Fl. Java 1: 238. 1963. Basi. 
Bucholzia philoxeroides Mart. in Nova Acta Acad. Leop.- 
Carol. 13(1): 315. 1826. Syn. Yelanthera philoxeroides 
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Moquin-Tandon in DC. Prodr. 13: 362. 1849, incl. vars. 
Achyranthes philomeroides (Mart.) Standl. in J. Wash. 
Acad. Sei. 5: 74. 1915. 
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Radiochemical Determination of the 
Endogenous and Exogenous Respiration 
of Bacterial Spores 


THE respiration of the dormant spores of aerobic 
bacteria is always very small, and therefore difficult to 
measure. Though various authors had given very much 
larger values for the respiration (Q), H. Halvorson et al.} 
have come to the conclusion, based on a consideration of 
the limitations of the manometric techniques employed, 
that the true value of Q must be less than 0-05 for spores 
of Bacillus cereus even. ın presence of glucose—much less 
than for vegetative cells. (Q 1s generally given as ul. 
oxygen absorbed per mg and h; but for respiration of 
carbohydrate this 1s identical with ul. of carbon dioxide 
produced per mg and h.) An actual value could, however, 
not be given by Halvorson et al. We have now put to use 
the extraordinary sensitivity of radiochemical methods to 
measure both the endogenous and the exogenous respira- 
tion. For reasons of economy, the radiocarbon was 
introduced into the bacteria in the form of photosynthate. 

An extract of green leaves which had assimilated 
radioactive carbon dioxide in the light was deionized 
successively with a cation and an anion exchange resin 
(‘Lewatit KS’ and ‘Lewatit MN’). The extract was added 
to G-medium*®, B. cereus was grown in this radioactive 
medium with aeration, and sporulation followed there. 
The spores were collected by centrifugation, separated 
from remaining vegetative forms and cell debris by 
partition in a two-phase system’, and washed twenty 
times with distilled water. No vegetative forms remained 
with the spores, as was shown by Moller staining. After 
sterilization and addition of yeast extract, calcium 
chloride and dipotassium hydrogen phosphate, the* 
radioactive G-medium could be used again. Altogether 
about 300 mg of radioactive spores were obtained and dried 
over silica gel. The specific activities were up to 6-6 x 10° 
disintegrations per min (d.p.m.) and mg. The spores were 
kept in the dry state at — 25° C for 1-7 months before the 
experiments were performed. They were not heat-shocked. 

The spores (32-72 mg in different runs) were suspended 
in 40 ml. distilled water or solution, so that the concen- 
tration was about 0-7—1-5x 10° spores/ml. To measure 
respiration, the spores were kept in a thermostat in a slow 
eurrent of air free of carbon dioxide, into which before 
the end of the run a known amount of carbon dioxide 
was injected. After contact with the spores, the gas was 
passed through 30 ml. 1 N sodium hydroxide. After the 
run, the carbonate was precipitated with barium, and the 
barium carbonate filtered off. For measurement, carbon 
dioxide was set free with perchloric acid, introduced into 
a gas counter’ 5, and measured until the standard error 
could be considered to be sufficiently small—genoerally 
100 min. In every case, two parallel runs were made, 
and agreement was always reasonable. 

The main results are : Dry spores gave no measurable 
activity at room temperature (22° C) or at 35° ; in these 
experiments, Q must have been <10- and < 10-t, respec- 
tively. Spores kept in distilled water gave measurable Q 
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values that differed between different samples (Q at 30° 
was 0-0012—0-004), but remained constant for each 
sample as long as it was measured—generally 150 h. 
(A value of Q of 10 would correspond to a half-hfe for 
self-consumption by endogenous respiration of hundreds 
of years.) Respiration in water at 19° was tested with the 
sample that later gave 0-004 at 30°; Q was below the 
limit of detection (0-003 in this experiment). At about 
40° an optimum was reached. The dependence on tem- 

erature (averages of the relative values of each sample) 
is Shown in Fig. 1. l 

Respiration. (Q) at 30° was depressed somewhat m 1 N 
sodium chloride, and in 5 N sodium chloride no respira- 
tion was detectable. Sodium phosphate buffer (1U-* M, 
pH=6-5) had little influence on respiration. However, 
an 80-fold increase of respiration was observed at 30° 
within 150 h after addition of the decoupling agent sodium 
azide (0:01 M) to the spore suspension in water ; no out- 
growth to vegetative forms could be detected by staining. 

Strong dependence of respiration on time was observed 
in all experiments with exogenous substrate. During the 
first 25 h after addition of inactive glucose (1 per cent) at 
30°, endogenous respiration was 10 times higher than in the 
absence of the glucose, and after a further 78 h 25 times 
higher; thereafter Q (endogenous) decreased. (The con- 
tribution of the exogenous substrate remains, of course, 
unknown.) No vegetative forms had been produced. 
However, subsequent addition of ‘Standard-I-Nahrboden 
Merck’ led to a further increase of endogenous respiration 
up to 90 times normal, and to production of vegetative 
forms. 

Radiometric determination of respiration of non-radio- 
active spores kept at 30° in 1 per cent radioglucose (9-10° 
d.p.m.) gave Q=0-12 (exogenous) within 96 h, that is, 
exogenous respiration was at least a hundred times more 
than endogenous respiration of radioactive spores in the 
absence of glucose. No vegetative forms were seen. 
Comparison with the preceding paragraph shows that 
exogenous substrate must make the major contribution 
to total Q. In similar conditions, Q (exogenous) of vege- 
tative forms exceeded that of spores by two orders of 
magnitude. | 

It appears then that very small rates of respiration with 
samples in the mg range may be measured by the radio- 
chemical technique. Even with spores of modest specific 
activity as used here, a value of Q as low as 3x10 
could be measured provided the carbon dioxide from 100 
_mg of spores was collected for 100 h. This would corre- 
spond to only 800 molecules of carbon dioxide per spore 
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and hour (it could not be taken for granted that that small 
quantity could be washed out of the spores by the proce- 
dure here applied). Wish improved specific activities, 
increased quantities of spores and longer times, still higher 
sensitivities might be attained. It is worth mentioning 
that the radiation dose reeeived by the spores in our work 
(about 8 rads/day at a specific activity of 6-6 x 10° d.p.m./ 
mg with full absorption of the B-rays within the spores— 
a wildly exaggerated assumption) must be far too small 
to affect ther metabolism. 

We cannot be sure whai the contribution of germinated 
—hbut not outgrown-——spares was, if any. Metabolism of 
germinated spores is so much higher than that of dormant 
spores that even a few would affect the results. However, 
the constancy of Q in distilled water over long periods 
shows that at least during these experiments no changes 
occur. In any case, an upper limit for the respiration of 
the dorment spores has now been set that is far lower 
than the limits known so far. It may also be pointed out 
that the ratio now observed between minimum (endo- 
genous respiration of dormant spores) and maximum 
(exogenous respiration of vegetative cells) is of the order 
104. 

We thank Prof. H. O. Halvorson, Madison, for the gift 
of Bacillus cereus and for advice on its calibration. 

H. DESSER 
E. Bropa 
Institute of Physical Chemistry, 
University of Vienna. 
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Adenosine Triphosphatase Activity in Two 
Strains of Staphylococcus aureus differing in 
Radiasensitivity 


WE are carrying out experiments to obtain a general 
picture of biochemical ————— in irradiated micro- 
organisms!~’, 

An interesting result is that concerning the bio- 
chemically different characteristics of two strains of 
Staphylococcus aureus with different radiosensitivity, 


. where we ascertained a characteristic behaviour in the 


biochemistry of the coenzyme A (ref. 5). 

Owing to the importance of the coenzymes in all the 
biochemical reactions, we chose adenosine triphosphatase 
(ATPase) as an index of the variations in ATP. The 
enzyme has been tested in Staphylococcus aureus treated 
with. THO and cystamine. 

Twenty-four-hour-old cells, gathered from — 
tryptic soy broth in Roux bottles, were washed sterile with 
0-01 M tris buffer, pH 8-2, and the suspension in buffer 
was divided into four aliquots as follows: (a) 0-35 ml. 
cell suspension + 0-65 ml. distilled water; (b) 0-35 ml. cell 
suspension + 0-25 ml. distilled water+ 0-4 ml. THO 
(2:28 me./ml.); (c) 0-35 ml. cell suspension + 0-25 ml. of 
2-5 x 10 M cystamine + 0-4 ml. THO; (d) 0-35 ml. 
cell suspension + 0:25 ml. of 2-5 x 10-? M cystamme + 
0-4 ml. H,O. After 17 h at 5° C the cells were washed with 
the buffer and the ATPase was asayed by the method of 
Bandurski et al.'. 

After 3 h at 34° C the samples were deprotemized with 
0-2 ml. of 5 per cent TCA, centrifuged and the phosphorus 
determined, after the stabilization of the colour according 
to the method of Fiske and Subbarow’. 


Table 1. ADENOSINE TRIPROSPHATASE ACTIVITY OF Staphylococcus aureus 


Sample Normal strain Resistant strain 
Control 10 100 
Irradiated 136 + 12* 109 +2* 
Tr. with cystamine 123 +6 60412 
Tr. with cystamine and irrad. 129+4 676 
* Standard deviation. 
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We repeated the experiments many times, and the 
results, summarized in Table 1, show clearly that ATPase 
18 Increased by irradiation in the normal strain, as seen 
in other cells by other authors??)11, 

_ The different behaviour of the resistant stram toward 
irradiation is shown by the fact that the ATPase remains 
unchanged. 

The behaviour of the two strains is also different in. the 

“presence of cystamine: this compound depresses the 
ATPase of the normal strain when compared with the 
irradiated sample, but the level still remains higher than 
that of the control; meanwhile, the depression, in the 
resistant strain, 1s more evident and reaches values 
considerably lower than the control. 
G. GIOVANNOZzZI-SERMANNI 
U. TOMATI 
National Centre of Radiobiology, C.N.R., 
Institute of Pharmaceutical Chemistry, 
University of Rome. 
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Ornithine in Mucopeptide of Gram-positive 
Cell Walls 


UNTIL recently it had been assumed on the basis of 
earlier work that the amino-acid composition of the 
mucopeptide in Gram-positive bacteria always included 
either «,e-diaminopimelic acid or lysine. However, a 
re-examination of the cell walls of some strains of plant 
pathogenic corynebacteria showed that these two amino- 
acids may be replaced in some cases by ornithine or 
diaminobutyric acid; ornithine has also been found in the 
mucopeptide of Micrococcus radiodurans. 

I have therefore re-examined the cell walls of some other 
Gram-positive organisms in which lysine had previously 
been reported, to determine whether other diamino-acids 
had been missed in previous chromatograms. Acid 
hydrolysates (6 N HCl, 18 h at 102°-103° C) were prepared 
and suitable amounts (usually 15-20 ul.) were examined 
by paper chromatography, as previously described? 
using the methanol : water : pyridine : conc. HCl solvent. 
The strains examined and the results obtained are recorded 
in Table 1. 

There are three points of interest in these results. First, 
ornithine seems to have a rather restricted distribution 


Table 1. PRESENCE OF ORNITHINE AND LYSINE IN MUCOPEPTIDES FROM 
GRAM-POSITIVE BACTERIA 


Mucopeptide amino-acids 


Organism Lysine Oxnithine Others 

Sirep pyogenes (A), NCTC 8198 + a Ala, Glu. 
Lactobacillus casei, NCTC 8019 + — Ala, Glu, Asp 
Staph t albus, $3 — $ — ‘Ala, Glu? Gly. 

a ynebacterium Enes, 4 me 
Arthrobacter: pyog + Ala, Glu. 

globiformis, NOIB 8602 + “ne 

A citreus, NCLB 8915 + ae ae Gi 

A. aurescens, NCIB 8912 + = , Glu 
A i | 

. t8Faelr2, 12102 + 

A. wraehi, ATCC 12103 + H Ae Glu 

‘A. wraehn, ATCC 10048 B + Ala, Glu. 

A. bons, Pine 1 + — Ala, Glu, Asp. 

A. bovis, 2791 + ~ Ala, Glu, Asp 

A. bovis, B.10 + — Ala, Glu, Asp. 


* In addition to the three strains listed, six other strains of A. esraeh? ha 
been examined in the same way, and all hi : : — AYG 
in their cell walls. ad a mixture of lysine and ornithine 
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as a major component of mucopeptide in Gram-positive 
organisms. Secondly, there seems to be a clear distinction 
between the mucopeptide di-amino acids of Actinomyces 
israelit and A. bovis, since the israel strains had lysine 
and ornithine in approximately equal amounts, while 
the bovis strains had lysine only. Thirdly, the presence of 
ornithine in the cell walls of the zsraelii strains distin- 
guishes them from the strains of Arthrobacter. 

In earlier work, where lysine and ornithine were not 
separated distinctively by the chromatographic methods 
used, the cell walls of A. esraelii appeared to have the same 
qualitative composition as some strains of Arthrobacier, 
although cell wall suspensions from the latter strains did 
not cross-agglutinate when tested against israelit serum?. 
The present findings, which enable the two groups of 
strains to be distinguished in terms of cell wall composi- 
tion, are more in keeping with their other properties. 

It seems, therefore, that the presence or absence of 
ornithine in the mucopeptide of Gram-positive organisms 
18 an additional distinguishing feature of possible value in 
taxonomy. The isomeric form (D- or L-) of the ornithine 
present in these strains remains to be determined. How- 
ever, it is known that in C. betae the ornithine is in the 
pn-configuration!. 

I thank Miss Hilary Ford for assistance and the Medical 
Research Council for grants for equipment and technical 
assistance. 
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1 Perkins, H R., and Cummins, C. S., Nature, 201, 1105 (1964). Work, E., 
Nature, 201, 1107 (1964). 

2 Cummins, C. S., and Harris, H , Nature, 184, 831 (1959). Cummins, ©. S., 
J Gen, Mrcrotnol , 28, 35 (1962). 


identification of Bacterial Strains by 
Pyrolysis - Gas-liquid Chromatography 

Durna an investigation concerning the structural 
features of bacterial cell walls and whole cells and their 
correlation with immunochemical phenomena, the tech- 
nique of pyrolysis-gas-hquid chromatography was used 
in an attempt to exploit possible chemical differences 
between bacterial strains of similar antigenic or patho- 
genic character. 
` Previously, pyrolysis products have been analysed 
by means of classical chemical methods!, mass spectro- 
metry*, and infra-red absorption spectra®. Much of the 
groundwork of pyrohydrolysis on non-volatile organic_ 
compounds is due to the extensive investigations of” 
Feigl*. Following the introduction of gas-liquid chromato- 
graphy by James and Martin’, a pyrolysis examination of 
synthetic polymers utilizing this form of chromatography 
was reported®. Application of the latter technique was 
expanded rapidly in widely different areas; yet, curiously 
enough, very few accounts have dealt with naturally 
occurring macromolecular or polymeric substances. 
Among them, Janák?:$, in particular, has emphasized 
the considerable analytical potentialities of gas-liquid 
chromatographic analysis of pyrolytic products. 

In the work recorded here, to date, ninety-five analyses 
have been performed on coded samples of Escherichia coli 
(18 different antigenic strains), Shigella sp. (1 strain), 
Group A Streptococcus pyogenes (4 types), and mycobac- 
teria (10 different pathogenic and non-pathogenic forms). 

Each strain produced its own unique ‘pyrogram’ 
(a chromatogram of pyrolysis products (Fig. 1)). Different 
cultures of the same strain yielded similar profiles, and in 
those cases where a coded sample had been divided into 
two lots, the resulting chromatograms were practically 
identical. Results from two successive analyses on equal- 
portions of the same sample showed remarkable repro- 
ducibility. i 

The diffculty encountered in the diagnosis of bacterial 
strains by conventional techniques is well illustrated by 
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comparison of the profiles of pyrolytic products, for 
example, Æ. cole 0115 versus Shigella boudia 10 in Fig. 1. 
These two organisms show almost identical profiles, except 
for the shght differences of peak height at retention times 
of products near 10-5 min. Note especially the similarity 
of the triplet peaks near 17:5 min. Sometimes the only 
distinguishing feature in typing strains by pyrolysis- 
gas-liquid chromatography was a slight but significant 
inversion of peak height ratio, such as shown in the pyro- 
grams of streptococci at retention times between 9 and 
ll min. The task of distinguishing between the pattern 
produced by acid-fast organisms of the Battey strain and 
Mycobactervum avium (so difficult by current methods) 
was a facile matter (Fig. 1). 

The analyses were performed on a Barber Colman model 
5000 Series instrument fitted with a pyrolysis module. 
Bacterial samples were cultured and gathered under 
consistent conditions; pellets of lyophilized, previously 
killed, whole bacteria weighing 200-800 ug were pyrolysed 
in an inert atmosphere on a nickel filament at 850° C 
for 10 sec; the thermally degraded products were 
analysed by gas-liquid chromatography. Programmed 
temperature ranges were from initial temperatures of 
20° (sub-ambient) and 50° to maximal 240° C at a linear 
rate of 12°/min. 

Dual column operation was used, and this consisted 
of coiled copper tubing 0-25 in. outside diameter, 8 ft. 
long, packed with 15 per cent ‘Carbowax 20M’ coated on 
80/90 mesh ‘Anakrom ABS’, and two hydrogen flame 
ionization detectors. The carrier gas was nitrogen under 
a pressure of 16 Ib./in.*. Range of the recorder was 
3 x 10-!° amp at full scale. 

To the best of my knowledge, this 1s the first account 
of the application of pyrolysis—gas-liquid chromatography 
to the classification of natural products which are largely 
macromolecular in character. The findings indicate that 
pyrolysis of substances of considerable complexity can 
form a new basis of taxonomy in the biological disciplines. 
Where problems of differentiation or identity of complex 
cellular material are encountered, pyrolysis—gas-lhquid 
chromatography should prove to be a very useful adjunct 
to present techniques. 

I thank Drs. William Ewing, Max Moody. and George 
Kubica of the Communicable Disease Center for supplying, 
respectively, samples of enteric bacilli, streptococci and 
mycobacteria. I also thank Messrs. Charles D. Lantz 
and Ralph Woods of the Gas Chromatography Applica- 
tions Laboratory, Barber Colman Company, Rockford, 
Illinois, who provided facilities to me during the formative 
stages of this work. 

Use of trade names is for identification only and does not 
constitute endorsement by the Public Health Service or 
by the U.S. Department of Health, Education and Welfare. 

E. REINER 
Special Services Chemistry Laboratory, 
Communicable Disease Center, Public Health Service, 
U.S. Department of Health, Education and Welfare, 
Atlanta, Georgia. 


1 See, for example, Hurd, © D., The Pyrolysis of Carbon Compounds (Rein- 
hold Publishing Corp , New York, 1929) 

*Zemany, P. D., Anal Chem., 24, 1709 (1982). 

3 Harms, D. L., ‘Anal Chem , 25, 1140 (1953). 

1 Feigl, F., Angew. Chem , 70, 166 (1958). 

è James, A T ,and Martin, A J.P , Biochem. J., 50, 679 (1952) 

8 i? a H, T., Slaney, 5., and Wragg, A. L , Chem, and Indust., 1356 


? Janák, J, Nature, 185, 684 (1960). 
2 Janák, J , Coll Czechoslov. Chem. Comm , 25, 1780 (1960). 


AGRICULTURE 


Varietal Differences in Wheat Quality 


QUALITY-TESTING of materal from the bread-wheat 
breeding programme at this Institute has provided the 
opportunity of seeing a very wide range of wheat types. 
This has proved valuable in the recognition and investiga- 
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tion of individual factors which influence both the physical 
dough properties and baking characteristics of flours 
milled from these wheats. 

The results obtained during routine quality testing by 
means of the baking test and the Chopin Alveograph 
showed that the flour from these wheats fell into three 
broad general types. (a) soft, low-absorption flours which 
produced extensible doughs of low to medium strength 
and test-loaves of fair to good volume but with a pale, 
brittle crust and weak crumb texture; (b) hard, medium 
to high absorption flours which produced extensible to 
well-balanced doughs of good to excellent strength and 
test-loaves of good to excellent volume with character- 
istically strong crust and fine, strong crumb texture; 
(c) hard, granular flours with high to very high absorp- 
tion, most of which produced overstable or ‘tough’ 
doughs of good to excellent strength but which slackened 
appreciably during fermentation and gave loaves of poor 
volume with strong ‘leathery’ crust and coarse, unattrac- 
tive crumb texture, 

An explanation of the vast differences in both baking 
and physical dough characteristics of flours from these 
wheats has been sought in separate studies of their protein 
and starch contents. Extensive trials, in which freshly 
washed gluten from a wide range of flour types was 
superimposed on low protein samples of flours from each of 
the three types, have shown that, provided the flours from 
which the glutens were extracted were mature as judged 
by their test-bake performance, then all glutens behaved 
sumlarly, urespective of their source. The different 
behaviour of glutens from those flours which have a high 
bromate requirement and those in the group of strong 
‘overstable’ flours characteristic of several Australian 
wheat varieties can be overcome simply by oxidation or 
reduction respectively in the doughs from which they are 
washed. 

These expermments also showed that the type of Alveo- 
graph curve and test-loaf produced by these blends was 
determined by the type of low-protein base flour used. 

Earlier work in this laboratory! had shown that the 
Alveograph curve and test-loaf characteristics of experi- 
mentally milled flours were strongly fluenced by the 
level of damaged starch which they contained. In the 
present study ıt has been found that by increasing the 
level of damaged starch in the lower-strength flours 
mulled from soft wheats, they can be changed readily to 
give Alveograph curves and test-loaf characteristics typical 
of those obtained from good quahty strong wheats. 

The above observations indicate that flour constituents 
other than gluten and starch do not have any significant 
bearing on the flour characteristics measured by the 
Alveograph and test-bake. This has been checked by 
extending the study to synthetic doughs consisting of 
prime starch and freshly washed gluten. It has been 
found that a range of normal type Alveograph curves and 
test-loaves can be produced simply by varying the 
maturity of the gluten and the proportion of damaged 
starch used in these synthetic doughs. 

It will be seen that the type of Alveograph curve and 
test-loaf for a flour from any variety of wheat and of any 
given protein content is determmed by the level of its 
starch damage and the maturity of its gluten. Provided 
flours from which glutens are washed have comparable 
maturity, as judged by their test-bake performance, then 
all glutens, irrespective of their source, give the same 
result when superimposed on an Alveograph or test-bake 
dough. 
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FORTHCOMING EVENTS 


Monday, June 21 


INSTITUTE OF INFORMATION Sorenrists (Joint Meeting with Aslib, at 3, 
Belgrave Square, London, 8.W.1), at 5.80 p.m.—Mr. Walter M. Carlson 
(U.S. Department of Defense). “Handling of Information in the U.S. Depart- 
ment of Defense”, 


` 


Tuesday, June 22 


PARLIAMENTARY AND SOIENTIFIO COMMITTEE, GENERAL OOMMITTEE (in 
Committee Room 12, House of. Commons, Westminster, London, S.W.1), at 
§.80 p.m.—-The Rt. Hon. Frank Cousins, M.P.: “The Work and Plans of 
the Ministry of Technology”. 


Tuesday, June 22—~Thursday, June 24 


INSTITUTION OF CIVIC ENGINEERS (at the Central Hall, Westminster, 
London, 8.W.1), at 9.30 a.m. daily—--Transportation Engineering Conference. 


Wednesday, June 23 


GEOLOGICAL Soorrty oF LONDON (at Burlington House, Piccadilly, 
London, W.1), at 5 p.m.—Mr. A. F. King: “Xiphosurid Trails from the 
Upper Carboniferous of Bude, North Cornwall” (Demonstration); Prof. 
M, F. Glaessner: “‘Pre-Cambnan Life-—Problems and Perspectives” (Lecture). 

CHALLENGER SOGIETY (at the Linnean Society, Burlington House, Picca- 
dilly, London, W.1), at 5-45 p.m,--22nd Scientific Meeting. Mr. J. EB 
Shelbourne: “Towards Sea Fish Farming”. 


Friday, June 25--Saturday, June 26 


British SOCIETY FOR THE HISTORY OF Screnoce (in the Lecture Theatre, 
Science Museum, South Kensington, London, 8.W.7}—Summer Meeting. 


Monday, June 28 


CIBA FOUNDATION FOR THE PRONOTION OF INTERNATIONAL CO-OPERATION 
IN MEDICAL AND CHEMICAL RESEAROH (at the Royal Institute of British 
Architects, 66 Portland Place, London, W.1), at 6 p.m.—Prof. S. L. Washburn 
(University of California). “Conflict in Primate Society” (17th (Annual) Ciba 
Foundation Lecture), 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or'before 
the dates mentioned: | 

ASSISTANY LECTURER (with a degree in agricultural science or agriculture, 
and preferably with a speclalized interest in pe pests, plant protection and 
pareaitology) IN AGRICULTURAL SCIENCE (B10LOGY)—The Principal, Essex 

ttute of Agriculture, Writtle, Chelmsford, Essex (June 28). 

LECTURER (with a university degree, or equivalent, in electrical engineering 
or physics, and industrial experience in either applied electronics or tele- 
communications) IN THE ELECTRICAL ENGINEERING DEPARTMENT—The 
Principal, North-East Essex Technical College and School of Art, Sheepen 
Road, Colchester, Essex (June 23). 

_ DIRECTOR OF THE COMPUTER LABORATORY—The Registrar, The Univer- 
sity, Liverpool, quoting Ref. No. CV/143 (June 26). 
PHYsSI0cIsT (Senior or Principal Grade)}—The House Governor, Westminster 
- Hospital, London, S.W.1 (June 26), 

LECTURER/ASSISTANT LECTURER IN THE HISTORY AND PHILOSOPHY OF 
ScrencE—The Secretary, University of Exeter, Northcote House, The 
Queen’s Drive, Exeter, Devonshire (June 28). 

RESEARCH STUDENT (with a good honours degree in zoology or biology) IN 
RIVER BIOLOGY IN THE DEPARTMENT OF ZOOLOGY, to work on the behaviour 
of the bottom fauna of streams in relation to light as this affects their 
appearance in the “‘drift’’—-The Secretary, University of Exeter, Northcote 

ouse, The Queen’s Drive, Exeter, Devonshire (June 28). 

SENIOR DEMONSTRATORS (2) IN EXPERIMENTAL or THEORETICAL PHYSICS 

_ ~The Registrar and Secretary, University of Durham, Old Shire Hall, 
“Durham (June 28). 

ASSISTANT LECTURER (with an interest In social geography and preferably 
specialism in urban studies) IN GEOGRAPHY—The Registrar, The University, 
Keele, Staffs (June 30). 

OF CHEMISTRY (applicants should be Interested In inorganic and 
eae chemistry}—The Deputy Secretary, The University, Southampton 

une 30). 

DEMONSTRATOR (graduate in agricultural chemistry, biochemistry or 
chemistry) IN AGRICULTURAL CHEMISTRY IN THE DEPARTMENT OF AGRI- 
OULTURE—The Registrar, The University, Leeds, 2 (June 30). 

DEMONSTRATORS (2) IN GEOGRAPHY (one of the posts will involve work in 
connexion with the University’s Climatological Station}~—The Registrar, 
The University, Keele, Staffa (June $0). 

DIRECTOR OF THE COMPUTING CENTRE—Theo Registrar, University of East 
Anglia, Earlham Hall, Norwich, NOR 880 (June 30). 

ECTURER/ASSISTANT LECTURER IN STATISTICS IN THE DEPARTMENT OF 
Trcs—-The Secretary, University of Exeter, Northcote House, The 
Queen's Drive, Exeter, Devon (June 80). 

PROFESSOR OF BOTANY at the University of Natal, Pietermaritzburg—The 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, 8.W.1 (South Africa and London, June 80). 

RESEARCH ASSISTANT (with a good honours degree in geography, with 
training In economies and a knowledge of French or German) IN THE DEPART- 
MENT OF GEOGRAPHY—The Registrar, The University, Leeds, 2 (June 30). 

SCIENTIFIC OFFIOER or SENIOR SCLENTIFIO OFFICER (scientist with some 
training in physiology or anatomy of the central nervous system) IN THE 
PHARMACOLOGY UNIT-~-The Secretary, Institute of Animal Physiology, 
A.R C., Babraham, Cambridge (June 30). 

TEMPORARY LECTURER (preferably with a specialist interest in historical 

ography and a regional interest in Africa) IN GroGRapHy-—-The Registrar, 

niversity College of Swansea, Singleton Park, Swansea (June 30). 

ASSISTANT LECTURER IN APPLIED MATHEMATICS—The Registrar, Queen 

_ Mary College (University of London), Mile End Road, London, B.1 (July 1). 
> CHAIR OF APPLIED MATHEMATICS~~The Registrar, University of Kent at 
Canterbury, Westgate House, Canterbury, Kent (July 2). 

CHAIR OF PHYSICAL ELROTRONICS—The Registrar, University of Kent at 
Canterbury, Westgate House, Canterbury, Kent (July 2). 

ASSISTANT LECTURER IN THE DEPARTMENT OF MEDICAL PHysics—The 
gocretary, Royal Free Hospital School of Medicine (University of London), 
punter Street, London, W.C.1 (July 3). 
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JUNIOR RESEAROH FELLOWS (2JIN APPLIED MATHEMATIOS—The Registrar, 
The University, Sheffield (July 3). 

LECTURER IN THE COMPUTING LABORATORY OF THE DEPARTMENT OF 
APPLIED MATHEMATICS—The Registrar, The University, Sheffield (July 3). 

LECTURERS or ASSISTANT LECTURERS (2) IN STaTistics—The Deputy 
Secretary, The University, Southampton (J uly 3). 

TRAINEE or ASSISTANT BIOCGHENIST (with a degree or equivalent qualifica- 
tion in chemistry, with experience in, or wishing to take up, chnical bio- 
chernistry}—The Secretary, The Welsh National School of Medicine (Uni- 
versity of Wales), 84 Newport Road, Cardiff (July 3). 

DEMONSTRATOR IN THE DEPARTMENT OF PuHysics—The Registrar, The 
University, Nottingham (July 5 or as soon as possible thereafter). 

SENIOR RESEARCH ASSOOJATE IN ORGANIC GEOCHEMISTRY—Prof, T. 8. 
Westoll, F.R.S., Geology Department, The University, Newcastle upon 
Tyne, 1 (July 5). 

TEACHING FELLOW/DEMONSTRATOR (graduate, preferably with an honours 
degree in rural science, agriculture or science, with specialization in plant 
sciences, and preferably additional training in — and soil sclence)‘IN 
AGRONOMY at the University of New South Wales, Armidale, New South 
Wales, Australia—-The Assoctation of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, 8.W.1 (Australia and 
London, July 5). 

RESEAROH ASSISTANTS (graduates in chemistry or blochemistry or with an 
equivalent qualification, or with post-graduate traimng in biochemistry) IN 
THE DEPARTMENT OF BOTANY-—The Registrar, University College of Swansea, 
Singleton Park, Swansea (July 10). 

SENIOR LECTURER IN PATHOLOGY WITH SPECIAL REFERENCE TO NEURO- 
PATHOLOGY—The Secretary, The University, Aberdeen (July 10). 

DIRECTOR (with a post-graduate degree, preferably museum administra- 
tive experience, and a good knowledge of curatorial duties, including the 
display, housing and custody of collections) OF THE AUSTRALIAN MUSEUM, 
SYDNEY—The New South Wales Government Offices, 56 Strand, London, 
W.C.2 (July 14). 

LECTURER {with an honours degree in pharmacy, specialized in pharma- 
cornosy, and preferably an interest in phytochemustry) IN PHARMACY-—The 
Registrar, The University, Manchester 18, quoting Ref. No. 124/65 (July 14). 

BOTANIST or AGRICULTURALIST to assist in work on, diseases of potato 
tubers——-The Secretary, Rothamsted Experimental Station, Harpenden, 
Herts, quoting Ref, 1052/78 (July 15). 

READER IN AGRICULTURAL BOTANY AND HEAD OF THE DEPARTMENT OF 
AGRICULTURAL BIOLOGY AT MAKEPERE UNIVERSITY COLLEGE (University of 
East Africa), Uganda—The Secretary, Inter-University Council of Higher 
Education Overseas, 33 Bedford Place, London, W C.1 (July 15). 

CHAIR OF PHILOSOPHY; CHAIR OP EDUOATION; CHAIR OF GEOGRAPHY; and 
CHAIR OF GEOLOGY or GEOPHYSIGS at MACQUARIE UNIVERSITY, SYDNEY, 
AUSTRALIA—The Association of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mal, London, 8.W.1 (Australia and 
London, July 16), 

LECTURER with a good honours degree in geography, and either holding a 
higher degree or actively engaged m research leading to a higher degree) IN 
GEOGRAPHY AT UNIVERSITY OF QUEENSLAND, BRISBANE, AUSTRALIA.—The 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, §.W.1 (London and Brisbane, July 25). 

ASSOCIATE PROFESSOR IN THE DEPARTMENT OF MATHEMATICS (Applied 
——— at the University of Sydney, Australia-~-The Association of 
Commonwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, 5.W.1 (Australia and London, July 30). 

__ REFERENCE LIBRARIAN (preferably graduate with experience of university 
library work) at Haile Selassie I University, Addis Ababa—The Secretary, 
Inter-University Council for Higher Education Overseas, 33 Bedford Place, 
London, W.C.1 (July 80). : 

CHAIR OF ELECTRICAL ENGINEERING at the University of Adelaido, Aus- 
tralia~~The Association of Commonwealth Universities (Branch Offices), 
Marlborough House, Pall Mall, Lordon, S.W.1 (Australia, July 31). 

CHAIR OF BIOCHEMISTRY IN THE EACULTY OF Screnog, Australian National 
University—The Association of Commonwealth Universities (Branch Office), 
erent age House, Pall Mall, London, 8.W.1 (Australia and London, 

ugust 2). 

EOTURER (with a postgraduate degree, and preferably a special knowledge 
of the biophysical or botanical aspects of biochemistry) IN BIOCHEMISTRY AT 
LINCOLN COLLEGE (University of Canterbury), New ZEALAND—The Asso- 
ciation of Commonwealth Universities (Branch Office), Marlborough House, 
Pall Mall, London, 8.W.1 (New Zealand and London, July a): 

CHAIR OF GEOGRAPRY in the Faculty of Applied Science, University of New 
South Wales, Australia—The Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, S.W.1 (Australia 
and London, August 10). 

LECTURER or SENIOR LECTURER (with a degree in veterinary science 
registrable in the State of Victoria, with postgraduate experience in teaching 


‘or research and investigation) IN V=TERINARY PATHOLOGY in the Depart- 


ment of Veterinary Paraclinical Sciences, University of Melbourne, Australa 
—The Association of Commonwealth Universities (Branch Office), Marl- 
borough House, Pall Mall, London, SW 1, Australia and London (August 31), 

ASSISTANT LECTURER (with a degcee in agricultural chemustry or in bio- 
chemistry) in BIOCHEMISTRY and ANIMAL NUTRITION IN THE DEPARTMENT OF 
CHEMISTRY, with special responsibility for students on the three-year poultry 
technology course, and to assist with other courses in the Department—-The 
Bursar, Harper Adams Agricultural College, Newport, Shropshire. 

BIOCHEMIST (NON-MEDIOCAL), Senior Grade—The Group Secretary, King 
George Hospital, Diford, Essex. 

BOTANIST (PLANT BREEDER) (national of the United Kingdom or the 
Republie of Ireland, with a degree in botany with postgraduate training in 
plant breeding) in Uganda, to investigate coffee breeding with the object of 
developing disease resistant strains, to conduct variety trials in coffee-growing 
areas, and to investigate compatibility systems—The Appointments Officer, 
Room 301, Ministry of Overseas Development, Eland House, Stag Place, 
London, S.W 1, quoting Ref. RC 213/1837014. 

FISHERIES OFFICER (national of the United Kingdom or the Republic of 
Ireland, with a degree in natural science and postgraduate experience) in 
Zambia (formerly Northern Rhodesia), to assess the potential commercial 
production of fish by means of a statistical recording programme and to 
— development and extension projects concerned with the catching 
and marketing of fish—The Appointments Officer, Room 301, Ministry of 
Overseas Development, Eland House, Stag Place, London, 8.W.1, quoting 
Ref. RC 289/132/01. 

GRADE B ASSISTANT LECTURER IN THE DEPARTMENT OF SCIENOR to teach 
Chenustry mainly in O.N.C. and G.C.E. courses, with the possibility of teach- 
ing Inorganic Chemistry up to Part Il Grad. B.1.C. level—The Principal, 
Reading Technical College, King’s Road, Reading. 

LECTURER IN CONORETH STRUCTURES AND TECHNOLOGY—Prof. A. L. L, 
Baker, Department of Civil Engineering, Imperial College of Science and 
Technology, South Kensington, London, 8.W.7. 
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LECTURER of ASSISTANT LECTURER (with a higher degree, able to lecture in 
one or more branches of physics to the standard of the Special Degree of the 
University of London, and preferably prepared to take an interest in research 
projects at present established in the Department) IN THE DEPARTMENT OF 

ysi0s~~-The Secretary Sir John Cass College, Jewry Street, London, E.C.3. 

LECTURER or ASSISTANT LECTURER (with a medical qualification, and 
abated an additional dental qualification) IN ORAL ParHOLOGy—The 

gistrar, The University, Sheffield. 

RESEARCH ASSISTANT for an investigation involving fluorescent antibody 
Studies and histochemistry—The Secretary, Pathology Department, St. 
George's Hospital Medical School, London, S W.1. 

RESEARCH ASSISTANT (new graduate or experienced non-graduate tech- 
nician, preferably with training in microbiology or serology) in a group 
studying respiratory diseases, to work on growth and identification of causal 
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THE INTEGRITY OF SCIENCE 


HE report on “The Integrity of Science” *, which has 

been produced by the Committee on Science in the 
Promotion of Human Welfare of the American Association 
for the Advancement of Science, has much wider and 
deeper implications than 1ts. title would suggest. It is 
concerned not so much with the influence of science on 
society, with some important present-day illustrations of 
which it begins, but rather with the influence of society on 
science. It is an important contribution to the current 
debate on the foundations of scientific policy, and, while it 
has much in common with Prof. D. J. de Solla Price’s 
recent lecture (Nature, 206, 233; 1965), it touches deeper 
issues. Doubtless, for convenience, 15 will come to be 
known as the Commoner Report, from its chairman, 
Prof. Barry Commoner of the University of Washington, 
but it would be invidious if the names of the other mem- 


7 bers of the Committee responsible for such an outspoken 


and distinguished Report were not equally remembered. 
To R. B. Brode of the University of California, Ge 
Byerly of the United States 
Department of Agriculture, 
A. J. Coale of Princeton 
University, Prof. J. T. Edsall 
of Harvard University, L. K. 
Frank of Belmont, Massa- 
chusetts, Margaret Mead of 
the American Museum of 
Natural History, W. Modell of 
Cornell University Medical 
College, W. T. Kabisch, and 
G. L. Mattison and S. Novick, 
the administrative assistants 
to the Committee, the thanks 
of scientists far outside the 


“NATURE”, 


Telephone Number: 
Temple Bar 6633 


„United States are equally due. 


The Committee begins by pointing out that the spec- 
tacular feats of modern technology have come from the 
basic knowledge created by science and that this record of 
growth and achievement has created a widespread impres- 
sion that science is @ strong, well-established human 
enterprise. Confidence that science can continue to fulfil 
human needs, it observes, is a distinctive characteristic of 
modern society. Rightly, however, the Committee points 
out that the ultimate strength of science will be found not 
in its products or in its instruments but in the minds of the 
acientists and in the system of discourse which scientists 
have developed to describe what they know and to perfect 
their understanding of what they have learned. It is 
these internal factors—the methods, procedures and 
processes used by scientists to discover and to discuss the 
properties of the natural world—that have given science 
its great success, and these processes and the organization 
of science on which they depend are what the Committee 
understands by the integrity of science. 


- Furthermore, on this integrity depend both our under- 


standing of the immense power which science has put at 
the disposal of society and ultimately the welfare and 


* Copies of the Report are obtainable from Prof B. Commoner, Room 118, 
Rebstock Hall, Washington University, Saint Louis, Missouri. The Report is 
published in full in the June issue of the American Scientist, 
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safety of mankind. It is the Committee’s contention that 
integrity and understanding are now endangered and that 
the continued strength of science can no longer be taken 
for granted. “Science is still a new thing’’, once wrote 
C. E. M. Joad, “and, because it is new, man is still inept 
in its use.” Much of the Report is an emphatic demonstra- 
tion that Dr. Joad’s words are still true, but beyond this 
the Committee asks searching questions as to-whether the 
integrity of science can resist the invocation of science in 
political issues, or the possibility of the point of view 
of science benefiting political life. 

These are important questions and, although they have 
sometimes been raised or Jiscussed, immediate answers 
have not been forthcoming in the United States or else- 
where. Primarily the Report is concerned with the effects 
on, the integrity of science cf certain features of American 
culture and particularly with the issues that arise in 
connexion with the recent development of science in the 
United States. Its criticism: is directed mainly at certain 
American policies and activi- 
ties of recent years—at the 
experiments in space known 
as the Starfish and West Ford 
projects,- the project Apollo 
for exploring the Moon, and 
she effects of large-scale tech- 
nology on the environment. 
These, however, are cited as 
illustrative, and the criticism 
rg really directed at attitudes, 
practices or policies which 
are to be found in many 
of the countries in which 
zechnological development is 
advanced. 

Discussing first the explaration of space, the Report 
criticizes the Starfish experiment as not sumply a spectacu- 
lar demonstration of present capabilities for human 
intervention into natural phenomena in space but as 
revealing serious inadequacies in our ability to predict the 
consequences of such interventions, and in the attendant 
experimental procedures. In May 1962 the United States 
Government announced that a group of leading scientists, 
convened to consider whether the proposed tests would 
substantially prejudice astrophysical and geophysical 
science or create a radiation hazard to manned space 
flights, was satisfied that she effects of the Starfish 
experiment would disappear within a few weeks or months, 
and that there was no need for concern regarding any 
lasting effects on the Van Allen belts and associated 
phenomena. However, if is now clear that this explosion 
of a 1-4-megatoa hydrogen bomb generated a long-lived 
belt of atomic particles in the magnetosphere and that it 
has obscured the properties of the natural radiation belts. 
According to C. E. McIiwain, it may be necessary to wait 
more than thirty years before the natural electron fluxes 
in the region around 1-5 Earth radii can be measured with 
complete freedom from artificial effects. The Commoner 
Committee observes that, prcperly executed, the Starfish 
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experiment would have been preceded by a survey of 
natural bands, followed by general scientific discussion of 
the observations. Had this been done, the data derived 
from particles artificially injected by the explosion could 
have been added to scientific knowledge without pre- 
cluding mformation about the natural phenomena. 
Instead, the Starfish experiment was made in the absence 
of adequate knowledge of the natural belts, and has 
limited the information which can be .derived from 
enquiries into this aspect of Nature. ; 

Prof. Van Allen described the failure to conduct a sub- 
stantial investigation of the scientific consequences before 
making the decision to conduct the tests as “‘quite in- 
excusable”. The Commoner Committee adds that in the 
Starfish experiment the principle of free dissemination of 
information and open discussion, which is an essential 
part. of the scientific process; was not fully honoured. 
This 1s attributed to insufficient time and to secrecy restric- 
tions which inhibited the normal predictive and analytical 
processes of science, presumably under pressure for results 
‘of military importance. 

This hazard is further illustrated by a second example 
cited.in the same field—the, West Ford project for estab- 
lishing an invulnerable world-wide military communica- 
tions system-by encircling the Earth with orbiting belts of 
fine copper wires. Because of its military importance, the 
project was ‘classified’ from the start; but knowledge that, 
some test of this kind was planned soon became current 
among astronomers throughout the world, many of whom 
were concerned at the possibility that the proposed 
bands would interfere with optical and radio observations. 
The secrecy restrictions limited knowledge both as to the 
intentions and the possible effects of the experiment. 
However, the scientists in the project and the responsible 
officers in the Government recognized that the decision 
involved questions that could not be disposed of by arith- 
metic in @ classified report, and the Space Science Board of 
the U.S. National Academy of Sciences’ was asked to 
assemble a group of scientists to analyse the planned test. 
Furthermore, with the support of the President’s Science 
Advisory Committee. the Defence Department rapidly 
removed the secrecy on all essential matters. 

This ad hoe Committee also suggested certain conditions 
which were not met in the plans for the first attempt in 
May 1961. On the Committee’s advice the proposed 
launch was” abandoned, but neither the Committee’s 
studies nor subsequent considerations by the Space 
Science Board have as yet been published: ( In August 
1961, the Space Science Board announced that it had 
received Government assurance. that no additional 
_ launches of orbiting dipoles would occur until the results 


` of the first expermment had been analysed and evaluated. 


‘The Board also asked for publication as soon as possible of 
full scientific and operational information on the project. 
At the same time, however, the’ International Astro- 
nomucal Union recorded its opposition to the precedent of 
contaminating space and also its complete opposition to 
the proposed experiments until the question of per- 
manence was Clearly settled in published scientific papers 
with adequate time allowéd for their study. 

, Nevertheless, the experiment was made ın October 1961; 
‘but the failure of the dipole dispenser to work properly 
averted the hazard of a long-lived belt. A second attempt, 
in May 19638, succeeded and a belt was established in a 
short-lived orbit. Subsequent observations suggest that 
this is disappearing at the predicted rate, and data from 
this experiment provide a basis for firmer conclusions 
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regarding the possible effects of large-scale operational 
belts on astronomical research. Nevertheless, while, as 
the further details given in the Commoner Report clearly 
show, adherence to the principles of disciplined experiment 
and open communication between those responsible for . 
the project and the scientific community did eliminate 
some of the hazards attached to the project, secrecy | 
seriously hindered a critical analysis of the proposed”? 
experiment and ıt was in fact an instrument failure which 
avoided a predicted hazard to future estrononuon 
research. 

. These two projects EEE especially toth the 
dangers attendant‘ on. secrecy, if not inherent in it, when 
it hinders full discussion—a danger against which Lord 
Snow, Sir Henry Tizard and Sir Henry Dale in Great 
Britain, for example, have given emphatic warning—and 
the irreparable consequences which may attend failure to 
observe this condition when experiments are on @ cosmic 
or planetary scale. That could equally be true of lunar 
research, but the strong critacism in the Commoner Report 
of the Apollo project for exploring the Moon ıs based. on 
other grounds, which arise out of the essentially political 
character of the discussion, if not of the project itself. It 
points out that this has led to a reversal of the normal 
order of basic scientific investigation; technological™ 
application of the basic knowledge so acquired; and 
social use of the technological innovations. The Apollo 
programme is committed to a particular technological 
achievement by -4 specified date, and in advance of the 
orderly acquisition of the related basic knowledge. 

Beyond this, the Committee is critical of the project in 
terms of its costliness both in funds and in manpower. It 
points out that in 1964, of Federal expenditure on basic 
research amounting to 1,800 million dollars, 700 million 
went to the National Aeronautical and Space Administra- 


tion compared with 300 million dollars to tho National 


Science Foundation. The National Aeronautical and Space 
Administration is also responsible for most of the Federal 
Government’s expenditure on applied research, and at the 
present time the Apollo programme represents the bulk of 


its activities, and its deputy director in 1962 estimated 
that by 1970 as many as 25 per cent of the scientists and 


engineers in. the United States would be engaged in space _ 
activities. Accordingly, a large proportion of tho national - 
effort is ‘mission onentated’, largely on a programme 
justified by social rather than scientific purpose, with 
significant effect in the direction of basic scientific research 
in the United States. i 

This position is frankly challenged by the Commoner 
Committee, which questions whether the nation has had 
the opportunity to make a conscious choice to sacrifice the 
advantages of free development of basic scientific research, 
even temporarily, to win a purported race to the Moon. 
Its challenge to the scientific community in the United 
States for clear and independent thinking as to. the full 
implications of the situation is not without some relevance 


_ to the situation in Great Britain also. It is only too easy 


for political considerations to distort, even if unwittingly, 
the pattern of scientific effort, and without claiming the 


Tight to make decisions which must be political, scientists 


and their professional associations should be alert to 
discern such trends and to make effective representations 
appropriately and in time. v 
The Commoner Committee itself is alert to this question 
of the mechanism and timing of advice, and of fostering 
free publie discussion; the importance of this aspect is 
equally apparent as it discusses the effects of large-scale 
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technology in our environment. Here, the examples ıt 
selects of the effects of the large-scale and continuous 
dispersal into the biosphere of synthetic organic com- 
pounds are to be found equally in experience ın Great 
Britain. It is not only in the United States that the large- 
scale introduction of detorgents has led to difficulties m 
sewage disposal and water supply, nor is it only in the 


:- Mississippi Valley that the use of chlorinated hydrocarbons 


as insecticides has led to untoward side-effects in fisheries 
and in potable water supplies. In Great Britain, just as in 
the United States, new substances introduced as deter- 
gents or for pest control, and notably effective for the 
intended purpose, led to hazards from thew unanticipated 
secondary effects in the biosphere. These effects were not 
adequately studied, either in Great Britain or in the United 
States durmg their development in the laboratory. 

The introduction of synthetic detergents and insecticides 
into the biosphere is correctly described as a serious human 
intervention into natural processes, and the Commoner 
Committee concludes that this intervention was not based 
on an orderly disciplined development of all the requisite 
basic scientific information. It considers that the full 
biological significance of this large-scale introduction of 
synthetic detergents and insecticides could have been 
discovered much sooner if planned systematic studies had 
been made of their effects on the water supply in small- 
scale field trials. It maintains that the absence of such 
investigations led to heavy economic commitment in their 
production before their critical faults were discovered, and 
this is attributed to inadequate contact between the 
relevant branches of science in developing these new 
products. 

That argument may be open, to some extent, to the 
charge of hindsight, but not entirely; and the reluctance 
to take effective action in Great Britain when. the serious 
side-effects on wildlife generally have been demonstrated 
- alarmingly emphasizes the soundness of the Committee’s 
main contention. It is further substantiated by the 
whole experience with nuclear testing which the Commit- 
tee cites_as its final example. It seems clear that nuclear 
tests have been undertaken without an adequate under- 
standing of their possible biological hazards, and that, as 
massive experimental effects on the biosphere, nuclear 


~ explosions represent operations which have not been 


carried out in keeping with disciplined scientific pro- 
cedures. 

‘As the Commoner Committee reiterates, an important 
factor in this technological failure is that secrecy has 
. hampered the discussion of the fall-out problem by the 
general scientific community. Apart from this it is 
arguable whether even full discussion by the scientific 
community would be effective: in Great Britain, for 
example, there is the decision to build a nuclear power 
station at Dungeness in defiance of the scientifie evidence 
and opinion and with wanton disregard of the unique 
value of the site for coastal corrosion studies and the like. 
Nevertheless, the argument of the Report is sound, and it 
is here that its discussion of the evaluation of environ- 
mental hazards brings to light some of the most important 
aspects of the whole problem of the integrity of science 
and the relations between science and society. 

When, whether in considering exposure to radiation or 


ç; other hazards, we balance the‘acceptability of the risk 


against the benefit expected from the relevant operation, 
we make a value judgment, and the determination of a 
standard for exposure to radiation which is based on 
such a judgment is not a scientific conclusion but a social 
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decision. For the clarity with which it argues the im- 
portance of this distincticn the Commoner Report should 
be warmly welcomed, anc scientists would do well to heed 
the warning given as to the danger which attends failure 
to distinguish between a scientific conclusion and a social 
judgment in the many con:roversies that arise over hazards 
through environmental contamination in general. In- 
evitably the integrity of science is weaker if public con- 
fidence in the abuity of science is eroded or if scientists 
attempt to arrogate to scence that which belongs to the 
judgment of society or to =he conscience of the individual. 

The final, and most impertant, section of the Commoner 
Report discusses the general situation, accepting that it 1s 
& major responsibility of szience to provide society with a 
proper guide to its interaction with Nature. This res- 
ponsibiity has not been adequately met in the past two 
decades, and the Commoner Committee attributes this, as 
already indicated, to a tendency to neglect the principles 
of disciplined experiment, axperimental control, and open 
disclosure and discussion >f the results. This tendency 
involves the use of the vast power of modern science in 
the absence of adequate knowledge; consequently, over 
the past two or three decades the relationship between 
science and its technological applications to social needs 
has radically changed. Major socially useful applications 
are no longer, the Commustee points out, based on the 
fortuitous appearance of ths relevant scientific knowledge. 
On the contrary, a social decision to achieve a particular 
technical objective is often made ın advance of the neces- 
sary knowledge and the latter is sought with the express 
purpose of achieving the desired technology and satisfying 
a stated social need. 

The new relation undoubtedly tends to reduce the delay 
between discovery and app ication. At the same time, it 
subjects science to strong social demands for particular 
results, as may be seen, for example, in the continuous 
and, ill-informed criticism m Parliament of the Medical 
Research Council in regard td direct expenditure on cancer 
research. Perhaps even moze serious, however, has been 
the further result demonstrated in the Report: tech- 
nological appheation has preceded the development of 
sufficient related basic sciensific knowledge to provide an 
adequate understanding of the effects of the new tech- 
nology in Nature. This consequence is assisted by the 
extent to which secrecy hampers the process of scientific 
discussion and permits errozs or inadequacies to go un- 
detected or uncorrected. It is also facilitated by the 
failure of the social agencies responsible for the support of 
research to appreciate the hezards involved in developing 
support for science on the basis of immediate demands for 
particular results. 

In the United States the National Science Foundation 
was intended to provide precisely the type of broad 
support for science which would prevent distortion of the 
national scientific effort. As coted here, the rapid develop- 
ment of a massive space resarch programme has signi- 
ficantly deflected this purposs and, while it is too early to 
judge how far the new arrangements in Great Britain will 
succeed in arresting a like danger, the risk 1s one which 
should ever be present in the minds of the Ministers for 
Technology and for Educaticn and Science. Indeed, the 
nature of the new structure, and the very circumstances 
in which it was developed make it particularly liable to 
the danger of lending support for science primarily on the 
basis of immediate demands for a particular discipline. 

For this reason alone it 1s tc be hoped that-the Ministers 
as well as their advisers will consider carefully and 
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thoroughly the full implications of the situation discussed 
in the Commoner Report, and that, in particular, when 
questions of security and secrecy are again to the forefront, 
they will have regard to the importance of keeping 
secrecy to a minimum and promoting full public discussion 
in the scientific community and elsewhere to the utmost. 
Nor are they the only Ministers affected. The long-term 
review of fuel policy, to which the Minister of Fuel, 
Mr. F. Lee, referred in the House of Commons on May 25, 
in announcing the adoption of the advanced gas-cooled 
reactor for future nuclear power stations, calls for just 
such full discussion. Discussion of that type might well 
have avoided early errors in regard to aircraft; it is 
likewise an essential concomitant to the adequate con- 
sideration of water supplies in which the Ministry of 
Natural Resources is already engaged, including the 
discussion of such schemes as those for barrages in More- 
cambe Bay and the Solway Firth, with all their far- 
reaching implications in other fields. 

If in all this the importance of an appropriate structure 
for scientific advice is apparent, as well as the need for 
such advice to be subject to effective scrutiny by the 
scientific community, the position of the scientist, and 
especially of the scientific adviser himself, calls for con- 
sideration. With something of the perspicacity of Prof. 
J. D. B. Miller in his book, The Nature of Politics (Nature, 
196, 301; 1962), the Committee distinguishes the character 
of the process of advice, not merely its reaction on the 
integrity of science, but the way in which the scientist may 
become involved in decisions which require social or 
political judgment. Those dangers are clearly emphasized, 
but the Committee believes that the real need is not to 
modify the system of enquiry developed by science but to 
ensure that it is fully used. It does not suggest promulga- 
tion of a code of ethics for scientists but rather steps to 
strengthen the system of scientific discourse. 

First and foremost the Committee insists that secrecy, 
whether for military or commercial reasons, be kept to the 
minimum, and that there is an over-riding necessity for 
informed public discussion. Specifically, it suggests that 
the scientific community should insist that public assen- 
tions based on scientific considerations should -be sup- 
ported by verifiable references to sources for such con- 
siderations. In this way confusion between scientific 
evidence and social judgment would be reduced and faith 
in the integrity of science would be restored. 

This is something more than advocating the wider 
education of society as a whole as to the methods and 
objectives of science and technology. It demands a fuller 
acceptance of responsibility by scientists and technologists, 
but it equally demands more responsibility and discipline 
on the part of the Minister and administrator. It is they, 
rather than society in general, who must first recognize 
that pressures which erode the integrity of science are self- 
defeating, and that it is dangerous to look at science 
primarily or solely as a means of satisfying immediate 
social demands. This admirable Report, which is sup- 
ported by the ample documentation which it desiderates 
for pronouncements on scientific matters, is as timely and 
pertinent for Great Britain as for the United States. 
Attention to its warnings by Ministers and their advisers, 
acceptance by scientists and technologists of its challenge 
and the responsibilities it so clearly distinguishes, should 
go far to ensure that the new structure for civil science will 
make full use of the lessons of earlier mistakes and, build- 
ing on past experience, enable science to serve ——— 
effectively the welfare of the nation. 
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THE STUDY OF SLEEP 


Sleep and Wakefulness 

By Nathaniel Kleitman. Revised and enlarged edition. 
Pp. x +552. (Chicago and London: University of Chicago 
Press, 1963.) 12.50 dollars. 


HE first edition of Sleep and Wakefulness by Prof. 

Kleitman is now considered a classic. Published in 
1939 the book was becoming almost a collector’s item 
when the publishers requested permission to reprint. 
Rather than sanction this so long after its first appearance 
Kleitman agreed to bring the work up to date as a second 
edition. What has emerged is a first-class bibliography 
and a text which does little more than annotate it. Con- 
sidering how much has happened in sleep since 1939 it is 
difficult to see how more than this could have been 
achieved without writing a fresh book. Under the m- 
fluence of great technical advances in the measurement 


‘ of the electrical activity of the brain the output of research 


in this area has snowballed, particularly since 1949 when 
Moruzzi and Magoun discovered the role of the brain stem 
reticular formation in maintaining wakefulness. Further 
impetus has been added more recently by the discovery of 
a kind of sleep -which differs in many ways from the 
classical form with its high-voltage synchronized electrical 
patterns as recorded from electrodes on the scalp. This 
second kind of sleep is characterized by electrical brain 
activity which is more similar to that of the waking state, 
by a very high threshold of behavioural arousal, very low 
muscle tone, and, possibly, a prevalence of dreaming. It 
has been given the name ‘hindbrain’ sleep because (in cats, 
at least) it can occur independently of the neocortex, 
whereas classical, now ‘forebrain’, sleep cannot. 
Theoretically Kleitman shows little inclination to 
become involved in the debate centring on these new 
developments. Only in his last chapter does he make any 
substantial theoretical statements, and then only to bring 
his evolutionary theory (put forward in the first edition) 
into line with present evidence. It is a tribute to the 
quality and, perhaps, shrewd vagueness of the original 
theory that this can be done without too much difficulty. 
Primitive wakefulness, as found in very young babies, is 
one of necessity, the child relapsing into sleep as soon as 
its primary bodily needs are met. With the development 
of the higher centres of the brain this wakefulness of 
necessity is overlain by a wakefulness of choice (now 
renamed ‘advanced wakefulness’) which consolidates the 
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polyphasic sleep-wakefulness cycle of the infant into the'~-. 


monophasic circadian one of the adult. The theory 
postulated a sleep-regulating centre, similar to the one 
which has emerged in the brain stem reticular formation, 
the activity of which is influenced by™ those factors 
mediating the two forms of wakefulness. This formulation 
does not require much modification to fit the present 
neurophysiological concepts of forebrain and hindbrain. 
The text as a whole does not make for very stimulating 
reading. It is more of a guide to the bibliography than a 
review. All the original chapter heads are retained and 
one new one inserted, ‘“Modification of Sleep and Wakeful- 
ness’, to cover new work since 1939 which cannot be 
assimilated under the original headings. This chapter 
comprises only seven pages and is, of course, inadequate. 
Nevertheless the text as a whole is able to touch on, and 
indicate further reading for, practically all topics relevant 
to sleep. This text is thus very comprehensive, but not 
(at least in the areas well known to me) as selective or 
discriminating as a review should be. In the biological 
sciences, and particularly in those concerned with human 
behaviour and neurophysiological function, experimental 
results may be very variable,duepartly to true heterogeneity 
of subject-samples and partly to the ease with which 
extraneous variables can influence the experimental 
situation. In such areas, and that of sleep is a prime 
example, the experimental design of a study is as important 
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as its result. If the findings are to possess general validity 
it is essential that a reasonable number of subjects (not 
less than five) be used and that experimental controls be 
adequate. Kleitman quotes from too many sources which 
do not meet these criteria and it is in this respect that his 
review lacks discrimination. 

In mitigation it should be said that an adequate review 
of the whole area of sleep as it now stands would be an 
enormous task. It seems unlikely that any one person 
could undertake it. Future books will probably subdivide 
the subject. Their authors will no doubt have this volume 
beside them as they write, open, probably, at the referen- 
ces, for this bibliography is more than good enough to 
atone for any shortcomings of the text. It is as cosmo- 
poltan as could be expected. Kleztman’s reading being 
‘limited’, as he modestly explains, to English, French, Ger- 
man and Russian, he has sought help to bring Scandina- 
vian, Spanish and Dutch sources within the scope of the 
book. There are 4,337 references compared with the 1,434 
of the first edition. This 1s at once an indication of the 
wealth of data which has become available since 1939 and 
a monument to Kleitman’s industry and commanding 
knowledge of the field. The bibliography alone earns the 
book the right to a place on the shelf of every serious 
student of sleep. 


No. 4991 


R. T. WILKINSON 


SELENIUM IN DISEASE AND HEALTH 


Selenium 

Geobotany, Biochemistry, Toxicity, and Nutrition. By 
Irene Rosenfeld and Prof. Orville A. Beath. Pp. xii+ 411. 
(New York: Academic Press, Inc.; London: Academic 
Press, Inc. (London), Ltd., 1964.) 107s. 6d. 


fi history of selenium in animal health and plant 
growth 1s a long one and began, as so many things have 
done, in the East, and then progressed with increasing 
importance and understanding m the West. The story 
ranges from the misty period of Marco Polo and Father 
Pedro Simon to the clear expositions of Beath, Byers, 
Franke, Moxon, Rosenfeld and Trelease, whose early 
work placed on secure and broad foundations the great 
mass of most interesting and economically important facts 
to which further contributions are being continually made. 
Much of this pioneer work and its immediate development, 
with which additional names of several important contri- 
butors are associated, was collated m the first book on 


‘selenium by Trelease and Beath in 1949, which Dr. 


Rosenfeld and Prof. Beath gratefully recognize in their 
preface to Selenium: Geobotany, Biochemistry, Toxicity and 
Nuirition. The production of this new and comprehensive 
work ıs a major contribution to our knowledge and is 
greatly welcome. l 

Although the association with the earlier work 1s very 
close and the continuity of authorship is preserved, the 
new work is in no way a ‘second edition’ or an addenda. 
It is a new and independent effort covering in great 
detail and with authority the whole field concernmg the 
importance of selenium in living organisms. 

The principal chapters include those on geological 
distribution, selenium indicator plants; selenium accumu- 
lation; symptoms of toxicity ın animals {in extensive 
detail); control measures; selenium requirements and 
apparent deficiency effects in animals; public health factors; 
selenium chemistry, meluding preparations of seleno- 
organic compounds and selenium estimations; biochemistry 
of selenium m enzyme systems and cell physiology. 

In addition to the fairly well-known subject matter of 
plant-selenium relationships the treatment of the patho- 
logical and biochemical aspects is encyclopaedic. Chapter 
7 on selenxum therapy in conditions such as white muscle 
disease of sheep and cattle, and other conditions, m- 
cluding myopathy, liver necrosis and disorders in adipose 
tissues observed in laboratory animals or chicks, underlines 


NATURE 


1281 


the new significance to be given to the element. Although 
genetically determmed, one may wonder whether human 
muscular dystrophy might be at least mitigated or delayed 
in its ultimate course by some form of selenium therapy. 
This could be a most fitting monument to the Wyoming 
School if ever shown to be at all relevant. There is already 
evidence (p. 267) for some effect of selenium on kwashiorkor 
disease, where protein deficiency is involved, and eco- 
logical surveys to seek possible relationships between 
selenium ingestion or retention and incidence of human 
muscular dystrophy might be worthwhile. 

The book is well produced and the sectional headings are 
mainly logical, systematic and indicative. There are but a 
few minor points of doubt where abbreviations sometimes 
precede (by some distance) their meaning. In Table 65 
the reader must be expested to know that 355 is a B- 
emitter and 75Se a y-emitter before fully appreciating the 
meaning of the columns. On p. 349, lines 10 and 11, 
methionine and selenomechionine appear to be reversed 
and in Fig. 46 the axis is unlabelled; presumably it 1s hours 
growth of the Chlorella culture. These are indeed small 
criticisms and serve perhaps more as proof of avid reading 
than as adverse comments in even the slightest degree. 

The authors are to be congratulated on their efforts and 
the book merits wide and 2ager acceptance by workers in 
medical, veterinary, agricultural and biochemical fields. 

E. J. HEWITT 


ACETYLENE 


Acetylene 

Its Properties, Manufacture and Uses. Vol. 1. By Dr. 
S. A. Miller. Pp. xxx1i+ 800. (London: Ernest Benn, Ltd., 
1965.) 210s. net. 


N a magnificently produced volume, Dr. Miller has 
provided a scholarly account of the rise in the import- 
ance of acetylene from its earliest, unspectacular, begin- 
nings as an Uluminant to its position as the most important 
raw material for the large-scale production of aliphatic 
chemicals. However, this is already yesteryear, and the 
‘decline and fall’ ıs becoming more apparent as each month 
sees the announcement of alternative processes for 
chemicals once exclusively based on acetylene. The 
indisputable simplicity of reactions involving acetylene is 
being overtaken ın cash terms by highly selective oxidation 
reactions of olefines and paraffins, helped by the growing 
skill of chemical engineers m reducing the capital cost of 
monster naphtha pyrolysis units. 

The portents of the future became clear in the early 
fifties; very fast growing demand for polyethylene, 
styrene and ethylene oxide resulted ım more and cheaper 
production of ethylene, and brought with ıt consequent 
involuntary production of the other simple olefines. 
This stimulated the search for new olefine chemistry. The 
ammoxidation technique urvented by Sohio provided a 
route to acrylonitrile from propylene, and conversion of 
ethylene to acetaldehyde using homogeneous pallidium- 
copper catalysed oxidation was mtroduced by Hoechst- 
Wacker. Acetic acid is now seemingly firmly based on 
butane by oxidation, and a very recent innovation is a 
process for makimg neoprene from butadiene, both 
developments by the Distillers Company. Imperial 
Chemical Industries have developed ethylene-based 
processes for vinyl acetate and vinyl ethers. The ethylene- 
based route to vinyl chloride involving the oxy-chlorina- 
tion process has awaited the emergence of cheap ethylene 
before finally becommg decis.ve, and all new capacity will 
certainly use it. Only solvents of high chlorme content 
such as trichloroethylene are left to acetylene, and this 1s 
simply because the carbon content 1s relatively small. 

Acetylene: Its Properties, Manufacture and Uses will 
therefore inevitably be seen as an epitaph to a fallen giant, 
and as such is destined to become the standard work on 
the subject. The first chapter provides an entertaining 
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account of the history of the acetylene industry. Thoughts 
of Edwardian times aré brought to mind with reference to 
the use of acetylene for public lighting, while Sherlock 
Holmes studied new methods of safe breaking by burglars. 
The importance of acetylene in the German economy of 
both World Wars is most clearly brought out. 

The physical properties of acetylene are next dealt with 
in detail: every parameter is exhaustively tabulated. The 
third chapter deals with calcium carbide and the hardware 
required for its production is fully described and illustrated. 
It is a pity that the photographs of carbide furnaces are 
not in colour; one has just to imagine the troglodytes 
stoking the smoking fires of Hell. The following chapter 
dealing with the production of acetylene from carbide 1s 
necessarily tamer, but well illustrates the ingenuity of 
man in devising reactors for dealing with a solid-liquid-gas 
reaction. 

The production of acetylene from hydrocarbons 
represents the final attempt to give acetylene a modern 
look, and the various possibilities are well catalogued. 
Most important are the Wulff regenerative cracking 
processes, which are well described, and the BASF partial 
combustion process, which merits a fuller description. 

A useful account of the decomposition and handling of 
acetylene is next given, including regulations at present in 
force in many major countries governing its use. ‘The 
explosive properties of acetylen2 have resulted in very 
many restrictive regulations in Britain, set up by Acts of 
Parliament in the earliest days when the hazard was little 
understood. This effectively acted as a bar to progress in 
acetylene technology in Britain—unlike the United 
States and more particularly Germany. 

The subject of acetylene flames and detonation is 
comprehensively dealt with, and the work ends with the 
fuel uses of acetylene, mainly welding and cutting. 

H. W. B. REED 


ELECTROMAGNETICS 


Electromagnetics 


By Robert M. Whitmer. Second edition. Pp. x +357. 
(London: Prentice-Hall International, 1962.) 63s. 


Classical Electrodynamics 
By John D. Jackson. Pp. xv1i+641. (New York and 
London: John Wiley and Sons, Inc. 1962.) 85s. 


Electromagnetic Theory for Engineering Applications 
By Prof. W. L. Weeks. Pp. xix+744. (New York and 
London: John Wiley and Sons, Inc., 1964.) 135s. 


T is a tribute to the genius of Maxwell that the laws of 
the electromagnetic field which he developed should 
have stimulated a vast and ever increasing volume of 
. literature over a period of a century designed to expound 
these laws and to show their application to the solution of 
electrical problems. 

In recent years many of these classical studies have 
come from the United States, and the three selected for this 
review have the high standard of scholarship expected 
in American scientific books. 

The claim to originality of a new book on this subject will 
normally rest on the problems which are treated. The 
preliminary development of Maxwell’s equations is some- 
times entirely omitted, but if ıt is included, the approach 
is usually very similar to that adopted by Maxwell. The 
only originality to be expected in this part of the work 
would be in the symbolism adopted and in the numerical 
problems presented for the exercise of the reader. 

Electromagnetics, by Dr. R. M. Whitmer, is the most 
modest in size, and is the second edition of a work first 
published in 1952. There has been a revision of notation, 
the most striking feature of the new notation being the 
use of the heavy type figure one throughout for the unit 
vector. The book has been expanded in size: new topics 
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discussed are plane and sold angles, fringing fields, wave 
propagation in an electron environment, radiation pressure, 
momentum density and standing waves. Dr. Whitmer is 
primarily concerned with the application of vector analysis 
to field theory and his book is intended for the advanced 
undergraduate. Postgraduates would, however, find much 
of value in the book. Basic field theory is covered up to 
and including waveguide transmission. and Dr. Whitmer 
has provided about 300 numerical problems for the reader. 
References are given at the end of each chapter, but these 
are all to earlier books. This book is first and last a text- 
book of quality concerned with established theory. It 
does not attempt to cover recent developments. 

Classical Electrodynamics by Prof. Jackson, is addressed. 
to a more advanced reader. He starts at the normal 
beginning of a work on electromagnetism with Coulomb’s 
law of electrostatic force, but progresses rapidly to the 
treatment of the advanced problems of magnetohydro- 
dynamics, plasma physics, relativity, radiation by particles 
and collisions between charged particles. His notation is 
clear and logical, although many of his equations would 
be expressed more simply if he made use of the unit vector. 
For example, he gives Coulomb’s law as 
X% — Xe 

|X, — Xf? 
thus masking the inverse square nature of the law. 

The book is well provided with numerical problems for 
the reader and references to other books. There is also an 
occasional reference to a paper in a scientific journal, but 
the prime purpose of the book is to show the student how 
to apply classical electromagnetic theory to advanced 
problems in engineering and physics, rather than to con- 
sider the latest advances in the subject. 

Prof. Weeks’s Electromagnetic Theory for Engineering 
Applications, like Prof. Jackson’s, 1s addressed to the post- 
graduate student, but his starting point is the application 
of Maxwell’s laws to the transmission line. From there 
he proceeds to discuss methods of solution of the field 
equations in rectangular, cylindrical and spherical co- 
ordinates. The new method of approach is a refreshmg 
change, but it is rather doubtful whether the treatment 
is simpler or easier to follow. The book contains both 
numerical problems for the reader and references to other 
books. 

The absence of references to scientific papers in all three 
books seems to suggest that students in the United States 
are expected to obtain a thorough grounding in their 
subject before venturing to read about the latest scientific 
advances. Those who master the contents of these books 
should be well equipped with the techniques required for 
the solution of advanced problems, and should soon be 
able to make an original contribution in the subject of 
their choice. A. H. M. ARNOLD 
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NEW KNOWLEDGE OF THE THYMUS 


The Thymus in Immunobiology 

Structure, Function, and Role in Disease. Edited by Dr. 
Robert A. Good and Ann E. Gabrielsen. Pp. xxii+778. 
(New York and London: Hoeber Medical Division, Harper 
and Row, 1964.) 24.50 dollars; 184s. 


HE Thymus on Immunobiology contains the collected 

papers presented at a symposium sponsored by the 
University of Minnesota. In contrast to most proceedings 
of conferences this book contains a remarkable number of 
reviews of the subject and of original papers, only a very 
few of the contributions being of the ‘pot-boiling’ type 
common to works of this kind. The contents cover all the 
most recent fields of investigation on the anatomy, 
physiology, pathology, and clinical disorders of the thy- 
mus; the volume and range of the contents illustrating the 
astonishing growth of knowledge in a subject which 
scarcely existed five years ago. 
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The least satisfactory contributions are those dealing 
with thymic anatomy. The paper of Smith contains only 
scanty information, and that of Clark, although interesting, 
deals only with electron microscopy. The morphogenesis 
of the thymus is described in an excellent account by 
Auerback. A number of contributions deal with the 
function and behaviour of the lymphocytes of the thymus. 
An account of the population dynamics of lymphoid cells 
is given by Sainte-Marie and Leblond, apparently mainly 
as a reproduction of their well-known studies. An elegant 
study by Gowans describes the migration of lymphocytes 
into lymphoid tissue and reports the finding that migration 
of lymphocytes does not occur into the adult thymus. 
Fichtelrus presents evidence derived from DNA labelling of 
thymic cells that thymocyte DNA may be re-utilized by 
epidermal cells and by cells of regenerating liver and 
intestinal epithelium. This provides some confirmation 
of the study of Craddock et al. on the transfer of 
laboled DNA from thymocytes to the cells of regenerat- 
ing liver, 

A large part of this book consists of papers on the 
immunological significance of the thymus and the bursa of 
Fabricius. A complete account by Miller of the consequen- 
ces of neonatal thymectomy is amplified by the papers of 
Martinez et al. on homograft reactions in thymectomized 
mice and Delmasso et al. on the loss of immunological 
capacity of lymphocytes from the spleen and lymph nodes 
in similarly treated animals. The closely related topie of 
the relationship of the bursa of Fabricius to the develop- 
ment of immunological capacity in the chicken is discussed 
by Glich, Mueller et al., and Aspinall and Meyer, with the 
interesting finding that a disassociation of immunological 
function exists between the bursa and the chicken thymus, 
the bursa being apparently involved in the development of 
classical immune responses and the thymus in the homo- 
graft reaction. Two papers on the ‘wasting syndrome’ 
associated with thymectomy by Parrot and East, and 
Sherman and Dameshek, are probably now outdated, as no 
reference is made to the influence of a germ-free environ- 
ment on this condition. A short account of the role of the 
thymus in virus-induced leukaemia is given by Furth et al. 
and is of value to the non-specialist reader in condensing a 
large number of scattered publications. 

The remainder of the book is occupied by papers on the 
relationship of the thymus to disease in man. This consists 
of two papers, by Good on the clinical syndromes associated 
with thymic abnormalhty, and by Fisher on the pathology 
of the thymus in similar conditions. This highly complex 
field and its possible relationship to auto-immune disease 
in man is well described and the small existing knowledge 
on the subject is covered in these two papers. 

This book is excellently produced, with numerous photo- 
micrographs, and can be recommended as the best existing 
account of this new field of biology and medicine. 

A. H. E. MARSHALL 


ALL THERE IN THEORY 


Political and Sociological Theory and its Applications 
By George E. G. Catlin. Pp. vii+118. (Ann Arbor: 
University of Michigan Press; London: The Cresset Press, 
Ltd., 1964.) 3-95 dollars; 25s. net. 


HE reader whose appetite 1s whetted by the title of 

Political and Sociological Theory and rts Applications 
may well find the five chapters, sandwiched together 
rather inconsequentially, to be somewhat less meaty and 
satisfying than he anticipates. 

Prof. Catlin urges his colleagues to concern themselves 
with the major issues confronting mankind, and especially 
with establishing the causes of war and the means by which 
a stable peace may be ensured. He suggests that political 
and sociological theory can now be said to demonstrate 
that ‘the days of the national powers are over and the day 
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of the super power alons has arrived’. Peace, he asserts, 
is dependent on a world authority backed by force which 
it 1s not afraid to use. Let there be no illusions. The 
guarantee of the enduring peace ‘must be such a concen- 
tration of actual power that opponents will have their 
necks broken’. This means, among other things, that ‘such 
atavistic political theses as those of Gaullism’ must be 
exploded with ‘the ruthlessness of a Richelieu’—there 1s 
no room for ‘romantic optimism about easy co-operation’, 
nor for ‘intransigent assertion of sovereignty and la 
gloire’. It is easier to accept this as one valid point of view 
than to admit it on the terms in which Prof. Catlin offers 
it, however, for he states that this argument is ‘not put 
forward merely as private prejudice or inspiration but... 
as a professional conclusion’. The work of the theonsts, 
he says, and not least his own, all points in the same dir- 
ection. But not much evidence is adduced to support this 
claim. Throughout the book, indeed, Prof. Catlin is 
inclined to explain that he has not sufficient space, and to 
invite the reader to take him on trust. If the reader 
remains sceptical, there is the implication that he may 
refer to other studies by tae author in which, apparently, 
all is made plain. 

This general criticism apart, it should be said that there 
are some interesting ideas to commend the book. In 
Chapter 2, Prof. Catlin discusses the theme of ‘Political 
Science and Democracy’. He suggests a need for greater 
participation by citizens in the conduct of their affairs. 
Political leaders m Britair. should not be allowed to get 
away with the carte blanche which they at present assume 
from a general election decided on only a few issues, and 
perhaps in the absence of eny concrete issues at all. The 
reader may be less sanguine than the author about the 
merits of opinion polis as expressions of the will of the 
public, and as guidelines for governmental action. But 
there will be much support for his warning about the 
tendencies of political parties to manipulate the people 
whom they avowedly exist to serve—‘even the use of the 
master card of the date .. when a general election may 
be called reminds us more of the technique of poker 
players than of the business of statesmanship’. In asking 
searching questions about the nature of democracy, Prof. 
Catlin gives a forceful reminder that in political affairs 
just as much as in others the consumer should be enabled 
not only to express his wents articulately, but also to 
formulate his wants on the basis of sound information and 
with an awareness of the best means by which they may 
be satisfied. 

In Chapter 3, a discussion af issues in political philosophy 
is hinged around the First Amendment to the Constitution 
of the United States (that ‘Congress shall make no law 
respecting an establishment of religion, or prohibiting the 
exercise thereof; or abridging the freedom of speech or of 
the Press; or the right of the people peaceably to assemble 
and to petition the Government for a redress of grievances’). 
Chapter 4 is concerned with the role of the social sciences 
in education. After putting a few ‘sacred cows’ out to 
grass—the contention that ‘more means worse’ so far as 
higher education 1s concerned 1s dismissed as fallacious 
and irrelevant—Prof. Catlin argues that university 
faculties of social sciences could effectively counter the m- 
tellectually false dichotomy between the culture of the 
humanities and that of the netural and physical sciences. 

In the final chapter, Prof. Catlin calls on his colleagues 
to be true above all unto themselves—and to disband their 
political science associations if they do not in fact view 
their subject as a science. He then summarizes his 
approach to the study of society, and tries to establish the 
balance between the political producer and the political 
consumer. He asks ‘by what techniques can men best be 
induced to pay the costs of their own mandates to the 
producers, e.g. to produce a stable peace?’ Prof. Catlin 
thus returns to themes which he considered in his first 
chapter, though now in a more appropriately questing 
mood. M. P. CARTER 
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OROGENIC FOLD-BELTS, CONVECTION AND EXPANSION 
OF THE EARTH 


By Dr. R. DEARNLEY 


Geological Survey and Museum, South Kensington, 


London, 


RECENT article: briefly outlined the distribution 

patterns and ages of crustal orogenic fold-belts in 
terms of a threefold grouping into a Superior régime 
(> 2,750 m.y.—1,950 m.y.) a Hudsonian régime (1,950 m.y.— 
1,075 m.y.) and a Grenville régime (1,075 to the present). 
It was concluded that these distributions and the trunca- 
tions of the fold-belts within the Superior and Early 
Grenville régimes indicated that they were formed prior 
to continental drift, and that they provided strong, if not 
conclusive, evidence for continental reconstructions based 
on the morphological fit of the Atlantic Ocean continental 
shelves and also on a Gondwanaland reassembly similar 
to that proposed by du Toit’. 

This article is a continuation of this work, to be pub- 
lished fully elsewhere?, and examines some features of the 
distribution and history of these fold-belt régimes in an 
attempt to deduce from them overall patterns of crustal 
activity. 

Any fold-belt pattern must be regarded as a reflexion 
of subcrustal activity, and since on present knowledge 
there is no apparent mechanism for the generation of 


this large-scale activity other than that of convection in- 


the mantle, it is reasonable to consider the possible 
relationships on this basis. 


Superior Régime Convection System >- 


Theoretical studies of mantle convection by Vening 
Meinesz! and Chandrasekhar® have shown that the 
convection system depends on the ratio (yn) of the radius 
of the core to the radius of the Earth. A gradual growth 
of the Earth’s core was suggested by Urey’, and Run- 
corn’® considered that this gradual growth was respon- 
sible for changing patterns of convection from n=] to 
n= harmonic as the ratio ņ passed through critical 
values. 

There are two significant features of the overall arrange- 
ment of the Superior régime fold-belts on the continental 
reconstruction!,5’, First, there is a distinct centre of 
convergence of the fold-belt trends towards the region 
of the present Arctic Ocean; and secondly, a line of 
symmetry can be drawn (corresponding approximately 
with a small circle of similar radius to that of a 30° 
latitude line) to bisect the eastward convergence of the 
fold-belts. 

The fold-belt convergence in the region of the present 
Arctic Ocean can be related only to either an upwelling 
‘source’-or to the downward ‘sink’ of a zonal convection 
cell centred on that region, and since geosynclinal orogenic 
fold-belts would tend to occur normal to the direction of 
subcrustal convective flow, the flow pattern can be 
reconstructed. It would take the form of a system 
of spiral flow lines, centred on the same pole as the fold- 
belt convergence, and everywhere normal to the fold-belts. 
It follows from this observation and from the westward 
convergence of flow necessary to produce the observed 
eastward fold-belt convergence, that convection cannot 
have been in the form of a simple zonal system with 
meridional flow. 

If the fold-belt pattern is due to convection, then the 
convective flow must have been deflected by the Coriolis 
force of the Earth’s rotation to produce the observed 
eastwardly directed convergence of the fold-belts. 


S.W.7 


On the assumption that the mantle behaves as a 
Newtonian fluid with a viscosity of about 107? em? sec, 
the Coriolis force would have negligible effects on mantle 
convective flow. However, there are serious objections 
to this assumption®-"1, and if a non-Newtonian state is 
assumed, appropriate to the probably crystalline nature 
of the mantle, the viscosity values of the mantle under 
conditions of plastic flow may be lower by a factor of 
about 10 than those customarily assigned?*}%. Under 
these conditions Coriolis deflexion of the convective flow 
would be expected. 

On this basis, only two possible arrangements of 
convective flow could give rise to the Superior régime 
fold-belt pattern: (a) an n= 3 (3-cell) zonal system, with 
converging downward moving currents along latitude 
30° N; (6) an n=2 (2-cell) symmetrical system with 
currents converging along the aquator of a smaller radius 
Earth. 

If the overall pattern of the related parallel fold-belts 
within the Superior régime results from a Coriolis deflected 
three-cell zonal convection system, then this would require 
considerable modifications to the empirical law of growth 
of the Earth’s core suggested by Runcorn’® (see curve 
A in Fig. 2). First, the n=2 to n=3 transition (at 
4 = 0-36) must have occurred before the earliest fold-belts 
of the Superior régime (that is, prior to about 3,300 m.y.) 
and therefore the previous transition (at 7= 0-06) from 
n=1 to n=2 must have occurred, at the latest, by about 
4,000 m.y.- The core must have commenced to grow 
somewhat before this time, that is soon after the formation 
of the Earth at about 4,550 m.y., and must then have 
grown. rapidly to more than 60 per cent of its present 
radius prior to the beginning of the Superior régime, at 
about 3,300 m.y. This would have allowed less than 
one third of the time suggested by Runcorn? “for the 
Earth to heat up to temperatures at which the creep 
processes necessary for convection’? may have become 
important. Secondly, if the Superior régime fold-belts 
(~ 3,300 m.y. to 1,950 m.y.) are correctly represented by 
an n=3 (3-cell) convection system, then the n=3 to 
n = 4 transition must have occurred at 1,950m.y. Although 
the Hudsonian régime fold-belts (1,950 m.y.—1,075 m.y.) 
do show a marked discordance relative to those of the 
Superior régime, they are also just as discordant with 
respect to the succeeding Grenville régime’? (1,075— 
0 m.y.) and could not be grouped with the latter, which, 
as shown below, corresponds closely to an n = 4 convection 
current system (with an n=3 to n=4 transition at 
1,075 m.y.). 

In summary then, although the Superior régime fold- 
belt pattern could at first sight be attributed to an n=3 
(3-cell) convection system, this interpretation meets with 
two major difficulties—first, separation of the core would 
need to have commenced much earlier than suggested by 
Runcorn’, and secondly, the geotectonic evidence clearly 
indicates that the n=3 to n=4 transition occurred at 
1,075 m.y. (between the Hudsonian and Grenville régimes) 
and not at 1,950 m.y. (between the Superior and Hud- 
sonian régimes) as would be required if the Superior 
régime represented an n = 3 system. 

For these reasons it appears that the Superior régime 


fold-belts cannot be attributed to an n=3 convection. 


system. The only alternative, which would not signi- 
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ficantly modify the empirical core growth law suggested 
by Runcorn’, and which would be consistent with the 
differences of fold-belt pattern between the Superior, 
Hudsonian and Grenville régimes, would be to fit the 
pole. and the line of symmetry of the Superior régime 
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Fig. 1. North and South polar stereographic projections of the Superior régime ( > 2,750 m.y. 
i — nec” An Ba. I km has been determined 
by fitting the Superior régime fold-belt pattern to a hne of equatorial symmetry and to a 
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fold-belt pattern on to the pole and equator of a smaller 
radius Earth. In this way the fold-belts would correspond 
to an n=2 (2-cell) pattern modified by the Coriolis force 
of the Earth’s rotation. 

There is a distinct difference in the structural pattern 
of the Superior régime fold-belts relative 
to those of later régimes. The latter form 
well defned fold-belt groups, but the 
Superior régime fold-belts, although simi- 
larly geosynclinal in nature, do not form 
belts of rastricted width but may be traced 
across their structural trend almost in- 
definitely, being interrupted only by the 
intersectmg later orogenic zones. Con- 
sequently, although the later fold-belts are 
apparently formed above downward-mov- 
ing convection currents, it would seem that 
the Superior régime geosynclinal fold-belts 
were formed by a rather different mechan- 
ism. It may be suggested that these latter 
fold-belts developed on the sites of parallel 
crustal downwards formed normal to the 
convecticn current flow by a series of grad- 
ually migrating ‘standing waves’ caused by 
undulations of the upper boundary of the 
subcrustal convection flow, perhaps some- 
what analogous to the migrating ripples 
formed under suitable flow conditions in 
fluvial environments. 

An Earth radius of 4,400 km has been 
determined for the Superior régime by 
fitting the fold-belt pattern to a line of 
equatorial symmetry on the basis of the 
Arctic—Atlantic continental shelf and Gond- 
wanaland reconstructions adopted pre- 
viously!. In order to accommodate the 
continents to a globe of smaller radius, 
Antarctica and Australia must be moved 
into the Pacific (Fig. 1). 

The globe used for these reconstructions 
(of 23-6 cm diameter) was compiled by 
transferring the data from a 34:3-cm 
globe, although this procedure (as would 
any other) inevitably results in the intro- 
duction of relatively minor distortions of 
shape of the continents, a criticism which 
has beer. previously made by Jeffreys‘. 
But it is clear that if Earth expansion has 
occurred. by æ process of oceanic rifting, 
then the sontinents must have been slightly 
distorted in the process!®. The model can- 
not therefore be criticized on the basis that 
the shapes are not precisely the same as 
those on the present globe. 

On the globe projections (Fig. 1) the 
Superior régime fold-belts appear to be 
spiralling out from the Poles and forming 
an eastwardly convergence at the equator. 
This regular structural pattern, which is 
recognizable on every continent except 
Antarctica (where no fold-belts of this age 
have yet been recognized), must reflect the 
world-wiole system of controlling forces of 
those times. i 

The only adequate mechanism for the 
production of these forces seems to be that 
of a global n=2 (2-cell) convection current 
system. 





Earth Expansion 


Egyed!*, Careyt”, Heezen!*, Wilson, 
Dicke**, Creer?! and others have advocated 
an expanding Earth, but there is little agree- 
ment on the causes and the rate of expan- 
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Fig, 2 Estimates of Earth expansion and core growth. See text for 

explanation of numbers referring to the various independent methods of 

estimation. Line corresponds to a rate of expansion of radius of 0 65 mm 

per year. Core growth curve 4 after Runcorn’ *®; curve B based on core 

growth within an expanding Harth—positiors of critical 7 ratios based 
on age determination histogram! and geotectonic régimes 


sion, or on the relationship of expansion to continental 
drift. One comparatively objective and quantitative 
estimate has been. given by Egyed!* based on palaeogeo- 
graphical maps showing the areas of marine sedimentation 
since Cambrian times; a very pronounced trend is 
apparent indicating that progressively smaller continental 
areas are covered by water, clearly suggesting expansion of 
the Earth (by oceanic rifting) over this period amounting 
to an increase in the Earth’s radius averaging between 0:40 
and 0-66 mm per annum (position 1 on Fig. 2). MacDougall 
et al.” have pointed out the “remarkably close agreement 
between the rate of increase in the Earth’s radius and 
that of the Universe according to Hubble’s Law. Using 
the at present accepted value of Hubble’s constant, 
H=100 km/s/Megaparsec, which 1s 1-65x 10-4 mm per 
year per mile and substituting the value of the Earth’s 
radius in the Hubble Equation V=RH we obtain the 
radial expansion for the Earth of 0-66 mm per year”. 
These authors have noted, however, “that while this 
agreement may be fortuitous it may suggest a fundamental 
concordance between the expansion processes in the 
Earth’s core and those responsible for the expansion of 
the Universe”. 

The position corresponding to this estimate for 4,500 
m.y. 18 shown in position 2, Fig. 2. 

This rate is also similar to that calculated from the 
radius of the Earth after differentiation of the crust on 
the assumption that the Earth’s surface was then entirely 
composed of the granitic continental leyer. The present 
area of the continental sialic material, taken as extending 
from an average depth of 1,500 m on the continental 
slope?! ıs approximately 200x 10° km?, which gives an 
average annual increase in radius of 0-60 + 0-07 mm (using 
the value of 4,000+ 500 m.y. as the estimated age of the 
differentiation of the crust) and corresponds to a radius 
of 3,987 km (position 3, Fig. 2). 

However, this accounts only for the areas of the 
continents; if the shapes are to be preserved without 
marked distortion, then the smallest diameter for which 
this can be achieved’ ıs about 4,200 km and, since the 
oldest known rocks on the continents are about 3,500 m.y., 
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the continents in their present shapes are probably about 
this age (position 4, Fig. 2). This result would indicate 
an average annual increase in radius of 0-62 mm. 

Creer?! has recently suggested that the fit of the con- 
tinents on to a smaller Earth (of about 3,500-km radius) 
appears to be too good to be due to coincidence and that 
the simplest explanation is that of Earth expansion at the 
rate of about 0-75 mm/year over the period of about 
3,500 m.y. since the formation of the continuous eon- 
tinental crust. This calculation of the radius is based on 
an estimate that the continental layer down to 500 fathoms 
amounts to 30 per cent of the surface area of the Earth, 
but on the hypsographic curve of Kossinna the area is 
given as about 37 per cent. This discrepancy (together 
with very slight differences introduced by selection of the 
continental slope depth used) accounts for the variation. 
in radius estimated for 3,500 m.y. (that is, Creer, 3,500 km; 
this article, 4,200 km). Slight differences in the fit of the 
continents on the reconstructions are due to these factors 
and also to the different periods represented (that 1s, 
Creer, 3,500 m.y.; this article, 2,750 m.y.). The overall 
simuarity of the mdependently derived reconstructions, 
however, is quite clear, and the conclusions that the earliest 
rifting occurred in the Pacific and that expansion is a 
phenomenon ‘‘which may have been gently, but persis- 
tently, occurring in the background”, and not “the 
principal cause or source of energy for drift or orogeny’’™', 
are all perfectly consistent with the Earth model inde- 
pendently developed in this article. 

Since the age of the Earth is about 4,500 m.y. but the 
oldest sediments are only about 3,500 m.y. it may be 
that prior to this the sialic areas were not exposed to 
erosion above sea-level. According to Egyed*4, Holmes 
has calculated on the foregoing assumption an average 
annual increase in radius of 0-40 mm per annum since this 
period. No details of the method of calculation have 
been given, and for this reason, although the estimate is 
marked as position 5 on Fig. 2, it has not been used in 
the determination of the average rate of expansion. 

An approximate estimate of the average Earth radius 
during the Grenville régime, obtained by fitting the 
‘Equatorial’ fold-belts (see following) to an equator, results 
in a value of 6,000 km (position 7, Fig. 2) equivalent to an 
annual increase of radius of 0-58 mm. 

The above estimates are closely comparable with the 
average annual increase of radius of 0:75 + 0-20 mm/year 
calculated from the Superior régime fold-trends, assuming 
that they were equatorially symmetrical (position 6, 
Fig. 2) and based on an Earth radius of 4,400 km at 
2,750 m.y. 





Fig. 3 Grenville régime-——median lines of fold-belts (from Fig, 5a) on 
stereographic south polar projection; Equatorial fold-belt, full line; 
Intertor lobe fold-belts (I~TV), broken hnes, Polar fold-belt, dotted Ime 
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Fig 4 Grenville régime n= 4 (8-cell) convection sys.em—stereographic south polar projections, (a) simple zonal n= 4 (8-cell) system without 
allowing for Coriolis deflexion of convection current flow lines (arrowed) Full lines indicate downward moving convection belts (fold-belta), 
broken lines show upward moving currents, (b) effect of introducing Conolis defiexion—four-lobed fold-belt pattern produced with a polar ‘sink’, 
(e) distortion of pattern (6) to produce an elongated polar zone; (d) comparison of Equatorial and Polar belts of (c) with those of Fig. 
3, (e) comparison of mterior lobes of (e) with those of Fig 3; (f) comparison of outer cratonic regions of idealized system (assuming same 


average fold-belt width as in Fig. 5a), wi 


The combmed results of each of these entirely different 
and independent methods of estimation (Fig. 2) strongly 
suggest a relatively uniform rate of expansion of the 
Earth’s radius of about 0-65+ 0:15 mm a year as fer back 
as 4,500 m.y. 

Possible palaeomagnetic checks on the hypothesis of 
expansion do not support the rate of expansion indicated 
by Carey", but are not sufficiently accurate to rule out 
expansion at the rate of 0-65 mm a year. Similarly, 
calculations of the past moment of mertia of the Earth 
based on coral growth data by Runcorn? do not preclude 
this latter rate of expansion. 

One obvious and formidable problem is to explain why 
the Earth is expanding. Dirac: concluded that the 
gravitational ‘constant’, G, is a quantity which varies 
with the epoch, and Gubert*? has deduced from the general 
theory of relativity that G is inversely proportional to the 
epoch and used this to compute the “age of the universe” 
of 4-1x 10° years. A gradual decrease in G will result in 
a steady decrease of the pressure in the Earth due to 
the partial release of the gravitational compression?*-*!. 
This release would promote high to low pressure phase 
changes in the interior which in turn would result m an 
increase in volume. However, Creer?! pointed out that 
decrease in G alone would not cause the required expansion 
since the electrostatic attraction between particles is 
much stronger than the gravitational attraction, but uf 
one fundamental constant such as G has changed, then. 


‘changes could also have occurred in other constants 


“such as the permittivity of free space, co, which plays a 
similar role in the inverse square law of force between 
electric charges as does @ in the attraction between 
masses”. 


Hudsonian Régime Convection System 


The information at present available is not adequate to 
define any pattern for the Hudsonian régime fold-belts 
which has any significance on a global scale!-°, and con- 
sequently little can be deduced about the convection 


corresponding cratonic regions of Fig 5a 


system responsible for the known fold-belts. However, 
it is clear that the Hudsonian régime fold-belts are 
discordant to both those of the Superior and the Grenville 
régimes and therefore the Hudsonian régime convection 
system must differ from those systems operating during 
the Superior and the Grenville régimes. It is suggested 
above, on the basis of an expanding Earth, that the 
Superior régime conveetion was of n=2 mode; the 
Grenville régime fold-belts (see following) correspond to 
an n=4 convection system, and it therefore seems likely 
that the Hudsonian régime may eventually be found to 
conform to an n=3 convection system. 


Grenville Régime Convection System 


The Early Grenville régime reconstruction (Fig. 5a) is 
plotted on a south polar stereographic projection based on 
the average palacomagnetic south pole position on the 
North American polar wandering curve for the Early 
Grenville régime (thatis, about 650 m.y.). The symmetry 
of the system (Figs. 3, 4) fits best an Earth radius of 
about 6,000 km (see also Fig. 2). It would appear that 
between the Superior régime disposition of continents 
(of Fig. 1) and that of she Grenville régime, continental 
movements had occurred due to the slow expansion during 
this period. The earliest mfting seems to have occurred 
in the marginal Pacific Ocean regions separating Austraha 
and Antarctica from the Americas. Once rifting had 
occurred in an originally continuous sialic layer, the effects 
of further gradual expansion would have led to the 
gradual opening of the Facific and Indian Oceans and the 
relative ‘southward’ movements of Austraha and Antarc- 
tica. The movements must have been initiated at a very 
early stage, probably about 3,500 m.y. ago, as also 
recently suggested by Creer??. 

In the Superior régime the fit of the fold-belt pattern 
(see foregomg) suggests an average radius of about 
4,400 km and this would place Australia north of the 
equator at that time (Fig. 1). Little can then be deduced 
on the data so far available until the formation of the 
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Early Grenville régime fold-belts. By this time, with a 
continuing umform rate of expansion, the relative position 
of the Gondwanaland continents to south-east Asia 
would be as shown in Fig. ba. 

The Grenville régime fold-belts (Fig. 5a) have been 
subdivided into three major component belts, the ‘Equa- 
torial’, ‘Polar’ and ‘Interior lobe’ fold-belts, illustrated 
in Fig. 3, by the median lines drawn along these belts. 
Although the Equatorial, Polar and Interior lobe belts 
merge together in places they may be clearly differen- 
tiated by the patterns of activity which they show in the 
Early and Late Grenville régimes respectively (Fig. 5). 
All three component systems were orogenically active 
during the Early Grenville régime, but in the Late 
Grenville this type of activity continued only in the 
Equatorial and Polar fold-belt systems. Along the major 
portions of the Interior lobe fold-belts continental rifting 
took place. 

The convection system necessary to produce the 
observed Early Grenville régime fold-belt pattern may 
best be outlined by reference to Fig. 4, which shows a 
series of south polar projections. In Fig. 4a a simple 
zonal n= 4 (8-cell) system is shown without allowing for 
the deflexions due to the Coriolis effect of the Earth’s 
rotation. Three latitudinal fold-belts would be produced 
—along the equator, at latitude 45° N and at latitude 
45° §. Fig. 4b shows the effect of introducing the Coriolis 
deflexions—the middle latitude fold-belt would tend to 
take up an equilibrium position in a four-lobed pattern, 
which superficially resembles experimental systems** and 
also the atmospheric jet-stream circulation. If now the 
pattern is further modified by the production of two 
relatively small and two relatively large lobes (Fig. 4c), 
the region of the downward-moving polar ‘sink’ would 
become an elongated zone, which would be displaced 
into a diagonal position by the rotational couple of the 


inwardly directed convection current flow as shown. 


Comparing now Fig. 4¢ with the actual Early Grenville 
régime fold-belt (median line) polar projection of Fig. 3, 
it ig apparent that the fold-belt system is a somewhat 
distorted version of the pattern of downward-moving 
convergences of the convection system, but one which 
nevertheless retains all the significant components of the 
idealized system. This can be seen by comparing the 
Equatorial and Polar components of the two systems 
(Fig. 4d), the Interior lobes (Fig. 4e) and the outer cratonic 
regions (Fig. 4f). 

The transition from the Early Grenville régime to the 
Late Grenville régime which occurred at about 180 m.y. 
ago (‘Triassic—Jurassic) was marked by changes in activity 
along the Interior lobe fold-belt. It coincides with the 
marked period of minumum orogenic igneous and meta- 
morphic activity on the age determination frequency 
histogram}, with a sudden large increase in continental 
volcanism, and with the occurrence of a marked regres- 
sional phase and the initiation of palaeomagnetically 
determinable continental drift®4. At this time orogenic 
activity ceased ın the Interior lobe fold-belts and was 
replaced along or adjacent to these belts by lines of 
rifting accompanied by the extrusion of large volumes of 
basaltic magma and by the emplacement of a large 
number of kimberlite, carbonatite and alkali-complex 
intrusions. Subsequently geosynclinal orogenic activity 
was virtually confined to the Equatorial (circum-Pacific) 
and Polar (Alpine—Himalayan) fold-belts. Continental 
drift resulted from the rifting which occurred along the 
median lines of the Interior lobe fold-belts. This complete 
change of activity mdicates a reversal of the stress system 
along these belts from dominantly compressional to 
dominantly tensional and suggests that the convection 
current system, which had remamed relatively stable 
during the Early Grenville régime, was now, beneath 
the Interior lobe fold-belts, undergoing a complete change 
of flow direction (from downward-moving to upward- 
moving). 
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The convection current system necessary to produce. 
the Karly Grenville régime fold-belts has been shown, 
above to be a zonal n= 4 (8-cell) system with the down- 
ward-moving currents situated below the geosyncinal 
fold-belts. A change-over from this convection system 
to an n=4 (4-cell) patsern (Fig. 5) would result in the 
former downward currents beneath the Interior lobe 
fold-belts being replaced by upward currents, thus 
causing a complete change of stress field beneath these 
repeatedly active belts. This change-over may be 
regarded as the cause of the continental rifting which 
occurred along, or closely parallel to, these same fold-belts. 

The intrusion along these belts of material generally 
accepted to have been derived from the mantle reached a 
maximum at this staga and was accompanied by the 
explosive drilling of diatremes, kimberlite pipes, alkali 
ring complexes and curbonatites. The explosive and 
highly volatile nature of this activity would be perfectly 
in accord with the concept of a marked period of degas- 
sing’ of the mantle which would be expocted if these 
regions were now located over newly rising convection 
currents of fresh, that ic, volatile-rich, mantle material. 

Such a convection change-over from an 8-cell to a 
4-cell pattern would only reverse the convective flow 
along the Interior lobe fold-belts. The downward flow, 
beneath the Poler and Equatorial belts would continue 
as before, as indicate by the Late Grenville régime 
patterns of rifting and crogenic activity respectively. 

The Late Tertiary end present orogenic activity is 
essentially similar to thet immediately prior to continental 
drift (at the beginning of the Late Grenville régime) 
except that the fold-bels systems are now opened out and 
locally displaced and discontinuous because of continental 
fragmentation in Gondwanaland. 

In summary, during both the Early and the Late 
Grenville régimes the pattern of convection relative to 
the Equatorial (circum-Pacific) and Polar (Alpme— 
Himalayan) fold-belts remained the same; but the 
change in direction of flow along the Early Grenville 
régime Interior lobe fold-belts resulted (in the Late 
Grenville régime) in the development of zones of rifting 
along these belts and the dispersal of the continents to 
their present positions. 


Conclusions 


The interpretation af the crustal fold-belt systems 
briefly outlined here leads to a working hypothesis of the 
evolution of the Earth which involves a steady expansion 
of the Earth at the rate of about 0-65 mm/year. This 
expansion is quite independent of the different distribution 
patterns of fold-belts between each of the three major 
structural régimes. ‘Thase distribution patterns may be 
regarded as crustal refexions of three successive and 
different systems of convection current activity resulting 
from a gradual growth cf the Karth’s core. 

The single assumpticn involved, for which there is 
much supporting evidenze, is that convection currents in 
the mantle are the controlling forces in the development 
of the geosynclinal orogenic fold-belts. It is difficult to 
conceive any other meckanism capable of producing these 
major features of the Earth’s crust; and since the struc- 
tural patterns of these fold-belts is consistent with 
convection current modes which have been previously 
proposed’, it would seem that there is a strong probability. 
(amounting almost to cectainty) that a causal relationship 
exists. 

The independent and strong confirmatory evidence 
provided by geotectonics of the existence of successive 
specific systems of convection, current activity at different 
periods, as outlined here, also tends to confirm the 
mechanism of growth o? the Earth’s core for producing 
these changes in the convection modes. 

Although the movements of Australia and Antarctica 
away from the Americas resulting from gradual Earth 
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expansion may be regarded as an extremely slow con- 
tmental drifting, this process 1s quite distinct from the 
Atlantic and Gondwanaland continental drift in the 
Mesozoic. This latter may be simply explained by 
the reversal of flow of convection currents beneath 
the Interior lobe fold-belts of the Early Grenville régime. 

In this work the convection current systems postulated 
by Runcorn’, and the geotectonic groupings proposed by 
Sutton’, are brought together, modified and. considerably 
elaborated in a synthesis of Earth evolution based on 
geotectonie evidence from earliest Precambrian times 
onwards. Continental drift and Earth expansion are 
necessary corollaries of this synthesis. In order to account 
for the known fold-belt trends, convection currents of 
fairly well defined, but changing, systems must have been 
active throughout the Harth’s history. 

The model therefore is that of an expanding Earth, 
having a ‘cold’ accretionary origin, in which a gradual 
growth of the core promotes changes in the convection 
current systems in the mantle. This Earth model’ 
constitutes a working hypothesis in which the major 
features of the Earth’s crust and the activity of the 
mantle are related in a systematic way: the alternative 
is that the relationships described are a series of most 
unexpected and remarkable coincidences. 
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WHENCE AND WHITHER CHEMOTHERAPY ? 


Substance of a Friday Evening Discourse delivered at the Royal Institution on March [2 


By Pror. F. BERGEL, F.R.S. 


Chester Beatty Research Institute, Institute of Cancer Research: Royal Cancer Hospital, London, 5.W.3 


S an introduction, I should like to touch on something 
which is not a unique feature of the subject of dis- 
course. However, this 1s as good an excuse as any to 
look at the disturbing fact that communications between 
scientist and scientist are in a svate of overgrowth or 
‘overpublication’, while in contrast to this the writings, 
especially of the scientific and medical fraternity, addressed 
to the non-expert are, so some believe; somewhat neglected 
or ‘underpublished’. Of course, one does not condemn 
the vastly increased potentialities (5-10 times that of 
1945) for scientific printing space, but the sometimes 
indiscriminate multiplication of the printed words, for- 
mulae and illustrations leads to overburdening of libraries, 
to a nightmarish frustration of the research worker who 
never catches up with his reading, and willy-nilly to an 
encouragement of unfinished and mediocre material to be 
published. 

On the other hand, the communication line from the 
world of science and medicine to the man and woman in 
the street (and everyone belongs to this species outside 
his own training and doings) is too thin or sometimes of 
the wrong kind. True, one has semi-popular magazines 
such as the New Scientist and others published in Britain 
and the Scientific American published in the United 
States and possibly a number of continental publications. 
True, one has paper-back editions on certain topics and— 
leaving aside the splendid efforts of the Royal Institution, 
the Royal Society of Arts and others—good programmes 
on television and radio which convey the gist of efforts and 
progress of researches. The newspapers give some space to 
their science or medical correspondents, but who can blame 
them if sometimes the news value overrides other con- 
siderations? No complete answer, if any, is available to 
this dilemma of information, which is a three-fold one and 
comprises donor, vehicle and recipient. Maybe if scien- 


tists and medical people as donors, instead of editing or 
writing another review, could spare some of their time to 
write about their tasks, hopes, failures and successes in 
comprehensible terms, particularly 1f newspapers and 
magazines as vehicles would give much more space to 
original reports, attractively arranged and illustrated, 
say, in their colour magazines or as an additional double- 
page extra, everyone as a member of the recipient public 


could deservedly enjoy, in addition to political, industrial, 


business, sports and art sections, some continuous reading 
material on various aspects of medical, scientific and 
technological progress. 

Such enlightened information is highly desirable in 
matters of treatment, palliation and cure of diseases. Of 
all the treatments medical art and science has devised 
over long periods of time and to a very large extent more 
recently, to name a few: surgery, physiotherapy, radio- 
therapy and chemotherapy, the last one (together with 
the related pharmacotherapy) has carried with it the 
greatest mystery outside the initiated, possibly because 
of the proximity of poisons. Recent events illustrate the 
extreme and uncertain stand which the public and those 
in charge of mass communication media take when 
tragedy strikes like the thalidomide effects on some 
unborn babies or quackery 1s perpetrated on desperate 
parents with leukaemic children. The average citizen 
should be taken into the confidence of the experienced, 
and be aware of advances, changes of opinion, and pro- 
longed struggles in the field of treatment. As a patient 
he should not stand in awe of the preparations of a 
sophisticated pharmaceutical industry but know of their 
history, potentials and limitations. 

Chemical remedies can be arranged into three main 
divisions (Table 1), two of which are the subject of this 
article. These are chemotherapeutics and restitutional 
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Table 1. PHABMAOBUTIOAL AGENTS OR DRUGS 


No. 4991 


Chemotherapeutic Restitutional Symptomatic 
Anthelmintics Metabolic products such Central nervous system 
Anti-protozoal as proteins, amino- a and stimulat- 
Anti-bactenal acids, nucleosides, ing 

(antibiotics) Vit tamins, minerals ‘Psychotropic’ 
Anti-tumour Holo- and co-enzymes Acting on automatic 
Anti-leukaemic Enzymomimetics effectors 
Antiviral Nucleic acids Acting on organs: heart, 

(interferons) Hormones blood vessels, bladder, 

Immunological products 


— digestiv e system, 
ete - 


agents; the former used in the treatment of diseases 
brought about by invaders such as worms (helminths), 
protozoal organisms, bacteria, viruses and (as mternal 
imvaders) neoplastic and leukaemic cells; the latter 
applied in deficiency diseases and disturbances of somatic 
homoeostasis but lately also, in the main experimentally, 
in cancer and related morbid states. The third group 
will not be discussed here. 

Skipping the anthelmintics and going over to the anti- 
protozoal drugs, one ought to remember that a great 
number of the chemotherapeutic agents came originally 
from plant or animal products. 

They carried a great amount of ballast from which 
they were freed by the chemists of the nineteenth century. 
After isolation and elucidation of the structure of the 
active principles, the synthesis of these substances was 
carried out. Simpler molecules, representing parts of 
the total structure, were also made. A brief history of 
anti-malarials should serve as a representative example. 
It started with the South American cinchona bark and a 
Chinese root ch’ang shan. Both materials contain active 
alkaloids, quinine and febrifugine, with nitrogen hetero- 
cyclic moieties. Quinine, which was totally synthesized 
not before 1944, by Woodward and Doering, and febri- 
fugine, even later, in 1952 by Baker et al., were the fore- 
runners of simpler analogues carrying simular nitrogen 
ring systems. The first useful synthetic drugs of pre-war 
days, ‘Plasmochin’ (pamaquine) and ‘Atabrine’ or mepa- 
crine, carry one moiety of the quinine molecule, namely, 
the methoxy-quinoline rng. During testing, mainly in 
birds, a problem arose which has occurred in nearly all 
chemotherapeutic work (of course, also in many other 
fields of medical research), namely, ‘species specificity’ 
vis-d-vis drugs. This amounts approximately to this 
question: Are the results obtained in one kind of animal 
with one kind of invading organism relevant to the 
possible effects in another animal species or in man? 
Extrapolation of general properties of effective drugs for 
the patient is not only permissible but also necessary, 
although, as one knows, specific properties can only be 
assessed In man. 

These and other questions prompted intensive search, 
particularly during the Second World War, for anti- 
malarials, with different activity spectra. Rose et al. 
produced ‘Paludrine’ or proguanil, a novel type of mole- 
cule, with a special prophylactic kind of activity. In the 
host it is transformed into an active metabolite which 
shows some similarity with the pyrimidine derivative 
“‘Daraprim’ made in the United States by Hitchings 
et al, 

With all these drugs and several related ones experts 
thought malaria could be wiped out altogether. This 
scourge has befallen 300 million people every year with 
3 million deaths. However, pamaquine and related 
quinoline derivatives are the only compounds achieving 
radical cures in certam forms of malaria. Unfortunately, 
these drugs have been found to be extremely toxic to 
some individuals, causing destruction of their red blood 
corpuscles, due to an inherited or inheritable biochemical 
lesion of the sugar and sulphur metabolism of the indivi- 
dual involved. This emphasizes the triangular relation- 
ship between hosts, parasites and drugs. Thus the words 
spoken in 1954 by one of the combatants against the 
battle of malaria: “With these synthetic remedies one 
can nowadays consider the problem of the chemotherapy 
of malaria as being solved”, have proved to be only 
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partly true. This is the more so, as the use of pesticides 
against the carriers of -nfection has also created its own 
difficulties. 

Looking at another group of chemotherapeutic agents 
—those effective against bacterial infections—one notes 
that originally there were no potent natural products 
except those of an immunological type, acting prophylac- 
tically. This situatiacn altered dramatically at the 
beginning of the 1930s, when Domagk et al., marching 
along the lines laid down by Ehrlich, successfully tested 
the red azo-dye, later called ‘Prontosil’, and when Trefouel 
and the Bovets recognized the sulphanilamide moiety as 
the bacteriostatic principle. About the same time the 
first active concentrates of the first antibiotic, penicillin, 
were prepared. 

Much has been said and published about the family of 
‘sulphonamides or sulphadrugs’; the most important 
concept (intellectual more than practical) which they 
helped to create 1s ‘antagonism to essential metabolites’. 
This was put forward by Woods and Fildes in 1940 and 
means that certain chemicals, called antimetabchtes and 
often very similar to the essential agonist, are capable of 
interfering with cellular compounds which are vital for 
the well-being of the cell or the organism. In the case of 
most of the sulphadrugs their anti-bacterial effects can be 
neutralized by p-aminobenzoic acid (PABA) which is 
therefore their agonist. 

The era of antibiotics, active materials from moulds 
and micro-organisms, also began in the 1930s and reached 
its peak during and after the Second World War, with 
the isolation of penicillin, cephalosporins, streptomycin, 
chloramphenicol, tetracyclines and many others. Apart 
from a very sustained search over many years for new 
antibiotics with novel effects, intensrve investigations 
have been made of their mechanism of action or, trivially 
expressed, of ‘how they work’. This led to the recognition 
of the importance of the bacterial cell wall as a target of 
penicillin action. The key to the puzzle, according to 
Pollock, Richmond and others, ıs a mucoprotein moiety 
N-acetylmuramic acid, the three-dimensional structure of 
which shows convimeimg similarity to penicillin, in differ- 
ence from N-acetyl neuzaminic or sialic acid derivatives 
which form an essential part of the mammalian cell 
membrane. If one allows for the fact that cephalosporms 
(see ‘Ceporin’ of recent news fame) may function in the 
same or a similar manner, namely, by interfermg with the 
buildmg up of the cell wall, where acetylmuramic acid is 
normally used, then the principle of metabolic antagonists 
which arose from the examination of sulphonamides may 
play a part in the mode of action of materials discovered 
more or less by accident. 

With nearly all groups of chemotherapeutic drugs, and 
certainly with those effective against bacterial diseases, a 
phenomenon has worried everybody concerned: inherent 
or natural and acquired resistance. The former is carried 
by the mvading cell, whether 1t is of exogenous or endo- 
genous origin, from its ‘beginning’ ; the other kind develops 
over a period during its existence ın the host and exposure 
to drugs. The causes, direct or indirect, for such thera- 
peutic collapse are manifold (Table 2). 

All this represents a serious challenge to the clinician 
and, via the experrmental chemotherapist, down the line 


Table 2 
Possible modes of drug resistance 


| 


Rai — 


Counteractions 
(i) Induction or increase of U levels of Enzyme resistant variants 
drug-destroying enzymes of drugs 


(ii) Adaptation of invader’s metabolism: 
mutations; selection 

(ia) Loss of enzymes in host and/or invader 
for activation of drugs to effective 


Combination therapy 


forms 

(ti) Development of repair merhanism of ? 
drug—damaged Mag of invader 

av) Change m permeability and mteractions Application of ‘mert com- 
with irrelevant constituents of mvader pounds’ neutralizing- 


or host drug- wasting interactions 
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to the medicmal chemist. Considerable progress in 
counteractions to resistance has been achieved in the 
fields of penicillins (and more recently cephalospomms), 
when the core of the molecule 6-aminopenicillanic acid 
was made available by the elegant work of Batchelor, 
Doyle et al., so that a ‘theme and variations’ could be 
played. Some of these variations have greater resistance 
to the destructive enzyme penicillinase and show different 
degrees of anti-bacterial activities. 

A different approach to overcome dangers of bacterial 
resistance was made with remedies against acid-fast 
bacilli causing tuberculosis. There the early application 
of a combination of drugs PAS (see PABA), isoniazid (see 
vitamin nicotinamide) and streptomycin (antibiotic) has 
helped in the eradication of tuberculosis (recently, 
similar principles have been applied in the field of 
leukaamias). 

A number of antibiotics have been encountered which 
are also capable of destroying what was called ‘internal 
intruders’, namely, cancerous or neoplastic cells in their 
manifold forms, or leukaemic ones. One of them, actino- 
mycin D, isolated by Waksman et al., who also discovered 
streptomycin, illustrates usefully the present state of 
cancer chemotherapy: like other remedies such as alky- 
lating agents or antimetabolites which were mentioned 
before as analogues of essential metabolites, its selectivity 
of action, or its specificity as a carcinolytic agent, is rela- 
tively low when compared with the activities of modern 
drugs against infectious diseases. The reason is that it 
ig easier to achieve selective toxicity against exogenous 
invaders than against cells which in some way have 
arisen from the host’s own tissues. But, like parasites, some 
cancers and leukaemias are inherently resistant, say, 
against actinomycin, alkylating agents or antimetabolites, 
or acquire such resistance during treatment. This shows 
that cancer is not one disease but represents a considerable 
number of diseases which, apart from different sites in 
different parts of the body and other biological or bio- 
chemical differences, may behave differently vis-à-vis all 
forms of therapy. The mechanism of action of actino- 
mycin, like that of other remedies, especially alkylating 
agents, rests with its interfering in nucleic acid functions 
vital to the cell. 

Into what new directions 1s carcino-chemotherapy now 
moving? The subject can be roughly divided mto the 
research tendencies as given on Table 3. Some are at 
present fundamental and exploratory, such as the 
investigation of inherent and acquired resistance and the 
possibilities of overcoming it. Others depend on the 
discovery and development of new experimental systems 
such as those for probing chemotherapeutic agents active 
against secondaries or, so-called, metastatic growth. The 
successful search for greater selectivity of action depends 
on favourable metabolic changes of the drug, when 
entering the tumour tissue or maybe on the size of the 
molecule, which could be large. Homoeostatic regulators 
could be restitutional remedies which instead of destroying 
the delinquent cells and tissues may re-establish to some 
extent their orderly behaviour or eliminate the existing 
disturbances. This, together with biological forms of treat- 
ment (Table 3 (v)), rests on a number of indications that 
in some cancers, at least, certain items of the inventory 
of the aberrant cells or tissues are ‘missing’ and others are 
de trop. Search for the right constituents is going on 
continuously, in addition to that for the manner by which 
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Table 4, ANTI-VIRAL AGENTS 
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these materials could be brought back mto the cell from 
outside. 

Increasing the size of 1tems which are not present in a 
well-brought-up cell under ordinary .conditions, one 
arrives at abnormal cellular particles and finally at 
special viruses. The virus- and bacteria-hke mycoplasmas 
or PPLOs are here included; they have been in and out 
of fashion for the past 30 years, but at the moment with 
respect to leukaemias and rheumatism they appear to be 
in. In some instances viruses destroy the cells and hosts 
which they inhabit, in others as demonstrated unambigu- 
ously so far only in animals (mainly birds and rodents), 
they apparently transform normal cells into malignant 
ones. There is no clear evidence, as yet. that viruses are 
the cause of human malignant diseases, although certain 
tissue changes, such as non-malignant warts, are virus- 
produced. Whether or not viruses are or will be found to 
have connexions with human tumours, ther destruction 
or the prevention of the diseases they cause can be 
achieved by various means: the chemotherapeutic one 
is the youngest and so far the weakest (Table 4). Other 
biological approaches led to the interferons, discovered 
by Isaacs; they are a class of proteins usually produced 
by cells that have been acted on by virus or viral com- 
ponents. So far as human medicine goes they are still 
experimental. Vaccines (attenuated or killed viruses) 
have been in use for a long time against smallpox (Jenner), 
while more recent ones were developed against polio- 
myelitis (Enders—Salk—Sabin) and measles (Enders). 

Another group of constituents which apart from viruses 
(or mycoplasmas) may appear in tumour cells, over and 
above their normal collection of chemical constituents 
and cellular particles, are ‘tumour specific antigens’ which 
are not detectable in every type of tumour and which are 
usually weak ın eliciting the formation of their :mmuno- 
logical counterparts, the antibodies. Nevertheless, the 
observation by Haddow, Delorme, Alexander and others 
that injections of lymphocytes from animals carrying 
tumour implants favourably affected the primary tumours 
induced by carcinogens means that a kind of potential 
immunotherapy of certain experimental tumours has 
arrived. 

To a considerable extent old stuff has been dug over in 
the ‘hope that it may have yielded some nuggets left 
behind. The main pomts were these: the problem of 
communications (printed and otherwise) between scientist 
and scientist and research workers and laymen; secondly, 
out of the subject-matter of this review arose the old 
question of the similarity or otherwise between the effects 
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of drugs on anımal and man and the danger of jumping to 
general conclusions from observations on a single species 
with respect to all the others includmg human organisms. 
This brought out the interdependence of host—invader-— 
drug reactions generally and led further to the principle of 
metabolic antagonism and the problem of drug resistance. 
The latter one can consider to be one of the most pressing 
problems of chemotherapy. <A relatively novel principle, 
that of control of homoeostasis, was touched on and the 
possible future role of biological methods, such as immuno- 
logical and anti-viral ones, mentioned There 1s one 
other matter which goes beyond chemotherapy and which 
one might jokingly call a ‘metabolic by-product’ of scienti- 
fic and medical research: ıt concerns an often silent and 
sometimes loud controversy about the role and status of 
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pure and applied research. Recently, Dr. P. Medawar 
discussed the two conceptions of science and, last year, 
Prof. Rattee, on the occasion of his inaugural lecture, 
contrasted ‘discovery’ as large or small revelations. of 
what exists in our enviranment and the laws which condi- 
tion it, with ‘invention’ which utilizes the results of 
discovery (often forgotten ones) to change the environment 
for the better (Table 5). What is wrong with one or the 
other? If scientists were rational people (which they 
are only to the same exsent as other people) they would 
not deepen a ‘class distinction’ between so-called high 
and low science but solely recognize the existence of 
mutually beneficial feedback mechanisms. If one: would 
freely allow these to take place, then the overall successes 
will be even more sustained than they are at the moment. 


INTO FREE THINKERS 


By A. J. KIRKMAN 
Department of English and Liberal Studies, Welsh College of Advanced Technology, Cardiff 


HE hall-mark of the thinking of many young scient- 

ists these days is inflexibility. They handle ideas 
dully and mechanically: they try to express all their 
thoughts in the rigid, ponderous, formal sentence struc- 
tures and vocabulary ın which they learn their specialist 
subjects. 

Here, for example, are the opening paragraphs of two 
young scientists’ efforts to formulate an opinion on the 
value of freedom of speech: 

{Essay 1) “Man is an individual. Therefore each man 
thinks and decides independently for himself. Therefore 
freedom of belief, speech and expression is one of the basic 
‘laws’ to which man has the right. 

“What makes one man superior to another? All men 
are superior to all other men in some way. Therefore all 
men are basically equal. Thus man has the right to speak 
freely and express himself freely as he thinks fit. There 
18, however, a corollary to this statement. No man has 
the right to abuse the right to abuse his nght or the right 
of others to free speech and expression. Thus drawing the 
arguement to its logical conclusion—no laws, whatsoever, 
should be passed limiting the freedom of speech and 
expression of any member of society. This arguement is 
not valid however since many men abuse the corollary 


T and some even abuse the first fundamental fact. In such 


cases then laws are necessary (depending upon the cir- 
cumstances) limiting the complete freedom of expression 
and speech ın order to safeguard the basic individual.”’ 

[The students were given several quotations, to prompt 
their ideas and opinions. The two referred to in the next 
extract were: 

“If all mankind minus one were of one opinion, and 
only one person were of the contrary opinion, mankind 
would be no more justified in silencing that one person, 

han he, if he had the power, would be justified in silencing 
mankind.”’—J. S. Mill. 

“And though all the winds of doctrine were let loose 
to play upon the earth, so Truth be in the field, we do 
injuriously, by licensing and prohibiting, to misdoubt 
her strength. Let her and Falsehood grapple; who ever 
knew Truth put’to the worse, in a free and’ open en- 
counter ?—John Multon.] 

(Essay 2) ‘“The freedom of speech is a necessary part 
of our lives. Without it we cannot learn as much as we 
are able to do with it. By this I mean that there are 
two ways of looking at one thing. If we have no freedom 
of speech, then we can only appreciate one side of ıt, 
and that is the one which we understand. However if 
there is freedom of speech then we can argue and discuss 
the second way of looking at this point. By doing this 
we may learn both points of view and so our knowledge 


has increased and we have benifitted from it. As J. 8. 
Mill says you may have a thousand people agreeing on 
one point and one man disagreeing. Then with the free- 
dom of speech both groups can tell each other their ideas 
and so benifitt from it. However if that one man is not 
allowed to talk freely then the harm done is the same as 
surpressing the ideas of the one thousand men. This is 
so obviously bad and harmfull that nobody would dream 
of doing it. However it 1s exactly the same if the one man 
is silenced. It was said by John Milton that the Truth 
and Falsehood should be allowed grapple. In doing this 
the Truth should always win. All as John Milton was 
saying was that without freedom of speech the truth 
cannot be had all the time.” 

This is the thinking snd self-expression of young men 
who presented themselves as potential university entrants. 
I do not know if they obtained university places. I do 
know that many students who have obtained university 
places show standards of thought and writing approaching 
this confusion. and incoherence. 

Weaknesses of thought and expression which students 
show at 18+ are accentuated during their university 
cram-courses in science and technology. These courses 
involve much rote-learming of pre-digested information, 
and much. ‘application’ af set formulae or rigid procedures 
in solving standard problems. This may be useful for 
passing examinations; but, as one of the industrial 
witnesses before the Leverhulme Study Group on the 
Education of Graduate Scientists said: “I am not satisfied 
that technical subjects st the present time are taught in 
such a manner as will dəvelop clear thinking and ability 
to express oneself”. 

Given few opportunities for practice, students soon lose 
what skill they once had at finding their own ways of 
giving order and clear expression to what they know. 
The result is that they emerge from ten years of secondary 
and higher education with much lower standards of 
articulacy and cogency in proportion to their knowledge 
and experience than they had at 11+. 

I believe’ a university education should do more than 
cram students with factual knowledge: it should’ also 
equip them with processes of thought and a command of 
language which will fit them for the sophisticated social 
and professional contexts in which el will spend their 
lives. 

There was atime, so oT am — by scientists and tech- 
nologists who graduated thirty or‘forty years: ago, when 
students pi¢ked: up ‘sophisticated habits of: thought and 
expression by imitation of their teachers during residence 
at “university. Dons’ showed concern fòr thoughtful 
appraisal of ideas, and for articulate and. unambiguous 
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statement. Students felt that these were virtues expected 
in science, and tried to emulate their teachers. Nowadays, 
either the students no longer bother to emulate their 
teachers, or the models the teachers provide leave much 
to be desired. 

I believe we now need positive teaching of the skills of 
self-expression during university education. All well- 
educated men and women need to be able to communicate 
effectively in professional and social contexts. They need 
a subtle and precise command of language, relevant to, 
and matching, the complexity of their specialist studies. 
They also need an equally subtle, but in many ways 
different, range of self-expression, which will make them 
comfortable in intelligent discussion of general topics ın 
society at large. I believe ıt is part of the university’s 
responsibility to help students develop communication 
skills in both contexts. 

In preparing students for social contexts, our aim should 
be to stimulate intellectual curosity—to create open- 
minded men and women. with something to say and 
facility in saying it. We should try not only to widen 
command of English, but also to teach critical methods 
by which social and philosophical ideas may be approached, 
and to provide some basic ideas on general social and 
philosophical problems. 

Our success in doing these things will depend on the 
facilities and time we provide for the development of a 
liberal background to specialist studies. We may make 
opportunities for following up social and philosophical 
interests by -providing intra-curricular courses or by 
encouraging extra-curricular society activities. But 
above all we must allow time. 

Lest I be thought partisan ın this observation, let me 
quote the Leverhulme Study Group’s criticism of the 
total tumeload of formal teaching and in formal work 
imposed on students of science and technology. (Formal 
teaching includes lectures, tutorials, practical classes; 
informal work covers work done in the student’s own 
time—writing up laboratory books, working examples, 
writing essays.) The Group’s report states that the 
average total timeload of 35-45 hours per week study 
of specialist subjects is too heavy for the ‘middling’ man, 
who ıs the man kept in mind throughout their enquiry. 

“Any commitment to specialist work higher than this 
average must constitute a negation of the whole concept 
of university life. It provides too little time not only 
for any intra-curricular study of other subjects, but also 
too little leisure, an essential and vital element of univer- 
sity life—too little time in which to discuss and decide 
what the universe is hike, too little time ın which to go to 
a theatre, to listen to or to make music, to play games, to 
read, to sit and think—or just to sit’’?. 

The Hale Report? and the Robbins Report’ show that 
the average total timeload for university students of 
science and technology is about forty hours’. The Hale 
Report shows that a quarter of our applied science under- 
graduates are under instruction for twenty-five or more 
hours per week, and that these students spend nearly 
nineteen hours in private study*. It seems to me that 
many of our science courses must qualify for the descrip- 
tion “ʻa negation of the whole concept of university life”. 

In preparing students for professional contexts, our 
aim must be to show them the variety of situations in 
which communication skills will be called for, and what 
the nature of the required skills will be. 

After graduation, whether he moves into industry, 
research, or education, a professional engineer or scientist 
finds frequent calls on his ability to marshal his know- 
ledge, expound theories and discuss problems—but not 
in @ school-essay, examination-passing way. Discussion 
and writing are no longer exercises in self-revelation, or 
displays of expertise and initiation, laid out for the 
approval of an examiner who knows all about the subject 
already, and designed to evoke no action or response other 
than admiration. In a ‘real life’ communication situation, 
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the scientist is concerned with the efficient transfer of 
ideas from one mind to another. He has to put over facts 
or ideas which are new to his audience; or at least, he has 
to show relationships they have hitherto not considered. 
Often he has to persuade the audience to adopt a policy 
they have previously rejected. Almost always he wants 
an unequivocal response—decision or action. 

Much can depend on his ability to present talks and 
introduce papers to large or small groups. Much can 
depend on his skill in committee work and chairmanship. 
He needs to understand how to organize and control 
interviews, discussions, negotiations and meetings of all 
kinds. He is involved in writing papers of all sorts, from 
theses and reports to letters and memoranda. 

Accordingly, ıf we pretend that we are preparing 
students for their professional work, we must help them 
to understand the form, purpose, skilful composition 
and effective presentation of all these types of speech or 
writing. 

In our syllabuses we should cover the following subjects: 
(1) analysis of the aims of communication; discussion 
of characteristic communication situations in industry 
and research; judgment of the motives and capacities 
of audiences and readers; (2) critical reading and hstening, 
logical reasoning, recognizing weaknesses of argument; 
(3) collecting, selecting and arranging information for 
specific purposes; synopsis writing; (4) presentation skills: 
written form and lay-out, language (vocabulary, structures, 
tone, and ‘style’), the use of illustrations and visual aids; 
techniques of oral presentation; (5) controlling and con- 
tributing to meetings; group discussions and negotiations ; 
(6) summarizing, editing, introducing, abstracting. 

This would involve branches of psychology, sociology, 
logic, information science and language study. Who 
should teach these subjects, and ın what detail, need not 
concern us here. What is more important 1s to consider 
how communication teaching could be integrated into 
higher education courses. 

Communication teaching should be founded on regular 
practical work. Students should be given regular oral 
and written exercises, which should be criticized by tutors 
whose own standards of thought, speech and writing the 
students can respect. 

Oral practice should involve speaking, recording and 
critical discussion of recordings, in large and small groups. 
Written practice should be the preparation of a wide 
variety of papers, discussed sometimes in individual 
and sometimes in group tutorials. All exercises should be 
clearly related either to a social context or to a profes- 
sional context; where possible, they should arise naturally 
out of the students’ specialist studies. Some of the most 
effective learning and teaching of communication skills 
should take place in tutorial and seminar discussions of 
specialist work. 

Some lectures would be necessary ; for example, to permit 
systematic discussion of presentation skills, processes of 
thought, weaknesses of argument, group motivation and 
similar broad topics. But the time allocated specifically 
for this formal teaching need be only small if extensive use 
were made of tutorials and seminar discussions during 
teaching of other subjects. 

A suitable way of fitting communication studies into 
the usual three-year undergraduate course would be to 
provide one series of lecture/discussions ın each year, 
closely lmked with regular tutorials and seminars, per- 
haps three tutorials and one seminar each month (tutorials 
1-6 students, seminars 15-20 students). Alternatively, 
earlier teaching of basic skills could be achieved by 
providing two lecture/discussion series in the first year; 
work in the final year would then take place entirely in 
tutorials and seminars. 

In general, all students should have to prepare a con- 
tribution to a written or spoken exercise at least once a 
fortnight. Usually these exercises should fit naturally 
into their specialist subject studies. For example, full 
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reports on the findings and implications of laboratory 
experiments could well be required as tutorial exercises. 
But these reports should not simply be given the per- 
functory treatment they often get from students and staff 
at present. They should be carefully analysed for content 
and presentation, and should be used as starting-points 
for discussions of hypotheses or phenomena, for evalua- 
tion of general principles, or for discussions of uses for 
materials or processes. 

Specialist subject departments’ should provide the 
essay and discussion work for three of the tutorial/seminar 
meetings each month; the other meeting could be reserved 
for more specific communication studies. 

I should like to anticipate one objection to these sug- 
gestions. It is the well-worn contention that science 
subjects must be taught in lectures, either because the 
students do not know enough to take part in discussions, 
or because they are too immature to be left to study on 
theirown. The Hale Committee’s comments on the value 


No. 4991 


. of discussion work in first-year courses should answer. 


this contention; 

“The first year is the time during which the student 
should make his break-through from the mentality of the 
schoolboy to that of the university student. We do not 
think that this can be done by lectures alone.... 

“It 1s said that first-year students are too ignorant 
of their subject to take any effective part in discussion, 


+> and that they are unresponsive to this kind of teaching. 


NEWS an 


Physiology in the University of Bristol : 
Prof. R. J. Brocklehurst 


Pror. R. J. BROCKLESURST retires from the chair of 


physiology in the University of Bristol in July of this 
year. After graduating ın physiology. at University 
College, Oxford, he completed his medical training at 
St. Bartholomew’s Hospital in 1924. Teaching and 
research posts at St. Bartholomew’s Medical College and 
University College, London, together with two years as 
Radcliffe Travelling Fellow in the United States, occupied 
him until 1930, when he succeeded Prof. Buckmaster in 
the chair at Bristol. With the retirement of Prof. Fawcett 


-rin 1934, he became dean of the Medical Faculty and 


administered its affairs until 1947, facing all the problems 
of war-time and post-war expansion. During this time, 
as a member-of the University Council, he was deeply 
mvolved in the wider aspects of University affairs and 
since 1935 until the present day he has represented the 
University on the General Medical Council, and since 
1945 has also been a member of the General Dental 
Council. Under his direction, research and the teaching of 
physiology, in all its traditional sections, to medical, 
dental and science students expanded, and with the 
opening of the Veterinary School in 1948 the teaching of 
veterinary physiology also came under his control. Lat- 
terly he has been, much occupied with the design of the 
new Medical School which came. into use in 1963 and 
provides for an annual intake of 75 medical, 50 dental 
and 30 veterinary students together with science students. 
Inevitably he was called on to help in the creation of the 
National Hospital Services and has been a member of the 
South-western Regional Hospital Board since its incep- 
tion, together with many other professional, public and 
_ eburch bodies to which he has given his time and thought. 


Prof. A. J. Buller 


Dr. A. J. BULLER, at present reader in physiology 
in King’s College, University of London, has been 
appointed to succeed Prof. Brocklehurst. Dr. Buller was 
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Unresponsivo they may be, but because a student is 
unresponsive to this kind of teaching, it does not follow 
that he does not need it. His unresponsiveness may 
indeed be a sign of his meed. And as to ignorance, no 
student should come to a discussion period unprepared. 
He should be set some wark on the subject to be discussed, 
and he should therefore be equipped to discuss 1%. The 
danger of relying too mueh on lectures is that the lecturer 
represents authority, so that lectures may tend to per- 
petuate the immaturity fom which the student should be 
breaking away’’?. - 

In effect, the programme of communication teaching 
I have suggested would call more for a revision of present 
methods of teaching science subjects than for the mposi- 
tion of additional teaching on students who are over- 
taught already. I believe such a revision would very 
quickly bring great improvements in the freedom of 
thought and expression of both teachers and taught. 


1 The Complete Scientist ; Rep. Leverhulme Study Group, under the direction 
of Sir Patrick Linstead, Mo tke British Association for the Advancement 
of Science, 79 (Oxford Univecsity Press, 1961). 


* The Complete Scientist, 59. 


3 Rep. Committees on University Teaching Methods (chairman, Sir Edward 
Hale) (London, H.M.S.O , 1954) 


‘Rep Committee on Higher Education (chairman, Lord Robbins) (London, 
H.M.S O, 1968). 


© Unwersity Teaching Methods (ref. 8), 38, Table 5.38; Higher Education 
(ref, 4), Appendix 2 (B), 276, Table 21. 


°* Unwersily Teaching Methode (rez. 3), 43-44, Tables 6.7 and 5 8. 
? University Teaching Methods (ref. 3), 88. 
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educated at the Duke of York’s School, Dover, and St. 
Thomas’s Hospital Medical School, London, where he held 
a Kitchener Scholarship. After qualifying in 1945 he 
held house appointments at St. Thomas’s, and in 1946 
was appointed lecturer in physiology, first under the late 
Prof. B. A. McSwiney ard afterwards Prof. H. Barcroft. 
During this period he worked with Dr. I. M. Young on 
problems of placental permeability, and he later worked 
with Drs. G. Strom and J. Nicholls on problems of noise 
at sensory nerve terminals. From 1948 until 1950 Dr. 
Buller served in the Royel Army Medical Corps, acting as 
joint secretary to the Military Personnel Research Cam- 
mittee, then under the chairmanship of Sir Charles 
Lovatt-Evans. Returning to St. Thomas’s Hospital, he 
was appointed lecturer in medicine in Prof. E. P. Sharpey 
Schafer’s department. During this period he worked 
chiefly on the gamma, control of muscle spindles in man, 
often in collaboration with Prof. A. C. Dornhorst. In 
1958 Dr. Buller was granted a Royal Society Common- 
wealth travelling bursary which enabled him to work in 
Canberra with Sir John Eccles. It was during this year 
that the neural control of the speed of striated muscle 
contraction was demonstrated. Since his return to 
Britain Dr, Buller has continued his research on problems 
concerned with the neural influence on muscle, first at 
St. Thomas’s Hospital, and since 1960 at King’s College, 
London. 


The Nature Conservancy 


As from June 1 the Nature Conservancy became a 
committee of the Natural Environment Research Council 
which was set up on that date. It has been announced 
that Prof, R. O. Buchanan (emeritus professor, University 
of London, and chairman of the Grants Sub-commuttee of 
the Nature Conservancy since 1963), Prof. H. Godwin 
(professor of botany, University of Cambridge), Sir James 
Denby Roberts (member of the Scottish Committee of the 
Nature Conservancy and chairman, Scottish Society for 
Research in Plant Breeding), and Prof. P. F. Waremg 
(professor of botany, University College of Wales, and 
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acting chairman, Committee for Wales of the Nature 
Conservancy) have become members of the Nature Con- 
servancy. Retiring members are Lt.-Col. J. P. Grant, 
Mr. G. V. Jacks and Prof. C. F. A. Pantin. Under the 
charter, the territorial committees will become sub- 
committees. Prof. J. N. Black, of the Department of 
Forestry and Natural Resources, University of Edin- 
burgh, has jomed the Scottish Committee, in succession 
to Lt.-Col. J. P. Grant, as well as the Scientific Policy 
Committee on which Prof. Wareing also serves. Mr. J. T. 
Coppock (Department of Geography, University College, 
London), Mr. J. R. Herbert (honorary secretary of the 
Institute of Landscape Architects), and Mr. R. B. Verney 
(past-president of the County Landowners’ Association) 
have become mombers of the Committee for England, 
from which Prof. J. H. Burnett, Mr. H. G. Hurrell, Dr. 
A. M. Massee and Dr. 8. M. Walters have retired. Mr. 
Dillwyn Miles (honorary secretary of the West Wales 
Naturalists’ Trust) and Dr. Rees Prytherch (member of 
the Gwynedd Rivers Board) have joined the Committee 
for Wales m succession to Mr. J. H. Barrett and Mr. 
T. A. W. Davis. 


The British Hat and Allied Feltmakers Research 
Association 


Tue seventeenth annual report of the Director of 
Research of the British Hat and Allied Feltmakers 
Research Association covers the year ended August 1964, 
in which work on the new hatters’ fur preparation 
absorbed much of the Association’s effort (Pp. 20. Auden- 
shaw, Manchester: The British Hat and Allied Felt- 
makers Research Association, 1965). Parallel with the 
laboratory experiments, factory trials were conducted to 
fit the process into existing hatters’ fur manufacturmg 
procedures, and the evidence so far indicates that the 
application has been carried out successfully, irrespective 
of apparent differences in the traditional methods used. 
An examination of the load—compression curves for wool 
moils indicated an inverse cube relation between applied 
pressure and volume of the wool sample. Work continued 
on the technology of fur forming with a comparison of 
the quality of forms produced when the lnear speed 
ratios of the feeding aprons and pickers were varied. An 
acceptable felt was produced when as much as 50 per cent 
of prepared kemp was incorporated in the blend during 
planking, a discovery which could be of considerable 
economic significance. Assistance was given to members 
with the application of premetallized dyes in both cone 
and open-beck machines. The reproducibility of measure- 
ments with the hat-size measuring instrument was found 
to be independent of the operative and the instrument 
can also be used for measuring press-dishes, flanging 
frames, etc. In finishing trials, weight losses correlated 
strongly with the rankings of the finished hats; those that 
ranked best were found to have high weight losses. A 
programme of work was initiated on behalf of the Pressed 
Felt Industry to examine the physical properties of 
pressed felt. 


Experimental Agriculture 


A warm welcome is extended to Experimental Agricul- 
ture, a new quarterly journal which the Cambridge 
University Press started publishing in January of this 
year, under the editorship of Prof. J. P. Hudson of the 
University of Nottingham (1, No. 1 (January 1965). 
Edited by Prof. J. P. Hudson. Pp. 1-80+2 plates. 
London and New York: Cambridge University Press, 
1965. Annual subscription 75s. net (U.S.A. 13.50 
dollars). Single part 25s. net (U.S.A. 4.50 dollars)). 
It is particularly fortunate in its timing, as the Empire 
Journal of Experimental Agriculture which began publica- 
tion in 1933, ceased publication m October 1964. The 
Empire Journal during its twenty-eight years of exist- 
ence became one of the leading journals available 
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to the agricultural research workers in what are now 
known as developing countries, and it will therefore be of 
the greatest satisfaction to them to know that the new 
journal will be particularly, although not exclusively, 
interested in this same field of work. It is difficult to 
emphasize too strongly the need for a really lve and 
attractive Journal concerned with new methods for raising 
the agricultural productivity of these emergent tropical 
lands, for ıt should be a great encouragement to research 
workers in these countries to plan their work so that the 
results can be written up at regular intervals for publica- 
tion instead of allowing them to be forgotten in an un- 
digested form in departmental files. 


Journal of Experimental Research in Personality 


THE first volume of the Journal of Experimental Research 
in Personality was published in March of this year (1 (4 
issues); 1965. 16 dollars. Private subscriptions (for the 
subscriber’s personal use), 8 dollars. New York and 
London: Academic Press, 1965). It 1s the stable com- 
panion of the newly established Journal of Experimental 
Social Psychology (Nature, 206, 1099; 1965). Its editor is 
I. E. Farber, of the University of Chicago, and a strong 
editorial board suggests that the journal will indeed live 
up to its title. From the information given to authors, it 
seems that the policy of the journal is very similar to 
that of the Journal of Personality and Social Psychology 
and the contents of the first volume certainly suggest 
little difference, except possibly that the new Journal 
seems to allow its contributors slightly more freedom from 
the Procrustean interference of editors. Of the articles in 
the first issue, possibly the most interesting is one dealing 
with the effects of individual differences in the orienting 
reflex on conditioning and complex mental processes. 
Much work has been done on the orienting reflex in the 
U.S.S.R., but only very recently has the attention of 
English-speaking expermmentalists been attracted to this 
field and this 1s the first occasion that individual differences 


have been experimentally studied in the United States. . 


4 


It appears that subjects showing strong orienting responses ` 


showed better semantic conditioning of autonomic re- 
sponses, more readily verbalized the experimental con- 
tingencies and greater differential responsivity to 
signals. The orienting response did not relate to measures 
of neuroticism or emotionality, as postulated by the 
authors; unfortunately, they did not measure their 
subjects’ degree of extroversion or introversion; it would 
soem likely from a consideration of Pavlovian postulates 
that introverts should show large orienting responses, 
extroverts rather smaller ones. Other interesting papers 
in the Journal are a theoretical note by J. 8. Brown, who 
gives a learning-theory type interpretation of masochistic 
behaviour, and a study by Gardner Lindzey in which for 
the first time a definite superiority is found for clinical as 
opposed to actuarial prediction. If subsequent issues of 
the Journal match the first in quality this will undoubtedly 
become an essential part of any psychological or psychia- 
tric library. ~ 


“Shell” Science and Technology Newsletter 


Tars is a new publication by the Royal Dutch/Shell 
group, which comprises some 500 companies and a number 
of major research establishments (Pp. 8. London: Shell 
Centre, 1965). It is proposed to issue this document at 
four-monthly intervals, starting with the present March 
1965 edition. 
periodically to give brief details of subjects about which 
normal press releases may not necessarily be forthcoming. 
Much technological information on results or on trends of 
major research projects undertaken within the principal 
research and service laboratories operated by the Royal 
Dutch/Shell group in Canada, France, Germany, the 
Netherlands, United Kingdom, United States of America, 
and Venezuela, will apparently be objectively summarized 


The primary object of the Newsletter is - 
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in this Newsletter to the advantage not only of the tech- 
nical reader, but equally of a wider public. This first issue 
already sets the standard for the future editions. It in- 
cludes brief progress reports on & variety of present-day 
problems under investigation at these several centres. 
Among these are exploration of the continental shelf— 
North Sea and East Pacific; offshore drilling and onshore 
developments on the Guinea Coast, West Africa; a new clue 
to the origin of petroleum; the role of catalysts in promot- 
ing chemical reactions, based on the new conception that a 
catalyst “‘. .. does in fact undergo a chemical transforma- 
tion, but returns to its former state having done so” ; noise 
from flames; a new source of energy-—developments in the 
fuel cell; the use of analogue computers in refinery 
design; work on molluscicides with the object of control- 
ling the disease bilharziasis; the significance of organo- 
chlorine residues in human fat and wild animals; the 
fight against oil pollution at sea; and the control of Dutch 
Elm disease. It 1s on record in a modest footnote that the 
annual research budget for all Royal Dutch/Shell group 
companies is £25 million, while the total personnel 
employed in the research establishments is 6,000. This 
Newsletter may be good publicity but it is obviously 
destined to command attention of oil technologists as a 
medium for keeping abreast of contemporary research 
projects and results, at least in title, if not in epitome. 


The United States National Museum 


THE report for the year ended June 30, 1964, of the 
United States National Museum places on record the 
official opening on January 22, 1964, of the new Museum 
of History and Technology in Washington, D.C., by 
President Lyndon B. Johnson (Pp. viiit+ 215. Washington, 
D.C.: The United States National Museum, 1965). The 
displays for this ceremony included everyday life in the 
American past, American costume, farm machinery, rail- 
roads and vehicles. There was also a centrally placed 
Foucault pendulum and demonstrations are conducted in 
a pre-1855 machine shop. The reconstruction of a Renais- 
sance clock-tower is particularly attractive. Accessions 
include a magneto-electric generator made in 1832 or 
1833 for production of direct current in which a cam on 
the vertical shaft caused contact to be made on the 
crossed strips of copper first in one direction and then in 
the other; also the drum used at the funeral of the late 
President Kennedy. A Koryo Dynasty (A.D. 918-1392) 
Buddha, lent by the Republic of Korea, and a machine 
for coverlet-weaving are among the numerous new 


-y exhibits. 


‘ 


The Linnean Society of London: 
Officers and New Members of Council 


Ar the anniversary meeting of the Linnean Society of 
London, held on May 24, the following were elected 
officers for the session 1965-66: President, Dr. E. I. 
White; Treasurer, The Earl of Cranbrook; Secretaries, Dr. 
H. G. Vevers (zoology) and Mr. J. P. M. Brenan (botany); 
Editorial Secretary, Dr. John Smart; Vice-Presidents 
appointed were: The Earl of Cranbrook, Dr. R. W. J. 
Keay, Dr. D. M. Kermack, Prof. C. T. Ingold; New 
Members of Council elected, Mr. J. P. M. Brenan, Prof. 
J. G. Hawkes, Dr. Doris M. Kermack, Mr. B. W. Sparks, 
Prof. W. T. Williams. 


Medals and Awards 

The followmg medals were awarded: Linnean Gold 

Medals to Dr. J. Ramsbottom and Dr. J. Hutchinson; 

H. H. Bloomer Award (for outstanding contributions to 
biology by an amateur), to E. ©. Wallace. 


Foreign Members 


The foreign members elected were: Dr. S. M. Bukasov, 


Prof. A. Frey-Wyssling, Prof. O. L. Hubbs and Prof. J. 
Léonard. 
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Unilever Inter-Europear Fellowships in Biochemistry 


Dr. T. Nikkari and Dr. J. H. Ottoway have been named 
by the Biochemical Society as recipients of the first two 
European fellowships sponsored by Unilever Research. 
Dr. Nikkari, of the Department of Medical Chemistry, 
University of Turku, Finsand, will work on the biosynthe- 
sis and function of hydrexy and unsaturated fatty acids 
in rat and human skin with Dr. A. T. James of the Unilever 
Research Laboratory, Colworth House, Bedford. Dr. 
Ottoway, of the Department of Biochemistry, University 
of Edinburgh, will be working on the function of mito- 
chondria in energy metabolism in muscle with Dr. M. 
Klingenberg at the Physiologisch-chemisches Institut, 
University of Marburg, Germany. 

Two Unilever fellowsh.ps in biochemistry, each worth 
£1,200, are to be awarded annually, tenable for one year 
only. They may be eitaer for work in a laboratory in 
Europe by a British or British Commonwealth citizen 
resident in the United Kingdom, or for work in the 
United Kingdom by a European national. 


University News: 
Imperial College of Science and Technology, London 


THE Governing Body cf the Imperial College of Science 
has elected four former etudents and one of its members 
to fellowships of the Collage: Mr. A. H. Albu, Minister of 
State for Economic Affaizs and Member of Parliament for 
Edmonton since 1948, student of mechanical engineering 
and motive power during 1920-23, member of the Govern- 
ing Body during 1954-6E; Sir Andrew Bryan, member of 
the Governing Body since 1949, chairman of the Mining 
Qualifications Board, president of the Institution of Mining 
Engineers during 1950-5.; Sir Charles Mills Cawley, chief 
scientist at the Ministry of Power since 1959, student in the 
Department of Chemistzy during 1926-29; Mr. R. J. 
Halsey, director of Cable and Wireless Ltd. since January 
1965, student and later demonstrator of mechanical 
engineering and motive power during 1923-27, director 
of research of the General Post Office during 1958-64; 
Sir Gilbert Roberts, partner in Freeman, Fox and 
Partners since 1945, student of civil engineering during 
1920-22, designer of large span bridges, including the 
Forth Road Bridge and she Severn Bridge. 

Associateship of the Royal College of Science honoris 
causa has been conferred on Prof. H. Elliot, professor of 
physics. 

Prof. J. Sutton, professor of geology, has been elected 
dean of the Royal School of Mines from October 1. Prof. 
P. M. S. Blackett has been appointed to a Senior Research 
Fellowship from October. on his retirement from the chair 
of physics. 

Dr. C. Jaeger, consulting engineer to the English Elec- 
tric Co., Rugby, and for many years associated with work 
at the Imperial College of Science and Technology in 
applied fluid mechanics and hydraulic structures, has 
been appointed the first visiting professor at the Imperial 
College. Under a new seheme, and with the approval of 
the University of Londor, the Imperial College of Science 
and Technology is conferring the title of visiting professor 
to Imperial College on a limited number of leading scien- 
tists and technologists from industry and government 
establishments. ‘These visiting professors will spend an 
appreciable proportion of their time at the College, 
and will participate bota in its academic work and in 
research. 


Queen Mary College, London 


THe annual report of Queen Mary College, University 
of London, for the session 1963-64 (Pp. 131. London: 
Queen Mary College, 1964), outlines the plan for expanding 
the College, following on the Robbins report, to take a 
further 950 students during the next 5 years, with ultimate 
expansion to 3,000 by 1973-74, compared with 1,502 in 
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1963-64. Of these, 511 were undergraduate students in 
science and 348 in engineering; there were also 118 post- 
graduate students in science and 61 in engineering, with 
a further 13 and 8, respectively, part-time. Besides the 
departmental reviews the report includes a list of work 
POPON during the year. 


University College, London 


Tue annual report of University College, London, for 
1963-64 (Pp. 109. London: University College, 1965), 
includes the report of the Chairman of the College Com- 
mittee and the Provost, together with lists of publications 
during the year by members of College departments, lists 
of public lectures, university honours and awards, etc. 
Of the 4,124 students, 1,176 were postgraduate, 3,318 
were from within the United Kingdom, and 364 from 
elsewhere within the British Commonwealth; 743 post- 
graduate students were from within the United Kingdom; 
754 undergraduate and 432 postgraduate students were 
in science. For medical science the corresponding figures 
are 257 and 10; and for engineering, 290 and 121. A 
steering committee was set up durimg the year to examine 
urgently the problems presented by the federal structure 
of the University of London, which the College wishes to 
maintain. The postgraduate students increased by 8-5 
per cent during the session, compared with 6-7 per cent 
in 1962-63, and in referring to the expansion of the College, 
the report emphasizes that the main burden of advanced 
scientific work falls on 5 institutions, prominent among 
which is University College. 


International Commission on Zoological Nomenclature 


Novice is hereby given of the possible use by the 
International Commission on Zoological Nomenclature of 
its plenary powers in connexion with the following cases, 
full details of which will be found in the Bulletin of 
Zoological Nomenclature (22, Part 1; April 5, 1965): 
(1) Designation of a neotype for Viverra zorilla Gmelin, 
1788 (Mammalia). Z.N.(S.) 758. (2) Suppression of the 
generic’name Pelta Quatrefages, 1844, or suppression of 
the family name RUNCINIDAE Gray, 1857 (Gastropoda). 
Z.N.(S.) 580. (3) Suppression of the generic names 
Acanthochila Merch, 1868, and Echinochila Merch, 1869 
(Gastropoda). Z.N.(S.) 582. (4) Suppression of the specific 
name Tipula nubeculosa Meigen, 1804 (Insecta, Diptera). 
Z.N.(S.) 895. (5) Suppression of the generic name 
Faviphyllum Hall, 1852, and the specific name Faviphyl- 
lum rugosum Hall, 1852 (Anthozoa). Z.N.(S.) 1662. 
(6) Designation of a type-species for Ornipholidotos 
Bethune Baker, 1914 (Insecta, Lepidoptera). 2Z.N.(S.) 
1663. (7) Suppression of the goaneric name Colaceutes 
Hartmann, 1856 (Crustacea, Copepoda). Z.N.(S.) 1664. 
(8) Designation of a type-species for Limacia Miiller, 1781 
(Gastropoda). Z.N.(S.) 1665. (9) Suppression of the 
generic name Hretmia Gosse, 1886, and the specific names 
Eretmia pentathric Gosse, 1886, and Hretmia trithrix 
Gosse, 1886 (? Rotatoria). Z.N.(S.) 1666. (10) Designation 
of type-species for the following genera of Insecta, 
Lepidoptera: Ypthima Hübner, 1818 (Z4.N.(S.) 1672); 
Napaea Hubner [1819] (Z.N.(S.) 1678); Iaspis Kaye, 
1904 (Z.N.(S.) 1674); Pithcops Horsfield [1828] (Z.N.(S.) 
1675); Avisoe Hubner [1819] (Z.N.(S.) 1676); Phrissura 
Butler, -1870 (Z.N.(S.) -1677); Adopaeoides Godman 
[1900] (Z.N.(S.} 1678); Artines Godman [1901] (Z.N.(S.) 
1679); Gegenes Hübner [1819] (Z2.N.(S.) 1680); Halpe 
Moore, 1878 (Z.N.(S.) 1681); Papias Godman [1900] 
(Z.N.(S.) 1682); Phanis Godman [1900] (Z.N.(S.) 1683); 
Telicota Moore [1881] (Z2.N.(S.) 1684); Zenis Godman 
[1900] (2.N.(S.). 1685). Any zoologist who wishes to 
comment on any of the foregoing cases should do so in 
writing to the Secretary, International Commission on 
Zoological Nomenclature, c/o British Museum (Natural 
History),.. Cromwell Road, London, 8.W.7, before 
October 5. 
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Announcements 


UNDER the Statute of the Royal Society of London, 
which provides for the election of persons who either have 
rendered conspicuous service to the cause of science or 
are such that their election would be of signal benefit to 
the Society, Sir Robert Menzies has been elected a Fellow 
of the Royal Society. 


Pror. HELEN K. Porrer has been elected chairman 
of the Committee of the Biochemical Society, and Sir 
John Gaddum has been elected an honorary member of the 
Society. 


AN international summer school on “The Cerebellum” 
will be held at the Netherlands Central Institute for Brain 
Research, Amsterdam, during July 5-9. Further informa- 
tion can be obtained from Dr. J. P. Schadé, Central 
Institute for Brain Research, Ijdijk 28, Amsterdam 
(Havens-Oost). 


AN international symposium on “‘Applied Microscopy”’ 
will be held in the University of Sheffield during July 6-9. 
In addition to general sessions, there will be special 
meetings devoted to metallurgical microscopy, dusts, 
particle sizing and counting and fibre microscopy. Further 
information can be obtained from Prof. R. Barer, Depart- 
ment of Human Biology and Anatomy, University of 
Sheffield, Western Bank, Sheffield 10. 


A. SYMPOSIUM on “Molecular Relaxation Processes’’, 
arranged by the Chemical Society, will be held at the 
Edward Davies Chemical Laboratory, Aberystwyth, 
during July 7-9. The programme will include discussions 
on: dielectrics; ultrasonics; nuclear magnetic resonance; 
electron spin resonance. Further information can be 
obtained from the General Secretary, the Chemical 
Society, Burlington House, London, W.1. 


A. SYMPOSIUM on ‘‘Combustion Processes in the Spark 
Ignition Engine” will be held at the Advanced School of 
Automobile Engineering, Cranfield, during July 9-10. 
Further information can be obtained from Mr. D. 
Hodgetts, Advanced School of Automobile Engineering, 
Cranfield, Bedford. . 


Tue twelfth International Spectroscopy Colloquium, 
organized under the auspices of the British Spectroscopists 
Co-ordinating Committee in collaboration with the 
Institute of Physics and the Physical Society, will be 
held in the University of Exeter during July- 12-17. 
Further information can be obtained from Mrs. C. E. 
Arregger, 1 Lowther Gardens, Prince Consort Road, 
London, S.W.7. 


THE tenth International Congress of Pure and Applied 
Chemistry, organized by the Academy of Sciences of the 
U.S.S.R., will be held in Moscow during July 12-18. 
Further information can be obtained from the Secretariat 
of the Congress, Institute of Chemical Physics, Academy 
of Sciences of the U.S.S.R., Vorobyevskoye chaussee 2b, 
Moscow V-334. 


A sornt meeting of the Challenger Society and repre- 
sentatives from the Marine Laboratories (Development 
Commissioners’ Scheme) will be held at the Fisheries 
Experiment Station, Castle Bank, Conway, during July 
14-15. Further information can be obtained from R. I. 
Currie, National Institute of Oceanography, Wormley, 
Godalming, Surrey. 


A. SUMMER’ programme in ‘‘Thermodynamics”’ will be 
held at the Massachusetts Institute of Technology during 
July 19-30. The programme, which will be conducted as 
a workshop, will concentrate on the fundamental concepts 
of work, the laws of thermodynamics, temperature, heat, 
energy, entropy, availability, closed and open systems 
and equilibrium. Further information can be obtained 
from the Summer Sessions Office, Massachusetts Institute 
of Technology, Building 19-356, Cambridge, Massa 
chusetts. A 
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THE NATIONAL SCIENCE FOUNDATION 


R ies fourteenth annual report of the National Science 

Foundation * covers the year ended June 30, 1964, 
the first year of Dr. L. J. Haworth’s directorate. In his 
statement Dr. Haworth sets forth some of the factors 
which he believes are of special rmportance to the scientific 
community and to the United States at the present time, 
and the convictions from which they stem. For the 
rest the report follows the pattern of previous years, but 
the list of grants, contracts and fellowships is now published 
separately. The Science Development Programme com- 
menced in March 1964 is intended to increase the number 
of institutions of recognized excellence m research and 
education in the sciences. Under this Programme grants 
will be made to colleges and universities judged to possess 
the greatest potential for attaming and maintaming a 
higher level of scientific merit. Grants are not expected. to 
exceed 5 or 6 million dollars over 5 years, nor will more 
than 10-15 grants be made in any one year. 

Under the scheme of Institutional Grants for science 
initiated in 1961, grants totalling 11-36 million dollars 
were made to 370 colleges and, universities, ranging from 
1,400 dollars to 150,000 dollars, and chiefly for purchasing 
scientific equipment. The programme of support for 
graduate science facilities was further expanded to 
30-5 mullion dollars, from 2:1 million dollars in 1960, 
making a total of 96-2 mullion dollars for the period. 
Requests are now averaging nearly 500,000 dollars, 26 
per cent of the requests and 15 per cent of the grants 
exceeding this figure, and of the 96-2 million dollars 60 
per cent went to physical science facilities and 40 per 
cent to bioscience facilities. 

On basic research activities, the Foundation distributed 
266-4 million dollars in 1964—115 million dollars going to 
project grants and contracts, 3,105 in number. Of 
2,915 proposals declined or withdrawn during the year, at 
least half were for projects which would have been 
supported if more funds had been available. Most of the 
grants went to 288 academic institutions, of whom 32 
received grants of 1 million dollars or more. Fifteen of 
them were State institutions which are increasing in 
importance as sources of fundamental scientific knowledge 
and trained scientists; 41:3 million dollars went to the 
biological and medical sciences, 64:3 million dollars for 
mathematical, physical and engineering sciences, and 
9-4 million dollars for the social sciences. 

Among the projects thus supported, the report notes, as 
illustrative, Dr. W. J. Luyten’s exploration of the 
relatively near and small stars which has revealed more 
than 12,000 such stars in apparent rapid motion, essenti- 
ally all in a brightness range previously unchartable, and 
including ‘one in the constellation Cetus which may be 
considerably smaller than the Moon. Data gathered by 
infra-red observations on the second flight of Stratoscope II 
observed that the atmosphere of the cool red giant stars 
has a very large water-absorption effect and that the 
amount of water vapour present in their atmospheres 
must be taken into account in computing the atmospheric 
temperatures and amounts of energy radiated from the 
stars. A successful synthesis of cubane has opened the 
way to an extensive study of the chemistry of box-like 
molecular structures. In high-energy nuclear physics 
the omega-minus particle postulated by the ‘group 


* National Science Foundation. Fourteenth Annual! Report for the Fiscal 
Year Ended June 30, 1964. Pp. xxix+128. (Washington, D.C. Government 
Printing Office, 1965 } 45 cents. 


theory’ advanced to explain strongly interacting particles 
was discovered and indicates that this approach 
may point to a complete physical understanding of the 
interactions between many types of nuclear particles. 
Workable operating systems have been developed at the 
Massachusetts Institute of Technology and Stamford 
University for sharing mume on computers. An electron 
spin resonance spectrometer has been used to study the 
reaction of gas-phase hydrogen atoms with a solid film of 
propylene at 77° K. 

In the biological amd medical sciences, Foundation 
grants contributed to the development of chemical 
techniques which permit the assembly of deoxyribonucleic 
acid bases in known sequences ; the new approach promises 
to overcome most of the decoding problems, while recent 
experiments indicate that the genetic code is probably 
the same in all organisms. Studies of the differentiation 
process in the mammalian pancreas have shown that the 
formation of pancreatic tissue depends on an interaction 
between two different tissues, an epithclium and a mesen- 
chyme. Studies in the sea-urchin, coupled with evidence 
already available, suggest that the mature, unfertilzed 
egg contains the stored information for synthesizmg the 
essential proteins of early development. Two digestive 
enzymes produced by the pancreas, chymotrypsin and 
trypsin, have been found to possess completely different 
sequences of amino-acids in their structure but to contain 
the same amino-acids at their active sites, while the 
active site of phosphorylase has been identified as con- 
sisting of 14 amino-acids and capable of either taking on 
or giving up a phosphate. Identification of the red, green 
and blue pigments involved ın colour perception has 
made possible an explanation of colour blindness. Other 
grants have supported work on the fine control of biological 
systems, the relative values of inheritance and learning 
in animal behaviour, ox the relations between organisms 
and the effect of environmental! influences on organisms, 
for example, the factors controlling productivity ın a 
lake. Support in the social sciences has included archaeo- 
logical projects, in connexion with the Aswan Dam 
projects and elsewhere, studies of the adaptation of 
native societies in New Guinea to administrative control, 
and the impact of the modern national economy on the 
traditional market system of Mexico. A survey of the 
prestige attached to occupations indicated a sharp rise 
in public esteem of scientific occupations since 1947. 

Four national research centres are now supported by 
the Foundation: the National Radio Astronomy Observa- 
tory; the Kitt Peak National Observatory; the Cerro- 
Tololo Inter-American Observatory in Chile; and the 
National Center for Atmospheric Research. For these 
4-6 million dollars, 4:4 millon dollars, 1 million dollars 
and 9-3 million dollars, respectively, were allocated during 
the year, and the last-named had a staff of 154 scientists 
and engineers, in addition to 21 visiting scientists and 21 
visiting students. Besides this, the Foundation con- 
tributed 7-4 million dollars to the Antarctic Research 
Programme, which included ecological and physiological 
investigations of the Weddell seal and extensive geological 
oxploration of the ice-free ranges of West Antarctica; 
3 milhon dollars on the deep crustal studies of the Earth, 
in which a key develcpment during the year was the 
decision to design and construct a large floating platform 
from which the drilling operations will be conducted; 
4-8 million dollars towards United States effort in the 
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International Indian Ocean Expedition, in which the 
United States has 14 ships and 5 aircraft participating; 
1-5 mullion dollars towards some 20 projects for the 
modification of the weather; 448,000 dollars for 5 projects 
in & co-operative science programme with Japan; and 
3-7 million dollars for 48 projects in the International 
Year of the Quiet Sun. 

Contributions to specialized research facilities included 
5-3 million dollars for oceanographic vessels and facilities, 
3-5 million dollars on 19 grants for biological research 
facilities, 4-5 million dollars on 18 grants for university 
computer installations, 5 million dollars for nuclear 
research facilities at universities, 700,000 dollars on 14 
grants for university research facilities in atmospheric 
sciences, and 1 million dollars on 6 grants for research 
facilities in social science. 

Under its science education programme, the Foundation 
awarded 3,226 graduate fellowships, 96 senior post- 
doctoral fellowships, 240 postdoctoral fellowships, 908 
summer fellowships for graduate teachers, 325 science 
faculty fellowships and 292 summer fellowships for 
secondary school teachers, as well as 43 senior foreign 
science fellowships to scientists invited from other 
countries by universities in the United States. Much 
assistance was directed towards improving undergraduate 
courses, and nearly 9 million dollars went for equipment 
for this purpose and 688 institutions were assisted. The 
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Foundation contributed 39 million dollars towards 
institute training for secondary school teachers, 35,000 
of whom attended such courses. Much progress is also 
reported on improving secondary school courses, and the 
Foundation also made grants totalling 2-4 million dollars 
for 185 special projects which provided training opportuni- 
ties for 7,600 specially talented secondary school students. 
Attention was also given to the needs of elementary 
school teachers, about 3,350 of whom will recerve traming 
in teaching in science or mathematics as a result of 
Foundation grants, and the improvement of elementary 
school courses in science is also being assisted. 

During the year the Foundation made six grants 
totalling 180,000 dollars in support of new periodicals, 
for the elimination of arrears and for experiments in more 
efficient production of periodicals; 17 grants totalling 
140,000 dollars were awarded for the publication of 
scientific monographs; 390,000 dollars was awarded for 
the development by the Chemical Abstracts Service of 
a system of mechanical control of more than 2 million 
chemical structures with related technical mformation 
as & basis for a national computer-based chemical informa- 
tion service. Seventeen grants amounting to 859,000 
dollars were made for research into the organization and 
searching of information, and during the year the Founda- 
tion supported 54 periodicals of translations, of which 
10 became self-supporting during the year. 
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WILDLIFE RESEARCH IN THE UNITED STATES 


HE activities of the Division of Wildlife Research in 

the Bureau of Sport, Fisheries and Wildlife of the 
U.S. Department of the Interior are described in the 
recently published report for 1963*. The Division serves 
as the fact-finding part of the Bureau, responsible for 
research on all wildlife—game and non-game, resident and 
migratory, harmful and beneficial. The results of the 
Division’s investigations are used by the Bureau, and by 
co-operating Federal and State agencies in wildlife manage- 
ment, not only for the production of more and better 
public recreational facilities, but also for more effective 
control of wildlife injurious to agricultural, industrial and 
urban interests. 

The research of the Division at present involves water- 
fowl and other migratory birds, upland wildlife with 
particular emphasis on problems occurring on public 
lands, pesticide—wildlife relations, diseases and parasites, 
control methods, and classification, distribution and life 
studies of wild birds and animals. Marine mammal 
research is at present being concentrated on the sea otter. 

The expansion of the research programmes that began 
in 1958 continued, and programmes in animal-control 
methods and pesticide—wildlife relations were introduced. 
Disease and parasite research in the field of resident 
wildhfe was expanded during the year through a contract 
with the University of Georgia. Smaller but significant 
growth characterized research on water-fowl and other 
migratory birds. 


In meeting its wildlife research responsibilities, the . 


Division co-operates with other agencies of the Depart- 
ment of the Interior, the Department of Agriculture, the 
Department of Health, Education and Welfare, and the 
Department of Defence. In its game-bird introduction 
programme, it is co-operating with the Wildlife Manage- 
ment Institute, the International Association of Game, 
Fish and Conservation Commissioners, more than forty 
State conservation departments, and various foreign 


* United States Department of the Interior: Fish and Wildlife Service. 
Bureau of Sport, Fisheries and Wildlife. Cou 188° Wildlife —— 
Problems, Programs, Progress, 19638. Pp. viil 480. (Washington, D.C.. 
Government Printing Office, 1964.) 


countries. Much of this research is ın the native ranges of 
game birds considered potentially adaptable for release 
in selected game-deficient areas in the United States. 

One of the oldest and best known of the Division’s 
co-operative programmes is that of the Co-operative 
Wildlife Research Units. These are supported and 
administered under the terms of a memorandum of under- 
standing signed by officials of the Bureau, the Wildlife 
Management Institute, and the land grant colleges and 
game and fish departments of the eighteen participating 
States. In addition to research, the Units facilitate train- 
ing of qualified graduate students in wildlife studies and 
promote education in conservation through publication, 
demonstration, lecture and consultation.. 

The Division is concerned with numerous other instances 
of co-operative research, made possible by the interest 
of various conservation agencies, scientific institutions, 
and individuals. These programmes include the bird- 
banding record centre at the Migratory Bird Populations 
Station at Laurel, Maryland, where banding data on nearly 
12 million birds of all kinds and recovery records on 
more than l million migratory birds are filed, and where 
more than 3 million cards on the migration and distribu- 
tion of North American birds are housed. In another 
co-operative programme, bats have been banded, and 
the records are filed and kept up to date in the Bird and 
Mammal Laboratories housed in the U.S. National Museum. 

The world’s largest collections of North American birds 
and mammals are maintained at the U.S. National 
Museum, in co-operation with the Smithsonian Institu- 
tion. These records, together with the professional 
taxonomic services provided by Division employees, are 
available to investigators whether they are members of 
the Bureau or not. The assistance of thousands of 
banders, observers and collectors, who have co-operated in 
obtaining these specimens or in providing data on them, 
makes this comprehensive service possible. 

Within the Division the-directors of the five research 
centres, the leaders of the eighteen Co-operative Wildlife 
Research Units, the leader of the foreign game introduction 
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project, and the editor all report directly to the central 
office in Washington. Programme planning, co-ordina- 
tion, and the administration for all Division research are 
functions of the Washington office. Routine fiscal, 
personnel, and property management of field research 
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stations are handled through the five regional offices of 
the Bureau. 

In the fiscal year 1964 the Division had 190 profes- 
sional and 160 clerical or other employees, and a budget 
of about 4-5 million dallars. 


BREATHLESSNESS 


URING April 7-8, a symposium on “‘Breathlessness’’ 
was held at the University of Manchester, sponsored 
by the pharmaceutical company Boehringer Ingelheim, 
Ltd., which brought together neurophysiologists, respira- 
tory physiologists and clinicians of several specialties. 
After the meeting was opened by Prof. D. A. K. Black 
(Manchester), Dr. J. H. Comroe (San Francisco) in an 
introductory talk commented that he would have pre- 
ferred the meeting to be restricted to dyspnoea, and to 
have excluded other disturbances such as hyperpnoea and 
tachypnoea’ which, although called ‘breathlessness’, 
should be distinguished from difficulty in breathing. He 
reviewed the methods by which dyspnoea has been studied 
and the theories which have been propounded. 

Dr. A. J. Buller (London), who described present-day 
views on the organization and function of the muscle 
spindles, emphasized the different properties of the 
nuclear bag and nuclear chain systems and indicated how 
these may function in control of movement. Dr. C. von 
Euler (Stockholm) showed how the œ- and y- motor 
systems operated in the respiratory muscles of cats, 
emphasizing the difference between the intercostals 
and the diaphragm. Dr. T. A. Sears (London) described 
investigations of single anterior horn cells of cat inter- 
costals, which showed how much integration of excitatory 
and inhibitory drives may occur at this level. 

In the second session, under the chairmanship of Dr. 
J. H. Comroe, Dr. E. J. M. Campbell (London) reviewed 
the ways in which information about ventilation and the 
act of breathing may reach consciousness, and discussed 
the theory of length: tension appropriateness and the 
distinction between awareness and distress. In discussion, 
Dr. A. Guz (London) described investigations of the effect 
of vagal interruption ın anaesthetized and conscious man. 
These indicated that the vagus plays only a small part 
in normal breathing, but may provide a potent drive to 
respiration and subserve the unpleasant sensation asso- 
ciated with low lung volumes. Dr. J. Newsom Davis 
(London) described investigations of patients with 
neurological disorders which he interpreted as indicating 
that receptors in rib joints subserve the awareness of 
increased resistance to breathing. 

Dr. J. Severinghaus (San Francisco) reviewed the 
evidence that ventilation is normally regulated to main- 
tain constant pH of cerebrospinal fluid on the surface of 
the medulla and described how other chemical stimul 
interact. Dr. J. E. Cotes (Pneumoconiosis Research 
Unit, Penarth) discussed the relative importance of central 
and peripheral neurogenic and chemical drives to ven- 
tilation during exercise. In discussion, Dr. D. J. C. 
Cunningham (Oxford), Dr. P. Dejours (Paris) and Dr. 
S. J. G. Sample (London) analysed further the inter- 
action of central and peripheral chemical drives at rest 
and exercise. 

In the third session, under the chairmanship of Sir 
Robert Platt, Dr. J. Mead (Harvard) described methods 
of recording respiratory movement which overeame the 
disadvantages of mouth-pieces and spirometers. He 
described (supplemented in discussion by Dr. E. Agostini 
of Milan) recent work on the interaction of volume and 
shape in the respiratory act and indicated that forces 
due to distortion must be added to the conventional 
elastic and non-elastic forces in the analysis of the mech- 


anics of breathing. Phase shifts between different parts 
of the chest and abdomen were discussed by several 
speakers. 

In introducing a session devoted to breathlessness in 
disease, Prof. C. H. Stuart-Harris (Sheffield) once more 
urged that a distinction be observed between undue 
hyperventilation and difficulty ın breathing, and asked 
the following speakers if the sensation of difficulty varied 
in different conditions, if there may be multiple mech- 
anisms and what are these mechanisms. 

Dr. J. B. L. Howell (Manchester) examined breathless- 
ness ın respiratory disease, concentrating particularly 
on the problem of patients with chronic obstruction of 
air-passages. He marshalled evidence that the obstruction 
of air-passages itself 1s insufficient to account for under- 
ventilation in all patients and discussed the control of 
ventilation at rest and exercise. He also discussed the 
respiratory mechanics and indicated how length : tension 
inappropriateness might occur although the work of 
breathing is not excessive. Dr. M. B. McIlroy (San 
Francisco) briefly reviewed possible mechanisms of 
dyspnoea in heart disease, but concentrated on studies 
of patients with metabolic disorders of muscle which 
indicated how muscular dysfunction could cause, or 
ageravate, the sensation of dyspnoea. Dr. F. Plum 
(New York) described the disturbance of breathing in 
patients with lesions at various levels of the central 
nervous system. He suggested that there is a hierarchical 
representation of (in ascending order) diaphragm, inter- 
costals and accessory muscles and that the excessive 
use' of the more highly represented ones may cause 
dyspnoea. 

In diseussion Dr. J. M. Petit (Liège) suggested that 
stresses in the lung generated by unequal time-constants 
in parallel respiratory pathways might cause discomfort 
or pain. Dr. R. Marshall (Oxford) described the effects 
of pulmonary embolism; the hyperpnoea commonly seen 
remains difficult to explain. Dr. E. R. Hitchcock (Man- 
chester) described the effects of cordotomy at varying 
sites on the breathing. 

In the final general discussion, under the chairmanship 
of Prof. R. V. Christie (Montreal), Dr. I. Priban of London 
described a model of respiration as a self-optimizing 
system. Dr. J. Widdicombe (Oxford) and Dr. M. Noble 
(London) desenbed their sensations during bilateral 
vagal block. Dr. B. H. Burns (Manchester) described the 
psychological features of patients with chronic respiratory 
disease where reaction to their disability aggravated the 
complaint of dyspnoea. Dr. ©. von Euler suggested 
that it might be profitable to investigate breathlessness 
in the same way as thirst and hunger have been investi- 
gated experimentally. Dr. ©. M. Fletcher (London) gave 
a Classification, of breathlessness under the headings of 
awareness of increased ventilation, difficult ventilation 
and need for ventilation. - 

When the opening sneakers were invited to make final 
comments Dr. A. Buller briefly summarized present views 
on the anatomical basis of sensation indicating the different 
roles attributed to the sensory cortex and the subcortical 
centrencephahe region. Dr. F. Plum emphasized that ın 
view of the speed of neuronal and synaptic processes 
there is little prospect in experiments in man of distin- 
puishing sensation gensrated by afferents, from sensation 
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generated by motor or other changes secondary to the 
afferent information. Dr. E. J. M. Campbell suggested 
that one should continue to search apparently different 
clinical and experimental situations for common mechan- 
isms before concluding too readily that there are many 
mechanisms. Dr. J. B. L. Howell stressed the value of 
being able to induce different respiratory sensations in 
patients for comparison with natural sensations. 
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Finally, Dr. J. H. Comroe summarized the main points 
and indicated the direction of new work; he urged early 
publication, congratulated the organizers and thanked 
the University of Manchester and Messrs. Boehringer 
Ingelheim, Ltd., for their hospitality and support. The 
Proceedings will be published by Blackwell Scientific 
Publications. J. B. L. HOWELL 

E. J. M. CAMPBELL 
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MECHANICAL EFFECTS OF A SIMULATED LIGHTNING 
DISCHARGE ON THE WATER DROPLETS OF 
‘OLD FAITHFUL’ GEYSER 


By Dr. GUY G. GOYER 


National Center for Atmospheric Research, Boulder, Colorado 


LIGHTNING discharge produces numerous distur- 

bances. It generates a shock wave, a radial wind, a 
new distribution of charges, and presumably large con- 
centrations of ozone and oxides of nitrogen. The chemical 
effects have not been mvestigated. The electrical effects 
were discussed by Moore eż alt. The mechanical effects of 
the lightning discharge on the hydrometeors of a thunder- 
storm, possibly of major importance in the life-cycle of 
the mature thunderstorm and consequently on the rainfall 
characteristics, have not been examined in detail, although. 
they have been suggested by the results of several field 
and laboratory investigations. Maurm and Médard? 
measured the threshold over-pressure of shock waives 
generated by detonations for triggering the freezing of 
natural super-cooled fog droplets. In shock tube experi- 
ments, Goyer, Bhadra, and Gitlin® observed, in the pres- 
ence of shock waves of known intensity, the freezing 
of bulk super-cooled water at temperatures about 2°C 
warmer than the natural freezing temperature. Finally, 
Hanson et al.* determined the threshold wind velocity, 
generated by shock waves, for the shattering of large 
water droplets. 

In order to gather quantitative information on the 
mechanical effects in the field, experiments were carried 
out on ‘Old Faithful’ Geyser plume during the winters of 
1964 and 1965. Conclusive evidence confirming the effects 
already reported was obtained and 1s discussed here. 

‘Old Faithful’ Geyser was selected for these experiments 
since ıt offers the unique phenomenon of generating at 
ground-level, once every hour, a precipitating super-cooled 
cloud comprising a wide range of water droplets. The 
lightning discharges were simulated by the detonation of a 
detonating cord (‘Primacord’). The explosive charge 
was suspended from a captive standard meteorological 
balloon anchored about 300 ft. above ground at a known 
distance from the cone of ‘Old Faithful’. ‘Primacord’, 
containing 56 grains of PETN /ft., was selected as a realistic 
model of the lightning discharge on the basis of theoretical 
calculations of the shock wave intensity generated by 
lightning®. The shock wave intensity at the plume was 
estimated from the calculated shock wave decay curve and 
the distance of the charge. Lengths of ‘Primacord’ 
varying from 6 to 140 ft. were detonated in the plume of 
‘Old Faithful’. During the 1964 expedition only qualitative 
observations were made. However, in 1965, 29 observa- 
tions of ‘Old Faithful’ eruptions were made over a period 
of two weeks. The effects of the detonation on 15 eruptions 
and the hydrometeors generated by 14 natural eruptions 
were observed. Quantitative results, confirming the obser- 
vations made during the 1964 expedition, were obtained 
on all expected effects. 


In 1964, scientists m the vicinity of ‘Old Faathful’ 
Geyser observed brief showers of hail pellets immediately 
following the detonation of ‘Primacord’. A primary 
objective of this year’s work was to sample the microhail 
pellets generated by the blast. An inclined plane sampler, 
suggested by Dr. Vincent Schaefer, was assembled and 
used successfully in sampling the pellets. The samplers 
provided a means of separating the liquid water droplets, 
which shattered and smeared on the cellulose acetate 
inclined plane, from the ice spheres or microhail pellets, 
which bounced on the tnclined plane and collected on a 
microscope slide at the bottom of the sampler. The 
collected microhail pellets could then be replicated directly 
on the microscope slide. In this manner, samples of micro- 
hail pellets were obtained from five shdes, replicated with 
2 per cent “Formvar’ solution and observed and photo- 
graphed under the microscope (Fig. 1). 

During the 1964 expedition, a phenomenon never 
observed previously was seen immediately following a 
detonation of ‘Primacord’ in the plume of ‘Old Faithful’. 
Heavy precipitation, originating from the plume of ‘Old 
Faithful’, was observed by Dr. Schaefer at ‘Castle’ Geyser, 
more than 2,000 ft. downwind from ‘Old Faithful’. This 
observation could be explained by the shattering of large 
droplets into smaller droplets which were carried further 
by the wind. Consequently, one of the objectives of the 
1965 expedition was to detect the shattering of large 
droplets in the plume of ‘Old Faithful’. For this purpose, 
hquid water droplets were sampled on stabilization paper, 
as used by Koenig®, at a distance from the geyser (450 ft.) 
great enough for a few droplets to be collected in the 
absence of a detonation. If large droplets are shattered 
by the detonation, the concentration of small droplets 
is increased at the source and an increased number collec- 
ted at a given distance under steady conditions of wind and 
water output. Water droplets were collected from a 
number of eruptions in the presence and in the absence 
of detonations. In one eruption, a sample was taken 
before the detonation and one after. The total number of 
droplets collected and the size distribution of the droplets 
collected in the presence or in the absence of a detonation 
were compared. 

freezing. As recorded in the report of the 1964 Yellow- 
stone Field Research Expedition’, hail was always ob- 
served to fall immediately following the detonations. The 
hail was very noticeable by its bouncing off the clothing 
or the equipment carried by the observers. Observations 
recorded in this report are quoted here : 

“As during the 1963 expedition, several new research 
areas of promise in the atmospheric sciences were explored 
and resulted in most encouraging results. Among these 
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Replica of frozen droplets collected after a detonation 


Fig. 1. 


are, the effect of shock waves on nucleation and coales- 
cence phenomena; the production of miniature hailstones 
in the geyser plume” (Vincent J. Schaefer). 

“At 10:26 another test detonation was made during 
an Old Faithful eruption. About 65 ft. of ‘Weathercord’ 
was used on this second test. This detonation produced 
a more spectacular result with a shower of ice pellets 
lasting for 33 seconds. Replicas of these precipitation 
particles were obtained along the 33-second path of the 
shower. The implications of thunder on precipitation 
formation and growth seem apparent’ (Thomas J. 
Henderson). 

“An attempt to sample the ‘Weathercord’ shock seeding 
by Goyer was made on 16 January. The instrument was 
not designed to sample large hydrometeors. However, 
it was able to crudely capture one millimeter microhail 
particles from this seeding. The size agreed closely with 
other samples taken simultaneously” (Hindman). 

All replicas collected in 1965 indicate that the samples 
are rimed ice droplets slightly more than 0-5 mm in diam- 
eter. In 1964, the tests made at colder temperatures 
yielded larger pellets. Several doublets, suggesting the 
freezing of two droplets colliding in free fall, were also 
collected together with well-defined ice prisms. These 
samples duplicate the very few replicas obtained in 1964. 
No such sample was obtained in cases where no ‘Primacord’ 
was detonated. Where water droplets were sampled in 
inclined plane samplers, very close to the Geyser, the 
droplets smeared and spread on the slides and no spherical 
samples or ice prisms were collected. The observations 
of more than 25 natural eruptions over the two periods 
demonstrated conclusively the absence of solid particu- 
lates. 

So far as can be determined from this series of experi- 
ments, the threshold temperature for triggering freezing 
is of the order of 25° F, the threshold distance is about 
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200 ft., and the threshold shock wave over-pressure, 
about 0-1 Ib. /sq. in. Maurin and Médard’ measured a 
threshold over-pressure of 0-3 lb./sq. in. at —0-5°C. 
Obviously, the threshold parameters are a strong function 
of the ambient tempereture. The detection of this tran- 
sient effect would be much easier and the measurement of 
the threshold parameters more accurate in very cold 
temperatures, — 30° F, where a greater number of larger 
droplets would super-cool. Unfortunately, no such 
temperatures were experienced during the expedition. 

Shattering. Tn the 1964 expedition, a single, most drama- 
tic observation of the shattering of large droplets by a 
detonation was made. On that occasion, a brief wave of 
heavy precipitation originating from the ‘Old Faithful’ 
plume shortly after a detonation was observed on the 
windshield of a snowmobile located at ‘Castle’ Geyser 
approximately 2,000 ft. downwind from the cone of “Old 
Faithful’. According to the leader of the expedition, Dr. 
Schaefer, rain from ‘Old Faithful’ had never been observed 
before at ‘Castle’ Geyser. 

Fig. 2 shows the size distribution of water droplets 
collected 450 ft. downwind from the cone in the presence 
and in the absence of a detonation. The most striking 
feature of this graph is she very large increase in the total 
number of droplets collected in the presence of a detona- 
tion. In all cases, the effect of the detonation is to increase 
the number of droplets collected by a factor ranging 
from 5- to 60-fold. The effect of the wind velocity on 
the distributions from natural eruptions is indicated by 
the width of the distribution and by the total number of 
droplets collected as shown in curve 4. In this case, the 
stronger wind carried to the sampling station not only a 
greater number of small droplets but also much larger 
droplets. The effect of the radial wind generated by the 
detonation on the distribution of the plume is indicated 
by the study of the size distributions of the collected water 
droplets. If the additienal wind component were signifi- 
cant, droplets of larger sizes should be collected at a given 
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distance in the presence of a detonation. In all cases, 
however, the tail of the size distribution is observed to 
shift towards the smaller sizes in the presence of a detona- 
tion. The largest diameters sampled are 1,7004 without 
and 800u with a detonation. Consequently, the effect 
of the wind component due to the detonation is negligible, 
and the appreciable changes in the number concentration 
and in the size distribution of the collected droplets are 
conclusive evidence of the shattering, by a detonation, 
of large water droplets in the plume of ‘Old Faithful’. 

The distance from the cone to the charge was varied, 
for these tests, from 110 to 150 ft. Consequently, the 
maximum over-pressure at the plume was about 0-1 Ib./in.? 
and the maximum wind velocity about 6 ft./sec. This 
threshold wind velocity for shattering is an order of magni- 
tude smaller than that determined by Hanson et al. 
for single droplets | mm in diameter. This lower threshold 
may result from shattering by collision in a cloud of drop- 
lets. Hanson’s threshold applies to single droplets. Conse- 
quently, the radius of action of the lightning discharge in 
shattering cloud or rain droplets may be much greater 
than that expected from Hanson’s data. 

Coalescence. During the tests of 1964, rain gushes were 
observed on several occasions immediately after detona- 
tions, as deseribed in the following reports’: 

“Test explosions were produced on the 16th. At 9:07 
some 60 ft. of the ‘Primacerd’ was detonated in the area 
near Old Faithful as the geyser erupted. A precipitation 
shaft was observed falling from the plume which moved 
westerly from its originating point. Still photographs 
and 16mm coloured footage were obtained during this 
operation” (Thomas Henderson). 

“During Wednesday afternoon, January 15, I assisted 
Dr. Goyer and with several others observed the effect of 
a shock wave, generated by the ignition of 100 ft. of 
‘Primacord’, on the supercooled cloud resulting from an 
eruption of Old Faithful. The explosive was suspended 
from a standard weather balloon. Within a very few 
moments after firing the “Primacord’, a curtain of rain was 
seen to fall from the geyser plume which moved with the 
light wind down the valley” (R. C. James). 

In 1965, two more — observations of the rain 
gush were recorded by independent observers. The gushes 
can be deseribed as transient curtains of heavy rain 
rapidly moving away from the plume immediately after 
blasting. These gushes may be an indication of the 
increased number of collisions and of the increased rate of 
coalescence between water droplets as a result of their 
individual responses to the radial wind produced by the 





detonation. The resulting, greatly increased rate of growth 


of water droplets could explain the heavy transient 
precipitation following a detonation. Since no quantitative 
data could be obtained on this effect this conclusion is 
tentative. 

An overall effect of the detonation on the plume of 
‘Old Faithful’, noted in 1964 by a group of observers at 
‘Castle’ Geyser looking at the plume illuminated from be- 
hind by the rising sun, was also seen in 1965 under the 
same conditions by an independent observer. A sudden 
and transient darkening of the plume was observed to 
occur immediately after the detonation. No attempt is 
made at this point to explain this observation, which 
might be of importance in the further analysis of the 
interaction of the shock wave with the plume as a whole. 
A 35-mm moving picture of the 1964 observation will 
be examined to evaluate fully the implications of these 
observations. 


Conclusions 


These observations constitute conclusive evidence of the 
mechanical effects of lightning discharges on precipitating 
super-cooled clouds. Visual observations were made of the 
triggering of freezing, of the shattering, and of the in- 
creased rate of coalescence of super-cooled water droplets 
submitted to the shock wave. Mucrohai! pellets and water 
droplets were sampled to substantiate these qualitative 
observations. The shock wave generated by the 56-grain 
‘Primacord’ is, according to a theoretical estimate, com- 
parable with that generated by high-intensity lightning, 
and the effects observed should be realistic. The results 
obtained yield strong support to a model developed by the 
author to explain the effects of lightning discharges on 
hydrometeors and consequently on rainfall charac- 
teristics®. 

T thank Dr. Vincent J. Schaefer for his invitation to 
participate in the Yellowstone Field Research Expeditions 
and for his advice; Mr. Charles Garhart for the reduction 
and the analysis of the Yellowstone data; and finally 
the participants of the expeditions. 
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MILLIMETRE WAVE-LENGTH SPECTRA OF THE CRAB AND 
ORION NEBULAE 


By C. W. TOLBERT 


University of Texas 


HAE observed the 35 Ge and 70 Ge radiation from 

theCrab Nebulaand finding, for an assumed gaussian 
brightness distribution, the source to have a millimeter 
wave-length spectral index probably different from that 
of the longer wave-lengths!, measurements of 35 Ge, 
70 Ge and 94 Ge radiation from the nebula were conducted 
during the period December 1964—February 1965 to estab- 
lish more accurately and over a wider frequency interval 
the nebula’s millimetre spectral index. Measurements to 
determine the 35 Ge and 94 Ge flux densities of the Orion 
Nebula were also made during the same time period. 
The observing period was selected to permit optical con- 
firmation of the millimetre telescope pointing at reasonably 
early night hours. This period also coincided with the 


season of minimum atmospheric water vapour density 
the principal atmospheric obscurant of 35 Ge and 94 Ge 
radiation. 

Observations of the two sources were conducted at each 
frequency by conventional right ascension scans at rates 
producing 4 per cent depression and 12-see delay of the 
millimetre telescope responses to point source emission. 


Having first located the sources at 35 Ge, right ascension — 


antenna temperature recordings during any one night of 
observations were made with declination settings spanning 
the source at declination increments of one-half the an- 
tenna beam-widths when the sources were within +2 h 
of the meridian. The rasters of right ascension scans thus 
obtained from several nights of observations were averaged, 
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synchronized by optical vectoring from & Tauri and 6} 
Orionis for the observations of Taurus A and Orion A, 
respectively, to obtain useful signal-to-noise contrasts. 
The principle of uniform exposure of the raster each night 
reduced the possibility of systematic errors. associated 
with long-period atmospheric attenuation changes and 
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Right ascension 


Right ascension 35 Ge, 70 Ge and 04 Ge antenna temperatures across the declination centre of the Crab Nebula 


From the antenna temperatures an interpretation of the 
souree sizes and flux densities was made with the follow- 
ing expressions. 

pa ETa eh 


ere maenna 


F Flax density (Wjm*/o/s); k Baltzman’s. constant. (1-38 x 10°"); Ta, 
antenna temperature (° Ki; Ae, aatenna area (m°) Ba, antenna efficiencies: 





receiver sensitivity variations. Asinglevalueofatmospheric K., coefficient. of antenna ‘seeing’: g, atmospheric attenuation (dB). 


attenuation for an average value of altitude angle was —— a 
used to evaluate the millimetre wave-length extinction — 
of the averaged rasters, the attenuation being the weighted . : 


S, source half intensity width (Geg); A, antenna half intensity width (deg). 
S= vicos d JAF 
response half intensity width ideg); d, source declination. 


g3 Ge)= 0010 +011 (Pr) see g 
g(70 Ge) = 170 4 OLB (Pe) see gy 
(94 Geo} = 065 + 0-38 (Pw) see g 


Pe, precipitable atmosphericavater vapour (gem); q, zenith distance (deg), * es 


average of the values of attenuation derived from radio- 
sonde data of the total precipitable water in the atmo- 
- sphere each night of the measurements. The data were con- R, 
sidered useful only for those observations when the regional 
weather was well defined and the sky clear of clouds. 
The telescope antenna aperture efficiencies and half- 
beam-widths were. 58 per cent and 0-120° 


at 35 Ge, 54 per cent and 0-060° at 70 Ge, +03 
and 52 per cent and- 0-047° at 94 Ge’, : NGC 1976 {356c} 
The sensitivities of the radiometers were | ANTENNA TEMPERATURES 
: calibrated by i immersing wavo-guide term: . Tm 0.56°K 
_ inations in boiling and in tap water baths. - See T, = 09 Tm 
The average radiometer uncertainties — Ty * 0.5 Tm 
were 1° C, 4° C and 4° C per 1 sec of inte- E hAON Tes 
- gration time (Te) at 35 Ge, 70 Ge and = 
94 Ge, respectively. Pen and paper 4 
antenna temperature recordings were — 


made with radiometer integration times. 
of 16 sec and full-scale sensitivities of 
2°5° C, 8° C and 8° Cat the frequencies of 
35 Ge, 70 Ge and 94 Ge, respectively. © 
Averaged right asconsion antenna tem- 0 
peratures obtained at 35 Ge, 70 Ge 
and 94 Ge across the declination centre 
of Taurus A are shown in Fig. 1. Eor 
the purpose of the display the deflexion 
at each frequency. has beon scaled to a 
common value... Contours of 35 Ge 









NGC 1976 (946c) 
Te equiv. to }Smin, 
g =0,412°C 





antenna temperatures 90, 50 and 10. : 
per cent of the maximum values observed 
o from Orion A are shown superimposed 
on. the positions of 6, 0A and GB 0° 


Antenna temperature ( 


Orionis. in Fig. 2. The right ascension 
antenna temperature. obtained at 94 Ge 
across the declination centre of Orion A 
is also included in Fig 2. 
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The resulting sizes, flux densities and observed positions 

of Taurus A and Orion A are given in Table 1. 
_ Graphs of the ‘radio. frequency’ flux densities of Taurus 

§ . — Orion A as a function of frequency are shown. in 
- Big. 3. | 
_ The millimetre and the longer wave-length spectral 
` indices required to deseribe the measured values of flux 
` are quite different. It is improbable that the results of the 
= millimetre wave-length measurements of Taurus A and 
Orion A are erroneous; the millimetre telescope and the 
< observing techniques, described here, have been effectively 
used to measure the radiation from Venus’, Mars, Jupiter 
and Saturn (in preparation). 

An explanation of the radio frequency spectra of the 
two nebulae requires a model having two régimes of 
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Fig. 3. Flux of the Orion Nebula and flux of the Crab Nebula a as funotions of frequency 


Sun are very similar, suggesting that the spectrum of the 





dominantly fron. ‘more densely onie © onglome 
interspersed in the diffused medium. The radiation from 
the conglomerates has a spectral index of +2, and to 
explain the similarity of the millimetre wave-length 
source sizes the intensities of radiation from both régime 
are gaussian. distributed about the source centres. Wit 
the limits of describing the millimetre wave-length spectral 
characteristics, the densely ionized conglomerates of both 
nebulae are sharply bounded. 
Spectra of Taurus A, Orion A and the Sun are shown t in 
Fig. 4. The spectrum of Orion and the spectrum of the 





















integrated emission of the Orion Nebula is similar to the 
average emission spectrum of the average star, the Sun 
and that the two régimes of the radiation of the Orion 
Nebula are analogous to the Sun’s corona and the chrom 
sphere. -Ratios of the 94 Ge brightnesses of the Crab 
Nebula and the Orion Nebula to the 94 Ge solar brightness 
are T5 x 10-4 and 3-2 x 10-4, respectively. The cross-sec- 
tions of the volumes occupied by ‘chromospheric conglo 
merate equivalents would, therefore, be 7-5 10t anc 
3°2 x 10-4 of the total cross-sections of Taurus A and Orion 
A, respectively. Tene 
The 35 Ge antenna isothermals of the Orion Nebula have ee 
the characteristics, for the antenna beam-width of 120°, 
of defining a poorly resolved ‘barred spiral’ galaxy similar 
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These experiments established that neutron doses as 
small as 8 x 10! em-* for the former and 3 x 107 em~? 
for the latter material were sufficient to cause an easily 
detectable embrittlement on tensile testing at 750° C. 
Thus a rapid investigation of the effects lay open. By 
examining the tensile preperties over the range from room 
temperature up to 800° C it was found that a hardening 
and a consequent decrease in ductility was detectable up 
to temperatures of ~ 500° C, whereon the effect annealed 
and the mechanical properties became indistinguishable 
from those of equivalent unirradiated samples. Only at 
temperatures > 600° C did the ductility again decrease 
with an increased tendency to intergranular fracture; 
this time with little or no associated hardening’*. It was 
found that the high-temperature ductility could not be 
recovered even after anneals as high as 1,200° C (refs. 
8, 11, 12). With 20/25/Nb steel the effect of increasing the 
neutron dose was steadily to decrease the non-uniform 
elongation, but in general to otherwise leave the stress- 
strain curve unaltered, while with PE 16 the ultimate 
tensile stress could also be reduced. 

The recovery of the low-temperature hardness and 
ductility at about 500° C is consistent with the radiation- 
induced point defect clusters being the cause and indicated 
that the high-temperature embrittlement was due to 
some other cause not readily recoverable by heating. 

These results were supported by later information 
obtained from the more costly and time-consuming 
experiments where the samples were irradiated at tem- 
peratures above 500° C. In most cases the ductility of 
these samples, when tested at high temperature, was 
scarcely distinguishable from similar samples irradiated 
cold. However, on testing below the irradiation tem- 
perature they showed no embrittlement, as might be 
expected. 

Samples of the same steel were irradiated in reactor 
positions with various fast to thermal neutron flux ratios, 
some with and some without a cadmium shield*-*. These 
experiments showed conclusively that whereas the low 
temperature embrittlement could be correlated with the 
fast neutron flux, as expected, the high temperature 
embrittlement correlated with the thermal neutron flux, 
confirming that atoms displaced by fast neutrons were not 
producing the effect and concentrating attention on the 
possible neutron transmutation effects, which would be 
expected to persist at these high temperatures. 

Various precipitation effects have been observed in 
these irradiated steels*:4+5, and it was possible that these 
were influenced by the transmutation products; however, 
these effects can be annealed at suitably high temperatures 
when any hardening also recovers, but the high-tempera- 
ture ductility is not recovered. Thus, the precipitation 
effects are not the prime cause of the embrittlement. 

Boron-10 appeared the most likely isotope because of 
its high thermal neutron cross-section. Rather than add 
varying amounts of boron to a given steel (a procedure 
which would give results almost impossible to interpret 
because of the complex and unestablished metallurgical 
changes induced) a constant amount of boron was added 
in the form of either boron-10 or beron-11. Irradiation 
of these chemically and metallurgically similar steels 
clearly showed that the steel containing added boron-10 
was more embrittled, and further that the loss in ductility 
in all samples could be correlated with the amount of 
boron-10 transmuted’. Thus it was clear that, in these 
irradiations, the transmutation of boron-10 to helium and 
lithium was the reason for the embrittlement at high 
temperature. Helium, because of its insolubility and 
consequent tendency to form internal gas bubbles in 
solids, is the more likely to cause the embrittlement. (The 
hydrogen produced by (n,p) reactions is likely to escape 
either during testing at high temperatures, or durmg 
irradiation at high temperatures.) Recent results show 
that, whereas lithium injected as ions from an accelerator 
causes some embrittlement of thin strips of 20/25/Nb 





steel, much smaller quantities of helium are equally 
offective!®, The main difficulty in accepting that the 
helium is responsible is that atomic concentrations as low 
as 2 x 10-7 in 20/25/Nb steel (containing 0-0005 per cent 
wt. boron) and 3 x 10? in PE 16 (containing 0-00027 per 
cent wt. boron) must be sufficient to embrittle. The 
following consideration of the embrittling action of the 
helium bubbles on the grain boundaries shows that such 
low concentrations of helium are sufficient, and this gives 
confidence that the inferred mechanism is the pertinent 
one. 

Extensive work has shown that the inert gas atoms 
produced by nuclear transmutations in a metal collect 
into bubbles (normally on the dislocation lines and most 
readily on the grain boundaries) when the temperature is 
greater than about half the absolute melting temperature. 
Because the gas has virtually no solubility the only way 
for bubbles to enlarge is by their bodily movement through 
the solid with consequent collision and coalescence of the 
bubbles. Normally, the property controlling the migra- 
tion is the surface diffusion coefficient of the metal, and 
the velocity of the bubbles decreases rapidly as they 
enlarge. 

At the lower temperature when the bubbles are small 
but numerous, they tend to harden the metal because they 
impede the motion of the dislocation lines, but at tem- 
peratures where their movement is appreciable they 
coarsen and become ineffective in this respect. However, 
some bubbles reach the grain boundaries and when they 
can migrate distances of the order of the grain size all the 
bubbles will reach the grain boundaries, to which they 
will adhere and their subsequent movement will be con- 
fined to the boundary. (Although the transmuting elements 
may be inhomogeneously distributed, and, indeed, 
often on the grain boundary itself, the recoil will cause 
dispersion of the products and, for example, the helium 
atoms from boron-10 are recoiled ~ 4 microns. Thus, 
only very coarse segregation, will cause the helium to 
be inhomogeneously distributed.) With low concentra- 
tions of helium, it is probable that a high proportion of 
the gas can reach the boundary, because a bubble will 
not meet others on its way and thus will not enlarge and 
lose its mobility. It is possible that the bubbles only 
arrive at the grain boundary during straining at the high 
temperature when the bubbles would be swept by the 
moving dislocations. However, when the helium is 
introduced at high temperatures, it is possible that most 
of the helium reaches the grain boundary by diffusing as 
single atoms where it precipitates as bubbles. 

These bubbles on the grain boundary will lower the 
ductility of the metal. 

Any void, radius r, will have a surface tension pressure 
2y/r tending to collapse it, that is, iè is surrounded by a 
hydrostatic tensile stress field. If a hydrostatic tensile 
stress o = 2y/r is applied to the solid, then the void will 
lose its tendency to collapse. Then, even if the tem- 
perature is sufficiently high for vacancies to diffuse to it, 
it will not change its size. However, if a hydrostatic 
tensile stress greater than this is applied, the void will 
grow (if the temperature is sufficiently high) and become 
increasingly unstable as 2y/r diminishes. 

A bubble with an equilibrium radius r, (that is with an 
internal gas pressure P, = 2y/r,) will have no stress field 
and the application of a tensile hydrostatic stress will 
generate a compressive stress round it. The bubble can 
only regain an equilibrium radius by acquiring vacancies 
and enlarging. If a unidirectional (that is, non-hydro- 
static) tensile stress 6s is applied, a bubble will elongate 
but will be acted on by a tensile hydrostatic stress ~ 67/3. 
A bubble will thus enlarge from a radius rẹ to a new 
equilibrium radius z, with a lower internal pressure P; 
that is: 
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The vacancies will be acquired mainly from the grain 
boundary on which it lies. A bubble lying on a grain 
boundary will, in addition, be acted on by a peripheral 
stress by virtue of the grain boundary tension. It has 
been shown??? that because Pora = Pr3 
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so that there is a maximum value of stress (o-) above 
which equilibrium cannot be attained and the bubble will 
continue to grow under the applied stress. Because 
do/dr = 0 when re = 1-73 ry and Ore = 1-14 Pa that is, 
Gre = 2-28 yra any bubble will become unstable and 
enlarge continuously if the applied tensile stress appreci- 
ably exceeds its internal pressure Pp- 

As an example, if the applied stress is 30,000 Ib./in.? 
(2,000 atmospheres) any bubble originally in equilibrium 
would grow continuously if its radius was greater than 
about i114 A; and if the applied stress was 80,000 Ib./in.? 
the critical radius would be 43 A (assuming that the 
surface tension for both 20/25/Nb and PE 16 is 1,000 
dymes em~'). As the ultimate tensile stresses in 20/25/Nb 
stainless steel and Nimonic PE 16 at 700° C are respec- 
tively of about these values (and, indeed, the true stress 
at fracture may be higher than the ultimate tensile 
stresses), It 1s apparent that such very small gas bubbles 
will grow continuously at a rate which depends on the 
temperature during a tensile test. 

Bubbles lying on a grain boundary normal to the 
applied stress are more likely to enlarge. than other 
bubbles of the same size, but these bubbles are also much 
more likely to intersect and join so that failure will occur 
at these boundaries. To indicate roughly the value of 
the ductility which would be achieved before failure, let 
us assume that in unit volume there are ne grain boundary 
bubbles large enough to grow under the applied stress, 
and that the fissures remain spherical during their growth. 
(This is not likely to be true, because the grain boundary 
surface tension would elongate them and, because their 
growth is by the acquisition of vacancies from the grain 
boundary, the fissures would become flat along the 
boundary; their actual shape being a function of the 
temperature and strain rate.) Then the fissures would 
eventually touch when, on average, two fissures (of radius 
R) lie within a circle of radius 2R. Taking this as a cri- 


terion for failure, failure would oceur when approximately : 
R? no d = 3/27 


where d is the grain size, assuming cubic grains. The 
fractional volume increase due to the ne/3 bubbles (which 
are initially very small) lying on the boundaries per- 
pendicular to the stress will be: 

ro R 
g wR 
The grain boundary area in contact will reduce steadily 
as the bubbles grow, but even ab ‘failure’ approximately 
half of the area will be in contact. Thus, the strain at 
fracture due to the flow of atoms to these boundaries will 
be approximately : 


7? 
ef = y No R? 


(neglecting any strain due to deformation within the 
grains), that is: 


i 


ap ie j — a —* 2 — es je ) 2 
= 2/8 Rid =la n a (1) 


Frequently, failure of metals at high temperatures is 
due to the propagation of fissures from the grain corners, 
when approximately there is one fissure per grain, sub- 
stituting no = 1/d3: 

24 CO 
eee alas 0-47 or 47 per cent. 


Ef 


NATURE 


However, the more nuelei there are to form fissures thi 


lower will the ductility become. With 100/d3 bubbles per es $ 


unit volume, large enough to grow {that is, ~ 33 bubbles 
on each grain boundary, the strain to fracture would 
reduce to 47 per cent and with 10*/d* to 0-47 per cent. 
The real values would, ef course, depend on the exact 
lenticular shape of the fissures, but the model indicates 
the general behaviour to be expected. 

We are now in a position to estimate how many gas 
bubbles, and thus how many helium atoms, are necessary 
to obtain a measurable reduction in ductility. Even 
allowing for the approxamation in the foregoing, the 
reduction in ductility caused by 10/d? bubbles per unit 
volume should be detectable. If the applied stress is such 
that their size must be greater than 114 A for the stainless 
steel or 43 A for the Nimonic alloy, then each must 
contain ~ 7 x 10* or § x 10° helium atoms, respec- 
tively?®. For example, if the gram size is 15u, there 
must be 2-1 x 10" or 1-5 x 10% helium atoms em~, 
respectively, on the grain boundaries. This gas represents 
an atomic concentration of 2 x 10 for the case of the 
20/25/Nb steel and 1-5 » 10-7% for the case of PE 16, 
which in each case is less than the helium content neces- 
sary to embrittle (1-6 x 10-7 and 3 x 10, respectively). 

xenerally there will be some helium bubbles within the 
grains and perhaps some in grain boundaries too small to 
grow under the applied stress. It is not known how much 
of the helium will reach the grain boundaries; this will 
depend on many facters (and may be greater after 
irradiating at high temperature than as a result of post- 
irradiation heating), but if the material recrystallizes 
during the test, then, as & consequence of the sweeping 
action of moving grain Doundaries®*, most of the gas 
will be on the boundaries. The movement of grain 
boundaries once the metai contains gas should therefore 
be avoided. 

Though this has assumed that the gas is in the form 
of bubbles just big enough to grow under the ultimate 
applied stress, the necessary concentrations are so low 
that, even with less optimum conditions and some gas in 
the grains, embrittlement would ensue. The extreme 
sensitivity of this mechanism to small concentrations of 
helium in itself gives confidence that it is the cause of 
the embrittlement, for ne others with such sensitivity 
come to mind, and, for example, such a number of atoms 
would only cover ~ 10 of the grain boundary area with 
a monolayer. 

There are, however, other reasons for believing this to 
be the cause of embrittlement: (a) Any material con- 
taining these small quantities of helium should be 
embrittled if the stress and temperature were high enough 
for the bubbles to grow. This is consistent with the wide- 
spread effect in metals with widely different composition, 
structure and physical properties. (0) Whereas failure 
before irradiation is either transgranular or associated 
with large grain boundary fissures near the rupture, after 
the irradiation the boundaries normal to the stress appear 
to have ‘cracked’ open, an appearance consistent with the 
joining of a large number of small fissures. (¢) The in- 
ability to anneal the effeet would be expected as the 
bubbles, once they are en the boundary, would remain 
there and coalesce little at such low concentration. 
(d) Recently small bubbles with radii ~ 80 A have been 
observed in thin films at the grain boundaries of irradiated 
20/25/Nb stainless steel**~“*, The neutron doses have 
always been well above the threshold values for irradia- 
tion, but their presence, which was only observed after 
this mechanism was propesed, gives it some justifica- 
tion. — 

The high temperature embrittlement. of many alloys 


during neutron irradiation is believed to be due to the 


enlargement of small belium bubbles, from the trans- 
mutation of boron-10, lying on the grain boundaries 


the applied tensile stress when oz > 2-28 Gx, ; 


* 


ře is the bubble radius and y the surface energy... It has 
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been shown that in such form atomic concentrations of 
helium as low as ~ 10-* can produce an observable effect; 
in accord with experimental observations. 

The deleterious effects of these bubbles can be avoided 
if the metal is always operated below this critical stress 
and this is a possible solution when the bubble radius (rọ) 
is kept small and the surface energy (y) is large. A 
reduction in the boron content and a reduction in the 
grain size might limit the reduction in ductility sufficiently 
to make the material acceptable at all doses. 

A complete solution would result from the development 
of alloys in which the bubbles remain very small or which 
have improved grain boundary properties or alternatively 
have the ability to prevent the gas from reaching the 
boundaries where it can be so damaging. It should be 
possible to achieve these by trace additions or alteration 
in heat treatments, but these solutions demand further 
insight into the behaviour of very small gas bubbles and 
the grain boundary tearing process itself. 

Embrittlement by very small quantities of inert gases 
produced by neutron reactions is likely to be common to 
many reactor materials at sufficiently high tempera- 
tures. 
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OF TWO DISTINCTIVE KINDS OF 


DESTRUCTION OF ADRENAL CORTEX 
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HE middle layer of the adrenal gland comprising 

zona fascicularis and zona reticularis acts as a func- 
tional unit in synthesizing C,, steroids, cortisol and 
corticosterone. It consists of two chief components, 
hormone-secretory cells and blood vessels lined with 
sinusoidal phagocytic endothelium. Here we describe 
methods to destroy selectively one or other of these 
components; damage to either results in destruction of 
the other, resulting in a striking display of adrenal 
apoplexy (Fig. 1) in the rat, the haemorrhagic adrenal 
glands of which are reminiscent of red lights in the dark. 
Moreover, ways differing in principle have been found to 
prevent each sort of special lesion. 

Adrenal apoplexy occurs in man in the Waterhouse- 
Friderichsen syndromet., It has been produced in the 
laboratory in several species of animals by a variety of 
methods including the administration of bacterial toxins’, 
huge doses of adrenocorticotropin (ACTH) (ref. 3) or 
smaller molecules such as o,p'-DDD (ref. 4), 2,2-(2-chloro- 
phenyl, 4-chlorophenyl)-1,1-dichloroethane. Such methods 
are rather cumbersome and slow, and the adrenal lesions 
are not evoked invariably. 


~ 





Fig. 1. Adrena apoplexy 60 min after 
adrenals of an untreated sister are shown on the left 





tion of 7-5 mg of — (right); the 


In contrast, selective destruction of components of the 
middle layer of rat’s adrenal can be brought about 
simply, rapidly and invariably by administering either 
of two types of compounds of known chemical constitu- 
tion. These compounds have an utterly different primary 
action although the end results of adrenal necrosis and 
apoplexy are similar in both cases. 

The polycyclic aromatic hydrocarbon 7,12-dimethyl- 
benz(a)anthracene (7,12-DMBA) selectively destroys hor- 
mone-secretory cells; this effect can be completely 
prevented by administration of any of a large number of 
aromatics prior to 7,12-DMBA. 

The quaternary ammonium polymer poly-(1,5-dimethyl- 
1,5-diazaundecamethylene dimethobromide) selectively 
destroys endothelium of blood vessels in the middle layer of 
the rat adrenal; the polymer has a trivial name, hexadi- 
methrine (HEX). This effect can be completely prevented 
by injecting long electronegative polymers or molecules 
before, with, or shortly after HEX. 

In most of the experiments normal female Sprague- 
Dawley rats age 46-49 days weighing 140-160 g were 
used; 5 animals constitute a group. All injections were 
intravenous in a caudal vein. In some 
experiments | ml. of a lipide emulsion con- 
taining 5 mg of 7,12-DMBA was injected 
on day 0; these animals were killed on 
day 3. In others 1-5 ml. of a saline solution 
containing 7:5 mg of HEX (mol. wt. 
~ 6,000) was injected; autopsy of these 
animals was carried out in 10 min-l day. 
10 mg of heparin had the potency of 
1,000 Lv. 

The status of the adrenals was evaluated 
by inspection in the gross, histology, and 
determination of haemoglobin’ content of 
adrenal. The right adrenal was weighed 
and homogenized for 1 min in 3 ml. of 
0-15 N sodium chloride and the homogen- 
ate was centrifuged for 10 min at 11,000g 
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DAYS AFTER 7 12-DMBA_ 


Fig. 2. 
injected with 5 mg of 7,12-DMBA at age 46 days (da 
——— were similar to ~ rd 


Equatorial sections of adrenal glands of rats which had been 
y 0). Onday 1 the 
those of uninjected mates on day 0. 


On day 2 apoplexy is evident. Necrosis is present in all of the adrenals 
from days 2-21. Calcification is present from days 11 to 21. (xe. 24) 





Fig. 3. Circulation in adrenal cortex 24 h after injection of 5 mg of 
7,12-DMBA; 3 c.c. of Indian ink was injected 3 min before necropsy 


at 4° C. 1 ml. of the supernatant was diluted with 2 ml. 
of water; absorbance at 416 my was determined in a 
spectrophotometer and from this density absorbance at 
600 mu was deducted to correct for non-specific turbidity. 
Oxyhaemoglobin content was calculated from measure- 
ments of a reference standard of haemoglobin diluted 
with water. Under conditions of the experiment, an 
adrenal was considered to be free from apoplexy when it 
contained less than 125 ug of haemoglobin. 

The status of adrenal sinusoids was determined by 
injecting 50 per cent Indian ink and killing the rat in 3 
min; frozen sections of formalin-fixed adrenal, 50u in 
thickness, were stained with eosin and preserved in gly- 
cerin®. 


Adrenal Necrosis Induced by 7,12-DMBA 


The singular effects of 7,12-DMBA on adrenal cortex 
were observed® in an experiment designed for a different 


NATURE 


1311 


purpose. Mammary glands of certain strains of female 
rats are foremost among cells of living creatures in their 
susceptibility to induetion of cancer by irradiation or 
by aromatics and also in the speed with which the cancers 
become evident. A novel method had been found for 
induction of cancer in rat whereby under simple condi- 
tions’** a single large but tolerable dose of certain 
aromatics, for example, 3-methylcholanthrene, 2-amino- 
phenanthrene, 7,12-DMBA, invariably evokes mammary 
cancers in 3-7 weeks. Roatinely necropsy was performed 
10 weeks later, at which fime the profusion of mammary 
cancers was collected. Changes were never found in the 
adrenals except in rats which had received 7,12-DMBA; 
but those rats which had been given a single feeding of 
30 mg of 7,12-DMBA dissolved in vegetable oil always 
had calcified adrenals. The adrenal stones were in the 
middle layer, bilateral, easily visible to the unaided eye 
and gritty to the touch. Since the effect was constant, 
unique and big, the processes antecedent to calcification 
were studied in some detail. 

Adult rats injected with 7,12-DMBA 18 mg/kg or more 
always develop massive adrenal apoplexy (Fig. 2), but 
fatal adrenal msufficiency does not ensue. The first 
abnormalities were detected at 24 h: the adrenals were 
brown instead of the customary yellow; the circulation in 
the sinusoids (Fig. 3) was similar to that of untreated 
sisters (Fig. 4); the adrenal capillary endothelium was 
still phagocytic and appeared undamaged. Significantly 
at 24 h moderate numbers cf shrunken disrupted hormone- 
secretory cells were found despite the apparent integrity 
of the vascular apparatus. At 30 h one-third of the 
adrenals contained large haemorrhages. At 72 h adrenal 
apoplexy was full blown; all the adrenals were large, 
scarlet and distended with blood. There were great 
decreases in levels of corticosterone in adrenal and 
blood’ and in values of five pyridine nucleotide-linked 
dehydrogenases* in adrenal. On histological examination 
it was found that the entire middle zone had been de- 
stroyed before 72 h whereas zona glomerulosa and adrenal 
medulla were usually uninjured. In a few adrenals which 





Fig. 4. Circulation in adrenal corte» of normal rat age 46 days; 3 c.c. of 
Indian ink was injected 3 min before necropsy 
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were very tense with haemorrhage the medulla was 
damaged and patches of gangrene involved glomerulosa ; 
these effects are attributed to pressure-necrosis. At 
11 days regeneration of adrenal cortex from zona glomeru- 
losa was well under way and calcification had begun in 
the necrotic tissue. The adrenal stones remain in both 
glands for more than 18 months—stigmata of earlier 
destruction. 

The capacity to induce selective adrenal necrosis is not 
a property shared in common by all polynuclear aromatic 
hydrocarbons or aromatic amines. So far as is known it 
resides only in 7,12-DMBA and in two very closely related 
compounds: (1) perdeuterated 7,12-DMBA has a weak 
corticolytic effect since a single feeding of 50 mg of the 
compound caused adrenal necrosis but in only 4 of 10 
rats; (2) 7-hydroxymethyl-12-methyl-benz(a)anthracene 
kills the middle layer when a dose of 5 mg or more is fed. 
Other powerful carcinogenic hydrocarbons such as 3- 
methylcholanthrene did not cause adrenal injury. 

Hormone-dependence of necrosis. The adrenal cortex 
must be in a susceptible state to be vulnerable to necrosis 
by 7,12-DMBA,. Recent stimulation of the adrenal by 
considerable amounts of ACTH is mandatory for this sort 
of necrosis to occur; accordingly the effect is hormone - 
dependent. Spared from damage by 7,12-DMBA are 
the adrenals of infant rats and those of adults some weeks 
after hypophysectomy. 

A single feeding of 30 mg of 7,12-DMBA was provided 
to members of groups of rats age 25-50 days. Adrenal 
necrosis was not observed in animals age 25-30 days 
and was found in every rat 50 days old. ACTH renders 
the adrenal cortex of infants susceptible to damage by 
7,12-DMBA whereas pituitary growth hormone was 
ineffective in this regard’. Rats were injected with ACTH, 
8 ru. daily from age 22 to 27 days, and then 30 mg of 
7,12-DMBA was fed to half the rats; 72 h later the 
adrenals were collected. All the ACTH-treated rats 
which had been fed 7,12-DMBA developed adrenal 
apoplexy, whereas none of the adrenals of animals which 
had received ACTH or 7,12-DMBA alone was damaged. 

Adrenal cortex of the rat undergoes profound functional 
changes during puberty including a progressive rise’ in 
content of corticosterone between age 30 and 45 days, the 
period when the adrenal becomes susceptible to injury 
by 7,12-DMBA. But adrenal damage is not the result of 
an interaction between ACTH and corticosterone. 

Corticosterone content of adrenals was measured by a 
fluorimetric technique'® and expressed in ug/g: in 
intact rats age 50 days it was 118 + 14, whereas in 
sisters 3 days after hypophysectomy it was 66 + 1. 
7,12-DMBA induced adrenal apoplexy in these hypo- 
physectomized (3 days) rats despite the low content of 
adrenal corticosterone. It is inferred that the preliminary 
stimulation by ACTH which is obligatory for induction 
of this sort of apoplexy is concerned with corticosterone- 
producing mechanisms in the adrenal rather than the 
steroid itself, 

Prevention of adrenal injury, Currie et al.™ discovered 
that adrenal damage from 7,12-DMBA was prevented by 
concurrent administration of 2-methyl-1,2-bis-(3-pyridyl)- 
1-propanone which inhibits 118 hydroxylation and there- 
fore interferes with the synthesis of cortisol and corti- 
costerone. Afterwards it was found that any of a large 
number of aromatics'*:'* can induce adrenal protection. 
The most efficient inducer of protection is an azo dye, 
1-(p-phenylazophenylazo)-2-naphthol™, Sudan I, which 
is effective when a few ug are fed or injected. Significantly, 
Dao™ found that a preliminary small feeding of 7,12- 
DMBA protects the adrenal from damage by a large 
feeding of itself. 

All inducers of protection must be given at least 2 h 
prior to 7,12-DMBA to prevent adrenal necrosis; when 
given together with, or later than, this compound adrenal 
apoplexy results. dl-Ethionine under appropriate condi- 
tions of time and dose eliminated the adrenal protection 
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induced by aromatics and delayed protein synthesis. 
Synthesis of protein is of critical significance in the induc- 
tion of adrenal protection by aromatics. It has been 
known for some years that certain aromatic hydrocarbons 
stimulate synthesis of microsomal “drug metabolizing’ 
enzymes which require reduced nicotinamide adenine 
dinucleotide phosphate (TPNH) and oxygen for their 
activity. Other proteins the synthesis of which is induced 
by inducers of adrenal protection are those in the ascorbic 
acid pathway and also a soluble enzyme, menadione 
reductase". 

Electronegative molecules which we will show to be 
effective in preventing HEX-induced adrenal necrosis 
did not prevent 7,12-DMBA-induced damage. 


Adrenal Necrosis from Hexadimethrine 


Injected in rodents, HEX causes respiratory distress, 
depression and convulsive twitchings; the effects are 
fatal with large doses, but pretreatment with heparin 
completely protects'® mice against the lethal effects of 
three times the LD,, of the compound. 

The adrenocorticolytic effect of HEX was discovered 
by Selye et al." ; in the rat small doses (28 mg/kg) pro- 
duced necrosis in kidney and, in a proportion of the 
animals, injury to adrenal and liver as well. 

In our experiments a standard injection of HEX, 
60 mg/kg, caused adrenal necrosis in each of 36 consecu- 
tive rats. Groups of female rats age 46-50 days were 
killed at intervals after injection at zero time. In these 
animals we observed adrenal apoplexy as follows—15 
min, no rat; 20 min (6/10). Uniformly 1 h after injection 
the adrenals were greatly swollen with haemorrhage 
(Fig. 1) and the circulation in most of the sinusoids was 
completely obstructed (Fig. 5), but always a few of these 
channels were open. At 1 day severe damage was found 
in the middle layer of the adrenal but, in distinet contrast 
to the effect of 7,12-DMBA, necrosis occurred as wedge- 
shaped infarcts and complete destruction of the middle 





Fig. 5. Circulation in adrenal cortex 60 min after Injection of 7-5 mg ot 

hexadimethrine;: 3 c.c. of Indian ink was injected 3 min before necropsy. 

The subcapsular capillaries are dilated. Most of the longitudinal cap 
sinusoids are obstructed but a few of them are open (arrow) 
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layer was not observed. Significantly, HEX did not 
induce synthesis of menadione reductase in liver in con- 
tradistinction to 7,12-DMBA which is highly effective in 
this regard. 

In 10 rats, adrenal glomerulosa was transplanted 

beneath the renal capsule. This procedure denervates 
the gland and destroys the adrenal medulla. Forty days 
after transplantation the adrenal cortex had regenerated; 
7-5 mg of HEX was injected, and the animals were killed 
24 h later when all the transplants showed necrosis and 
haemorrhage. 
_ Lack of hormone-dependence. Necrosis and haemorrhage 
of massive grades were evident 6 h after injection of 60 
mg/kg of HEX in all the adrenals of rats in the followmg 
classes: (a) females age 27 days; (b) adult females 3-6 
weeks after hypophysectomy. Adrenal mjury did not 
result in sister rats in these categories injected with 
7,12-DMBA. 

Prevention of adrenal injury. Selye et al." reported that 
calcium acetate, ferric dextran or polymyxin administered 
by schedule prevented adrenal necrosis in young rats 
injected with rather small amounts of HEX (28 mg/kg). 
These substances do not aggregate with HEX. In our 
work doses of these compounds, proportionate to the 
foregoing in terms of body-weight and given by the 
schedule of Selye, did not protect adrenals of adult rats 
injected with large amounts of HEX (60 mg/kg). 

Anionic polymers were found to protect completely the 
adrenal from ınjury by 60 mg/kg of HEX in adult rats; 
the polymers include heparin, polyvinylsulphonate (PVS) 
and carboxymethylcellulose (CMC). All form water- 
insoluble complexes with HEX; with heparin or PVS the 
aggregates are small whereas with CMC they are larger. 
Sahne solutions of 10 mg of HEX were mixed with others 
containing 10 mg of heparin or PVS or CMC, and the 
resulting turbid suspensions of the precipitated complexes 
were injected, but adrenal injury did not result whereas 
companions which received HEX alone suffered severe 
adrenal apoplexy. 

A solution containing 10 mg of PVS was injected 5-60 
min prior to 10 mg of HEX and no adrenal injury resulted. 
When PVS was injected 3 h before HEX, the adrenals 
were not protected and adrenal apoplexy resulted. Feed- 
ing PVS 40 or 100 mg did not prevent adrenal injury by 
HEX. 

Polyvinylpyrrolidone (PVP) does not precipitate HEX 
or prevent its damage to adrenal. Injection of 7-5 mg 
of HEX together with 40 mg or 240 mg of PVP resulted 
in the grave adrenal injury characteristic of the cationic 
polymer alone. 

Heparin protects rat adrenal when it is given without 
long delay after HEX. Groups of rats were injected with 
10 mg of heparin 10 mm or 15 min after 7-5 mg of HEX. 
Adrenals were uninjured when heparin was injected at 
10 min whereas they were severely damaged in the rats 
receiving heparin 15 min after HEX. Between 10 and 
15 min after mjecting HEX, adrenal damage had been 
initiated which was not reversed by heparin; this early 
change in the adrenal was not detected by histological or 
injection observations. 

In saline solution HEX is precipitated by Evans blue, 
4,4’-bis-[7-(1-amino-8-hydroxy-2,4-disulpho)-naphthyl- 
azo]-3,3’-bitolyl; the length of the aromatic is 22-4 A. 
10 mg of the dye was injected 10 min or 3 h before 7-5 
mg of HEX in groups of rats and adrenal injury did not 
result. 

Aromatics which induce complete protection of adrenals 
from damage by 7,12-DMBA failed to modify or prevent 
damage from HEX. Members of a group of rats were 
injected with 2-5 mg of 3-methylcholanthrene, 24 h 
prior to 7-5 mg of HEX; all of their adrenals were found 
heavily damaged at necropsy. Likewise, a feeding by 
gastric intubation of 2-5 mg of sudan IIT dissolved in 
sesame oil did not prevent mjury of adrenals by HEX 
administered 24 h later. 
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Discussion 


Characteristic differences exist between 7,12-DMBA 
and HEX as corticolytic agents; these include the time 
required for induction of the lesions, the extent and the 
locus of the primary lesion. Moreover, methods differing 
in principle are required to protect agamst the’ two 
damaging agents. 

Adrenal apoplexy occtrs in 20-60 min after HEX and 
20-30 h after 7,12-DMBA. After HEX the primary 
lesion in the middle layer 1s thrombosis in the sinusoids 
and the ultimate lesion is patchy. After 7,12-DMBA the 
first mjury is death of hormone secretory cells and the 
lesion 1s massive. 7,12-DMBA-induced adrenal necrosis 
is hormone-dependent whereas in the case of HEX it is 
independent. 

The distinctive position among the aromatics of 7,12- 
DMBA and its two closely related effective congeners as 
corticolytic agents is attributed to a combination of the 
following characteristics: (a) strong electron-donating 
properties; (0) close geornetric similarity to base pairs of 
nucleic acids®:1® and also to corticosterone®; (c) unusually 
high solubility in lipides and these are plentiful in adrenal 
cortex. Lack of one or more of these properties would 
eliminate an aromatic as a corticolytic agent. 

Why does 7,12-DMBA. require 20-30 h to kill the 
adrenal cortex? It would appear that a critical phase 
in the synthesis of deoxyribonucleic acid (DNA) is pre- 
requisite to the lethal effect of 7,12-DMBA. Much was 
learned about the lethal effect of 7,12-DMBA on cells from 
its effect on testis. The toxic effects of 7,12-DMBA are 
reminiscent of radiation in many ways. Both 7,12- 
DMBA. (ref. 19) and irradiation?® cause selective destruc- 
tion in testis but only of those germinal cells which repro- 
duce themselves by mitosis whereas cells which divide by 
meiosis are uninjured. The lethal effect of 7,12-DMBA 
in testis occurs only ater the susceptible cell passes 
through one or a few cell divisions’®. Further, 7,12-DMBA 
causes & considerable reduction in incorporation of triti- 
ated thymidine in adrenal DNA". 

The prevention of adrenal injury by giving aromatics 
prior to 7,12-DMBA is related to induction of drug- 
metabolizing and related enzymes; in protection against 
this lesion, protem synthesis 1s mandatory. No such 
induction occurred after administration of electronegative 
compounds which protect against HEX. 

HEX-induced destruction of adrenal cortex occurs in 
20-60 min because it has an electrochemical basis. It 
has been shown?! that formed elements of the blood are 
precipitated electrochemuically at a positive potential 
(+0 4 V) with respect to a hydrogen electrode. It is well 
established that the walls of blood vessels and the formed 
elements (erythrocytes, leucocytes, platelets) of the blood 
have a negative charge in a dilute solution of electrolytes 
such as plasma; thé red cells agglomerate ın an electrolyte- 
free solution such as dextrose**. We postulate that within 
15 min HEX combines with the walls of the long and 
exceedingly narrow sinusoids of the middle layer of the 
rat’s adrenal cortex and that a positive charge still remains 
on the long polymer after aggregating with the cell’s 
negative charge. In consequence, formed elements of the 
blood adhere rapidly to the surface of smusoidal cells on 
which the + charged polymer is lodged. The adrenal 
necrosis 1s patchy because some sinusoids are not open 
sufficiently at the time of the pulse-dose of HEX to be 
exposed to a high coneentration of the cationic poly- 
mer. 

The thrombosis of sinusoids caused by the quaternary 
ammonium salt was prevented by giving an anionic 
polymer with carboxyl or sulphonic groups. Polymers ~ 
were not required to protect the adrenal cortex. Evans 
blue, a long molecule with sulphonic groups, prevented 
adrenal destruction by hexadimethrine. 

This work was supported by grants from the American 
Cancer Society and the Jane Coffin Childs Memorial Fund 
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PRIMARY RADICAL FORMATION IN IRRADIATED PROTEINS 


By B. B. SINGH* and Dr. M. G. ORMEROD 
Physics Branch, The Royal Military College of Science, Shrivenham, Swindon, Wilts 


LECTRON spin resonance (ESR) investigations on 

dry protems irradiated at room temperature have 
shown that the stable free radicals observed are not 
formed at random but are localized on certain preferred 
sites. The observed ESR spectra are either a doublet, 
probably from the radical —CO—CH—NH— (ref. 1), or 
a broad low field resonance which has been identified as 
arising from the radical —CH,—S: (ref. 2). If observation 
and irradiation are carried out at 77° K the initially 
formed radical species are trapped and can be examined. 
It has been found that the primary radicals are different 
from. those at room temperature and that radical migra- 
tion and localization occur on warming to a higher 
temperature®*. Little attention has been paid to the 
identification and mode of formation of the primary 
radical species which is the subject of this article. We 
have shown that the primary radical formation 1s not a 
random process and that the sulphur-containing amino- 
acids play an important part. 

All the proteins and chemicals used were obtained 
commercially. Mixtures of protein and mercaptoethyl- 
amine (MEA) were made by freeze-drying from aqueous 
solution except in the case of zein, which was dissolved in 
a mixture of 70 per cent ethanol and 30 per cent water. 

The samples were irradiated in evacuated glass tubes 
with y-rays from a 7-kilocurie "Co source at a dose-rate of 
3 Mr. h, 

The ESR spectra were recorded with a conventional 
X-band spectrometer using 400 ke/s modulation. The 
spectra were recorded as the first derivative of the energy 
absorption versus magnetic field and are shown as such 
in the figures. 

It was found that the proteins could be divided into 
two classes according to their ESR spectra, observed at 
77° K after irradiation at that temperature. Into one 
class fell the sulphur-containing proteins (BSA, ribo- 
nuclease, trypsin, gliadin, lysozyme and pepsin), which 
all gave similar spectra (shown in Fig. 1 for BSA). This 
spectrum was asymmetric, and broader on the low-field 
side. The asymmetry was due to a broad line, which 
is arrowed in the figure, with a g-value higher than the 
free spin value (2-0023). The second class contained the 
proteins with few or no sulphur amino-acids (salmine, 
gelatin, zein and silk). The spectra from these compounds 
were symmetric (see Fig. 1). It was also found that there 
was a correlation between the G-values for radicals at 
77° K and the sulphur content of the proteins. The 
higher the sulphur content the higher was the radical 
yield. Henriksen® has made careful measurements at low 
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doses on a wide range of proteins. We have plotted his 
data in Fig. 2, which clearly shows this effect. 

In order to investigate the effect of sulphur further, we 
have irradiated at 77° K freeze-dried mixtures of non- 
sulphur-contaiming proteins and 5 per cent by weight of 
different sulphur compounds. In some cases it was found 
that in the presence of the additive an additional line 
appeared on the low field side of the spectrum with a 
g-value of about 2:01. This is shown in Fig. 3 for zein 
and gelatin plus 5 per cent MEA. It can be seen that the 
spectrum from zein plus MEA closely resembles that from 
BSA. In addition to the new low-field lime, there was an 
increase in radical yeild of about 30 per cent. We were 
not observing the direct effect of radiation on the 
additive in these mixtures since in zem plus 5 per cent 
MEA. HCl, and salmine plus 5 per cent MEA.HCI, no 
line was observed and there was no imcrease in radical 
yield. The conditions for the formation of the new low- 
field line in a protein-sulphur compound mixture depended 
on several factors which will be discussed in full in a 
forthcoming paper. It suffices to emphasize here that its 
appearance depended on the presence of sulphur and that 
it was accompanied by an mecrease in radical yield— 
exactly paralleling the results obtained with the sulphur- 
containing proteins. 

It therefore seems clear that the asymmetry of the 
observed ESR spectrum in the sulphur-containing pro- 
teins was due to a broad line of g ~ 2-01 on the low-field 
side of the ESR spectrum which arose from an unpaired 


Bovine serum albumin (BSA) Salmine 





Fig. 1. Electron spin resonance spectra of different proteins irradiated 
and observed at 77° K 
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Freund’ on a single crystal of cystine dihydrochloride 
irradiated at 77° K led them to suggest that the observed 
spectrum arose from the ion —St+—S—. Akasaka et al.’ 
concluded from similar measurements that the observed 
species was a disulphide ion, probably —S-—S—. Truby® 
has investigated polycrystalline amy] disulphide irradiated 
at 77° K. He suggested that ionic species on the sulphur 
atom were observed, one of which, the negative one, 
could be bleached by light. In all cases the sulphur ions 
had a g-value higher than the free spin value. This 
evidence leads us to postulate that the unpaired electron 
on a sulphur atom observed in proteins at 77° K ıs an 
ion. In the case of a translucent sample of keratin from 
goose feather quill a brown coloration was observed at 
77° K which faded on warming. It seemed probable that 
this colour was associated with the sulphur ion, but 
attempts to bleach the colour at 77° K with ultra-violet 
failed. 

Besides the formation of a sulphur ion there was also 
a considerable increase in the yield of unpaired electrons 
in the presence of sulphur, and it appears that energy 
deposited by the radiation in the protein which would 
not normally give observable unpaired electrons, that 1s, 
radicals or ions, is utilized by the sulphur. At present we 
have no positive information about the mechanism by 
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Fig. 2 The g-value for radicals in proteins irradiated at 77° K plotted 

against the number of cystine and cysteine residues in the protein Taken 

from data by Henriksen (ref 5). A, insulin; ©, BSA; x, zein,, @, oval- 

bumin, A, gelatin, +, ribonuclease, C], GAPDH; @, lysozyme, M, 
papain 
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Fig. 3. Electron spin resonance spectra of zein and gelatin and their 
complexes with 5 per cent ME recorded at 77° K after irradiation at 
that temperature 


which this takes place. Probably, either excitation energy, 
which cannot ionize with che rest of the protein, migrates 
to and 1onizes the sulphur atom, or the sulphur in the 
cystine and cysteine residues interferes with some of the 
ionic reactions leadmg to radical formation. 

We thank Prof. A. Charlesby and Dr. P. Alexander for 
their advice, and B. B. Singh acknowledges financial 
assistance from the Colombo Plan.  : 

1 Gordy, W., and Shields, H , Proc. U.S. Nat. Acad. Sct., 46, 1124 (1960). 

* Kurita, Y., and Gordy, W., J. Chem. Phys., 34, 282 (1961). 

> Patten, F., and Gordy, W., Proc. U.S. Nat. Acad Sci , 46, 1137 (1960). 
Henriksen, T , Sanner, T , and Pihl, A., Rad. Res., 18, 147 (1963). 

5 Henriksen, T., thesis, Oslo (1963)- 

è Box, H C., and Freund, H. G., J. Chem. Phys., 40, 812 (1964). 

z T K., Ohnishi, S., Suita, T., and Nitta, I., J. Chem. Phys., 70, 3110 
2 Truby, F. K., J. Chem. Phys., 40,2768 (1964). 


RADIOLYTIC DEGRADATION OF AQUEOUS CYTOSINE: ENHANCEMENT 
BY A SECOND ORGANIC SOLUTE 


By AHMAD KAMAL* and Dr WARREN M. GARRISON 


University of California, -Lawrence Radiation Laboratory, Berkeley, California 


-T “HE purine and pyrimidine moieties represent ma)or 

loci of chemical change in the radiation-induced 
degradation of nucleic acids in aqueous solution!. Investi- 
gations of the radiation chemistry of the individual base- 
water systems have provided considerable information 
on the nature of some of the important reactions?-*. Of 
particular interest has been the finding that the presence 
of oxygen durmg irradiation leads to a two- to three-fold 
increase in the amount of‘base destroyed®-§, The available 
results suggest that some type of reconstitution reaction 
or back reaction is involved in the radiolysis of the oxygen- 
free solutions®»®. In this article we offer a formulation of 
this reconstitution reaction and show that certain added 
organic solutes are as effective as molecular oxygen in 


* Present address: Central Laboratories, 35 P.N.H. Lines, Karachl, 
Pakistan. 


increasing the degradation of cytosine in irradiated aqueous 
solution. 

The actions of ionizing radiation on solutes in dilute 
aqueous solution are initicted by the radiation-induced 
step H,O— —H,O* + e which 1s followed within 10-1! 
sec by the reactions H,O* + H.O — H,O0O+ + OH, e- + 
H:O — @gq where eaq represents the hydrated electron”. 
Subsequent reactions of OH and eaq with added solutes 
determine the radiation chemistry of the system. For 
y-rays, the yields of those species per 100 eV absorbed 
energy is given by: 


Ge, ~ 2:9, Gow ~ 2:4 (ref. 11). 


Scholes and Weiss? and Ekert and Monier? have shown 
that the OH radical reacts rapidly with the pyrimidine 
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bases by addition at the 5,6 double bond to give the 
hydroxyhydropyrimidyl radical: 


H H 
Ne Ge xo 
i | NOH (1) 
G 
/ Ng / NEH 
(B) (BOH) 


The production of glycols, hydroxyhydroperoxides and 
related derivatives of the pyrimidine bases ın oxygen- 
flushed solutions)? can be interpreted in terms of reaction 
(1) as the principal path for OH. removal. The 100 eV 
yield for base destruction, G(-—B), in 10-3 M solutions of 
thymine, uracil and cytosine under y-rays approximates 
the primary yield of OH radicals, namely, G ~ 2-4. The 
hydrated electron egg reacts preferentially with molecular 
oxygen to form O; which is unreactive toward the pyri- 
midine bases. 

In the absence of oxygen, the G value for destruction of 
the pyrimidine and purine bases has been found to be 
about one-third that observed in oxygenated, neutral 
solution. Latarjet et al.8 report G(-B) ~ 0-8 for oxygen- 
free 10- M thymine solutions under y-rays, and the datum 
of Ponnamperuma et al.® gives G(~B) = 0-95 for aqueous 
cytosine under sumilar irradiation conditions. Now, as 
we have already noted, the evidence is that the OH 
radical is quantitatively scavenged via reaction (1) at 
relatively low concentrations of the pyrimidine bases. 
Hart et al.° have established by physical methods 
that the reactions of egq with the pyrimidines are among 
the fastest of known radical—molecule reactions. It would 
appear then that some type of reconstitution reaction is 
acting to reduce the G-value for base destruction in the 
oxygen-free system. If, as seems likely, the hydrated 
electron, aq, also adds to the labile 5,6 position: 


-I 





H H H. 
No NY | ae NY 

I +t] |] INE (2) 
/ NE an / NE 

(B) (B7) (BH) 


then the reconstitution reaction may be interpreted in 
terms of water regeneration via BH + BOH — 2B + 


H.O or BH + BOH —> B + BH,O, followed by BH,O — 
B + H,O or both. On this basis it follows that addition 
of a second organic solute, that is preferentially reactive 
towards OH via RH + OH —> R + H,O, would lead on 
replacement of OH. by È in reaczion 1 to an enhancement 
in G(—B) since the possibility for self-protection through 
water elimination would be excluded. This increase in 
G(-B) would correspond to an merease in the yield of 
products saturated at the 5,6 position. 

Cytosine was chosen for investigation here because the 
dihydrocytosine derivatives obtained on saturation of the 
5,6 double bond hydrolyse readily to give the correspond- 
ing 5,6 dihydrouracil derivatives and ammonia’, a product 
conveniently followed analytically. Sodium formate 
and ethanol were used as second solutes; each of these 
compounds is relatively mert towards eag and at the same 
time is extremely reactive towards OH via HCOO + 
OH->COO~+H,0 and CH,CH,OH + OH-—-CH,CHOH+ 
H.O (refs. 10 and 11). The effects of added formate and 
ethanol on ammonia yields in the y-radiolysis of oxygen- 
free 0-06 M solutions of cytosine at pH ~ 7 are shown in 
Fig. 1. We see that G(NH,) mereases abruptly with 
increasing solute concentratior. and reaches a limiting 
value of approximately 2-9 at the higher formate con- 
centrations. 

Now, if our interpretation of this enhancement is 
correct, the hydrated electron ead is removed via reaction 
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(2) and the OH radical is converted in the presence of 
formate to the COO™ radical which ın turn is removed 
via the analogue of reaction (1). The radical products of 
these reactions then undergo disproportionation via reaction 
(3) or reaction (4) or both. 


VoL 206 


H 
\co% COOH 
w v 
——— 
T 
/ / Na 
E Nn — 
INag + Ng 
YH ZNE oo ae 
Na 
H 
N (4) 
3 j + |Æ 
/ NH / \#B 
(B'H,) 


where BH, and B’H, represent labile 5,6-dihydrocytosine 
derivatives that undergo rapid hydrolysis’? to give am- 
monia and, respectively, hydrouracil (5,6-dibydrouracil) 
and a hydrouracil carboxylic acid. To confirm the 
formation of the hydrouracil nucleus, the irradiated cyto- 
sine-formate solutions were passed through “Dowex 50’ 
in the acid form to quantitatively remove cytosine”, 
A. series of control runs with authentic materials showed 
that neither hydrouracil or hydrouracil-6-carboxylic 
acid are retained by ‘Dowex 50. The water effluent was 
freeze-dried, redissolved in water at pH ~ 7 and then 
read spectrophotometrically over the range 210-350 my 
against an unirradiated sample which had undergone the 
identical treatment. No characteristic absorption maxima 
were found under these conditions. However, addition 
of sodium hydroxide to a concentration of 0-1 N resulted 
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Fig. 1. Effect of second-solute concentrations on G(NHs) in the y-radio- 
lysis of 0 05 M cytosmne, evacuated, pH 7 + 03 Cytosine (Calbiochem., 
A grade, Lot 35887) was purified by fractional recrystallization from cold 
water. Solutions were irradiated m evacuated pyrex ampoules under 
cobalt-60 y-rays at a dose rate of 1-2 x 10° eV/g/min for a total dose of 
65 x 101 eV/g. Ammonia was separated by the Conway diffusion 
method (ref. 15) following addition of 1 ml, of sample to 9 ml of 10 N 
potassium carbonate, The diffusates were assayed by means of the 
Neasler reaction 
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Fig. 2. Absorption spectrum in 0 1 N sodium hydroxide of the dihydro- 
uracil derivatives formed in the y-radiolysis of 0 05 AL cytosine 18 given 
by dashed line. The solid curve represents the normalized spectra of 
authentic dihydrouracil and drhydrouracil-6-carboxylic acid which are 
practically indistinguishable with the Beckman DB spectrophotometer 


in the immediate development of the characteristic 
absorption maximum at 230 mu which is exhbited by 
hydrouracil and its derivatives in alkaline solution at 
- pH values above 12-13 (ref. 14). The differential absorp- 
tion curve of the irradiation products is compared in 
Fig. 2 with absorption spectra for authentic dihydrouracil 
and dihydrouracil-6-carboxylic acid. Since the spectra 
of these two substances are essentially identical, other 
methods had to be employed to distinguish their relative 
contribution to the absorption given by the product 
material. Advantage was taken of the fact that the effect 
of base on the optical absorption of hydrouracil and its 
derivatives is associated with the production of enol forms 
which are unstable and are rapidly hydrolysed with 
characteristic first-order rates to give the corresponding 
ureido acid. Batt et al.4 have reported half-tumes of 
5-0 min and 11-1 min, respectively, for the hydrolysis 
of hydrouracd and hydrouracil-6-carboxyhe in 0-1 N 
sodium hydroxide. The irradiation products, the initial 
absorption spectra of which in 0-1 N sodium hydroxide are 
shown in Fig. 2, showed a decrease in optical density at 
Amax = 230 mu corresponding to a half-time of ~ 12-1 
mun over a minimum of three half-time periods. Reaction 
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(4) seems to occur preferentially over reaction (3). Pre- 
liminary spectrophotometric determmations of G(B’H,) 
based on Emax ~ 8 x 10? (ref. 14) gave values consider- 
ably below that anticipazed on the basis of the indicated 
mechanism. Apparently B’H, undergoes a slow hydrolytic 
dark-reaction to form zhe corresponding ureido acid. 
However, the ureido acids revert to the original hydroura- 
cil derivatives ın the prasence of dilute mineral acid}. 
Treatment of the irradiated cytosine solutions with 0-1 N 
hydrochloric acid for sevaral hours prior to analysis gave 
G(B°H,) ~ 24 in good agreement with the reaction 
mechanisms described he-e**. 

These findings would appear to cast some doubt on 
recent proposals regardixg the nature and locus of the 
primary radiobiological lesion. Various authors have com- 
mented on the fact that the pronounced enhancement by 
oxygen of the radiation-induced degradation of the 
pyrimidines and purines in aqueous solution is closely 
paralleled by the two- to three-fold merease in radio- 
biological damage effected by oxygen. And ıt has been 
suggested** that this singlarity in oxygen response is a 
strong argument in favou? of a common radiation chemi- 
cal process. However, wə have found here that radicals 
of certain organic substamces are as effective as oxygen in 
increasing the degradat-on of cytosine in irradiated 
aqueous solution. The pessibility that organic radicals in 
anoxic biological systems under irradiation are equally 
effective in the enhancement of cytosine degradation 
cannot be dismissed. Hance, the interpretation of the 
oxygen-effects in radiobiclogy in terms of the radiation 
chemistry of pure base-water systems may prove to be 
misleading. 

This work was supported by U.S. Atomic Energy 
Commission contract W—7405—-eng—48. 
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NATURE OF THE UNREACTIVE SULPHYDRYL GROUPS IN HUMAN 
HAEMOGLOBIN 
By Dr. R. CECIL and Dr M. A. W. THOMAS 


Department of Biochemistry, University of Oxford 


LL the mammalian haemoglobins so far examined 
contain sulphydryl (SH) groups?. These fall into 
two categories which have been termed ‘reactive’ and 
‘unreactive’. The reactive SH groups are those which 
show a chemical reactivity comparable with that of simple 
thiols. The unreactive SH groups show a very low reactiv- 
ity in native haemoglobin but become indistinguishable 
from the reactive groups when. the protein is denatured. 
The existence of unreactive SH groups in haemoglobins, 
and other proteins, has been known for many years, but 
an adequate explanation for their behaviour has been 
lacking. The low reactivity observed would be consistent 
with some form of covalent bonding, such as a thiazoline 


ring?. However, the conditions required for denatura- 
tion®4, such as the addition of sodium dodecyl sulphate or 
lowering the pH to 3-5, are too mild to cause the rupture 
of covalent bonds. 

Cecil and Snow® examined the effect of modifying the 
unreactive SH groups of haemoglobin on various proper- 
ties of the protein, for example, absorption spectrum,, 
dissociation and rate of urea denaturation, and concluded 
that these SH groups are mvolved in some form of non- 
covalent, probably intra-chain, bonding. Cecil® recently 
reviewed the evidence relating to the role of SH groups 
in proteins generally and concluded that there were com- 
paratively few well-established instances of SH groups 
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acting as part of the active centres of enzymes; these 
involved either the formation of thiol ester intermediates 
or an SH-SS exchange reaction. In most cases modifica- 
tion of the SH groups resulted in a change in conformation, 
or in dissociation, of the protein and, in the case of 
enzymes, their consequent inactivation. 

The problem has been to account for the low reactivity 
of the unreactive SH groups in terms of the known forms 
of non-covalent bonding. Although sulphur is low on the 
electro-negativity scale it has been suggested that the 
SH groups in cysteine and glutathione might form 
hydrogen bonds with neighbouring amino-groups’~’, but 
subsequent work?11 has shown this to be unlikely and 
there is no evidence to suggest that a different state of 
affairs prevails in proteins. 

The importance of hydrophobic interactions in proteins 
has only recently been appreciated!?-17; Kendrew?! has 
shown that, together with the helix hydrogen bonds, they 
are largely responsible for stabilizing the myoglobin 
molecule. There is also good reason to think that the 
cysteine side-chain, in its un-ionized form, can take part 
in interactions of this type; Nemethy and Scherega* have 
calculated the strength of hydrophobic interactions involv- 
ing the cysteine and other side-chains on the assumption 
that the sulphur atom is approximately equivalent to a 
methylene group. In his review Cecil® concluded that 
the behaviour of the unreactive SH groups in haemoglobin 
and other proteins could best be accounted for in terms of 
hydrophobic interactions although there was no direct 
evidence to support this hypothesis. It is also relevant 
that Snow! was able to show that even the reactive SH 
groups in human haemoglobin remain un-ionized at 
pH 10; this implies an unusually high pK’ , for SH groups 
and, would be consistent with some form of non-covalent 
bonding!’ 29, 

In the work to be described here the behaviour of the 
unreactive SH groups was examined under conditions 
which might be expected to modify hydrophobic interac- 
tions in the protein. Cecil and Snow?! found that reaction 
of these SH groups with heavy metal reagents, such as 
mercuric chloride, to form highly undissociated mercap- 
tides, provided a convenient methad of investigating 
their properties. The same method, with some refinements, 
was used here. The reaction is slow and may take as long 
as several days to go to completion. Human carboxy- 
haemoglobin, which contains two reactive and four 
unreactive SH groups‘ **, was used; it was allowed to 
react with mercuric chloride in the presence of an excess 
of sodium sulphite so that the reacting species was 
Hg(SO,),2-. Under these conditions it was found that the 
mercury was either present as free Hg(SO,),"- or combined 
as mercaptide. The reaction was carried out under nitro- 
gen in stoppered test-tubes. Samples were withdrawn 
at intervals and the amount of free Hg(SO,),?- was determ- 
ined by amperometric titration with bovme carboxy- 
haemoglobin. (This haemoglobin contains two reactive, 
but no unreactive, SH groups and, as it gives no polaro- 
graphic wave of its own, serves as a convenient reagent 
for this purpose.) The amount of mercury combined as 
mercaptide could then be obtained by difference. 

The reaction was examined at pH 9-0 in a buffer of 
composition 0:1 M Na,B,O,, 0:2 M KCl in the presence of 
varying concentrations of the monohydric alcohols 
methanol, ethanol, n-propanol and n-butanol. These 
alcohols were used because, unlike other reagents which 
increase the reactivity of the SH groups, they do not 
cause any significant change in the conformation of the 
haemoglobin molecule. Thus no change was produced in 
either the absorption spectrum or the optical rotatory 
dispersion (see following) by addition of alcohols in the 
range of concentration used. 

A study of the kinetics showed that the reaction is first 
order in respect to the concentration of unreactive SH 
groups (the reactive SH groups react immediately and 
can be ignored) and zero order in respect to the sulphito— 
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mercury complex. The effect of the addition of alcohols 
on the reaction is shown in Fig. 1. It can be seen that, in 
each case, the logarithm of the first-order rate constant 
increases linearly with the molar ratio of alcohol to water; 
it also increases with the chain-length of the alcohols. 
With all four alcohols a change of slope is observed; in 
the case of methanol and ethanol the break occurs at molar 
ratios of 0-043 and 0-018 respectively. ‘The slopes of 
these lines are in the ratio of MeOH: EtOH: PrO#H: 
BuOH = 1:3-1:7-4: 16-2, which gives some measure 
of the effect of increasing the chain-length of the alcohols 
on the reactivity of the SH groups. 

The temperature coefficient of the reaction (the increase 
in rate for a 10° rise in temperature) was always positive 
and varied from 5 to 40. It was lowest in water and 
increased. as the alcohol concentration was raised. 

The addition of alcohols did not produce any significant 
change in the optical rotatory dispersion of carboxy- 
haemoglobin ; conversion of the SH groups to the mercury 
mercaptide gave rise to an overall negative shift of the 
dispersion curve. Fig. 2 shows the dispersion curve 
between 385 and 294 mu at 25° and pH 9-0 for native 
carboxyhaemoglobin and for carboxyhaemoglobin after 
conversion of all six SH groups to mercaptide. Between 
these wave-lengths there is an average difference in the 
specific molar rotation (expressed in terms of a molecular 
weight of 65,000 =6 SH groups) of 0-4 x 105°; this 
difference disappears at wave-lengths of less than 260 mz. 
Fig. 3 shows the dispersion curves of cysteine and its 
mercaptide, CySHgCl, measured under the same conditions. 
Conversion of cysteine to its mercaptide produces a change 
of 0-006 x 10°° at 385 my rising to 0-02 x 105° at 294 (the 
observed differences have been multiplied by six to 
compare them with the haemoglobin figures). Further- 
more, the differences observed between haemoglobin and 
its mercaptide disappear below 260 my, whereas in the 
case of cysteine they increase rapidly. Itis clear, therefore, 
that the differences observed with haemoglobin cannot be 
accounted for in terms of mercaptide formation and so 
are likely to represent a change in conformation. 

Since the reaction is first order in respect of the concen- 
tration of SH and zero order in respect of Hg(SO,).?- it 
can, in its simplest form, be represented by the scheme: 


[RSH-bound] = [ RSH-free} 
{RSH-free] + M+ > RSM + Ht 


where [RSH-bound] represents haemoglobin with un- 
reactive SH groups and [RSH-free] haemoglobin with 
SH groups which can react rapidly with a heavy metal 
reagent M+, Conversion of [RSH-bound] to (RSH-free] 
must therefore represent the limiting process and it is 
the rate of this which must be increased by the addition 
of alcohols. The concentration of [RSH-free] present, 
even in the presence of alcohols, must be low; no increase 
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as 1. The reaction of human carboxyhaemoglobin with Hg(SO,),7" at 

pH. 9-0 and 25° in the presence of varymg concentrations of alcohols. 

The logarithm of the first-order rate constant is plotted against the molar 

ratio of the alcohols to water. A. ae A, PrOH; @, EtOH; O, 
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Fig. 2, Optical rotatory dispersion of human carboxyhaemoglobin at. 
pH 90 and 25°. O, Carboxyhaemoglobin; @, carboxyhaemoglobin 
after conversion of all six SH groups to the mercury mercaptide. (Curve 
© is in good agreement with Beychock’s*®’ results with horse carboxy- 
haemoglobin. It should be noted, however, that these results are 
expressed in terms of a molecular weight of 65,000 (=4 Fe atoms) 

whereas Beychock’s are expressed in terms of one Fe atom) 
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in the proportion of reactive SH groups could be detected 
in the presence of 15 per cent ethanol, nor was there any 
change in the optical rotatory dispersion. Once all the 
SH groups have been converted to the more polar mer- 
captide it can be assumed that all the haemoglobin has 
changed to a conformation approximating to that of 
[RSH -free] and so a change in optical rotatory dispersion 
is observed, although there is still no change in absorption 
spectrum. The nature of this change in conformation is 
at present under investigation. 

Jt has already been pointed out that the unreactive 
SH groups cannot be covalently bound, so that the 
difference between [RSH-bound] and [RSH-free] must be 
expressed in terms of some form of non-covalent bonding. 

The effect of adding alcohol to aqueous solutions is to 
decrease the dielectric constant This would cause an 
increase in the strength of electrostatic interactions and 
also of hydrogen bonds ; the strength of the latter would 
be further increased by the reduced competition by water 
molecules. It can be inferred, therefore, that neither of 
these types of bonding can be responsible for the behaviour 
of the unreactive SH groups. 

The strength of hydrophobic interactions can be 
expressed primarily in terms of the unfavourable free- 
energy change, due to the decrease in entropy, which occurs 
when & non-polar solute is transferred from a non-polar 
solvent to water. The word ‘interaction’ has been used in 
this context rather than bond because it represents some- 
thing less specific. When two or more non-polar groups 
come into contact in aqueous solution the energy changes 
involved may be expressed in terms of: (1) an enthalpic 
term due to the van der Waals forces between them, and 
(2) an entropic term due to the decrease in entropy of the 
surrounding water that results if the groups are separ- 
ated!*.15; the strength of a hydrophobic interaction can 
therefore be expressed as the sum of these two effects. 
The strength of the van der Waals forces will depend on 
the area of close contact -between the groups concerned, 
while the entropy effect will depend on the size of the 
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groups, and therefore on the number of water molecules 
which would be in contact with them if they were free. 
Hydrophobic interactions in proteins may take various 
forms. It is possible for non-polar side-chains in helical 
regions to interact together, or there may be a concentra- 
tion of these side-chains in the interior of a protein mole- 
cule as is known to occur in myoglobin!*, These inter- 
actions are non-specific in that the majority of amino- 
acid side-chains are wholly or partly non-polar; they 
are specific to the extent that substitution of one group 
for another will only be possible if there is an adequate 
degree of fit, which in some cases may be a critical 
requirement. 

If water is rendered less polar by addition of an alcohol 
the unfavourable free energy change referred to here, 
and therefore the strength of the interactions, will be 
reduced. Tanford™* has ostimated that the free energy 
of hydrophobic interactiors in a protein will be 20 per cent 
less in 40 per cent ethanol than in water. It can be 
assumed that the hydrocarbon chains of the alcohols will 
interact with the non-polar side-chains of the protein and 
s0 interpose a layer of hydroxyl groups between these 
and the water molecules. This will reduce the effect of 
the non-polar side-chains on the entropy of the water and 
so reduce the strength of mteractions between them. On 
this basis it would be expected that the effect on the 
hydrophobic interaction in proteins would: (1) be approxi- 
mately proportional to molar ratio of aleohol to water 
and (2) increase with the chain-length of the alcohols 
since this increases the strength of the interactions 
between them and the non-polar side-chains. These 
predictions are in accord with the experimental observa- 
tions. 

Schrier et al.” have exarnined the thermal denaturation 
of ribonuclease in the presence of similar concentrations 
of the same aléohols as were used in this work. They 
found that the transition temperature decreased linearly 
with increasing alcohol cancentration; it also decreased 
as the chain-length of the alcohol was increased. They 
attributed these changes to hydrophobic interactions 
between the hydrocarbon shains of the alcohols and the 
non-polar side-chains in the ribonuclease causing a 
breakdown in the three-dimensional structure. 

The change of slope observed in log k (Fig. 1) is thought 
to be caused by a change in the structure of the solvent, 
to which hydrophobic interactions will be sensitive. The 
density data for methanol and ethanol at 25° show changes 
of slope at the same molar ratios, namely, 0-0042 and 
0:0018, respectively. On the other hand, the partial 
molar volumes of ethanol and water show a considerable 
change at a molar ratio o? 0:04. The interpretation of 
these changes is known to be complex*-and will require 
further work. 

The temperature coefficient for the reaction with the 
sulphito-mereuri complex was positive whereas hydro- 
phobic interactions have a negative temperature depend- 
ence**, However, it is likely-that the reaction involves 
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Fig. 3. Optical rotatory dispersion of cysteine and its mercury mercaptide 
at pH 9-0 and 25°, ,zysteine; @, CySHgCl 
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a definite, albeit small, conformational change in the 
haemoglobin molecule. Investigations of thermal denatur- 
ation show that conformational changes tend to have a 
high positive temperature coefficient®*, and it is probable 
that this effect predominates in the reaction. The 
higher coefficient that was observed in the presence of 
alcohols is difficult to account for. A possible explanation 
is that the observed temperature coefficient should be 
regarded as the sum of two trends, namely, a positive 
trend due to the conformational change and a negative 
trend due to the reduction in the number of hydrophobic 
interactions. In the presence of alcohols the positive 
trend is likely to remain the same, since no additional 
conformational change appears to be involved, while 
the negative trend is reduced because fewer hydrophobic 
interactions are involved. 

We have shown that the-increases in reactivity of the 
unreactive SH groups that occur in the presence of alco- 
hols can be related to a weakening of hydrophobic inter- 
actions in the haemoglobin molecule. The effect of alcohols 
is not specific and so the question arises as to what 
extent the SH groups, or possibly the whole cysteine side- 
chains, are themselves involved in hydrophobic interac- 
tions. If one assumes that they are not involved and the 
increase in reactivity is a secondary effect subsequent on 
the action of alcohols on other groups in the protein 
molecule, one is left with the original difficulty of explain- 


ing their low reactivity. Another form of non-covalent 


bonding, such as hydrogen bonding, has already been 
shown unlikely to be involved. If we are to fall back on 
the old idea of steric hindrance it is difficult to conceive 
of any close packing of groups round the SH group (which 
is likely to be un-ionized) which does not involve hydro- 
phobic interactions. There is therefore a strong probabil- 
ity that the SH groups are themselves involved in such 
interactions. 

It is known. from the work of Perutz et al.*” that the 
unreactive SH groups in human haemoglobin lie in similar 
positions in the G helices in the «- and @-chains. It is 
also likely that they lie on the surface of the chains and 
not in the non-polar region in the centre. The amino- 
acid sequences in the immediate vicinity of the SH groups 
are as follows?§: 


a-chain : —leu—leu—ser—his-CYSH—leu—val—thr— 
B-chain: —-aspNH,—val—leu-val-CYSH—val—leu—ala—his— 


The non-polar residues which are in italics contain 
atoms which could approach to within 4 A of the SH 
-group and so interact?®. It ıs possible, therefore, that the 
function of these cysteine residues is to stabilize this 
part of the @ helix. Conversion of [RSH-bound] to 
[RSH-free] would involve rotation of the cysteine side- 
chains round their ®-carbon atoms into positions where 
they were no longer in van der Waals contact with other 
non-polar side-chains. Conversion of the SH groups to 
mercaptide would cause the SH groups to be stabilized 
in approximately these positions. 

An alternative explanation is that the SH groups are 
involved in hydrophobic interactions between the «- and 
B-chains. Dissociation of the haemoglobin molecule 
takes place in two stages. At high ionic strength the 
molecular weight is approximately halved*®)*°, each half 
molecule being made up of one a- and one B-chain?t, 
Since an increase in ionic strength is sufficient to cause the 
dissociation it is likely that electrostatic forces are in- 
volved: there is no consequent increase in the reactivity 
of the SH groups. Further dissociation into g- and 
B-chains only occurs to any extent under more rigorous 
conditions such as extremes of pH??? or in the presence 
of sodium dodecyl sulphate** or guanidine hydrochloride”, 
It is inhibited by high ionic strength®* and so is likely to 
involve, inter alia, hydrophobic interactions. In all these 
cases we have observed a marked increase in the reactivity 
of the unreactive SH groups. This explanation therefore 
uaplies that [RSH-bound] is represented either by whole 
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or half molecules and [RSH-free] by separate «- and 
B-chains and that the effect of the addition of alcohols 
ed to increase the equilibrium concentration of the separate 
chains. 

The only physical difference which has been observed 
before and after reaction of carboxyhaemoglobin with 
the sulphito—mercuri complex is the small shift in the 
optical rotatory dispersion. The significance of this 
shift is not yet understood and so no preference can be 
stated for either of the two explanations offered. Both are 
consistent with Perutz’s?? investigations and with the 
increase in the rate of urea denaturation observed by 
Cecil and Snow in the presence of heavy-metal reagents. 

A. large number of investigations have been carried out 
on SH groups in proteins, partly because it was thought 
that they had specific functions in the active centres of 
enzymes (which in a few cases they have) and partly 
because they have specific reactions which make them 
easy to examine. This has probably conferred on them, 
by implication, a more important role than many other 
less-reactive groups in proteins. Cec: has suggested that 
the majority of SH groups have a structural role, in that 
modifications to them give rise to conformational changes 
in the proteins, and this statement may now be put in 
perspective. SH groups do not form specific cross-links 
analogous to disulphide bridges, but they appear to be 
able to take part in hydrophobic interactions. On this 
basis the cysteine side-chain, unless it is known to have a 
specific function in the protein, should be treated on the 
same basis as the other non-polar side-chains, including 
methionine, the role of which in proteins is structural and 
the specificity of which is a function of their size and shape. 

One of us (M. A. W. T.) is indebted to the University of 
Sydney and to the Commonwealth Scientific Industrial 
Research Organization for the award of Travelling 
Studentships. 
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CYTOLOGY OF MONKEY KIDNEY CELLS INFECTED WITH AFRICAN 
HORSE-SICKNESS VIRUS 


By Y. OZAWA, |. G. HOPKINS and A. HAZRATI 


Near East Animal Health Institute, Razi Serum and Vaccine Institute, Teheran, Iran 
AND 


A. MODJITABAI and P. KAVEH 


Cancer Research Institute, Pahlavi Hospital, Teheran, Iran 


ae adaptation of all known types of African 
horse-sickness virus to monkey kidney stable (MS)! 
cells by Ozawa and Hazrati* opened the way for further 
virus studies, Tissue culture has been found suitable 
for vaccine production’, serological studiest, plaque 
assay’, and studies of various properties of the virus. 
Sequential cellular changes were examined in a separate 
study’ by using MS cell cultures and all types of African 
horse-sickness virus. In this communication, character- 
istic changes observed in the infected MS cells at the late 
stage of infection are described. 

The virus used was S2 strain’ of African horse-sickness 
virus confirmed by neutralization tests using type-specific 
rabbit antiserum as described in a previous report‘. 
After 100 mouse brain passages this strain has been used in 
lran as the attenuated ‘type 9’ vaccine strain. Theseventh 
passage in MS cell cultures was used for this experiment. 

The origin of MS cell line, methods of cultivation of 
the cells and constituents of growth and maintenance 
media have also been previously deseribed*. Coverslip 
cultures prepared by placing one 22 x 33 mm coverslip 
into each sealable Petri dish of 50 mm diameter were 
used for observations under the light microscope. Approx- 
imately 1-5 x 10° cells were seeded in each Petri dish. 
After 3 days incubation at 37° C, the growth medium was 
disearded, and 1 ml. of virus fluid was placed on each 
coverslip culture. After 3 h adsorption at 37° C, the virus 
fluid was removed, and 5 ml. of fresh maintenance medium 
added to each Petri dish. Control MS cell cultures were 
treated in the same manner, but maintenance medium was 
used in place of virus fluid. These cultures were incubated 
at 37° C for 48 h, then washed gently in phosphate-buffered 
saline at pH 7-2. 

For haematoxylin-eosin staining, washed coverslip 
cultures were fixed in 95 per cent ethanol. They were 
stained with Harris’s haematoxylin for 20 min, differenti- 
ated in 1 per cent acid alcohol, washed in tap-water, 
counter-stained with 1 per cent eosin for | min, then 
dehydrated and mounted on glass slides. For Feulgen 
staining, coverslip cultures were fixed in 10 per cent 
formalin for | h, and washed overnight in running tap- 
water. They were rinsed in 70 per cent alcohol, then 
placed in 1 N HCl at 60° C for 12 min. Feulgen reagent 
was applied for 1 h. They were then washed three 
times in sulphurous acid, 5 min each wash, washed in 
water, dehydrated and mounted. For electron microscopy, 





Fig. 1, Normal monkey kidney stable (MS) cell culture. (Haematoxylin 
and eosin stain, x 560) 


ultra-thin sections and electron micrographs were made 
at the Cancer Research Institute, Pahlavi Hospital. MS 
cell cultures were prepared in 4-0z. medical flat bottles. 
Drained monolayers of MS cells were inoculated with 
0-2 ml. of virus fluid containing 2 x 10° TCID,,. After 
3 h adsorption at 37° C, 15 ml. of maintenance medium 
was added to each bottle. After 42 h incubation at 37° C, 
the maintenance medium was discarded, cultures were 
washed with phosphate-buffered saline (pH 7-2) then fixed 
undisturbed for 1 h at 4° C with 1 per cent osmium 
tetroxide buffered at pH 7-4. The fixed cells were scraped 
from the bottles and dehydrated by passing through 
35, 50, 70, 95 and 100 per cent ethanol, 15 min each. 
Pellets formed by low-speed centrifugation of the cells 
were embedded in methacrylate. Ultra-thin sections 
were contrast-stained with uranyl acetate for 1 h, then 
washed 4 times with CO,-free distilled water, and dried. 
Ultra-thin sections of uninfected MS cells were prepared 
in the same manner, and the preparations were examined 
in a Philips ‘EM100° microscope. 

In the infected MS cells, major changes appeared in 
the nuclei. An accumuation of basophilic Feulgen-posi- 
tive material around the nucleoli of slightly enlarged 
nuclei was observed under an ordinary light microscope 
(Figs. 2 and 3). As infection progressed, margination of 








Fig. 3. MS cells 40 h after infection with S2 strain of African horse- 
— virus. Feulgen-positive bodies are seen both at the periphery 
and in the centre of nuclei, (Feulgen stain, x 1,120) 





Fig 4. Electron micrograph of MS cells 48 h after infection with S2 
strain of African horse-sickness virus. Margination of nuclear chromatin 
(ne) and nucleolus (no) has occurred. bodies of nuclear chromatin 
are attached to the nuclear membrane (nm). The denatured nucleolus 
is darkly stained and clusters (e) of virus particles are seen within 
and on the surface of the body. Two dense bodies (db) and many 
vacuoles are seen in the cytoplasm. N, nucleus; er, endoplasmic 
reticulum ( * 6,500) 


P 


> 





Fig. 5. MS cells 48 h after infection. Numerous dense particles are 

scattered throughout nucleoplasm and in the denatured nucleolus (no). 

Note irregular outer layer of nuclear membrane (am). L. lipid inclusion: 

m, mitochondrion: er, endoplasmic reticulum; ne, nuclear chromatin 

(= 16,800) 

basophilic Feulgen-positive substances occurred, and 
several Feulgen-positive oval bodies were formed on the 
interior surface of nuclear membranes. At this stage the 
nuclei were pyknotic and, apart from these oval bodies, 
appeared empty. During infection an increase in the 
number of vacuoles in the cytoplasm was observed. 
Cytolysis occurred leaving radiant forms of cytoplasmic 
branches, Occasionally very minute Feulgen-positive 
bodies were seen in the cytoplasm. At the last stage of 
infection, only fragments of cytoplasm remained sur- 
rounding the pyknotic nucleus. 

In the electron micrographs, several characteristic 
changes within the infected MS cells were observed. The 
nucleoli were in the form of dense oval bodies with clear 
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margins. Clusters of dense particles that were considered 
to be virus particles were seen within and on the surface 
of the nucleolus (Fig. 4). The dense particles were also 
scattered throughout the nucleoplasm. Margination of 
nuclear chromatin was observed with several of these 
bodies occurring alongside and attached to the nuclear 
membrane. Scattered dense particles were often seen even 
within the denatured nucleolus (Fig. 5). As infection 
progressed, the nucleoplasm cleared, and many tears 
were often seen in the nuclear membrane. When exam- 
ined under high magnification, aggregates of dense 
particles as well as dispersed particles were observed. 
Most of these particles were oval in shape, with an average 
diameter of 75 mu on the long axis, the shorter axis being 
45 mu (Fig. 6). 

In the cytoplasm of infected MS cells, electron micro- 
graphs revealed a number of vacuoles surrounded by 
endoplasmic reticulum (Fig. 4). Lipid inclusions were 
occasionally seen. Dense bodies (Fig. 4) of various sizes 
were often seen in the cytoplasm. The exact origin and 
their functions could not be clarified, but no dense particles 
were detected in or around the dense bodies. 

From these observations and the previous report made 
by Mirchamsy and Taslimi!® using fluorescent antibody 
technique applied on the same system, it became evident 
that replication of virus particles occurs in the nucleus. 
The accumulation of DNA substance around the nucleoli 
of infected MS cells and frequent observation of clusters 
of virus particles in and around the nucleoli indicate that 
virus replication occurs there, and that the virus particle 
may possess a DNA moiety. Many of these characteristic 
findings are similar to the recent observations using 
monkey kidney cells infected with adenovirus!! and 
simian papova virus, S V40 (ref. 12). Both of these viruses 
are known to be DNA viruses and are nearly the same 
size as African horse-sickness virus. 

Growth curves of African horse-sickness virus in MS 
cell cultures have been previously reported?:*. The 
excretion of the virus into the culture medium was first 
observed approximately 7-8 h after infection and maxi- 
mum titres with type 9 virus were obtained between 48 
and 60 h after infection depending on the inoculum used. 

When using electron microscopy virus particles were 
occasionally detected in the cytoplasm during the ad- 
vanced stage of infection. Tears in the nuclear membrane 
and the excretion of nuclear contents were also observed. 
Further experiments are required to determine how the 
virus reaches and penetrates the nucleus, the mode of 
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Fig. 6. Cluster (c) of virus particles as well as dispersed virus particles 

(vp) are seen in the nucleoplasm. Many of them are ov alparticles 

having average diameters of 45 x 75 my. we, nuclear chromatin 
( x 16,800) 
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replication and excretion, and the function of the dense 
bodies ın the cytoplasm. 

We thank Dr. A. Rafyi of Razi Institute, Dr. H. Rahma- 
tian of the Cancer Research Institute of Pahlavi Hospital, ; 
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Animal Health Institute for their advice. 
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EXTRACTIVES FROM WEST AFRICAN MEMBERS OF THe FAMILY MELIACEAE 
By Pror. C. W. L. BEVAN, Dr D. E. U. EKONG and Pror. D. A. H. TAYLOR 


Department of Chemistry, University of Ibadan, Nigeria 


— 


INCE attention was first directed to the mterest of 
such a survey!, the heartwoods of some twenty species 

of the family Meliaceae, belonging to ten genera, have 
been examined in Ibadan. Of the fourteen new compounds 
which we have isolated from light petroleum extracts of 
the timbers, the structures of seven have now been 
elucidated?, while the others are still under investigation. 
These, together with compounds isolated by workers in 
other parts of the world, form a pattern of progressively 
oxygenated triterpenes related to gedunin (I) and limonin 





(II). In view of the characteristic occurrence of the 
gedunin nucleus in the Meliaceae, the name meliacin has 
been proposed. for this nucleus’. 

Compounds which may arise from closely similar bio- 
genetic routes have also been isolated from the related 
families Rutaceae and Simarubaceae’. 

It has been proposed that the Meliaceae compounds 
are derived biogenetically from an apo-euphol type tri- 
terpene (III) in which the side-chain has been oxidized 
leaving a furan ring*¢, Thus, cedrelone (IV): may be 
considered to arise from such a compound by epoxidation 
of the 14-15 double bond and oxidation at C, and C}. 
Anthothecol is 1l-acetoxycedrelone. In khivorin (V), the 
D ring has been expanded to a 3$-lactone, possibly by a 
Baeyer-Villiger type oxidation. Gedunin is derived from 
khivorin by further oxidation at ©, to a ketone and 
elimination of the l-acetoxyl to leave a 1: 2 double 
bond. 





Andirobin' and methyl angolensate (VI) represent a 
further stage of oxidation, in which the B ring is opened, 
possibly by a fission similar to that postulated in the case 
of dammarenolic acid’. This ring opening could also occur 
by hydrolytic fission of a vinylogous B-ketolactone such 
as (VII), followed by dehydrogenation. 








H CO,Me 
VI VII 


Fission of nng B has also occurred in the formation of 
swietenine (VIII)!, where C, 1s oxidized as in cedrelone 
and anthothecol, and C, is oxidized to a ketone. An 
interesting feature of swietenine is the addition of C, to 
the angular methyl group at O; a similar structure may 
be present in Cedrela odorata substance B°. 


5 R = Tigloyl 





S 
u MOH 
VIL 


Entandrophragmin, utilm and the ekebergolactones, 
which are still under investigation, seem to be even more 
highly oxygenated. 

Birch® has isolated a compound, flindissol, from two 
Flindersia species (Rutazeae). Possessing a reduced furan 
ring, fiindissol is structurally midway between epo-euphol 
and the meliacins, and indicates a biochemical relationship 
between the two families. This inference is strengthened 
by the occurrence of a coumarin, otherwise characteristic 
of the Rutaceae, in Hkebergia senegalensis (Meliaceae). It 
is hoped that elucidaticn of the structures of the other 
meliacins will reveal features giving more informa- 
tion about the biochemical relationships of these 
compounds, as well as making available further 
taxonomic criteria in this important family. 

The results. including related compounds 
isolated by other workers, are summarized in 
Table 1. 

For our survey we have developed a method 
for the rapid examination of small samples of 
timber by thin-layer chromatography. Samples 
from standing trees were obtamed by boring 
into the trunk with a hand drill, until a 25-g sample 
of shavings was obtained. These were extracted with 
hght petroleum (b.p. 60-80°) in a Soxhlet apparatus 
for 24 h. The residue after removal of the solvent was 
taken up in chloroform and chromatographed on thin 
films of silica gel (type ‘“Kieselgel G@’) on glass plates, 
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A) 


(B) 


Fig, 1 Thin-layer chromatography of crude extracts of the Meliaceae in (4) isopropyl ether/methanol, 11/1 and (B) benzene/ethyl acetate, 3/1. 
I, Trekilia prieuriana; TI, Khaya grandifolicla; III, Khaye- grandifokola, IV, Entandrophragma angolense: V, Entandrophragma 
angolense; Vi, Guarea thompsoni VIL, Khaya anthotheea; VIII, Carapa procera; IX., Entandrophragma utile; X, Pseudocedrela; XI, Ekebergqia 
senegalensis (south); XII, Eniandrophragma cylindricum; XILI, Khaya iworensis; XIV, Khaya senegalensis (south) 
1, Prieurlanin; 2, Gedunin; 3, Khivorin; 4, Methyl angolensate; 5, Cedrela odorata ‘B’; 6, Dihydrogedumn; 7, Anthothecol; 8, Carapin; 9, Utilin: 
10, 7~-Ketogedunin; 11, Ekebergolactones B and C; 12, Entandrophragmin, 13, 7-Ketokhivorm 





Fig. 2. Thin-layer chromatography of crude extracts of the Meliaceae in (A) isopropyl ether/methanol, 11/1 and (B) benzene/ethy] acetate, 3/1. 

XV, Cedrela odorata; XVI, Khaya senegalensis (north), XVII, Trichilia heudelotii; XVIII, Ekebergua senegalensis (north); XIX, Entandrophragma 

candollei; XX, Khaya nyassica; XXI, Pseudo-bersama; XXII, Lovoa trichiioides; XXIII, Turraeanthus africana; XXIV, Trichiha lanata, 
XXV, Carapa grandiflora, XXVI, Trichilia roka; XXVII, Guarea cedrata 


2, Gedunin, 3, Khivorin; 4, Methyl angolensate, 5, Cedrela odorata ‘B’; 10, 7-Ketogedunin; 11, Ekebergolactones B and C, 18, 7-Ketokhivorin, 
14, Ekebergolactone 4, 15, 6-Sitosterol, 16, Turraeanthin 
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Table 1 
Species Origin Extractive identified 
Carapa guayanensis Brazil’ Andirobin and 7-deacetoxy-7-ox0- 
gedunin 
C. procera Southern Carapins 4 and B 
Nigeria 
Cedrela odorata i i 7-Deacetoxy-7-oxogedunin and 
Cedrela odoraia substance B 
C. odorata Jamaica*y Methyl angolensate 
Ekeberpa Northern 8-Methoxy-4-methyleoumarm and 
senegalensis Nigeria ekebergolactones B and C 
i (native) 
E senegalensis Southern Ekebergolactones B and C 
Nigeria 
(cullrvated) 
Entandi ophragma Southern Gedunin and/or methyl angolensate 
angolense Nigeria 
E. candoller ” 3) = 
E. cylandrieum 5 a Entandrophragmin 
E, utile s ji Entandrophragmin and utilin 
Guarea cedrata s, ” — 
G. chompsonri Southern Dihydrogedunin and/or methyl 
Nigeria?® angolensate 
Khaya anthotheca Southern Anthothecol 
Nigeria 
K ganavfoltiola i a Khivorm 
K. grandvfolola X a Methyl angolensate and Cedrela 
odorata substance B 
K. worensrs » ” Khivorin 
E. senegalensis 2 ” 7-Deacetoxy-7-oxokhivorin 
K. senegalensis Northern Complex mixture 
Nigeria 
Lovo trichilveides Southern — 
Nigeria 
Pseudocedrela ” ” 7-Deacetoxy-7-oxogedunin 
Prichiuva heudelotr 9 T — 
T prieunana = Prieurranin 
Turreanthus afrwana Ghana Turraecanthin 


in the usual manner. As solvent, either benzene : ethyl 
acetate (3: 1} or isopropyl ether : methanol (11:1) was 
used. All extracts were chromatographed in both sol- 
vent systems with gedunin as standard reference sub- 
stance. To detect the spots, the chromatoplates were 
heated at 200° for 10 min, and sprayed while hot with a 
saturated solution of antimony trichloride in chloroform. 
All extracts gave a single violet spot corresponding in 
colour and Hr value to 6-sitosterol. Other plates were 
sprayed with an aqueous solution of ferric chloride, fol- 
lowed immediately by 0-1 M sodium molybdate. This 
showed up the meliacins present as white spots on a 
yellowish background; there were usually one to four 
spots obtained from each sample in this way. These were 
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identified by comparing their Ree (Rg, = Rp substance/ 
Rp gedunin) values with those of pure substances isolated 
from large-scale extractions of timber. 

Using this technique, we have examined several hundred 
samples of wood from twenty species of the Meliaceae. 
In every case where the timber was subsequently examined 
on a large scale, the constituents isolated agreed with 
those identified chroraatographically. This has been 
particularly useful in dealing with variable species, for 
example, in selecting timber to extract for methyl ango- 
lensate which occurs m about 10 per cent of Nigerian 
Lintandrophragma angelense. As most species give a 
characteristic pattern cf extractives, this method can also 
be used as a means of identifying timber samples: for 
example, Khaya anthofheca is readily distunguished from 
other Khaya species chemically, while this is not easily 
done by the usual methods of timber identification. 

Specimen chromatograms of the species examined are 
shown in Figs. 1 and 2. All these are of specimens authen- 
ticated by herbarium material held at the Forest Herb- 
arium, Ibadan. 

We thank Mr. J. F. Redhead and the Federal, Regional 
and University of Ibadan Departments of Forestry for 
supplies of timber, anc. Mr. G. Adesida for assistance in 
extraction of the woods and running of the chromato- 
grams. 
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OME evidence has already been presented indicating 

that the growth response of living bone to mechanical 
stress! js based on semiconducting properties of the bone 
matrix itself?-4, The basic functional unit of the matrix 
appears to be a PN junction diode formed by the precise 
molecular association between the collagen fibres (N 
type material) and the mineral apatite crystals (P type 
material}. In has been possible to obtain approximate 
measures of the rectification properties of this diode 
including the forward and reverse current-voltage rela- 
tionships and the reverse bias breakdown range’. It is 
possible, but unlikely,.that the measured rectification 
effects were related to the amisotrophic nature of the bone 
matrix. Therefore, 1t was considered desirable to use some 
other method, not related to these properties, to verify 
the existence of the diode. 

Certain specific electro-optical properties are known to 
be associated with manufactured mono-crystalline diodes; 
for example, photoconductivity with enhancement in 
reverse bias®, photovoltaic effects related to the junctional 
barrier®, wave-length-specific action spectra for both 


photovoltaic and photceonductivity effects? and recom- 
bination radiation at high current levels of forward bias’. 
The postulated bone d'ode is quite unlike these manu- 
factured devices, being composed of two highly dissimilar 
materials (a macro-moleeular fibrous protein and extremely 
small crystals of a mireral, probably apatite). It was 
therefore considered unhkely that exactly equivalent 
properties would be demonstrated by 1t. Nevertheless, 
the identification of same similarities would lerd sup- 
port to the bone diode hypothesis and possibly furnish 
additional information on the nature of this unusual 
structure. 

Specimen preparation Bone samples were obtained 
from fresh lower-extremity amputation specimens. All 
samples represented clinically normal bone, the amputa- 
tion bemg necessitatec. by mechanical or traumatic 
considerations. The per osteum, a thin layer of sub- 
periosteal bone, the marrcw and all cancellous bone wore 
removed and the remaining dense cortical bone split into 
5 x 10 x 20 mm sections. These sections were exposed 
to normal room temperazure and humidity for 10 or more 
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days, and were then reduced to 2 x 5 x 6 mm size by 
hand sawing and polishing on a series of abrasive papers. 
The largest dimension represented the original long axis 
of the bone. The final specimen, was considered to consist 
primarily of the collagen fibre-apatite crystal matrix with 
a full complement of structured water and a variable 
amount of free water (dependent on room humidity level). 
The original cellular content of this cortical bone 1s 
reported to be less than 5 per cent® and after this prepara- 
tion was considered to represent & residue unimportant 
to the study at hand. Samples of bone apatite alone were 
prepared by refluxing whole bone samples, of the same 
size, With ethylene diamine’. Removal of the apatite 
crystals (demimeralization) was done by prolonged agita- 
tion in 5 per cent formic acid, a method reported to have 
little or no deleterious effects on the collagen fibres". 

Hlectrodes and test fixtures. Colloidal silver paint was 
used for the primary electrodes. This material adhered 
well to the clean bone surface and provided good electrical 
contact. ‘“Aquadog’, indium-mercury and various other 
amalgams were tried but provided unsatisfactory contact. 
“After application of the silver paint electrodes, the bone 
sample was placed in a solid polyethylene fixture permit- 
ting & pressure contact between 30-gauge spring platinum 
wires and the primary electrodes. A second coat of silver 
paint was applied to ensure good electrical contact 
between the wires and the deposited silver electrodes. 
The test fixture with attached sample, biasing supplies 
(when used) and the first stage electrometer tubes, were 
placed in a solid-walled aluminium box with a controllable 
diaphragm permitting sample irradiation. The specimen 
box and all other equipment were placed within a double- 
walled Faraday cage, the box being earthed to the inner 
shell of the cage. i 

Electrode placement. Bono is a highly organized material 
from the gross macroscopic to the molecular level. At 
the former level, bone has an overall linear arrangement 
with collagen fibres lying parallel to each other and 
effectively in line with the original long axis of the bone. 
At the molecular level, the apatite crystals—some 500 A 
in long-axis dimension—are applied to the surface of the 
collagen fibres in precise relationship to the 640 A repeating 
band structure of the fibres**13, Interstices between 
fibres are filled with additional apatite crystals. Because 
of this structure, it was postulated that an electrode 
applied to a cross-sectional cut surface would primarily 
contact collagen fibres, while one applied to a longitudinal 
cut surface would contact primarily apatite crystals. This 
arrangement of electrodes would theoretically give us 
access to a population of diodes essentially in parallel 
(because of the extremely small size of the individual units 
it is obviously impossible to make direct contact with any 
single one). Admittedly, this method has many defects, 
not the least of which is the considerable element of 
chance in procuring an actual diode contact and not merely 
a resistive contact with each electrode ‘seeing’ equal 
numbers of collagen fibres and apatite crystals. However, 
the method was previously used, and rectification proper- 
ties were found in a number of samples, according with 
the general thesis’. All experiments reported in the 
present study utilized this ‘diode’ electrode placement 
except those concerning surface photoconductivity. In 
this case, ‘surface’ electrode placement, that is, both 
electrodes on the same longitudinal cut surface, was 
used. In all cases, direct illumination of the electrodes 
was avoided, so far as possible, by using a small focused 
spot of light (2 mm diameter) and by shielding the 
electrodes by opaque masks. 

Apparatus and techniques. The photocurrents generated 
were measured with an electrometer amplifier (Kiethley 
603) with resistances of from 1014 to 1011 ohms. The 
output was recorded on @ dual channel recorder, the 
second channel being used to record the light signal. A 
100-watt zirconium arc was used as the primary white 
light source with appropriate lenses to produce the focused 
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spot. The hght source, lenses and specimen box were 
mounted on an optical bench to maintain alignment. 
Action spectra determinations in the visible range were 
made with a Bausch and Lomb grating monochromator 
and tungsten source. This apparatus was usable to 
7500 A with precision. The range from 7000 to 20,000 A 
was covered by a series of Corning glass filters with a 
quartz iodine lamp as the radiation source. Responses to 
each filter were corrected for percentage filter transmis- 
sion and energy radiated by the source in the spectral 
range of the filter. Biasing voltages for photoconductivity 
measurements were obtained from mercury cells and 
normally ranged from 50 mV to 1,350 mV. In all experi- 
ments iUlummation was maintained until maximum 
responses had been obtained. 

Since initial experiments indicated that polarization 
phenomena would be encountered, single determinations 
were made and the samples ‘shorted out’ between indivi- 
dual experiments. A stable base-line was always obtained 
before a determination. 

Photoconductivity effect. Specimens prepared with 
surface electrode placement demonstrated definite photo- 
conductivity phenomena throughout the range of biasing 
voltages. Rise tymes were rapid, averaging 2—6 sec to 
maximum response. However, this current immediately 
began to decline, and reached the original base-line in 
10-30 sec. If the illumination was stopped at this point 
an exactly similar pulse, but with opposite polarity, 
was obtained (Fig. 1). These results were interpreted as 
indicating a charge storage or polarization type of pheno- 
menon!*. Changing the direction of the applied field had 
no effect on the amplitude or type of photocurrent 
obtained. 

The diode electrode configuration also demonstrated 
photoconductivity phenomena but differed sufficiently 
from the surface electrode configuration to indicate that 
true ‘bulk’ photocurrents were being measured. Rise times 
were considerably longer, with a wide range of values, 
averaging 200 sec. Peak responses were maintained with- 
out decrement as long as illumination was continued and 
the photocurrent fell to the original base-line after the 
light was turned off without demonstrating a pulse of 
opposite polarity. Within the range of biasing voltages 
used, reverse bias (RB-positive pole of battery to the 
collagen electrode, negative to the apatite electrode) was 
invariably productive of a greater photoconductivity 
response than forward bias (FB) (Fig. 2). When electrode 
placement failed to make a true ‘diode’ contact, not only 
did the specimen not demonstrate rectification properties 
but the photoconductivity phenomena were absent, or 
low in amplitude, and did not vary with change in bias 
direction. With any single determination, in either 
forward or reverse bias, there was no evidence of polariza- 
tion as was seen with the surface electrode placement. 
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Fig. 1. Surface photoconductivity in whole human bone. The experi- 
meni is set up as shown (upper right). The ‘grain’ of the bons sample is 
indicated by the parallel lines 
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Big. 2 Bulk photoconductivity in whole human bone. The path of the 

current flow between the electrodes is across a population of collagen- 

apatate junctions. The rise time of the response is approximately 40 times 

longer than that of the surface configuration and 1s shown on a semi-log 
scale 
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Fig. 3. Bulk photoconductivity for several sequential runs of forward 
and reverse bias. The sequence of the experimental rans is indicated 
by the number over the centre of each response curve. The photocurrents 
are charted on a linear scale in this illustration and show three major 
differences with the surface photocurrents. prolonged rise time, steady 
continuous response to illum{nation and exponential fall to base-line 
when light turned off. Note that in all cases the reverse bias response 
was greater than the forward bias. The same bias voltage was used 
throughout 


However, a second series of forward and reverse bias 


. experiments was significantly higher in amplitude (still 


maintaining the RB > FB relationship) than the preceding 
ones at the same bias voltage (Fig. 3). This phenomenon 
was observed to hold for up to three cycles, after which 
responses became aberrant. If this represents internal 
polarization, the field generated is such as to increase 
rather than decrease the response. 

Photovoltaic effect. Specimens that previously demon- 
strated photoconductivity with responses in reverse bias > 
forward bias were used to search for photovoltaic effect. 
Definite effects were noted with characteristics (rise 
time, magnitude of response, sustained response, etc.) 
similar to those previously noted in forward biased condi- 
tions. Cooling the specimens to 77° K with liquid nitrogen 
resulted in approximately 40-fold increases in the magni- 
tude of the response, but with some prolongation in the 
rise time (Fig. 4). ; 

Action spectrum. The action spectra obtained were 
similar ın both photovoltaic and photoconductivity 
conditions. Whole bone consistently demonstrated three 
major spectral peaks; 4100 A, 4800 A in the visible range 
and a broad response between 8500 and 10,500 A with a 
peak approximately at 9500 A in the near infra-red 
(Fig. 5). A mimor peak was noted inconsistently in the 
vicinity of 5700 A. The characteristics of the photocur- 
rents generated were similar in each spectral area and 
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frequently the 9500 A range demonstrated a rise time 
faster than that in the visible ranges. Therefore, this 
response to near infra-red is considered to be a true 
photoelectric effect and not merely the result of heating 
the sample. Liquid nitrogen temperatures increased the 
amplitude of the response approximately ten-fold in the 
two visible ranges and 50-fold in the infra-red region. 
Samples of highly purified bone apatite demonstrated a 
single peak in the 4800 A region. Demineralized samples, 
however, demonstrated spectra quite similar to that for 
whole bone except that she responses in the 4800 A and 
9500 A regions were diminished and the 5700 A response 
was frequently missing. It appears probable that the 
formic acid demineralization technique, while producing 
a flexible specimen quite suitable for microtome section- 
ing, does not completely remove the apatite crystals 
functionally bound to the collagen fibres. Spectrographic 
analyses of similar demineralized bone samples demon- 
strated considerable quantities of calcium still present 
(see following article). It is suggested that this method of 
demineralization primarily removes the interstitial apatite 
crystals. 

Influence of water content on action spectrum. It is 
known that mature cortical bone contains a small, but 
significant, amount of -water in vivo’. Presumably this 
is bound or structured wseter associated with the collagen 
fibres. In the course of this work, examination of the 
bone samples, which were exposed to room humidity. 
revealed what appeared to be a thin film of free water on 
their surface. It was postulated that our samples acquired 
excess water through some hygroscopic action. The 
presence of such free water would presumably tend to 


COLLIMATED LIGFT 
BEAM 


ELECTRO- 
HETER 


Photocurrent (mV across 1042) 





1 10 10? 
Time (sec) 


Fig. 4. Photovoltate effect in whole human bons 
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Fig. 5. Photoconductivity action spectrum of whole human bone. The 
exact configuration of the response band centred at 9500 41s not known 
since this section of the spectrum was mnvesfgated with filters having 
half-power band-pass limits of 250 A on the average. However, the peak 
response can be centred at 9500 A with fair certainty 
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decrease the photoelectric responses, and it was con- 
sidered desirable to evaluate this condition. 

Since heating beyond 100° C would produce irreversible 
damage to the collagen fibres, vacuum sublimation 
techniques were utilized to reduce the water content of 
whole bone samples. The specimens were placed in 
‘Vycor’ (Corning) tubes with one flat side optically 
finished. Initial action spectra determinations were 
made with these samples equilibrated to room humidity. 
The tubes were then placed in & vacuum chamber and 
pumped down to less than 0-1” of mercury and repeatedly 
flushed with dry nitrogen. They were maintained at 
this pressure for 72 h, after which dry nitrogen was again 
admitted to the chamber and the tubes were quickly 
sealed. Action spectra were immediately determined 
revealing consistently a complete absence of the 4100 A 
peak, slight but inconsistent variations in the 4800 A 
range, and a slight increase in the magnitude of the 
9500 A response. The seals were then broken, permitting 
the samples to re-equilibrate to room humidity. Action 
spectra were determined at intervals during this process. 
The 4100 A peak reappeared and increased to about 
twice its original amplitude in 2~3 h. The 4800 A peak 
increased about three-fold at the same time, while the 
response in the 9500 A range increased about five-fold. 
These values then gradually declined until after 4-5 h 
the initial values for each range were reached. 

Conclusions. Human cortical bone, prepared as in 
this study, demonstrates definite photoconductivity and 
photovoltaic phenomena, unassociated with surface states 
or the electrode-bone interface. The enhancement of 
photoconductivity rosponses by reverse bias as compared 
with forward bias, and the demonstration of temperature 
dependence of the photovoltaic effect, indicate that the 
material has diode properties in accord with the theory 
previously developed. The action spectra with responses 
at several wave-lengths is considerably different from 
that of the monocrystalline diodes. However, since the 
hypothetical diode was formed by the association between 
two very dissimilar semiconductors, a three-peaked 
spectrum was expected. It was expected that responses 
to two different wave-lengths would be produced by the 
two materials, while a third response, resulting from the 
diode zone itself, was predicted. The equivalent energy 
gaps for the wave-length-response areas associated with 
the two components should be close to those determined 
by other methods. The observed spectra conformed 
surprisingly closely to these theoretical criteria. The 
4100 A response is considered to be associated with the 
collagen fibres since it was absent in the decollagenated 
samples, and disappeared in the completely dehydrated 
whole bone samples. The equivalent energy, 3-0 eV, 
is quite close to the values derived for polypeptides and 
other proteins!” but different from that previously 
obtained for bone collagen (5-0 eV) by thermal effects on 
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d.c. conductivity”. However, the present study indicates 
that the samples of bone collagen used in that study were 
not as pure as had been thought and the figure of 5 eV 
is considered to be in error. The 4800 A peak appears 
to be unquestionably related to the apatite mineral 
indicating a band gap of approximately 2:5 eV. The 
9500 A area is considered to represent the diode zone 
proper with an energy gap centred at 1-3 eV since it is 
present only in samples having both components and is 
markedly enhanced by liquid nitrogen temperatures. 
The minor inconsistent response at 5700 A is presently 
considered to be associated with one of the soluble organic 
components of the matrix. ' 

The hydration experiments appear to indicate that 
bound water is an important factor in collagen con- 
ductivity, in agreement with determinations on other 
proteins'*, However, bound water seems to be of much 
less functional umportance for the apatite and for the 
diode’ zone itself. The high values for all components 
in the partially rehydrated specimens are interpreted as 
representing re-acquisition of the complete bound water 
components by the apatite-collagen complex. The 
subsequent decline in magnitude with continuing re- 
equilibration to normal room humidity is perhaps the 
result of hygroscopic action producing a free-water 
compartment providing shunting resistance to the diodes. 

Thus, despite the marked difference in structure between 
the theoretical apatite-collagen diode and inorganic 
monocrystalline diodes, surprising similarities are appar- 
ent in their photoclectric behaviour. The results appear 
to support the thesis that the apatite—-collagen complex 
has the properties of a semiconducting PN junction diode. 

This investigation was supported in part by Public 
Health Service grant AM 07626, National Institutes of 
Health. 
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N earlier paper! reported the semiconduction charac- 
teristics of bone and dəscribed its piezo-electric 
properties as related to the selective growth of bone in 
response to stress. Results of our further studies are 
incorporated in this report and in the preceding article. 
Here we describe the visible fluorescence of bone under 
excitation by ultra-violet radiation of 3650 Å wave-length. 


Although there is casual mention in the literature of the 
fluorescence of teeth, shells, and other calcium-rich 
materials we have been unable to find any reference to the 
fluorescence of bone. 

Bone consists of a three-dimensional matrix of two basic 
components, the mineral apatite and the protein collagen, 
and a certain amount of ‘ground substance’*. There is a 
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degree of uncertainty as to whether bone apatite is identi- 
cal with the geological apatites. The question seems to 
some extent meaningless m view of the rather large 
number of geological variations. Among the various 
forms observed some are reported to be fluorescent and 
some are reported not to be. 

In preliminary experiments we found no fluorescence 
of bone under irradiation by X-rays, at least for energies 
from about 100 kV down to about 20 kV. Very weak 
fluorescence was observed under cathode ray bombard- 
ment. With ultra-violet irradiation, measurable fluores- 
cence began to appear above about 3000 A and accordingly 
we chose a 8650 A mercury source. 

Light from the Hg lamp irradiated the bone after 
passing through filters which restricted the range to 
about 3400-3900 A. The resulting fluorescence was 
analysed with a Farrand spectrophotometer provided 
with a filter which permitted only light above about 
3900 A to be received at the photomultiplier. 

Bone samples observed were from clinically normal 
human tibiae and femora, and dog femora. Details of 
sample preparation have been given in the preceding 
article. All spectral curves fell mto a common pattern 
(Fig. 1) consisting of a major peak at approximately 
4400 A and two minor peaks at 5900 A and 6400 A. 
The latter were erratic in intensity and in appearance 
from sample to sample and even in successtve measure- 
ments of a given sample. 
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Fig. 1. Emission curves for fluorescing bone and its components 


To determine whether the radiation was from the 
apatite or the collagen we investigated each, first using 
samples prepared by standard separation techniques, 
by which the collagen may be removed, leaving the 
apatite structure intact or, conversely, the apatite may 
be removed leaving the collagen matrix. Spectral curves 
for such samples appeared no different than for the whole 
bone. Suspecting that the separation processes were 
not efficient, we carried them to greater lengths and also 
powdered the bone to ensure a more thorough treatment. 
For neither apatite nor collagen was it possible to alter the 
distribution curves other than in intensity. 

Assuming that ıt was impossible to achieve a sufficiently 
complete separation of the components we examined 
samples of each component from sources other than bone. 
Three geological specimens of apatite were available. 
From Renfrew, Canada, we had opaque blue and opaque 
red material. From Durango, Mexico, we had a lemon- 
coloured clear crystal. No fluorescence could be detected 
in the clear crystal. Curves for the opaque samples and 
also for calcrum phosphate are shown in Fig. 2. Collagen 
from rat tail tendons (Fig. 3) and from Necturus 
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Relative intensity of fluorescence 
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Fig 2 Emission curves for fuorescing calcium phosphate and geo- 
logical apatites, [], blue apatite, @, red apatite; x, calcium phosphate 


clavicle were examined, as was a film prepared by multiple 
precipitations from a tropocollagen solution, Fluorescence 
curves were also obtained for a number of calcium com- 
pounds. All specimens had in common an emission peak 
at 4400 A + 100 A. The bone samples as well as the rat 
tail collagen and the tropocollagen film shared the incon- 
sistent higher wave-length peaks. 

We investigated the relative intensities of the 4400 A 
peak which all samples had in common. The filter system 
through which the fluoreszent radiation passed allowed a 
small proportion of the 3650 A Hg radiation to pass 
when the monochromator was set for 3650 A. The intensity 
of this radiation could be measured and was used as an 
indication of the intensity of the ultra-violet radiation 
from the Hg lamp. For a given sample the ratio of 
the 4400 A peak intensity so this value is a measure of the 
fluorescent efficiency at that wave-length. These ratios 
are shown for all the samples measured (Fig. 4). They are 
plotted on 5-cycle log paper in order to cover the complete 
intensity range. To give some idea as to the actual 


100 
90 
80 
70 
60 
50 
40 


30 


Relative intensity of fluorescence 


20 


10 


0-4 05 06 07 
Wave-length (4) 


Fig. 3. Emussion curves for fluoreseing collagen from rat tail tendons 
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brightness the value for a blue ZnS : Ag phosphor used in 
television screens is included for comparison. 

Note that the whole-bone values are well grouped in 
cycle 4. To a lesser extent the collagen is also grouped. 
The apatite values, on the other hand, are widely spread, 
running generally to values less than those for whole 
bone. Well down in cycles 2 and 3 are the apatite samples 
which had been more thoroughly decollagenated. The 
geological apatites appear in the second cycle and the 
chemical compounds, only weakly fluorescent, are in 
the first cycle. 

Carrying the separation processes to different extents 
revealed that both the decollagenation and demineraliza- 
tion processes cause a reduction in fluorescent efficiency 
of the remaining component compared with the original 
whole bone. The more rapid reduction occurs with 
decollagenation, the efficiency dropping to 50 per cent in 
12 h. Demineralization causes the same percentage of 
reduction in 3 days. Loss in fluorescent efficiency has 
been shown to occur for a number of reasons®:4 including 
ion bombardment, heat, mechanical treatment and 
ultra-violet irradiation m the presence of water vapour. 
We have found no correlation between the total ultra- 
violet exposures of our samples and the resulting losses in 
efficiency. We conclude that the separation processes 
are responsible. 

All materials were analysed spectrographically and the 
results are summarized in Table 1. Only the consistently 
appearing elements are listed. 

All the fluorescent samples have in common the presence 
of calcium and the emission peak at 4400 A. This is not 
surprising. Although it is possible to prepare non- 
luminescent CaO (ref. 6) extreme care must be used in 
the purification and preparations or a luminescent peak 
‘at about 4500 A’ will appear. This peak must be typical 
of calcium compounds. It has been shown that in bone 
growth the formation of apatite occurs on and within 
_ the collagen fibres. Fluorescence of the collagen com- 
ponent at 4400 A, therefore, might result from some 
residual interfibre apatite, from included apatite in the 
fibre, or from calcium associated with the protein itself. 

Let us look at our experimental evidence. We have 
found that collagen generally fluoresces more strongly 
than apatite and is less affected by the separation process. 
The demineralization should remove predominantly the 
apatite from between the fibres leaving the fibre and 
included crystallite combination relatively intact. Our 
experiments show that there is a minimum of destruction 
of fluorescence by this process. The decollagenation 
process, on the other hand, removes fibres plus their 
included crystallites. Our experiments show this separa- 
tion process to be most destructive of fluorescence. 

These facts seem to point to the combination, collagen 
with included apatite, as the prime source of fluorescence. 
The weak fluorescence of collagen-free geological samples 
and chemical samples suggests that the role of the collagen 
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in the matrix may be to enhance the fluorescence of the 
internally bound apatite crystals. It is interesting to 
note that copper has been reported to be a constituent 
of tissue collagen and that several so-called collagen 
diseases in the human are associated with abnormally 
high or low copper content*?. Activation copper for the 
apatite may be supplied by the collagen. Collagen might 
also exert some control over the apatite structure or by 
influence through surface contact. This latter would be 
compatible with our knowledge of the semiconducting 
properties of bone, in which the apatite serves as a P- 
type carrier and the collagen as an N-type carrier. Such 
an explanation depending on the PN junction could not, 
of course, explain fluorescence of the geological and 
chemical samples which contain no collagen. The more 
traditional theories of fluorescence may suffice to explain 
these relatively weak effects. 

The halophosphates (which include apatite) are phos- 
phors characterized by their use of two activating elements. 
One, called the sensitizer, introduces an absorption band 
at the desired location. Some of its absorbed energy is 
transferred to the other element, the activator, which 
has no absorption band in that region and alone would 
produce no luminescence. The fluorescence from the 
phosphor includes the emission. bands of both elements. 

In a calcium halophosphate sensitized by antimony 
and activated by manganese, Jenkins et al. found the 
antimony band at 4800 A and manganese bands at 
5800 A and 6100 A. It was found that with copper 
replacing antimony as the sensitizer the blue was deepened 
(presumably shifted to shorter wave-lengths). 

Studying caleium halophosphate with antimony 
and manganese Butler and Jerome® found bands at 
approximately the same locations and also showed that 


- the blue antimony band could be shifted in wave-length 


by controlling the chlorine content. 


- 


Table 1. SPEOTROGRAPHIC ANALYSES OF MATERIALS INVESTIGATED 
Oa Mg Na P Qu Fe Pb 
Whole bone S 5 M M tr ir tr . 
Collagen M af ? ? ir ir = 
Bone apatite AI M aL M tr ? tr 
Geol. apatite 
Red S M tr M ir M tr 
Blue S M — M ? oman 
Clear 8 M ae tr — tr — 
Calcium phosphate S — ? 5 — — —— 
Calcium carbonate S M — — — aemm 


The above elements are classified in intensity as follows: S, strong; AL, 
medium; tr, trace; ?, presence questionable, 


Table 1 shows that copper, iron and lead were possible 
activators in our experiments. Since lead did not appear 
in collagen or in the blue geological sample, copper and 
iron seem probable as activators and may indeed act as 
sensitizer and activator. By analogy with the calcium 
halophosphate described here, the copper would be the 
sensitizer and would be associated with our 4400 A 
ernission band. Iron instead of manganese would be the 
activator and be associated with our bands at 5900 A 
and 6400 A. That the intensities of these latter bands 
varied widely throughout our samples is not surprising 
when one remembers that this emission depends on the 
transfer of excitation energy from the sensitizer. 

The nature of our samples, of course, precluded any 
type of control over the constituents. Some control 
of this sort might be achieved biologically in future work. 
Since the copper would seem to be intimately associated 
with the fluorescence mechanism of the apatite—collagen 
complex it seems reasonable to conclude that it may be 
a component of importance in collagen function or meta- 
bolism. Pure hydroxyapatite has numerous absorption 
bands in the infra-red (Butler, K. H., personal communica- 
tion) and it is not unlikely that future investigations will 
reveal major emission bands at longer wave-lengths. 

We thank Dr. C. A. L. Bassett of Columbia University 
for the tropocollagen films. This work was supported 
by the Atmospheric Sciences Research Center of the 
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State University of New York, and by U.S. Public 
Health Service grant AM 07626, National Institutes of 
Health. 
Becker, R. O., Bassett, C. A. L., and Bachman, C. H., Proc. Int. Sump. on 
Bone Dynamics, Detroit, Mich (Little Brown and Co., Boston, 1964). 
* Glimcher, M. J., Rev. of Mod. Phys., 31, 359 (1959). 


* Bachman, C. H., Techniques in Experimental Electronics, 198 (John Wiley 
and Sons, New York, 1948). 


No. 4991 


NEW PHOTOSENSITIVE PIGMENT 


SQUID Ommastrephes 


NATURE 


1331 


* Leverenz, H. W., Luminescence of Solids, 450, 462 (John Wiley and Sons, 
New York, 1950), 


* Ewles, J., and Lee, H., J. Electrochem. Soc., 100, 392 (1953). 
* Adelstein, 8. J., and Vallee, B. L., New Eng. J. Med., 265, 892 (1061). 
* Adelstein, S. J., and Vallee, B. L., New Eng. J. Med. 265, 941 (1961). 


® — G., McKeag, A. H., and Ranby, P. W., J. Electrochem. Soe.. 96. 


* Butler, K. H., and Jerome, C. W., J. Electrochem. Soc.. 97, 265 (1950). 


FOUND IN THE RETINA OF TH 


By Pror. TOMIYUKI HARA and Dr. REIKO HARA 
Department of Biology, Nara Medical University, Kashihara, Nara, Japan 


RY limbs (rhabdomes) of the squid contain rhodopsin, 
a red photosensitive pigment consisting of neo-b 
retinal as chromophore and opsin as protein’. Squid 
rhodopsin has been as often used as vertebrate rhodopsin 
for the purpose of examining photochemical mechanisms 
in vision®, For preparing rhodopsin, the rod limbs are 
collected from the retinae, dissected and ground under red 
light, and finally extracted with digitonin solution. 
We have found that the retinal debris discarded with the 
black pigment during this procedure still contains a photo- 
sensitive pigment of different nature from the rod rhodop- 
sin. This article reports some experiments on biochemical 
properties of a new photopigment which is found in the 
squid retina deprived completely of rhodopsin-bearing 
rod limbs and a dense layer of black pigment. 

The Kasumi Branch of the Japan Sea Regional Fisheries 
Research Laboratory afforded us an opportunity to 
study the eye of the squid, Ommastrephes sloani pacificus 
Steenstrup, which is common in winter in the south- 
western waters of the Japan Sea and prefers the water 
layer maintained at about 18° C by the Tsushima Warm 
Current. The squids were collected overnight and 
decapitated at once, and their heads, kept dark at 0° C, 
were brought to our department. Some hours after de- 
capitation the eye was enucleated and hemisected to 
remove its anterior part and a lens. When the eye-cup 
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Fig. 1. Microphotographs of the retina of the squid, Ommastrephes 
sloani pacificus. A, A section of the eye-cup which contains the intact 
retina covered with a packed array of rhodopsin-bearing rod limbs. 
B, A section of the rod-free retina, obtained by stirring the eye-cup in the 
solution of neutral buffer. Such a retina that had lost rod limbs and a 
dense layer of black pigment was used for extraction of a new photo- 
pigment. n, Nucleated visual cell bodies. p, Layer of black pigment. 

r, Rod limbs, s, Sclera 








Microphotographs of the squid retina. A, A vertical section of 


Fig. 2. 
visual cell layer. B, An oblieue section of visual cell layer, showing the 
proximal end of rod limb (arrows). All the rod limbs are readily detached 
from the retina on stirring tae eye-oup in the medium. A new photo- 


pigment may be contained in a region which connects the rod limbs to the 
nucleated visual cell bodies. n, Nucleated visual cell bodies. p, Layer 
of black pigment. r, Rod limbs 
(Fig. 14) was stirred upside-down in the solution of neutral 
phosphate buffer, rod limbs sank down with fragments of 
black pigment. By centrifuging this suspension, rod 
limbs were collected in black sediment and stored at 
— 15° C until needed fer extraction of rhodopsin. 

In the eye-cup which had lost rod limbs together with 
black pigment, there remained a retina containing 
nucleated cell bodies and nerve plexus to which rod limbs 
had been attached, as seen in Fig. 1B. Although such a 
retina appeared light vermilion, a part near to the optic 
ganglion was rather weakly brownish. In the light the 
retina gradually faded, indicating the existence of a kind 
of photopigment. The same change was observed when 
the isolated retina was placed on ice. When the surface 
of the retina was gently wiped with a piece of filter paper, 
red pigment adhered to the paper. It seemed to be con- 
centrated at the surface of the rod-free retina, in a region 
between the layers of rod limbs and nucleated visual cell 
bodies (Fig. 2). 

The eye-cups were usually frozen for storage, and the 
rod-free retina was lifted out from the eye-cup for extrac- 
tion of the photopigment. The photopigment was 
extracted by 2 per cent digitonin solution containing 
sodium carbonate (about pH 10), but the solution thus 
obtained was more or less turbid and inferior in optical 
purity._The following method was then employed at 
room temperature between 18° and 25° C. About twenty 
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Fig. 3. Photosensitive pigments of the squid, Ommastrephes sloani paci- 

ficus. ©, Rhodopsin (pigment A), extracted from rod limbs, Amax 

480 mu: @, a new photopigment (pigment B), extracted from rod-free 

retina, Amas 490 tou. Both absorption maxima are equated to 1-0 to 

facilitate comparison. The pH is little altered after extraction with 
an aqueous solution of digitonin 


retinae cut in pieces were kept and digested in 5 ml. 
of 1 per cent sodium carbonate solution for 1 h. By 
centrifugation, the faintly turbid supernatant, containing 
a soluble pigment which bore no relation to the photo- 
pigment, was discarded. The residue, red fragments of 
tissue was washed twice with 30 ml. of distilled water by 
centrifuging, each time for 5 min at 8,000 r.p.m., and 
5 ml. of M/5 potassium primary phosphate solution was 
added. About half an hour later, the tissues were washed 
twice with distilled water. Finally, the photopigment 
was extracted by leaching the tissues for about 1 h, with 
2 per cent aqueous solution of digitonin. The pH of such 
an extract was usually about 5. 

Absorption spectra of both solutions of rhodopsin con- 
tained in rod limbs (hereafter called pigment A) and a 
new photosensitive pigment extracted from the rod-free 
retina (pigment B) are presented in Fig. 3. The absorption 
maxima are equated to 1-0 to facilitate comparison. 
The maximum of pigment B solution lay at about 490 mu, 
being 10 mu longer in wave-length than that of pigment A 
solution. The spectra were similar m shape. The Amax 
480 mu of rhodopsin (pigment A) in Ommastrephes sloani 
pacificus is slightly shorter than the Amax 492 myu in Sepia 
officinalis or the max 493 my in Leligo pealii’, This fact 
does not lead to any essential difference in photolytic 
processes of the pigment, and Onwmastrephes rhodopsin 
undergoes the same change in the light that has become 
familiar in other cephalopoid rhodopsins. Its meta- 
rhodopsin is, of course, a pH indicator and stable up to 
about 20° C. Details on photolysis of pigment A will be 
reported elsewhere with the results of electrochemical 
analysis. As will be shown below, pigment B is different 
from pigment A in its photolytie behaviour. For instance, 
the acid solution of pigment B is bleached by light at 
temperatures below 20°C. Pigment B is destroyed at a 
pH as high as 12, and is irreversibly denatured at a pH 
lower than 4. If 4 per cent potassium aluminium sulphate 
solution is used during the preparation, pigment B is 
mildly affected due to acidity, so that the Amax of its 
solution is shifted more than 10 my towards short wave- 
lengths, though the photosensitivity still remains. 

The absorption spectrum of pigment B extract tends to 
be influenced by the hydrogen ion concentration, as 
shown in Fig. 44. The pH is adjusted by the addition of 
solid sodium carbonate to avoid dilution of the sample. 
If the pH is raised, the extmetion decreases near 490 mu, 
increases near 370 mu; the Amax shifts slightly towards 
longer wave-lengths. When the pH is readjusted with 
hydrochloric acid, the spectrum changes conversely. 

When illuminated with white light, the solution of pig- 
ment B is faded, being accompanied by the fall of extinc- 


NATU RE eo 





June 26, 1965 ver 206 © 

tion at Amax. The bleaching proceeds at any pH of the 
sample, as understood by comparison of Fig. 4B with 
Fig. 44. The increase of extinction near 370 my. is 
marked on illumination of alkaline samples. The absorp- 
tion spectrum after bleaching can be changed if the pH is 
altered. In fact, the illuminated solution also shows the 
pH indicator property with an isobestic point at 410 mu. 
The acid solution of pigment B could be similarly bleached 
by white light even at a temperature of 5° C, at which that 
of pigment A was never bleached. All the experiments 
earried out at temperatures between 5° and 25° C gave 
the same results as those shown here. 

Difference spectra of pigment B at various pH’s are 
shown in Fig. 4C. All the absorption maxima lie at 495 
my, irrespective of the pH. of the sample. The minimum 
which is clear in alkaline samples appears at 365 mu. 
Difference spectra show that the amount of extinction fall 
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Fig. 4. Absorption spectra of pigment # in digitonin solution, 4, pH 


dependence of the absorption spectrum of pigment B solution. The 
absorption maximum gradually falls and shifts, as the pH of pigment B 
solution is altered from pH 5-3 to 99 with addition of solid sodium 
carbonate. This change is wholly reversible. B, Absorption spectra 
after irradiation of pigment B solutions (10,000 lux, 2 min). Bleaching 
af pigment Bis observed at any pHi. In two cases, the absorption 
spectrum is again measured after the pH is altered towards a little higher 
pH (O, 9H & 7 and 11-0). The spectrum also goes reversibly between acid 
and alkaline forms. C, Difference spectra of pigment # at pH 5-3, 7+ 

and 90. The Amax lies at 495 ma in all the cases, The fall of extinction 

following Ulumination is almost the same at any pH 
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at Amax has little relation to the pH of the sample. Tho 
bleaching of pigment B is always observed at any pH. 
At temperatures below 20° C, the acid or neutral solution 
of pigment A 1s hardly bleached by hght because pigment 
A is converted only to a stable intermediate metarhodop- 
sin (acid form) resembling rhodopsin in the absorption 
spectrum, whereas vertebrate rhodopsin is easily bleached 
by hght at any pH because vertebrate metarhodopsin 
is unstable and readily hydrolysed. In this regard pigment 
B is rather like the rhodopsin of vertebrates such as cattle. 
As shown in Fig. 44, the absorption spectrum of pig- 
ment B solution changes with the shift of pH. This fact 
suggests that the solution, besides pigment B, involves 
another pigment the spectrum of which is dependent on 
pH (provisionally called pigment C), and difference 
spectra are shown in Fig. 5 on the basis of the results in 
Figs. 44 and 4B, being obtamed by subtracting the 
spectrum at pH 9-9 from the spectrum at pH 5:3. Since no 
marked difference is found between two spectra derived 
from non-illuminated and illuminated solutions, pigment 
C 1s probably not photosensitive. Being a pH indicator, 
this pigment must be a kind of chromoprotein. We do 
not believe that the changes of absorption in pigment B 
solution with changing pH, that ıs, the mdicator proper- 
ties of pigment C, are due to the contamination of meta- 
rhodopsin of pigment A. We know that the squids were 
completely dark-adapted when collected. In fact, pigment 
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Fig. 7. Absorption spectra of retinol and retinal found in the squid 
retina. The fragments of black pigments with rod limbs (A, about 0 2 g) 
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Fig. 5. pH indicator property of pigment B solution @, Difference 
spectrum between spectra at pH. 5 3 and pH 9 9, derived from Fig. 44; 
©, The same, derived from Fig. 4B 


Thermal bleaching of pigment B 
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Fig. 6 The thermal bleaching of pigment B. On the ordinate, log 

(a—x) is plotted against time, where a 1s the extinction (490 mz) of pig- 

ment B solution kept at various temperatures and v 1s the value after 
complete bleaching by hght 


or the residual tissues of the retina (B, about 0 6 g) were extracted with 
5 mi. of chloroform. D and — denote the extraction ın the dark and that 
in the light respectively. Further explanation in text 


C appeared even when the pigment B solution was pre- 
pared near 25° C, and its spectrum remained virtually 
unchanged even whon it was incubated at above 25° C, 
whereas the metarhodapsin was readily hydrolysed and 
bleached. However, ths question arises, whether pigment 
C is derived from pigment B and is, for instance, like 
indicator yellow. It 1s also not clear whether pigment C 
is combined with pigmsnt B or free in the solution, but 
it is probably combined. 

Heat irreversibly bleeches pigment B as well as pigment 
A. Fig. 6 shows the thermal! bleaching of pigment B. We 
know that pigment A undergoes thermal bleaching above 
30° C, but pigment B ıs more stable than pigment A. 
The threshold for thermal bleaching of pigment B lies 
at 36° C, being a little lower than the well-known value of 
cattle rhodopsm. In sny case, there 1s no doubt that 
pigment B is a kind of chromoprotein. 

After the fragments o? black pigment with rod limbs (A; 
material for extraction cf pigment A) and the other tissues 
of the retina (B; tissues for extraction of pigment B) were 
separately collected in the dark, each of them were divided 
into approximate halves. One portion was extracted with 
chloroform in the dark iD), and the other in the light (L). 
Absorption spectra of these four extracts are presented in 
Fig. 7. Retinol, and rezinal, do not appear in the figure. 
Retinol, and retimal, in zhloroform possess the absorption 
maxima at 328 mu and 385 mu respectively. Both extracts, 
AD and AL, predominantly contain retinal, showing no 
marked difference betwsen the two. Retinol as well as 
retinal probably occur n BD and BL, and the amount 
of retinol extracted seers to be greater in the hght than 
in the dark. This might suggest that tho squid retina 
possesses some chemical means of interconversion. between 
retinol and retinal, although ıt has been said that the 
squid eye contains very little retinol and free retinal. 
To discuss such a proklem quantitatively, it would be 
much better to take antimony chloride tests, as tissue 
extracts often contain scbstances absorbing the near ultra- 
violet which 'may or may not be retinol. In one of the 
other experiments, an extract of the fragments of black 
pigment with rod limbs gave almost five times the amount 
of retinal found in the ease shown in Fig. 7. In such a 
case, a large amount of retinal must be retained not in 
the rod hmbs but in the layer of black pigment. 
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The observations outlined here suggest that the photo- 
sensitive pigment B is probably a chromoprotein which, 
hke pigment A, contains retinal, as a chromophore, and 
it may be involved in an area adjacent to rod Umbs with 
some deep relation to pigment A. Although ıt is not clear 
whether pigment B is localized in the visual cells or in the 
other retmal cells, it is believed to be concentrated ın a 
segment which lies just outside a dense layer of black 
pigment and connects the rod limb to its nucleated cell 
body. When the squid eye is stimulated by light, the 
chromophore retinal of the rhodopsm molecule is readily 
isomerized from the 11-cts configuration to the all-irans, 
but that of photopigment B is not directly influenced by 
the hght owing to a dense screen of black pigment. In 
this sense, pigment B is supplementary to the photo- 
receptive function of the eye, probably acting as a pre- 
cursor of rhodopsin or as a direct supply of active retinal 
for the rod limbs. Future work will clarify the effect 
of hght on the protein character of pigment B by studying 
the electrical conductance change in comparison with 
pigment A (ref. 4), and will be aimed at elucidating the 
metabolic interrelation of the two kinds of photopigment 
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in the retina. It will also be interesting to compare the 
rod-free retina with the intact one in eléctro-physiological 
response to illumination. From the experiments reported 
here, it may be proper to name pigments A and B, respec- 
tively, rhodopsins A and B. 

A detailed account of the effect of Jlumination on the 
electrical conductance of squid rhodopsins will be pub- 
lished separately. This mvestigation was supported in 
part by a scientific research fund from the Education 
Ministry of Japan. We thank Dr. Mototsugu Hamabe 
and Mr. Torao Shimizu, Kasumi Branch, Japan Sea 
Regional Fisheries Research Laboratory, for facilities for 
collecting fresh materials, Dr. Yutaka Koshida for his 
co-operation in the histological examination of retinal 
tissues, and Dr. Ruth Hubbard of Harvard University 
for her advice. 
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A PHYLOGENETICAL APPROACH TO THE FUNCTIONAL 
SIGNIFICANCE OF TISSUE MAST CELL HISTAMINE 


By OLA BODVAR REITE* 


University of Oslo, Institute for Experimental Medical Research, Ullevaal Hospital, Osio, Norway 


OLLOWING the discovery of mast cells, their morpho- 
logy and distribution in both lower and higher forms 
of vertebrates were extensively studied!. The possibility 
that the mast cells were the major source of such sub- 
stances as heparin’, histamine? and 5-hydroxytryptamine* 
has caused renewed interest in these cells. Recent 
investigations have been largely limited to mammalian 
species. It is now generally accepted that heparin, 
histamine and 5-hydroxytryptamine are synthesized and 
stored within the mast cells of mammals’. Heparin and 
histamine are found in mast cells of every species investi- 
gated, but the limitation of 5-hydroxytryptamine distribu- 
tion in mast cells to those of the mouse and the rat clearly 
shows that species differences do exist. The functional 
significance of any of the pharmacologically active sub- 
stances of the mast cell is still obscure. 

The metachromatic staining reaction of the mast cell 
with certain dyes is due to sulpho-mucopolysaccharides. 
Since this staining property is a required characteristic 
of the mast cell, the presence of heparin or related acid 
mucopolysaccharides is necessary before the term mast 
cell is applied. On the other hand, the histological 
characterization of a cell as a mast cell does not imply 
that the cell contains histamine or other biogenic amines. 
Yet the association between histamine and mast cells is so 
firmly established that the term ‘histaminocyte’ has been 
suggested as a replacement for the original term ‘mast 
cell’*. However, if synthesis and storage of histamine are 
not a general quality of mast cells, then the search for the 
functional role of mast cell histamine may be restricted to 
processes peculiar to animals with histamine-containing 
mast cells. An answer to this question is therefore of 
great significance. 

Convincing histological demonstrations of tissue mast 
cells are confined to’ vertebrate tissues. Since most 
vertebrates have a great number of mast cells!, the 
determination of tissue histamine content with respect to 
phylogenetic differences would give valuable information 
about the association between histamine and mast cells 
in vertebrates other than mammalian species. This was 
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the aim of the present investigation. Tissue levels of 
histamine were studied in fishes, amphibians, reptiles, 
birds and mammals. The experimental animals are listed 
in Table 1. 

Terrapins and tortoises were bought in pet stores, 
while the other lower vertebrates were gathered in or near 
Oslo during spring and summer. Except for the blood 
samples, which consisted of freshly drained venous blood, 
tissues were removed ummediately on killing the animal 
by a blow or by decapitation. Blood and tissues were 
weighed and homogenized in 0-4 N perchloric acid within 
10 min after sampling. The histamine content was estim- 
ated by a spectrofluorometric method’. A Farrand 
spectrofluorometer with Honeywell recorder was used. 
Both the activation maximum (360 mp) and the fluores- 
cence maximum (455 mu) of the fluorophore of tissue 
extracts and histamine standard were determined and 
found to be fairly constant (wave-lengths uncalibrated). 
Afterwards the activating monochromator was set at 
360 mu while the spectra from the fluorescence mono- 
chromator were scanned. It was found necessary to 
carry histamine standards through the entire analytical 
procedure for each series of analyses. The fluorescence 


Table 1, EXPERIMENTAL ANIMALS 
; No. of 
Species animals 
Fish 
Hagfish (Wyaine giutinosa) 2 
Stickleback (Gasterosteus aculeatus) 12 
Eel (Angula vulgaris) 1 
Roach (Rutilus rutilus) 9 
Amphibians f : 
Newt (Prion vulgaris) 22 
Frog (Rana temporaria) 18 
Toad (Bufo bufo) 
Reptiles 
Viper (Vipera berus) 
Lizard (Lacerta venpaia) : 
Pond terrapin (Pseudemys scripta) 
European land tortoise (Testudo graeca) 


Birds 
Chicken (Gallus domesticus) __ 
House sparrow — domesticus) 
Domestic duck (Anas boseas) 
Mammals 
Guinea-pig (Cavia porcellus) 
Rat (Raifus norvegicus) 
Mouse (Mus musculus) 
Rabbit (Oryctolagus cuniculus) 
Man (Homo sapiens) 
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blanks in tissues and reagents were corrected for by 
omission of the condensation step. Recovery of histamine 
added to tissue homogenates ranged from 89 to 97 per 
cent. 

During the present investigation the main interest was 
attached to the histamine-levels of tissues from fishes, 
amphibians, reptiles! and birds, since numerous similar 
studies in mammals are available. Values found for 
mammalian tissues were used for comparison with earlier 
findings and served as an indicator of the reliability of the 
analytical procedure.: The results are presented in Table 2. 
The number of animals at each developmental stage is 
indicated (in parentheses). If nothing about the develop- 
mental stage is stated, the animals in question were adults. 
Histamine values are calculated as pg(base)/g wet tissue. 
Each of the given levels for tissue histamine is based on at 
least three spectrofluorometric determinations. Tissues 
listed as peritoneum in Table 2 were composed of periton- 
eum with adjacent connective tissue. 

The results demonstrate a marked difference in tissue 
histamine-levels between lower vertebrates (fishes, amphi- 
bians and reptiles) and animals representing a higher 
stage in vertebrate phylogenesis (birds and mammals). 
The poikilothermic animals show extremely low values 
when compared with the homoeothermic ones. Biological 
assay using the guinea-pig ileum was performed on tissue 
extracts from stickleback, newt and tortoise. The presence 
of very low levels of tissue histamine was confirmed. In 
fact the biological assay tended to give even lower values 
than the spectrofluorometric procedure. Although the 
relative differences and variations in tissue histamine 
among the lower vertebrates are large, the absolute values 
both for whole animals and for single tissues are within 
extremely narrow limits when compared with mammalian 
tissues. The histamine content of lower vertebrates as 
shown in the present investigation is of the same order of 
magnitude as the histamine content of mammalian body 
fluids and tissues devoid of mast cells. However, this does 
not exclude the possibility that there may be certain 
tissues, small by weight, in which high histamine-levels 
can be found in the lower vertebrates. 

In mammals the histamine distribution within the body 
varies from species to species*. The whole body content 
of histamine may therefore be the best indicator of general 


No, 4991 


Histamine 
Animal Tissue (ugig) 
Fish 
Hagfish Skin 042-080 
Qut 0°538-0°68 
Stickleback Whole animal 0-14-0°39 
Eel Skin 0-18 
Swimbladder 0°40 
Reach Whole animal 015-036 
Swimbladder 0 85-0°77 
Amphibians 
Newt 
Larva (9) Whole animal 0:10-0 21 
Young (5) Whole animal 0 12-0-19 
Adult (8) Whole animal 0 09-0 26 
og 
Larva (8) ‘Whole animal 016-033 
Young (6) Whole animal 0 14-070 
Adult (4) Tongue 015-024 
Peritoneum 008-011 
T Tongue 0 17-021 
Reptiles 
Viper Mesentery 0-12 
Lizard Mesentery 009 
Pond terrapin 
Young Peritoneum 0:11-0:18 
— Peritoneum 0 07-0-12 
T: 
Chicken Abdominal skin 4 6-7 2 
House sparrow 
(one week old) Whole animal 1:4 
Domestic duck Wing fold 6°5-—-8°6 
. Abdominal skin 4.97.8 
Mammals 
Guinea-pig 
New-born (2) Lung 62-~75 
— (1) Bar 16 
New-born (4) Whole animal § 1-7-4 
Adult (1) Kidney 1:2 
ouse 
New-born Whole animal 15-21 
Rabbit Blood 26-81 
Man Blood 0:06-0:13 
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histamine distribution in an animal when phylogenetic 
differences or species differences are concerned, Histamine 
values for mammalian tissues as found in this investigation 
correspond fairly well to earlier findings®-". 

During foetal and post-natal development of mammals 
there is an increase in both the number of mast cells and 
the content of histamine’, Similar observations are 
reported from investigations in the developing chick 
embryo!!7, In the rat foetus the total body content of 
histamine represents about 0-2 ug/g tissue on the eleventh 
day of pregnancy, while it has reached a level twenty-five 
times greater in the 5-day-old rat'4. The former value 
corresponds to tissue histamine-levels found in lower 
vertebrates (Table 2). In the present investigation two 
species, the newt and the frog, were followed during their 
development. The newt was followed from the larval to 
the adult stage, while the frog was followed from the larval 
stage until the young frogs had reached a weight of about 
4g. As shown in Table 2, the histamine content (ug/g) 
of these species seems to be independent of their develop- 
mental stage. The first tissue mast cells appear during 
the larval stage of amphibians". 

Mast cells are reported to be more numerous in many 
tissues of lower vertebrates than in any other tissue in the 
animal kingdom}, Thus the swimbladder of fishes and the 
mesentery, peritoneum and subcutaneous connective 
tissues of amphibians and reptiles are found to be exceed- 
ingly rich in mast cells!®. Most of these tissues were 
included in the present investigation and showed low 
levels of histamine. The tissue histamine-levels in the 
eel, one of the few vertebrates where mast cells are not 
found”, do not differ from those of the other fishes. 

A few experiments were carried out to gain some 
information concerning the number of mast cells, the action 
of compound 48/80 (ref. 21) and the effect of histamine 
injection in some of the lower vertebrates and in birds. 
Tissues from the swimbladder of the roach, the tongue 
and, the peritoneum of the frog and the mesentery of the 
terrapin and the duck were fixed in methyl alcohol. All 
tissues showed numerous mast cells when stained with 
alcoholic thionin. Intraperitoneal injection of compound 
48/80 was performed in the frog. Following injection, 
degranulated tissue mast celis were observed in the perito- 
neum. This is in agreement with an earlier report where 
48/80 is claimed to degranulate the mast cells of the frog 
tongue**, Histamine assay of the peritoneum and the 
tongue of the frog treated with 48/80 gave values lying in 
the same range as for untreated frogs. Effects of 48/80 
on the microscopic appearance of mast cells were not 
studied in birds, but a marked drop in the arterial blood 
pressure of the duck after intravenous administration of 
the drug indicates that histamine liberation was occurring. 

Histamine has a powerful effect on the circulatory 
system of mammals and birds. Early reports, mostly 
derived from studies in the frog and the turtle, state that 
cardiovascular responses to histamine are absent or quite 
unimportant in poikiloshermic animals**. During the. 
present work histamine, in an amount of 1,000 times their 
body content, was injected intraperitoneally into small 
frogs without any observable effects. 

The finding of numerous mast cells in every tissue of 
lower vertebrates examined in this work indicates that 
the low histamine content is not due to the absence 
of mast cells but rather implies that the mast cells are 
devoid of histamine or have low cellular levels of this 
substance. Degranulation of the mast cells of the frog by 
compound 48/80 without any decrease in tissue histamine 
adds more support to this point of view and is suggestive 
of the degranulation pracess not being dependent on the 
histamine content of the mast cell. 

The present report reveals a great difference in tissue 
histamine-levels between fishes, amphibians and reptiles 
and birds and mammals, the latter having by far the 
highest histamine content. However, the investigation 
simply showed that the histamine stores in the tissues of 
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lower vertebrates are extremely s:nall, and provide no 
information about the ability of mast cells or other tissue 
components to form or destroy histamine. The histamine 
found in lower vertebrates may be derived from their 
food, directly or through bacterial activity in the digestive 
tract. * 

The presence of histamine in the tissue mast cells of 
mammals and its great pharmacological potency suggest 
that it has a function in mammalian physiology. Birds 
seem to be similar to mammals in this respect, while there 
is no evidence for any association between histamine and 
mast cells in the tissues of the lower vertebrates investi- 
gated. Perhaps the search for the role of tissue mast cell 
histamine in animal physiology should be focused on 
processes peculiar to homoeothermic animals. 

Spectrofluorometric assay of tissue histamine was 
carried out at the Endocrinological Laboratory, Medical 
Department B, Rikshospitalet, Oslo. I thank Dr. Truls 
Brinck-Johnsen for his interest in this work and for 
providing working facilities. Histamine bioassay was 
performed by Dr. Sjaastad, Department of Physiology, 
Veterinary College of Norway. The work was supported 
by the Norwegian Research Council for Science and the 
Humanities. Compound 48/80 was supplied by AB Leo, 
Hälsingborg, Sweden. 
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FOSSIL COMMUNITIES WITH MULTI-MODAL SIZE-FREQUENCY 
| DISTRIBUTIONS 


By Dk RAYMOND W. SHELDON 


Ministry of Agriculture, Fisheries and Food, Fisheries Laboratory, Burnham-on-Crouch, Essex 


N extensive study of the factors influencing size- 
frequency distributions of fossil communities has 
been made by Olson!. He found that 85 per cent of fossil 
communities had size-frequency distributions with a single 
mode, and that in communities of this type the form of the 
distribution. was controlled by the growth and mortality 
patterns in the original living community from which the 
fossus were derived. 

Fossil communities having size-frequency distributions 
with several modes are not common, but they are by no 
means rare. Olson! found that 10 per cent of the com- 
munities initially investigated by him had multimodal 
size-frequency distributions. At first sight it is difficult 
to see how a fossil community with a frequency distribu- 
tion with several modes could be produced under natural 
conditions. However, it appears that such communities 
are being formed at the present time and have also been 
formed at certain times in. the past. 

In order to understand the significance of multimodal 
size-frequency distributions in fossil shellfish communities 
(excepting crustaceans), it is necessary to consider living 
communities from which dead shells could be produced 
in such a way that the size-frequency distribution for the 
community of dead shells would be multimodal. 

A living community in which breeding takes place during 
a relatively short period at the same time each year has a 
size-frequency distribution which is multimodal. Com- 
munities of this type are typical of temperate and boreal 
seas. At the smaller sizes well-defined year groups are 
often readily observable. Communities consisting of 
organisms with preservable hard parts (such as bivalves) 
can give rise to fossil communities with size-frequency 
distributions of a simlar form in one of two ways. (a) 
By catastrophic death. The size-frequency distribution of 
the living community 1s changed directly into the distribu- 
tion of the fossil community. A community which 
suffered catastrophic death is shown in Fig. 1. (b) If high 
mortality occurs either during a short period of time or 
during a period of little or no growth, and at the same 


tıme each year. At such times the size structure of the 
living community will be similar and therefore death will 
tend to occur at certain particular sizes. A community 
which may have been formed in this way is shown in 
Fig. 2 (see ref. 2). 

In each case the fossil shells should have a size-frequency 
distribution similar to that of the living community from 
which they were derived. 

The truth of case (a) 1s self-evident. Catastrophic death 
is probably more common than would appear to be the 
case from the geological record’. However, fossil assem- 
blages produced by catastrophic death would probably 
be restricted to a single bedding plane and unless occurring 
in isolation would not be readily detected. 

Fossil communities resulting from process (b) appear 
to be’forming at the present time. The modes of the 
distribution of the dead shells of Urosalpinx cinerea (Fig. 2) 
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Fig. 1. Size-frequeney distribution of a community of Anodonta cygnae 
which suffered catastropluc death. Collected from an empty reservoir at 
Chapel-en-le-Frith, Derbyshire, Oct., 1959 
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Fig. 2, Size-frequency distribution of dead shells of Urosalpunz cinerea 
from the River Roach, Essex. Data from Hancock? 


fall at sizes corresponding to those reached in November 
by each year-group of the living community. 

The conclusions which could be drawn from the distribu- 
tion of the dead shells of Urosalpinx are that the original 
living community consisted of distınct year groups and 
that high mortality occurred regularly during a period of 
time when there was little shell growth. This indicates 
that the orginal] hving community probably lived in a 
climate which was seasonably variable. The position of 
the modes at the smaller sizes would give mean sizes for 
the younger year-groups and therefore it would be possible 
to make a growth curve. It should be possible to obtam 
similar information for fossil communities with size 
frequency distributions of simular form. 

It was possible to check that the modes on the distribu- 
tion of the dead shells of Urosalpinx represented year- 
groups by reference to a living community. Obviously 
this cannot be done with fossils. However, with the help 
of a technique described by Walford‘ 1t is possible to show 
that the modes could represent a series of year-classes. 
Walford found that for many shellfish species, if the size 
at any time (le) is plotted against the size one year later 
(41) the curve produced is linear and tends towards the 
point lt = l+ that is, the point of no growth. Walford 
called this point lẹ, this being the mean maximum size 
for the community. 

For a fossil community ın which the modes may repre- 
sant growth stages, only the first two or three modes can 
be considered to represent single year groups. At larger 
sizes the amount of growth in one year is small and year- 
groups tend to merge one with another. If the sizes at 
the first two modes are taken and plotted as a point on a 
graph of l; against l, and a second point is plotted by 
making an estimate of mean maximum size, then by 
joining these points it 1s possible to make an estimate of 
the form of the growth curve. The position of other year- 
groups can then be found by using li+, from the first point 
as l for the next and thus finding a new value for lı. By 
repeating this process an estimate of several growth stages 
can be made. An estimate of mean maximum size can be 
made by taking the size group at which 98 per cent of the 
community are smaller. 

A size-frequency distribution for a community of 
Chonetes laguessiana (Namurian E.) from Edale in Derby- 
shire is shown ın Fig. 3. The first two modes were taken 
together with an estimate of mean maximum size (1-22 
em), and plotted as described here. The size of the third 
year-group was read off from the curve. It can be seen 
that this corresponds to the third mode of the frequency 
distribution. It was possible, therefore, by assuming that 
modes 1 and 2 represented growth stages, to predict the 
position of mode 3. It is possible therefore that all three 
modes represent yearly growth stages. 

The frequency distribution in Fig. 4 is for a community 
of Chonetes laguessiana (Namurian H.) at Congleton Edge 
in Cheshire. The same procedure has been adopted here. 
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With modes 1 and 2 and an estimate of mean maximum 
size (1-55 cm) the position of the third mode is predicted 
accurately. j 

The growth patterns of these two communities of 
Chonetes laguessiana are similar, the'shells from Congleton. 
Edge being shghtly larger at each age. The mean maxi- 
mum age, which is similar for both communities, is about 
8 years. However, the mortalty patterns in the living 
communities appear to have been different. In the Edale 
fossil community most o7 the shells fall into the Ist, 2nd 
and 3rd year-groups. There would, therefore, have been 
very few shells in the hvmg community with ages greater 
than three years. In the Congleton Edge fossil community 
a considerable proportion of the shells fall into the 4th 
and 5th (and possibly 6th) year-groups, which have merged. 
to form a@ single mode (cf. Fig. 1). In this living com- 
munity, therefore, a considerable number of individuals 
would have lived beyond the third year. 

The frequency distribution for a community of goniatites 
(‘Namurian E.’) from Edale, Derbyshire, 1s shown in Fig. 
5. From modes 1 and 2 and an estimate of mean maximum. 
size (1-50 mm), the positions of modes 3, 4 and 5 are pre- 
dicted. If these modes do in fact represent growth stages, 
then it seems that the largest goniatites in the community 
are more than ten years old even though their diameter is 
but 1:5 mm. Relatively slow growth 1s indicated here. 
The presence of large amounts of pyrite in the enclosing 
sediment is an indication that this is probably a case of 
dwarfing due to unfavourable environmental conditions. 

The final example ıs compiled from data given by 
Brockleburst® for a commumty of Carbonicola pseudo- 
robusta from Coal Measures at Oldham, Lancs. Taking 
modes 1] and 2 and an estimate of mean maximum size (5-2 
em) the positions of modes 3, 4 and 5 are predicted (Fig. 
6). The mean maximum age in this community appears 
to be about ten years. 
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Size-frequency distribution of a community of Chonetes 
laguessiana from Edale, Derbyshire (‘Namurian E ’) 
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Size-fre uency distribution of a community of Chonetes 
laguessiana from Congleton Edze, Cheshire (Namurlan F’) 


Fig. 4. 
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Fossil communities with multimodal distributions 
could be produced by processes other than those described. 
Selective predation at particular sizes, perhaps by several 
different predators, is one possibility. However, it is 
difficult to see how any process not associated with the 
life cycle of the living community could produce a size- 
frequency distribution for the fossil community which is 
multimodal with the modes following a growth series. 

It is well known that the climate of Britain during the 
Upper Carboniferous was tropical or sub-tropical. The 
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Fig. 5. Stze-frequency distribution of a community of gomatites from 
Edale, Derbyshire (‘Namurian E,’) 
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Fig. 6 
pseudorobusta from Oldham, Lancashire (Coal Measures) 
Brocklehurst! 


Slze-frequency distribution of a community of Carbonicola 
Data from 


evidence from the fossil communities given here indicates 
that there were also seasonal variations. This confirms 
a suggestion put forward some years ago by Maclennan®. 
It is unhkely that temperature would have varied very 
much during the year, but high rainfali during a short 
season could have produced unfavourable environmental 
conditions for a short time. 

I thank Dr. F. M. Broadhurst for much helpful criticism 
of this work, the major part of which was carried out in the 
Department of Geology, University of Manchester. 
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IMMUNIZATION AGAINST Schistosoma japonicum IN RHESUS MONKEYS 
By Pror. H. F. HSU, Pror. S. Y. LI HSU and Pror. J. W. OSBORNE 


Department of Preventive Medicine and Environmental Health and Radiation Reseach Laboratory, University of lowa 
College of Medicine, lowa City 


N recent years, immunization against schistosomiasis 
has become a'challenging research problem. In this 
laboratory we reported that the inoculation of rhesus 
monkeys, Macaca mulatta, with cercariae of the Formosan, 
(F) non-human strain of Schistosoma japonicum gives a 
high degree of protection against a challenge with the 
Japanese (J) human strain’. Since the F strain was 
found to terminate its infection in the schistosomulic 
stage in rhesus monkeys’, it has been concluded that the 
schistosomulic stage serves as an immunological agent in 
producing resistance agamst the challenge of the J strain. 
This new approach to the immunization of rhesus monkeys 
against S. japonicum has led to the use of X-irradiated 
cercariae of the J strain (JIR) (ref. 3). 

The results of our previous investigations on the 
immunization with the F or the JIR strain of S. japonicum 
in rhesus monkeys?:*-> show that, although a high degree 
of resistance against the challenge had been achieved, a 
number of schistosome eggs were still found m the stools 
after the challenge. The work reported here indicates 
that if sufficient time elapses between the last immunizing 
inoculation and the challenge, a very high degree of 
immunity, manifested by a negative finding of eggs in 
the stools of rhesus monkeys, is reached. 

The rhesus monkeys weighed about 5 lb. during the 
time of the first inoculation. The cercariae of the F strain 
were obtained from the snail, Oncomelania formosana, 


* 


from Changhua, Taiwan, China, and the cercariae of the 
J strain from the snail, O. nosophora, from Kofu, Japan. 
The JIR cercariae were X-1rradiated according to the 
methods described in our former communication’. The 
cercariae used for the immunizing inoculation were sex- 
balanced. In the challenge inoculation of the immunized 
monkeys and in the moculation of the control monkeys, 
each monkey received 200 male and 200 female cercariae. 
During moculation the cercariae were applied on the 
abdominal skin of the monkey by means of cover glasses. 
The stools of each ammal were exammed daily by the 
sedimentation method. The maximum number of eggs 
per gram of stool per day dumng the patent period 
(MXEPG) and the mean number of eggs/g stool/day of 


the first 30 days (MNEPG30) were used as bases for . 


evaluating the effect of immunization. 
Control monkeys. 
cercariae of the J stram. The results in 9 monkeys have 
been detailed in Table 4 of a previous paper®. In a very 
recent examination of a tenth monkey (No. 362), the 
MXHPG was 9,968 and the MNHPG30 3,318. In brief, 
the MXEHPG of the 10 monkeys varied from 4,916 to 
88,400; the MNHPG30 varied from 1,220 to 46,036. 
Monkeys immunized with the JIR cercariae and chal- 
lenged with the cercariae of the J strain. Ten monkeys 
were used. The mmmunizing cercariae were exposed to 
2,000-12,000 r. Each monkey was immunized 3-6 times 


Ten monkeys were mfected with — 
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with the JIR cercariae. The number of immunizing 
cercariae in each inoculation and the interval between 
one inoculation and the succeeding inoculation are given 
in Table 1. The interval between the first immunizing 
inoculation and the challenge varied from 287 to 869 days, 
and the interval between the last immunizing inoculation 
and the challenge varied from 182 to 653 days. Daily 
stool examinations for 120 days after challenge revealed 
no eggs in any of the stools, except those of monkey 
No. 188, which had the MXEPG of 72 and the MNEPG30 
of 24:2. 

The negative findings of eggs in the stool after challenge 
in 9 of 10 monkeys greatly encourages us in our attempts 
to immunize rhesus monkeys against S. japonicum. Even 
in monkey No. 148, the number of eggs in the stools was 
almost neghgible in comparison with that of the control 
monkeys. 

The main difference between the experimental pro- 
cedures used in the present investigations and those used 
in our previous ones*-* is the time-interval between the 
last immunizing inoculation and the challenge. In the 
present experiment, this interval was at least 182 days; 
in our previous publications, in only 3 (Nos. 116, 120 
and 132) out of 14 monkeys was the mterval more than 
182 days. In these 3 monkeys, the MXEPG was 4, 0 
and 52, and the MNHPG30 was 0-9, 0 and 15. Thus, 
the egg number in these 3 monkeys was either zero or 
nearly zero, approaching the egg-negative results in the 
monkeys of the present experiment. Although other 
factor(s) may also contribute to the success of immuniza- 
tion, it is evident that a period of six months between 
the last immunizing inoculation and the challenge is a 
primary requirement for the rhesus monkey in reaching 
a very high degree of resistance to challenge. 
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Monkeys first immunized with the F cercariae and again 
immunized either with made cercariae of the J strain (JM) 
or with the JIR cercariae tefore they were challenged with the 
J cercariae. The resulte of our mvestigations reported 
in previous publications'* indicate that monkeys ım- 
munized 3-8 times with the F cercariae and challenged 
199-717 days after the last immunizing inoculation always 
had schistosome eggs in the stool although the number of 
eggs was low. Evidently, the immunizing effect of F 
strain cercariae is less than that of JIR cercariae. Based 
on previous work with 5 monkeys, we reported that when 
an additional immunizing inoculation with JM cercariae 
or with JIR cercariae was given before the challenge, the 
results were very favourable’. Since then, an additional 
6 monkeys have been immunized and challenged in this 
manner. Of the 11 morkeys treated, 4 were given an 
additional JM inoculation, and 7 an additional JIR 
inoculation (Table 2). The JIR cercariae had been 
exposed to 1,700 r. of X-irradiation. The interval between 
the first immunizing inoculation and the challenge varied 
from 345 to 1,165 days, and the interval between the last 
immunizing moculation and the challenge varied from 
178 to 602 days. In these 11 monkeys, 7 had no eggs m 
the stools after challenge; the other 4 had only a negligible 
number. The MXEP@ in these 4 egg-positive monkeys 
(Nos. 157, 47, 85 and 113)-was 4, 4, 10 and 4, respectively ; 
the MNEPG30 was 0-3, 0-3, 3 and 1, respectively. The 
interval between the last immunizing inoculation and 
challenge varied from 78 to 255 days in the egg-positive 
monkeys and from 359 to 602 in the egg-negative group, 
This shows again that the length of the interval between, 
the last immunizing inoculation and challenge plays a 
very important part in producing a high degree of 
resistance against the challenge. 


Table 1. MONKEYS IMMUNIZED WITH X-IRRADIATED CERCARIAE OF THE JAPANESE STRAIN AND CHALLENGED WITH J ORRCARIAE OF THE JAPANESE STRAIN 
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t Followed by fourth interval (96 days} and fifth inoculation (500 cercar 








Challenge 
Nc. of days after: 







Eggs/g of stool/day 








No. of No. of : 

cercarias cercariae ceroarias Fist Last Mean, 
in third in fourth immunizing immunizing} Maxi- first 80 
inoculation inoculation | inoculation | fnoculation | mum days 

182 0 0 

237 0 0 

252 0 0 

416 0 0 

490 72 24 

555 0 0 

602 0 0 

603 0 0 

605 0 0 

643 0 0 





ae). 
t Followed by fourth interval (58 days), fifth inoculation (4,000 cercariae), fifth interval (96 days), and sixth incculation (500 cercariae). 


Table 2. MONKEYS FIRST IMMUNIZED WITH CERCARIAE OF THE FORMOSAN STRAIN AND AGAIN IMMUNIZED EITHER. WITH MALS CERCARIAE OF THE JAPANESR 
(J) STRAIN OR WITH X-IRRADIATED CERCARIAE OF THE J STRAIN BEFORE BEING CHALLENGED WITH CERCARIAE OF THE J STRAIN 




















* Results of these five monkeys have been previously pale 


+ Followed by fourth interval (52 days), fifth inocula 


on (4,000 —— 





Challenge | 































Interval be- | No. of JM | No. of days after: Eggs/g of 
tween final F or JIR — — stool/day 
cercatiae | inoculation cercariae | First im- | Last im- —:. 
in third in fourth | and JM or in last munizing | munizing Mean, 
Inocu- inocu- JIR inocu- inocu- mnocu- inocu- first } 
lation lation lation lation tation lation 30 days. 
78 4 03 | 
101 4 o3 | 
182 0 3 
255 4 1 
359 0 0 
364 0 0 
399 0 0 
429 0 0 
469 0 0 
581 0 0 
602 0 0. 


fifth interval (41 days), sixth inoculation (1,000 cereariae), sixth interval (34 


days), seventh inoculation (4,000 cercariae), seventh interval (179 days), eighth inoculation (4,000 cercariae), eighth interval (195 dayr), and ninth inoculation, 


(2,000 cercariae), 


t Followed by fourth interval (29 days), fifth inoculation (2,800 cercariae), fifth interval (232 days), sixth inoculation (5,000 cercarlae), sixth interval (249 


days), and seventh inoculation (3,035 cercariae). 
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As these monkeys have to be kept for a supply of 
immune sera, only one monkey, No. 85, has been killed 
to ascertain the presence of worms in the infected organs. 
This ıs the monkey which had the MXEPG of 10 and the 
MNEPG30 of 3. The autopsy finding of this monkey 
has been reported in our previous publication’. The worm 
recovery consisted of 2 very small immature worms, 11 
stunted males, and 3 stunted females which averaged 5 
eggs per uterus. The results of worm recovery were con- 
sistent with the number of eggs found in the stool. 

Durmg and after the immunizing inoculation, these 
monkeys showed no adverse signs and symptoms. They 
showed no fever, no decrease of appetite, or loss of body- 
weight. Huistopathological examination of the infected 
organs, such as skin, lungs and liver during and after the 
time of immunization showed that the lesions were only 
of moderate severity and were completely reversıble®:? 

Judging from the results of the expermments reported 
here, ıt 18 evident that a sufficient amount of time between 
the last immunizing inoculation and the challenge is 
necessary to ensure the absence of eggs in the stools after 
challenge. It is postulated that in the early period the 
preventive antibody was present in a very small quantity 
even though its production had been repeatedly stimulated 
by immunizing inoculations. This small quantity did, 
however, have some effect, as shown by the low egg 
number m the stool. But the full effect of this preventive 
antibody can be manifested only when a sufficient quan- 
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tity is present. This quantity will appear only after a 
sufficient amount of time has lapsed after repeated 
immunizing inoculations. Further mvestigation by either 
a serological or immunochemical method will be necessary 
to demonstrate the nature of the antibody which is 
produced. 

There are two crucial questions which need to be 
answered. One is whether the kind of immunization 
described will produce the same effective result in man 
as in rhesus monkeys. The other is whether such a 
method of mmunization can be practically used in com- 
bating schistosomiasis ın an endemic area. These two 
questions can be answered only by further investigation. 

This investigation was supported by research grants 
from the U.S. National Institute of Allergy and Infectious 
Diseases, E-939, Bethesda, from U.S. Army Medical 
Research and Development Command, contract DA-49-— 
193-M D-2319, Washington, D.C., from Eli Lilly and 
Co., Indianapolis, and from Abbott Laboratories, North 
Chicago. 
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BIOLOGICAL ACTIVITIES OF SOME «-DITHIOSEMICARBAZONES 


By Dr. P. A. BARRETT*, ELIZABETH BEVERIDGET, P. L. BRADLEY t, C. G. D. BROWN}, 
S. R. M. BUSHBY *, M. L. CLARKE§, Dr. R. A. NEAL f, ROBERT SMITH f 
and J. K. H. WILDEF l 


N 1957 it was observed, during the search for a tricho- 

monacidal drug, that p-dimethylaminoacetophenone 
thiosemicarbazone inhibited Trichomonas vaginalis in 
vitro at 10 ug/ml. Examination of many related com- 
pounds disclosed higher activity (at 0-03 ug/ml.) in l- 
phenylpropane-1,2-dione dithiosemicarbazone (J; R = 
Ph, R’ = Me, X = H) and other «-dithiosemicarbazones 
(I). Trichomonacidal action in a short series of «-di- 
thiosemicarbazones has since been described by Michaels, 
Peterson and Stahl?. We have examined more than 230 


R-—-C:N.NH.CS.NHX R—C:N.NH CS.NHX 


| | 
R’—C : N.NH.CS.NHX H—C : N.NH.CS.NHX 
(D (IT) 
R’ 
| 
RO.CH—C : N.NH.CS.NHX 


| 
H—C : N.NH.CS.NHX 
(IID) 


compounds of general formula (I) in which R and R’ have 
been hydrogen, alkyl, aralkyl, aryl and/or heterocyclic 
groups, or have together formed a carbocyclic ring, 
R and R’ carrying, in some examples, additional sub- 
stituents such as alkyl, halogen, hydroxy, alkoxy, carboxy 
or acyloxy, and X has been hydrogen or alkyl, which may 
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carry additional substituents such as hydroxy, alkoxy, 
amino or dialkylamino. We have found very few excep- 
tions to the general rule that all compounds of general 
formula (I), as broadly defined, show n. vtro activity 
against T. vaginalis and T. foetus at between about 0-01 
ug/ml. and 1:0 ug/ml., provided that none of the groups 
R, R’ and X incorporates a highly polar substituent such 
as a hydroxyl or dialkylamino group. The most notable 
exception is the parent compound, glyoxal dithiosemi- 
carbazone (I; R = R’ = X = H), which is inactive below 
100 ug/ml. 

Many of the active compounds, given orally to the rat, 
the monkey and man, produced trichomonacidal serum 
titres of 1: 100 or higher. Nevertheless, 38 of the most 
active compounds were meffective against systemic 
T. foetus infection in the mouse. In a clinical investigation 
in women, conducted by Mr. T. Ealand, gynaecologist at 
Upton Hospital, Slough, two compounds (I; R = Ph, 
Rh’ = X = Me) and (I; R= R’ = X = Me) gave tem- 
porary control of vaginal trichomoniasis when used 
topically in pessary form, but the compound (I; R = 
R’ = X = Me), given orally at 0-5 g, bedwum, for 7 days, 
failed to eradicate the infection in six patients, although 
the trichomonacidal serum titres reached 1 : 50 or higher. 

We had independently observed the inhibitory action 
of some a-dithiosemicarbazones (for example, II; R’ = 
X = Me) against the Walker tumour in the rat when our 
attention was directed to the work of French and Freed- 
lander? in the same field. In contrast to in vitro tricho- 
monacidal activity, tumour-inhibitory action is shown only 
by a limited range of structures of general formula (1). 
Among 180 compounds tested, high activity (defined as an 
average survival-time of treated rats at least double that 
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of the controls) has been found in 47. Activity was absent 
from a few examples in which neither R nor R’ was 
hydrogen and was sporadic and low among members in 
which, R being hydrogen, R’ was aryl, aralkyl or hetero- 
cyclic. These types were therefore not pursued further. 

Activity has, with very few exceptions, been confined 
to sub-divisions of the general type (I) represented by 
(iI; R = H or alkyl) and (III; R = alkyl or acyl). In 
type (II), activity is apparently highest where R = 
ethyl, X = H, and falls off with increase m size of R. 
In types (II) and (IIT), activity is usually absent when 
the alkyl substituent X is increased above ethyl. Activity 
is notably high in many examples of type (III). High 
activity in the group (TIT; R = alkyl) has also been ob- 
served by Petering et al., who have selected (III; R = Et, 
R’ = Me, X = H) for special examination. In contrast 
to trichomonacidal activity, tumour inhibitory action 
survives in some examples (IT) and (III) in which X is a 
low molecular weight group of the type —[CH.,],NY,, or 
is -~(CH,],OH. Two exceptional structures showing 
high activity are cyclopentane-1,2-dione dithiosemi- 
ecarbazone and the compound (J; R=H, X= 
—-CH,0CH,). 

Because of these high activities the series was tested 
against other infective agents. Activities were disclosed 
against diverse protozoa, namely, Hzstomonas meleagridis, 
Plasmodium gallianaceum, Babesia rodhaini, Aegyptianetla 
pullorum, Anaplasma marginale and Eimeria spp. Activity 
against these organisms has apparently not hitherto been 
reported for a-dithiosemicarbazones. 

In a short series of compounds of general formula (I) 
in vitro activity against H. meleagridis was sporadic and 
lower than that observed against T. vaginalis. The most 
active example (I ; R = Ph, R’ = X = Me) was effective 
at a concentration of 5 ug/ml. This compound, and others 
active a vtro, proved mactive against H. meleagridts 
infection in the chick. 

Among a large number of «-dithiosemicarbazones (I), 
activity against P. gallinaceum in the chick has been 
shown generally by the same compounds which show 
tumour-inhibitory activity. High activity in either 
test was always accompanied by some activity in the 
other. Occasionally, when one activity was of a low order, 
it was not possible to demonstrate the presence of the 
other. Among compounds of classes (II; X = H) and 
(III; X = H), the median effective dose against P. 
gallanaceum ıs commonly in the range of 1-10 mg/kg, 
per os x 7. As with tumour inhibition, activity is gener- 
ally lower where X = Me than where X = H, and dis- 
appears rapidly with further imcrease in the size of X. 
The highest antimalarial activities observed have been 
those of glyoxal dithiosemicarbazone (II; R = X = H) 
(in marked contrast to its low trichomonacidal action), 
which has median effective dose 0:7 mg/kg x 7, and the 
compound (IL; R = H, X = —CH,OCH,), median effec- 
tive dose 0-5 mg/kg x 7. 

Of the few examples of «a-dithiosemicarbazones (I) 
tested against Thederra parva in cattle, none has yot 
shown activity. Of 27 examples of types (II) and (IIT), 
all active against P. gallınaceum, 23 were active against 
B. rodhaini in the mouse at a single subcutaneous dose of 
100 mg/kg; 13 of these reduced the parasitaerma to 
<l per cent of that of the controls. Of the same 27, 
25 were active against Aegyptianella pullorum in the 
chick at three daily intramuscular injections of the highest 
tolerated dose (5-25 mg/kg); 11 of these reduced the 
parasitaemia to <1 per cent of that of the controls. 
Twenty-two of the compounds proved to be active against 
Anaplasma marginale m the splenectomized calf*. Given at 
3 x 100 mg/kg, per os, they have shown activity against 
this parasite of the same order as that shown by oxytetra- 
eycline given at 3 x 10 mg/kg, intravenously. Of the 
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_ 27 compounds, 19 were active against all four erythrocytic 


parasites. Typical examples are (III; R = Me, R’ = X = 
H) and (I; R=n-PrCO-, R =H, X = Me). In 
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contrast, of four exemples of trichomonacidal type 
(I; neither # nor R’ = E), inactive against P. gallinaceum, 
activity of a low order was found im only one example 
(I; R = R’ = Me, X = Me) against Anaplasma marginale 
and in one example (Iz: R = R’ = Me, X = H} against 
Aegyptianella pullorum. All four were inactive against 
B. rodhaanr. A close general correlation between the 
activities against the foar erythrocytic parasites is thus 
presumptive, but does not hold in detail between indivi- 
dual compounds. 

The compounds testec against the erythrocytic para- 
sites included two examp.es (IIT) ın which the substituent 
X was of the type —{CH,],NY.. Activity against 
Aegyptianella pullorum was reduced but effectiveness 
against the other parasites was maintained. 

Activity against Æ. tengla in the chick has been shown 
to be common among g dithiosemicarbazones (I; X = 
-——[CH,]JaNY.) (ref. 6) though, remarkably, it has not 
yet been observed in any example (I) lacking the terminal 
dialkylamino groups. More than sixty examples of the 
active type have been testad. Activity against E. tenella 
is highest where neither E nor R’ is hydrogen (that is, 
where they are both alkyl, eralkyl or aryl) and, in a general 
sense, subject to exceptions, falls off gradually with 
increase in n above 2, and with the size of the groups Y. 
The most active members protect chicks against Æ. 
tenella at 0-005 per cent of drug in the mash and a few of 
them have been shown to k= equally active against other 
species of Eimeria, namely, E. necatrix, E. acervulana, B. 
maxima and E. brunetti. The toxicity of members of the 
series so far examined incicates that they will be of 
limited value for the routine prophylaxis of coccidial 
infection in the chick. 

Representative members of the series (I) have been 
tested against Trypanosoma rhodesiense, T. congolense, 
T, cruzi and Entamoeba histolytica. No significant 
activity was observed. 

The series has also beer examined extensively for 
antibacterial action. No member inhibited the growth of 
Mycobacterium tuberculosis at a concentration of less than 
2 ug/ml., which is twenty timas greater than the minimum 
inhibitory concentration of thiacetazone tested under the 
same conditions. Many compounds (I) showed activity 
in vitro against Staphylococcus aureus; of more than 230 
tested, 76 inhibited growth at 1 ug/ml. in papain-digest 
nutrient agar, and a further 56 mhibited at 10 ug/ml. 
The activity in general follows that against T. vaginalis 
but the correlation with stracture is less regular and 
certain; like trichomonacidead activity, it is usually 
absent when polar substituents are present. Activity 
against Streptococcus pyogenes and Clostridium perfringens 
was more sporadic, and none of the compounds showed 
significant activity against the Enterobacteriaceae family. 
Some members were active against Hrystpelothrix rhusio- 
pathvae, especially the parent compound (J; R = RK = 
X = H), which inhibited the growth of this organism at 
0-5 ug/ml. 

The activity against Streptccoccus pyogenes was lost 
when tested in whole blood, ancl seventeen of the active 
compounds afforded no protecticn to mice with a staphylo- 
coccal infection, against which doses of 1,000 units of 
benzylpenicillin gave full proteczion; the substances were 
administered orally and intraperitoneally twice daily in 
doses ranging from 2 to 10 mg/mouse. Of many members 
of the series (I) tested, none _nhibited the growth of 
Candida albicans, Microsporon gypseum, Trichophyton 
mentagrophytes or Tr. rubrum at concentrations of 100 
ug/ml. in Sabouraud medium. 
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LETTERS TO THE EDITOR 


ASTROPHYSICS 


Cosmic Ray Production by Vibrating Neutron . 
Stars 


I mave recently pointed out? that a vibrating neutron 
star, which is expected to be formed as a remnant of the 
explosion of a Type I supernova, may store up to 10% or 
10°? ergs as mechanical energy of vibration. This energy 
may be dissipated by various non-thermal mechanisms. 
If a magnetic field is embedded in the neutron star, then 
the vibrations will produce hydromagnetic waves which 
travel along the field lines, and these will be capable of 
accelerating charged particles to high energies by transit? 
and stochastic? acceleration processes. There is a possi- 
bility that the synchrotron radiation of X-rays from the 
Crab Nebula results from acceleration processes of this 
type, where the accelerated electrons have been able to 
diffuse into the outer expanding envelope. Such a diffusion 
is rendered easier if there should be a corona produced 
around the neutron star, which expands to form a stellar 
wind, thus drawing radially outward the magnetic lines 
of force. Such coronal heating may arise from shocks 
produced by the vibrations in the atmosphere’ or by 
electromagnetic interaction between the magnetic field 
and the surrounding plasma (Manley, O., private com- 
munication). 

If electrons can be accelerated to high energies in this 
way, then it should also be possible to accelerate ions in 
the vibrating magnetic field. This leads naturally to the 
hypothesis that vibrating neutron stars may be some of 
the principal injectors of high energy cosmic rays into the 
galaxy. Some aspects of this hypothesis are discussed in 
this communication. 

The ions which would be accelerated to cosmic ray 
energies by vibrating neutron stars should certainly 
include those ions composing the corona. The corona 
should have the same composition as the photosphere of 
the neutron star, and if the corona is hot enough to 
expand in the form of a stellar wind, then the composition 
of the photosphere may change with time. Hence one 
test of this cosmic ray acceleration process is that the 
composition of the heavy cosmic ray primaries should be 
consistent with the changing abundances in the neutron 
star photosphere. 

The abundances of cosmic ray primaries with Z > 2 
are shown in Fig. 1. The abundances are based on 
measurements by Waddingtont® and by the Naval 
Research Laboratory group®. Also shown in Fig. 1 are 
the relative abundances of the elements with Z > 2 in 
the Sun and solar system. These abundances are based 
partly on solar spectroscopy’, partly on meteorite 
analysis’, and partly on rocket measurements of solar 
cosmic rays*. Both distributions are normalized to 
oxygen, and the abundances have been plotted as a 
function of mass number by spreading the abundances 
for each charge number over the principal isotopes of 
that element. Since the cosmic ray abundances have been 
strongly affected by spallation processes, this treatment 
produces a reasonably smooth abundance plot. 
solar system abundances have been treated in the same 
way in order to facilitate comparison. 

The differences between these two curves are striking. 
It appears that the cosmic ray abundance data cannot be 
obtained by accelerating particles with the relative 
abundances corresponding to solar composition, with 
modification by spallation, since there is a relative 
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deficiency of cosmic ray nuclei in the vicinity of silicon 
and sulphur. On the other hand, it appears possible to 
account for the cosmic ray distribution if the products of 
three processes of nucleosynthesis form the material 
which is accelerated. These processes are: 

(1) Helium-burning. Helium-burning thermonuclear 
reactions produce as products carbon-12 and oxygen-16. 
The relative abundances to be expected for these two 
products are unknown since these depend on the reduced. 
a-particle width of the 7:12 MeV level of oxygen-16, 
which has not yet been measured. 

(2) Carbon-burning. The products of the nuclear 
reactions of carbon-12 with itself are primarily neon-20, 
sodiurn-23 and magnesium-24. The relative abundances 
of these products which I found for a relatively slow 
process of carbon-burning® are shown near the bottom of 
Fig. 1. A significant abundance tail at higher mass 
numbers would be added if the carbon-burning occurred 
at somewhat higher temperatures, such as those in the 
supernova shock wave which traversed the outer layers 
of the supernova and ejected them into space. 

(3) The tron equilibrium peak. When matter is heated 
to the vicinity of 3 x 10° °K or higher, the nuclei will 
rearrange themselves into the vicinity of the iron peak, 
where the binding energy per nucleon is a maximum. 
There is‘a distinct iron peak in the solar abundance date 
which shows the results of this process. 

The heavy cosmic ray primaries appear to be composed 
principally of products of these three processes of nucleo- 
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Fig. 1 Abundances in cosmic rays and in the solar system of elements 
with Z>2,. The heavier cosmic ray data are aparto, and some charges are 
missing. These gaps are bridged by dashed segments connecting the 
sections of the sohd line. Shown near the bottom is the pattern of 
abundances formed in the carbon-burning process 
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synthesis, with subsequent modification by spallation. It 
appears that the nuclei have traversed about 3 or 4 g/em? 
of material, presumably mostly hydrogen; but it is not 
clear how much of this matter was in the source and how 
much in the interstellar medium. 

The evolution in the immediate presupernova stage of 
a star of not very great mass has been investigated by 
Chiut®n, Following the process of helium-burning in the 
core, such stars become highly degenerate at their centres, 
and the emussion of neutrino pairs prevents the tem- 
perature from rising rapidly until the mass of the core is 
near the Chandrasekhar limit, so that contraction becomes 
very rapid. Then carbon or oxygen burning will com- 
mence, but this will lead to an even stronger density 
concentration towards the centre. The supernova collapse 
is triggered when the high Fermi level of the electrons at 
the centre starts converting nuclei into neutrons. 

Colgate and White? have shown that, during the 
collapse, a degenerate neutron core will be formed at the 
centre of the configuration. The material continuing to 
rain down on this core will produce very high temperatures 
and cause the formation of a shock wave. The shock 
wave will then traverse the outer layers, heating and 
ejecting them. Not all the material will be ejected to 
infinity; some of it will fall back and it 1s this material 
which we suspect will set up radial oscillations in the 
neutron star remnant. 

In the interior of the neutron star ordinary nuclei will 
not exist. Near the surface, temperatures of 3 x 10° °K 
or higher will persist for times of 10° sec or longer. Under 
these conditions the material will be processed into the 
vicinity of the iron peak!®. Nearer the surface the tem- 
perature will be insufficient for this to occur. Chiu and 
Salpeter? have shown that hydrogen and helium on the 
surface will be destroyed by inward diffusion, and that 
carbon will be destroyed to a considerable extent, but 
still heavier ions to a negligible extent. 

Hence we see that even if the layer initially com- 
posing the neutron star surface contains only light 
elements, the final layer is lLkely to contain carbon, 
oxygen, carbon-burning products, and the iron peak. 
The high density at which helium-burning would occur 
in the surface will favour the formation of carbon 
relative to oxygen, as 1s observed in the cosmic rays. 
Because the temperature will fall rapidly m the envelope 
beyond the thermal conduction central plateau, the inter- 
mediate stage consisting of silicon and sulphur will have 
only small abundances, and this region will not be built 
up by nuclear reactions accompanying diffusion. 

Thus we see that if the outer layers of the neutron star 
are pecled off by a stellar wind, the corona is likely to be 
initially composed of carbon and oxygen, later of the 
products of carbon-burning, and eventually of iron peak 
nuclei. Hence the neutron star cosmic ray acceleration 
hypothesis seems not inconsistent with our knowledge of 
the structure of a neutron star and of the processes of 
nucleosynthesis. 

The bulk of the cosmic rays consists, not of nuclei with 
Z > 2, but of protons and «-particles. It is evident that 
under the conditions described here these could not be 
accelerated in the immediate vicinity of æ neutron star. 
However, in the present picture in which the neutron 
star has a stellar wind which draws the magnetic field 
out in the radial direction, hydromagnetic waves may be 
able to progress from the vicinity of the neutron star out 
into the expanding ejected envelope. Such a model would 
seem appropriate for the Crab Nebula, and the hydro- 
magnetic waves would then have an opportunity to 
accelerate protons and a-particles in the envelope.. But 
protons and «-particles would also be the principal 
products accelerated im the supernova hydrodynamic 
hypothesis of Colgate and Johnson”. 

For many years supernova remnants have seemed 
likely sources for the acceleration of cosmic rays. Argu- 
ments toward this end have been based on the obvious 
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availability of large amounts of energy and of the presence 
of energetic particles as revealed by synchrotron emission. 
However, specific models for the acceleration process have 
been lacking. It is hoped that the present model will 
serve as a basis for further quantitative investigations. 

A. G. W. CAMERON 

Institute for Space Studies, 
Goddard Space Flight Center, 
Aational Aeronautics and Space Adnumistration, 
New York. 
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GEOFHYSICS 


Determination of the Mean Residence Time 
in the Troposphere by Measurement of the 
Ratio between the Concentrations of Lead-2I0 
and Polonium-21!0 


Ir has been pointed out by several authors that the 
concentration of polonium-210 (radium-F) in rain water 
is lower than that which would result from the radio- 
active equilibrium between lead-210 (radium-D) and 
polonium-210 (radium-F)? (the decay chain, ıt should 
be aoe is: 


radon > radium-A,B,...C” , radium-D uy 


299 (lead-210) 
radium-E ie radium-F mee lead 
(bismuth-210) (polomum-210) 206 


This lack of equilibrium has been ascribed to the wash- 
ing of the radioactive aerosols present in the troposphere 
by rain. For two successive products of the decay chain, 
in equilibrium at the origin, this washing requires a change 
in the traditional equation: 


Ay Ny = Ag No - (1) 
to: 
ALN, = (Aa + A) N: (2) 


where N, and N, are the concentrations of two nuclides 
having constants A, and àp and A = l/r, a constant equal 
to the inverse of the mean residence time in the tropo- 
sphere. 

Measurement of the ratios af radium-D and radium-F 
activities in rain water enables us to compute this time 7. 
In this case, the formula is: 


Ay Nr = (3) 
Ay No (àn + A) (àr + A) 


In fact, Burton and Stewart! showed that an important 
part of radium-D is produced directly in the troposphere 
by the disintegration of the radon and of its decay pro- 
ducts. As the mean residence time in the troposphere 
(measured by various ways) is found to be about 30 days, 
the equilibrium between radium-D and -E may practically 
be achieved there, but this is not so for radium-F. In 
those conditions, equations (2) and (3) are valid only for 
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‘the fractions of radium-D, -E and -F, which are of 
stratospheric origin. The mean residence time in the 
stratosphere is about two years, which is sufficient for 
radioactive equilibrium to be achieved by those 
nuclides. 

A fraction fr of the radium-D is directly and con- 
tinuously formed in the troposphere by the disintegration 
of radium-C’, -C”. It will stay there for a mean time, 
already noted as +, during which it will give rise to & 
certain quantity of radium-E and -F, the concentrations 
of which will be dependent on the value of + in two ways: 
(1) Because radium-E and -F are washed (especially by 
rain) with an intensity proportional to A= l/t. (2) 
Because radium-D does not stay long enough in the 
troposphere for its decay products to reach the con- 
centration corresponding to equilibrium (both radio- 
active and atmospheric). 

. Such concentrations can be computed if it is supposed 
that all radium-D is introduced into the troposphere at 
the time ¢ = 0, and by calculating the concentrations 
obtained after the time + for its decay products. 

As this time is about 30 days, it can be assumed that 
the equilibrium concentration is reached for radium-E. 
This leads to an equation of the same type as equation (2): 


Ap Np = (Ag + A) Ng (4) 
For radium-F, the variations of the concentrations at 
the time ¢ can be computed by: 


dN 
ar = Na Ms — Ov + A) Ne (5) 
with the initial conditions: 


(Nexo =0 (6) 

The solution of this equation leads, for the time ¢ = +t, 

to the concentration of the radium-F from tropospheric 
origin: 

N D An Ap 


= The total concentrations of radium-D and -F are 
obtained by adding together the fractions of strato- 
spheric origin, as determined by equation (3), and of 
tropospheric origin, as determined by. equation (7). 
Then we have for radium-F: 


Ap Ax 
— ——— — ~(Ar + A)t 
Gayaa CO 
and if we take into account àt = 1, the ratio of the 
specific activities of radium-F and -D becomes: 


= Ar he Ny Ag Ar (1+) 
P = iNo (et FEET a a, (9) 


The term between square brackets may be developed 
in series, Ay/% being low in regard to I (about 0-2). Then: 


P = THD E 3 =) OY) 


The coefficient fr may vary from 0:5 to 0:95. The 
limiting values generally admitted for + are 20 and 40 
days. This leads, for the term between square brackets, 
to values varying between 0-68 and 0-85. 

p is experimentally found to be 0-11 (ref. 3): this leads 
to values of the residence time in the troposphere of 
bstween 33 and 42 days, as compared with 29 days 
initially computed by Burton and Stewart!. 
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Charge Transfer between Model Ice Crystals 
separated in an Electric Field 


Davis! has demonstrated theoretically that, ın general, 
the electric field between adjacent surfaces of two, con- 
ducting spheres is greater than the external field in which 
the spheres are situated. For example, the field between 
two identical spheres separated by 10-? radius is about 
50 times greater than the external field if the line of 
centres is parallel to the field. Electrical breakdown of 
the air and consequent charge transfer between two 
spheres can therefore occur at normal pressures in external 
fields of only several hundred V/cm if their separation 1s 
small. This charge transfer process is one possible mani- 
festation of the general inductive theory of thunderstorm 
electrification, proposed by Sartor??, 

According to this theory, ice crystals or water drops 
will separate charge in a thundercloud if they collide and 
rebound in an electric field or if they pass within short 
distances of each other without collision. Although it is 
probable that a greater contribution, to the electrification 
of thunderstorms 1s made by transient collisions m an 
electric field than by charge separation at a distance, it 
was considered desirable to determine the distances at 
which charges could be transferred between ice crystals 
in electric fields the magnitude of which did not exceed 
those found inside thunderstorms. This information is 
required, particularly since Sartor has shown that the 
charge separations produced by the inductive process are 
sufficiently high that a major charge rearrangement in 
the cloud can result from charge transfers between & very 
small percentage of the interacting ice crystals or water 
drops in strong electric fields. An understanding of this 
process 1s necessary for the interpretation of measurements 
in Nature which attempt to test thunderstorm -electri- 
fication hypotheses. 

For ease and precision of measurement the experiments 
were performed with metallic models of the most common 
natural ice crystals occurring inside thunderclouds. Other 
experiments’ just concluded show that the theoretical 
constraint on charge transfer between water drops 
resulting from the long bulk relaxation time characteristic 
of water is not present in this situation; the same should 
also be true for ice crystals. 

The experimental arrangement is shown in Fig. 1. 
One model crystal was affixed to a thin ‘Teflon’ rod sus- 
pended from a rigid support. Another crystal was attached 
to a similar rod clamped to a precision micromanipulator, 
which allowed the vertical separation of the crystals to 
be varied as required from several microns to about 5 cm. 
An electric field was applied between two horizontal 
copper electrodes 10 cm apart through which the ‘Teflon’ 
rods protruded. One electrode was earthed and the other 
was connected to a variable high-voltage supply which 
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Fig 1 Apparatus for measuring charge transfer between separated 


model ice crystals in an electric feld 
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Fig. 2, Crystal types, and their onentation with respect to the electric 
field E A, B, C, plates; D, F, needles, Ẹ, prisms 


could provide positive or negative voltages over the range 
0-30,000 V. The apparatus was enclosed in a ‘Teflon’ 
shielding box. Two small windows in the box allowed 
the crystals to be Uluminated and their separation to be 
measured by means of a telescope carrying a vermer eye- 
piece and mounted on a cathetometer; the separation of 
the crystals could be read accurately to about 5u. Any 
charges acquired by the crystals could be measured by 
removing them from the shielding box and mserting them 
individually into an induction can connected to a vibrating 
reed electrometer in series with a pen recorder. The 
mintmum detectable charge was about 10-4 E.s.v. 

The experimental procedure was to remove any stray 
charges from a selected pair of crystals, using a radio- 
active source, to insert them between the electrodes and 
to adjust the micromanipulator until ther near surfaces 
were separated by a predetermined amount. An electric 
field of chosen strength was then switched on; the 
crystals were separated and the lower one was inserted 
into the induction can in order to measure its charge. 
This procedure was repeated for different field strengths 
and vertical separations and then for different pairs of 
model crystals. It was found that identical results were 
obtained if the crystals were affixed to horizontal ‘Teflon’ 
rods, indicating that errors associated with the distortion 
of the field by the rods were inappreciable. 

Three basic models of ice crystals were constructed, 
which duplicated the most common types of ice crystals 
found inside thunderclouds. They comprised hexagonal 
plates, of side 0 64 cm and thickness 0-080 cm, prismatic 
crystals of length 1-27 cm and side 0-64 cm, and needle 
crystals of length 2 29 cm and side 0-16 ecm. In the 
experiments the crystals were oriented in six different 
ways with respect to the field, as shown in Fig. 2. Meas- 
urements of charge transfer at various field strengths and 
separations were made for identical pairs of crystals for 
these six different combinations of orientation and type, 
and also for selected permutations which were considered 
to be most representative of the situations inside thunder- 
clouds. 

It was found that for a chosen pair of crystals oriented 
in a particular direction in a certain field there existed a 
sharp transition between separations at which charge 
transfer occurred and larger separations over which it 
did not; the charge transfer was approximately constant 
for all separations smaller than the critical value. It is 
seen from Table 1 that the critical separation Xe varied 
widely with the type of model crystal and its orientation 
with respect to the field. For crystals the longest dimension 
of which was parallel to the field, charge transfer occurred 
for extremely large separations, particularly if the near 


Table 1. CRITICAL DISTANCE Xe FOR SEPARATION OF CHARGE AS A FUNCTION 
OF THE TYPES OF MODEL CRYSTAL AND THBIR ORIENTATION WITH RESPECT 
TO THE FIELD 


E, 2,000 Y em 


Configura- 

xan 5 AA AF AE FF EF EE AD CF BB DE CE DD CD CC 
e( x 10- 
emi) 05-1 3 3 7 I4 20 48 53 103 155 235 405 435 480 
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surfaces were highly curved; conversely, if the near 
surfaces were flat and the longest dimensions were per- 
pendicular to the field the critical separations were small. 
The values of Xe for tha different permutations are seen 
to fall into a self-consistent series, thus facilitating the 
computation of Xe for crystal combinations that were 
not examined experimentally. The values of X. were 
found to merease with mereasing electric field in approx- 
imately the same manner as calculated by Davis for 
conducting spheres. The magmtudes of the charges 
transferred between the crystals varied from about one 
to ten times the theoretical values for equivalent spheres, 
depending on the geometry and orientation of the crystals. 
This 1s m good agreement with earlier measurements of 
the charge separation produced by the transient contact 
of natural ice crystals in an electric field® and can be 
attributed to the higher surface densities of charge on the 
ends of the more pointed crystals. 
These experiments ind:cate that charge transfer between 
separated cloud particles ın an electric field will probably 
be much more important for ice crystals or snowflakes 
than for water drops. For example, charge is transferred 
between two hexagonal plates falling with their long axes 
parallel to a field of about 2,000 V cm- (situation CC) 
when their vertical separation is approximately equal to 
their diameter, whereas spherical drops of the same 
diameter would have to approach to within about 2 x 10? 
of their diameter before cnarge transfer could occur ; more- 
over, before this separazion of charge could occur, the 
drops could have experienced disruption and coalescence 
at larger separations where the electrical forces overcome 
those of surface tension. In the earlier stages of the storm 
it is probable that the transient contact between polarized 
ice crystals predominates as an induction charge genera- 
tion mechanism over this process of charge transfer at a 
distance, since the collection efficiencies and the values 
of X. are small when the fields are weak. However, since 
separation of charge between simulated ice crystals in 
an. electric field of abou; 2,000 V cm-! can occur over 
distances comparable with the dimensions of the crystals, 
and since the collection efficiency increases rapidly as the 
field is increased, this process could be of much greater 
importance in generating charge in thunderstorms when 
the large-scale electric field approaches several hundred 
V/cm; the process would then become increasingly more 
powerful as the field grows towards breakdown, magnitudes. 
In order to make an accurate quantitative assessment of 
the importance of these inductive processes in generating 
thunderstorm electrification, measurements are required 
of the collection efficiencies and relative trajectories of 
ice crystals over field-strengths varying from zero to 
several thousand volts p2r centimetre and of the con- 
ditions under which waser drops can transfer charge 
without coalescence in ar electric field. 
J. LATHAM 
R. E. MYSTROM 
J. D. SARTOR 
National Center for Atmospheric Research, 
Boulder, Colorado. 
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OCEANOGRAPHY 


Chemical Composition of the Hot Salty 
Water at the Bottom of the Red Sea 


Ty a recent communication Swallow and Crease? directed 
attention to the existence of a basin about 200 m deep at 
the bottom of the Red Sea near 21° 17’ N., 38° 02’ E., 
filled with highly saline water at a temperature of more 
than 44° ©. The present communication gives a brief 
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preliminary account of the chemical composition of this 
water. 

Table 1 shows the variation of temperature, salinity 
(from conductivity) and chlorinity with depth. The 
temperatures and depths are revised values supplied to 
us by Swallow and differ slightly from the provisional 
values given in the reference cited’.- In particular the 
temperature of the hot water after-revision is about 
0-4° C higher. 


Table 1 
Salinity (parts Chiorinity 

Corrected Temperature per thousand) by (parts per 
depth (m) (°C) conductivity thousand) 

1,796 22:02 40°64 

1,845 22 06 40°64 

1,895 22 05 40 65 y 

1,925 22 06 40 65 22°54 

1,945 22°06 40°66 

1,970 22-441 40-92 22°68 

1,995 26-20 47-33 26°34 

2,010 $6 11 121-99 69°24 

2,045 — 270-5 F 155 1 

2,055 44B 2708 1554 

2,095 4'8 270 8 155-5 

2,140 449 271-3*f 155 4 

2,195 444 271-47 155 4 


* Salinity determined gravimetrically? 264-0; density (22:8) 1-1989. 


t Owing to departures of ionic ratios from those of normal sea waters these 
values do not represent true salinities. 


The constancy of the chlorinity of the water within 
about 150 m of the bottom suggested that this water 
would be uniform in composition and this proved to be 
the case. The average ionic ratios relative to chlorinity 
were found to be as follows (the corresponding ratios for 
ocean waters are given in brackets): sodium, 0:5980 
(0-5556); potassium, 0-0139 (0-0205); calcium, 0-0303 
(0-0213); magnesium, 0-0052 (0-0668); sulphate, 0-0048 
(0-1400); bromine, 0-79 x 10-8 (3-48 x 10-8); manganese 
3-2 x 10-4 (about 2:5 x 10-6}. These ratios suggest that 
this water cannot have been formed by evaporation in a 
shallow sea as suggested by Charnock*, or by the dis- 
solution of salt deposits in Red Sea bottom water. 
The similarity of the ionic ratios to those of oil field and 
other deep-well brines is quite striking, in particular the 
low SO,/Cl! ratio, and this suggests that this water has a 
connate origin, that is, it has been expelled — sediments 
by geothermal heating. 
P. G. Buea 
J. P. RILEY 
Department of Oceanography, 
University of Liverpool. 

F. COLKIN 

National Institute of Oceanography, 

Wormley, 
Godalming, Surrey. 
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Connate Origin Proposed for Hot Salty 
Bottom Water from a Red Sea Basin 


A 200-m thick layer of extraordinary bottom water 
(temp. 44° C; salinity 270 parts per thousand) has been 
reported recently from a central Red Sea basin by Swallow 
and Crease!. Anomalous water with less extreme values 
has been noted previously in the general area?-5. Char- 
nock! suggested that the warm, saline water was formed 
by evaporation in a shallow lagoon and travelled to the 
central basin as a density flow. Preliminary chemical 
investigations led Swallow and Crease! to conclude that 
the anomalous brine could not be sea water concentrated 
by evaporation, since the ratios of major ions as well as 
the chlorinity-conductivity ratio differed significantly 
from those of normal sea water. The origin suggested 
was the washing of hypothetical salt beds exposed in the 
area. The high temperature of the water was referred 
to the flow of heat coming through the sea floor in regions 
of high tectonic activity. 
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K/Cl Ca/Cl Mg/Cl 


Po WEIGHT RATIO 


Fig 1. Chemical comparison of hot salty water from a Red Sea basin with 
normal sea water and with continental connate brines. Large circles, sea 
water: small circles, connate brines, arrows, Red Sea hot salty water 


Connate waters, also called sub-surface waters, are 
those entrapped in sedimentary rocks at the time of 
deposition. In the course of their history they may migrate 
long distances within sub-surface formations and may be 
subjected to @ variety of chemical alterations either by 
bacterial process, mixing with other waters, or reactions 
with enclosing minerals. These brines differ in composition 
from normal sea water but in a relatively consistent 
manner’, 

The chemical properties of the Red Sea bottom brine 
reported by Brewer, Riley and Culkin (preceding communi- 
cation) were compared with analyses of connate waters 
reported by Chave” (Fig. 1). The chlorinity as well 
as the weight ratios of the major ions of the anomalous 
Red Sea water all depart from normal sea water in the 
same direction and at magnitudes comparable with 
reported values for connate brines. 

Sodium is the major cation in connate brines, as it is in 
the water in question. In published analyses of connate 
waters, sodium is usually calculated by difference. Because 
of the errors inherent in the calculation, sodium chloride 
ratios from connate brines are not well enough known to 
be considered in the comparison. 

Sulphate—chloride ratios also compare favourably. To 
quote Chave’: “The SO,/Cl weight ratio of modern sea 
water is 0:13. Values of this ratio for sub-surface waters 
rarely exceed 0-10 and commonly are less than 005”. 
The value for the hot, saline, Red Sea basin water is 
0-004 (preceding communication), suggesting influence of 
reducing conditions some time during its history. 

At the time of writing no values are available for the 
chloride weight ratios of strontium, bromine, and iodine 
for the Red Sea water. The reported ranges of these 
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ratios — connate waters are: “Se/Cl, 0:003--0-010; Br/Cl, 
0-0035-0-008; I/Cl, 0-00005—0-0005 (ref. 7). It would be 
interesting to extend the comparison to include these 
ionic ratios. 

The temperature of connate waters in situ is a function 
of the geothermal gradient at the sub-surface area from 
which they are sampled. A value of 44° C, comparable 
with the Red Sea bottom brine, may represent a relatively 
shallow depth of origin from a sedimentary sequence in a 
tectonically active area like the Red Sea basin. The 
temperature of the Red Sea brines is then in keeping with 
the proposed connate origin. — 

It is proposed that the 200-m thick layer of warm saline 
brine found at the bottom of a basin in the Central Red 
Sea is derived from the release of connate water from a 
nearby outcrop of sedimentary rock. Other anomalous 
waters showing less extreme values have been reported 
in adjacent regions®*5, Speculation on the origin of 
these waters awaits determination of the ionic ratios. 

Thick sedimentary sequences are not a common geo- 
logical feature of the immediately adjacent land areas, 
yet the clongate Red Sea basin is most probably a down- 
faulted region, and this trough would accumulate a 
sedimentary sequence in the course of its subsidence. 
Waters buried with the sediments of the trough would 
become connate waters and could re-emerge if faulting 
or some other tectonic process provided access to the 
surface. 
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PHYSICS 


Linear Temperature Scale 


In a recent communication! Groves and Lielmezs 
express the absolute temperature scale in a form sym- 


metrical about the arbitrary zero, with the absolutely 


highest and lowest temperatures placed at + oo and — œ, 
respectively. As a mathematical transformation, this is of 
course trivial--one can always turn something into 
nothing by making it a unit and taking its logarithm. 
-= However, Groves and Lielmezs seem to be unaware that 
the scale they describe was in fact the first absolute 
scale proposed by W. Thomson (later Lord Kelvin), 
not as a mathematical possibility but on physical grounds?. 
Thomson defined equal-temperature steps as those in 
which a given quantity of calorie produced equal amounts 
of work in descending through: them, and since at that time 
he followed Carnot in supposing that ‘caloric’ was con- 
served in the process, there was no terminus to its descent, 

- and the absolute zero was therefore represented by — œ. 
_ When later it was realized that heat (which had then taken 
tho place of caloric as the relevant concept) was destroyed 
-when work. was produced, there was a limit to its descent 





-. and the absolute zero was therefore represented by a 
ag finite number—the now familiar — 273-16° ©. It is easily 


seen that temperature on Thomson’s original scale is 
proportional to the logarithm of the present absolute 
temperature, and so is identical with that proposed by 


Groves and Lielmezs. 


- More than 20 years ago®, I proposed a scale based on a 
different. physical conception—namely, the relativity of 
— ————— —————— which was treated mathematically 
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in the same way as the relativity of motion: in 
relativity theory. This gives a scale which, like 
first conception, is symmetrical about the arbitrar 
but the limiting velues are represented by finite qui 
+, analogous tc the limiting values, +c, of 3 
in special relativity kinematics. These limits are inac 
ible in the same sense as the velocity of light is inace 
Groves and Lielmezs might find it worth while to e 
whether this scale might be of use to them 3 
enquiries, 
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Groves and Lærmezs have directed attention 
tain properties of atemperature } defined as the logarit! 
of the usual Kelvin temperature, It can also be shos a 
that y has a very simple interpretation. in terms ofthe — ~ 
efficiency of an ideal reversible heat engine, such as was = 
discussed by Kelvin in establishing his thermodynamic — 
scale. we 

Consider a seres of ideal heat engines operating. ne: 
Carnot cycles, sueh that the waste heat discharged by- 
one engine is suppaied reversibly to the next. By Carnots 
theorem the efficiency of each engine is a function of the 
input and output semperatures only, henee the efficiencies. 
can be used to define scales of temperature. There aretwo = 
obvious simple possibilities: (a) The differences between — 
input and output temperatures for the various engines. — 
are defined to be equal if their efficiencies are equal, 
(b) The temperature differences: are defined to be equal a 
if each engine does the same amount of work. oo 

The scheme (6) defines the usual Kelvin scale. Since the z 
engines do equal amounts of work the scale must terminate 
at some finite value below any arbitrary starting point 
at which a finite emount of heat is supplied. Hence the —__ 
Kelvin scale has an absolute zero at a finite number of | 
degrees below the ice-point. It might be thought that 
absolute zero could then be regarded as the temperature 
of the heat sink of the last engine of the series. However, 
for this to be meeningful it is necessary that some heat 
should be discharged. Thus we must imagine that the last __ 
engine has a heat sink at a temperature infinitesimally 
above absolute zero. This engine will then have an effi- _ 
ciency which tends to unity as the sink temperature 
tends to absolute zero. Hence absolute zero necessarily 
appears as an unattainable limit in the ordinary Kelvin. 
scale, contrary to the supposition of Groves and Lielmezs. = 

A consideration of the efficiencies of the last few — Ei 
engines in the series leads immediately to the well-known = 
law for the efficiency < in terms of the Kelvin temperatures — 
T, and T, of the heat source and sink : paei 
Substituting the —— by T = o gives 

(1 — =) = exp[— (41 - $2)] {2 
iquation (2) showe that the efficiencies of the engines wil 
be equal for equa: temperature differences measured on = 
this scale. Hence she temperature 4 satisfies the require: ae 
ments of scheme (a) above. 

For dimensional consistency the temperature 
properly be definec. by the equation : 

$ = pa In (T/T) — 
where y, and T, ave constants which can ba EPE ———— 
arbitrarily. Hence by calibration at the ice and steam 
points the temperature ọ can be expressed in degrees — 
Celsius. Clearly, cn this scale absolute zero is at minus 
infinity degrees Cebius. 
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ALTHOUGH presenting comments of general interest, 
neither Dingle nor Warren (preceding communications) 
have referred to the particular point of our note’, 

The mathematical relation! : 

T = eV (1) 
where y = fg(0) dO (see ref. 1), while e” itself represents 
the specific integrating factor depending on the tempera- 
ture**, inherently (in accordance with Caratheodory’s 
statement of the Second Law of Thermodynamics‘) 
shows that T = 0° K if the independent variable, Y = 
—«. It follows that the absolute zero, T = 0° K, neces- 
sarily is an unattainable limit in the linear Kelvin tem- 
perature scale as shown at once by the asymptotic 
behaviour of its own explicit argument, the specified 
integrating factor 6e” (ù = — œ). 

This conclusion is reached without recourse to 
Thomson's (Lord Kelvin’s) proposed temperature scale 
or, for that matter, to the already known classical thermo- 
dynamic methods as given by Warren (preceding com- 
munication and ref. 5). 

W. D. Groves 
J. LIELMEZS 
Department of Chemical Engineering, 
University of British Columbia, 
Vancouver 8, B.C. 


1! Groves, W. D., and Lielmezs, J., Nature, 205, 480 (1965). 


* Chandrasekhar, S., Introduction to the Study of Stellar Structure, chap. 1 
(Dover Publications, 1957). 


* Born, M., Phys. Z., 22, 218 (1921). 
* Caratheodory, C.. Math. Annalen, 67, 355 (1909), 
àù Thomson, W., Phil. Mag.. 33, 313 (1848). 


Shock Wave Compression of ‘Plexiglas’ in 
the 2:5 to 20 Kilobar Region 


PRECISE data concerning the Hugoniot equation of state 
for polymethyl methacrylate (‘Plexiglas’, ‘Lucite’ poly- 
mers, and ‘Perspex’) are lacking at pressures below 
20 kbar. Accurate dynamic data in this pressure region are 
helpful when the polymer is used as an attenuator material 
for forming shocks in the lower pressure region, and in 
general are necessary to understand its rheological 
behaviour under the high strain-rate conditions of shock 
compression. Solid materials customarily exhibit shock 
instability at pressures somewhat larger than the yield 
stress in uniaxial strain. This instability gives rise to an 
‘elastic precursor’ wave front preceding the main shock 
front’. Such a structural wave might be expected in 
‘Plexiglas’ since an indication of a yield zone was found in 
the vicinity of 2 kbar in measurements of the static linear 
compressibility by the method of Hughes and Maurette?, 
and it is of interest to know if it does occur. 

The dynamic compressibility of ‘Plexiglas’ in the range 
from 2-5 to 20 kbar was studied using the wedge and 
optical lever technique described by Fowles’. The experi- 
mental arrangement is shown in Fig. 1. The explosive 
adjacent to the specimen, detonating with velocity Up, 
induces a shock which decays with distance from the 
explosive-Plexiglas’ interface, thus permitting collection 
of data through a range of pressures in one experiment. 
Care is taken to ensure that the specimen is long enough, 
so that the shock is steady durmg measurements. Shock 
velocity and associated free-surface velocity are measured 
simultaneously. A relation between free-surface velocity 
and material velocity before reflexion enables one to 
calculate the stress component normal to the shock front 
and corresponding compression by means of the shock 
jump conditions expressing conservation of mass and 
momentum‘. 
the measurements and their reduction to values of shock 
velocity Us, material velocity p, stress P, and shocked 
volume, V. 

Cast ‘Plexiglas’, determined by photoelastic examination 
to be freer of structure and residual strain than extruded 
or moulded material, was used. The initial density, 
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Fig. 1. 


Side view of experimental arrangement 


L/ Vo was 1-18 g/cm’. Two experiments, with different 
explosive thicknesses, were required to cover the pressure 
range, and a region of overlap gives a check on reproduci- 
bility. The results are shown in Table 1. Fig. 2 shows the 
record from the shot yielding data over the range 6-5 to 
19-0 kbar. No structured wave was observed in either 
shot within the resolution of the system, which was such 
that a 0-03-kbar step could be detected. 


Table 1. SUMMARY OF EXPERIMENTAL DATA 
Shock Material Shock Material 


Pressure velocity velocity Com- Pressure velo- velo- Com- 
pression city city pression 
P Us up ViVe P Us Up FIV. 
(kbar) (mm/ (mm/ (kbar) (mm/ (mm/ 
psec) psec) psec) psec) 
2°5 2-900 0073 0-975 eo 3-080 176 0943 
2:7 2940 0077 0:974 70 3-097 0189 0:939 
3-0 2-980 086 971 a0 3:121 0-215 0:931 
3:5 3:025 0-098 0-967 90 3-143 240 0:92: 
45 3-070 0:125 0:959 11-0 3177 0-291 0-908 
Sef 3-101 0150 0:952 13-0 3204 0-343 0893 
6-5 3-130 0-176 0-944 15-0 3-228 0-394 (878 
75 3157 202 0-936 17'0 3:250 0-446 R63 
a5 3:183 M228 0-928 190 3-270 M488 SS] 
Shot No,: 0,652 0,653 
Wedge angle A: 29° 56° 30° 0' 


Explosive thickness: 0457 mm 1-270 mm 


Fig. 3 is a plot of shock velocity as a function of 
material velocity for each shot. The difference between 
points in the two shots over the region of overlap is within 
the limits of experimental precision, + 1 per cent in shock 
velocity and +5 per cent in material velocity, and the 
dashed line representing the average is taken as the curve 
of U, plotted -against up. Two values for acoustic velocity 
are shown—2-68 mm/usee (ref. 5) and 2-77 mm/usec, the 
latter measured by us, using the method of Goettleman’. 
The Hugoniot, that is, the pressure-volume, curve is 
plotted in Fig. 4, along with Bridgman’s hydrostatic 
isothermal data’. The precision, calculated from that for 
Us and up, is + 0-3 per cent in V/V, and +5 per cent in P. 

The stress difference between the Hugoniot and the 
isotherm is seen to reach a maximum of about 3 kbar at 





Fig. 2. Smear camera photograph yè sons covering pressure range 6-5 to 
. war 
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mean pressures between 5 and 10 kbar, and to diminish to 
2 kbar at the highest mean pressure of 17 kbar. If it is 
assumed, as in elastic-plastic theory*, that the volume is a 
function of mean stress only, then these results imply the 
existence of a maximum shear stress of 1-5 times the 
observed stress differonce, that is 15x 3 kbar=4-5 kbar. 
The reduction of critical shear stress to 15x2 kbar= 
3 kbar at the higher shock amplitudes may be due to the 
associated temperature increase, which is estimated to be 
60° C. The absence of a precursor wave is reflected in the 
Hugoniot curve as a positive monotonic second derivative, 
d’o,/dV*. This implies that yielding occurs over a range 
of stresses and cannot be assigned a definite value. 
This work was supported by the U.S. Air Force Office of 
Scientific Research, under contract. A F-49(638)—1124. 
D.N. SCHMIDT 
Marsorre W. Evans 





277 (1056). 





* Goettleman, R.C., and Evans, Marjorie W., Nature, 198, 679 (1963). 
? Bridgman, P, W., Proc. Amer, Acad. Arts Sei., 76, 71 (1948). 
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Nomenclature in the Physics of lonized 
Gases | 

Ir is now recognized that most of the matter of the 
universe is highly icnized, and in laboratories the examina- 
tion of highly ionized gases is being extensively pursued. 

The fully ionized gas is regarded as the fourth state of 
matter, existing fom conditions where the kinetic energy 

of the atoms, moecules or electrons (as appropriate) oss 
exceeds the characteristic binding energy of the three 
other states, solid, liquid and gas'. Although it is vital 
that a unique name be given to this state of matter in 

line with the other states, no consistent nomenclature 
exists. — 

Many authors of books and review articles use the term. 
‘plasma’ as a synenym for ionized gas, irrespective. of- 
whether neutral perticles are present or not’, Ön the 
other hand, a secord group of authors, perhaps fewer 
number, use the term ‘plasma’ solely for a fully or higl 
ionized gas in which the remaining un-ionized gas plays 
significant partt, The former use of the term ‘plasm: 
can be criticized om the grounds that it leads to physical = = 
inconsistency : the same term is assigned to both the = 
fourth state of matzer and to a mixture of the third and 
fourth states. It % fairly clear how the confusion has 
arisen. At the time when Langmuir? defined the term 
‘plasma’, a highly ionized gas in the laboratory was 
unknown, perhaps the sole exception being that obtained 
in the electrodeless ring discharge’. At a later stage, when ~~ 
highly ionized gases were more easily produced, the term 
‘plasma’ was retained since the original Langmuir defini- = 
tion is perfectly valid. 3 

It is the purpose of this communication to resolve this 
problem of nomenclature, taking into consideration 
historical developments and the need to preserve physical 
consistency. The proposal is that the term ‘gaseous 
plasma’ or simply ‘plasma’ shall be reserved for the fourth 
state of matter, that is, the fully ionized gas which. is 
practically free from electric fields (ideal situation), or 
for the very highly ionized gas in which the gaseous phase 
is almost non-existent (practical situation). The ‘par- co 
tially ionized gas’ skall not be called ‘plasma’ because thè —__ 
third and fourth phases of matter co-exist: in a partially 
ionized gas, the urmionized gas retains its independent č ć  ž = 
existence, although the plasma phase interacts with it, __ 
for example, gas atoms are excited by electrons. The © 
partially ionized gas may be divided into two classes, = 
the ‘slightly ionized gas’ and the ‘highly ionized gas’, 
In the former, the gaseous phase predominates over the = 
plasma phase to the extent that the effect of encounters —- 
between charged particles can be neglected in comparison 
with encounters between charged and uncharged particles. 
The reverse is true Sor the latter. 

It should be pointed out that the terms fully ionized 
gas and partially tonized gas could equally apply to 
regions in which qaasi-electrical neutrality is not pre- 
served, for example, the wall sheath. Nevertheless, it E 
is unlikely that confesion will arise when the term ‘partially  ~- 

tiered in its context. In accordance `= 
with the original definition of Langmuir’, the term =. 
‘plasma’ cannot be epplied to the sheath region even if it 
is fully ionized. 

I thank my colleagues of the Plasma State Physics 
Section for their advice, 
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- Desorption of Tritiated Bound-water from 
> the Passive Film Formed on Stainless Steels 
Tr has been admitted by a number of workers that the 
© passivity of metals is caused by a formation of passive 
films as a result of electrochemical reactions between 
metals and their environment. The passive film has been 
assumed to be a sort of hydrous oxide which has more or 
less colloidal character. 

Rhodin! appears to be the first to find the existence of 
bound water in the passive film of stainless steel by using 
chemical analysis of the film stripped from the surface. 
We have measured, by means of a microthermogravi- 
metric technique, the amount and the characteristics of 
bound water in the passive film on the surface of stainless 
steel without stripping the fim. 

In the work recorded here, the rate of desorption of the 
bound water in the passive film formed on stainless steel 
in 1 N sulphuric acid at various potentials was measured 
using tritium as a tracer. For the measurement of tritium 
in the form of tritiated water, a coincidence liquid scintilla- 
tion counting system was used. 

A thin foil specimen of 304 type stainless steel (25 mm x 
15 mm x 0-02 mm) was etched in a mixture of dilute 
hydrochloric, nitric and hydrofluoric acids, followed by 
washing with re-distilled water, and it was immersed in 
sulphuric acid solution for passivation. The solution was 
1 N sulphuric acid tagged with tritium of about 75 me./ml. 
Before the passivation the specimen was prepolarized at 
--250 mV (in saturated calomel electrode scale) for 1 h, 
the solution being stirred with a purified nitrogen gas 
to activate the surface completely. The specimen was 
then passivated in the solution of 25° C using a potentio- 
stat at various potentials in the passive potential region for 
two different periods of time of 60 min and 1,000 min. 
After completion of the passivation treatment, the 
specimen was removed from the solution, rinsed in re- 
distilled water, and dried with filter paper. The tritiated 
specimen was then introduced into a vial of 20 ml. capacity 
containing scintillating solution, which had been prepared 
by dissolving 4 g of PPO and 0-05 g of POPOP into 1 1. 
of dioxane free from oxygen. The vial was set in the 
counter kept at a constant temperature of 18° C. 

Fig. 1 shows a typical example of the time variation 
of the counting rate. There is no change of the counting 
rate with time before the immersion of the specimen 
in the scintillating solution, even if the scintillating vial 
is exposed to room light; at point A in Fig. 1 the vial was 
out of the counter for 15 min, being exposed to light. 

‘The counting rate, however, increased with time after the 
tritiated specimen was introduced into the scintillating 
vial at point B. These facts indicate that the increase of 
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the counting rate with time is not attributed to the excita- 
tion of the scintillator by light, but to the desorption of 
tritiated water from the surface into the dioxane scintillat- 
ing solution. Since the passive film itself may act as an 
absorbant of §-radioactivity of tritium, the enussion 
directly arising from the tritium included in the film y 
would scarcely affect the counting rates observed. 

From the result shown in Fig. 1, the amount of tritiated 
water desorbed from the surface film is found to increase 
with time according to the following empirical equation: 


q = klogt + const (1) 


For the specimens passivated under various conditions, 
the same logarithmic relationships were observed and the 
slope k was determined from the observed results using 
equation (1). The dependence of the slope & on the poten- 
tial and the period of time of passivation is shown in 
Fig. 2. It can be seen that the value of the slope k becomes 
smaller, as the potential is more noble and the period of 
time is longer. 

A comparison between the foregoing results, and the 
previous experiments dealing with the dependence of 
the amount of bound water on the potential and. on 
the period of time of passivation’, leads to a conclusion... 
that the desorption rate constant k increases with increas- 7 
ing the bound water existing in the passive film. 

It is an interesting fact that the value of the slope k 
begins to decrease abruptly at a potential of around 
0-5 V, above which activation of passivated stainless steels 
in sulphurie acid solution has been known to become 
difficult’. This suggests that the bound water in the 
film plays an important part in the stability of the passive _. 


film against corrosion. i 
Go OKAMOTO 
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Oxidation of Vanadium in Dry and Moist. 

Oxygen-Argon Mixtures a 

Vanapium is notable for its very rapid rate of oxidation = 
at temperatures above 675° C, at which temperature the © 
main oxidation product, V,O;, melts. The presence of V,0, 
in the oxide scale of other metals, either through the pre- 
sence of vanadium as an alloying constituent, or through _. 
its introduction from furnace ash, may also cause rapid < 
attack (so-called catastrophic oxidation), usually above- 
about 650°C, This is usually ascribed to the fluxing 
action of the molten V.O; on the oxide of the basis metal, = 







itherto been the sub- 
mental studies ; parabolic 
400°C and 600°C at 


effect at all’. | | 

We report here some preliminary results of a programme 
of investigation of the gaseous corrosion of vanadium 
under a wide range of atmospheric compositions and 
pressures and at temperatures above and below the 
melting point of the pentoxide, 

Kinetic measurements have been made using a con- 
tinuous-weighing ‘Pyrex’ spring technique’. Cylindrical 
Specimens. of 99-92 per cent vanadium metal, 0-3 em 
long and 0°65 em diam. (that is, of about 1 em? total sur- 

face area and about 1 g weight) were abraded to 4/0 on 
emery paper and annealed in vacuo at 1100° C for 1 h. 
.. The specimens were then electropolished in 20 per cent 
g sulphuric acid in methyl alcohol, cleaned, dried, and stored 
an vacuo. Oxidation was carried out in various oxygen + 
argon mixtures of 1 atm. total pressure, using high-purity 
gases dried by passage through magnesium perchlorate. 
-The effect: of temperature on the oxidation kinetics 

of vanadium in pure, dry oxygen is summarized in Fig. 1. 

In no case is an exactly parabolic rate of oxidation 

observed; a logarithmic or even asymptotic relationship 

may be obeyed, but further analysis must await the 
more precise results now being obtained. 

Fig. 2 shows that within the present limits of experi- 
mental error, the partial pressure of oxygen has little effect 
on the progress of oxidation at 300°C in the pressure- 
range investigated. It is possible that a high-root relation- 
ship may be obeyed, but this cannot be established by the 
results reported here. A greater pressure dependence is 
reported below 0-1 atm. of pure oxygen?. 

The moisture content of the gas has a much greater 
effect. Fig. 3 shows that at both 300° Œ and 600° C the 

= rate of oxidation is reduced by about 40 per cent by 

~ saturating the atmosphere (1 atm. pure oxygen in the 
examples shown) at room temperature by passing the gas 
through a series of wash bottles containing water. 

<A search of the literature has provided no useful infor- 
mation on the effect of water on the properties of the 

oxides of vanadium at high temperatures. Hydrated 

oxides are known; the mineral ‘Alaite’ is the monohydrate, 

V,0;.H,0, which may also exist as metavandic acid, 

HVO,, analogous with metaphosphoric acid. 
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Fig. 3. Effect of humidity on the oxidation kinetics of vanadium at 300°. 
and 600° C, at Po, = 1-0 atm., saturated at room temperature 

It has not yet beer possible to-establish by diffraction = 
techniques the strueture of the oxide produced ina moist — 
atmosphere, because the amounts available are small. 
It is intended to carry out in situ oxidation in an electron 
diffraction camera, sown to be available. 

Since V,O, is an n-type oxide, the mechanism of oxida- 
tion must involve the diffusion of oxygen ions through _ 
the oxygen-doficient lattice ;. indeed, the well-known 
application of this oxide as an oxidation catalyst appears — 
to depend on this very easy diffusion process!®, Hydra- 
tion of the oxide apparently fills the lattice defects, thus — 
reducing the rate of oxidation, although it is possible 
that the reduction in rete observed might also be explained 
by a change in the surface adsorption characteristics of 
the oxide or by the iatroduction of interstitial protons. 
Whichever case is true, the presence of moisture should — 
have an appreciable efect on the efficiency of the pente = 
oxide as a catalyst. Because the catalyst is normally 
used under rigorously dry conditions for other reasons, 
there is apparently no evidence for or against this. == - 

This work was supported by the Ministry of Aviation. 
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infra-red Transmittance of BasTa,O:s 
Crystals Grown by the Czochralski Method 


AN investigation of the barium oxide-tantalum pent- 
oxide phase diagram revealed the existence of several 
phases, Bay..,TaO,.s, a hexagonal phase’, Bays lads 
with the tetragonal tungsten~—bronze structure’, Ba, Ta,0;; 
with a novel hexagonal structure? and Ba(Bay.;Tag.;)O2.75 
with an ordered cubic perovskite structure*®. The 
stability of one of these compounds, Ba,Ta,O,;, has been 
noted in several papers, in which it was reported to be the 
high temperature decomposition. product of several com- 
plex oxides containing barium and tantalum as two of the 
constituents®-*, Because of the need for stable high tem- 
perature material for infra-red optical applications, 
attempts were made to grow single crystals of Ba,Ta,O,; 
so that their infra-red transmission characteristics could 
be measured and evaluated. 

Crystals of Ba;Ta,O,,; produced previously, using a 
PbO flux, were small and suitable only for X-ray diffrac- 
tion examinations. Since much larger crystals were 
required for the optical measurements, attempts were 
made to grow them using the Czochralski technique. In 
this process, a mixture of reagent grade barium carbonate 
and tantalum pentoxide was placed in an iridium crucible, 
1-5 in. diam. by 1:5 in. high, obtained from Engelhard 
Industries, Newark, New Jersey. The crucible and con- 
tents were heated inductively in air to the melting point 
of the compound. Pulling was performed using an iridium 
wire as a seed at a melt surface temperature of approx- 
imately 1,675° C as sensed by an iridium—iridium/rhodium 
thermocouple. Best results were obtained using draw 
rates of 0-6 to 0-9 em/h while rotating the crystal at 
5} r.p.m. Attempts to increase the rate of growth resulted 
in inclusions in the crystals. The most satisfactory single 
erystals of Ba;Ta,O,, for infra-red optical measurements 
were | in. long and 3/8 in. in diameter, 

The crystals were found to grow preferentially along 
the 001 direction and exhibited (001) and (110) cleavage. 
This agrees well with the structure as reported in ref. 3. 
The structure of Ba;Ta,O,; can be described as a 
five-layer repeat closest packing of oxygens with a 
barium replacing one oxygen. in each layer in the hexa- 
gonal unit cell, a = 5-79 A, c = 11-75 A. The tantalum 
ions are in octahedral co-ordination with oxygen, and the 
octahedra share corners except for the third and fourth 


vulnerable to cleavage parallel to this plane. All the 
metal atoms are included in the other cleavage plane. 
Spectral transmittance measurements were made on 
erystals cut perpendicular to the e direction of a Ba;Ta,O;5 
erystal using a Perkin-Elmer Model 13 Ratio-Recording 
Infra-red Speetrophotometer. The data are presented in 
Fig. 1. Note that a specimen of Ba;Ta,O,; 0-035 in. thick 
has a long wave-length cut-off limit of 6-14, which is 
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Fig, 1, Transmittance of a saraple of Ba,'f'a,O,,, 0-035 in. thick 


larger than that of fused silica and slightly less than that 
of sapphire of comparable thickness. Because Ba,;Ta,O,; 
also is stable to temperatures up to its melting point, 
resistant to atmospheric attack, and easily grown as a 
single crystal, it can be considered to be a new high- 
temperature infra-red material, which may prove useful 
in infra-red applications. 
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Order-Disorder Transformations in Graphite 
Nitrates 


GRAPHITE nitrates, in which the layers are intercalated 
in first, second and third sequences, all show an anomaly in 
thermal expansion around — 20° C, attributed to a lambda 
transformation from form I to form II on cooling these 
solids!. Structural investigations by X-ray methods have 
now confirmed that order-disorder transformations occur 
in each of these crystal compounds. Moreover, some of 
the findings indicate that this thermal transformation 
exhibits several unusual features. It has been shown that: 

(1) In form II, the layers of intercalated molecules 
(HNO, and NOj) assume a two-dimensional crystalline 
arrangement. On warming to give form I, these crystal- 
line layers ‘melt’, that is, they pass into a much more 
disordered two-dimensional assembly, akin to a liquid or 
glass (cf. Figs. la and 1b). Transformations between 
forms I and TI occur quite readily on cycling the tem- 


perature around the transformation point. Little is yet w 


known regarding the symmetry and cell dimensions of 
form II, exeept that the c-axis repeat distance doubles 
in all cases. 

(2) Although the four compounds show lambda trans- 
formations at effectively the same temperature, sug- 
gesting that each intercalate layer undergoes trans- 
formation independently, in fact the Akl superlattice 
reflexions indicate that in the first sequence compound 
(Fig. 1b) the sites occupied by the intercalate molecules 
are ordered in three principal directions. Furthermore, 
an interesting finding of the present research is that some 
(although not all) of the Akl superlattice reflexions are 
also sharp in compounds of sequences 2, 3 and 4 (Fig. le). 
The simultaneous occurrence of sharp and ‘streaked’ 
reflexions (diffuse in one dimension) suggests that the 
ideal three-dimensional order is perturbed by stacking 
faults. Ewen so, considerable three-dimensional order 
persists between intercalate layers in form TI of any of 
these three sequences. This contrasts markedly with the 
behaviour reported for the bromine layers in C,Br (ref. 2). 
Conceivably, positional correlation between different 
layers may appear at a lower temperature than the two- 
dimensional crystallization referred to in (1), but, if so, 


the temperature interval cannot be greater than a few 2 


degrees. — 

(3) The distances d(A) between layers which show such < 
correlations of position in the ordered structures of form IT 
are as follows: 


Sequence 


1 2 3 $ 
d (A) TEZ 11115 14-45 17-83 
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These distances are large, and it seems unlikely that 
conventional interaction forces between molecules in 
different layers can account for the lambda transforma- 
tion at about —20° C. 

A more probable explanation is that these compounds 
of graphite resemble the Hume-Rothery alloys’, in that 
structural changes occur because the resulting Brillouin 
zone allows the total electron energy of the system to be 
minimized. Support for the view that the electron energy 
has a marked influence on the structure of graphite 
nitrates comes from the highly regular sequence of inter- 
calate layers in form I and from various observations on 
the formation of low-sequence compounds. 

Although individual intercalate layers are disordered 
in form I, regularity of the interealation even in this 
form can be inferred from the stacking sequences which 
have been established for the graphite layers (Table 1). 
It should be noted that the results for sequences 2, 3 and 
4 do not agree with those reported by Riidorff*. 

Further evidence that a highly regular sequence of 
interealation layers is favoured in form I comes from the 
finding that when a piece of well-oriented, hot-pressed 
synthetic graphite’ is exposed to nitric acid vapour, 
compounds of progressively shorter sequence are formed 
in completely ordered succession. The significance of this 
can be seen by considering the changes involved in the 
sequence of filled layers (Fig. 2). 

As the nitrie acid content of the sample increases, 
specific layers in positions such as 4, 8, 3, 9, etc., must 
be filled and then emptied so as to preserve the periodic 
distribution of intercalate layers. This emphasizes the 
conclusion that regularity of intercalation in any com- 
pound of given sequence does not arise for purely kinetic 
reasons, and so supports the foregoing suggestion that 
the structures of graphite nitrates are controlled by 
electron band energies. It may well be that during 
compound formation the volume of the operative Brillouin 
zone (initially, that of graphite) undergoes changes at 
specific stages in the charge transfer reaction between the 
graphite and the intercalation species, to ensure that the 
remaining valence electrons of the graphite can effectively 
fill the new zone. | 

Finally, it may be added that the remarkable stacking 
sequences observed in the unfilled layers during the con- 
version of a graphite crystallite (Table 1) can be accounted 
for if the reversible stacking change: 
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AB=AIA 


occurring on filling or emptying a layer, takes place by the 
movement of a boundary dislocation through one of 
the carbon hexagon network layers. The Burgers vector 
of this boundary dislocation must have a resolved com- 
ponent in the layer, equal to a normal partial dislocation 
in graphite. The insertion of one intercalate layer then 


Table 1. STACKING SEQUENCES IN GRAPHITE NITRATES Form I 


Carbon hexagon network Uni 8 
stacking sequence * cell th) om 
Hexagonal 


1 AIALAIAIA 
an = 2:46 
Cu= 7-82 


Rhombohedral 
ayn = 2-46 
en = 33°45 


Orthorhombic 
a=2-46 
b=4-26 

c= 28°06 


Rhombohedra! 
an= 2°46 
en = 53°5 


Sequence 


P6/mmm 


AIABIBCICAIA R5m 


t 


3 AIABAIACAIA Cmo2, 


4 A!IABABIBCBCICACAIA R3m 


* A vertical line represents a layer of intercalate, 


NATURE 
mee the graphite stacking sequence from ABABABAB | 


1353 


C. The effect of the next intercalate layer- 
on the stacking sequence depends on the number of 
unfilled layers: the case appropriate to the third sequence 


4 - è f ‘ 
4 $ ~ d t 
> -> 5 * 
m pe é . = 
uy A + ee ee - 
‘ a T ar 
* 3 p — “2 
i è +. 
< * > , < 
$» R ~f 
. 
at 4 - ¿i 
j - 
2 = t * 
T r- , 
* f ⸗ al 
ê > 4 — h 
s 
. 





(b) 
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Fig. 1. X-ray diffraction photographs of the order—disorder transforma- 
= - aphite — i a) First — —* I, the sharp 

fuse quid or scattering from intercala yers. 
arise cy the entered stackion etworks. (b 


First agen, form II, showing 
layers. The diffuse scat in (a) has 
as the intercalate structuse is now odie AET, 
ttice reflexions, — th the additional 100 and 11 
exions, confirm that c-axis distance has doubled. (c 


reflexions uring transformation. 
reflexions are well resolved in —— when the intercalate layers are 
. q . 
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Graphite " * »4 * x a x 


r Fourth Sequence x 
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oi 

& i Third Sequence » x x x x x * x * x 
=E 

* 

= 

| Second Sequence x | x x | x * | x x x * * 
E 

5 

aie ENEA -|-]~]-]-[-]-[-]-[-| 
0 8 


emptying of intercalate layer positions such as 4 an 
from the carbon iaver stacking sequences adopted 


compound gives AB | BCB | BAB, from which the 
stacking sequence given in Table 1 is easily derived. 
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Total Optical Resolution of Free «-Amino- 
acids by the Inoculation Method 


SEVERAL investigations of the optical resolution of 
organic compounds by mechanical sorting’? and by 
preferential crystallization®-"" have been reported. This 
type of simple procedure of optical resclution would be the 
most advantageous method if we could obtain an optically 
pure isomer. However, in the reported resolution of 
pDL-amino-acids, most of the methods were impractical or 
resulted in a partial resolution with the exception of the 
optical resolution of pi-glutamic acid® and the copper 
salt of DL-aspartic acid®. 

In this communication, total optical resolutions of 
pL-a-amino-acids from their supersaturated aqueous 
solutions were carried out by seeding with pure crystals 
of L- or D-isomer of the amino-acid. Best results were 
obtained by the use of 20 ~ 45 per cent ammonium 
formate aqueous solution. The method was applied to 
the resolution of DL-aspartic acid, p.L-glutamic acid, 
DL-asparagine and DiL-glutamine. 

Typical resolution procedures are as follows: DE- 
aspartic acid, 14-0 g, was dissolved in a mixture of 25-0 g 
of ammonium formate and 40 ml. of water by heating at 
80° C. The hot solution was filtered and cooled slowly 
to 43° ©. To this solution, 0-50 g of finely pulverized 
L-aspartic acid was added and mixed with the super- 
saturated DL-aspartic acid solution. The seeded solution 
was allowed to stand undisturbed at room temperature 
(23° C) for 15 min. Precipitated crystals were filtered 
and washed with a small amount of cold water and 
ethanol. A weight of 1-57 g of L-aspartic acid (including 
seed) was isolated. This was recrystallized from 44 ml. 
of water and 1:28 g of purified t-aspartic acid was 
obtained, [a], = + 24°6° (e. 2-13, 6 N hydrochloric acid). 
(Found: C., 36:09; H, 534; N, 10-57. Caled. for 





8 are confirmed by the Aki reflexions 





C.M. O.N: C, 36-09; H, 5°30; N, 10-52 per | 
cent.) To the filtrate, 0-50 g of pulverized 
D-aspartic acid was added and stirred. 
The mixture was kept at room tempera- 
ture undisturbed for 45 min. A weight of 
1-69 g of p-aspartie acid (including seed was) 
obtained. This was recrystallized from 
water and 1:39 g of purified pD-aspartic 
acid was obtained, [a] = —23-6° (e. 2-03, 
6 N hydrochloric acid). (Found: C, 
3611; H, 5-30; N, 10-42 per cent.) 

pu-Ghitamine, 10-0 g, was dissolved in a 
mixture of 10-0 g of ammonium formate 
and 40 ml. of water at 80° C. The hot 
solution was filtered and cooled to 40° C. 
To this supersaturated solution, 0-50 g 
of -glutamine was seeded and stirred. 
After 20 min of undisturbed standing, 
the precipitated crystals were filtered and 
washed with a small amount of cold water and ethanol. 
A weight of 2-05 g of L-glutamine was obtained. This 
was recrystallized from 16 ml. of water and 31 mil. of 
ethanol; 1:72 g of purified L-glutamine was obtained, 
[a] 235 = +32-8° (c. 2-22, 1 N hydrochloric acid). (Found: 
C, 41:06; H, 7-00; N, 18-67. Caled. for C,H,,0,N,: C, 
41-09; H, 6-90; N, 19-17 per cent.) To the filtrate, 0-50 g ne 
of p-glutamine was seeded. After 30 min of undisturbed 
standing, the precipitated crystals were filtered and 
washed with cold water and ethanol. p-Glutamine, 2-32 g, 
was obtained. This was recrystallized from water and 
ethanol; 1-97 g [a], = —31-4° (e. 2:31, 1 N hydrochloric 
acid), (Found: C, 41-48; H, 6-99; N, 19-21 per cent.) 

pi-Glutamic acid and pL-asparagine were also resolved 
in essentially the same manner as described in the 
resolution of DiL-aspartic acid and pti-glutamine. Sum- 
marized results are shown in Table 1. For further optical 
resolutions, the mother liquor can be used repeatedly by 
adding the same amount of pL-amino-acid which crystal- 
lized out from the solution. 


x 


Intercalated Layer I 2 3 4 5 7 8 9 10 11 12 
Position 

Fig. 2, Diagrammatic representation of the distribution of intercalate layers within a 

graphite crystallite during the formation of short — compounds. The filling and 


x 


Table 1. OPTICAL ACTIVITIES OF RESOLVED AMINO-ACLDs * 
Amino-acid to he [alph solvent Optical purity 
resolved Configuration. (hydrochloric acid) (%)} 
DL-Aspartic acid L +246 6N 99 
: p -286 6N 95 rd 
Dui-Glutamic acid L +285 ON Gi 
l D -275 6N 88 
pL-Asparagine L +256 3-6N 3 
D — 207 36 N oy 
pL Glutamine L + 32-3" 1 N 100 
D — 3A 1X HÀ 


* All elemental analyses of resolved amino-acids agree with the theoretical 
value after one reerystallization. 

This type of optical resolution is not only interesting as 
a convenient resolution method for amino-acids, but also 
interesting in the context of the formation of optically 
active organie compounds in the pre-biologiecal sys- 
tams, It was estimated that in the primitive sea, 
before life was evolved, many kinds of organic compounds 
were accumulated in relatively high concentrations (~ 10 
per cent)!7, In a lagoon or in a shallow pond, some 
organic compounds might have crystallized out from the 
primitive sea (‘primitive organic soup’) by evaporation 
of water. On crystallization of ‘primitive soup’, some 
racemic organic compounds might have been resolved to 
their optically active isomers. Dissymmetric inorganic 
crystals such as quartz crystals in the bottom of the sea 
might have acted as a seed of erystallization of organic 
compounds. This crystallization condition in the primitive 
sea is very similar to that of the optical resolution which 
is described here. Ammonium formate might be con- 
sidered as one of the most abundant compounds on the 
primitive Earth. 

One important condition in the optical resolution by 
the crystallization procedure is that the attraction 
between L- and D-isomers is weak; preferably the com- 
pound should be a racemic mixture (conglomerate). 
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However, in general, «-amino-acids form racemic com- 
pound crystals in the pH area of the isoelectric point. 
For this reason the seeding procedure did not give any 
optically active aspartic acid from pure aqueous DIr- 
aspartic acid". The third compound, ammonium formate, 
which was added to the aqueous aspartic acid solution, 
may act as an agent: (1) to stabilize the supersaturated 
solution; (2) to slow down the crystallization rate; (3) to 
weaken the attraction between the D- and L-molecules 
to form a racemic compound. 

Thus the idea of optical resolution of p1i-«-amino-acids 
by inoculation is based on the ‘primitive soup theory’ in 
the pre-biological systems. 

This work was supported by grants NsG—173-62 and 
NsG-689 from the National Aeronautics and Space 
Administration. 
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Photo-ionization of Aromatic Compounds in 
Hydrocarbon Glass at 77° K 


PHOTO-IONIZATION in hydrocarbon glasses has been 
reported for amines’)? which are known to possess low 
ionization potentials. In these cases, photo-ionization, is 
proportional to the intensity of the photolysing light. 
Photo-ionization has been established by observing one or 
more of the following: absorption spectra of ions and/or 
electrons'*; delayed luminescence‘; thermolumines- 
cence®’t; electron spin resonance spectra of electrons'; 
optical bleaching of electrons and the resulting lumin- 
escence’; photoconductivity®. 

We have found evidence for the photo-ionization of 
toluene, phenol, aniline, naphthalene, phenanthrene, 
fluorene, diphenyl methane, perylene and biphenyl 
in 3-methyl pentane (3 MP) at 77° K on irradiation 
by ultra-violet light at 2537 A. Concentrations were 
in the region of 102-10 M and the solutions were out- 
gassed. The photolysed solutions luminesce on warming 
up, giving the fluorescence and phosphorescence spectrum 
of the solute. In the case of toluene, emission from the 
benzyl radicals is observed in addition to that from the 
toluene (Fig. la). In thermoluminescence spectra, 
the phosphorescence/fluorescence ratio is higher than that 
in optical excitation (Fig. 1). A similar observation’? was 
made in the thermoluminescence of y-radiolysed solutions 
of naphthalene. On shining infra-red light (à > 6500 A) 
on the photolysed solutions (bleaching), a weak emission 
consisting of fluorescence and phosphorescence of the 
solute molecules with the same characteristics as in 
thermoluminescence, was observed. In the case of 
toluene, no benzyl emission was observed when the photo- 
lysed solution was bleached. We looked for the absorption. 
spectrum of electrons on photolysis, but could not detect 
any; this might be due to the low yield of electrons and 
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the interference from the solvent absorption (electron 
absorption for 3 MP is expected! at about 6,000 cm~ to 
9,000 em). However, in photolysis of toluene solution, 
a very weak absorption (optical density, about 0-02) was 
detected at 10,800 A, and this absorption increased to 
0-05 on addition of zarbon tetrachloride. Similar observa- 
tions in y-radiolysis have led Hamill?’ to assign this band 
to @CH,*. _ 

All these observations are consistent with the hypo- 
thesis that ionization of the solute molecules occurs 
during photolysis, and the luminescence observed on 
warming or bleachmg is due to the recombination of the 
ions and electrons. 

We have found that the thermolumimescence emission 
is very nearly proportional to the square of the intensity 
of the photolysing Lght; this-indicates-that the ionization 
is a2 two-photon proess. After long exposures, saturation 
is reached. Processes 1 and 2 are proposed for the pro- 
duction of ions and electrons. Such a scheme has been 
proposed by Charlesby and Partridge’® to account for 


photo-ionization in. polyethylenes. 


A + hy A*A (1) 

14 + hy A**¥-—> At + e- (2) 

There is a possibilisy of electron attaching to the solute 
molecule (A) resulting in A-. 

Processes 3 and ¢ provide for the depletion of ion and 
electrons and lead so saturation of ion-electron pairs for 
long exposures. 

e- + hy -> e- (mobile) (3) 
e- (mobile) — At—» A **—» A + hyr or hyp (4) 
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Fig. 1. Uncorrected spectra recorded on Amifnco-Kiers spectrophoto- 
phosphorimeter. ... Flrorescence (J) and phosphorescence (p) optically: 
excited ; hermoLiminescence. a, toluene ~107°M in 3 MP; b, 
phenanthrene ~10° M n 3 MP; B, benzyl enussion. (Optical excitation 


‘was by using a photorysed solution of toluene with 320 mz light) 
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Fig. 2. Thermoluminescence yield of naphthalene as a function of 
exposure J.t. @, Intensity J; and ©, Intensity 7/2, experimental 
points ; , curve obtamed from expression 6 by adjusting C, and C3 





Thermoluminescence yield y is then related to the 
exposure, I.t, by the expression: 


y = 0, {1 — eC} (5) 
where Ci, C, are functions of intensity of the photolysing 
light. This expression is found to give a fairly good fit 
to the experimental results (Fig. 2). 

Process 2 may be replaced by process 2a: 

3A + 34 —> A**—> At + e7 (2a) 
In this case, the wave-length dependence of thermo- 
luminescence would closely follow the excitation spectrum 
of the solute. Preliminary experiments on the wave-length 
dependence in the case of naphthalene solutions suggest 
that this is not directly related to the excitation spectrum 
of naphthalene. We are inclined to favour process 2, 
which is also energetically more feasible than 2a. 

There is, however, a difficulty about the energetics 
involved in the ionization process. In the first mechanism 
proposed, the.avaiulable energy falls short of the gas phase 
lonization potentials by about 8,000 em“! in some cases. 
This can be understood if the ionization potentials in the 
condensed phase are lower by that magnitude than those 
in the gas phase. There would also be an electrostatic 
stabilization if the ion and electron are trapped close 
together. 

Benzene, anthracene, benzophenone, pyridine, fluoro- 
benzene and nitrobenzene did not yield detectable thermo- 
Jumunescence. Ionization in these cases may not be 
feasible energetically, either due to highionization potential 
(benzene, benzophenone, nitrobenzene and pyridine) or 
due to the low energy of the triplet level or due to the 
low yield of triplet levels (fluorobenzene),. 

We thank Dr. B. Brocklehurst for his advice. We also 
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Nature of the Photoeffect in Aqueous Solutions 


As has been already reported!-*, a photocurrent is 
produced when a dropping mercury electrode is sufficiently 
strongly illuminated in solutions not absorbing the light. 

Further investigation of this effect shows that in various 
solutions cathodic and anodic photocurrents can be 
obtained and that the cathodic photocurrent is particularly 
high if the solution contains a scavenger either of electrons 
or of hydrogen atoms. A plot of energy of the red hmt of 
photocurrent against potential of the electrode gives a 
straight line (Fig. 1) the slope of which indicates the 
dependence of the photoprocess on potential; the red limit 
at the potential of zero charge gives the energy necessary 
for production of photocurrent in absence of electric field 
due to ionic double layer. 
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Fig 1. Relation between the energy of red limit of photocurrent, and the 
electrode potential in 0-1 M Lil saturated with N,0. a, In water; b, in 
ethanol. Potentials measured from the potential of zero charge 


From an examination of a number of solutions 1t appears 
that the cathodic photocurrent is as a rule higher by more 
than one order in water than m ethanol. Table 1 com- 
pares parameters of the potential—red limit diagrams for 
some solutions yielding especially high photocurrents. 
With aqueous solutions the straight lines, although of 
different slopes, all have a common intercept at the 
potential of zero charge corresponding to 3-40 eV (within 
the limits of experimental error). In ethanol, on the other 
hand, there is a wide dispersion of the intercepts, the 
lowest value being 4:65 eV, shghtly higher than the work 
function of mercury, 4°53 eV (ref. 4). 

The surprisingly low value in water suggests that there 
the emission of the electron from the mercury surface is 


Table 1 
Solution Aqueous Ethanolic 
(0-1 M unless slope intercept slope intercept 

stated otherwise} (eV/V) (eV) (eV/V) (eV) 
LiCl sat. with N,O* 19 8 45 18 4 85 
LiCl + acrylonitrile 16 8 45 22 4 65 
KONS 11 3 35 
Na,5,0; 15 3 40 
KNO 15 3 30 
NaNO,t 19 3 40 23 5 15 
HCI 26 3 30 
HClO, 28 3 40 
H,S80, 24 3 45 
Acetic acid 24 3-45 
Oxalic acid 4'2 3°35 40 5 40 


š pena of N,O ın aqueous solution about 2 6 x 107? M, in ethanolic about 
x10- 


t -+01 M KOH in aqueous solution; ethanolic solution saturated, about 
4x 10-2 M, 


support in the course of research. 
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made easier, probably by its transfer to an adsorbed water 
molecule with production of a hydrogen atom and a 
hydroxyl anion, that 1s, by a mechanism known from 
electron transfer spectra in aqueous solutions. Dainton 
and James® discovered a linear relationship between the 
redox potentials of a series of cations and the energy of 
their red limit of absorption. From the graph illustrating 
this relationship it can be found that the energy corres- 
ponding to red hmit of absorption for a cation with redox 
potential equal to potential of zero charge of mercury 
would be 81 kcal/mole or 3-55 eV. The fact that this 
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value is near to the 3-40 eV obtained from the red limit of ` 


photocurrent supports the hypothesis that the same 
mechanism is involved in both phenomena. 
I thank I.C.I. and the British Petroleum Company for 


M. HEYROVSKÝ 
Department of Physical Chemistry, 
University of Cambridge. 


* Barker, Q C, and Gardner, A W.: papers presented at the fourteenth 
meeting of C.L.TC.E in Moscow (August 1963), and on the Gordon 
conference in Santa Barbara, California (January 1964). 
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BIOPHYSICS 


X-ray Diffraction from Living Striated 
Muscle during Contraction 


For some time X-ray diffraction techniques have been 
used to study living muscle in the resting state'*. Using a 
modified Franks’s type of small-angle camera! and a 
Hilger microfocus X-ray generator, it has been possible 
for the first time to record equatorial and meridional 
X-ray reflexions from striated muscle durmg contraction 
as well as during rest. 

It is known that in vertebrate striated muscle the actin 
and myosin filaments are arranged in a double hexagonal 
lattice??, From measurements of equatorial X-ray 
reflexions and of sarcomere lengths (by light diffraction), 
the volume of the lattice can be determined. As the 
sarcomere length of the resting muscle is changed this 
lattice volume remains constant, within the experimental 
error, from the point at which the actin filaments butt 
against one another in the centre of the A-band to the 
pomt at which the actin filaments leave the A-band 
(myosin) array’. In living resting frog muscle, at lengths 
where contraction is possible (which include the in vivo 
length range), the actin-to-myosin centre-to-centre dis- 
tance varies between 190 and 260 A (ref. 2). 

In the new experiments the sartorius muscle of the toad 
(Bufo bufo) was used, since the twitch of this muscle 1s 
slower than that of frog muscles. The change of filament 
lattice with muscle length was found to be the same in the 
resting toad muscle as in the frog muscle. The muscle 
was stimulated with a double condenser pulse (differen- 
tiated square wave) to contract once every 30 or 60 sec. 
At about 5° C, and under these conditions of stimulation, 
the muscle would contract for up to 3 days. A lead shutter 
was placed in the X-ray beam and coupled to the musele- 
tension recording system (R.C.A. 5734 transducer) so that 
when isometric tension was above a predetermined level 
(about 5 g) the shutter was open. In this way only the 
X-ray pattern from the contracting muscle was recorded. 
The stimulus, tension development, and shutter movement 
were monitored continuously on oscilloscope film. 

During the recording of the equatorial diffraction 
pattern the beam current of the X-ray generator was 
pulsed (through the bias control) synchronously with the 
stimulus, and by this means a five-fold increase of beam 
current could be obtained without serious beam defocus- 
ing. For each muscle (25 in all) a resting pattern was ob- 
tained, then a contracting pattern, and finally a repeat 
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of the resting pattem. The spacings and relative intensities 
of the hexagonal lattice reflexions from the contracting 
muscle were compared with the average from the two 
resting patterns. 

It was found that at lattice spacings (myosin-to- 
myosin) in the range 350-430 A (which corresponds to a 
range of sarcomer2 lengths from about 3-6 to 2-lp) 
there was a small and roughly constant decrease of about 
6-12 A in the lattice spacing from resting to contracting 
muscle. Thus, in ecntracting muscle as in resting muscle, 
the lattice spacing 1s very different at various muscle 
lengths. This rules out the possibility that at all muscle 
lengths the actin-to-smyosin distance adjusts to a constant 
value during contrection ; the interaction between the 
actin and myosin filaments during contraction must then 
involve long-range forces, or possibly some type of 
variable-length projactions on the myosin filaments which 
can be at least 50 4 longer at short sarcomere lengths 
than at long. 

The experiments also show that the relative intensity 
of the reflexions changed somewhat from resting to 
contracting muscle the (1,1) reflexion became more in- 
tense relative to the (1,0) reflexion. ‘This is consistent 
with either a decrease in the contribution from the myosin 
filaments or an increase in the contribution from the actin 
filaments, or both thase effects together?. The actin contri- 
bution could be increased if the tension developed on con- 
traction pulled the actin filaments in the I-bands into 
greater order. It is thought that in the resting state the 
I-band filaments are poorly ordered*. 

Technical 1mprovements to the X-ray cameras* had 
made it possible to register X-ray diffraction patterns from 
within actin and paramyosin filaments during contraction 
of molluscan smooth musclet. These improvements have 
now been applied tc the actin and myosin filaments of 
striated muscle. Tke X-ray reflexions measured, which 
occur on or near ths meridian, are the third and sixth 
orders of a basic myosin periodicity of about 432 A and 
the sixth order of a basic actin porodio iy of about 350 Å 
(or possibly the seventh order of a 410 A periodicity)’~*. 
In this seres of experiments the X-ray generator was not 
pulsed, but the toad sartorius muscle was stimulated once 
every 10 sec. Under these conditions, and at about 5° 
C, the muscle con-inued to contract for about 24 h. 
Table 1 shows that within the experimental error of less 
than 1 per cent thers is no change in either the myosin 
or the actin periodicity when the muscle contracts. Thus 
it can be concluded that in striated muscle, as in molluscan, 
smooth muscle’, thers is no overall change in the molecu- 
lar arrangement within the actin or myosin filaments 
during contraction, though a small cyclic change could not 
be eliminated by these experiments. 

In addition to the reflexions described here, the X-ray 
diffraction pattern of living resting frog sartorius muscle 
contains a series of layer lines at orders of 432 A, which 
have been ascribed to the projections on the myosin 
filaments’. In preliminary experiments we have observed 
these layer lines up to the tenth order in contracting 
(toad sartorius) muscie, and have found no change m the 
spacings on comparing contracting with resting muscle. 

It seems more likely, however, that if changes are to be 
found on contraction they will be in the intensity distri- 
bution of the layer lines. We plan to pursue this aspect. 

We thank Sir Johr. Randall for providing facilities for 
this work and Dr. Jaan Hanson and Dr. D. R. Wilkie 
for advice. 


Table 1, ACTIN AND MYOSIN SPACINGS FROM RESTING AND CONTRACTING 
TOAD SARTORIUS MUSCLES 


Restirg (A) Contracting (A) 
Actin 59 140-2 (7) 59 0+02 (7 
— 716+05 (6) 72-0403 x 
yosin 4445 £1 (7) 142 +1 (7) 


Each set of measurements was made on the diffraction pattern from the 
— muscle, and then om the diffraction pattern from the same muscle 
during contraction, For ea h reflexion the standard error of the mean is 
given and, in parentheses, th- number of muscles from which the spacing was 
measured. 
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Note added in proof. Sinee submitting this article we 
have learnt that Drs. H. E. Huxley, W. Brown and K. C. 
Holmes, using frog sartorius muscle and an essentially 
similar method, have shown that the spacings and 
intensities of the ‘59’ A actin reflexion, and the ‘72’ and 
‘144’ A myosin reflexions, do not change during contrac- 
tion (short tetanus). The results we have now also support 
their finding that the intensity distributed along the layer 
lines . decreases relative to the meridional reflexions in 
contracting as compared, with -resting muscle. 

e , G. F. ELIIOTT. 
. J. LOWY 
. Medical Research Council - B., M. MILLMAN . 
Biophysics Research Unit, : 
26-29 Drury Lane, London, W.C.2. 
1 Huxley, H. E., Pree. Roy. Soc., B, 141, 59 (1953). | 
3 Elliott, G. F., Lowy, J., and Worthingtan, C. R., J. Mol. Brol., 6, 295 (1963). 
? Elhott, G. E., Proc. Roy. Soc., B, 180, 467 (1964). 
t Millman, B. M., and Elliott, G. F., Nature, 206, 824 (1965). 
R ae F., and Worthington, C. R., J. Ultrastructure Research, 9, 166 
* Millman, B, M. (in preparation). 
? Selby, O. C., and Bear, R. S., J. Biophys. Biochem. Cytol., 3, 71 (1956). 
* Elliott, G. F., and Worthington, C. R., J. Physiol., 148, 32P (1959). 
? Worthington, O. R., J. Mol: Bwl., 1, 398 (1959). - 


‘Constancy of Axial Spacings in Frog’ 
Sartorius Muscle during Contraction 

STRIATED muscles give a characteristic system of low- 
angle X-ray reflexions. These reflexions can be seen using 
preparations maintained in a normal physiological con- 
dition and still able to contract??. A number of axial 
reflexions can be observed in addition to the equatorial 
reflexions which arise from the hexagonal lattices of over- 
lapping actin and myosin filaments’*. Part of the axial 
pattern comes from the actin filaments and closely re- 
sembles the patterns given by oriented samples of purified 
actin*-*; in muscle, the most prominent feature here is a 
strong off-meridional reflexion at 59 A. At smaller angles a 
number of reflexions corresponding to an axial period of 
approximately 435A are observed, and Worthington’, 
whose measurements are more accurate than the original 
ones}, has given good reasons for believing that they come 
from the myosin filaments. According to the sliding-fila- 
ment model, passive changes in the length of the muscle 
are not accompanied by any changes in the lengths of 
either type of filaments, and so the original observation! 
that all the axial reflexions are unchanged by passivo 
stretch is precisely what we should expect. 

It is of great importance for theories of contraction to 
know whether changes in the internal configuration of the 
actin or myosin filaments occur between the resting and the 
active state of the muscle. Much information from electron- 
microscopy indicates that overall changes in filament 
lengths do not occur®*; but more detailed evidence ob- 
tained from X-ray diffraction experiments in which the 
muscle can be preserved in its living state throughout 
would be most welcome. However, even the most rapid 
low-angle diffraction systems have previously taken several 
hours to register the axial spacings from surviving muscles; 
such exposure times obviously make it extremely difficult 
to examine actively contracting muscles. We now find 
that the pattern can be recorded in as little as 10-20 
min using a slightly modified version of a focusing quartz- 
monochromator and fine-focus rotating . anode tube 
combination, recently introduced: by one of us (IS.C.H.). 

Sartorius muscles dissected with extreme care from 
frogs in prime condition were maintained at 3°-5°C in 
oxygenated Ringer’s solution- fortified with metabolites. 
They continued to give good contractions for periods as 
long as 40-50 h in some cases, being stimulated electrically 
to give l-sec tetani at l-min intervals, by supra-maxima! 


pulses of width 2-10 msec and repetition frequency 10-16" 


per sec: This gives total available exposure times up to 
40-50-min, although our pictures were obtained in times 
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Table 1. MEASUREMENTS OF AXIAL SPACINGS IN FROG SARTORIUS MUSCLE 


Actin 
Myosin reflexions (A) reflexion (A) 
Relaxed 144°8+0°4 72 8404 608 +01 
Contracted. 1455+08 733404 5995+02 


shorter than this. Muscles, the endurance of which was less 
satisfactory, as was sometimes the case, could be replaced 
on the camera by fresh specimens and the exposure 
continued. The muscles were attached to an isometric 
lever and gave tensions up to about 60 g (equivalent to 
2-3 kg/cm? of their cross-section) ; the average tensions 
during the experiment were about 80 per cent or more of 
the starting tension. A shutter was arranged so that the 
diffraction pattern was recorded only during that portion 
of each tetanus when the externally measured tension 
exceeded & certain value, usually about 30 g. Control 
diffraction patterns were recorded before and after the 
long series of short tetani, and these were found to be 
normal. Experimental details will be given more fully 
elsewhere. 

Woe find that, to the limits of accuracy of our measure- 
ments (about I per cent normally, but as little as 0:5 
per cent in the case of some measurements of the myosin 
spacings) the spacing of both sets of axial reflexions 
remained unaltered when the muscles contracted (Table 1). 
No major changes in the relative intensities of the stron- 
gest reflexions were observed and no prominent new re- 
flexions appeared either. The experiments show, therefore, 
that no changes in the repeating periodicities (and hence 
in the overall lengths) of the major part of the actin 
and myosin filaments occur when the muscle becomes 
fully active and develops isometric tension; and that 
probably no major conformational changes occur syn- 
chronously within all units of these repeating patterns. 
This by no means rules out, however, the possibility that 
local changes in periodicity or in configuration or in both, 
may occur during contraction, restricted at a given instant 
to a short region of the filament but changing in position 
with time. 

We thank Prof. A. Hemingway, Prof. A. L. Hodgkin, 
Dr. D. R. Wilkie and Dr. B. R. Jewell for advice on the 
handling of muscles. 

Since making these- observations we have learned that 
Drs. G. Elliott, J. Lowy and B. Millman, who have pioneer- 
ed the study of the equatorial reflexions during contraction, 
have obtained similar results using toad sartorius muscle 
(preceding communication). 

Note added in proof. We have now obtained diagrams, 
using @ camera with high resolving power in two directions, 
which show a large decrease, during contraction, in tho 
intensities of the off-meridional portions of the myosin 
layer-lines (which are themselves weaker than the meri- 
dional myosin reflexions discussed here), indicating a 
movement of the cross-bridges. 

H. E. Huxiey 


W. BROWN 


Medical Research Council, K. C. Hotmss 


Laboratory of Molecular Biology, 

University Postgraduate Medical School, 
Cambridge. 

1 Huxley, H. E., Ph.D. thesis, Univ. Cambridge (1952). 
* Huxley, H., E., Proc. Roy. Soc., B, 141, 59 (1953). 
® Hanson, J., and Huxley, H. B., Nature, 172, 530 (1968). 
‘ Astbury, W. T., and Spark, L. O., Biochim. Biophys. Acta, 1, 388 (19477. 
5 Bear, R. S., and Selby, C. C., J. Biophys. Biochem. Cytol., 2, 55 (1956). 
è Cohen, C., and Hanson, J., Biochim. Biophys. Acta,21, 177 (1956). 
? Worthington, C. R., J. Mol. Biol., 1, 398 (1959). : 
3 Page, S., and Huxley, H. E., J. Cell. Biol., 19, 369 (1963). 
è Page, 8., Proc, Roy. Soc., B, 160, 460 (1964). 


Sub-structure of Quantasomes 
Taw protein layer in the lipoprotein lamellae of chloro- 
plasts must be considered as an aggregation of two-dimen- 
sional crystallites, each one consisting of 16-32 lattice 
points. The crystallites can either be arranged regularly 
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with ‘amorphous’ interspaces or irregularly in a fluid-like 
structure. This concept results from small-angle X-ray 
diagrams}. 

Electronmicrographs by Park and Pon? and Park and 
Biggins® demonstrate that the hpoprotein lamellae consist 
of particles nearly 200 in diameter arranged in a 
regular way. Park and Pon called these particles ‘quanta- 
somes’. 

The crystallites already mentioned here are identical 
with the protein component of the quantasomes. Probably 
they represent the ‘structure protein’ of quantasomes only. 
The proteinaceous mass is predominantly gathered in 
regions about 27 in diameter forming a quadratic 
lattice within the crystallite**. The largest period found 
for this lattice is in : 


Isolated aqueous chloroplasts 36 Å 
Chloroplasts in living cellist 32 A 
Air-dried chloroplasts’ 38 

Lipid-extracted dried chloroplasts 38 A 


In air-dried chloroplasts and lipid-extracted chloroplasts 
the lattice consists only of 4 lattice points instead of at 
least 16 lattice points in aqueous chloroplasts. 

These results are contradictory in two ways: first, 
if the crystallite of 16 lattice points disaggregates into 4 
sub-units, each one built up of 4 lattice points, a reflexion 
according to a Bragg-spacing less than 32 A should occur. 
Instead we find a reflexion according to a 38 A spacing. 
Secondly, on drying the distances in the protein should 
rather shrink than enlarge. 

Small-angle X-ray diffraction patterns obtained from 
protein-preparations after Weber’ give an explanation for 
these contradictions. These patterns show a reflexion 
according to a Bragg-spacing of 32 A but also an additional 
one according to 45 A. Both spacings are considered 
to be the (10)- and (11)-distances of a two-dimensional 
quadratic lattice consisting of 16 lattice points®. 

By this, the results may be interpreted as follows: in 
Weber’s preparations the ‘structure protein’ of one quanta- 
some is arranged as shown in Fig. 1. Here the ‘structure 
protein’ is composed of 4 sub-units each consisting of 4 
mass centres. To explain the scattering effect with chloro- 
plasts in living cells (see foregoing) the protein structure 
of Fig. 1 has to be modified in such a way that the 45 A 
reflexion will be suppressed. According to calculations of 
scattering functions of various models a suppression of the 
45 A reflexion is possible by association of additional 
particles (perhaps enzymes) either at the outer side (Fig. 
2a) or in the centre of the sub-units of the structure 
protein. Furthermore the suppression may also be suppor- 
ted by dislocation of quantasomes (Fig. 2b). (In Weber’s 
preparations one or two particles may also be attached 
to the ‘structure protein’. They will have, however, only a 
negligible influence on the scattering effect.) In dred 
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Fig 2. a, Protesn partirles (enzymes) attached to the outer part of the 
sub-units of the qiantasome; b, dislocation of quantasomes 


chloroplasts and lipid extracted chloroplasts the protein 
structure 1s disordered by a loosening of the sub-units 
from each other. Under these conditions only the single 
broad 38 A reflexion will be caused by pure sub-units or in 
sub-units with no more than two particles attached to the 
outer side. With face-centred sub-units, however, no 38 A 
reflexion is to be expected at all. Therefore the model 
of Fig. 2 agrees best with all experimental data. This 
model explains the suppression of the 45 A reflexion, the 
breaking of the latice in the protein layer after each 
16-32 lattice points and the occurrence of one broad 38 A 
reflexion. with dried or lipid-extracted chloroplasts. 

Finally, the suggestion may be noted that the attached 
particles are enzymes concerned with the primary process 
of photosynthesis. Therefore it might be possible by 
further small-angle X-ray investigations to obtain detailed 
information about the arrangement of the enzyme-chain 
of the primary process of photosynthesis within the pro- 
tein layer of chloroplasts. 

This work was supported by the Deutsche Forschungs- 
gemeinschaft. 

W. KREUTZ 
Max-Volmer-Institut, 

fur physikalische Chemie, 
Technische Universitat, Berlin. 
1 Kreutz, W , and Menke, W., Z. Naturforschg., 17, b, 675 (1962). 
? Park, R. B., and Pon, N. 2., J. Mol. Bol , 6, 105 (1968). 
> Park, R. B., and Biggins, J., Scrence, 144, 1009 (1964). 
4 Kreutz, W., Z. Naturforschg.,19, b, 411 (1964). 
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€ Kreutz, W., Z. Naturforsehg.,18, b, 1098 (1963). 
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BIOCHEMISTRY 


Constituents of Amanita muscaria 


THe fungus Amanita muscaria has been the object 
of intensive investigations for many years, and two of its 
constituents, muscazine and acetylcholine, are of funda- 
mental importance m pharmacology. The elucidation of 
the structure of muscarine in the classical researches of 
Kögl et al.1-° and Eugster* and Waser® has overshadowed 
the existence in the plant of other interesting substances. 
The fungus has lorg had a reputation for insecticidal 
properties in folk-lore as the names ‘muscaria’, ‘fly agaric’ 
and ‘fliegenpilz’ imply. Ramsbottom‘ describes its use 
—hbroken up in milk or sprinkled with sugar—as a fly 
trap in various parts of Europe. 

In the light of recent publications by Takemoto et al.?7-4 
on the isolation of fly-killing constituents of some Japanese 
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fungi, we wish to record briefly the occurrence in A. 
muscaria of compounds having interesting effects on 
insects. 

For many years ıt seems to have been assumed that 
the insecticidal action of the fungus was due to muscarine, 
but we were able to show in 1958 (unpublished observa- 
tions) that pure muscarine was devoid of action when 
given orally to the ordinary housefly, Musca domestica. 
We thank Prof. Kögl for the sample of pure muscarine 
which enabled us to carry out the work. 

In our investigations into the compounds present in 
the plant and having action on insects, we evolved a 
simple testing technique. It was as follows: Pupae of 
Musca domestica were hatched in cylindrical muslin 
cages at 22°-24°. The insects were fed for 4-5 days aftor 
hatching by means of cotton wool moistened with diluted 
sugar solution. The food was then withdrawn for 17 h 
and the starved flies counted out into conical flasks. 
This may be readily done by allowing the insects to pass 
through a hole in a piece of cardboard separating the cage 
from the flask. Normally, five flies were counted into 
cach flask and the batches were later transferred to a series 
of test-tubes 18 cm long by 2-5 cm diameter containing 
the materials to be tested. The tubes were clamped 
nearly horizontally and were stoppered loosely with glass 
wool. Before introducing the flies, the test solution 
(0-1 ml.) was pipetted into the tube, a’ few crystals of 
sugar added as a bait, and the solution taken up on to a 
tightly rolled ball of ‘non-absorbent’ cotton wool (0-2 g). 
This was done in order to avoid external contamination of 
the flies with the materials. Starved flies readily imbibe 
from the cotton wool, taking up on the average 10 ug of 
solution. By usmg this technique a large number of 
fractions could be tested simultaneously. 

After the flies had imbibed extracts of A. muscaria 
they were usually overcome within 10-15 min. The 
effects appeared as rapid wing beats followed by apparent 
loss in the use of the wings. Ability to walk was retained 
for a while, but this was eventually lost and a state of 
apparent death then prevailed. This lasted for 50 h or 
longer, provided the active material was present in 
concentrations which were not too high. In order to avoid 
repeated dosing on recovery, the insensible insects were 
transferred to fresh tubes containing a ball of cotton wool 
moistened with sugar solution. Recovery in the msccts 
was the reverse of the effect observed on administration 
of the extracts, power returning first to the legs and later 
to the wings. This treatment can be repeated at will on 
the flies without undue harmful effects being observed. 

Examination of various parts of the fungus showed 
that much of the activity was concentrated in a band of 
yellow material in tho cap beneath the red skin, although 
some slow-acting substance was also present in the stalk. 

Chromatography of aqueous extracts of the whole 
plant was carried out on sheets of paper using alcohol/ 
water (5:1) as the developing solvent. The active areas 
were detected by cutting the dried sheets into horizontal 
strips which were rolléd into the form of cylinders and 
placed in hypodermic syringes (8 cmx*1:5 em diam.) 
having the needle exits temporarily blocked. Distilled 
water was added and the paper macerated in the syringes, 
the solutions expelled by means of the plunger and the 
pulp re-extracted again with water in the same way. 
By this means the active materials were rapidly extracted 
from the chromatogram strips. The solutions were freeze- 
dried in small weighed flasks. The dried extracts were 
re-dissolved in water to a concentration of 25 mg/ml. 
and tested as described. 

By these means three areas of activity were -detected 
on the chromatograms which were designated Amanita 
Factors A, Band C. Electrophoresis of aqueous extracts 
of the plant on Whatman seed test paper using sodium 
acetate/acetic acid buffer of pH 5 and a potential of 100 V 
showed after 12 h two areas of activity against Musca 
domestica. one a broad band approximately 5 cm from the 
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origin in the direction of the cathode, and a narrow band 
which had moved about 0°75 cm from the origin towards 
the anode. 

Similar results to those on paper chromatograms 
were obtained when larger quantities of material were 
fractionated through a cylinder of paper in a ‘Chromax’ 
column; but the process was very tedious, requiring the 
collection of hundreds of samples. The use of a column 
of diethylaminoethyl cellulose showed that Factor A 
passed through the column readily with the alcohol/water 
(5:1) solvent system, the pH of the eluate rising to 9 
during this stage. Factor B was eluted by water, but 
Factor C required 2 N ammonium hydroxide to remove ıt 
from the column. 

Using “Deacidite FF’ (base) resin, Factor A was readily 
eluted at pH 6-7, but Factor B required a pH of 3. 

Factor B was obtained pure by the method described 
by Bowden and Drysdale? and mass spectrographic and 
nuclear magnetic resonance data indicated the structure 
to be I (R =H). 


* 


This structure was confirmed by the independent work 
of Takemoto et al°. These Japanese workers have 
isolated the corresponding carboxylic acid, ibotenic acid 
(I; R = COOH) from Amanita strobiliforms, A. pantherina 
and A. muscaria and it seems likely from the behaviour 
of our Amanita Factor C on ion exchange resins that it 
is ibotenic acid. 

We thank Miss M. Davies of the Cooper Research 
Station for a supply of Musca domestica pupae. 
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Chim. 


‘Nothing’ Dehydrogenase in the Retina 


THE separation of isoenzymes by electrophoresis on 
cellulose acetate paper is now an established technique; 
the fractions can be located by tetrazolium staining 
according to the technique described by Barnett?. In this 
laboratory such an approach has been applied to the 
separation of the isoenzymes of lactic acid dehydrogenase 
in the retina of the normal and ‘retinitis’ rat during 
development?:’, 

A complicating factor in interpreting various isoenzyme 
patterns, however, concerns the so-called ‘nothing’ dehy- 
drogenase phenomenon. This is a characteristic pattern 
obtained by incubating the electrophoretic strip in the 
ebsence of substrate. On the basis of the differing pattern 
obtained in the presence or absence of coenzyme, Barnett 
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suggested that there were two components, one of which 
resulted from the direct reduction of the tetrazolium salts 
by the sulphydry! groups of proteins, the other, coenzyme 
dependent fraction, being enzymatic in nature‘. 

Certain properties of this ‘nothing’ pattern have been 
investigated in this laboratory, and mm view of the more 
recent comment of Barnett! that the most likely cause 
was due to the transport of enzyme-bound substrate, ıt 
seemed appropriate to report some of our observations 
at this stage. 

The ‘nothing’ dehydrogenase reaction is particularly 
well marked in the retina, and in this tissue, at least, 
appears to be potentiated enzymatically. Conventional 
techniques failed to reveal any effective concentration of 
free SH groups at the site of staining, and no response 
occurred in the absence of a coenzyme. Diaphorase 
activity was always confined to the pomt of inoculation. 

In view of the very high endogenous lactic acid con- 
centration in the retina, coupled with the similarity of the 
‘nothing’ pattern to that obtained for the true substrate- 
induced lactic dehydrogenase pattern, the most likely 
explanation seemed to be that sufficient substrate was 
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— available in the extract to facilitate some degree of normal 


g 
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reaction. Further support for this belief was obtamed 
from the observation that the ‘nothing’ pattern varied in 
the same manner as the lactate-induced pattern both 
during development and in the dystrophic retina. It is 
also significant that, as in the normal reaction, NAPD 
was proportionately less effective as a coenzyme than 
NAD, and that the intensity of the staining was inhibited 
by urea as well as by high concentrations of enzyme. 

The lactic acid content of rapidly frozen retinae (liquid 
nitrogen) was determined by the colorimetric method of 
Barker and Summerson and found to lie in the range 
9-L7y lactic acid/retina. In the routine electrophoretic 
procedure used in this laboratory, two retinae from adult 
rats are homogenized in 0-5 ml. of saline. This would 
produce, very approximately, a final concentration of 
5 mg of lactic acid per 100 ml. of medium. It was found 
that incubation of pure lactic acid dehydrogenase with 
this concentration of substrate, together with the appro- 
priate coenzyme (NAD), MTT and phenazine metho- 
sulphate, produced intense coloration. Even allowing 
for some degree of ‘spread’ during the electrophoretic 
run, therefore, it seems reasonable to assume that sufficient 
substrate is available to elicit a response, and thus give 
rise to the ‘nothing’ dehydrogenase phenomenon. More- 
over, the concentration of lactic acid in these extracts is 
comparable with the normal range to be found in serum, 
so that the same explanation may well be equally valid 
in these cases. As Barnett? suggests, in the case of body 
fluids, albumin may well complicate the picture by some 
mechanism involving sulphydryl groups. 


CLIVE GRAYMORE 


Department of Pathology, 
Institute of Ophthalmology, 
University of London. 

? Barnett, H., J. Clin. Path.,17, 567 (1964). 
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Oxidized and Reduced Pyridine Nucleotides, and 
Oxidation of the Carbon-!I and Carbon-6 of 
Glucose, in the Developing Retina 


Tue relative importance of the pentose phosphate 
route in glucose metabolism by the retina has been studied 
by a number of laboratories in recent years!-*. Two main 
approaches have been used in these investigations, one 
involving in vitro measurements of the differential rates 
of oxidation of the C-1 and C-6 of glucose, the other 
determining the absolute levels of the oxidized and reduced 
pyridine nucleotides. Although the evidence obtained in 
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the latter case is less direct, 1t has the advantage of reflect- 
ing more accurately the true in vivo situation. The com- 
plications of either procedure are well recognized, however, 
and the combination of both would appear to be most 
advantageous in investigations of this type. 

In the present study, both methods were apphed to the 
retina of the young immature (6~7 day) rat and that of 
the mature (3-4 month) rat. The methods used were as 
described previously", the only modification involving the 
mcrease in the number of retinae used from young 
annals. 

Table 1 shows that the total (oxidized plus reduced) 
level of both nucleotides mereases by about 20 per cent 
during the period cf development under investigation, 
although the ratio of NAD + NADH,/NADP + NADPH, 
does not change appraciably. The only significant changes 
are in the redox state of the nucleotides; NAD is mam- 
tained in a more oxidized state in the immature retina 
whereas NADP is more reduced. This is reflected in the 
decrease in both the NAD/NADH, ratio from 10-8 to 
7-2 and the NADPE./NADP ratio from 5-4 to 3-9. It 
should be noted that the 20 per cent merease in total 
nucleotide ıs surprisingly small when compared with the 
increase in glucose catabolism occurring during this 
period’. The difficulties inherent in imputing significance 
to these ratios have been emphasized in a previous publica- 
tion’. There are, however, certain acceptable generaliza - 
tions that may be applied with discretion. In general, 
in biosynthetic pathways, a reaction involving reduction 
1g associated with NADPH,, whereas during oxidation 
the pyridine nucleotide most frequently involved ıs NAD. 
There are notable exceptions*. The different roles of the 
two nucleotides are reflected in the ratios of NADPH.,/ 
NADP and NAD/NADH, to be found in the cell, the 
reduced form of the NADP system and the oxidized form 
of the NAD system invariably predominating. It would 
seem that the two nucleotides form mutually exclusive 
systems which do not readily equilibrate with each other, 
but the mechanisms which maintain and control these 
ratios are not yet fully understood. The results presented 
here for the retina indicate that this tissue 1s no exception 
to the general rule. 

A further generalization associates a high ratio of 
NADPH, to NADP with the activity of the pentose 
phosphate pathway’. Both ghicose-6-phosphate dehydro- 
genase and 6-phosphogluconate dehydrogenase achieve 
oxidation by coupling with the reduction of NADP. The 
validity of relating these two phenomena is endorsed by 
the fact that artificially induced changes in this ratio can 
determine the route by which glucose is degraded?*. Using 
this criterion, Slater, Heath and Graymore‘* suggest that 
shunt activity is min:mal in the retina of the adult rat. 
On the same argument the present results would impute 
greater significance tc this pathway in the retina of the 
young rat. 

Table 2 shows the rates of incorporation of the C-1 
and C-6 of glucose into carbon dioxide, the results bemg 
expressed as total c.p.m. per retina. The ratio of C-1/C-6 
for the mature retinu, 1-13, falls into line with values 
obtained by other workers using animals other than the 
rat, and supports the idea of the low shunt activity 
already inferred from the nucleotide results. The meta- 
bolic rate of the immature retina is about one-third that 
of the adult (expressed on the basis of activity per mg 
protein). The figures reveal that during development 
there is a 3-3-fold increase in C-1 oxidation, contrasting 
with a 4:4-fold increase in C-6 oxidation. These unequal 
changes are reflected in an increased ratio of C-1/C-6 of 
1:49 in the immature retina, again suggesting the associa- 
tion of development with a decreasing relative importance 
of the pentose phosphate route. 

_ That the retina can show a high capacity for oxidizing 
glucose by the alternative route is demonstrated quite 
clearly by the increased activity when 1t 18 no longer 
limited by the availability of suitable electron acceptors?-*, 
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Table 1. PYRIDINE NUCLEOTIDE LEVELS OF NORMAL ADULT AND IMMATURE RAT RETINA 







Rats 





NADH; 


26°6+1-3 
151+1°9 









dult 
Immature (6~7 day rat) 


NADPH; 


18°7+0°6 
168+08 





Adult 
Immature (6-7 day rat) 





All nucleotide values are expressed in te 
and 8-28 mg for the immature. 


Total 
NAD+NADH, 
218 4445 


1790450 
NADP+NADPH, 


+ 0-90 
Total 
23:5 +04 3 90 
199407 540 


rms of zg/g wet weight of retinal tissue. The calculations were based on a wet weight of 12 8 mg for the adult tissue 












NAD/NADH; 


7-21 
10°85 












NADH,/NADPH, EL No. of assays 
1:42 






NADPH,/NADP 













Table 2. RADIOACTIVE COUNTS OBTAINED FROM CARBON-1 AND CARBON-6 LABELLED GLUCOSE 


Carbon,-labelled glucose 
















Carbon,-labelled glucose 


Increase in the 
capacity of the 


Carbon,-labelled glucose + 
phenazine — 





— $$} — 1/0. hexose mono- No. of 
Gounte/min/ Counts/min/ | Counts/min/ | Counts/1nin/ A uny Counts/min/ phosphate shunt | assays 
retina mg prot. retina mg prot. _ mg prot. — prot. | with phenazine 
Normal adult rat 2,867 1,874 2,540 1,660 ~ 3280 ,280 1-13 6 
Seven-day rat 556 561 372 375 4,015 1 49 4 








Average weight of normal adult retina is taken as 1-53 mg protein. Average weight of 7-day rat retina is taken as 0-99 mg protein. =” Average weight of 7-day rat retina is taken as 0:99 mg protein. 


The ability of phenazine methosulphate to stimulate C-1 
oxidation by 74 per cent in the adult retina suggests the 
possibility that under normal resting conditions the full 
capacity of the shunt is not fully realized. This hypothesis 
is of particular interest when considered in the light of the 
recent evidence provided by Futterman!™ that reduced 
NADP is the coenzyme of choice for retinal alcohol de- 
hydrogenase. He used this to explain the stimulation of 
C-l oxidation which he observed on illumination of dark 
adapted outer limb preparations. Nevertheless, as has 
already been stated, the levels of the pyridine nucleotides 
indicate that under normal conditions in vivo, the pathway 
operates slowly. It would obviously. be of interest to study 
these levels under conditions of dark and light adaptation. 

The effect of phenazine methosulphate is even more 
dramatic in the immature retina, where the rate of C-1 
oxidation was found to be increased by 715 per cent. No 
simple explanation can as yet be provided, but it can be 
suggested that in this case the shunt is even more severely 
limited in the young retina. The relatively greater 
activity of the shunt in the immature retina may be 
associated with the active synthesis occurring at this 
stage of development. Graymore!? has shown that the 
so-called M isoenzyme of lactic dehydrogenase is relatively 
more important in the young retina, and he correlated 
this indirectly via NADP with pentose formation and 
protein synthesis. In view of Futterman’s observation 
quoted here, it is of interest that Brodskii!* has reported 
an increase in turnover and & change in configuration of 
ribonucleic acid in retinal ganglion cells during illumina- 
tion. He suggests that low molecular nucleotides are 
formed which then tako part in the activation of amino- 
acids for protein synthesis. Beaconsfield and Reading" 
have demonstrated in a number of tissues the close 
association of shunt activity, controlled by alterations in 
conditions of electron acceptance, with synthesis of RNA. 

Glucose-6-phosphate dehydrogenase and 6-phospho- 
gluconate dehydrogenase have an extremely high affinity 
for their substrates!®, and Dickens!* suggests that when the 
concentration of glucose-6-phosphate falls, as in starvation 
or diabetes, these enzymes compete more successfully 
than phosphoglucose isomerase for the available G-6-P. 
Thus, although total glucose oxidation is reduced, a greater 
share of it passes through the shunt. Glucose utilization 
is much lower in the young retina, and it may be that a 
similar mechanism explains the relatively higher shunt 
activity in this tissue. 

In summary, therefore, it can be stated that the activity 
of the pentose phosphate pathway in the retina of the rat 


is small relative to that of the Embden—Meyerhof route." 


Although when compared with other tissues such as liver, 
the activity of the immature retina is also small, it is 


nevertheless higher, relatively, than that of the mature 
rat. There is considerable evidence that the potential 
capacity of the retina is quite high, but that the availability 
of suitable electron acceptors in vivo restricts the activity. 
It is suggested that the higher activity in the developing 
retina may well be associated with differentiation and 
protein synthesis. The possibility that the maturation 
of the visual cells, and the effect of light stimulation, could 
result in the observed change in the ratio of NADPH,/ 
NADP cannot, however, be ignored. In this latter case, 
it could be a product of development, rather than a 


causative factor. CLIVE GRAYMORE 

Mary TowLson 

Institute of Ophthalmology, 
University of London. 
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A Deoxyribonuclease from Mammary Tumours 
of C3H Mice preferentially hydrolysing 
Hezt-denatured DNA 


ENZYMES hydrolysing heat-denatured DNA exclusively, 
or at a faster rate than native DNA, have been reported in 
the literature. Two are of bacterial origin’*, two of 
mammalian originè'4, and one from the venom of Vipera 
lebotina®’. Burdon, Smellie and Davidson identified one 
such enzyme, in extracts of rat liver, as being an inhibitor 
of the synthesis of DNA by hydrolysing the DNA primer 
in the DNA polymerase reaction‘. If the function of these 
enzymes is to destroy DNA templates, their significance 
is obvious, even though it would be hard to assign such a 
role to the extracellular micrococcal nuclease!, or to the 
gurza venom enzyme’. 

The present communication reports the existence of an 
enzyme in mammary tumours of the pure strain of mice 
C3H/HeSy, hydrolysing preferentially heat-denatured 
DNA rather than native DNA. The tumours were re- 
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~~ Acid-soluble deoxyribose was determined as described i in legend of Fig. 1 
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moved while the animals were under ether anaesthesia, 
and immediately frozen. 24 h later the tissues were allowed 
to thaw, and were extracted in glass homogenizers with 
0-14 M sodium chloride at 0°. Insoluble debris was 
removed by centrifugation. Appropriate dilutions of the 
ee with water were used as the enzyme source. 
Fig. 1 shows oH-activity curves in the presence of native 
calf thymus DNA, prepared according to Kay et al.*, and 
heat-denatured DNA (1 mg/ml. solution heated at 100° 
for 30 min, and placed in an icebath to cool). The acid 
enzyme acts optimally in the presence of native DNA at 
pH 5:5, and requires no bivalent metal for optimal activity, 
so that we shall tentatively classify it as a DNase IT, 
which is widely distributed in most. animal tissues. The 
enzyme in which we are interested in this report acts 
optimally at pH 8-5, has an absolute requirement for 
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Fig. 1. pH-activity curves of deoxyribonuecleases in — carcin- 
oma extracts: Q-2-ml. tumour extract (1407 protein/ml. by Lowry’s 
method’) was incubated. at 37° with 04 ml. DNA (1 mg/ml), 0-1 AI 
>i M magnesium chloride, 0:2 mi, 0- 5. M buffer of the indicated pH 

CH 40-65 ammonium acetate, pH 7-0-9-5 tris acetate) and water to 
PS mi- After t h for the acid pH values, and 3 h for the alkaline pH 
values, ©T mi, 30 per cent trichloroacetic acid was added, Acid-soluble 
deoxyribose was determined in the supernatant by Dische’s method’. 
——-, Incubation in the presence of native DNA- incubation in the 
presence of heat-denatured DNA. The values: in the acid region were 

eortercsied for 3h incubation 


Acid-soluble DNA (mg) 





9 10 20 
Molarity Mgt* x 108 7 


oo Fig. 2. Effect of Mg++ concentrations on the alkaline enzyme of mouse 
ooro mammary carcinoma, 0-2 


mi. tumour extract (140y protein/ml.) was 
incubated at 87? with 0-5 nl, heat-denatured DNA (1 mg/mil.), 0-2 mi 
TSM trig: acetate buffer pH 8-5, and magnesium chloride of appropriate 

he indicated final molarity, to a total volume of 1-5 m 





‘The zero molarity point was Serermined in the presence of 3-3 x 10°° M 


NATURE 


> 
to 


2 
pk 


Acid-soluble DNA (ing) 





Q — 
0 10 20 30 
Molarity Nat x 10* 


Fig. 3. Effect of Nat concentration on the alkaline enzyme of mouse 

mammary carcinoma. Conditions as described in legend of Fig. 2, except 

that Mg++ was kept coastant at 66 x 10°*-M, and the molarity of 
sodium caloride was varied as indicated 


Mg** (Fig. 2), is inhibited by Nat (Fig. 3), and produces 
2-5 times more acid-soluble deoxyribose from heat- 
denatured DNA than from native DNA. Neither Catt . 
nor Cott can activate the enzyme. Whether this enzyme 
is the same as that reported by Burdon, Smellie and David- 
son cannot be stated at the moment. Both enzymes 
hydrolyse heat-denasured DNA at a similarly increased 3 
rate as compared vith native DNA, and behave very < 
similarly towards monovalent and bivalent cations, but < 
differ in their pH-astivity curves, in. that the rat liver _ 
enyzme shows a broad pH optimum between pH 6-5 and. 
9-0, while the movse tumour enzyme has a distinct — 
optimum at pH 8-5. Specificity data with purified samples 
should give the answer on their identity or non-identity. — 

We thank Dr. C. G. Gavrielides for his aid in the surgical- 
removal of the tumours, and Mr. T. Karemfilhis. for 
technical assistance. This work was supported by grants _ 
from the Royal Helenie Research Foundation. : 
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Cycasin Cortent of Cycas circinalis — 
RECENTLY, scientH#ic interest in the toxicity of cyeads... 
has been stimulated by recognition of the high incidence 
of amyotrophic lateral sclerosis in Guam and the Mariana =. 

islands. In the cours of the search for possible aetiological: 
agents and toxic sukstances responsible for amyotrophic 
lateral sclerosis, it was found that nuts of Cycas ecircinalis o= 
had long been consumed by Guamanians as food’. 
In 1955 Nishida e al.” isolated for the first tim 
glycoside ‘eycasin’ from the Japanese species: 
revoluta and showed it to be glucosyl-oxyazoxy-me 
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In 1956 Riggst demonstrated its presenve in 
Cycas circinalis from Guam. 

In order to examine possible relationships 
between the consumption of the cycad nut and 
amyotrophic lateral sclerosis, a pilot investiga- 
tion was conducted on monkeys in this labora- 
tory, by feeding chapatis containing cycad- 
nut powder®. As a part of the work, it was con- 
sidered necessary to have a simple method for 
qualitative detection and quantitative estima- 
tion of cycasin in the nuts. 

Up to date there are only two methods 
reported for the direct estimation of cycasin, 
one by Nishida et al.*, the other by Riggs, 
further elaborated by Riggs and Korseh’. The 
former estimated cycasin in Cycas revoluta 
after boiling the kernel for 20 min for enzyme inactivation 
and then subjecting the aqueous extract to column 
chromatography over ion-exchange resins and activated 
charcoal. Afterwards, Nishida et al.’ also estimated 
cycasin using semi-quantitative paper chromatography. 
The cycasin and sugars separated on the paper were 
eluted out and quantitated according to the colorimetric 
analysis of sugars by Plumel*. Riggs and Korsch estim- 
ated cycasin in Cycas circinalis seeds using charcoal celite 
and cellulose column chromatography. 

A modified combination of these twe methods was used 
for the estimation of cycasin in Cycas circinalis seeds in 
the work recorded here. 

Ten estimations were carried out on two different 
samples of nuts of Cycas circinalis, namely: (1) chips of 
dried kernels of cyead nuts (prepared in Guam and 
as food by Guamanians); (2) Cycas circinalis nuts 
obtained from Guam and stored in a refrigerator in our 
laboratory for 1-5 years. 

(a) The recommended by Riggs and Korscli® 
was followed up to the preparation of a syrupy aqueous 
extract. 

Whole cycad nuts were dehusked to collect 60 g kernels, 
or the dried chips of the kernels received were directly 
used. These were boiled in 200 ml. water for 20 min and 
were homogenized in water. After storing for 24 h, the 
liquid portion from the homogenized material was 
squeezed out using a cotton bag. The material was 
further macerated and squeezed three times in water. 
The combined water extracts were heated at 90° C for 
2 h to denature proteins and were filtered through 
cotton gauze and distilled under vacuum at 30°-40° C to 
a smaller volume. The distillate was tested for form- 
aldehyde. To the gluey residual material 80 per cent 
ethanol was added to precipitate the proteins and starch. 
The filtrate was evaporated to obtain a syrupy solution, 
which was used for chromatography after suitable 
dilution. 

(b) Alternatively, in place of the foregoing extraction 
procedure, washing, drying and powdering of the kernels 
removed from the nuts was carried out as indicated in 
an earlier paper’. This powder, too, was boiled for 20 min, 
treated with 80 per cent ethyl alcohol, and the filtrate 
was evaporated to obtain a syrupy solution as already 
indicated here. 

The foregoing solution, equivalent to 25-100 mg of 
cycad kernels, was spotted with a micropipette on What- 
man No. | filter paper and was subjected to ascending 
chromatography using butanol : acetic acid : water in the 
proportion of 4: 1:1. After drying, the chromatograms 
were developed with 0-2 per cent naphthoresorcinol in 
acetone which stains cycasin orange-red, glucose sky-blue 
and sucrose dark-brown (Fig. 1).- A phosphoric acid 
solution of aniline-diphenylamine was also tried as a 
staining reagent but was found unsuitable. 

The spots were cut out and eluted in 5 ml. warm 80 per 
cent ethyl alcohol for 20-25 min. Strengths of alcohol 
varying from 10 per cent to absolute were tried and 





Fig. 1. Unidirectional paper chromatography as indicated in text 


80 per cent was found most suitable. Eluates were then 
read in a Klett-Summerson colorimeter using the green 
filter (500-570 mu) against the eluate from the paper 
blank. The concentration of cycasin was determined 
from a standard graph. 

For preparation of the graph, standard solutions of 
cycasin, equivalent to 100, 200, 300, 400 and 500 ug, 
were spotted on paper, chromatography and elution- 
colorimetry were carried out as already shown here, and 
from the Klett readings optical densities were obtained 
and plotted against the known amounts of cycasin. A 
straight-line graph was obtained. 

Recovery of cycasin was estimated by paper chromato- 
graphy. Cycad nut extract equivalent to 25 mg was 
deposited at eleven points along a line; at ten of these 
spots varying amounts of a standard cycasin solution 
were deposited. After chromatography the spots were cut 
out and eluted and colorimetric readings obtained. 
Adequate recovery was observed on plotting increase in 
Klett readings against the amount of standard cycasin 
added (Fig. 2). 

The results are summarized in Table 1. 

As will be seen, the dried chips prepared by the Guam- 
anians failed to show any cycasin, even when up to 
100 mg were used. However, the extracts of the freshly 
removed kernels and of the powder from the dried nuts 
(extraction procedures (a) and (b), respectively) showed 
the clear presence of cyeasin. This was present in some- 
what larger amounts (about 0-96 g per cent) in the former 
than in the latter (about 0-55 g per cent). 

The simplicity of the method described here lies 
primarily in doing away with column chromatography 
which perhaps is not essential for the micro-detection of 
cycasin in small quantities of nuts, but may be useful for 
bulk separation of cycasin. Paper chromatography seems 
to be an accurate and sensitive method for separation of 


Increase in Klett readings 





10 20 30 40 50 60 70 80 90 
Cycasin added (ug) 
Fig. 2. Chromatographic recovery of standard cycasin 
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Colindale, London, N.W.9. Telephone COLindale 8I7I 


There is now a choice 


of 3 interchangeable containers 
with leakproof caps for the 


ATO-MIX 


LABORATORY BLENDER 











50/200 cc 






GLASS 


100 / 800 ce 






STAINLESS STEEL 
STAINLESS STEEL 
100 / 800 cc 


“Measuring & Scientific Equipment Ltd. 
j ~ 25-28, Buckingham Gate, London, S.W.. 
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PEED ‘CLINIDIS’ 
Clinical Disposables 


An entirely new line of 
disposable clinical ware 





MICRO- 
HAEMATOCRIT 
- CAPILLARY TUBES 


Selected Jow-taper tubes for 
accurate, reproducible micro- 
haematocrit readings. Red tip, 
heparinized ; blue tip, plain. 





CRITOCAPS 


Closures for blood collecting 
tubes in disposable white plastic, 
eliminate heat sealing. 





CRITOSEAL 


Vinyl plastic putty for rapid 
sealing of capillary tubes. 
Outfit includes record cards 
for identification purposes 





BACTI CAPALLS 


Closures for test-tubes. Com- Closures for culture tubes 
bined inner tapered plug and of I3mm, !6mm, 18mm, and 
outer flexible skirt provides 25mm., diameter, lessen the 
tight closure and etminates possibility of evaporation, elim- 
dust and danger of cantamina- inate the danger of contamina- 
tion. Available in eight sizes. tion. Shape permits safe and 
easy manipulation. Will with- 
stand autoclaving to 121°C 
and momentary flaming. 


SLIDE and 
VIAL MAILER 


Accommodates four single or 
two double 3 in. x | in. slides, 
or specimen vial up to [2ml 
capacity. Re-usable. 





A special inal pack containing a comprehensive selection of 
these items is availabl= for £6. Write or phone today. 


“SHANDON) 


SHANDON SCIENTIFIC COMPANY LIMITED 


65 POUND LANE WILLESDEN LONDON NW10 Tel: Willesden 8671 


SHANDON LABORTECHNIK GmbH 
-6 FRANKFURT/MAIN-I,-Hafenstrasse |,-W; Germany 


Telephone: 251850-251851 Telegrams: Shandonex Frankfurt Telex: 014 1432 
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TITRATOR 


A simple instrument for titrations involving colour 
change. Particularly useful in complexiometric titrations 


where it is often difficult to see the end point. 


SALIENT FEATURES 


Eliminates the human element involved in a visual assess- 
ment, 


Simple to operate. 


A built-in magnetic stirrer ensures instantaneous and 
efficient mixing of the solutions at controlled speeds. 


Flanged cuvettes ensure speedy and accurate positioning 
on platform. 


Unaffected by external light. 





Well tried and tested in Agricultural, Medical and Research 
Laboratories. 


Highly sensitive—will respond to the very slightest colour 
change. 


Operates in conjunction with the reliable “EEL” Unigalvo 
Type 20 Galvanometer Unit, which supplies a stabilised 
6V power supply to the Titrator lamp. 


Micro attachments available for accurate results on micro- 
quantities. 


Small amount of bench space. 


Ask for full details and/or free demonstration : 


EVANS ELECTROSELENIUM LTD 


SALES DIVISION 66 ST. ANDREW’S WORKS, HALSTEAD, ESSEX 
Telephone : Halstead 2461 





SALES AND SERVICING AGENTS THROUGHOUT THE WORLD 
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Table 1, Cyoasin CONTENT oF Cycas circinalis 
Mean cycasin 


Individual Material used for _ Cyeasin Cycasin value for in- 
estimation estimation of cycasin (mg/g) (f%) dividual ma- 
No. Date terial (g%) 
i 12/2/64 —— chips (mator — — 
ia 
2 20/2/64 — i — — il 
3 3/ 7i 64 4 og ” — — 
lL 13/8/64 Cycad nut kernels —— 9-600 0-8800 
ial 2, extraction (a)}) 
3 3463 E 9760 O-O7ED 0-9575 
9” 2 0- 
4 8/4/64 E a 9500 09500 
1 14/5/64 Cycad nut powder (mater- 6980 0-8980 
1al 8; extraction (b)) 
2 14/8/64 ” ” 5450 05450 0 549 
3 14/8/84 E » 4-050 0-4050 


various sugars, including cycasin, after the syrupy 
extract is obtained by the method of Riggs and Korsch. 
Unidirectional chromatography using butanol : acetic 
acid : water, recommended by Nishida et al.’, seems 
adequate for development of the various sugars present 
in the cycad nut. 

For the staining, elution and colorimetric estimation 
of the amount of cycasin in the spots, the elaborate pro- 
cedure of Plumel can, we think, on the basis of our experi- 
ence, be replaced by the simpler procedure adopted here 
of: (a) staining with naphthoresorcinol, and (b) rapid 
elution with 80 per cent ethanol. Naphthoresorcinol 
seems particularly suitable as it gives a clear orange-red 
spot of cycasin and blue spots for most other sugars, and 
enables the chromatograms to be stored without fading 
for long periods, at least for several months. Aniline- 
diphenylamine was considered unsuitable because: (a) the 
degree of heating of the chromatograms was very critical; 
(6) the papers tended to crack on account of the high 
acid content, and could not be stored; and therefore 
(c) elution for quantitation was difficult and inadequate. 

The Rr values for cycasin, glucose and sucrose (33, 21 
and 13) obtained by us are comparable to those reported 
by others? *, 

As regards the results obtained by us by using this 
modified method, the concentrations of cycasin in the 
three different materials handled by us (Table 1) would 
appear to be roughly comparable to the levels reported 
by other workers. The absence of cycasin in the chips 
prepared in and obtained from Guam is a confirmation 
of what others have noted previously; for example, 
Matsumoto® detected an insignificant amount of 0-001 per 
cent only, in another batch. 

A wide range of cycasin-levels emerges even from the 
small volume of literature available. Thus, Matsumoto 
and Strong’ estimated 2'3 per cent cycasin in one batch 
of nuts of Cycas circinalis from Guam, and in the same 
batch Mickelsen™! detected a 4 per cent level, while 
Kurland}? mentioned 3-6 per cent cycasin in the Guam 
Cycas circinalis, which was said to be six times higher 
than in the Japanese Cycas revoluta. Nishida et al.” had 
originally observed only a 0-15 per cent level in Cycas 
revoluta, and Riggs and Korsch mentioned a 0:35 per cent 
level. Thus, the values obtained by us—0-96 and 0-55 g 
per cent, respectively, in two different preparations—-are 
seen to lie in between the previously reported values. 

This wide variation is due not only to a difference in 
the species of the cycad nut tested, but also to factors 
which affect the cycasin destroying enzyme (emulsin) 
which is present in all varieties of the nut, and was shown 
originally in C. revoluta by Nishida. Some of these 
factors, such as the time of storage of the nuts prior to 
estimation, and the period of boiling during the extraction 
procedure, have been examined by us recently (Dastur 
and Palekar, unpublished observations) and will be 
reported later. 

We thank Dr. L. T. Kurland, of the N.I.D.B. Epidemi- 
ology Branch, U.S. National Institutes of Health, for 
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introducing the subject to us and for arranging the 
supply of the cycac nuts from Guam and of pure cycasin. 


Ram S. PALEKAR 
DARAB K. DASTUR 


Indian Council cf Medical Research, 
Neuropathology Unit, 
Post-Graduate Research Laboratories, 
J.J. Groug of Hospitals, 
Bembay. 
t Kurland, L. T., and Mujer, D. W., Neurology, 4, 355 (1954). 
? Whiting, M. G., Zeon. Kat., 17, 271 (1063). 
* Nishida, K., Kobayashi A., and Nagahama, T., Bull, Agric. Chem. Soc., 
Japan, 19, 77 (1955). 
‘ Riggs, N. V., Chem. and_Indust., No. 35, 926 (1956). 
! Dastur, D. K., Fed. Prev., 28, 1868 (1964). 
* Riggs, N. V., and Korsch, B. H., Second Conf. Identification of Tome 
Elements of Cycads, Apendix 6, 103 (Aug. 17, 1962). 
7 Nishida, K., Kobayashi A., and Nagahama, T., Bull. Agric. Chem. Sot., 
Japan, 20, 74 (1956). 
£ Plumei, M., Ann. Biol. Can. (Paris), 9, 307 (1951). 
* Matsumoto, M , in Second Conf. Identificatwn of Toxie Elements of Cycads, 
48 (Aug. 17, 1962). 
14 a H, and Streng, F. M , Arch. Biochem. and Biophys., 101, 299 
41 Mickelsen, O., Second Ccnf. Identification of Toxic Elements of Cycads, 16 
(N.LH., Aug. 17, 196%). 
1: Kurland, L., Second Corf. Identification of Toxic Elements of Cycads, 16 
(N.LH., Aug. 17, 1965). 
19 Nishida, K., and Yamada, A., J. Agric Chem. Soc., Japan, 11, 357 (1935). 


PHYSIOLOGY 


Spatial Subscitutes of the Lead Vector 
Triangle 


In a volume conductor with an insulating boundary 
the integral of potential over the surface can be utilized 
to deduce the equivalent, internal generator. This 
communication deale with networks of resistors, collecting 
potentials over the surface of the body; it is an attempt 
to attain clinical information on the cardiac, equivalent 
generator. The inpct of the networks is fed by electrodes 
distributed on the wall of the chest, the output of the 
networks is feeding the measuring Instrument. The 
time-varying potentials are distributed and superimposed 
in the network and recorded as vectorial electrocardio- 
grams. The framework of resistors yields the reference 
system of the electrocardiographic leads between the 
output terminals and determines the lead vector relations. 
Thus, the vector representing the equivalent generator of 
the cardioelectric field is resolved into co-ordinates. 

The concept of obtaining the true representation of 
the cardiac generator by means of networks was presented 
by Pierre Rijlant?. His method extends the thoracic 
conductor by the ‘isomorph’ of a homogeneous conducting 
medium built up of resistors. Hence, a dipolar representa- 
tion of the cardiac generator can be deduced from the 
distribution of distart potentials. 

The networks examined in this laboratory are frame- 
works of equal resistors interconnected after the topological 
pattern of Platonian polyhedra; each resistor corresponds 
to a side, each connexion to a corner of the polyhedron. 
A couple of regular polyhedra is a ‘dual’ if each corner of 
one polyhedron corresponds to the midpoint of the 
opposite face of the other. Thus two tetrahedra or an 
octahedron with a cube can be coupled into duals. As an 
icosahedron has twelve corners and twenty faces and a 
dodecahedron has twenty corners and twelve „faces, 
coupling them into a dual is possible, too. This is shown 
by Fig. 1. i 

Both the sub-units >f the dual, as shown in Fig. 1, have 
thirty sides each. Ir the network these sides are built 
up of pairs of equal resistors. The midpoints of these 
resistorial pairs serv> as the input versus the output 
terminals, as shown in Fig. 2. The coupling of an 
icosahedron with a dcdecahedron into the dual is effected 
by means of additions resistors. 
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Fig.1. The regular dodecahedron, the regular icosahedron and the dual 

After preliminary investigation of the relatively simple 
tetratetrahedron and octahexahedron the  resistorial 
frame shown in Fig. 2 (called here for short the ‘diamen- 
toid’) was chosen for a detailed examination. Thirty 
points forming the input and thirty points forming the 
output of the ‘diamentoid’ correspond each one with the 
regular Archimedean figure: the 1cosadodecahedron. The 
axes of symmetry of this polyhedron form five orthogonal 
three-axial systems. These systems are shown in Fig. 3. 

Respective axes of the put and of the output are 
oriented in parallel. The five systems of the output can 
be utilized as orthogonal lead systems for recording the 
vectorcardiograms. The electric centres of these systems 
are equipotential whatever might be the input feeding. 
The set of vectorgrams when feeding the ‘diamentoid’ 
from the wall of the chest are exemplified in Fig. 4. 

Perfect replications of the vectorcardiogram are 
obtained from each of the axial systems 
with a given arrangement (here arbitrarily 
taken) of the feeding electrodes. ‘The 
five axial systems are equivalent not- 
withstanding the electrical pattern of the 
source. Hach of these systems reproduces 
the superposed potential differences be- 
tween the thirty feeding electrodes in the 
spatial orientation determined by the 
geometry of the framework. 

The physical meaning of the vector 
mtegrated by the ‘diamentoid’ rests with 
the close approximation to the dipole 
representation of the feeding field. Making 
use of ohmic resistance calculations and 
and the principle of super-position the 
coefficients of coupling the input and out- 
put axes were determined. The sine- 
cosine relation was found to be essentially 
valid when calculating the current spread. 
on the output, the feeding of the input 
being given. The orientation of an artificial 
dipole placed in an irregular plane or 
volume conductor was replicated on the 
output of the “diamentoid’ with satisfactory 
accuracy, the conformity being far better 
than could be attaimed by simple averaging 
of the potentials. Aberrations occurred 
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only at marginal conditions. With a uniform distribution 
of electrodes on the wall of the chest the ‘diamentoid’ 
image was compared with the vectorcardiogram centred 
by means of the mirror assay. The conformity was 
satisfactory though identity was not found and could not 
be expected. -~ i 

Due to an inherent property of the chest-network 
system the electrical gravity centre is located, as the rule, 
out of the geometrical centre of the icosadodecahedron. 
The electrical centre coincides exactly with the geometrical 
centre only if the feeding corresponds with the boundary 
of univectorial spheric field. When the currents are 
recorded from the axes of the geometrical and resistorial 
symmetry the aberration caused by the asymmetric 
gravity centre is negligible. The localization of the electri- 
cal gravity centre in the chest-‘diamentoid’ system 1s of 
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Fig. 2. Above, nght, input pomts marked by dots on the sides of the 
icosahedron, left, output points marked by dots on the sides of the 
dodecahedron 
Below, scheme of resistorial interconnexions. Black blocks corresponding 
with resistorlal sides of the network, white blocks denoting the resistors 
connecting the polyhedra into the dual. Each block represents the 


resistivity of 160 k-ohms 
Right, a trigonal face of the icosahedron (midst, the corner of the 
dodecahedron) Left, a pentagonal face of the dodecahedron (mudst, the 
corner of the icosahedron) 
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Fig. 3. Five three-axial orthogonal systems of the icosadodecahedron. Perspective image 


— 
ad * 


June 26, 1965 


No 4991 





Fig, 4. Five vectorgrams taken from the five three-axial systems of the output of the 
‘diamentoid’ The component electrograms are recorded on three independent channels 
of Elema-Klinik; amplification, 1 mV=20 mm. The vectorgrams are synthesized from 
three electrograms by means of the tracing device for perspective co-ordinates, the axono- 


cardiograph (ref, 2) 
the icosadodecahedron are shown 


clinical interest as depending on the feeding of the frame- 
work and not on the site of the resistorial units. 

It should be pointed out that the principle of the dual 
networks can be extended to further systems. Those 
fed by more than 30 electrodes may appear to be preferable 
in Clinical use, as making the integration over the entire 
wall of the chest more accurate. 

We thank K. Dyba, L. Giec, J. Gredéhkowski, W. 
Kowarzyk, W. Koztowski, T. Kubisz, P. Olejniczak and 
P. Paszkowski for their assistance. 


Hvucon KOWARZYK 
ZOFIA KOWARZYK 
JOZEF JAGIELSKI 


Ludwik Hirszfeld’s Institute of Immunology 
and Experimental Therapy, 
Polish Academy of Sciences, 
Wroclaw. 


1 Rijlant, P., Bull Acad. Roy. Méd., Sixth Senes, 22, 464 (1957). 
z somp; H., and Z, Spatal Vectorcardwgiaphy (Pergamon Press, 


Cathartics and the Sodium Pump 


Taxe classical concept of the action of the vegetable 
cathartics is that they irritate the intestinal mucosa. As 
a result of this ‘irritation’ intestinal motility is increased, 
and it is assumed that fluid contents are hurried through 
the intestine so fast that water and electrolytes cannot 
be absorbed as they are normally because the bowel 
contents are in contact with the mucosal cells for too 
short & period of time!~*. 

Cholera, like the vegetable cathartics, evokes a profuse 
diarrhoea. A previous investigation‘ from this laboratory 
suggested that the diarrhoea of cholera might be due to 
inhibition of active transport of Nat ions by intestinal 
mucosa cells. Subsequently it was reported that such an 
inhibitor is present in the dejecta of cholera patients’. 
These studies prompted an investigation of the effect of 
cathartics on active Nat ion transport. Reported here 
are our results on cascara, podophyllum, ricinoleiec acid 
and phenolphthalein; all mhibited active Nat ion 
transport as measured by the short-circuited frog skin 
preparation of Ussing and Zerahn*. Further, when 
placed in the lumen of an in vivo rabbit ileal loop, they 
all inhibited Na+ ion transport from gut lumen to plasma 
as measured by sodium-24 flux. 
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Intzstinal loops (Table 1). Investigations 
of sodium transport in intestinal loops in 
vivo were carried out using the ileums of 
adult rabbits under sodium pentobarbital 
anaesshesia. Five ml. of a solution con- 
taining Nat 140, K+ 10, Cl- 110 and HCO-, 
40 maquiv./l. was placed in the lumen of 
the loop for 15 min. The solution contained 
tracer amounts of sodium-24, the disap- 
pearance of which was taken to measure 
gut lumen (GL) to plasma (P) flux of the 
sodium ion. The P—GL flux was in most 
experiments determined by the difference 
betwen net sodium transport (chemical 
balanee) and the measured GL->P flux. 
In some experiments the P—GL flux was 
actually measured by labelling the animal 
with sodium-22. The measured and 
derived figures for P-+GL flux agreed very 
closely. The results are expressed as 
uequi~. Nat/g wet tissue/15 min. 

Sho-t-circuit frog skin. All agents pro- 
duced a reversible inhibitory effect on frog 
skin snort-circuit current when applied to 
the ovtside surface of the skin. Inhibition 
to less than 80 per cent of control cur- 
rent was routinely obtained 30 min after 
application of agents at the following 
concentrations: 


Cascara 

Podophyllum . 
Phenolphthclein 10-0 mg/ml. 
Potassium rcinoleate 0°05 mg/ml. 


The inhibitory effects of cascara were transient and 
short-circuit current was not sustained indefinitely at a 
reduced level as was found for the other agents. The 
inhibitory effect of cascara could be demonstrated 
repeatedly by its further addition after spontaneous 
recovery of the skim. The inhibitory effect on short- 
circuit current appeared to be dose-dependent for all 
agents, and in the case of podophyllum and cascara the 
effects appeared to bs additive. 

Oxygen consumptioa data. When full-thickness disks of 
rabbit ileum were placed in Warburg vessels, there was 
linear respiration with glutamine as an added substrate. 
The addition of 0-1 mal. of cascara (25 mg in 20 per cent 
ethanol) caused a 1-5-fold increase in oxygen consumption; 
the addition of 01 ml. of 20 per cent ethanol caused a 
depression of respiration below control values. 

Cascara, podophyllum and phenolphthalein are insoluble 
in water and alcohcl is used to render them soluble. 
Alcohol controls were without effect on Na+ transport in 
the frog skin and ileal loop preparations. 

Bidirectional fluxes of Nat ions from P—GL and from 
GL—>P have been described for most species, including 
man, (cf. ref. 7 for recent review). The movement from 
GL—P is due in part to active transport. If the sodium 
‘pump’ is poisoned, Nat ions will accumulate in GL. 
Anions (chiefly Cl- and HCO,~) will also accumulate to 
maintain electroneutrality at pH about 8 and water will 
be retained to maintain osmolality at about 300. This 
provides a mechanism for formation of the liquid dejecta 
following cathartic administration. 

Table 1. EFFECT OF OATHARTICS ON BIDIRECTIONAL AND NET NA+ Ion 


FLUXES IN in vivo ADULT RABBIT ILEAL Loops (Mean values with the 
rtandard deviation) 


Sodium flux Net sodium trans 
No of (#equrv./g/15 min) (uequiv.{/g/15 min) 
Experiment experimerts GLP P—>GL GL—P P—GL 
Control 25 822+61 249448 73415 
Cascara sagrada 
109 molar 18 162443 248+51 8&6 +18 
Podophyllum 
2 x 10- molar 5 240 +38 2852443 5+1 
Ricinolete acid 
10 molar 4 183+26 239 61 56412 
Phenolphthalein 
10-* molar 6 196440 241435 45+8 
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Support for our observations is to be found m the 
report by Fuhrman! that quinone, hydroquinone and 
p-benzoquinone inhibit active Nat 1on transport in the 
short-circuited frog skin. Thus, it 1s not surprising that 
the anthroquinone cathartics hibit Na+ ion transport. 
While the anthroquinone effect is roversible, the action 
of quinone was found to be irreversible by Fuhrman. 
Dr. A. B. Hastings® has directed our attention to the 
fact that the choline acetylase inhibitor 2-methyl-1,4- 
nephthoquinone enhances the rate at which Kt ions 
leave human erythrocytes which is generally considered 
to be concomitant with decrease of sodium transport. 

In view of the results presented here the classical 
concept of cathartic action by simple irritation with 
enhanced peristalsis must be re-evaluated and the 
probability of very specific mechanisms must be enter- 
tained. These investigations are continuing in an attempt 
to assess the role of these and other cathertics on active 
Na* ion transport in man and other species. 

This work was supported in part by funds under U.S. 
Public Law 480, Section 104 (c), research task MR 005. 
09-1040, Bureau of Medicine and Surgery, U.S. Navy 
Department, Washington, D.C. 
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A. H. G. Love 
T. G. MITCHELL 
E. M. NEPTUNE, JUN. 
U.S. Naval Medical Research Unit No. 2, 
7-1 Kung Yuan Lu, 
Taipei, Taiwan, 
Republic of China. 
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Sudden Increase of Fat in the Liver of Mice 
at Birth 


DuRING late foetal development, the mammalian liver 
accumulates fat. After birth, changes m fat content seem 
to differ according to species, and different accounts do not 
agree. In the guinea-pig, Imrie and Graham! demon- 
strated peak amounts of liver fat at the end of prenatal life 
and gradual decrease of fat after birth. In the rabbit, 
Stieve and Kaps? confirmed this by histological methods. 
In contrast, Malet et al.* stated, on histochemical grounds, 
that there was little lipid in the newborn mouse, and an 
increase around the 18th hour of life. 
~ In the present investigation, we have demonstrated the 
sudden increase of liver fat at birth m mice by extracting 
fat by chloroform-methanol. We also attempted to 
determine whether the imcrease occurred when the 
foetuses stayed in the uterus beyond the normal duration 
of pregnancy. 

The liver of each foetus or newborn animal was ground 
in 10 ml. of a 2:1 chloroform-methanol mixture. The 
mixture was kept frozen overnight and 7 ml. was taken 
and added to 2 ml. water. One day later, 4 ml. of the 
chloroform-layer was taken and finally evaporated over- 
night in an oven at 60° C. The weight of the crude fat 
extracted m such a way was obtained by subtracting the 
weight of the container using a Sartorius balance with a 
sensitivity of 0-01 mg. The fat content was expressed as 
mg/100 mg of fresh weight of liver. 
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Fig 1. Iaver fat content before and after birth. - - - -, Foetuses, the 
numbers in parentheses indicate the number of anrmals observed 


The results are shown in Fig. 1 which clearly shows the 
remarkable merease of the liver fat at birth; the change 
from day 19 of prenatal life to day 1 of postnatal life is 
statistically significant (P<0-001). In contrast, in 
foetuses retained beyond the normal gestation, the hver 
fat showed only a slight merease, far lower than the, 
increase on day 1 (P<0-001). 

The observations suggest that the sudden increase of the 
liver fat at birth does not occur spontaneously but follows 
the separation from the maternal environment. 

YosHio MORIKAWA 
Yasunosu EGUCHI 
YosHrvuKI HASHIMOTO 
Department of Veterinary Anatomy, 
College of Agriculture, 
University of Osaka, Japan. 
1 Imrie, ©. Œ., and Graham, S. G., J. Biol. Chem , 44, 243 (1920). 


t Stieve, H.. and Kaps, U., Z. mikr.-anat. Forsch., 42, 499 (1937). 


a Malet, P, Lagarde, R, and Turchini, J. P, C R., Soe. Bul, Paris, 156, 
2058 (1962). 


IMMUNOLOGY 


Sensitivity of Passive Haemagglutination for 
Assay of 7S and [9S Antibodies in Primary 
Rabbit Anti-bovine Serum Albumin Sera 


THE formation of macroglobulin (19S) antibodies, m 
the primary response of various animal species to a variety 
of antigens, is often followed by an increased synthesis of 
7S y-globulin antibodies. This sequence of antibody 
synthesis was reported to occur in rabbits following 
immunization with bovine serum albumin (BSA)?*. A 
similar replacement of 198 with 7S anti-BSA antibody 
was described in chickens’. As a consequence, the anbi- 
protein response in these animals has been interpreted in 
recent reviews as being simular to the sequential synthesis 
of antibodies to certain particulate antigens, in which 
early primary antisera consist predominantly of 19S 
antibodies**. 

To some extent, this laboratory has been responsible 
for this notion. In those investigations dealing with the 
immune response to BSA, among other soluble proteins, 
and to haptens’, evidence for the difference in molecular 
species of antibody as related to the stage of immunization 
was based, in part, on assay of antibody by the passive 
haemagglutination technique’. However, the use of this 
technique is misleading for this purpose. We reported? 
that rabbit anti-BSA precipitins migrated electrophoretic- 
ally mainly as y-2 globulin and that the haemagglutinins 
(HA) migrated, with the y- and §-globulins, and we 
suggested that haemagglutination might measure antibody 
not measured by the quantitative precipitin method. In 
addition, early primary chicken anti-BSA antisera contain 
7S precipitating antibody; whereas most of the HA are 
heavy’®. 


` 
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Table i. DENSITY GRADIENT ZONE ULTRAOENTRIFUGAL — OF A 
ABBIT ANTI-BOVINE SERUM ALBUMIN ANTISER 


í Days following primary a 
HA* Bindingt 


No. 4991 






3 - Gradient 


" fractior HA Bmding HA Binding 
1 (top) 0 0 0 17 0 11 
2 0 0 0 0 0 32 
3 0 11-4 0 53 0 04 
4 0 706 0 67°38 Q 17-6 
5 0 89 2 0 649 80 74-0 
§ 0 718 G 113 2 45-5 
7 10 5'4 0 23 0 3°6 
8 320 3 4 160 40 80 36 
9 80 28 80 06 40 16 

19 20 2-8 20 32 2 30 


* Haemagglutinin titre 


iS 0 2 per cent ug BSA-™I N bound (ammonium sulphate salting-out pro- 
3 cedure of Farr’). 


This communication reports that 7S antibody was 
demonstrated in early primary antisera by the ammonium 
sulphate salting-out procedure of Farr, in which the anti- 
gen 18 labelled with 1odine-131. Each of 10 rabbits was 
given a single subcutaneous injection of 40 mg of BSA 

,and they were afterwards bled at varying intervals of time. 

Individual sera were fractionated by sucrose gradient 

ultracentrifugation*®, and each fraction was tested for 

antibody by the Farr method and by the tanned-cell 
method®. Typical results are shown in Table 1. The 
*~ binding activity was associated chiefly with the 7S 
globulins (fractions 4, 5, 6) 10 days following immunization ; 
whereas the HA were exclusively in the heavier fractions 
(8, 9, 10). In this particular rabbit (Table 1), 7S HA 
appeared 16 days folowing immunization. Solely on the 
evidence of HA, one would infer that synthesis of 7S 
] antibody occurred about 16 days following sensitization. 
. Fifteen days after immunization, another group of 

_ rabbits, which received a single subcutaneous injection of” 
p 10 mg of BSA in Freund’s complete adjuvant, had pre- 
; cpitins only in the 7S fractions and had mostly heavy 
,. HA. Even in those cases where the 195 fractions had 
haemagglutinating antibody titres as high as 5,120, no 

precipitins were found by gel diffusion. On the other hand, 
7S ultracentrifugal fractions with haemagglutinin titres 
| of 320 contained precipitins. 

Chicken 75 antibodies also have been demonstrated in. 
early primary chicken anti-BSA antisera by the Farr 
procedure and by radio-immuno-electrophoresis in gradient 
>` ultracentrifugal, DEAE-cellulose, and ‘Sephadex’ geol- 
_filtration fractions“. Furthermore, primary chicken anti- 
“o-azobenzoate antisera contain 7S antibody, as detected 
_ by binding methods, although only heavy HA (possible 
‘ia antibodies) are demonstrable™. 

It is clear that passive haemagglutination is extremely 
sensitive for detection of heavy anti-protein antibodies in. 
-early primary rabbit and chicken antisera, and thus is 
‘useful for this purpose. However, it should be recognized 
-that in such sera the 7S antibodies may not be detected. 
"ther methods of assay are required to establish the total 
\,antibody response, especially in relation to the temporal 
synthesis of antibodies. 
~ This work was supported in part by a research training 
: grant from the National Institute of Allergy and Infectious 
Disease, U.S. Public Health Service. 
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i RADIOBIOLOGY 


interconversion of Cystine and Cysteine 
induced by X-rays 


CYSTEINE is spontarceously oxidized to cystine at 
neutral pH??; at acid pH this spontaneous reaction does 
not take place. Under tre influence of 1omizing radiation, 
cysteine ıs oxidized, even at acid pH3-’. In the presence 
of oxygen this radiation conversion of cysteme to cystine 
is very fast, and a G value of 74 has been reported’, 
although the exact rate of conversion depends on the 
cysteine concentration and oxygen tension’. It has also 
been, reported that, in the presence of hydrogen, radiation 
could induce the reduction of cystme to cysteme’. 
Markakis and Tappel?® analysed a number of products 
after irradiating cystine m oxygen-saturated and nitrogen- 


` saturated solutions, and m both cases cysteme was one 


of the products. Yalov™ also reported the presence of 
cysteine after deuteron irradiation of dry cystine. How- 
ever, Cavallini e¢ al.) invariably found that no SH was 
produced after irradiating a mixture of disulphides, 
including cystine. 

The new methods new available for measuring SH 
(ref. 13) have enabled ts to re-examine both the radio- 
chemical conversion of 2ysteine to cystine and also the 
radiochemical conversion of cystine to cysteine. We find 
that both reactions occur simultaneously, and that an 
equilibrium condition cen be found in which the ratio of 
SS to SH remains unchanged. 

The experimental system consisted of an mM solution 
of cysteine HCl, a solution of mM cystine in mM HCl, or 
a mixture of the two. The solution was placed in test 
tubes through which gas flowed continuously during 
irradiation. The Westimghouse X-ray tube was used at 
250 kV and 15 m.amp; the beam was filtered by 1-6 mm 
of aluminium; and the dose rate measured by ferrous 
sulphate was 2-66 krads per min, assuming that the G 
value for ferric under these conditions is 15-2. Samples 
of 0-1 ml., or more if recessary, were taken before and 
after irradiation, and made up to 2 ml. in water; 1 ml. 
of 0-15 M phosphate buffer pH 6-8 was added, followed 
immediately by 0-5 ml. of 1-mM di-carboxy-4-mitropheny] 
disulphide (Ellman reagent), also in 0-15 M phosphate 
buffer, pH 6'8. The optical density at a wave-length of 
412 my was measured and, after subtracting blanks, 
converted to concentration of cysteine by reference to a 
calibration chart. 

Fig. 1 shows the concentration of SH in solution after 
giving various doses o? radiation. The open symbols 
represent the loss of SH on irradiating cysteme, and the 
closed symbols represer-t the gain of SH on irradiavng 
cystine. Half-filled symbols are used to denote 50 per 
cent cystine-cysteine naxtures. From the figure it can 
be inferred that in nitrcgen an attack on a cystine mole- 
cule produces one of cysteine and vice versa, and when 
these molecules are present in equal numbers an equi- 
librium exists with no observed radiation effects. In 
oxygen, cysteine ıs oxidized more rapidly, cystine is 
scarcely reduced at all, and the equilibrium mixture is 
nearly 100 per cent cystine. In air, the equilibrium state 
is very near the line-marked by crosses, and obtained by 
irradiating a solution contaiming 20 per cent cysteine and 
80 per cent cystine. 

When cystine was irradiated in oxygen or nitrogen the 
rate of SH formation fll off after 20 or 30 krads had 
been delivered. This fell-off 1s probably due to a back- 
reaction, and not to a slowing m the forward reaction, 
because when. half the iritial concentration of cystine was 
irradiated, exactly the- same initial reaction rate was 
obtained. 

The effect of adding 2lycerol to the solution is shown 
in Fig. 2, where dotted lines join points obtained in the 
presence of 10 per cent glycerol (v/v). The full lines show 


— — — — — 
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controls taken from Fig. 1. The rates of oxidation and 
reduction are both reduced, but not by an equal amount. 
Thus, the equilibrium has been altered to a lower SH. 
value. Therefore, glycerol in this case cannot be called a 
dose-modifying agent, because the protection ıt affords 
against cystine reduction is greater than for cysteine 
oxidation. 

From these results ıt is logical to assume that the 
main, reactions taking place are a reduction of cystine to 
cysteine, and an oxidation of cysteine to cystine. Other 
reactions undoubtedly occur (for example, a smell of 
hydrogen sulphide was often observed). To assess the 
magnitude of all side reactions in one experiment, besides 
measuring the total SH content, the total SS + SH was 
measured by electrochemical reduction of the irradiated 
product over mercury. The dose used, 160 krads, was 
twice the maximum used in Fig. 1, and this produced a 
drop in total SS + SH of 1-5 per cent when the irradiation 
was in nitrogen, and 10 per cent when the irradiation was 
in neat oxygen. If these figures are halved to approximate 
to the effect of 80 krads, then the loss of SS + SH in 
nitrogen is less than the mut of accuracy of the measure- 
ments, and an apparent horizontal line is observed for 
the equilibrium 50-50 mixture in Fig. 1. 

In oxygen the loss of SS + SH after 80 krads would 
be 5 per cent; this is very small compared with the 
difference between the oxygen and nitrogen lines in 
Fig. 1, and could not be the cause of this divergence. 


- The loss of SS + SH does, however, adequately explain 


the shght curvature of the 20-80 air line m Fig. 1. For 
the first few points the SH content rises slightly, pre- 
sumably because the 20-80 mixture is marginally too low 
in SH. A maximum is reached at 25 krads, and thereafter 
the SH steadily declines by approximately 5 per cent per 
80 krads. If this figure is used to extrapolate back to zero 
cose, the corrected equilibrium mixture of air—gassed 
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solutions would be 21:8 per cent cysteme and 78-2 per | 
cent cystine. 
D. L. DEWEY 
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BIOLOGY 


Ethylene Glycol as a Preservative for 
Marine Organisms 


| MARINE plants and animals required for identification o1 
anatomical studies are usually preserved in a 70 per cent 
aqueous solution of ethyl alcohol or in a 2-4 per cent 
solution of formaldehyde (5-10 per cent formalin). Thè 
great disadvantages of ethyl alcohol are that it volatilizes 
very readily, it tends to produce precipitates from sea- 
water, and it causes shrinkage of many species. Although 
formalin evaporates less rapidly than ethyl alcohol, pre- 
cautions to prevent desiccation are still necessary; it has 
the further disadvantage that it tends to oxidize to formic 
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vid, which may dissolve calcareous str uctures, and it has 
+ very strong smell. 

Ethylene glycol (glycol, ethane diol) was first used in 
his laboratory as an additive to ethyl alcohol and formalin 
30 prevent complete drying-out. Glycerol is frequently 
used for the same purpose, but ethylene glycol has the 
advantage that its osmotic reactions are less violent and 


No: 4891, 


' therefore stronger solutions may be used without danger 
’ of distorting delicate organisms. The addition of 10-20 per 


cent ethylene glycol to the preservative has been found to 
be generally satisfactory for preventing the desiccation of 
marine plankton and algae. All the water may be allowed 
to evaporate from such a sample containing sea-water 


_ without any precipitate forming. 


The use of ethylene glycol as an additive to preservatives 
led to tests on its value as a preservative in its own right 
and as a fixative. Marine plankton, previously killed and 
preserved in 5 per cent formalin in sea-water, was trans- 
ferred to 50 per cent ethylene glycol in sea-water. No dis- 
tortion could be detected even with such soft-bodied 
animals as Sagitia and Tomopteris, and such samples have 
now been kept in ethylene glycol for 18 months without 
any detectable deterioration. Marine plankton killed by 
the addition to the sea-water of an equal volume of 


‘*~. ethylene glycol compares favourably with samples killed 


by the addition of formalin, both at the time of preserva- 
tion and thereafter. Such samples, containing diatoms, 
medusae, Sagitta, Tomopteris, nauplii, copepods, zoeas, 
Otkopleura and fish eggs, have now been kept for 14 months 
and continue in a thoroughly satisfactory state of preserva- 


- tion. In daylight, pigment disappears within a few weeks, 


>~ 6-7 weeks. 


a 


but its loss is rather less rapid than in specimens preserved. 
in formalin. 

It is not suggested that ethylene glycol should replace 
formalin for the killing and preservation of large volumes 
of plankton, where there is an obvious advantage in need- 


ing to add only a small quantity of preservative to the sea- 


water and there is little danger of desiccation. The use- 
fulness of ethylene glycol is in the storage of samples and 
specimens in small jars and tubes. 

Observations were made on 21 common species of 
intertidal algae, killed in a 50 per cent solution of ethylene 
glycol in sea-water and preserved in the same solution for 
There was some bleaching, apparently largely 

related to the amount of daylight to which the specimens 
were exposed, but no changes in gross morphology could be 
detected. Thallus texture was tested by handling and 
found to correspond remarkably well with living material. 
Some softening was apparent in Rhodymenia palmata and 
© & lesser extent in other species, but it was particularly 
‘noticeable that large parenchymatous species, such as 
Fucus spp. and Laminaria digitata, showed little of the 
wrinkling and hardening which usually accompany their 
storage in alcoholic media. 

Microscopic examination showed the preservative to 

have had little effect on cell walls, even of such delicate 


. structures as the medullae of Leathesia, the hairs of 


Titosiphon and the utricles of Codium. An objective 

essment of the effect of the preservative was obtained 
from measurement of the cell or frond diameter of 6 species. 
In the case of Acrochaetium daviesi, Plumaria elegans, 
Ectocarpus fasciculatus, Cladophora rupestris and Codium 
“ragile (utricles), 25 cell diameters were measured at 
“andom before and after preservation for 6 weeks. The 
mean frond diameter of Intosiphon laminanae was also 
determmed before and after preservation from similar 
random measurements. In no case was there any sigmific- 
‘ant change in diameter in the preserved material. 


— Clumping of the cytoplasmic contents was particularly 
. noticeable in Plumaria elegans, Ectocarpus fasciculatus, 


Giffordia hincksiae and Cladophora rupestris in ethylene 
glycol. This effect was slight or undetectable in the other 
17 species, but, since it can occur in several species, ethy- 
lene glycol cannot be recommended as a fixative when 
details of cellular components are to be studied. In such 
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cases, however, a BO-15 per cent mixture of ethylene 
glycol with formalin-acetic-alcohol] fixative is fully satis- 


factory. 


Pure ethylene glycol shows no measurable loss from 
evaporation over at east a year, and its wide use in anti- 
freeze mixtures implLes that it remains chemically stable, 


` even under conditions of repeated heating and cooling. 


Specimens for permanent storage may be transferred from 
a 50 per cent solution to pure ethylene glycol or left in the 
50 per cent solution. In the latter case, any loss of volume 
due to evaporation may be made good with pure ethylene 
glycol. The common practice of immersing tubes of 
specimens im & jar full of preservative becomes unnecessary 
and periodical ‘topping up’ is not required. In addition, 
it should be noted that ethylene glycol is less expensive 
than ethyl alcohol, even when the latter 1s exempt from 
excise duty. 
D. I. WILLIAMSON 
G. RUSSELL 
Marine Biological Station, 
Port Erin, 
Isle of Man. 


Antihelmintiic Activity of Antibiotics 


In our search for antihelminthics the activities of syn- 
thetic and natural substances are tested using Anguiliula 
(Lurbatrix) acet as a model organism!. It was found that 
several synthetic substances highly active against A. aceti 
were also effective against Ascaridia galli in poultry’, and 
also against Muellertus capilaris in sheep*, Recently the 
antihelminthic effect of a series of 53 m- and p- substituted 
phenylisothiocyanates has been examined and high acti- 
vities of some substances against A. aceti were determined!. 
This communication presents the results of our work on, 
the effects of 64 antibiotics on A. acetv. 

The evaluation of the antinematodal effects was based 
on the observation cf the inhibition of the movement of 
A. aceti. 

0-9 ml. portions of a suspension of A. acete!, containing 
1,000-2,000 organisms, were pipetted into short test tubes 
of a diameter of 8 mm and 0-1 ml. fresh solutions of anti- 
biotics in water or ir ethanol were added. The final con- 
centrations of antibicties in the test tubes were: 5, 10, 25, 
50, 100, 200, 300, 400 500 and 1,000 ug/ml. The concentra- 
tion of ethanol in test tubes with antibiotics dissolved in 
this solvent and in the control test tubes was 10 per cent. 
This concentration cf ethanol has no effect on A. aceti. 
The control test tubes for the antibiotics which were added 
in aqueous solutions contained water instead of ethanol. 

The test tubes wera incubated in darkness at 20° C, and 
the effects of antibiotics were observed under a stereo- 
scopic microscope of ten times magnification at intervals 
of 8h for 7 days. 

The followmg anzibiotics were examined: actidione 
(cycloheximide), actinomycin C, alternariol, amphomycin, 
amphotericin B, asrergillic acid, aurantiogliocladin and 
rubrogliocladin (mixsure of about 1:1), azalomycin B, 
azalomyocin F, bac-tracin, bryamycin, cephalosporin N, 
chloramphenicol, ch-orotetracycline hydrochloride, citri- 
nin, congocidin, cyar.ein, cyclopaldic acid, cycloserine, di- 
hydrostreptomyeim sulphate, enniantin B, erythromycin, 
etamycin, flavipin, <requentin, fumagillin, fusarie acid, 
fuscin, gliotoxin, griseofulvin, illudin M, illudin S, kana- 
mycin, kojic acid, mycophenolic acid, neohydroxyasper- 
gillie acid, neomycin B, novobiocin, oleandomycin, 
oxytetracycline hydrochloride, patulin, penicillic acid, 
penicillins: allylmercaptomethy] (potassium salt), benzyl 
(potassium salt), phenoxymethyl (free acid), phenylselen- 
iummethyl (potassiu-n salt), and phenylthiomethy! (pot- 
assium salt), pleuromutilin, polymyxin B, ristocetin, 
rugulosin, sarcomycin, spinulosin, streptomycm sulphate, 
telomycin, tetracyclme hydrochloride, trichothecin, try- 
pacidin, tylosin, tyrcthricin, usnic acid, vancomycin, vio- 
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Table 1. 


Antibiotic 


Actidione (cycloheximide) ++ 
Actinomycin C 

Aspergillic acid 
Congocidin 
Cyanein 
Cycloserine 
Enniantin B 
Frequentin 
Fumagillin 


++ ++ 


I+II] ++ 
++ ++ 


+ ++ + 


4 


Fuscin 
GHotoxin 
Penicillic acid 


4 
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ANTIHELAUNTRIC ACTIVITY OF 14 ANTIBIOTICS 


+ + 
++ | ++ 
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Activity at concentrations in ug/ml. 
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Trichothecin 
. Viridin 


+-+ Decrease of motility of Anguillula aceti and sedimentation. 
+ Decrease of motility of Anguallula aceti without sedimentation. 
— No observable effect. 


mycin and viridin. Except amphomycém, cephalosporin N, 
congocidin, cycloserine, dihydrostreptomycin, erythro- 
mycin, kanamycin, penicillins, streptomycin and tetra- 
cycline, which were dissolved in water, all other compounds 
were dissolved in ethanol. The 14 active antibiotics and 
the results of their activity at different concentrations are 
presented in Table 1. The most active antibiotics of this 
collection were: actidione (cycloheximide), cyanein and 
fumagillin. Actidione and fumagillm are well-known 
compounds. Cyanein is an antibiotic isolated from 
Penicillium cyaneum? possessing cytostatic’-? and 
antifungal! properties. The results of its antihelminthic 
effects have been published elsewhere?. 

The partial inhibition of the movement of Anguillula 
aceti indicates that cyanein and other active antibiotics of 
our collection might have some vermifugal activity. This 
assumption, of course, can be verified only in experiments 
with parasitic nematodes in vivo. 

Dana Bačíková 


Department of Organic Chemistry, 
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Role of Phytic Acid in Porato Tuber 


IN a previous paper! it was assumed that phytic acid 
and starch act as a phosphorus reservoir in the potato 
tuber. The deposition of phytic as well as starch phos- 
phorus lowers the level of inorganic phosphorus and 
restrains the metabolic activity of the tuber. It was 
decided to verify this supposition in further material. 

The analyses were performed on tubers of four potato 
varieties (‘Flisak’, “‘Wyszoborskie’, ‘Flora’ and ‘Lenino’), 
which derived from three localities with different climatic 
conditions (respectively mn. the environs of Katy Wroclaw- 
skie, Stupsk and Lublin). The content of total, inorganic, 
starch and phytic phosphorus m tubers was determined 
by the method described previously’. 
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It was observed that the fluctuations in phytic phos- 
phorus corresponded to those in inorganic phosphorus, but 
in no case did the level of starch phosphorus correspond 
to that of phytic or inorganic phosphorus (Fig. 1). 

In Fig. 2 are shown the values of inorganic phosphorus 
for all the material examined, arranged in order of in- 
creasing amounts of inorganic phosphorus in the samples. 
The figure also shows the corresponding amounts of the 
sum. of phytic and starch phosphorus. These two curves 
agree well, within the limits of biological variation of the 
samples. When examining the ratio of inorganic phosphorus 


to the sum of starch and phytic phosphorus one can see ` 


that only two samples considerably diverge from the unity 
(Table 1). There is no correlation between inorganic 
phosphorus and starch phosphorus or inorganic phosphorus 
and phytic phosphorus (Fig. 2). 

On the basis of these results-one can suggest the follow- 
ing mechanism of phosphorus distribution in potato tuber. 
Inorganic phosphorus penetrates into the tuber during 
plant growth. A part of this phosphorus is engaged in, 
metabolic transformations, the remainder is bound in the 
form, of phytin and phosphostarch. 

The mechanism of phosphostarch synthesis seems to be 


independent of the level of inorganic phosphorus in the 2 


tuber (Fig. 1) and is a varietal feature. This is confirmed 
by the curve for starch phosphorus computed to the dry 
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Fig. 2. Phosphorus content in relation to ‘variety and locality. 


Varieties as follows. L, Lenino; F, Flisak; FL, Flora; W, —— Lo- 

calities as follows K, Katy Wrocl.; LU, Lublin; 8, Slupsk. Upper: solid 

line, inorganic P; broken line, sum of starch P and neue Lower. 
solid hne, phytic P, broken line, stare 


Table 1. RATIO OF INORGANIC PHOSPHORUS TO THE SUM OF STAROH AND 
PHYTIC PHOSPRORUS IN POTATO TUBERS 





Variety [Locality ___../norganie P 
— Starch P + Phytic P 
Kaly Wrocławskie 1 105 
Slupsk 1-178 
Labin 0°954 
Wyszoborskie 
Katy Wroclawskie 0-976 
Stups 0-948 
Lublin 1:085 
Flora 
Katy Wroclawskie 1-345 
Słupsk 1:178 
Lublin 1:087 
Lenino 
Katy Wroclawskie 6-991 
Słupsk 0:990 
Lublin 0-886 
Average 1:058 


matter of starch grains (Fig. 1). Consequently the regulator 
of inorganic phosphorus level is phytim and the quantity in 
potato tubers fluctuates widely, depending on the quantity 
of inorganic phosphorus penetrating mto the tuber. In the 
samples examined the values of phytic phosphorus ranged 
from 2-24 mg per cent up to 15:6 mg per cent and corre- 
sponding fluctuations m morganic phosphorus from 14:8 
‘mg per cent to 27-9 mg per cent. In the same samples the 
fluctuations in starch phosphorus were only from 7-70 mg 
per cent to 13:8 mg per cent (the values are Pa presssd in 
mg per cent of fresh weight). 
T thank Prof. F. N owotny for his advice. 
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MICROBIOLOGY 


Survival of Bacteria in Desiccates at 100° C 
in Drv Atmospheres 


THE measurement of-microbial survival in desiccates at 
high temperatures (100° C and above) is being increasingly 
used for gauging the shelf-life of such desiccates at ordinary 
ambient temperatures. As yet, however, there have been 
no attempts to measure survival under defined conditions 
of humidity, as used br Scott? and his colleagues in their 
experiments, which weze carried out at 25° C. 

To begin with, it was decided to measure survival at 
100° C under the desiccant action of P,O, in air and in 
vacuo. It was apparent from early experiments that the 
results obtained for the tests done mm vacuo were modified 
by the surface ‘wetness’ of the-P,0O,. Two sets of con- 
ditions with regard to this factor were therefore studied: 
(1) those provided by 2,0; without any visible moisture 
on the surface (‘dry’ P,0;); (2) those provided by ‘phos- 
phoric acid’ deliberataly generated on the surface of 
the P,O, (‘wet P,O;). 

The test organism was Salmonella ndolo (NCTC 8700) 
and the suspending melium sodium glutamate, which has 
been shown by numercus workers to protect dried organ- 
isms from destruction by heat. The organism was grown 
on agar slopes for 18 2 at 37° C, then washed with and 
re-suspended in 20 per cent glutamate. With a syringe- 
pipette? single-drop vclumes of 0-02 ml. containing about 
10*° organisms were cispensed into ampoules (Edwards, 
36/H/0800). The ampoules were connected to horizontal 
manifolds’, charged wish P,O, and plunged into an alcohol 
and dry-ice bath (—8C° C), then exposed to high vacuum 
(0-01 mm). The dryice was removed from the alcohol 
and the temperature of the bath then rose in about 3 h 
to about 20° C, dehydration accelerating as the suspensions 
began thawing. 

The desiccates were left pumping at room temperature 
for a further 2 h, and when dried they had a white-foamy 
structure. Then the ampoules were taken one by one 
from the manifolds, tLe necks were lightly plugged at the 
base with quartz wool, and they were charged with a 
small tube of P.O, which rested on the quartz wool. 
After being constricted close to the mouth, each ampoule 
was returned to higrk vacuum on a vertical manifold’. 
The tubes used to hold the P,O, were about 20 mm long 
and 4 mm internal Ciameter. For the ‘wet’ P,O,, the 
tubes were charged with a column of about 8 mm of fresh 
P.O, (J. T. Baker Chomical Co.), then the surface of the 
powder was wetted with water to produce a moist layer 
2-4 mm deep. Tubes of ‘dry’ powder were used for the 
alternative conditions. 

After pumping for a further 2 h, one set of ampoules 
was sealed in vacuo, zhen air was admitted to the mani- 
folds and the remaining ampoules were sealed. Thus, the 
four sets of conditions in the final design and their coding 
were as follows: (1) ‘dry’ P,O;, in vacuo (DV); (2) ‘wet’ 
P.O, in vacuo (WY); (3) ‘dry’ POs, in air (DA); (4) ‘wet’ 
POs, in. air (WA). 

Counts were made on the original suspension and on 
the desiccates before and during subsequent exposure to 
100° C which was csrried out by total immersion in a 
boiling water bath. The counts were made on blood—agar 
plates? which were incubated at 37° C. The results are 
shown in Fig. 1. 

In this particular experiment, and in many similar ones, 
the recovery of viab_e organisms immediately after the 
initial drying was abcut 50 per cent of the number dried. 

During heating the DV recoveries fell suddenly after 
the second day, whereas the other three sets declined 
gradually for several days more, the WV counts being 
consistently about twice those of either the WA or DA 
. desiccates. 

Some visible changes were nated in the ampoules during 


` heating. Slight ‘moistening’ of the P,O, surfaces in the 
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Fig. 1. Recoveries of Salmonelia ndolo after drying and subsequent 

exposure to 100° O with ‘dry’ P,O, in vacuo (C); ‘dry’ P.O; m air (W), 

‘wet’ P,0, in vacuo (O); ‘wet’ P,O, mm air (@). Values are means from 

two ampoules, Viable count before drying, 4 8 x 10° organisms/ampoule 

Viable count after drying and before exposure to 100° ©, 23x 10° 
organisms/ampoule 


DA and DV ampoules occurred as water was extracted 
from the desiccates. The DV desiccates became progress- 
ively browner after two days and bubbles developed, 
expanding gradually day by day to attain diameters up 
to 5mm. No such changes occurred in the WY, DA or 
WA desiccates during the period of these experiments or 
for the several further weeks that some test ampoules 
were left at 100° C. 

The changes occurring in the DV desiccates may well 
have been due to vapour of P,O; which could be expected. 
to sublime readily at 100° C from the dry solid. From 
extrapolation! the vapour pressure of P,O, at 100° C is 
25 x 103mm. Although the saturation vapour pressure 
of P.O, is the same in air as it is in vacuo, its diffusion 
through the stationary air to the desiccate would be 
relatively slow. 

McLeod gauge measurements on ‘wet’ P.O, samples, 
both in the presence and in the absence of the desiccates, 
showed the water vapour pressure at 100° C to be 10-4+— 
10-5 mm, attained within 12 h and remaining constant 
for a further four days. For comparison‘, the water vapour 
pressure over orthophosphoric acid (H,PQ,) at 100° C is 
2-62 mm (extrapolated value). Between HPO, and solid 
P,O, there are complex series of involatile acids on which 
there are no data for equilibrium vapour pressures of 
water at 100° C. 

That the DA and WA recoveries were only slightly 
lower than those of the WV desiccates is of interest 
because of the practical problem of the need, or other- 
wise, to seal desiccates in vacuo’. 

The need for more precise information on water-vapour 
levels and for data concerning equilibrium attainment in 
this work is obvious. The results so far obtained, how- 
ever, do provide some information concerning the be- 
haviour of a Salmonella species dried and heated under 
reasonably defined conditions. 

D. I. ANNEAR 


Cell Preservation Section, 
Royal Perth Hospital, 
Perth, Western Australia. 
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Macromolecular Synthesis in Cells infected 
with Herpes Simplex Virus 


A REPORT from this laboratory* has shown that in HEp- 
2 cells infected with herpes sumplex virus the incorporation 
of nucleosides into cellular DNA progressively decreases 
with time after infection. The purpose of this communica- 
tion is to report on two other aspects of macromolecular 
synthesis, namely RNA and protem, in infected HEp-2 
cells. 

RNA synthesis. HEp-2 celis were infected with stram 
MP of herpes simplex virus and suspended in a mainten- 
ance medium according to procedures described elsewhere’*. 
Immediately afterwards and at mtervals of 30 min~-2 h, 
suspensions consisting of 107 infected or of uninfected cells 
received sufficient tritiated uridine (Nuclear-Chicago, 
Chicago, Illinois, spec. act. 0-7 c./mmole) to yield 10 uc./ml. 
Unlabelled thymidine and deoxycytidine ın molar con- 
centrations 10 times greater than that of tritiated uridine 
were also added. After incubation for 30 min at 34° C, the 
cells were washed in 0-01 M sodium acetate buffer (pH 5-1) 
containing 10-74 M uridine. The RNA was extracted 
according to a modification’ of the procedure of Scherrer 
and Darnell*, and its absorbancy was read at 260 mu. 
The tritiated uridine was measured in’a Nuclear-Chicago 
liquid scintillation spectrometer. For each pulse labelling, 
the ratio of: 


counts/min/unit of absorbancy at 260 my (infected cells) 
counts /min/unit of absorbancy at 260 mu (uninfected cells) 


was determined and plotted at the mid point of the pulse 
interval as shown in Fig. 1. 
The data recorded in Fig. 1 show that between 1 and’ 
3 h after infection the incorporation of tritiated uridine into 
RNA is reduced by a half relative to that of uninfected _ 
cells. Between 3 and 6 h after infection, the rate of uptake 
of tritiated uridine remains relatively level; afterwards, it 
declines again to approximately 20 per cent of that cf 
uninfected cells. Reduction in RNA synthesis may be a 
characteristic feature of productive infection of mammalian 
cells with herpes simplex virus; a similar reduction was 
observed in canine cells infected with a mutant of the MP 
strain of herpes simplex virus’. 
. Protein synthesis. HEp-2 cells infected at a multiplicity 
of 10 plaque-forming units/cell were suspended so as to 
yield 1-2 x 105 cells/ml. of a medium containing a balanced. 
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Fig. 1. Pulse labelling of RNA with tritiated uridine, and of protein 

with arginine labelled with carbon-14, at intervals after infection of 

HEp-2 cells with herpes simplex virus. The duration of the pulse was 
80 min for tritiated uridine and 60 mun for arginine-\*yy 
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salt solution, 0-3 per cent methyl cellulose (15 c.p.s. 
U.S.P. grade, Fisher Scientific Co., Fair Lawn, New York), 
and amino-acids and vitamins at a concentration twice 
that recommended by Eagle. Immediately afterwards 
and at intervals of 1-2 h, 10 ml. aliquots of infected and 
uninfected cell suspensions were centrifuged. The sedi- 
mented cells were suspended in a’ medium identical with 
that already described here except that the unlabelled 
arginine was replaced with arginine labelled with carbon-14 
(0-1 uc./0-73 ug/ml., New England Nuclear Corp., Boston, 
Massachusetts). After 1 additional hour of incubation at 
34° C, the cells were sedimented and washed with medium 
contaming excess unlabelled arginme. They were then 
suspended in 3 per cent sodium lauryl sulphate solution 
containing cold arginine and incubated for 30 min at 37° C. 
At that tıme, an aliquot was removed for protein deter- 
mination by the Lowry method; the proteins m the 
remainder were precipitated on filter paper disks with 
trichloroacetic acid. The disks were washed with trichloro- 
acetic acid, dried, and then immersed in toluene base 
scintillation fluid for measurement of carbon-14 disinte- 
prations. For each 1 h pulse labelling, the ratio of: 


No. 4991 


counts/min/mg protein (infected cells) 
counts /min/mg protem (uninfected cells) 


was determmed and plotted at the mid point of the pulse 
interval as shown in Fig. 1. 

Arginine labelled with carbon-14 was chosen because of 
the report by Tankersley’, confirmed in this laboratory, 
that the amino-acid must be furnished in the medium for 
Herpes virus multiplication. However, experiments with 
labelled leucine and with media supplemented with 
labelled yeast hydrolysate yielded results similar. to those 
recorded in Fig. 1. The pattern of protein synthesis in 
infected cells as revealed by amino-acid meorporation 
shows three distinct stages: Durmg the first 3 h after 
infection, protein synthesis decreased to about 70 per cent 
of control rate. The decrease was observed in all experi- 
ments; the rate of decrease, however, varied with the 
multiplicity of infection. Between 3 and 6 h after in- 
fection, meorporation of amino-acid was generally 
stimulated. Lastly, between 6 and 10 h after infection, 
incorporation of ammo-acid declined to approximately 
60 per cent of that of uninfected cells. 

The results presented in Fig. 1 reveal two distinct 
cycles of mbhibition of macromolecular synthesis in 
infected cells. These cycles occur between 0 and 3 h after 
infection and from 6 h after infection. It is possible that 
the first cycle is brought about by a product specified by 
the virus early in infection, whereas the second cycle 1s 
caused by a sub-unit of the capsid or by some other 
product specified after the onset of DNA synthesis’. 
However, the results are insufficient to determine whether 
the two cycles are the expression of the same or different 
viral genes. 

Inhibition of host macromolecular synthesis has been 
observed ın animal cells infected with a number of 
RNAs- and DNA! viruses. In relation to the data 
presented in this paper, two comments should be made. 
First, the inhibition produced by herpes simplex virus 
takes place much sooner after infection than that pro- 
duced by vaccinia virus!!:", The difference may be due 
to the fact that vaccinia virus replicates in the cytoplasm, 
whereas herpes simplex replicates im the nucleus 
Secondly, mhibition of host RNA and protein synthesis 
is not a general characteristic of all viral infections’. It 
is uncertain precisely what selective advantages accrue to 
the virus which modifies host metabolism over the one 
which does not. With respect to herpes sumplex, the early 
inhibition of host RNA synthesis may be a prerequisite 
` for the synthesis of viral constituents. Thus, infection of 
camne cells, under conditions which preclude early in- 
hibition of host RNA synthesis, results in the production 
of interferon only. Viral constituents but no interferon, 
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on the other hand, are made in cells the RNA synthesis of 
which is inhibited very early in infection®. 

This work was supported by grants from the National 
Cancer Institute, U.S. National Institutes of Health 
(CA-04204), Ameriean Cancer Society (#-314), and the 
U.S. National Scienze Foundation (@B-2644). 
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PSYCHOLOGY 


Cortical Evoked Potentials and Appetite Drive 


A NUMBER of investigators have observed the attenua- 
tion of evoked potentials durmg attention and con- 
ditioning*-. 

In each study, the stimulus used has been exteroceptive 
and capable of producing an ‘attentive’ state or ‘arousal’ 
in the animal. Steines’ deprived rats of water for varying 
lengths of time and demonstrated that appetitive drive 
states can also produce EEG signs of arousal. In the 
present experiment, six cats were deprived of food for 
30 h, and changes in the amplitude of auditory-evoked 
potentials and general EEG activity were observed at 
various times. 

The recordings wera taken from animals with mono- 
polar stainless steel electrodes (insulated with ‘Teflon’ 
except for the very ap) chronically implanted in the 
auditory cortex. Unimsulated stainless steel wires attached 
to metal screws in the fontal sinus were used as indifferent 
and ground electrodes. After the experiment, the cortical 
electrode placements were verified histologically. One 
week before testing, the animals were placed on a once- 
per-day feeding regimen. The animals were placed in the 
experimental box for 0-3 h during which cat food (‘Puss-in- 
Boots’) was given unt.l they stopped eating; they were 
then removed to the home cages for the intervening 23-5 h. 
On the testing day the animal was placed in the box and 
fed. Immediately after the animal stopped eating the 
first test session (pre-deprivation) was run. There was a 
total of seven test sessions · pre-deprivation and 3, 6, 12, 24 
and 30 h of deprivation; the animal was then fed again 
until it stopped eating and the final test (post-deprivation) 
was administered. The animals were kept in the experi- 
mental box through the entire test sessions. <A test 
session consisted of three trials. During each trial, 10 
clicks (2,500 c.p.s., 30 msec duration) with 1-sec intervals 
between clicks were presented. These clicks, produced by 
an. audio-oscillator, were of constant intensity and — 
audible to a human. In the six cats used for this report 
such stimulus produced well-developed evoked potentials 
in a rather restricted arsa of the posterior sylvian gyrus. 
All sx animals were subjected to this procedure once. 
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One week after the last day of the experiment, two of 
the animals were tested again under the same procedure 
with the exception that food was given all through the 
sessions. The experimental box was sound-proof and had 
æ one-way viewing window; gross behaviour character- 
istics of animals were noted by the experimenter. Back- 
ground EEG activities and evoked potentials to the audio 
signals were recorded on an Offner dynograph. For 3 
animals, the evoked potentials and the stimulus marker 
were recorded on tape (“Mnemotron’) and played back on 
an oscilloscope (“Tektronix 502’). Evoked potentials 
were evaluated in terms of peak-to-peak amplitude change. 
The amplitude of evoked potential to each click was 
measured and summated over each test session which 
consisted of 10 clicks per trial for three trials. 

The solid line in Fig. 1 represents the averaged ampli- 
tude of 30 evoked potentials during each test session for 
the 6 animals. There were some individual differences 
in initial responsiveness to the clicks among animals, 
but the direction of changes with increasing deprivation 
was uniform. That is, the amount of attenuation of 
evoked potentials increased as hours of food deprivation 
increased. At the pre-deprivation session (satiated state), 

‘the amplitudes of evoked potentials were about 160 uV. 
The amount of attenuation increased sharply by the 6-h 
session and approached a maximum by the 24- to 30-h 
session. Following feeding (post-deprivation session) 
after the 30-h session, the amplitude of evoked potentials 
returned to the level shown by each animal at the original 
pre-deprivation session. The dotted line in Fig. 1 presents 
the average amplitude of 30 evoked potentials during 
various test sessions for 2 animals which were satiated. 
There were no significant changes in the averaged ampli- 
tude of evoked potentials over the entire test sessions. 

Fig. 2 illustrates samples of oscillographic records of 10 
superimposed evoked potentials per trial at various 
deprivation levels for cat S. During the pre-deprivation 
session, the amplitudes of evoked potentials are high 
(about 160 uV from peak to peak). The amplitudes 
decrease at 6 and 30 h of deprivation (70-80 nV). Finally, 
at the post-deprivation session, after the fast was broken, 
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Fig. 1. Average amplitude, peak to pear, of 80 auditory evoked poten- 
tials per subject for 6 subjects (solid line) under food deprivation and for 
2 subjects (dotted Ime) under satiated condition plotted against each test - 
session, In the satiated subjects the variations of amplitude of auditory 
evoked potentials during a 80-h period are insignificant. In the subjects 
under food deprivation the reduction of amplitude of evoked potentials 
is maximum at 24-80 h of deprivation. Notice the prompt return to the 
original amplitude following feeding to satiation (post-deprivation) 
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Fig. 2. Oscillographic records of 10 superimposed evoked potentials per 
trial in one subject during pre-deprivation, 6 and 30 h of food deprivation 
and post-deprivation (feeding to satiation) 


the amplitudes of evoked potentials returned to the 
pre-deprivation level. The fact that the evoked potentials 
returned to their original amplitude makes it unlikely 
that the marked attenuation seen during deprivation can 
be accounted for by habituation to the clicks. In addition, 
the two control animals not subjected to food deprivation 
showed no reduction of amplitude of evoked potentials. 

The behaviour of the animals during the entire experi- 
mental period showed several characteristic features. 
Immediately after feeding, the cats tended to groom 
quietly, sitting or lying down during trials. With in- 
creasing hours of deprivation they became more active, 
restless and started vocalizing. 

According to the present data, food deprivation results 
in increments of EEG indices of arousal with low-voltage 
desynchronized activity, and in attenuation of evoked 
potentials to auditory signals with increased behavioural 
arousal. The EEG arousal is similar to that described by 
Steiner? who found diminution in the synchrony and 
amplitude of the EEG in rats subjected to increasing levels 
of thirst. The sensory blockade effects, measured in 
terms of reduction in amplitude of evoked potentials in 
the present experiment, are similar to those reported by 
others under experimental conditions?*®, in which a 
stimulus capable of commanding an animal’s attention 
produced a reduction in amplitude of evoked potentials 
to on-going behaviourally ‘neutral’ sensory signals. 
Food deprivation, while not a ‘stimulus’ in the ordinary 
sense of the term, is capable of producing a state of 
heightened EEG arousal, and therefore can result in the 
attenuation of sensory evoked potentials. 

The work was supported by Publie Health Service 
grants N.B-00405 and MH--05799. 
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June 26, 1965 
FORTHCOMING EVENTS 


Wednesday, June 30—Friday, July 2 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS (at University 
College, Gower Street, London, W.0.1)}—joint LE.E./LE.B.E. Symposium 
on “Microwave Applications of Semiconductors”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before 
the dates mentioned: 

— a ee Deputy Secretary, The University, Southamp- 

n (June 30). 

FELLOW IN GEOGRAPHY—Tho Secretary, School of Oriental Studies, 
University of London, London, W.C.1 (June 30) 

LECTURER or ASSISTANT LECTURER (with some research experience, 
preferably in the fields of plant pathology or plant physiology) IN BOTANY 
IN THE DEPARTMENT OF BOTANY AND ZOOoLOGy—The Beccary and Clerk 
to the Governors, Chelsea College of Science and Technology, Manresa 

' Road, London, 8.W.38 (June 30), 

Post-DocToRaL FELLOW (with the degree of Ph.D. or about to submit a 
Ph.D, thesis) IN THE DEPARTMENT OF CHEMISTRY, for research on the proper- 
ties of synthetic graphites—The Registrar, The University, Hull (June 30). 

SOIENCE RESEARCH CoUNCH, RESEARCH FELLOWSHIP, tenable for two 
years, IN THE SEISMOLOGY UNIT OF THE DEPARTMENT OF ASTRONOMY— 
ae — The Untversity, Old College, South Bridge, Edinburgh, 8 

une 

ASSISTANT LECTURER, Grade III (preferably with experience and interest 
in cytology and genetics) IN THE DEPARTMENT OF BOTANY—The Registrar, 
University of Bristol, Senate House, Bristol 2 (July 1). 

BACTERIOLOGIStsS (students in their final year) for a research programme 
concerned with a study of the bacteria involved in effluent treatment-—The 
Registrar, The University, Leeds, 2 (July 5). 

EOTURER or ASSISTANT LECTURER IN NUMBRICAL ANALYSIS AND COM- 
PUTING--The Registrar, Ref. 107/Y/H, Bradford Institute of Technology, 
Bradford, 7 (July 5). 

LECTURER or ASSISTANT LECTURER (with at least a good honours degree 
or the equivalent in chemistry, and some teaching and research experience) 
IN HIGH POLYMER CHEMISTRY—The Registrar, Ref. 112Y/E, Bradford 
Institute of Technology, Bradford, 7 (July 5). 

" SENIOR LECTURERS IN CIVIL ENGINEERING AND ORGANIO CHEMISTRY; 

- SENIOR LECTURERS/LECTURERS IN ANALYTICAL CHEMISTRY, BIOCHEMISTRY 
or MICROBIOLOGY; LECTURERS IN ELECTRICAL ENGINEERING, CIVILj 
MUNICIPAL ENGINEERING, INORGANIC CHEMISTRY AND PHYSIOAL CHEMISTRY; 
and a SENIOR LECTURER IN ELECTRICAL ENGINEERING RESEARCH-—The 
Principal, Nottingham Regional College of ‘Technology, Burton Street, 

p Nottingham (July 5). 

ASSISTANT LECTURER IN PHARMACOLOGY—The Registrar, The University, 
Manchester, 13, quoting Ref. 127/65 (July 7). 

| ASSISTANT LECTURER (with a good honours degree, preferably also a 
higher degree and experience in research and/or industry, and some teaching 
experience) IN PHysics——-The Secreta 


, Welsh College of Advanced Tech- 
nology, Cathays Park, Cardiff (July 9). 
>  LEOTURER (with a degree in pharmacy or chemistry, and preferably a 
higher degree and teaching or industrial experience in pharmaceutical 
chemistry) IN PHarMaoy at the University of Queensland, Australia~~The 
, Association of Commonwealth Universities (Branch Office), Marlborough 
ee Pall Mall, London, S.W.1 (London and Brisbane, July 9). 


No 4991 


ASSISTANT LECTURER or LECTURER (registered member of the veterinary 

rofession) IN VETERINARY BACTERIOLOGY, at the Held Station, Baster 
ush, Royal (Dick) School of Veterinary Studies--The Secretary, The 

University, Old College, South Bridge, Edinburgh (July 10). 

DIRECTOR OF THE COMPUTER LABORATORY-~-The Registrar, The Univer- 
sity, Liverpool, quoting Ref. No. CV/141 (July 10). 
. BLECEROSEL STUDENT (with a degree or equivalent) Iv ELECTRONIC 

Sea Inc—The Registrar, The University, Newcastle upon Tyne 

y i 

A LECTURER IN ELECTRICAL ENGINERRING in the field of electromechanical 

energy conversion—The Secretary, The Queen’s University, Belfast, 

Northern Ireland (July 14). 

k DEMONSTRATOR (part-time) IN GKROLOGY—The Secretary, University 

w ollege, Gower Street, London, W C.1 y uly 15). 
` LECTURER IN PHILOSOPHY at the University of Otago, Dunedin, New 
. ealand-—The Association of Commonwealth Universities (Branch Office), 
Barlborough House, Pall Mall, London, S.W.1 (New Zealand and London, 

y * 
BrocHEeMst (with a good honours degree in biochemistry or agricultural 
biochemistry) IN THE NUTRITIONAL BIOCHEMISTRY DEPARTMENT, to parti- 

- Lipate in studies of digestive processes in the ruminant animal—-The Secretary, 

— Research Institute, Bucksburn, Aberdeen (July 17). 

RESEARCH ASSISTANT IN CIVIL ENGINEERING MATERIALS—The Registrar, 

ie The University, Newcastle upon Tyne, 2 (July 17). 

“ BRITISH PETROLEUM CHAIR IN ENGINEERING at the University of the 

West Indies, St. Augustine, Trinidad—The Secretary, Inter-University 
Gounell for Higher Education Overseas, 38 Bedford Place, London, W.C.1 

y ® 
' LECTURER (with a wide knowledge of the peor and archaeology of 
estern Asia and the Near East, together with a knowledge of at least one 
of the ancient languages involved and a knowledge of modern languages 
jncluding German and if possible, Russian) IN NEAR EASTERN AROHAROLOGY 

~The Secretary, The University, Edinburgh (July 21). 

LECTURER IN PSYOHOLOGY at the University of Sydney, Australia-—The 
Association of Commonwealth Universitie: (Branch Office), Marlborough 
House, Pall Mall, London, S.W.1 (Australia and London, July 23). 

SENIOR DEMONSTRATOR and a DEMONSTRATOR IN THE DEPARTMENT OF 
PuysroLogy—tThe Registrar, University of Melbourne, Parkville, N.2, 
Victorla, Australia (July 30). 

LECTURER IN PREHISTORY; a LECTURER IN BOTANY, a SENIOR LECTURER 
e LECTURER IN OIVIL ENGINEERING; a SENIOR LECTURER or LECTURER IN 

SILEOTRIOAL ENGINEERING; and a SENIOR LECTURER or LECTURER IN 

staal pedi ENGINEERING at the University of Auckland, New Zealand— 

. The Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, 8.W.1 (New Zealand and London, July 81). 

l LEOTURER (with a higher degree in biochemistry and some experience of 
ospital biochemistry} IN CLINICAL BIOCHEMISTRY at the University of 
ong Kong—The Association of Commonwealth Universities (Branch 

Office), Marlborough House, Pall Mall, London, S.W.1 (Hong Kong and 

London, July 31). 


a 








SENIOR LECTURER or LECTURER (physical geographer with special quali-' 


fications and interests in one or more of the fields of geomorphology, con- 
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servation, biogeography anc. land use analysis) IN THE DEPARTMENT OF 
GEOGRAPHY, University of Melbourne, Australla—The Association of 
Commonwealth Universities “Branch Office), Marlborough House, Pall Mall, 
London, S.W.1 (Australia acd London, July 31). 

CHAIR OF GEOGRAPHY IN "HE FAQULTY OF APPLIED SOIENCE, University 
of New South Wales, Austraha—The Association of Commonwealth Univer- 
sities (Branch Office), Marborough House, Pall Mall, London, S.W.1 
(Australia and London, August 10). 

CHAIR OF CLINICAL SOIENJE IN THE JOHN CURTIN SCHOOL OF MEDICAL 
RESEARCH, Institute of Advanced Studies, Australian National University, 
Canberra—The Association cf Commonwealth Universities (Branch Offics), 
pee House, Pall Mall, London, 8.W.1 (Australia and London, 

ugus : 

CHAIR OF ELECTRICAL ENGINEERING — will be given to candi- 
dates with wide experience :n the associated fields of automatic control, 
communications and electromes generally) at the University of Newcastle, 
New South Wales, Australia—The Association of Commonwealth Univer- 
sities (Branch Office), Marlborough House, Pall Mall, London, 8.W,.1 
(Australia and London, August 27). 

OBAR OF GEOLOGY at the University of Newcastle, New South Wales, 
Australia—The Association o7 Commonwealth Universities (Branch Office), 
——— h House, Pall MU, London, 5.W.1 (Australia and London, 

UUs : 

CHAIR OF PHILOSOPHY at the University of Newcastle, New South Wales, 
Australa—The Association of Commonwealth Universities (Branch Office), 
Mar Dorough House, Pall MA, London, S.W.1 (Australia and London, 

ugus 

THIRD CHAIR OF EXPERIMENTAL PHysics (candidates should have con- 
siderable research experience m nuclear physics}—The Registrar, The 
University, Liverpool (Septenrber 1). S 

WOODWARDIAN CHAIR OF G20L0G¥—The Registrar, University Registry, 
The Old Schools, Cambridge, marking envelope ‘‘Confidential” (September 1). 

CHAIR OF PHYSIOLGGY within the Waite Agricultural Researe. 
Institute, University of Adela.de, Australia—The Association of Common- 
wealth Universities (Branch Onice), Marlborough House, Pall Mall, London, 
S.W.1—(Australia, November 1). 

ASSISTANT CONSERVATOR OF Forests (national of the United Kingdom 
or the Republic of Ireland, under 40 years of age with a degree in forestry) 
in Kenya for work in connexion vith the administration and technical direction. 
of a forest division—The Appointments Officer, Room 3801, Ministry of 
Overssas Development, Eland House, Stag Place, London, 8.W.1, quoting 
Ref. RC 324/95/01. 

ASSISTANT LECTURER (with sopropriate qualifications in biology or botany 
or zoology) IN BioLroay—The Registrar, University of Strathclyde, George 
Street, Glasgow, 0.1. 

ASSISTANT TECHNICAL EDITCR (graduate preferred with languages) for a 
ares ophthalmic journal—The Secretary, Institute of Ophthalmology 
(University of London), Judd Street, London, W.C.1. 

DEMONSTRATOR IN GxEOGR«PHY~-The Professor of Geography, Tha 
University, London Road, Reading, Berkshire. 

ELECTRONICS TEOHNICIANS IN THE DEPARTMENT OF NUCLEAR PHYSICS, 
University of Oxford, for duties varying from the design and wpe aged 
of bubble chamber photograph ionization measuring instruments to the 
maintenance and modification 2f the control gear of a twenty-million-volt 
accelerator—T. L. Green, 21 Bsenbury Road, Oxford, quoting Ref. A 26. 

ENTOMOLOGIST (Sleeping Sickness) (national of, and permanently resident 
in, the United Kingdom or the Republic of Ireland, with an honours d A 
preferably including zoology) ix the Northern Region of Nigeria, to 
indigenous staff in the field control of sleeping sickness and to execute pilot 
projects in the riverain areas—The — Officer, Ministry of Over- 
seas Development, Room 404, Eland House, Stag Place, London, 8.W.1. 

LECTURER (preferably with a knowledge of one or more of the following 
fields: process control and dynamics, mass and heat transfer, particle 
mechanics, thermodynamics, or shemical reaction engineering) IN CHEMICAL 
ENGINEERING—The Academic Registrar, Loughborough College of Tech- 
nology, Loughborough, Leiceste-shire, quoting Ref. DR 

L#OTURER (with a special inteest in theoretical solid state physica); and 
a LECTURER or ASSISTANT LESTURER hls a special interest in either 
acoustics or rheology}—The Sesretary, Battersea College of Technology, 
Battersea Park Road, London, 3.W.11. ' 

LEOTURER (with high academe qualifications and experience of research 


' in fluid mechanics) IN FLUID MECHANICS IN THE DEPARTMENT OF AERO- 


pYNammcs—The Registrar, The College of Aeronautics, Cranfield, Bedford. 
LECTURERS and ASSISTANT LECTURERS IN MATHEMATICS, COMPUTING, 
and Statistics—The Academic Eegistrar, Northampton College of Advanced 
Technology, St. Jahn Street, London, E.C.1, quoting Ref, MIT. 
LECTURERS (2) (with a good henours degree and preferably some research 
experience and teaching experience) IN GEOGRAPHY IN THE DEPARTMENTS 
OF ARTS, SCIENCE AND Enucaction—The Registrar, Goldsmiths’ College 
(University of London), London, 3.8.14. 
MASTERS (2) to teach Mathematics at all levels, including Sixth Form 
and Scholarship work—The Mas-er, Dulwich College, London, 8S. B. 21. 
PROFESSOR (with high academic qualifications and experience in the 
theory and application of management sciences, particularly in the manu- 
facturing industry) OF INDUSTRIAL ENGINEERING—-The Staff Officer, College 
of Advanced Technology, Gosta areen, Birmingham, 4, quoting Ref. 415/6. 
UALIFIED BIOLOGIST (preferebly of Ph.D. standard) to work on the 
biological properties of human gonadotrophins; a QUALIFIED BIOCHEMIST 
to work on the immunological properties of human gonadotrophins; and 
TEOHNICIANS (8) to assist with -his work---Department of Clinical Endo- 
orinology, Birmingham and Midhnd Hospital for Women, Showell Green 
ane, 


Birmingham, 11. 
RESEARCH ASSISTANT Or RESEARCH STUDENT (according to qualifications) 


. to work IN THE DEPARTMENT OF PHYSIOS with a small group investigating 


the application of existing and nevel techniques of geophysical prospecting 
to archacology—The Registrar, tef, 109V/E, Bradford Institute of Tech- 
nology, Bradford 7, Yorkshire. f 

RESEARCH ASSISTANT (preferably with experience in medical isotope work) 
IN THE PHYsics DEPARTMENT, for duties which will be concerned with various 
projects in collaboration with other Departments—-The House Governor, 
St. Mary’s Hospital, Paddington, London, W.2. 

RESEARCH ASSISTANTS (2) (honours graduates in mathematics, and 


-preferably holding M.Sc. or Dipicma in Numerical Analysis) IN THE COM- 


PUTER UNIT--The Registrar, University of Bristol, Senate House, Bristol, 2. 

SENIOR or JUNIOR RESEARCH ASOCIATE; and a GRADUATE ASSISTANT or 
COMPUTER OPERATOR IN THE DEPARTMENT OF MaTHEMATICS-——The Registrar, 
The University, Newcastle upon Tyne, 1. 

TECHNICAL OFFICER (with sound basic training in agriculture, horti- 
culture or agricultural botany, anda recognized degree or National Diploma) 
IN THE Root AND VEGETABLE SEOTION of the Seed Production Branch— 
The Secretary, National Institue of Agricultural Botany, Huntingdon 
Road, Cambridge. 
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Great Britain and Ireland 


The Library Association. Access to Information. a National Brbliographi- 
cal Service. Pp. 4. (London. The Library Association, 1965.) {55 
Research Defence Society. The Biologist and the Experimental Animal. 
Pp. 12. (London:-Research Defence Society, 1965) 1s. [55 
Annual Réport of the Challenger Society, 3, No. XVI, 1964. Pp. 44. 
(Wormley, Godalming: The Challenger Society, c/o National Institute of 
Oceanography, 1965.) i 5 
The Scottish Field Studies” Association. Annual Report, 1964. Pp. 
25+4 plates. (Glasgow: The Scottish Field Studies Association, pers 


os. + 

Perfumes Against Pests. “Ppt 51. (Bocking, Braintree, Essex: Henry 
Doubleday Research Association, 20 Convent Lane, 1965) 3s. 6d. 155 

Plasma Physics afd Fusion Research: a Handlist for Scientists and 
Technologists. Pp. 10. (Culham Laboratory Library Reading List-No. 2 ) 
(Abingdon. U.K.A.B.A., Culham Laboratory, 1964.) | ane [55 

Imperial College of Science and Technology (University of London) 
Reflections on Management Science. By Prof. Samuel Eilon (Inaugural 
Lecture delivered on 3 November 1964.) xp: 1-38. 3s. 6d. Magnetism in 
Theory and Practice. By Prof. E. P. Wohblfarth. (inaugural Lecture 
delivered on 24 November 1964.) Pp. 39-53, 48, The Schizophrenic 
Botanist. By Prof. C. P. Whittingham. (Inaugural Lecture delivered on 
8 December 1964.) Pp. 55-67. 2s. 6d. (London: Imperial College of Science 
and Technology, 1965.) 

United Kingdom Report to the IQSY 1964—-Progress Report on the U.K. 
Contribution to the International Years of the Quiet Sun, 1 January 1964 
to 31 December 1965. Prepared by The British National Committee for 
Co-operation in Geophysics. Pp. 25. (London. The Royal Society, 1965.) [55 


Peterborough Museum Society. Occasional Papers, No. 4: Flora of 
Huntingdonshire—Wildflowers. By John L. Gilbert. Pp. 63. (Peter- 
borough: Peterborough Museum Society, 1965) 7s. 6d. [55 


The Kent Incorporated Society for iid rails Tapariman te in Horticul- 
ture, Annual Report of the East Malling Research Station 1964 (1st October 
1968 to 30th September 1964). 
(Maidstone: East Malling Research Station, 1965.) 17s. 6d.; 2.60 dollars. [55 

Investment and Development: The Role of Private Investment in Develop- 
By Sir Leslie Rowan,‘ J. H. Loudon, Sir Jock Campbell, 
Arthur Gaitskell and William Clark. Pp. 80. (London: Overseas Develop- 
fhent Institute, 1965.) 78. 6d [55 

The Association of the British Pharmaceutical Industry. Annual Report 
1964-65. Pp. 23. (London: The Association of the British Pharmaceutical 
Industry, 1965.) a : 55 


Other Countries 


South African Council for Scientific and Industrial Research. Research 
Report No. 196: The Cost of Administration, Supervision and Services m 
Urban Bantu Townships. By P. J. Kieser. Pp. x+148. (Pretona: South 
African Council for Scientific and Industrial earch, 1965.) [65 

Australia, Geological Survey of New South Wales. Report No. 22° 
Flooding at the Australian Golf Club. Kogarah Golf Club—Irngation 
bv upply. By R. J. Griffin. Pp. 15. (Sydney: Department of Bine 
1 L 
Department of Agriculture, New South Wales Report of the Department 
of Agriculture for the year ended 30th June 1964. Pp. 140. (Sydney: 
Department of Agriculture, 1965) 17s. 6d., 1.75 dollars. 6 

United States Department of Agriculture. Leaflet No. 534. The Southern 
Potato Wireworm-~-How to Control It on Irish Potatoes. By BE. P. Cuthbert, 
Jr., W.J. Reid, Jr., and Augustine Day. Pp. 8. (Washington, D.C.. Govern- 
ment Printing Office, 1965.) 5 cents. i [65 

Canada: Department of the Secretary of State. National Museum of 
Canada. Natural History Papers. No. 28 (January 8, 1965): Studies of the 
Byron Bog in Southwestern Ontario, X VID[-—~Distribution of Harvestmen 
and Spiders in the Bog. By W. W. Judd. Pp. 12. No. 29 (January 8, 
1965): Fish Remains from a 2,500-year-old Lake Superior Archaeological 
Site, with Notes on Previous Sites. By D. E., McAlister and S. U, Qadri. 
Pp. 8. Anthropology Papers. No. 8 (March 1965): The Copeland Site—a 
Precontact Huron Site in Simcoe County, Ontario. By E. R. Channen and 


- N. D. Clarke. Pp. 27. No. 9 (March 1965): An Athabaskan Type of Knife. 


By Edward 8. Rogers. Pp. 16. (Ottawa: Queen’s Printer, 1966 ) [65 

Metropolitan Life Insurance Company. Statistical Bulletin, Vol 46 
(January 1965): Mortality Decreased Slightly in 1964. Coronary Heart 
Disease Among Women. International Trends in Survival After Age 65. 
Pp.12. Statistical Bulletin, Vol. 46 (February 1965): The American Woman, 
Over 700,000,000 dollars Paid ın Death Claims Last Year. Accidental 
ey and Death at the Oider Ages. Multiple Causes in Cardiovascular~ 
ry Diseases. Pp.12. (New York: Metropolitan Life Insurance Compar 
1965. 

Osaka University: Faculty of Science. Annual Report of Scientific 
Works, Vol. 12. Pp. 161. (Osaka Osaka University, 1964 ) [85 

Conseil Permanent International pour VExploration de la Mer, Charlotten- 
lund Slot, Danemark. Rapports et Procts-Verbaux des Réunions, Vol 
156: Special Meeting 1962 to Consider Problems in the Exploitation and 
Regulation of Fisheries for Crustacea. Edited by H. A. Cole. Pp. 217. 
(Copenhague. Andr. Fred. Host et Fils, 1965.) 60 kr, {65 

World List of Periodicals for Aquatic Sciences and Fisheries. Prepared 
by FAO Fisheries Division, Biology Branch. (FAO Fisheries Technica] 
Paper No. 19, Vol. i—Supp. 2.) Pp v+28. (Rome: Food and Agriculture 
Organization of the United Nations, 1965.) [65 

United States Department of the Interior’ Geological Survey. Bulletin 
1128-H. Geology of the Cuba City, New Digeings, and Shullsburg Quad- 
rangles, Wisconsin and Illinois. By Thomas E. Mullens. Pp. v+ 437-531 + 
plates 25-82. Bulletin 1125: Geology and Ore Deposits of the White Canyon 
Area, San Juan and Garfield Counties, Utah By Robert B. Thaden, Albert 
F, Trites, dr., and Tommy L. Finnell. Pp. vi+166+ pilates 1-4. Bulletin 
1164: Tertiary Geology of the. Beaver Rim Area, Fremont and Natrona 
Counties, Wyoming. By Franklyn B. Van Houten. Pp. vi+99+ plates 


1-8. Bulletin 1169. Geology of the Curlew Quadrangle, Ferry County, 


Washington. By Raymond L. Parker and James A. Calkins. Pp. 7+94+ 
plates 1-4. Bulletin 1178: Stratigraphy and Petrography of the Pybus- 
Gambier Area, Admiralty Island, Alaska. By Robert A. Loney Pp. vi+ 
108+ plates 1 and 2. Bulletin 1179° Geology of the Frenchie Creek Quad- 
rangle, North-Central Nevada. By L J. Patrick Muffler Pp. vi+ 89+ plate 1. 
Bulletin 1181-L: Geology of the Ash Meadows Quadrangle, Nevada-Cali- 
tornia. By Charles S. Denny and sarald Drewes. Pp. 1v+56+ plate 1. 
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-Bulletin’ 1181-0: Geology of the Independence Quadrangle, Inyo County, 9 
California. By Donald C. Ross. Pp. iv+64+plate 1. Bulletin 104-42 | 
Changes 1n Stratigraphic Nomenclature by the US Geological Survey. By 
George V. Cohee and Walter S. West. Pp. 1i+35. 20 cents. (Washington,- 
D.C.. Government Printing Office, 1964 and 1965.) ’ {65. 
United States Department of the Interior’ Geological Survey. Bulletin ! 
1194-D: Witts Springs Formation of Morrow Age in the Snowball Quad-, . 
rangle, North-Central Arkansas, _By Ernest E. Glick, Sherwood B, Frezon, ‘ 
and Mackenzie Gordon, Jr. Pp, ili+16. 10 cents. Bulletin 1194-E: Upper’ 
Miocene and Pliocene Marine Stratigraphy in Southern Salinas Valley, 
California. By David L. Durbam and Warren O. Addicott, Pp. iii+7. 10% 
cents. Bulletin 1194-F’ The Matagamon Sandstone—a New Devonian; 
Formation in North-Central Meme. By D. W. Rankin. Pp. 1n+9. 10 
cents. Bulletin 1194-GQ: Mesozoic Formations ın the Vekol Mountains4# 
By L. A. Heindl. Pp. ni+9. 10. 
cents. (Washington, D C.: Government Printing Office, 1964 and 1985 ) [65 
Annals of the New York Academy of Sciences. Vol. 121, Article 3: 
Respiratory Failure. N. R. Anthonisen and 54 other authors. Pp. 
651-958 10 dollars. Vol. 128, Article 1: Evaluation and Mechanisms of 
Drug Toxicity. By A. Albert and 54 other authors. Pp. 1-366. 9 dollars. 
(New York. New York Academy of Sciences, 1965.) (75 
American Philosophical Society. Year Book 1964. Pp. 760. (Philadel: 
phiast American Philosophical Soclety, 1965.) [75, 
United States Department of the Interior: Fish and Wildhfe Service. 
Fishery Bulletin, Vol. 46: The American Oyster Crassostrea virginica Gmelin/ 
By Paul S. Galtsoff. Pp. i11+480. 2-75 dollars. Statistical Digest No. 56. 
-Fishery Statistics of the Umted States 1962. By E. A. Power and C. H. 
One inie enh 2°25 dollars, (Washington, D.C.: Government saa | 
e, 75 
United States Department of the Interior: Geological Survey. Pro, 
fessional Paper 460: Carboniferous Cephalopods of Arkansas. By Mackenzle 
Gordon, Jr. Pp, vil+322+ plates 1-82. Professional Paper 474-0, Geology 
of Precambrian Rocks, Central City District, Colorado. By P. K. Sims 
and D. J, Gable. Pp. 1v+52+4 plates 1-3. (Washington, DC. Government 
Printing Office, 1964.) al tg 
Commission International pour l'Exploration Scientifique de la N 
Méditerranée, Monaco. Pollutions Marines par les Micro-organismes et } 
o N Avril 1964) Pp. 384. (Pan 
—— Général de Ja Commission, 59 Avenue Raymond Poincar 
Australia Commonwealth Scientific and Industrial Research Organizatie 
Annual Report of the Division of Plant Industry, 1963-64. Pp xxvil+2¢ 
eri ae Commonwealth Scientific and Industrial Research Organizatio 


: t 
Official Records of the World Health Orgamzation, No. 139. The vi 
of WHO 1964—Annual Report of the Director-General to the World, Healt 
Assembly and to the United Nations. Pp. xiv+240 (Geneva’ Wor’ 
Health Organization, London: H.M. Stationery Office, 1965) 4 Sw. franc 
63 8d., 1:25 dollars. : 
Sveriges Geologiska Undersokning. Avhandlingar och Uppsa teer, “Se 
Ca, Nr. 39. Beskrivning Till Jordartskarta over Norrbottens Lan Nedanft 
Lappmarksgransen. (English summary~ Quaternary Deposits of the Southern, 
Part of the Norrbotten County ) Av Rnk Fromm Pp. 236. (Stockholnr 
Sveriges Geologiska Undersokning, 1965 Karta 1 2 blad med beskrivnin} 
60 kr Karta12 blad utan beskrivning 40 kr p 
United States Department of the Intenor’ Geological Survey. Bullet] 
1165. Geology of Franklin, Webster, and Nuckolls Counties, Nebrask 
By Robert D Miller, Richard van Horn, Ernest Dobrovolny and Laurence: ' 
Buck. Pp. vi+ 91 plates 1-4. Bulletin 1173, Bedrock Geology of the Evitt- 
Creek and Pattersons Oreek Quadrangles, Maryland, Pennsylvania, anç 
West Virginia. By Wallace de Witt, Jr., and George W, Colton., Pr 
iv+90+plates 1-4. Bulletin 1182~A: Geology of Precambrian ‘Rock. 
Idaho Springs District, Colorado, By Robert H. Moench.- Pp. iv+70- 
plates 1 and 2. Bulletin 1194-S: Meeker and Loyd Sandstone Members’ - 
the Mancos Shale, Moffat and Rio Blanco Counties, Colorado. By Jol S 
R. Dyni and Henry L, Cullis. Pp. 1i+7, 10 cents,. Bulletin 1104-J ` 
The Foote Creek and Dutton Creek Formations, Two New Formations 
the North Part of the Laramine Basin, Wyoming.’ By Harold J. Hyde” 
Harry McAndrews and Robert H. Tschudy. Pp. iii+12. 10 cents. Bulet- 
1194-L* Carbonate Rocks of Cambrian and ‘Ordovician Age, Northampt: . 
and Bucks Counties, Eastern Pennsylvania, and Warren and Hunterdc 
Counties, Western New Jersey By A. A. Drake, Jr. Pp. tlit+7, 10 cer * 
Bulletin 1194-M' Lower Mesozoic Extrusive Rocks in Southeastern Ariz "= 
—the Canelo Hills Volcanics... By Philip T, Hayes, Frank S., Simons a 
Robert B. Raup. Pp {l1+9.- 10 cents. (Washington, D.C.: Governme 
Printing Office, 1964 and 1965.) , 17 
United States Department of the Interior: Geological Survey. Bullet 
1194-N: Nomenclature and Correlation of Lithologie Subdivisions of ‘th 
Jefferson and Three Forks Formations of Southern Montana and Northe.,-, 
Wyoming, By Charles A. Sandberg. Pp. ui+18. 15 cents, Bulleti- ss 
1194-0. Stratigraphy and Chronology of Late Interglacian and Esz * 
Vashon Glacial Time ım the Seattle Area, Washington. By D. R. Mullinea-* 
Howard H. Waldron, and Meyer Rubin. Pp.11+10 10 cents, Bulei < 
1198-0: Bauxite Deposits of the Tippah-—Benton District, Mississippi. I~ 
Harry A. Tourtelot. -iv+31+plates 1 and 2. Bulletin 1199-E. Bauxi 
Deposits of the Eufaula District, Alabama, By Walter O. Warren ar; 
Lorin D., Clark. Pp. iii+31+plate 1. Bulletin 12083-A: Measurement of th 
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Alian Cox. Pp. iv+32. 20 cents. Bulletin 1214-A Geochemistry of t 
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15 cents. (Washington, D. C.: Government Printing Office, 1964 and 1965.) [’ 
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